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It's accepted as axiomatic that surveillanceisthe” cornerstone”
of public health action [1]. Truthfully, without an accurate and
timely assessment of population-specific health indicators and
disease outcomes, public health policy makersand practitioners
are often obliged to operate blindly at the margins of bias,
misconception and ignorance. Historically, an accurate
accounting of cases of the acquired immune deficiency
syndrome (AIDS) — and later, human immunodeficiency virus
(HI1V) infections— was deemed so critical to America's public
health response to AIDS that surveillance was memorably
referred to as the “conscience of the epidemic” [2]. Extending
that metaphor to recent work by Rosenberg and colleagues|[3],
published in thisissue of IMIR Public Health and Surveillance,
reveals atruly troubled conscience, indeed.

Building off of work by Grey and colleagues [4], also recently
published in JMIR Public Health and Surveillance, who
estimated the size of MSM (men-who-have-sex-with-men)
populations within states, counties and US metropolitan aress,
Rosenberg et al. were able to generate estimates of the
prevalence of HIV diagnosis and infection and the rate of new
diagnoses at national, state, MSA and county levels. Their
analysis revealed that “HIV infection is hyperendemic among
MSM in many areas of the United States, particularly in the
South” [3]. Relying on the UNAIDS definition of
hyperendemicity, this means that in many MSM communities

http://publichealth.jmir.org/2016/1/e25/

inthe United Statesthe prevalence of HIV infection is sustained
at levels of 15% or even higher [5].

Although these researchers are not the first to call out the
enormous burden of HIV disease among gay and bisexual men
in the United States—especially among M SM who are black [6]
—nor to highlight geographic HIV disparitiesin southern states
[7], their results superimpose a mantle of urgency over an
already critical public health problem. These findings beg the
question “Why are we seeing such horrific HIV disparities
among MSM in the US, especially among black MSM?’
Hyperbole aside, epidemiologists note “if black MSM in the
United Statesformed acountry...it would have the highest HIV
prevalence on the globe” [8]. And, more to the point, what can
we do to remediate the circumstances fueling these appalling
outcomes?

The answer, of course, is action. Public health surveillance
without responsive public health action is, at best, wasted effort
and at worst, negligence. The action must be timely and
commensurate with the scale and scope of the problem but,
above all else, it must be informed. This last statement brings
us to another well-accepted (if hard won) axiom gained from
our decades of interaction with this virus: there is no “magic
bullet” that will end the AIDS epidemic. In other words, there
is no single action or intervention that, once undertaken, will
wondrously wipe away these disparities. We have to accept the
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inescapable reality that successfully confronting HIV among
gay and bisexual men in the United States, including attending
to the special needs of MSM of color, will require us to mount
a comprehensive array of interventions, including structural
interventions and policy changes which address the social
determinants underpinning the aforementioned health
disparities. Inthewords of Teutsch and Fielding in their essay
“Rediscovering the Core of Public Health,” whilethe principles
of public health “remain the same” the“ solutions are different”;
namely, to be successful, public health cannot rely solely on
biomedical approaches but must also “create hedthier
communities’ [9].

What specific actions must we undertake, as public health
leaders, to reduce HIV disparities and create hedthier
communitiesfor same gender-loving men? A sensible starting
place is America's National HIVV/AIDS Strategy, updated and
released in 2015 [10]. Under Goal 3, “Reducing HIV-Related
Disparities and Health Inequities” we find the following
recommended actions: expand services, support engagement in
care, scale-up programs that address social determinants of
health (SDOH), and mabilize communities to reduce stigma.
Each one of these recommendations represents akey component
of the comprehensive response necessary to quell the HIV
epidemic among MSM in the United States.

Acknowledging thereality that many MSM living in the United
States face barriers to accessing HIV prevention and clinical
services [11,12] should not be misconstrued to imply that we
are powerlessto confront the disparities described by Rosenberg
and his colleagues. In truth, compared to the earliest days of
the HIV epidemic, we possess awealth of knowledge about the
virus and arobust armamentarium of clinical and public health
interventions to treat and prevent HIV infection. But, in the
oft-quoted words of Goethe, “Knowing is not enough, we must
apply; willing is not enough, we must do.”

No intervention, regardless of efficacy, will demonstrate
effectiveness if it's not implemented properly or to scale. In
itsmost recent assessment of HIV prevention services provided
by state and local health departments, the National Alliance of
State and Territorial AIDS Directors (NASTAD) found that “a
lack of adequate HIV prevention funding across all program
areas examined presentsamajor challenge for health department
programs’ [13]. Consistent with NASTAD’sfindingsisamodel
published by Holtgrave and colleagues estimating that unmet
HIV service needs among black MSM in the United States
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approached nearly $2.5 billionin 2011 US dollars[14]. Clearly,
asin any venture—health or otherwise—strategic investments
pay dividends, in this case, reductions in preventable disease
and death. Simply stated, if we want to end the HIV epidemic
among MSM in the United States, we must increase our public
health investment in needed prevention, care and social services.

Essential though it may be, investing additional resources into
expanding HIV services for MSM is not the only necessary
action we must undertake to resol ve these disparities. Consider
the findings of Oldenburg and her colleagues who documented
a strong statistical association between state level structural
stigma directed toward LGBT (leshian, gay, bisexua and
transgender) populations and “increased sexual risk behavior,
decreased awareness and use of antiretroviral chemoprophylaxis
and decreased comfort discussing sexual behavior with primary
care providers’ [11]. Thisis but one example of a burgeoning
literature shining a harsh light on the insidious connection
between stigmaand suboptimal health outcomes. Indeed, if we
seek to reduce HIV-related disparitiesamong M SM popul ations
(and other vulnerable groups) it is imperative that we support
models of prevention and care that knowingly address the
diversity of factorsthat interact to shape what we call “health”
[15]. This brings us back, full-circle, to our shared mission as
public health leaders: “fulfilling society’s interest in assuring
conditions in which people can be healthy” [16]. Assuring
conditions in which MSM (whether gay identified or not) can
be healthy—in this case free of HIV infection or continuously
virally suppressed—requires that we move beyond strictly
biomedical approaches. Even when those biomedical approaches
areimpressively effective, asin the case of PrEP (pre-exposure
prophylaxis), provider attitudes can have a dampening effect
on uptake, the daily realities of unemployment and unstable
housing can minimizetheir relative importance among potential
consumers and policies related to health care financing and
reimbursement can inadvertently block access for those
populations most likely to benefit from these amazing
biomedical advances.

Analyses that continue to document the tremendous burden of
HIV among M SM and call-out sub-popul ations and geographic
areas that are particularly hard-hit may be disturbing to
acknowledge. But every one of us—epidemiologist or not—
understands that a troubled conscience will only grow worse if
we continue to ignore the problem at hand rather than pursue
those actions required to resolve the situation.
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The lack of consistent methods to enumerate population-level
denominators for hidden populations has made it difficult for
public health to articul ate some of the most pressing disparities
in America. For example, since the first cases of AIDS in the
United States struck gay and bisexual men, injection drug users,
and transgender persons, cal culating rates of diseaseto compare
impact across populations and geographic areas to highlight
disparities and target resources has been challenging. While
routine census data have allowed the Centersfor Disease Control
and Prevention (CDC) to calculate disease rates by sex, age,
race/ethnicity, and geographic area [1], the census does not
collect information on sexua orientation or same-sex sexual
behavior, persons who inject drugs or injection behaviors,
heterosexuals who are at higher risk of HIV infection, or
transgender persons. Thislack of information is nowhere more
evident than among gay, bisexual, and other men who have sex
with men (MSM), who comprise 67% of estimated number of
persons with HIV diagnosed in 2014 (70% when MSM who
alsoinject drugsareincluded) [1]. Among youth ages 13 to 24,

http://publichealth.jmir.org/2016/1/e26/

80% of diagnosesin 2014 wereamong MSM or MSM who also
inject drugs [1]. The impact of HIV on MSM has made them a
key focus of the National HIV/AIDS Strategy (NHAS) [2,3];
yet, proportions alone cannot accurately describe disparities,
because the size of population denominators vary.

Over the past 5 years, CDC hastried to fill the gap in national,
population-wide denominators by using various anaytic
techniques to estimate the US population size of MSM [4],
persons who inject drugs [5], and high-risk heterosexuals [6],
and to estimate the population size of MSM and persons who
inject drugs by urbanicity and region [7]. Other groups have
tried to estimate the size of the popul ation of transgender adults
[8] and youth [9]. These nationa estimates have alowed for
the calculation of disease rates for these populations for HIV
and other sexually transmitted diseases, which in turn has
allowed for national disparitiesto be highlighted and for federal
resources to be better targeted to maximize health impact and
increase equity. MSM, who constitute 4% of men in the United
States [4], have HIV prevalence and diagnosis rates at least 40
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times as great, and syphilis rates at least 60 times as great as
for women and other men [4]. However, national estimates may
not be applicable to state or local areas because the proportion
of the population that is MSM may differ greatly between and
within states. Therefore, more refined information is necessary
for accurate local information to help plan local programs and
allocate resources.

Currently, the US Census and the American Community Survey
(ACS), which provides annual supplemental data to the
decennial census data, collect data on same-sex households,
which can help enumerate the number of same-sex couples, but
cannot, by themselves, lead to a population denominator for
MSM nationally or locally. Asdescribed by Grey and colleagues
[1Q] in this issue of JMIR Public Health and Surveillance,
various algorithms have been developed for estimating MSM
population size by various geography levels or urbanicity
through use of data sources such as national behavioral surveys,
census data on same-sex male households, and HIV prevalence
among MSM from prabability-based samples. Despite these
existing methods, there has been an ongoing call from state and
local health departments to provide more refined estimates of
the size of the M SM population at multiple levels of geography
that could be used easily for local purposes and regularly
updated with latest data.

Two CDC divisions worked closely with Grey and colleagues
to support development of the refined and updated methods for
estimating the size of the MSM population at the state, county,
and city levels[10]. Thiswork, which is now available for use
by programs, researchers, and other interested parties, took the
best of previous methods, recent data, and urbanicity-specific
parameters and combined them into an easy-to-use, updatable
set of MSM population estimates. Thiswork also introduced a
novel imputation approach to estimate MSM in rural aress,
where same-sex relationships may be underreported. This
approach yielded estimates of MSM population sizes within
states, counties, and metropolitan statistical areas (MSAS) in
the United States, which provide denominators for calculation
of any disease rates, including HIV and STI prevalence and
incidence. Whilewe believe that these are the strongest methods
available for estimating MSM population size, it is important
to acknowledge that these are estimates and are not based on
an actual measurement of the population of interest. Methods
may continue to improve if more direct data are collected and
when stigma related to being part of this partially hidden
population decreases so that self-reporting is not potentially
hampered by fear.

In itself, this work on MSM denominators represents an
important public health tool for public heath action [10].
Rosenberg and colleagues [11], also reported in this issue of
JMIR Public Health and Surveillance, have taken the additional
step and applied these denominator estimates to CDC's HIV

Purcell et al

surveillance datato provide a snapshot of the devastating impact
of HIV on MSM inthe United States as awhole, in urban areas
nationwide, and in southern states and cities. These data support,
at alocal level, CDC'sfindings using their national population
size estimates—that the disproportionate impact of HIV on gay
and bisexual menisone of the most extreme disparities amongst
the many disparities seen with HIV [4]. The addition of state,
city, and county data shows the burden of HIVV among MSM in
the south. Most of the cities with the highest rates of MSM
living with HIV and new HIV diagnoses are clustered in the
south. Six southern states had <15,000 cases and diagnosed
prevalencerates of >15% [11]. Five highly popul ated states had
>15,000 cases and rates between 10% and 15%. Georgia had
>15,000 cases and >15% diagnosed prevalence rate. Of the 25
M SAswith the highest diagnosed preval enceratesin the United
States, 21 were in the South and 6 had diagnosed prevalence
rates>25%. County - level datashowed high rates of diagnosed
HIV in both urban and rural counties of the South. Theseresults
provide further evidence for the urgent call to action in the
National HIV/AIDS Strategy, Updated to 2020, to focus our
effortson MSM, MSM of color, and the southern United States

(3.

These important data can be used by local and state health
departments to better understand the burden of HIV among
MSM and act with the urgency needed to addressthe disparities
between MSM and other popul ation groups, between the south
and other regions of the country, and between different regions
or cities within states. Since 2010, CDC has pursued a
high-impact prevention (HIP) approach to HIV prevention [12].
Through HIP, CDC supports combinations of scientifically
proven, cost-effective, and scalable HIV  prevention
interventions, targeted to the most heavily affected populations
and geographic areas. By definition, the South’s disproportionate
burden of HIV and disparities makes the region a core focus of
prevention efforts. In addition, reducing the impact of HIV in
the South isacorefocus of NHAS: Updated to 2020 [3]. Since
2010, CDC has greatly increased HIV prevention funding to
southern states, by reallocating prevention resources to reflect
the burden of the epidemic [13].Closing these gaps is essential
to ensuring the health of peopleintheregion and to our nation’s
long-term success in ending the epidemic.

More than ever, we have a broad array of strategies to support
high-impact prevention efforts, including condoms, routine and
targeted HIV testing, accurate educational and behaviora
interventions, antiretroviral therapy to improve the health of
people living with HIV and dramatically decrease their
likelihood of transmitting HIV, and the use of antiretroviral
medicines for pre- or post-exposure prophylaxis[12]. Without
astrong focuson MSM, who currently comprise approximately
two-thirds of HIV diagnoses [1], we will not be able to meet
the ambitious vision of the National HIV/AIDS Strategy to
make HIV arare event in the United States [3,4].
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Abstract

Background: Kidney transplant recipients must adhereto their immunosuppressive medication regimen. However, non-adherence
remains amajor problem.

Objective: The aim of this paper is to determine how kidney transplant recipients remember to take their medications, and
assess their perception and beliefs about adherence to immunosuppressive medications and barriers to medication adherence. In
addition, we aim to assess perception and beliefs about willingnessto use a hypothetical, mobile phone app to improve adherence.

Methods: We conducted a qualitative study that included an average of three home or workplace visits of kidney transplant
recipients (N=16) from a single urban transplant center.

Results: The qualitative study revealed that transplant recipients understood the importance of taking their immunosuppressive
medications and this motivated them to take their medications. The visits showed that most participants have incorporated
medication useinto their daily lives and that any minor deviation from daily routines could result in non-adherence. Participants
also reported other barriersto adherence. All participants were interested in using an app to remind them to take their medication;
however, they reported potential barriersto using the app.

Conclusions: Although kidney transplant recipients understood the importance of medication adherence, there were significant
barriers to maintaining adherence. Participants also reported interest in using a mobile phone app.

(JMIR Public Health Surveill 2016;2(1):€15) doi:10.2196/publichealth.5285

KEYWORDS
adherence; immunosuppressive medications; appointments; mobile phone

impact of non-adherence on kidney function post-transplant
[2-8]. Post-transplant care requires at least two or three ora
immunosuppressive medications and intensive monitoring of
kidney function during frequent follow-up visits[1]. Therefore,
there is a dire need to understand how patients take their
immunosuppressive medications.

Introduction

Despite advancesin solid organ transplantation, allograft failure
due to non-adherence to immunosuppressive medications and
follow-up visitsremainsamajor problem [1-12]. Several clinical
studiesin kidney transplantation have highlighted the negative
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A novel approach to improving adherence is the utilization of
mobile phone medication adherence apps and the use of text
messaging (short message service, SMS). A nationa study by
the Pew Research Center reported that 90% of all American
adults own amobile phone, 58% own a mobile phone with app
capabilities, and 42% own a tablet computer [13]. The use of
mobile phonesisincreasing among kidney transplant recipients,
especialy among African Americans and those with lower
household incomes[14]. Thistechnology has shown promising
results of improved medication adherence in the areas of HIV,
tuberculosis, diabetes mellitus, asthma, and emergency
department-prescribed antibiotics [15-20]. Adherence apps
linked to an electronic medication tray and a wireless
Bluetooth-enabled blood pressure monitor has been tested in
kidney transplant recipients [14,21]. To the best of our
knowledge, no other adherence apps tailored to kidney
transplantation have been tested.

In order to understand kidney transplant recipients’ perceptions
and beliefs regarding barriers to medication adherence and
potential use of a mobile device platform (presented as paper
mock-ups) to improve adherence, we conducted one-on-one
semi-structured interviews and home or workplace visitsamong
kidney transplant recipients.

Methods

Participants

Transplant recipients were enrolled from August to December
2012 at Hennepin County Medical Center (HCMC). The
purposeful sample of ethnically diverse transplant recipients
was enrolled based on the perceptions of nurse coordinators
that the subjects were either highly adherent or poorly adherent
to immunosuppressive medications. Inclusion criteriaincluded
the ability to communicatein English, and residencein the Twin
Cities area and surrounding suburbs in order to improve
feasibility of conducting theinterviews. At HCMC, among the
226 recipients transplanted from 2010-2012, 18.1% (41/226)
were African American and 3.1% (7/226) were Hispanic. The
transplant center actively follows approximately 800 recipients
with a kidney transplant. The post-transplant care at the
transplant center is routinely managed by a nephrologist. All
transplant recipients are seen by a transplant pharmacist at a
minimum interval of 2 weeks, 4 weeks, 3 months, 6 months,
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12 months, 18 months, and 24 months post-transplant, and
yearly thereafter.

All participants were invited for one-on-one semi-structured
interviews and home or workplace visits. Initialy, twenty
participants were enrolled. Four participants dropped out for
various reasons such as depression, living with boyfriend,
construction at home or traveling. The data on these parti cipants
are not included. Each participant gave informed consent and
the study was approved by the Human Subjects Research
Committee at HCMC.

Procedures

Guides for the semi-structured interviews and home or
workplace visits were developed with input from the study
investigators. The questions used in the guide, which include
closed and open-ended questions, are shown in Textbox 1.

Theinterviewsand visitswere conducted by the sameindividual
(BK) who was coached on anthropologic approaches by CIW
and/or Al before and weekly during the study. Key findings
were discussed with other investigators (CJW, Al) in weekly
to bi-weekly meetings for reflection. No clinic or medical
personnel were present during these encounters to ensure solid
rapport and full disclosure by study participants. The study
design included individual interviews for several reasons such
as (1) the interviews were conducted during several home or
workplacevisits; (2) they increased the interviewer’sfamiliarity
with study participants’ perceptions and beliefs; and (3) they
improved trust-building efforts to elicit sensitive data about
adherence to medications and appointments during home or
workplace visits.

The semi-structured interview methodology was informed by
inductive reasoning. While quantitative studies use statistics to
establish reliability and validity, qualitative research relies on
trust and rapport-building. The semi-structured interviews
require the skill of keeping participants on task, maintaining
rapport with al to ensure equitable but not peer-pressured
participation, and maintaining a high degree of comfort
discussing sensitive topics[22]. All interviewswere audio taped
and reviewed by two authors (BK, Al). Thelater portion of the
semi-structured interview consisted of an oral survey to collect
demographic and transplant-related information. The
participants el ectronic medical recordswere reviewed for other
medical information.

JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e15 | p.12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Israni et &

Textbox 1. Kidney transplant recipients’ interview questions from the Moderator’s Guide. Question number 16 and onwards were designed to assess
perception, beliefs, and willingness to use a mobile phone app (presented as a paper mock-up) to improve medication adherence.

Question
1. Why do you choose to take your immunosuppression medications (eg, prednisone, Gengraf, Cellcept)
2. What getsin the way of taking your immunosuppression medications?

1. Doesanything ever prevent you from remembering to take your medications?

2. What happened last time you did not take your immunosuppression medications?

Have you ever chosen to miss a dose when you were short on money?
Have you ever chosen to miss a dose when you went out of town?
Have you ever chosen to miss a dose when you felt depressed?

What pharmacy or pharmacies do you use to get your immunosuppression medications?

N o g &~ w

What don’t you like about your pharmacy’s service for immunosuppression medications?
1. Why did you run out of your immunosuppression medications?
2. How many days were you out?

3. What can be done to try and prevent this in the future?

8. What do you like about your pharmacy’s service for immunosuppression medications?
9. Doyou have akeychain or travel pill holder?

1.  Whendo you usudly useit?

10. Have you ever had any undesired side effects from your immunosuppression medications?
11. Have you ever chosen to miss a dose when you think your medications may have unwanted side effects?
12. Inlast three months, has any emotional or physical suffering prevented you from taking your medications?
13. Why do you choose to go to your doctor and lab appointments?
14. What getsin the way of making it to your doctor and lab appointments?

1. What getsin the way of remembering?

2. What happened last time you did not make it to your doctor or lab appointment?

15. What happened to make you forget your appointment?
16. Would you be interested in getting reminders for lab and doctor appointments?
1. When would you like to get these reminders?

17. Arethere certain situations where you do not want to get reminders for doctor and lab appointments?
18. Would you be interested in getting reminders for taking medications every day?
1. Would you be interested in getting reminders for taking medications only if you forget?

19. Arethere certain situations when you do not want to get reminders for medications?

1. How often would this happen?

20. Would your socid life ever get in the way of getting areminder?
21. Would your work life get in the way of getting reminders?
1. Would you be ok with avibrating reminder going off during a meeting and/or quiet event?

2. Would you be willing to take a mobile phone picture of your medications to prevent the reminder alert?

22. Would it be okay to have words like "kidney transplant” or "medications" show up on reminders on your phone?
1. Areyou comfortable with your friends, family members, and coworkers knowing that you have a kidney transplant?

2. What about random people around you?
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Data Analysis

Qualitative data was collected and analyzed according to the
principles of grounded theory. Coding is an iterative process
produced through several discussions by researchersto establish
broad codes and then further refine the code.

The digita audio tapes of the interviews were transcribed
verbatim and visit notes were transcribed to produce 124 pages
of text. Coding was done manually without the use of specialized
coding software. Two authors (BK, Al) reviewed thetranscripts
manually, line-by-lineto generate a preliminary coding scheme
through consensus: alist of codesand corresponding definitions.
Therefore, no formal measure of agreement was generated for
the codes generated by the two authors. The codeswere ordered
by thematic similarity or relationship into a project codebook.
Theresulting themesreflected ideas that emerged over avariety
of areas of inquiry by the research team. Quotations that most
closely represented the theme were then selected to support the
analysis. The data from the transcripts was supplemented with
notes taken during home or workplace visits.

Results

The characteristics of the study participants are shown in Table
1. All subjects were interviewed at their residence; however
one subject was interviewed at his place of work and one at a
coffee shop near her place of residence. The average of 3 visits
per participant showed that most participants haveincorporated
medication use into their daily lives, such as one participant
keeping morning medications by the car keys in order to
remember to take the medications before leaving for work in
the morning. However, any minor deviation from daily routines
may result in non-adherence. With one exception, no participants
had used electronic reminders on a phone (not a mobile phone)
to aert them to take their medications. The one subject that did
use reminders utilized the alarm feature on his mobile phone
and would not turn off the alarm until he took his medications.
None of the participants had mobile phones with app
capabilities.

With one exception, al participants used pill boxes due to the
large number of medications required. Some subjects aso had
asmaller pill holder, such asaplastic bag, to carry asingle dose
of medications. Having this smaller pill holder sometimes
resulted in missed medications as some subjects forgot to put
medications in this smaller pill holder or forgot to ingest the
medications due to deviations from their daily routines.

Seven families of codes or themes were identified and yielded
133 non-discrete quotations. These seven main themes structure
therest of this paper.

Motivated to Take | mmunosuppression Medication

Study participants demonstrated a clear understanding of the
negative consequences of not taking their immunosuppressive
medications (Theme 1, Table 2). They mentioned that
non-adherence could increasetheir risk of rejection andincrease
risk of returning to dialysis. Taking the medications reassured
them they would not experience rejection.

http://publichealth.jmir.org/2016/1/e15/
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A participant described his motivation for taking his
immunosuppression medications: "So | don’t have to go back
on dialysis." Participants dreaded the return to dialysis. One
participant remarked: "...I want thiskidney towork. | don’t like
the alternative (dialysis).”

Participants Perceived Barriersto Taking
Immunosuppression Medications

The participants reported barriersto adherence such asforgetting
to take or renew medications, procrastination, being short on
money, having depression, distractions, changein daily routine,
forgetting medi cationswhile away from home, al cohol use, and
falling asleep before taking evening dose (Theme 2, Table 3)

"I thought that | took it that morning, but then later on in the
afternoon when | look at the medication package | found out it
was not taken." Some patients found it difficult to maintain
compliance while traveling:

If I'min California | have to get up at 5:30 and take
my (morning) medications at 6:00...1 take them at
8:00 central time regardless of what time zone I'm

on.
Other participants admitted to simply overlooking their
medications"...I just had forgotten to renew them..."

Reported Factors That Helped Participantsto Take
Their Immunosuppression Medications

Factors that help patients remember to take their
immunosuppressive medications include creating a routine
around taking their medications, monitoring their medication
supplies regularly, using a travel-sized pill holder, having a
support system, making medications a top priority, taking
medications earlier in the day and trusting their physician
(Theme 3, Table 4). Surprisingly, only one participant set an
alarm.

| kinda like my alarm (that just) goes off. It only goes
off twice a day. So once in the morning, | have it go
off at 8:30 so that if I'm asleep then | can get up and
be ready by 9:00 o’ clock to take my meds. And then
at night it goes off by 8:50 so | can take my meds at
9:00. It gives me a little 10 minute window

Another participant noted the help he received from the
pharmacy:

The pharmacy has been doing well. They remind me
about my medication. Call me to check on my
medications to know which one | should.. .refill...So
they are a help to me.

Motivated to Keep Appointments

The study participants were motivated to keep their
appointments. They referenced their appointments as away to
stay alive and healthy and to monitor their kidney function
(Theme 4, Table 5).

Well | choose to go to my appointments so we can
monitor the kidney function. Make sure all my levels
are where they need to be.
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Another participant cited similar curiosity to their health status
as areason to keep appointments:

It'sa necessary part of my treatment. | want to know.
I’mcuriousto see how I'mdoing. | liketo talk to (the
doctors), | have questions, I’ m curious.

Participants Perceived Barriersand Motivation to
Keeping Appointments

The study participants reported some barriers to keeping
appointments such as transportation, busy schedul e, forgetting,
not feeling ill or due to personal sickness or sickness in the
family (Theme 6, Table 6).

My schedule. | mean | have to do a lot of working
around my schedul e and then sometimesthe clinicis
not (open), | think the clinic needs to have extended
hours because it just makes it hard
Some patients found it difficult to maintain appointments when
they were not feeling well:

I think I'malright because I’ mnot that bad right now.
So I didn't go...

Reported Factors That Helped Participantsto Keep
Appointments

The participants reported scheduling recurrent visits on the same
day of the week, various types of reminders and support from
others as strategies to keep appointments (Theme 6, Table 7).

http://publichealth.jmir.org/2016/1/e15/
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"When they first started it (the appointment) was Monday,
Wednesday, Friday, Monday, Wednesday, Friday then it went
down to just Wednesdays, and now I’m going to (every) two
weeks so it's every other Monday." Some participants utilized
electronic medical record patient communication tools to
maintain appointments:

| have MyChart and | get emails..." You have so and
so many appointments; and I'll click them and then
oh yeah that’s a reminder.

Perceived Barriersto a Medication Adherence App

The participants voiced concern regarding their mobile phone
being turned off or inaccessible, missing the aarm, and
inflexibility of the app to adjust to irregular schedules (Theme
7, Table 8).

If | wasin a job interview | would have my phone
possibly off or on vibrate...in a meeting it is just
common courtesy to do that (turn off
phone).. . Anywhere fromone hour to all day. But there
are frequent breaks and during that time everyone
checks their phones.

Other participants expressed concern about ignoring their phone
during the day: "...when you are pretty busy or when you are
enjoying sometimes you don’'t look at the phone."
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Table 1. Characteristics of study participants (N=16).

Israni et d

Characteristic n (%)
Recipient male 10 (63)
Recipient race
Asian 2(13)
Caucasian 9 (56)
Hispanic 1(6)
Income
<$15,000 5(31)
$15,001-$30,000 3(19)
$30,001-$45,000 1(6)
$45,001-$60,000 1(6)
$60,001-$75,000 2(13)
>$75,000 4(25)
Employment
Employed full-time 4(25)
Employed part-time 2(13)
Unemployed 7 (44)
Retired 1(6)
Full-time homemaker 1(6)
Student 1(6)
Unable to work 0
Primary insurance
Private 10 (63)
Medicare 5(31)
Medicaid 0
Other 1(6)
Had secondary insurance 9 (56)
Years of schooling, mean (SD) 13.6(3.2)
Marital status
Married 9 (56)
Separated 1(6)
Single/never married 2(13)
Divorced 3(19)
Living with someone 1(6)
Transportation
Own a car/family owns a car 14 (88)
Public transportation 1(6)
Other 1(6)
Cause for end-stage renal disease (ESRD)
Diabetes 1(6)
Hypertension 5(31)
Polycystic disease 1(6)
Glomerular 2(13)
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Characteristic n (%)
Other 7(44)
Duration since transplant in years, mean (SD) 4.2(3.9)
Self-described health status
Excellent 0
Very Good 6 (38)
Good 7 (44)
Fair 3(19)
Poor 0
Living donor 12 (75)

Table 2. Motivated to take immunosuppression medication (coded 15 times).

Authors' interpretation of inter-

Supportive quotations from patients

Study identification

views number

To avoid dialysis "Because | want to keep my kidney working right. The alternativeis dialysis, and that's 114
not fun."

Becauseit was prescribed by the "For myself | never choose medications because | don’t know anything medical so what- 116

doctor ever they recommended | eat it. So it’s not my choice at all."

To stay dive "| take it (medication) because it helps me to continue to live to see another day, and lso 108
keeps me from going into the hospital...If | don’t take it I’ m only hurting myself."

To prevent rejection "I don’'t want to have my kidney reject.” 106

To be adherent because of a "[t'samazing what missing your medications can do to you, and my father isagood example 108

death in the family due to non-
adherent behavior

of that. He (my father) might have been able to prevent that stroke had he taken his medi-
cations that morning. He felt good, he felt like he was not in alot of danger."
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Table 3. Perceived barriers to taking immunosuppression medications (coded 35 times).

Authors' interpretation of inter- ~ Supportive quotations from patients Study identifica-
views tion number

Forgetting to bring medstowork  "Right now my main thing is my work schedule... | forgot to bring it long (towork) ina 114
and work scheduleisinflexible plastic bag in my pocket... | don’'t have enough time to go back and get them; otherwise
it could be atermination from one of the jobs."

Procrastinating at taking meds "Well so | take so many pillslikein the morning | think there are fifteen or sixteenandat 113
apoint you get so tired of taking them and you say or you think ‘I’ll takethem alittlelater’.
Then you get to doing things and then something else comes up and then you don’t.”

Procrastinating at ordering meds "I procrastinate about ordering my meds. Fairview (pharmacy) will call meandthenI’'m 115
busy doing something else or in the car or something where they say can you look at your
medsnow and | say no | can’t if I’'m driving around."

Patients cannot feel the harmthey "If you are feeling very good and enjoying things then you forget you are sick. Easy to 116
areinflicting on their kidney missit..."

Due to being short on money "I had run out (of money) in the middle of pay days. Even now | try to scheduleit, likemy 113
wife gets payday Friday and then she and | both get our retirement on the first of the
month...l have missed my immunosuppression meds for a day. There was another pill, it
was really expensive."

Due to being depressed "There was atime when I’m sure | was depressed... |t was aduration (of non-adherence) 113
probably of two days max I’'m thinking...You just get that lethargic feeling, ‘I’ m sick of
these pills, ... You take them late but you try not to miss them completely."

Pharmacy did not supply medson "About one or two timesit was delayed because of the...mail...| was called by theclinic, 101
time ‘We are sorry we will be late because they were not picked up but by tomorrow it will be
around, and surely | receiveit inthat time. | ran out of it but | got it the day or two after.™

Patient forgot to take it duetoa "It wasanight, I've never forgotten to take the morning pills, it's always been thenight 106
distraction pills...1 will sometimes get caught up in doing something else and my short term memory

can sometimes be bad so sometimes. If | know | don’t have to take this until 10:00 o'clock

| get busy doing something and then before | know it it's the next morning."

Patient didn't want to takemeds "I think maybe one time because | was enjoying myself too much. And | waslikel don't 110
with alcohol think | should be taking my pills after just consuming alcohol. So | just didn’t takeit. Yeah

| was out partying and enjoying myself too much.
Petient forgot to renew his/her "No, well not deliberately anyway. | just had forgotten to renew them..." 119
prescription

Peatient changed pharmacies (due  “They (pharmacy) have just had issues with the exact company (insurance) that | needto 106
to insurance coverage) use mainly because the companies (insurance) don’'t understand how to use Medicare as
asecondary insurer... So there has just been an issue mainly with finding a place that will
bill Medicare. That isthe issue....I would be on the phone with the insurance company
and | would beg, and | would say, ‘I will get sick without them' ... It was just kind of a
mess. It was mainly on the administrative side."

Medications were stolen "The onetime | wasliving in the other place | wasliving in, they delivered them and left 119
them at the door because it's a safe neighborhood and they weren't there when | got home
from work...They said they delivered them, they traced it to the door and one of my
roommates...so now | get them delivered to me at work and everyone leaves them aone
when I’'m not there."

Patient forgot to take their meds "l waslate. It wasjust thefirst time | was off my schedule...| was at somebody else’s 107
when they were out of their house house and we were talking at a dinner party or something..."

Patient fell aseep and missed PM  "Oh yeah, like | said before | had forgotten once or twice in the evening. Usualy it'sthe 119
meds evening dose. It's only acouple of pillsand | fall asleep and then oops, yaknow. And it's
not like | deliberately don't take them."

Taking medsat different timethan "The morning of the Prograf (trough level) draws, you can't take your Prograf so after the 110
usual because the patient hastheir  appointment you have to remember to take Prograf because | didn’t take it with my other
trough levels checked inthelab  pills. So one particular day | was...distracted so when | |eft the clinic | was not thinking

and then four or five 0’ clock came and | took my pill box out of my purse and said, ‘ What

are those two Prograf still doing there, oh shoot | didn’t take it.™
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Table 4. Helps patients to take immunosuppression medications (coded 23 times).

Authors' interpretation of inter- ~ Supportive quotations from patients Study identification
views number
Everyday bi-daily aarms "Because you might be doing something, you might be driving and then if you turnit 100

off once you stop driving you forget so | don’t turn it off until | take the meds... It
snoozes automatically for five minutes.”

Taking pillsaround the sametime "l have asystem and...my system it's (medications) the last thing | do before | walk 108
and creating aroutine out the door. And theway | know | have to take my medication is because it's by my

keys. Keysto drive the car, keys to lock the door, keysto get into my office. So when

| get up and do all these thingsthat | need to do to get prepared to go out, the last thing

| seeis my medication by my keys...| have ten tubes of medications. | load all those

up at the start of the week."
Patient monitors med supplies "Every weekend | check my medication. Because| do the packing inthe separate (pill- 101
regularly boxes). So when | find out thisis getting short...I call them and tell them those medi-

cations that | need and she told mein aday or two they will be here."

Peatient uses atravel pill holder "So if I'm going to go somewhere and | know | will be gone, | got alittle pill box, so 100
| pop them out and put them in apill box. So say I'm at Bible study and we don’t get
out until 9:30 and | take my meds at 9:00. My alarm will go off, pop them pills."

"Just a small sandwich size Zip Lock for the one dose that I'm taking. Like in the 105
morning if | have to work AM. And everybody knows | just say, 'I'm going to take
my meds, and they go, ‘ Okay."

Peatient has a support system "Right now | keep a very strict regimen of when | take my medsand like | said even 102
my husband (helps)... (he) was like ‘do you have your meds with? ... The support
system | have (really helps). So heis my reminder too."

Patient makes taking medications "...I make thisatop priority...My meds comefirst." 102
atop priority

Taking medications at timesthat "l like to take my pills sometime between 7:30 8:00 o’ clock in the morning and 7:30- 112
are easy to remember 8:00 o' clock at night. 7:30 isatime when | look at the clock at night because thisis

when my son has to comein... Boom pills go along with that."

Patient trusts their doctor "| trust the doctors alittle bit too much to be doing that (not taking medications).” 114

Table 5. Primary motivation to keep appointments (coded 16 times).

Authors' interpretation of interviews Supportive quotations from patients Study identification number

To stay healthy "Because when my hemoglobin isvery low then | feel very weak and 116
quick tired. Sometimeswhen | go (to theclinic) thenurseislike, ‘Only
seven percent of blood isthere’ It's very low."

The patient likes and believesinher  "...and | appreciate that about them because they are so vigilant. Sol 105
doctors care wouldn’t not go to them.”
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Table 6. Perceived barriers to keeping appointments (coded 13 times).

Israni et d

Authors' interpretation of inter-
views

Supportive quotations from patients

Study identification
number

Being distracted by kids "...I don’t really have anyone to watch my kids so | may have to bring them with mewhich 106
I’ve never done and | don't really want to do that because it’s very distracting and hard to do
with two of them."

Not having transportation "... Mostly | contact thetransport company then sometime (they are) alittlebit late. Sometime 101
(they are) very early that | have to go and wait for almost one hour before | can see my doctor.
Sometime they are late that when | reach there the doctor and nurses say we will consider
seeing you but you are late."

Dueto double booking doctors’  "It's usually been a scheduling conflict...l would schedule alab appointment down hereand 114

appointments something at (hospital) at the same time."

Sickness "Nothing (gets in the way of my appointments) unless I’'m really sick with the flu or some- 119
thing."

Reminder too far in advance "I guessif it's (the reminder) too far in advance then it's not really that meaningful for the 106
same reason | sometime forget to take (my medications), if it'stoo far in advanceit’s not re-
aly that immediate. I'm really more in the moment."

Oversleeping "Once | missed and it was just that | overslept.” 113

Forgot the appointment "...1did (forget), but | thought it wasthe following week. | think we got our datesswitched..." 119

Table 7. Helps patients to keep appointments (coded 22 times).

Authors' interpretation of interviews  Supportive quotations from patients

Study identification
number

Visits scheduled on the sameday of "Just mainly towards the end of the month so | remember that it's getting towards the 115
the week or month end of the month so | should see when the next lab is."
Patient putstransplant clinicappoint-  "The card...l put itin my wallet in the front." 117
ment card in his’her wallet
Phone call reminder fromthedoc-  "WEell it gives me a chance to get to know I’m on someone’s mind as far astheclinic. | 108
tor'soffice get achanceto hear anurse’s voice on the phone and kid around with them on the phone.

So receiving that call doesalot. It showsthat they’re on their job making surethat patients

don't forget their appointment. And you kind of build alittle rapport with them on the

phone. And | kind of look forward to those calls."
Work is accommodating and flexi- "...| haveto goin (to aclinic appointment) on Friday and I've already emailed my boss 102
ble saying that | will be working from home because | have a doctor’s appointment.”
Making appointmentsisatop prior- "...l1 make thisatop priority. Thisisavery important priority that we keep intheback 102
ity of our minds at all time. My meds come first. Doctors’ appointments arefirst.”
Patient has written personal re- "...1 will write myself a note to remember. For example, ‘| actually have to scheduleone 106
minders for December, but | know it isimportant enough that | actually have to write myself a

note to remember because if | wait until December, chances are they just get really busy,

so | need to call in advance."
Email doctor through MyChart "Yup, and that way it's easier to remember becauseit’s (email) in writing. Then | can 114

always go back on MyChart and say, ‘ Hey that’swhat they said,’ so | can aways remem-

ber."
Mobile phone calendar reminders  "...my medical appointments | have set up for both a day and a half an hour beforeI’'m 108
for appointments supposed to go. So | get aone day alarm and | get a thirty-minute alarm. But once | get

that one day alarm, it's already in my mind that | have to go tomorrow. Then | have

thirty minutes, okay time to get ready to go."
Mobile phone calendar reminders  "Yeah, | usually have it set for forty-five minutes before hand so | have timeto get there 119
for appointments and stuff." (BL) "And is the same thing for lab appointments?' "Yeah, mmhmm."
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Table 8. Future perceived barriers to the app (coded 9 times).
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Authors' interpretation of interviews  Supportive quotations from patients

Study identification

number
Phone turned off periodically "I will turn it on silent at night, but | don’t shut it off." 106
App alarms, though helpful, may ~ "Well like for Prograf (trough levels)...they call you the day beforeand remind youto 110
become too annoying so the patient  take your Prograf at a certain time. And just because I've been doing it for over ayear
turns them off it'slike | know that | have to take it. Even though it is good sometimes because | have
(forgotten)."
"Straight reminder that's maybe after a while going to be anuisance if you get the re- 113
minder....after you've already taken them and then you get something that says, ‘ Take
your meds! ™
People not having their mobile "| have alittle spot on the counter and so it's plugged in thereright now and if | wereto 112
phone on them all the time go out and do something in the garage it wouldn’t be with me. My son comes home and
we go out and play, it's not with me."
If the app isnot flexible enoughto  "Solike | said send me a message before | go...If | work tomorrow at 6:00 then an auto- 114
work with irregular schedules mated (message) at 5:30 saying do you have your medications ready for work or some-
thing."
It may cumbersometo takeamobile "That's...easy to forget to take the picture. And then they are going to think that | don't 117

phone picture to document medica-
tion ingestion to prevent the app
aarm. (This option for the app was
posed to the participants)

take my medication..."

Discussion

Principal Findings

The kidney transplant recipients that participated in these
interviews demonstrated an understanding of the importance of
immunosuppression medications. Commonly cited reasons to
remain compliant included to avoid dialysis, stay alive, prevent
rejection, and witnessed complications from noncompliancein
family members (Table 2). Despite these appropriate concerns,
participants shared numerous perceived barriers to maintain
perfect adherence to immunosuppression medications. These
barriersincluded simply forgetting to take or renew medications,
procrastinating, being short on money, having depression,
getting distracted, changein daily routine, forgetting medications
while away from home, alcohol use, and falling asleep before
taking evening dose (Table 2).

We found it reassuring that our participants identified
understanding the importance of immunosuppression
medication. In a previous publication using mailed surveys,
Chisholm-Burnset al identified that kidney transplant recipients
were more likely to miss doses of medications when they
acknowledged aweaker belief on the necessity of maintenance
immunosuppression medications [23]. Our results suggest that
among the participants in our study, present efforts to educate
kidney transplant recipients on the importance of
immunosuppression are successful to alarge extent and should
be continued [24,25].

Similar to our findings, several previous investigations have
reported patient-identified barriers to medication compliance.
Consistent with our findings, these publications have cited
limited financial resources, and forgetfulness, interruption of
daily routine, travel or leaving home, change in dose, run out
of medications, and no immediate access to a pharmacy as
barriers to compliance [23,25-27]. Intentional non-adherence

http://publichealth.jmir.org/2016/1/e15/

has been found previously to be significantly lower than
unintentiona non-adherence among kidney transplant recipients
[26,28]. Wefound asimilar trend among responsesin our studly.
This suggests that larger improvements in adherence may be
seen with strategies designed to remind patients to take
medications and facilitate delivery and administration of
medications in addition to education them on their importance.
The behavioral change theories commonly used in mobile app
applications, such as hedth belief model (perceived
susceptibility, perceived severity, perceived benefits, perceived
barriers, cues to action, and self efficacy), and socia cognitive
theory (self efficacy, expectations, behavioral capability,
observational learning, reinforcements, and reciprocal
determinism), combined with behavioral techniques such as
nudges (eg, loss aversion, anchoring, and benchmarking), can
facilitate medication adherence [29-31].

I nterestingly, when wetested the idea of using a paper mock-up
of a mobile phone app specifically designed for kidney
transplant recipients we receive generally positive responses.
While some participants reported interest in this utility, others
raised concerns with this proposal such as what would happen
when the phone was switched off or not in their immediate
proximity, developing annoyance to a phone alarm, and the
inflexibility of the app to adjust to chaotic and changing
schedules were concerns raised by participants (Table 8). A
recent review of mobile phone medication adherence apps
identified 160 currently on the market. While their efficacy
remains untested, medication adherence apps offer many
potential benefits that include constant accessibility, ease of
use, low cost, and ability to consolidate all medication-specific
information for the patient and provider. Based on their
respective capabilities and ease of use, the review distinguished
ten medication apps as noteworthy. These apps are
MyMedSchedule, MyMeds, MedSimple, Med Agenda,
RxmindM e Prescription, Dosecast, TRxC (Beta) MediMemory,
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FillManager, and MedslQ Individua/Multi-user. No
free-standing app, however, was specifically tailored to kidney
transplant recipients [32].

In response to the concerns identified by participants in this
study, it is our belief that a mobile phone app designed for
kidney transplant recipients would have the following features.
First, it would be easy to input a multi-drug regimen into the
app. Second, the app would offer a choice of options for
notification of medication duetime. These optionswould include
a standard text message, an email generation or alarm feature
when amedication would be due. Third, the app could generate
a reminder of a due medication without cellular connectivity.
Fourth, the app would feature a"snooze" button to allow for an
additional reminder to take the medication if the user was unable
to complete the task immediately. Fifth, instead of just asimple
reminder, the app would have a feature that allow the user to
voluntarily indicate if they did or did not take the medication
and note thetime when this occurred. Thisdata could be collated
and downloaded at the physician office as a way to prompt
discussion between the caregivers and the patient of methods
to improve adherence. Sixth, the app could communicate with
the patient’s primary pharmacy and facilitate refills as they
become necessary to prevent lapses in medication availability.
Finally, any app created based on this input would have to be
tested extensively among transplant patients to ensure the app
engages the patients through socia competition [33], and
individual encouragement [34]. Previous focus groups have
shown that peer-support relationships and talking to other
patients on dialysistherapy have motivated transplant recipients
[33].

To our knowledge, no studies utilizing mobile phone apps to
improve outcomes in kidney transplant recipients have been
published. One study of pediatric liver transplant recipients

Israni et d

showed significant reduction in variation of tacrolimus levels
using text messaging reminders and suggests that adopting this
reminder system may lead to improved medication adherence
and decreased episodes of rejection [35].

Limitations

Thereare severa limitationsin the current study. First, although
we had a diverse group of participants based on their
socio-economic information, this study was conducted with a
small sample size of prevalent patientsin a single center study.
In addition, common themes were appearing in the qualitative
data provided by the participants. Second, four patients with
unstableliving situations or depression dropped out of the study;
thus, it is possible we may have missed some issues specific to
vulnerable populations. We did not include patients that lost
their allograft due to noncompliance. However, our findings
are generaly consistent with previous survey responses
regarding the reported barriers to medication adherence from
other transplant centers [23,25-27]. None of our subjects had
mobile phones, despite no purposeful sampling in regards to
access to mobile phone was used. The mobile phone usein 2012
at our county hospital waslikely low. Lastly, we did not measure
adherence in our study participants; thus, the barriers and
facilitators to adherence may be participants’ perceptions.

From this qualitative study of medication adherence practices,
it isclear that patients have incorporated medicationsinto their
daily lives and schedul es, but that any variation to this schedule
increases the risk of noncompliance. In addition, there are
numerous barriers to medication adherence that participantsin
our studied identified, and participants utilized a variety of
techniques to reduce the influence of these barriers. While no
transplant-specific app exists presently, an app tailored to the
needs of a busy transplant recipient may improve medication
adherence.
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Abstract

Background: In the United States, men who have sex with men (MSM) increasingly represent the majority of people living
with and acquiring human immunodeficiency virus (HIV) infection. Local and federal surveillance programs estimate the number
of persons living with an HIV diagnosis, persons living with HIV infection, and new diagnoses. Given the absence of
population-based estimates of the number of MSM for US states, metropolitan statistical areas (MSAS), or counties, it is not
possible to accurately estimate rates using these indicators at these levels, inhibiting the ability to understand HIV burden and to
direct prevention efforts.

Objective: To synthesize recently published estimates of MSM population size with publicly available HIV surveillance data,
in order to estimate the prevalence of HIV diagnosis and infection and the rate of new diagnoses, at the national, state, MSA, and
county levels.

Methods: The number of MSM living with HIV infection in 2012 (prevalence), living with an HIV diagnosisin 2012 (diagnosed
prevalence), and newly diagnosed with HIV infection in 2013 (new diagnosis), at state, MSA, and county levels, were obtained
from publicly available data from AIDSVu.org and the US Centers for Disease Control and Prevention. The estimated number
of MSM living in every US county was calculated using recently published methodology that utilized data from the National
Health and Nutrition Examination Survey and American Community Survey. Estimated county-level MSM countswere aggregated
to form MSA- and state-level totals. From this, we estimated HIV prevalence, diagnosed prevalence, and new diagnosis rates.

Results: Theestimated HIV prevalenceamong MSM inthe United Statesin 2012 was 15.0% (666,900/4,452,772), the diagnosed
HIV prevalencein 2012 was 11.1% (493,453/4,452,772), and the new diagnosisrate for 2013 was 0.7 per 100 M SM. For diagnosed
prevalence at the state level, 6 states had both <15,000 cases and diagnosed prevalence rates of =15%, all in the South. Five highly
populated states had =15,000 cases and rates between 10% and 15%. Georgia was the only state with =15,000 cases and =15%
diagnosed prevalencerate. Of the 25 M SAswith the highest diagnosed prevalence ratesin the United States, 21 werein the South
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and 6 had diagnosed prevalence of 225%. County-level data showed high diagnosed prevalence rates in both urban and rural
counties of the South.

Conclusions: HIV infection is hyperendemic among MSM in many areas of the United States, particularly in the South. Our
data emphasize the priorities for HIV prevention and care set forth in the United States National HIV/AIDS Strategy (NHAS)
and provide updatable local estimates of NHAS indicators. Jurisdictions can use these results to direct resources, programs, and

policies to optimally benefit the health of MSM.

(JMIR Public Health Surveill 2016;2(1):€22) doi:10.2196/publichealth.5684

KEYWORDS

HIV surveillance; HIV diagnosis; HIV prevalence; HIV incidence; men who have sex with men; gay and bisexual men; demography

Introduction

The United States human immunodeficiency virus (HIV)
epidemic has long been characterized by a concentration of
infection among men who have sex with men (MSM). MSM
accounted for an estimated 53% of people living with a
diagnosis of HIV in 2013 and 67% of new HIV diagnoses in
2014, despite representing aminority of menin the United States
[1, 2]. Furthermore, individuals of color and those living in the
Southern United States also comprise a disproportionate share
of new infections, new diagnoses, those living with an HIV
diagnosis, and deaths among persons living with an HIV
diagnosis|1, 3, 4]. Theintersection of these groups, black MSM
in the South, represents the most affected subgroup in the United
States, for whom extremely high levels of HIV prevalence and
incidence have been recorded across a variety of surveillance
and research designs[5-9]. The 2015 update to the United States
National HIV/AIDS Strategy (NHAS) placespriority on MSM,
particularly black MSM, and individuals living in the South,
and establishes indicators to monitor progress in reducing the
extent of HIV disparities in these populations, to monitor the
state of the US epidemic, and to guide the allocation of
prevention efforts [10]. The implementation of the NHAS will
require intensive local action, informed by loca estimates of
the extent of HIV infection [11].

To best understand the burden of existing and new HIV
infectionsamong MSM at subnational levels, high-quality data
sources for both infection numerators and population-size
denominators are needed, yet historically have beenincomplete.
In the United States, HIV infection is reportable; since 2004,
name-based diagnoses of HIV infection have been reported by
all 50 states to the Centers for Disease Control and Prevention
(CDC). CDC routinely releasesHIV surveillance datain reports
and on HIV Atlas[1, 5, 12]. These datainclude estimated state-,
county-, and metropolitan statistical area (MSA)-level counts
of MSM newly diagnosed with HIV infection in each year and
al MSM currently living with diagnosed HIV infection.
AlIDSVu.org isawebsite that uses these datato develop highly
detailed maps and other visualizations of the HIV epidemic and
allows downloads of county-specific CDC data on HIV
prevalence [13]. There is no direct surveillance measurement
of the total number of MSM living with HIV infection (ie,
including those not yet diagnosed), but CDC has used existing
surveillance datato model the number of MSM living with HIV
infection at the state level [14].

http://publichealth.jmir.org/2016/1/e22/

Unlike for other groupings of persons (eg, by race, sex, or age)
for which CDC publishes both counts and rates of HIV
diagnoses and prevalence, surveillance-based estimates for
MSM areavailable only as counts. Thislimits our understanding
of not only the total burden of HIV infection among MSM but
also the relative burden across geographic areas in which
numbers of MSM may vary. CDC led an effort to create a
national estimated rate of the MSM living with diagnosed HIV
infection using surveillance data from 37 states and an MSM
population-size denominator based on a synthesis of data
sources, primarily the Nationa Heath and Nutrition
Examination Survey (NHANES) [2]. CDC aso funds an
ongoing supplemental surveillance project in 20 of the largest
US cities that directly measures the rate of prevalent HIV
infection in a nonrepresentative sample of MSM [6-8, 15, 16].
These data are valuable for understanding the impact of HIV
infection among MSM in those cities, but other areas need
similar estimates to better understand their own community’s
HIV epidemic and to target resources appropriately. This is
particularly critical as part of the nationwide cal for
organizations to incorporate the goals and indicators from the
NHAS into their program plans [10, 11]. The rate of new HIV
diagnosesis a central indicator for successin the NHAS goals
of reducing new HIV infections (Goa 1, Indicator 2) and
reducing HIV-related health disparities for MSM (Goa 4,
Indicator 9) [10].

To generate these rates at the state, county, and MSA levels,
we needed new data on the number of MSM in each of those
areas. We have recently published a method that allocates the
national proportion of MSM to all US states, counties, and
MSAs, using additional NHANES results and American
Community Survey (ACS) data[17, 18]. Here, we apply these
new denominators to the publicly available HIV case
surveillance data to obtain rates of HIV diagnoses and
prevalence among MSM at national, state, county, and MSA
levels.

Methods

We estimated and examined avariety of HIV infectionindicators
for MSM at multiple levels by combining publicly available
disease numerator datawith denominatorsfor MSM, asfollows.

Numerator Data Sources and Methods

Estimated MSM diagnosis and infection count data were
extracted from public CDC and AIDSVu.org data sources to
inform estimates at the national level and all 50 US states plus
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the District of Columbia (Table 1) [1, 12, 13]. County-level
data on prevalence of persons living with diagnosed HIV
infection (diagnosed prevalence) among MSM came from
AIDSVu.org[13]. MSA-level dataon diagnosed HIV prevalence
and new HIV diagnoses among MSM came from a CDC
surveillance report [5].

To protect the privacy of persons living with HIV infection in
smaller communities, standard publication practices for HIV
surveillance data suppress county data where there are fewer

Table 1. HIV burden indicators and sources of numerator HIV data.

Rosenberg et al

than 5 cases; this includes stratified counts, such as for MSM.
In addition, CDC adheres to agreements with each individual
state regarding additional restrictions on the public release of
HIV surveillance data at the county level. Although for the
2012-2013 HIV case surveillance data most states (n=32)
allowed CDC to release data about MSM from all counties that
met the 5+ case rule, many either only allowed release of these
data from large mostly urban counties (n=10) or did not allow
the datato be released at all (n=8).

Level Prevalence of living with  Rate of new HIV diag-

Rate of new HIV diag-

Prevalence of HIV in-  Prevalence of undiag-

an HIV2diagnosis, 2012 noses, per MSMP, 2013 NOses, per MSM with-  fection, 2012 nosed HIV infection,
out an HIV diagnosis, 2012
2013
National AIDSVuU[13] AIDSVu AIDSVu MMWR®[14] MMWR
State AIDSVu AIDSVu AIDSVu MMWR MMWR
CDC®Surveillance Report  CDC Surveillance Re-  CDC Surveillance Re-
msad [5] port port — —
County AIDSVu — — — —

8H1V: human immunodeficiency virus.

PMSM: men who have sex with men.

‘MMWR: Morbidity and Mortality Weekly Report.
dmsA: metropolitan statistical area.

€CDC: Centers for Disease Control and Prevention.

Denominator Data Sources and M ethods

We used the method by Grey et a [17] to estimate the number
of MSM in the United States in 2012 and 2013. In brief, we
began with 2 published estimates. The first was the result of a
meta-analysis-based estimate of the percentage of US men who
have had sex with another man in the past 5 years [2]. The
second, from an analysis of NHANES data, was the percentages
of US men who had sex with another man in the past year, at
each of 4 levels of urbanicity: large central metropolitan areas,
large fringe metropolitan areas, medium or small metropolitan
areas, and nonmetropolitan areas [18]. We next evaluated the
percentage of same-sex male couple households among all
households in each county, from the ACS [19]. We then
calculated theratio of these percentagesto the percentage among
all counties at the samelevel of urbanicity. By multiplying these
ratios by the percentages reported by Oster et a [18], we
assigned each county a new, localy tailored estimated
percentage of men who had sex with a man in the past year
among adult men, a method similar to that published by Lieb
et a [20]. Finally, we multiplied each county’s estimate by the
number of adult men in the county, according to the ACS. In
order to estimate the number of men who had sex with a man
in the past 5 years, generally considered more indicative of the
sexualy active MSM population, we scaled the single-year
population sizes to equal the estimate given by Purcell et a [2]
of 3.9% of the US adult male population. To obtain estimates
at the state and MSA levels, we aggregated MSM population
size estimates from their composite counties.

In addition to the numerator-based suppression previously
mentioned, standard publication practicesfor HIV surveillance

http://publichealth.jmir.org/2016/1/e22/

data al so suppress the display of county-level rateswhere there
are fewer than 100 persons in the population, including in any
single group stratum, such as MSM. Ultimately, of the 1521
counties with available and unsuppressed data on MSM living
withan HIV diagnosis, an additional 253 (16%) had fewer than
100 MSM according to our estimation method. The remaining
1268 counties, which contained 84% of the US adult male
population and 89% of all MSM living with an HIV diagnosis
in 2012, contributed to the county-level analysis.

HI1V Burden Indicators

At the state level, we computed the rates of HIV prevalence in
2012 (diagnosed and undiagnosed), diagnosed prevalence in
2012, and new diagnosesin 2013. Prevalence rateswere among
all MSM; new diagnosisrateswereamong al MSM and among
only MSM not previously diagnosed with HIV (total MSM in
2013 minus total MSM living with a diagnosis at year-end of
2012). State-level estimates were aggregated to yield national
estimates. At the county level, we computed the rates of
diagnosed HIV prevalence among all MSM in 2012. At the
MSA level, we computed therates of diagnosed HIV prevalence
in 2012 and new diagnosisin 2013 among all MSM.

Sensitivity Analyses

To explore the potential effect of regiona underreporting or
within-urbanicity stratum underrepresentation of male-male
cohabitation on the ACS-based Grey estimator, we aso
produced HIV prevalence and new diagnosis rates using MSM
denominators according to more simplified modelsthat assumed
estimates from Oster et al and Purcell et al (see Supplement for
details) [2].
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Results

Inthe United Statesin 2012, an estimated 15.0% of MSM were
living with HIV infection (diagnosed and undiagnosed) and
11.1% were living with an HIV diagnosis (Tables 2-3, Figure
1). Using the comparison method in Purcell et a [2], the
diagnosed HIV prevalence rate among MSM was 57.5 times
greater than among other US men. States in the South had the
highest rates of diagnosed HIV prevalence among MSM, with
all rates of 215% located in the South (Table 2, Figure 1).
Among states, the rates of diagnosed HIV prevalence among
MSM living in Louisiana, Mississippi, and South Carolinawere
all approximately twicethe national rate. The rates of new HIV
diagnoses among MSM for 2013 at the state level strongly
followed the same pattern as HIV prevalence (Table 2, Figure
2). Only southern states had new diagnosis rates per MSM and
per MSM without an HIV diagnosis of >1.00/100 MSM, with
2 (Louisiana and Mississippi) having rates per MSM without
an HIV diagnosis of >2.00/100 MSM.

http://publichealth.jmir.org/2016/1/e22/
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Plotting the diagnosed HIV prevalence case counts versusrates
among MSM in 2012 (Figure 3), 4 groups are notable: popul ous
states with =15,000 cases and diagnosed prevalence between
10% and 15% (California, Florida, Illinois, New York, Texas),
southern stateswith diagnosed preval ence of >15% and <15,000
cases, and states with diagnosed prevalence of <15% and
<15,000 cases. Georgia is uniquely high in both the rate and
case count of MSM living with diagnosed HIV infection.

All but 4 high-prevalence MSAs are located in the South, and
6 southern M SAs have diagnosed HIV prevalence rates among
MSM for 2013 of 225% (Table 4, complete M SA data provided
in supplement). The map of county-level diagnosed HIV
prevalence rates among MSM in 2012 shows a similar pattern
of high-prevalence urban areas (Figure 4). Thismap also shows
that several rural counties in the South have diagnosed HIV
preval ence rates of >20% and >30% (Figure 4).

The new MSM population size estimation by Grey et al also
appears to produce similar state-level HIV rates to previous
approachesand, intheinstances of certain MSAs, moreplausible
results (see Supplement for full sensitivity analysis results).
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Table2. Prevalenceof HIV diagnosesand rates of new diagnoses among men who have sex with men, by US states and District of Columbia, 2012-2013.

State MSM?living with an HIVP diagnosis, 2012 New MSM HIV diagnoses, 2013
Rate per 100 MSM with-
n Rate per 100 MSM n Rate per 100 MSM out an HIV diagnosis
Alabama 6442 15.78 442 1.09 1.29
Alaska 335 6.49 12 0.24 0.25
Arizona 8748 8.14 513 0.46 0.50
Arkansas 2843 15.04 192 1.00 117
California 85,307 10.85 3860 0.49 0.55
Colorado 8028 11.42 241 0.33 0.37
Connecticut 3178 7.30 188 0.43 0.47
Delaware 1115 8.45 60 0.46 0.50
District of Columbia 7360 20.96 313 0.85 1.06
Florida 47,520 14.35 2711 0.80 0.93
Georgia 24,101 18.51 1708 1.30 1.59
Hawaii 1758 11.16 78 0.51 0.57
Idaho 477 4.92 15 0.15 0.16
Ilinois 20,495 10.17 1273 0.64 0.71
Indiana 5876 8.37 332 0.47 0.52
lowa 1133 5.45 7 0.37 0.39
Kansas 1723 7.59 109 0.48 0.51
Kentucky 3697 8.08 260 0.55 0.60
Louisiana 8954 21.72 730 1.76 2.24
Maine 771 513 21 0.14 0.15
Maryland 11,052 13.38 762 0.90 1.04
Massachusetts 8181 7.24 443 0.40 0.43
Michigan 9377 8.34 547 0.48 0.52
Minnesota 4416 5.54 202 0.24 0.26
Mississippi 4469 23.34 316 1.66 2.18
Missouri 7994 11.04 341 0.48 0.54
Montana 239 3.66 19 0.30 0.31
Nebraska 1015 8.01 51 0.39 0.42
Nevada 5070 9.86 329 0.64 0.71
New Hampshire 621 4.44 21 0.15 0.16
New Jersey 13,402 10.23 790 0.60 0.66
New Mexico 1729 10.18 102 0.57 0.63
New York 54,606 14.61 2264 0.61 0.72
North Carolina 13,202 13.06 859 0.83 0.96
North Dakota 132 3.33 13 0.29 0.30
Ohio 12,259 8.81 767 0.53 0.58
Oklahoma 3293 8.74 236 0.63 0.69
Oregon 3673 6.07 159 0.26 0.27
Pennsylvania 12,477 7.81 739 0.45 0.49
Rhode Island 949 4.09 54 0.23 0.24
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State MSM?living with an HIVP diagnosis, 2012 New MSM HIV diagnoses, 2013
Rate per 100 M SM with-
n Rate per 100 MSM n Rate per 100 MSM out an HIV diagnosis

South Carolina 7332 21.63 452 124 1.56

South Dakota 196 3.62 9 0.17 0.18

Tennessee 9198 12.29 563 0.76 0.87

Texas 42,973 11.77 3129 0.84 0.95

Utah 1532 4.71 72 0.22 0.23

Vermont 275 3.96 12 0.17 0.18

Virginia 11,888 10.63 683 0.61 0.68

Washington 7681 6.82 325 0.29 0.31

West Virginia 930 741 46 0.35 0.38

Wisconsin 3388 5.82 190 0.32 0.34

Wyoming 133 4.04 11 0.34 0.36

50 USstates & Washington, 493,453 11.08 27,641 0.61 0.69

DC

3\ISM: men who have sex with men.
BHIV: human immunodeficiency virus.
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Table 3. Prevalence of HIV infection and undiagnosed HIV infection among men who have sex with men, by US states, 2012.

State MSM?2living with HIV® infection, 2012 MSM living with undiagnosed HIV infection, 2012
n® Rate per 100 MSM n® Rate per 100 MSM
Alabama 7900 19.36 1600 3.92
Alaskal 410 7.94 20 0.39
Arizona 10,500 9.77 1200 112
Arkansas 3500 1851 800 4.23
Cdifornia 134,400 17.10 16,400 2.09
Colorado 8900 12.66 950 1.35
Connecticut 4600 10.57 710 1.63
Delaware 1600 12.13 240 1.82
District of Columbia 11,300 32.18 1400 3.99
Florida 60,500 18.27 8100 245
Georgia 33,100 25.42 6900 5.30
Hawaii 2500 15.87 220 1.40
Idahod 630 6.50 80 0.83
Illinois 27,800 13.79 5300 2.63
Indiana 6900 9.83 1000 142
lowa 1600 7.70 330 1.59
Kansas 2200 9.70 380 167
Kentucky 5300 11.59 890 1.95
Louisiana 10,700 25.96 2700 6.55
Maine’ 1200 7.99 90 0.60
Maryland 16,200 19.61 3900 4.72
Massachusetts 12,200 10.80 2000 177
Michigan 10,900 9.69 1900 1.69
Minnesota 5200 6.53 770 0.97
Mississippi 5400 28.20 1200 6.27
Missouri 9100 12.57 1500 2.07
Montana 420 6.43 30 0.46
Nebraska’ 1300 10.25 190 150
Nevada 6500 12.64 1000 194
New Hampshired 950 6.79 120 0.86
New Jersey 16,800 12.83 3700 2.83
New Mexico 2400 14.13 280 1.65
New York 75,900 20.30 7700 2.06
North Carolina 16,100 15.93 2600 2.57
North Dakota® 190 479 20 050
Ohio 14,800 10.63 3100 2.23
Oklahoma 4100 10.88 740 1.96
Oregon 5800 9.58 850 1.40
Pennsylvania 16,100 10.08 2700 1.69
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State MSM?2living with HIVP infection, 2012 MSM living with undiagnosed HIV infection, 2012
n® Rate per 100 MSM n® Rate per 100 MSM

Rhode Island 1100 4.75 200 0.86

South Carolina 9500 28.03 2000 5.90

South Dakota 200 3.70 30 0.55

Tennessee 11,000 14.70 1800 240

Texas 62,400 17.09 12,100 331

Utah 1700 5.23 250 0.77

Vermontd 520 7.49 0 0

Virginia 13,500 12.07 2000 1.79

Washington 10,400 9.23 1300 1.15

West Virgini af 1200 9.56 200 1.59

Wisconsin 4000 6.87 650 112

Wyoming® 180 5.47 40 1.22

50 US states & Washing-

ton, DC © 666,900 14.98 98,700 222

M SM: men who have sex with men.

PHIV: human immunodeficiency virus.

®Counts are rounded model-based estimates, per the source Centers for Disease Control and Prevention (CDC) report [14].
dcounts indicated as numerical ly unstable, per the source CDC report [14].
®Total counts calculated by different methodology than used for jurisdictions and thus do not sum to column totals, per the source CDC report [14].
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Table 4. Prevalence of HIV diagnoses and rates of new diagnoses among men who have sex with men, by top 25 HIV prevalence rates among US

metropolitan statistical areas, 2012-2013.

Metropolitan statistical area®

MSMP livi ng with an HIVC diagnosis (2012) HIV diagnoses among MSM (2013)
Rate per 100 Rate per 100 MSM with-

n Rate per 100 MSM n MSM out an HIV diagnosis
Atlanta—Sandy Springs—Roswell, GA 12,532 16.43 1393 1.36 1.62
Augusta—Richmond County, GA-SC 691 26.56 89 2.79 391
Baton Rouge, LA 1087 25.40 155 291 4.14
Birmingham—Hoover, AL 1809 13.35 130 0.79 0.92
Charleston—-North Charleston, SC 931 20.08 84 1.46 181
Chattanooga, TN-GA 577 15.06 35 0.85 1.02
Columbia, SC 1619 29.65 99 143 1.96
Dayton, OH 807 13.84 61 0.89 1.02
Durham—Chapel Hill, NC 741 17.47 70 113 134
El Paso, TX 1131 28.53 96 2.22 311
Fresno, CA 998 13.79 88 1.16 1.35
Greensboro—High Point, NC 975 20.98 75 1.26 158
Greerville-Anderson-Mauldin, SC 806 16.07 80 142 1.69
Jackson, MS 1201 39.49 106 251 4.05
Little Rock—North Little Rock—Conway, 1081 23.33 124 224 2.87
AR
Los Angeles-Long Beach—-Anaheim, CA 34,919 12.92 1938 0.62 0.71
McAllen—Edinburg-Mission, TX 494 14.12 66 1.60 1.88
Memphis, TN-MS-AR 2954 17.61 257 1.18 1.43
Miami—Fort Lauderdale-West Palm 21,482 17.52 1592 113 1.35
Beach, FL
New Orleans-Metairie, LA 3091 19.71 356 1.68 2.08
New York—Newark—Jersey City, 46,869 14.61 3007 0.76 0.89
NY-NJ-PA
Tulsa, OK 944 14.08 111 147 1.70
Virginia Beach—-Norfolk—Newport News, 2930 14.40 242 0.97 113
VA-NC
Washington-Arlington—-Alexandria, 12,606 13.43 1105 0.90 1.03
DC-VA-MD-WV
Winston-Salem, NC 606 16.08 54 111 133

@Wletropolitan statistical area (MSA) results are provided alphabetically for the top 25 MSAs (based on diagnosed prevalence rates). The results for the
remaining MSAs are available in the supplement.

BMSM: men who have sex with men.
CHIV: human immunodeficiency virus.
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Figurel. Prevalence of human immunodeficiency virus diagnoses among men who have sex with men (MSM) per 100 MSM, by US states and District
of Columbia, 2012.
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Figure 2. Rate of new human immunodeficiency virus diagnoses among men who have sex with men (MSM) per 100 MSM, by US states and District
of Columbia, 2012-2013.
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Figure 3. Prevalence versus number of men who have sex with men (MSM) living with a human immunodeficiency virus (HIV) diagnosis, by US
states and District of Columbia, 2012.
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Figure 4. Prevalence of human immunodeficiency virus (HIV) diagnoses among men who have sex with men (MSM) per 100 MSM, by US counties,
2012. Countiesin gray represent areas for which datawere not permitted to be released by the state. Those in white represent areas for which datawere
available, but either the numerator or denominator was suppressed. The remaining counties with available and unsuppressed data represented 84% of
US adult males and 89% of prevalent US MSM HIV diagnoses. A data file with the county-level HIV prevalence rate data is available on the Emory
CAMP website [37]. Because al US counties are not included, it is inadvisable to rank counties based on HIV burden.
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Discussion

Despiteincredible achievementsin prevention, HIV diagnosis,
and antiretroviral therapies over the 35 years of the epidemic,
the impact of HIV in US communities of MSM remains
staggering. We examined prevalence of HIV at the state and
county levels, and found that, although there areimportant local
variations in HIV prevalence, the prevalence of HIVV among
MSM is consistently orders of magnitude higher than among
other Americans. Whereas prevalence of HIV is routinely
expressed in cases per 100,000 persons for other groups, for
MSM, we report cases per 100 persons [5]. The levels of
prevalence among M SM correspond to international benchmarks
for epidemicity or hyperendemicity, with all 50 states at |east
tripling the prevalence criterion for generalized epidemics
among MSM (>1% prevalence) and 6 states (all in the South)
meeting the UNAIDS criterion for hyperendemicity (>15%
prevalence) [21]. The county-level findings demonstrate that
although most HIV infections among MSM are concentrated
among urban-dwelling MSM, rural areas still represent
important places of HIV burden that may be underserved by
HIV prevention and care services[5, 22]. Furthermore, rates of
new diagnoses among MSM provide insight into the ongoing
trajectory of the epidemic, providing a national, regional, and
local view of an epidemic force of infection that requires urgent
response and prioritization [23].

Our analysis builds on previous reports of the importance of
local variationsin social and structural epidemic determinants
[24], and underscores previous identification of the US South
as the area of greatest concentration of HIV infection [10]. In
terms of state-specific HIV prevalence ratesamong MSM, 9 of
thetop 10 are in the South. We also have new evidence that the
HIV epidemic in the South is continuing to grow
disproportionately to other regions. New HIV diagnoses rates
among MSM for 2013 show that the top 13 states were all in
the South, with 10 states having new diagnoses rates of >1%
per year. These concentrations of new diagnoses in the South
might represent rel ative increasesin new transmissions or could
represent previous successes in reducing HIV transmissions
among MSM outside the South [25-27]. Our analysis furthers
previous surveillance reports and analyses by recognizing that
there are differences in the distribution of MSM by state and
by county; having high-quality estimates of MSM denominators
allows for more reliable comparisons in prevalence and
diagnosis rates across geographic areas. Denominators also
allow for a more direct quantification of the health disparity
among MSM than do rates expressed against a denominator of
all men.

Our estimates of HIV prevalence differ importantly from
previous estimates of HIV prevalencein the United States. The
study by Purcell et al, based on data from 37 states, reported a
diagnosed HIV prevalence among MSM in 2007 of about 8%
[2, 28]. Our estimate for 2012, including data from all states
and the District of Columbia, isthat diagnosed HIV prevalence
was 11% and that, including estimated undiagnosed infections,
15% of US MSM live with HIV infection. Previous data from
theNational HIV Behavioral Surveillance System (NHBS) have
shown higher HIV prevalence (18% in 2011) among MSM
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recruited in high-risk venuesin the 20 largest citiesin the United
States[29, 30]; these differenceslikely reflect selection biasfor
men in high-risk venues, and the higher risk of HIV infection
in urban areas. Our findings have relative advantages over
NHBS-derived estimates because of population-based sources
of numerator and denominator data and inclusion of areas
outside the largest US cities, including rural areas.

Evaluating and monitoring data in smaller geographic areasis
critical to making effective local responses and to measuring
their impact. Indeed, thefirst step of thefirst goal of the NHAS
is to assess the communities in which HIV is more
concentrated[11]. Our data are also of relevance to the updated
National Strategy [31]. Intermsof Goal 3, reducing HIV-related
disparities, our new data illustrate the extent of the health
disparity among MSM—a staggering 57-fold disparity in
diagnosed HIV prevalence rates among MSM compared with
other US men. Because our method of calculating rates of new
HIV diagnoses among MSM can be updated annually, it can
also serve as a source of data to evaluate I ndicator 9, measures
of health disparities among MSM. The updated NHAS uses a
denominator of al men to calculate the rate of new HIV
diagnosesamong M SM nationally, which wasthe best available
dataat thetime. However, at thelocal level, similar metricswill
have varying amounts of bias, depending on the relative
concentration of MSM in a particular jurisdiction. Thus, for
local planning and evaluation, rates based on loca MSM
denominators should be used. To most comprehensively address
this purpose, it will require developing similar race-specific
estimates of MSM at the state and county levels. Such dataare
not yet available but would be important for the ongoing
evaluation of an epidemic with profound disparitiesby raceand
ethnicity.

Limitations

These results have important limitations. Because all residential
locations informing HIV case numerators were determined at
the time of diagnosis, and the denominators were based on
recent ACS data, postdiagnosis migration and undercounting
of nonresidents may contribute to mismeasurement.
Furthermore, there are differences in the time frames for
assessment of male-male sex for numerators and denominators.
HIV surveillance classifies males as MSM if the individual
reports any sex with a man since 1977, whereas MSM
denominators were defined as having male-male sex in the
previous 5 years [1, 17]. This shorter time frame is more
informativefor ng public-health-actionable HIV burden,
compared with alifetime definition of male-male sex. However,
to the extent that some men living with HIV were classified as
MSM at the time of diagnoses but may not have engaged in
sexual activity in the previous 5 years, some inflation of
prevalence may be observed. There is also a potential age
mismatch between the HIV case surveillance-based numerator
data and the MSM population size denominators. Publicly
available HIV surveillance data reports MSM cases for all
persons 13 years of age and older, whereas MSM population
sizemethodologiesarefor MSM 18 years of age and older. This
potentially inflates MSM prevalence. However, persons aged
13-19 years compose only 0.96% of all USHIV diagnoses and
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diagnosed HIV prevalence is low among MSM aged 13-17
years, so the extent of this biasislikely minimal [1, 32].

Conclusions

Surveillance data have been described as the conscience of the
HIV epidemic [33], and the new insights provided here on the
rates of HIV prevalence and new diagnoses for US MSM
congtitute a call of conscience for heightened responses and
improved monitoring of HIV epidemicsamong MSM, especidly
in the South. Across the United States, MSM are affected by
HIV at rates that are orders of magnitude higher than for other
Americans. This health disparity is even more pronounced in
the South. There is a need for increased resources for HIV
prevention, treatment, and care for MSM. In the South, this
must include expansion of access to health care through
Medicaid expansion under the Affordable Care Act; increased

Rosenberg et al

for preexposure prophylaxis (PrEP); and increased resources
for programs to support immediate referrals for antiretroviral
therapy for those who are newly diagnosed with HIV. Despite
the disproportionate impact of HIV in the South, PrEP uptake
among MSM is lower in the South than in other geographic
areas [34, 35]. In terms of monitoring, we believe that our
analysisillustrates the power of having denominators available
to characterize health outcomes of sexual minority groups, and
we join the Institute of Medicine's call [36] to collect data on
sexual orientation and gender identity in federal datacollections
and electronic health records, as well as to consider collecting
such datain the United States Census. The health disparitiesin
HIV for USMSM illustrated in this report are intolerable, and
we call for urgent action to meet the treatment and care needs
of those MSM living with HIV and to support all available
evidence-based approaches to prevent new infections.

access to comprehensive HIV prevention services, including
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Abstract

Background: In the United States, male-to-male sexual transmission accounts for the greatest number of new human
immunodeficiency virus (HIV) diagnoses and a substantial number of sexually transmitted infections (ST1) annually. However,
the prevalence and annual incidence of HIV and other ST1s among men who have sex with men (MSM) cannot be estimated in
local contexts because demographic data on sexual behavior, particularly same-sex behavior, are not routinely collected by
large-scale surveysthat allow analysis at state, county, or finer levels, such asthe US decennial census or the American Community
Survey (ACS). Therefore, techniques for indirectly estimating population sizes of MSM are necessary to supply denominators
for rates at various geographic levels.

Objective: Our objectives were to indirectly estimate MSM population sizes at the county level to incorporate recent data
estimates and to aggregate county-level estimatesto states and core-based statistical areas (CBSAS).

Methods: We used datafrom the ACS to cal culate aweight for each county in the United States based on its relative proportion
of households that were headed by a male who lived with a male partner, compared with the overall proportion among counties
at the samelevel of urbanicity (ie, large central metropolitan county, large fringe metropolitan county, medium/small metropolitan
county, or nonmetropolitan county). We then used this weight to adjust the urbanicity-stratified percentage of adult men who had
sex with a man in the past year, according to estimates derived from the National Health and Nutrition Examination Survey
(NHANES), for each county. We multiplied the weighted percentages by the number of adult men in each county to estimate its
number of MSM, summing county-level estimates to create state- and CBSA-level estimates. Finally, we scaled our estimated
MSM population sizes to a meta-analytic estimate of the percentage of US MSM in the past 5 years (3.9%).
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Results: Wefound that the percentage of MSM among adult men ranged from 1.5% (Wyoming) to 6.0% (Rhode |sland) among
states. Over one-quarter of MSM in the United States resided in 1 of 13 counties. Among counties with over 300,000 residents,
the five highest county-level percentages of MSM were San Francisco County, Californiaat 18.5% (66,586/359,566); New York
County, New York at 13.8% (87,556/635,847); Denver County, Colorado at 10.5% (25,465/243,002); Multnomah County, Oregon
at 9.9% (28,949/292,450); and Suffolk County, Massachusetts at 9.1% (26,338/289,634). Although California (n=792,750) and
Los Angeles County (n=251,521) had the largest MSM populations of states and counties, respectively, the New York
City-Newark-Jersey City CBSA had the most MSM of all CBSAs (h=397,399).

Conclusions:  We used a new method to generate small-area estimates of MSM populations, incorporating prior work, recent
data, and urbanicity-specific parameters. We also used an imputation approach to estimate MSM in rural areas, where same-sex
sexual behavior may be underreported. Our approach yielded estimates of MSM population sizes within states, counties, and
metropolitan areas in the United States, which provide denominators for calculation of HIV and STI prevalence and incidence

at those geographic levels.

(JMIR Public Health Surveill 2016;2(1):e14) doi:10.2196/publichealth.5365

KEYWORDS

sexual behavior; population; men who have sex with men; demography

Introduction

In the United States, mae-to-male sexual transmission
accounted for 58-65% of human immunodeficiency virus (HIV)
diagnosesfrom 2009 to 2013 [1], despitethe fact that arelatively
small proportion of men in the United States are men who have
sex with men (MSM) [2]. Prior work on estimating the
population size of MSM in the United States [2-5] and at the
city [6] and state [3,7-10] levels show that prevalence and
incidencerates of HIV and some sexually transmitted infections
(STls) are higher among MSM than other groups. In order to
estimate the prevalence or incidence rates of HIV or other STls
among MSM in additional areas, we need to estimate the
denominator of population size [2].

Having male sex partners is not necessarily the same as
self-identification as gay, bisexua, or queer . MSM defines a
group of men behaviorally and temporally, and is preferred by
public health researchers over identities such as gay or bisexual
men because behavior, not identity, leadsto sexual transmission
of HIV and STIs. Many MSM self-identify as gay or bisexual,
but not all. Thus, reports such as a recent Gallup publication
[11] that estimate population sizes of leshian, gay, bisexual, or
transgender (LGBT) individuals have limited use for public
health. The choice of timeframe influences the estimated
percentage of MSM among adult men, and consequently, the
estimated size of the MSM population. Most studies use “sex
with aman in the past 12 months,” “ sex with aman in the past
5 years” or “any sex with a man ever,” with longer recall
periods leading to higher population size estimates [2].

Data regarding cohabitating same-sex partners are collected by
the US Census Bureau, but behavioral data on same-sex
behavior among men are not. Therefore, researchers studying
MSM populations often use estimates from national probability
surveyssuch asthe General Social Survey (GSS) [12], National
Health and Social Life Survey (NHSLS) [13], Nationa Health
and Nutrition Examination Survey (NHANES) [14], and
National Survey of Family Growth (NSFG) [4,5,15]. The most
recent effort to synthesize data from multiple studies in order
to estimate the percentage of MSM among adult men in the
United States comes from a meta-analysis of these and other
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data sources by Purcell and colleagues [2]. However, given
uneven geographic dispersion of MSM in the United States,
national estimates are inadequate for state and local prevention
planning. Examining HIV prevalence and incidence at smaller
geographic levels, and comparing HIV burden among MSM in
different areas, requires estimation approaches at finer levels.

Several methods have been proposed to estimate state and local
population sizes of MSM. Some researchers begin with HIV
preval ence assumptions and work backward to determine the
population size of MSM in agiven area. For example, Lieb and
colleagues [16] used data on HIV prevalence among a
probability sample of MSM to estimate the number of MSM in
six large metropolitan statistical areas (MSAS) in Florida. Other
researchers have used data from the US Census Bureau and
from large, national health surveys to generate state [3,7,10]
and county [9,17-19] MSM population estimates. Gates and
Black [20] reported findings separately from the GSS and
NHSLS aswell asfrom the 1990 US Census.

One recent approach used both data from the American
Community Survey (ACS) and NHSL S estimates[7]. Lieb and
colleagues [10] proposed two models to estimate state
population sizesfor MSM. Thefirst, Model A, assumes different
percentages of MSM among men in urban, suburban, and rural
areas. For those percentages, Lieb et al. [10] refer to estimates
reported by Laumann and colleagues [13] from the 1992
NHSLS. They multiply these percentages by each state's
proportion of total population in rural, suburban, and urban
areas, then multiply the result by the 2007 midyear population
estimatesfrom the US Census Bureau [ 3,10]. For Model B, they
weight the overall percentage of MSM among US adult men,
estimated to be 6% from the 2002 NSFG [3,5,10], according to
the representation of same-sex male (SSM) households in a
state, relative to the overall proportion of SSM households in
the United States as reported in the 2000 Census. They then
multiply these weighted percentages by the population in each
state, again taken from the 2007 midyear population estimates.
The final state estimates are the mean of Models A and B.

Here, we create a new method to estimate the population sizes
of MSM in US states, counties, and core-based statistical areas
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(CBSAS). Our approach uses elements of Lieb et al.’s [10]
Models A and B, data on total and SSM households from ACS
2009 to 2013 [21], urbanicity-stratified estimates of the
percentage of adult men who had sex with a man in the past
year from NHANES[22], and the meta-anal ytic estimate of the
national percentage of adult men who had sex with a man in
the past 5 years [2]. By estimating population sizes at smaller
geographic levels and within urbanicity strata, we hope to
provide public health practitioners and policy makers with a
useful tool for determining disease burden and allocating
resources at state and county levels, including among nonurban
aress.

Methods

Data

We used datafrom the ACS 5-year summary file, 2009 to 2013,
to obtain the total number of households, total number of SSM
households (male householder and male partner), and total
number of men aged 18 years and older for each county in the
United States (Multimedia Appendix 1) [21]. The ACS is a
supplement to the decennial censusthat provides annua updates
to housing and demographic statisticsfor the United States[23].
Approximately 1 in 38 US households are randomly sampled
each year, and the selected individuals respond using either
Web-based or paper questionnaires. Staff from the US Census
Bureau follow up with individualswho do not respond, in order
to improve response rates.

ACS data are publicly available as 1-, 3-, or 5-year summary
files or as a Public Use Microdata Sample (PUMS), which
contains ade-identified and unaggregated sample of ACS data.
The 1- and 3-year summary files are limited to areas with
populations of 65,000 or 20,000 or more, respectively. However,
the 5-year ACS summary files contain data at al available
geographic areas. We did not include data from US territories.

Figurel. Equations 1-3

Grey et d

To more accurately describe where MSM reside, we
supplemented datafrom the ACS using the urbanicity categories
produced by the National Center for Health Statistics (NCHS)
[24]. According to the NCHS classification scheme, counties
fal into six categories: central (ie, inner city) or fringe (ie,
suburban) portions of large M SAs (popul ation size> 1,000,000
population), medium-sized MSAs (population size of
250,000-999,999), small MSAs (population of < 250,000),
micropolitan area (counties that contain all or part of acity of
10,000 or more), and noncore (counties that do not contain any
part of a city of 10,000 or more) [24]. In order to incorporate
urbanicity-specific percentages of MSM among adult men, we
then collapsed the categories according to the four-level
urbanicity classification used by Oster et al. [22]: large central
metropolitan county, large fringe metropolitan county,
medium/small metropolitan county, and nonmetropolitan county.

Analysis

We developed a method to estimate small-area MSM
populations by combining two models reported by Lieb et al.
[10]. Thefirst, Modd A, applied estimates of the percentage of
MSM among adult men, stratified by urbanicity, to the adult
male population. The second, Model B, weighted the national
MSM percentage according to the relative representation of
SSM households among all households in an area, referred to
asthe MSM Index. We combined these two modelsinto asingle
model by stratifying the MSM Index formula to determine the
urbanicity-specific relative representation of SSM househol ds
(Figure 1, Equation 1). We then multiplied this within-stratum
MSM Index to the urbanicity-specific estimated percentage of
MSM among adult men from NHANES, as reported by Oster
et a. [22] (Figure 1, Equation 2), to arrive at the percentage of
males who are MSM in each county. Next, for each county, the
number of MSM was estimated by multiplying the MSM
percentage by the total adult males (Figure 1, Equation 3).

Equation 1. Calculation of the MSM Index for each county.

MSM Indexcouuty i, urbanicityj — (

SSM houscholdswumy i, urbanicity j ) N ( SSM houscholdsulrhamcityi )
Total householdscounty i, urbanicity j

Total householdsyrpanicity j

Equation 2. Calculation of the estimated percentage of MSM among adult men in each county.

0, _ 0,
Yo MSMrmmty i, urbanicityj — MSM lndexcouuty i, urbanicity j X % MSMurhani(‘ityj

Equation 3. Calculation of the estimated number of MSM in each county.

— {0 alpc
MSMcounryi, urbanicity j — Yo MSMcounryi, urbanicity j X Adult md]u’county i, urbanicity j

By calculating the MSM Index within strata of urbanicity, we
expected to reduce inter-urbanicity differences in same-sex
cohabitation and reporting among MSM due to stigma
However, 35.4% (1112/3143) counties had no reported SSM
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households, and consequently had MSM Index values and
estimated M SM popul ation sizesof zero, which likely reflected
these hiases in detection of MSM. To impute MSM in these
areas for our final estimates, while preserving the relative
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population sizes based on SSM households, we added
househol dsto both the numerator and denominator of the above
equations. For each county, we increased the number of SSM

Figure 2. Equation 4.

Grey et d

households and the number of total households by adding the
urbanicity-specific percentage of SSM households (Figure 2,
Equation 4).

Equation 4. Addition of households to counties in order to impute MSM in areas with no reported SSM

households.

SSM households

county i, urbanicity j

= SSM households

county i, urbanicity j +

(Total householdS qunty s, urbanicityj X %0SSM households, panicicy i)

As an example of our imputation method, we will use two
hypothetical nhonmetropolitan counties. Thetotal percentage of
SSM households among all households in nonmetropolitan
countiesin our datawas approximately 0.1%. For acounty with
1000 households, of which zero were SSM households, we
added one SSM household, or 0.1% of 1000. This meant that,
for the part of our model that calculated urbanicity-specific
indices, the new totals for that county were 1001 households,
of which one was a SSM household. For another
nonmetropolitan county with 20,000 households, of which 15
were SSM households, we added 20 SSM households, for a
new total of 20,020 households and 35 SSM households. By
adding a proportionate number of SSM households to all
counties, we effectively maintained the relative representation
of SSM households within urbanicity stratawhile estimating at
least some M SM in countieswith no SSM households. Because
the index was used as a way of weighting the percentage of
MSM among adult men in each county and not as a direct
method of estimation, adding SSM householdsdid not add M SM
to our final population estimates.

For our analysis, we chose to estimate the number of men who
had sex with men within the past 5 years, rather than the past
12 months or over the lifetime, as others have reported [2].
Using past-year estimates might underestimate thetotal sexually
active population, particularly because we are using 5-year
population estimates, while lifetime estimates would do the
opposite: under that scenario, all men who had sex with another
man would be counted, regardless of how recent or frequent the
behavior. Because NHANES only has data regarding same-sex
sex in the past 12 months and over a lifetime, we scaled our
results to sum to 3.9% of the US adult male population, the
estimated national percentage of adult men who had sex with
a man within the past 5 years from the Purcell et a.
meta-analysis[2].

All analyses were conducted using R Studio, version 0.98.953
[25]. Data were analyzed at the county level and aggregated to
state and the Office of Management and Budget’s core based
statistical areas (CBSAS). CBSAs refer to both metropolitan
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and micropolitan statistical areas. MSAs are CBSAs with at
least 50,000 people. Micropolitan statistical areas have fewer
than 50,000 people.

Results

State Population

Using Purcell et al.’s[2] estimate of 3.9% MSM (past 5 years)
among US adult men and summary data from the 2009 to 2013
ACS, we estimated that there are approximately 4,503,080 MSM
in the United States. Table 1 presents the state-level population
sizes of MSM, ranked from largest MSM population to least.
California, which has 12.1% (13,997,953/115,463,694) of the
US adult male population according to ACS estimates from
2009 to 2013, had the largest percentage of the US MSM
population at 17.6% (792,750/4,503,080). Furthermore, over
one-half of US MSM resided in that and the next six states:
Texas at 8.3% of US MSM (371,781/4,503,080; New York at
8.2% of USMSM (371,087/4,503,080); Florida at 7.6% of US
MSM (340,163/4,503,080); Illinois at 4.4% of US MSM
(199,486/4,503,080); Pennsylvania at 3.6% of US MSM
(162,745/4,503,080); and Ohio a 3.2% of US MSM
(144,367/4,503,080). Despite 52.9% (2,382,379/4,503,080) of
the US MSM population residing in those seven states, they
represent only 44.6% (51,508,277/115,463,694) of the US adult
male population.

County Population

Of the 3143 counties or county-equivalent areas in the United
States, we estimated that over one-half of the total US MSM
population resided in only 51 (Table 2). The largest number of
MSM lived in Los Angeles County, California at 5.6% of US
MSM (251,521/4,503,080), followed by cook County, Illinois
at 2.8% of US MSM (125,923/4,503,080); Maricopa County,
Arizona at 2.0% of US MSM (87,894/4,503,080); New York
County, New York at 1.9% of US MSM (87,556/4,503,080);
and Harris County, TX at 1.9% of USMSM (83,401/4,503,080).
A total of 9.9% (310/3143) US counties had fewer than 20
MSM, and 39.5% (1242/3143) had fewer than 100 (Figure 3).
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Table 1. Estimated MSM populations in 50 states and the District of Columbia, ranked by size of MSM population, using housing and population
estimates from the American Community Survey, 2009-2013.

Adult males MSM USMSM
Rank State N n (%) % of total Cumulative % of MSM
1 Cdifornia 13,997,953 792,750 (5.7%) 17.6% 17.6%
2 Texas 9,189,027 371,781 (4.0%) 8.3% 25.9%
3 New York 7,247,605 371,087 (5.1%) 8.2% 34.1%
4 Florida 7,283,572 340,163 (4.7%) 7.6% 41.7%
5 Illinois 4,728,089 199,486 (4.2%) 4.4% 46.1%
6 Pennsylvania 4,798,340 162,745 (3.4%) 3.6% 49.7%
7 Ohio 4,263,691 144,367 (3.4%) 3.2% 52.9%
8 New Jersey 3,257,962 132,520 (4.1%) 2.9% 55.8%
9 Georgia 3,522,525 131,374 (3.7%) 2.9% 58.8%
10 Michigan 3,671,762 113,860 (3.1%) 2.5% 61.3%
11 Virginia 3,030,663 112,785 (3.7%) 2.5% 63.8%
12 Washington 2,590,196 111,960 (4.3%) 2.5% 66.3%
13 Massachusetts 2,477,594 111,625 (4.5%) 2.5% 68.8%
14 Arizona 2,393,283 110,344 (4.6%) 2.5% 71.2%
15 North Carolina 3,536,017 103,010 (2.9%) 2.3% 73.5%
16 Maryland 2,136,890 84,465 (4.0%) 1.9% 75.4%
17 Minnesota 2,000,472 83,027 (4.2%) 1.8% 77.2%
18 Tennessee 2,357,860 73,639 (3.1%) 1.6% 78.9%
19 Colorado 1,939,236 73,357 (3.8%) 1.6% 80.5%
20 Missouri 2,219,565 70,783 (3.2%) 1.6% 82.1%
21 Indiana 2,389,263 70,103 (2.9%) 1.6% 83.6%
22 Oregon 1,472,740 61,607 (4.2%) 1.4% 85.0%
23 Wisconsin 2,154,753 59,078 (2.7%) 1.3% 86.3%
24 Nevada 1,038,437 51,726 (5.0%) 1.1% 87.4%
25 Kentucky 1,621,844 47,034 (2.9%) 1.0% 88.5%
26 Connecticut 1,334,105 43,313 (3.2%) 1.0% 89.4%
27 Louisiana 1,665,801 41,492 (2.5%) 0.9% 90.4%
28 Alabama 1,754,583 40,600 (2.3%) 0.9% 91.3%
29 Oklahoma 1,394,881 37,739 (2.7%) 0.8% 92.1%
30 District of Columbia 239,916 36,775 (15.3%) 0.8% 92.9%
31 South Carolina 1,726,807 36,316 (2.1%) 0.8% 93.7%
32 Utah 962,285 33,294 (3.5%) 0.7% 94.5%
33 Rhode Island 395,905 23,815 (6.0%) 0.5% 95.0%
34 Kansas 1,054,271 22,900 (2.2%) 0.5% 95.5%
35 lowa 1,145,708 20,753 (1.8%) 0.5% 96.0%
36 Arkansas 1,076,736 19,264 (1.8%) 0.4% 96.4%
37 Mississippi 1,063,557 18,992 (1.8%) 0.4% 96.8%
38 New Mexico 762,051 17,969 (2.4%) 0.4% 97.2%
39 Hawaii 534,961 15,411 (2.9%) 0.3% 97.6%
40 Maine 511,631 15,071 (2.9%) 0.3% 97.9%
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Adult males MSM USMSM

Rank State N n (%) % of total Cumulative % of MSM
41 New Hampshire 507,277 14,122 (2.8%) 0.3% 98.2%
42 Nebraska 678,518 13,199 (1.9%) 0.3% 98.5%
43 West Virginia 716,528 13,063 (1.8%) 0.3% 98.8%
44 Delaware 335,554 13,049 (3.9%) 0.3% 99.1%
45 ldaho 574,213 9,907 (1.7%) 0.2% 99.3%
46 Vermont 243,332 7,069 (2.9%) 0.2% 99.5%
47 Montana 386,653 6,374 (1.6%) 0.1% 99.6%
48 South Dakota 309,108 5,171 (1.7%) 0.1% 99.7%
49 Alaska 278,464 5,074 (1.8%) 0.1% 99.8%
50 North Dakota 270,992 4,447 (1.6%) 0.1% 99.9%
51 Wyoming 220,518 3,225 (1.5%) 0.1% 100.0%

Total 115,463,694 4,503,080 (3.9%)
http://publichesl th.jmir.org/2016/1/e14/ JIMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e14 | p.45

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Grey et a

Table 2. The 51 US counties with the largest estimated MSM popul ations, representing approximately one-half of the estimated US MSM population
and ranked according to size of MSM population, using housing and population estimates from the American Community Survey, 2009-2013.

Adult males MSM USMSM
Rank County State N n (%) % of total Cumulative % of MSM
1 Los Angeles County CA 3,666,190 251,521 (6.9%) 5.6% 5.6%
2 Cook County IL 1,905,622 125,923 (6.6%) 2.8% 8.4%
3 Maricopa County AZ 1,408,797 87,894 (6.2%) 2.0% 10.3%
4 New York County NY 635,847 87,556 (13.8%) 1.9% 12.3%
5 Harris County X 1,490,581 83,401 (5.6%) 1.9% 14.1%
6 San Diego County CA 1,204,728 80,968 (6.7%) 1.8% 15.9%
7 Riverside County CA 794,695 70,803 (8.9%) 1.6% 17.5%
8 San Francisco County CA 359,566 66,586 (18.5%) 1.5% 19.0%
9 Dallas County X 855,958 64,385 (7.5%) 1.4% 20.4%
10 Orange County CA 1,134,443 62,190 (5.5%) 1.4% 21.8%
11 King County WA 769,969 61,752 (8.0%) 1.4% 23.2%
12 Kings County NY 895,148 59,767 (6.7%) 1.3% 24.5%
13 Miami-Dade County FL 956,927 59,733 (6.2%) 1.3% 25.8%
14 Broward County FL 664,314 58,629 (8.8%) 1.3% 27.1%
15 Clark County NV 744,929 46,529 (6.2%) 1.0% 28.2%
16 Queens County NY 855,853 45,656 (5.3%) 1.0% 29.2%
17 Alameda County CA 578,149 40,924 (7.1%) 0.9% 30.1%
18 Hennepin County MN 441,369 37,611 (8.5%) 0.8% 30.9%
19 Santa Clara County CA 689,137 37,041 (5.4%) 0.8% 31.7%
20 District of Columbia DC 239,916 36,775 (15.3%) 0.8% 32.5%
21 Sacramento County CA 517,617 34,556 (6.7%) 0.8% 33.3%
22 Tarrant County X 645,094 34,529 (5.4%) 0.8% 34.1%
23 Phil adel phia County PA 550,353 33,549 (6.1%) 0.7% 34.8%
24 Bexar County X 621,564 32,401 (5.2%) 0.7% 35.5%
25 Franklin County OH 431,661 31,220 (7.2%) 0.7% 36.2%
26 Travis County X 407,740 30,741 (7.5%) 0.7% 36.9%
27 Orange County FL 438,963 30,732 (7.0%) 0.7% 37.6%
28 Fulton County GA 348,541 30,169 (8.7%) 0.7% 38.3%
29 Wayne County Ml 638,235 30,161 (4.7%) 0.7% 38.9%
30 Multnomah County OR 292,450 28,949 (9.9%) 0.6% 39.6%
31 Hillsborough County FL 461,567 28,246 (6.1%) 0.6% 40.2%
32 Middlesex County MA 577,698 28,122 (4.9% 0.6% 40.8%
33 Allegheny County PA 466,388 26,666 (5.7%) 0.6% 41.4%
34 Suffolk County MA 289,634 26,338 (9.1%) 0.6% 42.0%
35 Cuyahoga County OH 460,353 25,837 (5.6%) 0.6% 42.6%
36 Denver County Cco 243,002 25,465 (10.5%) 0.6% 43.2%
37 Pinellas County FL 358,997 25,204 (7.0%) 0.6% 43.7%
38 Suffolk County NY 556,340 24,597 (4.4%) 0.5% 44.3%
39 San Bernardino County CA 722,111 24,060 (3.3%) 0.5% 44.8%
40 Salt Lake County uT 372,182 23,244 (6.2%) 0.5% 45.3%
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Adult males MSM USMSM
Rank County State N n (%) % of total  Cumulative % of MSM
41 Palm Beach County FL 510,352 22,727 (4.5%) 0.5% 45.8%
42 Bronx County NY 469,573 22,370 (4.8%) 0.5% 46.3%
43 Mecklenburg County NC 336,345 20,920 (6.2%) 0.5% 46.8%
44 DeKalb County GA 249,589 20,302 (8.1%) 0.5% 47.2%
45 Marion County IN 323,768 19,553 (6.0%) 0.4% 47.7%
46 Wake County NC 331,066 19,021 (5.7%) 0.4% 48.1%
47 Contra Costa County CA 387,213 18,974 (4.9%) 0.4% 48.5%
48 Erie County NY 344,098 18,706 (5.4%) 0.4% 48.9%
49 Hudson County NJ 251,902 18,523 (7.4%) 0.4% 49.3%
50 Milwaukee County Wi 339,381 18,428 (5.4%) 0.4% 49.7%
51 Shelby County TN 321,669 17,466 (5.4%) 0.4% 50.1%

Figure 3. Estimated percentage of adult men who had sex with aman in the past 5 years, using housing and population estimates from the 2009-2013

American Community Survey.
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Core-Based Statistical Areas

By aggregating our county-level findings to CBSAs, we found
that 97.4% (4,384,172/4,503,080) of the MSM in our model
resided in the 917 CBSAs in the United States. One-half
(2,251,068/4,503,080) lived in one of 16 CBSAs (Table 3), all
of which were MSAs. Of thoseresiding in aCBSA, the largest
population of MSM was in the New York-Newark-Jersey City
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CBSA at 8.8% of USMSM (397,399/4,503,080); followed by
Los AngelesLong Beach-Anaheim at 7.0% of US MSM
(313,711/4,503,080); Chicago-Naperville-Elgin at 3.9% of US
MSM (175,118/4,503,080); San Francisco-Oakland-Hayward
at 3.2% of US MSM (145,972/4,503,080); and Miami-Fort
LauderdaleWest Pam Beach a 3.1% of US MSM
(141,088/4,503,080). Thus, 26.1% (1,173,288/4,503,080) of
the MSM in the United States live in these five areas.
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Table 3. The 16 CBSAswith the largest estimated MSM populations, representing one-half of the US MSM population and ranked according to size
of MSM population, using housing and population estimates from the American Community Survey, 2009-2013.

Adult males MSM USMSM

Rank State N n (%) % of total Cumulative % of MSM
1 New York-Newark-Jersey City 7,239,158 397,399 (5.5%) 8.8% 8.8%

2 Los Angeles-Long Beach-Anaheim 4,800,633 313,711 (6.5%) 7.0% 15.8%

3 Chicago-Naperville-Elgin 3,443,489 175,118 (5.1%) 3.9% 19.7%

4 San Francisco-Oakland-Hayward 1,700,219 145,972 (8.6%) 3.2% 22.9%

5 Miami-Fort Lauderdale-West Palm Beach 2,131,593 141,088 (6.6%) 3.1% 26.1%

6 Dallas-Fort Worth-Arlington 2,320,338 133,944 (5.8%) 3.0% 29.0%

7 Washington-Arlington-Alexandria 2,113,258 122,895 (5.8%) 2.7% 31.8%

8 Houston-The Woodlands-Sugar Land 2,159,519 103,722 (4.8%) 2.3% 34.1%

9 Atlanta-Sandy Springs-Roswell 1,899,899 102,642 (5.4%) 2.3% 36.3%

10 Philadel phia-Camden-Wilmington 2,189,761 100,293 (4.6%) 2.2% 38.6%

11 Riverside-San Bernardino-Ontario 1,516,806 94,863 (6.3%) 2.1% 40.7%

12 Phoenix-Mesa-Scottsdale 1,557,094 92,825 (6.0%) 2.1% 42.7%

13 Boston-Cambridge-Newton 1,729,903 92,527 (5.3%) 2.1% 44.8%

14 Sesttle-Tacoma-Bellevue 1,342,052 82,002 (6.1%) 1.8% 46.6%

15 San Diego-Carlsbad 1,204,728 80,968 (6.7%) 1.8% 48.4%

16 Minnespolis-St. Paul-Bloomington 1,247,688 71,099 (5.7%) 1.6% 50.0%

Discussion Despite similaritieswith other studies, our resultswere different

Principal Results

We used recent estimates of the population size of US MSM
[2], data from ACS 2009 to 2015 [21], and recent estimated
percentages of MSM among adult men by urbanicity [22] with
an existing estimation method [10] to estimate state-, county-,
and CBSA-level populations of MSM. Based on the relative
representation of SSM households and prior estimates of MSM
percentages in large central metropolitan areas, large fringe
metropolitan areas, medium and small metropolitan areas, and
nonmetropolitan areas [22], we found that a majority of MSM
live within relatively few counties and CBSAs. Our method is
a relatively simple, robust approach to estimating small-area
population sizes for MSM that can easily be updated as new
data become available.

Our findings are consistent with other studies, although oursis
the first to use this method at this fine of a geographic level for
the entire country. For example, Galup’s March, 2015 [11]
report on the LGBT population sizes found that the San
Francisco-Oakland-Hayward, California, metropolitan areahad
the highest percentage of LGBT individuals among the general
population. This same metropolitan area had the highest
percentage of MSM among adult men, according to our method.
Furthermore, our estimated number of MSM in San Francisco
County, 66,586, was very close to a method that incorporated
HIV prevalence estimates and HIV diagnoses. Raymond and
colleagues|[6] estimated 66,487 MSM inthe sameareain 2010,
which is within the timeframe of our ACS data.

http://publichealth.jmir.org/2016/1/e14/

from other recent publications, notably the onesfrom whichwe
derived part of our method. We estimated fewer MSM at the
state level than Lieb and colleagues[3] didintheir 2011 article.
We also estimated fewer MSM at the state and county level in
Texas than Campagna et a. [17,18]. However, Lieb et a. [3]
and Campagnaet a. [17,18] used ahigher estimated proportion
of MSM in urban areas for their studies [13]. There are aso
several additional assumptions about geography intheir models
that likely contribute to differences. Lieb and colleagues [10]
use“urbanized,” “within urban cluster,” and “rural” designations
from the US Census Bureau to approximate urban, suburban,
and rural, as reported by Laumann et al. [13]. However,
“urbanized” and “within urban cluster” refer to metropolitan
and micropolitan areas, respectively, or areas with more than
50,000 individuals and areas with greater than 2500 individuals
but less than 50,000 individuals. Under these definitions, many
suburban areas would be considered “urbanized,” while rura
communities might be considered “within urban cluster.”

In addition to the different definitions of urbanicity, the
percentages cited by Lieb et al. [10], 1% for rural areas, 4% for
suburban areas, and 9% for urban areas, represent Laumann and
colleagues’ [13] estimatesfor gay identity, rather than same-sex
behavior. Within the identity category, those percentages were
derived from individuals in the urban cores and suburbs of the
“top 12 urban areas” Thus, Model A appears to apply an
identity-based measure from major metropolitan areas to
different classifications from the US Census Bureau.

Our findings substituted the Laumann et al. [13] estimateswith
those from Oster and colleagues [22]. We aso allowed MSM
to exist in areas with no reported SSM households, and we
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scaled our findings to Purcell and colleagues [2] national
estimate for the percentage of adult men who had sex with a
man in the past 5 years. Consequently, our methods and its
results represent a new, improved approach to the important
work by Lieb and colleagues [3,7-10,19].

Limitations

We made several assumptions and adjustmentsto prior methods
that may limit the interpretation and use of our results. First,
we decided that computing the M SM Index according to stratum
would more accurately compare geographic areas, given possible
within-urbanicity tendencies for MSM either not to cohabitate
or to underreport SSM households. However, it may be that it
is more accurate to compare all geographic areas, rather than
to generate urbanicity-specific MSM Index values. Second, we
used urbanicity-specific MSM percentages from Oster and
colleagues[22], rather than the original estimatesfrom Laumann
et a. [13]. However, the urbanicity estimates from Laumann et
al. [13] are identity-based, and the Oster et a. [22] estimates
provided the most congruent urbanicity classificationsfor Model
A. Findly, in order to avoid underestimating the number MSM
outside of large urban areas, we imputed a proportional number
of MSM to areas with no reported SSM households. It may be
that some areas with no SSM households truly also have no
MSM. However, therelative percentages of MSM (and resulting
MSM population sizes) in all areas was mostly preserved
because we atered the number of households and not the
number of individuals, which was used only for weighting.

In addition to our method, our findings may be limited by our
use of ACSdata. The ACSisasample of the population that is
weighted, unlike the decennial census, which contains more
data. As a result, inferences based on the ACS may be less
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accurate than data from the decennia census. ACS might also
miss some of the same-sex households that are not in urban
areas, particularly if they are less likely to respond to a survey
other than the decennial census. It could also be due to more
cohabitation, including marriage, among same-sex couples due
to differences in legidation permitting marriage. However,
because our data span severa years, we cannot determine the
extent to which policies and laws regarding marriage influence
geographic differences.

Conclusions

Small-area estimates of MSM populations that incorporate the
most recent data and estimates available may provide a useful
tool to public health practitioners and policy makers for
determining the burden of HIV and STIsamong MSM inlocal
contexts and planning prevention and treatment responses. Our
method produced similar results to a recent effort to estimate
MSM population sizes in San Francisco County but different
from other studies that used a similar method, largely due to
differences in the assumptions underlying the models. The
method we presented can be updated annually asnew ACSdata
are released, which would provide counties and larger
geographic areas with up-to-date population sizes and,
potentially, incidence and prevalencerates. Theselocal statistics
would allow for better resource alocation, intervention
development, and service delivery. For data from the current
analysis and for future updates, visit the study website [26].
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Abstract

Background: The National HIV/AIDS Strategy callsfor active surveillance programs for human immunodeficiency virus (HIV)
to more accurately measure access to and retention in care across the HIV care continuum for persons living with HIV within
their jurisdictions and to identify persons who may need public health services. However, traditional public health surveillance
methods face substantial technological and privacy-related barriers to data sharing.

Objective: This study developed anovel data-sharing approach to improve the timeliness and quality of HIV surveillance data
in three jurisdictions where persons may often travel across the borders of the District of Columbia, Maryland, and Virginia.

Methods: A deterministic algorithm of approximately 1000 lines was developed, including a person-matching system with
Enhanced HIV/AIDS Reporting System (eHARS) variables. Person matching was defined in categories (from strongest to
weakest): exact, very high, high, medium high, medium, medium low, low, and very low. The algorithm was verified using
conventional component testing methods, manual code inspection, and comprehensive output file examination. Results were
validated by jurisdictions using internal review processes.

Results: Of 161,343 uploaded eHARS records from District of Columbia (N=49,326), Maryland (N=66,200), and Virginia
(N=45,817), atotal of 21,472 persons were matched across jurisdictions over various strengths in a matching process totaling 21
minutes and 58 secondsin the privacy device, leaving 139,871 uniquely identified with only one jurisdiction. No records matched
as medium low or low. Over 80% of the matches were identified as either exact or very high matches. Three separate validation
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methods were conducted for this study, and they all found >90% accuracy between records matched by this novel method and

traditional matching methods.

Conclusions: Thisstudy illustrated anovel data-sharing approach that may facilitate timelier and better quality HIV surveillance
datafor public health action by reducing the effort needed for traditional person-matching reviewswithout compromising matching
accuracy. Future analyses will examine the generalizability of these findings to other applications.

(JMIR Public Health Surveill 2016;2(1):€3) doi:10.2196/publichealth.5317
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Introduction

The US National HIV/AIDS Strategy has an increased focus
on retention and re-engagement in medical care and therefore
includes an action step to “strengthen the timely availability
and use of data’ [1]. It calls upon human immunodeficiency
virus (HIV) surveillance programs to better measure the
continuum of carefor personsliving with HIV (PLWH) in their
jurisdictions and also to identify individuals who are in need of
public health services aimed at improving linkage, retention,
and viral suppression for PLWH. These activities are often
described as datato care (D2C), asthey utilize HIV surveillance
data for public health action [2]. To effectively perform these
D2C activities, HIV surveillance programs need more compl ete,
accurate, and timely measures of PLWH currently in their
jurisdictions, and information on whether and where they are
receiving care, and their health status (eg, antiretroviral therapy
use, CD4, and vira load measurements). However, several
challengesthat affect HIV surveillance programs D2C activities
till remain, including technical (eg, data format, missing data
caused by case migration acrossjurisdictions, out-of-jurisdiction
care utilization by HIV cases, and incomplete reporting by
out-of-jurisdiction laboratories used by in-jurisdiction HIV care
providers), motivational (opportunity cost), economic
(ownership/copyright), privacy, and ethical barriers[3,4].

Cross+jurisdictional notification of HIV cases, as directed by
the Centers for Disease Control and Prevention (CDC) and the
Council of State and Territorial Epidemiologists, was designed
toensurethat all HIV casesarereported, but it does not function
well at tracking PLWH and their residence data over time or
reporting al instances of HIV care. The existing national
de-duplication process, the Routine Interstate Duplicate Review
(RIDR), is time- and resource-intensive, operates with a
significant delay between case report and duplicate resolution,
and most importantly, focuses mainly on residence at initial
diagnosis [5]. RIDR therefore does not adeguately serve as an
effective tool to notify jurisdictions of updatesto vital status or
address information, or to provide updated information on
migration or participation in out-of-jurisdiction care.

Effective utilization of big data can now facilitate timelier HIV
surveillance. Previous studies have demonstrated the potential
of effective data sharing technologies. In 2008, Pacheco et &
developed a hierarchical deterministic linkage technique and
fully automated matching algorithm for recovering the vital
status of people from different cohort datain Brazil [6]. They
did so to facilitate investigators' efforts at finding people lost
to follow-up in mortality databases. Effective technological
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advances can help public hedth officias develop more
up-to-date models of HIV diagnosis, linkage to, and retention
in carein the United States and el sewhere.

The US mid-Atlantic region experiences some of the highest
HIV prevalence rates among key population groups in the
country and istherefore critical to the national responseto HIV
[7]. Hedlth officials in this region have long hypothesized
movement of PLWH across the jurisdictions of the District of
Columbia (DC), the State of Maryland (MD), and the
Commonwealth of Virginia (VA), but traditional barriers to
data sharing have prevented comprehensive examinations of
this phenomena. In addition, there has been a longstanding
dialogue about HIV inthe Washington, DC, metropolitan region
between Georgetown University and the DC Department of
Health on elements of clinical care, longitudinal research,
student internships, project planning, and many shared speaking
engagements, and also collaboration through the District of
Columbia Center for AIDS Research (DC-CFAR). Therefore,
in January 2013, health officials from DC, MD, and VA and
othersmet at Georgetown University to discussregional sharing
of HIV/AIDS data in the Washington DC metropolitan region
(including areasin DC, MD, and VA). During the meeting, they
identified the pressing need for a novel and more timely
approach to sharing HIV surveillance data for D2C activities
in this region. They emphasized that any such approach must
account for the highly private and sensitive nature of public
health data. Following these aims, this study used a novel
data-sharing approach to examine cross-jurisdictional
person-matches of PLWH among the public health departments
of DC, MD, and VA.

Methods

Study Population

The study population included all personswith valid Enhanced
HIV/AIDS Reporting System (eHARS) records in DC, MD,
and VA databases from 1981 to 2015. eHARS is a Web-based
data system with an SQL-server back-end that is provided by
the CDC to all jurisdictions that collect HIV surveillance data.
Most jurisdictions maintain their HIV surveillance data in
eHARS, and all jurisdictions submit monthly datato the CDC
through eHARS. SAS versions 9.3 and 9.4 were used to
preprocess datafrom eHARS into a standardized format across
jurisdictions. These criteria excluded noncases, perinatal HIV
exposure records, records still under investigation, and not yet
designated as cases, and cases with errors, required fields
missing, or marked for deletion/purging.
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Institutional Review Board and Privacy

The study was reviewed by the Georgetown University
Ingtitutional Review Board and was deemed exempt because
of the experimental design and computer technology that
specifically prevents persons from seeing person-identifiable
information, including the Health Insurance Portability and
Accountability Act (HIPAA)-protected information (see
Multimedia Appendix 1). For pre- and post-experiment
disaggregated data processing and analysis of HIPAA-protected
information, each public health department followed internal
procedures specific to their jurisdiction. A collaboratively
developed project-specific data security and confidentiality
procedures manual was applied in this study and was signed by
all jurisdictions and Georgetown University representatives.

Algorithm, Hardware, and System Configuration

Adaisastructured programming language defined by | SO/IEC
8652:2012. Originally funded by the United States Department
of Defense in 1973 to supersede hundreds of programming
languages then in use, Ada was specifically designed for high
integrity applications where code safety and reliability is
paramount. The Ada programming language was selected for
algorithm implementation here because of its unambiguous
semantics, extremely strong type and constraint checking,
exception protections, and overal reliability philosophy. A
deterministic treatment sustainment al gorithm of approximately
1000 lines and atechnologically robust computer (ie, the privacy
device) and physically secure environment were used in this
study (see Multimedia Appendix 1; [8]) following a privacy
technology approach previously described [9]. For identifying
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false positives (ie, people who matched across jurisdictions but
should not have been matched) or locating false negatives (ie,
people who were not matched across jurisdictions but should
have been matched), manual case investigations of suspected
cases were conducted by each jurisdiction. No direct access
existed between jurisdictions’ eHARS servers and the privacy
device. Instead, jurisdictions posted information onto a secure
file transfer protocol site that then sent information (synthetic
test and real eHARS data) to the privacy device.

Algorithm Testing and Verification Using Synthetic
Data

Verification of the privacy device system was undertaken using
conventional component testing methods, manua code
inspection, and comprehensive output file examination. A
separate, but similar computer from the production company
was used for testing and verification of the program described
above. Facilitated by the participating jurisdictionsand the CDC,
alarge corpus of synthetic test datawere made available to test
the algorithm. The majority of programming errors were
identified in the conversion process of external datafiles. Once
ingested and represented within Ada's strongly typed framework,
no errors that would result in program failure were identified.
Thorough testing of the algorithm uncovered an incorrect
assumption about the initial value of the variable at the
beginning of a programming loop under wildcard matching
conditions. This error was detected and corrected with the aid
of Ada 2012 preconditions and inline assertions. The matching
algorithm categoriesincluded (from strongest to weakest): exact,
very high, high, medium high, medium, medium low, low, and
very low (see Table 1).

Table 1. Overview of categories and definitions used in the study’s person-matching algorithm.

Matching categories

Variable definitions®

Exact
= exact;

Very high

High

Medium high

Medium (1st definition)
Medium (2nd definition)

if m.last_name and m.first_name and m.dob and m.ssn and m.sex and m.race then m.score

esif (m.last_nameand m.first_nameand m.dob and m.sex) or m.ssnthen m.score:=very_high;
elsif m.last_name and m.first_name and m.dob and (m.sex or m.race) then m.score := high;

elsif m.last_name and m.first_soundex and m.dob and m.sex then m.score := medium_high;
elsif m.last_name and m.dob and m.sex and m.race then m.score:= medium,;

elsif m.last_soundex and m.first_soundex and m.dob and (m.sex or m.race) then m.score :=

elsif m.last_soundex and m.first_soundex and m.partial_dob and m.partial_ssn and (m.sex or

m.race) then m.score := medium_low;

medium;
Medium low
Low

= low;
Very low

elsif m.last_soundex and (m.partial_dob and m.partial_ssn) and (m.sex or m.race) then m.score

elsif m.last_soundex and (m.partial_dob or m.partial_ssn) then m.score := very_low;

8_ast name=Last name of PLWH in eHARS person file; First name=First name of PLWH in eHARS person file; DOB=Date of birth of PLWH in
eHARS person file; SSN=Social Security Number of PLWH in eHARS person; Race=hierarchical race/ethnicity assignment for PLWH in eHARS
person-view; Soundex=Soundex is a phonetic, alphanumeric code created by converting a name into an index letter and a 3-digit code. The index letter
is the first letter of the name. The 3-digit code is calculated from the remaining letters of the name, based on rules found in the eHARS Technical
Guidance. Thereis a Soundex variable for first name and a Soundex for last Name.
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Output Validation

Three separate validation methods were used to verify the
findings of the privacy device to ensure validity across all
jurisdictions.

DC utilized Link Plus software to validate the matching
algorithm returns using the following parameters selected on
the basis of being frequently used for other internal matching
purposes. first name, last name, date of birth, and social security
number. The Link Plus-selected matching method for first name
and last name was “exact” and the matching method for date
of birth and social security number was*“ generic string.” Generic
string was selected for date of birth and social security number
to allow for matches of partial dates of birth and social security
number. A minimum selection score of zero was selected in
order to maximize the number of potential matches that would
be manually reviewed. Link Plus selected potential matches at
95% confidenceinterval based on the parameters specified, and
cases that were not within the confidence interva for the four
selected parameters were deemed nonmatches by the program
and were exported and not reviewed. For cases that were
reviewed, a hierarchy was used to determine where a case was
a match: (1) all cases with exact matches with al four
parameters were deemed matches; (2) all cases with matching
socia security numbers (even in cases where there were
discrepancies in the other three parameters) were deemed
matches; (3) for all four parameters, a fuzzy match approach
wastaken to determineif caseswere matches, but typographical
errors were made in data entry or in the data received by the
health department; and (4) cases that were selected as
nonmatches during manual review, but that had the previously
described RIDR table or ID table (created when eHARS is
exported out as a dataset, where unique identifiers are stored)
information with matching STATENO (state number) were
considered a match.

For accepted matches, MD used matches where the STATENO
from other jurisdictions matched the previously collected
STATENO from that jurisdiction already in the MD eHARS
database, both from RIDR and ID tables. In cases where there
was a conflict between the RIDR and the ID tables, manual
review of the matching variables (name, DOB, SSN, race, sex)
was conducted before the match was accepted or rejected. Any
matches that had nonmatching STATENOs were checked to
see if there was an apparent error in the MD version of the
STATENOs. If there was, manual review of the matching
variables was done to determine an acceptable match using the
STATENO provided by the other jurisdiction as the correct
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STATENO (meaning the STATENO that MD had in their
eHARS database was an error). For matches with missing
STATENO inthe MD database, manual review of the matching
variableswas doneto establish if they were acceptable matches
or not. Manual review was done for all exact and very high
matching categories and on a 5% sample (no lessthan 10) from
each of high, medium high, medium, and very low categories.

For the last validation method, VA split the DC/MD-VA
matched dataset into VA, MD, and DC datasets by STATENO
and matched with their respective states patient identifying
data. The match was based on VA and the respective state's
STATENO. The datasets were then run through the Link King
software that identified potential matches between the DC/MD
and VA data. Potential matches were identified based on first
name, last name, date of birth, race, and social security number.
Potential matches were assigned a certainty level from 1to 4
(strongest to weakest). Observations with no potential matches
identified were left unmatched for manual review. The Link
King results were matched again by STATENOs to the privacy
devicematch level. A simplerandom sample from each privacy
device match level was taken. A 25% sample was taken from
the exact and very high match levels, a 30% sample from the
high match level, a 40% sample from the medium high match
level, and a 50% sample from the medium and very low match
levels. The Link King software did identify afew DC/MD cases
that were duplicates within the same DC/MD datasets. While
noted, only one of the caseswasincluded in the analysis dataset.
There were several casesin the DC and MD datasets that were
matched to more than one STATENO; however, only the
matches that were accounted for by Link King and were the
highest match level were incorporated in the analyses. The
review indicated that over 90% of matches in the exact, very
high, and high categories were affirmed by Link King to be
strong matches.

Results

This study found that from 1981 to 2015, a total of 21,472
persons were matched in eHARS databases across DC, MD,
and VA over various strengths in a matching process totaling
21 minutes and 58 seconds in the privacy device, leaving
139,871 uniquely identified with only onejurisdiction (see Table
2). More than 80% were high-level matches, including 5933
exact matches, and 11,590 very high matches. Overall, more
than 90% of matched records acrossall threejurisdictionswere
considered accurate matches after the three separate validation
methods were applied in each jurisdiction (see Tables 3-5).
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Table 2. Overview of person matchesin eHARS databases across DC, MD, and VA from 1981 to 2015.

Person matches acrossjurisdic-  Exact Very high High Medium high ~ Medium Very low Total
tions

DC-MD? 4013 5907 53 268 645 482 11,368
MD-VAP 856 2343 11 117 377 865 4569
VA-DCE 1064 3340 15 149 438 529 5535
Total 5933 11,590 79 534 1460 1876 21,472

3D C-reported MD matches were equal to MD-reported DC matches.
b D-reported VA matches were equal to VA-reported MD matches.
SVA-reported DC matches were equal to DC-reported VA matches.

Table 3. DC validation results.

Nonmatch Match Total
N % N % N %
District of Columbia/Maryland
Exact 0 0.0 4009 100.0 4009 100.0
Very High 264 45 5560 95.5 5824 100.0
High 0 0.0 52 100.0 52 100.0
Medium High 3 11 264 98.9 267 100.0
Medium 178 28.0 457 72.0 635 100.0
Very Low 329 69.9 142 30.2 471 100.0
Total 74 6.9 10484 93.1 11,258 100.0
District of Columbia/Virginia
Exact 0 0.0 1067 100.0 1067 100.0
Very High 33 10 3286 99.0 3319 100.0
High 0 0.0 13 100.0 13 100.0
Medium High 5 34 144 96.6 149 100.0
Medium 91 209 344 79.1 435 100.0
Very Low 401 79.1 106 20.9 507 100.0
Total 530 9.7 4960 90.4 5490 100.0
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Table4. MD validation results.

Nonmatch Match Total
N % N % N %
Maryland/District of Columbia
Exact 0 0.0 4030 100.0 4030 100.0
Very High 24 04 5846 99.2 5870 100.0
High 0 0.0 52 100.0 52 100.0
Medium High 0 0.0 272 100.0 272 100.0
Medium 431 67.5 N/A 739 638 100.0
Very Low 441 94.4 N/A 28.6 467 100.0
Total 98.6 11,329 100.0
Maryland/Virginia
Exact 0 0.0 855 100.0 855 100.0
Very High 10 04 2336 99.7 2344 100.0
High 0 0.0 11 100.0 11 100.0
Medium High 0 0.0 118 100.0 118 100.0
Medium 292 77.5 N/A 90.3 377 100.0
Very Low 827 96.3 N/A 15.3 858 100.0
Total 97.7 4563 100.0

dSince a5% random sample was used to manually review Medium & Very Low categories, exact numbers (N) of matches could not be shown in this
table.

Table 5. VA validation resullts.

Nonmatch Match Total
N % N % N %
Virginia/Maryland
Exact 0 0.0 214 100.0 214 100.0
Very High 21 3.6 562 96.4 583 100.0
High 0 0.0 4 100.0 4 100.0
Medium High 3 6.4 44 93.6 47 100.0
Medium 98 53.3 86 46.7 184 100.0
Very Low 400 98.0 8 20 408 100.0
Total 522 36.3 918 63.8 1440 100.0
Virginia/District of Columbia
Exact 0 0.0 264 100.0 264 100.0
Very High 14 17 802 98.3 816 100.0
High 0 0.0 4 100.0 4 100.0
Medium High 4 6.9 54 93.1 58 100.0
Medium 69 333 138 66.7 207 100.0
Very Low 199 87.7 28 12.3 227 100.0
Total 286 18.1 1290 81.9 1576 100.0
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Discussion

Application to HIV Surveillance Data and Public
Health Action

Public health resources are limited and enhancements in
surveillance data can assist with improved utilization of such
resources. More specifically, improvementsin the accuracy and
timeliness of surveillance data is critical for D2C activities
because it reduces the time and effort expended by staff in
tracking down persons moving across jurisdictions who do not
require assistance re-engaging in care. Using the novel
data-sharing approach developed in this study, DC, MD, and
VA were able to identify the number of person matches of
people with known HIV status from 1981 to 2015 across their
eHARS databases in a relatively short amount of time. This
allowed more detailed follow-up data exchanges among the
public health jurisdictions that will facilitate future outreach
efforts to people living with HIV, and it provided a direct
opportunity to clean up outdated HIV surveillance records,
including updating vital status and current address.

As expected, this study saw that higher matching strength
categories (eg, exact, very high, and medium high) observed
higher rates of accuracy (>90%) with matches across
jurisdictions, while lower matching strength categories (eg, low
and very low) saw lower rates (15-30%) of accuracy with
matches across jurisdictions (see Tables 3-5). It is worthy to
note that lower matching categories still provided important
data on potential matches for jurisdictions. Additionally, after
manual review of the lower strength matches, this study found
that lower strength matches remain valid for finding person
matches. Higher-level matches may therefore be more readily
accepted, whilelower-level matches should still require manual
verification. These higher matching categories are good for
keeping updated surveillance records or for doing matching
across different public health jurisdictions. The higher level
matching strength categories (ie, exact, very high, and high)
had very high levels of match validation with almost no false
matches. Thiswould support accepting an automated matching
process that could be used either for more timely surveillance
activities, allowing jurisdictions to identify individuals for
interventions or to produce reliable statistical analyses of care
patterns across jurisdictions without direct sharing of
confidential identifying data and protected health information.

Additiondly, lower matching categoriesare useful for improving
matches. The lower matching strength categories (ie, low, very
low) had low levels of match validation (15-30%), which would
not be appropriate for routine matching and specifically not
appropriate for automated real-time matching. However, they
did produce initially large numbers of valid matches and could
be utilized by jurisdictionsto improve the completeness of their
datasets, which would then improve later automated matches.

The importance of this effort for improving the effectiveness
of surveillance data can aready be seen in recent pilot efforts
by jurisdictions to utilize surveillance data for public health
action. For example, in VA, a pilot study of intervening with
persons considered lost to care (n=43) found that 39% of these
personswere actualy in care, 21% wereliving out of state, and
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7% were deceased. It appears that the majority of the in-care
cases were categorized as lost to care due to incomplete lab
reporting, although ongoing investigation continues of each
case. These results trandated into two-thirds of persons not
requiring follow-up by VA D2C personnel, but because this
information was not known to the surveillance team, time and
effort was expended to locate and re-engage these persons. The
matching method applied here can dramatically improve the
timeliness and efficiency of public health action in the DC
metropolitan region.

Comparison to Traditional Surveillance M ethods and
Timeliness of Public Health Action

RIDR is an activity that relies on CDC to run its algorithm to
identify potential matches across jurisdictions using the Soundex
and other variables. Semi-annually, the CDC produces alist of
potential matches for each jurisdiction to review with the other
identified jurisdictions to ascertain who diagnosed the case.
Then each jurisdiction exchanges information over the phone,
updates the eHARS records, and gives the record adesignation
of either “same as’ or “different than.” In contrast, our method
identified persons already included in prior RIDR listsand also
added to such lists new matches that were not previously
included at a much faster rate than RIDR. Additionally, this
method allowed for inclusion of recently updated data, unlike
RIDR, which may include outdated information on vital status
and residence.

Addressing Barriersto Public Health Data Sharing

This novel data-sharing method also provided means for
improved surveillance data and public health action, while it
simultaneously addressed the six major barriersto public health
data sharing as previously outlined by van Panhuis et al [3]:

1. Technical: According to van Panhuis et al, incompatible
electronic record systems in multiple languages tend to
prevent sharing public health data. This project employed
the system that all public health jurisdictions use to report
HIV information to CDC known as eHARS. The mode of
connecting each local eHARS to the privacy device fell
within the technical competence of each jurisdiction in
consultation with the Georgetown University Information
Services staff.

2. Motivational: The literature review found that different
missions and local orientation undermined motivation for
sharing information among public health jurisdictions. From
the perspective of the public health jurisdictions in this
project, the matching algorithm enabled finding persons
otherwiselost to care, enhanced the value of available data,
and established jurisdictions as pioneers—all strong
motivating factorsin their participation.

3. Economic: Theliteraturereview identified cost of partnering
as a barrier to data sharing. Although staff from the
jurisdictions invested many more hoursin this project than
the grant covered, they realized that, if successful, the
matching algorithm could reduce time and labor to find
persons in other jurisdictions from months to minutes,
impractical to feasible, and unaffordable to affordable.

4. Political: According to van Panhuis et al, barriers of
mistrust often prevent data sharing among public health
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agencies. Participating in this project encouraged the
jurisdictions to exchange formal data use agreements.
Beyond these formal agreements, however, the project work
built a solid collaboration through a continuous series of
project meetings, milestones, and major achievements over
2 years, including conferences hosted by Georgetown
University in Washington, DC, on regional sharing of
infectious disease data (January 2013) and the privacy
device (November 2014), and presentations at the National
Ingtitutes of Health (NIH) “Harnessing Big Data to Halt
HIV” conference (July 2015) and the National HIV
Prevention Conference in Atlanta, Georgia (December
2015).

5. Legal: The literature review notes that, in many cases,
incompatible laws, rules, and policies block data sharing.
The jurisdictions in this project always had the legal right
to share data for cases that involved other jurisdictions
through separate data-sharing agreements. Nonethel ess, the
precise design of the technology enabled the algorithm to
compare cases across jurisdictions without exposing data
that should not be shared (ie, cases that did not involve
other jurisdictions) either to other jurisdictions or to the
third party facilitating the matching (Georgetown
University).

6. Ethical: From a purely ethical perspective, we see our
responsibilities with respect to this novel architecture and
data flow in terms of data stewardship—the total process
of investigating and safeguarding the ethical and privacy
implications of recombining, reusing, repurposing, and
reanalyzing multiple types of data from multiple sources
with the explicit purpose of identifying and providing care
to PLWH, especially those who, for various reasons, have
dropped out of care [10]. However, the authors of the
literature review focus on fairness of organizational work
distribution in partnering for data sharing. Partnershipsin
data sharing often fail because some partners do morework
than others and feel abused. From the perspective of the
literature review, therefore, this project functioned asatrue
collaboration where the public health jurisdictions served
asco-investigators, co-designers, dataproviders, and project
beneficiaries. The actual data exchange fell within their
purview and authority as public health jurisdictions with
the right and responsibility to manage information about
persons with HIV in their jurisdictions. Georgetown
University did not view protected health information within
the course of this study.

Limitations and Future Directions of Study

Whilethis method of matching people acrosseHA RS databases
in different jurisdictions saved time in comparison with more
traditional methods, the manual validation process of this study
was relatively time consuming. Therefore, future efforts should
consider how to more effectively streamline this manual
validation process. Also, athough it was clear to the authors
that the privacy device computed person matches acrosseHARS
databases in a relatively short amount of time, while outside
the scope of this initial study, future studies could perform a
comprehensive assessment of the economic impact of
implementing this technology in comparison with more
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traditional methods. Additionally, although the privacy platform
provided high privacy assurance, one should note that with
fewer resource constraints, more computational and
mathematical power could be added to devel op an even higher
level of privacy assurance. Furthermore, no records were
matched as medium low or low. This might indicate that
parameters that defined such matching categories were
insufficient for these purposes and should be revised for future
projects. Moreover, it is important to underline that since this
study considered all valid eHARS case records, its outcome is
reflective of both historical and current patient migration in this
metropolitan region from 1981 to 2015. This may or may not
be aligned with current patient migration rates; therefore, future
efforts should further examine the levels of migration over the
last 3-5 yearsin the cross-jurisdictional DC metropolitan region.
Although this study used RIDR information as part of the
validation processesto check if the privacy device matcheswere
indeed reported in pre-existing RIDR lists, future study
directions could include a comprehensive evaluation to check
if the opposite is aso true—that all known RIDR matches can
be detected using the privacy device. Similarly, while beyond
the scope of this methods-focused study, future research efforts
could also assess the overal impact of this data-sharing
technology on public health reporting to CDC.

The person matching in this study was performed on all valid
cases, ignoring any previously known information on migration
and data sharing between jurisdictions. Futureiterations should
incorporate existing knowledge on interjurisdictional casesand
also explore characteristics of individuals who migrate across
state borders for HIV care to find patterns that can be helpful
inidentifying intervention pointsalong the HIV care continuum.
Exploring longitudinal cohort data from this geographic region
may help supplement essential data on why people experience
patient in- and out-migration in this region. In this regard, it
may be useful to examine data from observational cohortslike
the District of Columbia Metropolitan Women'’s | nteragency
HIV Study—an ongoing prospective cohort study of HIV
infection in women across Washington DC, Montgomery
County, Maryland, and Northern Virginia[11]. It isalso worthy
to note that this study considered those who were already
confirmed asHIV infected (asindicated by eHARS case record)
and was not designed to address individuals who are unaware
of their HIV status (ie, no eHARS record) or address those who
were not matched.

Thismethod can be used to help public health officialsand their
partners develop HIV care continuum models that better
contextualize HIV in the United States for resource allocation
purposes [12,13]. It can, for example, be used in future efforts
comparing more traditional surveillance methods (eg, eHARS)
with newer social media techniques (eg, Twitter, Google Flu
Trends, HeathTweets) or in exploring patient in- and
out-migration, which remains a large knowledge gap in HIV
epidemiology [14-16]. Moreover, since large metropolitan
regions experience high level s of person movements, such areas
may providefruitful groundsfor further examination of mobility
in HIV care using this novel approach [17]. Lastly, this
technology is applicable to public health data sharing outside
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of HIV disease surveillance, and the authorshave already began  to improve HIV surveillance datafor public health action. This
to explore applications to other infectious disease data. approach can provide amore effective bridge between dataand

Conclusion carein public health and may be applied to other purposes.

Using a novel technology and interdisciplinary and
public-private partnership, this study effectively addressed how
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Abstract

Background: In moving toward malaria elimination, one strategy is to implement an active surveillance system for effective
case management. Thailand has developed and implemented the electronic Maaria Information System (eMIS) capturing
individualized electronic records of suspected or confirmed malaria cases.

Objective: The main purpose of this study was to determine how well the eMIS improves the quality of Thailand’s malaria
surveillance system. In particular, the focus of the study was to evaluate the effectiveness of the eMIS in terms of the system
users’ perception and the system outcomes (ie, quality of data) regarding the management of malaria patients.

Methods: A mixed-methods technique was used with the framework based on system effectiveness attributes: data quality,
timeliness, simplicity, acceptability, flexibility, stability, and usefulness. Three methodswere utilized: datarecords review, survey
of system users, and in-depth interviews with key stakeholders. From the two highest endemic provinces, paper forms matching
electronic records of 4455 noninfected and 784 malaria-infected cases were reviewed. Web-based anonymous questionnaires
were distributed to all 129 eMIS data entry staff throughout Thailand, and semistructured interviews were conducted with 12
management-level officers.

Results:. The eMISiswell accepted by system users at both management and operational levels. The data quality has enabled
malaria personnel to perform more effective prevention and control activities. There is evidence of practices resulting in
inconsistencies and logical errors in data reporting. Critical data elements were mostly completed, except for a few related to
certain dates and area classifications. Timeliness in reporting a case to the system was acceptable with a delay of 3-4 days. The
evaluation of quantitative and qualitative data confirmed that the eM 1S has high levels of simplicity, acceptability, stability, and
flexibility.

Conclusions: Overall, the system implemented has achieved its abjective. The results of the study suggested that the eMIS
helps improve the quality of Thailand's malaria surveillance system. As the national malaria surveillance system, the eMIS's
functionalities have provided the mal aria staff working at the point of care with close-to-real -time case management data quality,
covering case detection, case investigation, drug compliance, and follow-up visits. Such features has led to an improvement in
the quality of the malaria control program; the government officials now have quicker access to both individual and aggregated
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data to promptly react to possible outbreak. The eMIS thus plays one of the key roles in moving toward the national goal of

malaria elimination by the next decade.

(JMIR Public Health Surveill 2016;2(1):€20) doi:10.2196/publichealth.5347

KEYWORDS

surveillance system; epidemiol ogy; mixed-methods; evaluation; malaria; eMIS; data quality; public health informatics; Thailand

Introduction

Malaria transmission occurs in all six World Health
Organization regions. An estimated 3.3 hillion people are at
risk of malariainfection worldwide, and 1.2 billion are a high
risk (>1 in 1000 chance of contracting malariain a year). In
2013, there were 33,302 confirmed cases in Thailand, with 37
confirmed deaths[1]. Although Thailand isontrack to achieving
a 50%-75% decrease in case incidence by 2016, the country
still facesthe challenge of drug resistance, particularly regarding
malariafrom Plasmodium falciparum, to artemisinin treatments
[1]. The Thai Ministry of Public Health has introduced several
intensive malariaprevention and control strategiesand ismoving
toward malariaelimination [2]. One proposed strategy concerned
the introduction of an active surveillance system for effective
case management, and thus the electronic malaria information
system (eMI1S) was developed and implemented in 2009 [3].
Initially, the eMIS was implemented in 7 provinces alongside
the Thai-Cambodia border. However, the system now covers
38 malaria-endemic provinces along the Thai-Cambodia and
Thai-Myanmar borders and encompasses 147 data entry units.
The system has been transmitting epidemiology data from
remote areas since October 2011 [2].

TheeMISwasoriginally developed by the Center of Excellence
for Biomedical and Public Health Informatics (BIOPHICS) and
Mahidol University via support from the World Health
Organization and the Bill and Melinda Gates Foundation. The
specific aim was to replace the traditional paper-based malaria
reporting system with an active and close-to-real -time el ectronic
reporting system [4]. That is, the main goal of the eMISisto
use electronic records that capture daily information about the
malariacase management of each individual patient at the point
of care. These records can then be retrieved by higher-level
health authorities for use in situation analysis. The data flow
via eMIS solves the problem inherent in the origina paper
record reporting mechanism, where authorities would only
obtain aggregated dataon amonthly basis. Thus, thetime delay
meant that it was often too late for making any decision about
malaria control. With Global Fund support since 2011, the
system has been imbedded into the routine work of malaria
control authorities in Thailand. Both Web-based applications
and mobile technol ogies have been integrated into the eM1Sto
enhance and manage case detection, investigation, and follow-up
at point-of-care units [2].

The eMIS is operated and overseen by the Bureau of Vector
Borne Disease (BVBD), which falls under the Department of
Disease Control withinthe Thai Ministry of Public Health. This
occurs through a network of malaria clinics and malaria posts
located in villages in malariaendemic areas. Between the
highest decision-making level at the ministry and the local

http://publichealth.jmir.org/2016/1/e20/

operating sites, there are regional offices of disease prevention
and control, vector-borne disease control center (VBDC), and
vector-borne disease control unit (VBDU). Currently, eMIS
data are hosted at a secure server located at BIOPHICS, only
accessible by authorized system users at the Ministry of Public
Health. As the eMIS operates under loca BVBD steff,
BIOPHICS acts as a system developer and active technical
system support for the ministry.

The eMIS platform uses offline and online replication
technology to enable malaria staff to continue entering data
offline when facing an unstable Internet connection. Whenever
Internet is available, data can be later synchronized between
data entry sites and the central database. Thus, there are some
limitations regarding available computer hardware and Internet
signal in certain remote areas and/or difficulties in performing
simultaneously case management and online data entry.
Therefore, each malaria record is captured through a hybrid
process in which data are initially collected on paper and
subsequently entered into the eM| S viaadesktop offline/online
client software platform (Figure 1). At point-of-care units
(malariaclinicsand malaria posts), diagnosisiscarried out using
amalariarapid diagnostic test, and standard medical treatment
according to national guidelines is immediately administered.
A blood film is also collected and sent to the VBDC for
archiving and subsequent microscopic confirmation. Both
noninfected (negative) and infected (positive) cases are recorded
on a “case detection form” (CDF). If a patient’s test result is
positive, more information will be collected to record risk
factors, signs and symptoms, and the radical malaria treatment
provided. Such details are recorded on a “case investigation
form” (CIF). Both paper-based CDF and CIF, so-called pCDF
and pCIF, are then sent from the malaria point-of-care unitsin
villages in remote areas to VBDC/VBDU where the data are
entered either online or offline, and later synchronized with the
eMIS. The electronic records of CDF and CIF, so-called eCDF
and eCIF, are kept in the eMIS as the national malaria central
database, currently located at BIOPHICS's secure server (Figure
2).

Since its implementation, the eMIS has been evolving; the
system has demonstrated its ability to capture essential data
fromindividual malaria cases at local operational unitsand the
data are being used for effective analysis and decision support
a upper management levels [4]. Different types of
epidemiological reports can be generated and distributed among
administrative levels, from the top down to operational levels.
Data can be displayed and toggled from tables into graphs via
selected variables using business intelligence and geographic
information systems for the purpose of creating an effective
informatics tool for malaria control and elimination (Figure 2).
Informal observations via the periodic training sessions and
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routine monitoring of the system’s usage show that the eMIS
iswell accepted by users. However, no formal evaluation of the
eMIS has been conducted. Thus, the main research question of
this study was to determine how well the eMIS improves the
quality of Thailand’smalariasurveillance system. By examining

Figure 1. Paper-based forms and electronic data entry screens.
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the effectiveness of implementation efforts as evidence-based
public health practice [5,6], this study specifically focused on
the system users perception about the eMIS and the system
outcomesin termsof quality of datacapturedintheeMIS, which
were used for management of malaria patients.
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Figure 2. Dataflow of the electronic Malaria Information System (eMIS).
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Methods officer at the ministry, 12 monitoring and evaluation officers
(M&Es) at VBDC/VBDU in Tak and Trat provinces, and 1
Study Design information technology (IT) officer at BIOPHICS.

Thisis a descriptive study using a mixed-methods evaluation,
combining quantitative and qualitative approaches. A number
of previous studies have evaluated system innovations using
mixed methods and confirmed that multiple evaluation methods
can comprehensively identify system and/or electronic record
usability, challenges, and specific problems [5,7-9]. In this
study, three methods were utilized: data records review, survey
of system users (system operating staff), and in-depth interviews
with key stakeholders (“advanced” system users and a system
developer).

Study Site and Study Participants/Data Recor ds

Tak and Trat, the two border provinces closest to Myanmar and
Cambodia, respectively, were purposively selected as provinces
with the highest nhumber of malaria cases along Thailand's
malaria-endemic borders. Source datain the paper-based forms
(pCDF and pCIF) versusthe el ectronic datarecordsintheeM|S
(eCDF and eCIF) were reviewed and compared. Overall, 4455
pCDFs and 784 pCIFs from the period December 2013 to
January 2014 were collected from record books for the two
provinces. Similarly, eCDF and eClF for the same period were
extracted from eMIS databases. A Web-based anonymous
electronic questionnaire was distributed to all eM|S data entry
staff at VBDC/VBDU; of al 129 dataentry staff, 128 (99.22%)
completed the questionnaire. Semistructured interviews were
conducted with management-level users: 1 malariasurveillance
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Data Collection and Data Analysis

There are several methods available for the evaluation of the
effectiveness of health care systems, innovation, or tools used
for capturing electronic data records [5-8,10,11]. The
evidence-based public health practice approach looks at how
routinely practices are performed in usual care procedures by
analyzing retrospective data from previous site implementation
efforts and prospective data from newly adopting sitesin terms
of implementation and sustainability outcomes[5,6]. Regarding
the evaluation of the implementation of a system innovation in
terms of its impact and contingency factors, it is necessary to
explore changesin workflow and work disruption, dataquality,
adoption, and user satisfaction [7]. An earlier study on the
organizational adoption of systems among family physician
practices identified several beneficial aspects and barriers
including logistical organization problems, quality of
professionals clinical decisions, reduction in the cost of
managing clinical information, and the barriersfaced by system
users[8]. A systematic review of the evaluation of surveillance
systems highlighted that the approach must be complete; that
is, the list of attributes to be assessed should cover not only
epidemiological aspects of the evaluation but also socia and
economic factors. Furthermore, regarding operationa factors,
astructured process to conduct the eval uation should cover the
selection of appropriate attributes and practical methods and
tools for their assessment [10]. Thus, in the evaluation of the
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effectiveness of eMIS, several contextual factors and important
attributes and their assessment methods were identified. Asan
electronic surveillance system for malaria disease, the US
Centers for Disease Control and Prevention guidelines for
evaluating public health surveillance systems[11] were selected
as the evaluation framework for the eMIS. According to the
guidelines, the most important attributes for a particular

Maet al

surveillance system and its objectives should be selected. The
following attributes are considered key to assess the
effectiveness of eMIS: simplicity, flexibility, data quality,
acceptability, timeliness, stability, and usefulness. A description
of each attribute and its appropriate data collection methods are
provided in Table 1.

Table 1. Attribute definitions and corresponding data collection approaches.

Attributes Description? Data collection approaches
Dataquaity  Completeness (absence of missing values) and validity (absence of errors) Data record review and semistructured interview
Timeliness Delay in reporting Datareview
Simplicity Method of collecting data and time needed to collect data; structure of the Structured questionnaire

system
Acceptability  Willingness of users to use the eMlI sP Structured questionnaire
Flexibility Capacity to cope with new reguirements and standards the system follows Structured questionnaire and semistructured interview
Stability Downtime of server and response of technical support Structured questionnaire and semistructured interview
Usefulness Dissemination of knowledge Structured questionnaire and semistructured interview

3Based on Centers for Disease Control and Prevention Updated Guidelinesfor Evaluating Public Health Surveillance Systems[11], and tailored for the

purpose of eMIS[3].
PeMIS; electronic Malaria Information System.

Data quality was assessed in terms of the number of records
captured using both paper and electronic data collection
methods, data completeness or missing data, data validity or
consistency between the data in paper and electronic formats,
and logical errors or conflicting values among data elements.
Timeliness was assessed in terms of delays in data entry from
paper datacollection formsinto electronic recordsintheeMIS.
Both data quality and timeliness were evaluated by comparing
the electronic datarecordsintheeM|S (eCDF and eCIF) against
the paper data collection forms (pCDF and pCIF). The data
from paper-based forms were entered using Microsoft Excel
2013 and double-checked for comparisons with electronic
recordsin the eMIS.

Other surveillance attributes were assessed via a structured
guestionnaire and semistructured interviews. To fit within the
eMIS context, the questionnaire was adapted from a previous
study that measured similar attributes concerning data quality
in a surveillance system [12]. The questionnaire consisted of
choices, dichotomous questions, a 5-point Likert scale, and 1
open-ended question. There were 6 questions asking about the
staff practices and perception in using eMIS in terms of time
spent, making use of data, and technical problems encountered;
8 items on general impression about the eM1S; 3 questions on
eMISadministrative or support team; 4 items on overall thoughts
about eMIS; 1item on eMISfunctionsthat should beimproved;
and an open question. The anonymous Web-based questionnaire
was distributed via Google Form to al data entry sites
throughout Thailand; the questionnaire was then responded to
by the only one data entry personnel hired by the Ministry of
Public Health (one per site). With unknown and unidentifiable
responding status, all respondents received aphone call reminder
1 week after the questionnaire was distributed, asking them to
complete the questionnaire; this is deemed to be an effective
method to achieve a good response rate [13]. Semistructured
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interviews were conducted with individuals involved with the
management and administration of theeMIS. The main purpose
of qualitative data collection viain-depth interviewswasto gain
insightful information or reasons for each attribute measured
in the quantitative data analysis. The key interview questions
for eMIS officers at the BVBD included issues related to
resources used to operate the eM 1S, performance of the system
and level of usefulness, and opinions on the limitations of the
eMIS. Thequestionsfor M& E at VBDC included their practices
in checking the data quality, the difficulty in managing the
system, the use of the data collected by the system, the reports
and analysis of the data, and the limitation and suggestion for
improvement of the eMIS. The key interview questions for the
eMIS technical supporter included their opinions on applying
health information standard code sets (ie, Systematized
Nomenclature of Medicine -- Clinical Terms [SNOMED CT],
International Classification of Diseases, Tenth Revision
[ICD-10], Health Level Seven[HL7]), the changed or upgraded
versionsof theeMI S, the evidence of server downtime and time
to recover, and the database back up process. The answersfrom
the structured questions were downl oaded from Google Forms
to be analyzed in Microsoft Excel. The answers to the
open-ended question, comments, and interview results were
reported verbatim and subsequently reviewed and organized
into specific themes related to each attribute shown in the
guantitative data analysis section.

Ethical Considerations

This study was approved by the Ethics Committee of the Faculty
of Tropical Medicine, Mahidol University. This study did not
involve vulnerable participants. The participantswereinformed
and provided their consent after reading documents explaining
the purpose of the study, the participant’s risks and benefits,
and the confidentiality and protection of their data. The
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participants were informed that their answers to the
guestionnaire were anonymous and would not affect their
employment.

Results

Data Quality

In general, based on qualitative data collection methods, the
data quality of the eMIS was perceived as “good” among
management-level users. Officers at the BVBD stated that the
data quality of the eMIS was acceptable and better than paper
reports, despite no previous evaluation. All M&Es stated that
they check the dataentered in the eM | S against the paper forms;
however, they only check the aggregated case number. One
M& E mentioned that the eM | S datawere complete while others
claimed the data were more accurate than the paper forms.

| think the data quality is acceptable but needs to be
improved. But it’s better than paper reports. [ Officer
at BVBD]

TheeMIShelps mealot. The data are more accurate
than paper. [M&E]

Numbers of Initial Paper-Based Forms Versus
Electronic Records

In evaluating data quality based on the number of data records
being reviewed, the total number of pCDFsdid not match eCDF
numbers: 38,860 noninfected cases were reported using 4455
pCDFs (several cases were listed on a single paper page) but
41,451 records (one case is one record) were found as eCDFs
intheeMISdatabase. Similarly, fewer infected caseswere found
in the paper records (one case per single paper page) than those
recorded electronically (one case is one record): 781 pCDFs
versus 964 eCDFs and 784 pClFs versus 969 eCIFs.

Completeness of Data

Completeness of core data elements (data fields) in the CDFs
and CIFs was only checked among infected cases as shown in
Table 2. Whereas all elementsin the 964 eCDFs showed 100%
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completeness, among the 781 pCDFs, only the data elements
patient name, age, and blood test result were 100% complete.
Datawere found to be missing for the following elements: date
of recelving blood film (186/781, 23.82%; 95% CI
20.83%-26.80%), date of blood test (173/781, 22.15%; 95% ClI
19.24%-25.06%), and area classification (266/781, 34.06%;
95% CI 30.74%-37.38%; Table 2). Again, datafor the 969 eCIF
records were complete, but among the 784 pCIFs the number
of missing valuesfor certain elements was high, including area
classification (142/784, 18.11%; 95% Cl 15.42%-20.81%),
followed by infection location (65/784, 8.29%; 95% CI
6.36%-10.22%) and case classification (53/784, 6.76%; 95%
Cl 5.00%-8.52%).

Data Consistency

To evaluate data validity regarding the consistency of the core
data elements in the paper and electronic forms, a linkage
between the two data entry forms was made. Adapting the data
matching method suggested in the literature concerning the
assessment of data quality in acancer registry [14], the linkage
of malaria-infected cases between paper and electronic forms
was accomplished using patient demographics, blood drawn
date, and health care facility location. Such data elementswere
matched to confirm that each analyzed pair belonged to the
same person who was infected at the same time point and was
residing in the same location. From the paper and electronic
records, 711 pairs of pCDF-eCDF and 719 pairs of pCIF-eCIF
wereidentified and analyzed. Thevalidity of theeM IS datawas
generally observed as consistent pairs; only a few elements
showed significant differences. Among the 711 pCDF-eCDF
pairs, discordant pairs were found in the following data
elements: area classification (51.88%; 95% Cl 47.41%-56.34%),
date of receiving blood film (183/711, 25.74%; 95% CI
22.52%-28.95%), and date of blood test (180/711, 25.32%; 95%
Cl 22.12%-28.51%). Among the 719 pCIF-eCIF pairs, most
discordant pairs were found in similar data elements. area
classification (260/719, 36.16%; 95% Cl 32.65%-39.67%) and
infection location (118/719, 16.41%; 95% CI 13.70%-19.12%);
for other elements, the discord was less than 10% (Table 3).
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Table 2. Completeness of core elements.

Core data elements Total missing % missing 95% CI Total missing % missing 95% Cl
Case detection form pCDFAn=781 records) eCDF(n=964 records)

Date of form entry - - - 0 0 -
Date of drawing blood 8 1.02 0.32-1.73 0 0 -
Date of receiving blood film 186 23.82 20.83-26.80 0 0 -
Date of blood test 173 22.15 19.24-25.06 0 0 -
Type of blood test 6 0.77 0.16-1.38 0 0 -
Type of patient 4 0.51 0.01-1.01 0 0 -
Areaclassification 266 34.06 30.74-37.38 0 0 -
Nationality 17 2.18 1.15-3.20 0 0 -
Patient name 0 0 - 0 0 -
Age 0 0 - 0 0 -
Sex 5 0.64 0.08-1.20 0 0 -
Blood test result 0 0 - 0 0 -
Medicine 6 0.77 0.16-1.38 0 0 -
Case investigation form pCIFY(n=784 records) eCIF4(n=969 records)

Date of form entry - - - 0 0 -
Date of drawing blood 1 0.13 0-0.38 0 0 -
Date of blood test 1 0.13 0-0.38 0 0 -
Date of investigation 1 0.13 0-0.38 0 0 -
Areaclassification 142 18.11 15.42-20.81 0 0 -
Nationality 22 281 1.65-3.96 0 0 -
Patient name 0 0 - 0 0 -
Age 3 0.38 0-0.81 0 0 -
Sex 7 0.89 0.23-1.55 0 0 -
Blood test result 1 0.13 0-0.38 0 0 -
Case classification 53 6.76 5.00-8.52 0 0 -
Infection location 65 8.29 6.36-10.22 0 0 -

3 CDF: paper case detection form; eCDF: electronic case detection form; pCIF: paper case investigation form; eCIF: electronic caseinvestigation form.
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Table 3. Agreement between paper-based and electronic data.

Maet al

Core data elements No. of discordant pairs Percentage of disagreement  95% ClI
pCDF2-eCDF3(n=711 pairs)

Date of drawing blood 12 1.69 0.74-2.63
Date of receiving blood film 183 25.74 22.52-28.95
Date of blood test 180 25.32 22.12-28.51
Type of blood test (ACD/PCD) 8 1.13 0.35-1.90
Type of patient (new case/follow-up) 3 0.42 0-0.9
Areadlassification (A1, A2, B, B2) 249° 51.88 47.41-56.34
Nationality (Thai, M1, M2) 21 2.95 1.71-4.20
Age 7 0.98 0.26-1.71
Sex 7 0.98 0.26-1.71
Blood test result (type of malaria) 2 0.28 0-0.67
Medicine 7 0.98 0.26-1.71
pClIF3-eCIF3(n=719 pairs)

Areaclassification (A1, A2, B1, B2) 260 36.16 32.65-39.67
Nationality (Thai, M1, M2) 28 3.89 2.48-5.31
Age 26 3.62 2.25-4.98
Sex 16 2.23 1.15-3.30
Date of drawing blood 10 1.39 0.53-2.25
Date of blood test 9 1.25 0.44-2.06
Blood test result (type of malaria) 13 181 0.83-2.78
Date of investigation 60 8.34 6.32-10.37
Case classification 66 9.18 7.07-11.29
Infection location (within village/cottage/forest) 118 16.41 13.7-19.12

8ACD: active case detection; pCDF: paper case detection form; eCDF: electronic case detection form; pCIF: paper case investigation form; eCIF:
electronic case investigation form; PCD: passive case detection; M1: migrant group 1; M2: migrant group 2.

bDenominator varied because some paper-based blood record forms did not include this item.

Logical Errorsin Data

A further factor to measure data quality was evaluated: logical
errorsin the dataelements. Logical errorswere assessed in two
ways: (1) illogical chronological sequence of data capture and
reporting dates and (2) discrepancies in reporting malaria
prescriptions against national standard guidelinesfor each type
of malaria infection. It should be noted, however, that there
were a number of incomplete dates on pCDFs because some
infected cases were detected at district or provincial hospitals
rather than at the malaria clinics or posts, and hospital health
care personnel may not have provided detailed data concerning
detection dates (eg, date of receiving blood film, date of blood
test) for those infected cases. Thus, complete information
regarding the dates of those cases on pCDFs was based on just
593 cases. However, the ClFswere completed and al 784 pClFs
and 969 eClFsfor infected caseswere used intheanalysis. Firgt,
discrepanciesin chronological order were checked for different
time points (Figure 3). For a CDF, the sequence of dates should
be in the following order: (a) date of blood drawn, (b) date of
receiving blood film, (c) date of blood test, and (d) date of data
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entry on the form. A total nhumber of 20 chronological order
errors were found in the 593 pCDFs. Illogical date sequences
were found among all pCDFs asfollows: date (a) > date (b) for
9/593, 1.52% (95% Cl 0.53%-2.50%), date (b) > date (c) for
1/593, 0.17% (95% CI 0%-0.50%), and date (a) > date (c) for
10/593, 1.69% (95% CI 0.65%-2.72%). None of the eCDFs
showed any discrepancies regarding chronological sequence
errors. Similarly, fewer chronological errors were found in the
electronic records than on paper forms for case investigation,
in which the sequence of dates should follow the following
order: (@) date of blood drawn, (b) date of receiving blood film,
(c) date of investigation, and (d) date of data entry on the form.
Illogical date sequences were found among all 784 pCIFs as
follows. date (a) > date (b) for 3/784, 0.39% (95% CI
0%-0.82%), date (b) > date (c) for 37/784, 4.77% (95% CI
3.27%-6.28%), and date (a) > date (c) for 38/784, 4.90% (95%
Cl 3.38%-6.42%). In the 969 eClFs, similar discrepancies
among dates were also found, with arelatively high number of
errors (59 records) found between one type of date order error:
date (c) > date (d), at 6.09% (95% CI 4.58%-7.58%; Figure 3).
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Another illogical error examined in this study concerned
discrepancies in medication prescriptions (type of medicine
provided). In Thailand, malariatreatment isregulated and only
available at governmental health care facilities for both Thai
and non-Thai patients across malaria-endemic areas. Specific
standard regimens for each type of malaria infection, mainly
Plasmodiumfal ciparum and Plasmodiumvivax, are set aspolicy
according to national guidelines. In this study, prescriptions
that differ from the national malaria treatment guidelines were

Maet al

counted as data inconsistencies. Among pCDFs, data
inconsistencies in medication prescription were observed at
0.37% (95% Cl 0%-1.09%) for P falciparum infection and at
0.4% (95% Cl 0%-0.94%) for P vivax infection. In contrast,
among eCDFs, data inconsistencies were recorded at 2.94%
(95% CI 1.23%-4.65%) and 1.2% (95% CI 0.32%-2.09%) for
prescriptions for P falciparum infection and P vivax infection,
respectively (results not shown).

Figure 3. Error rate of date sequence inconsistencies in case detection forms (CDFs) and case investigation forms (CIFs).
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Timeliness

In exploring timeliness, the descriptive statistics shown in Table
4reved delaysin datareporting totheeMIS (ie, dataentry date
on eCDF) after case detection (ie, blood drawn date on pCDF)
and delays in data reporting to the eMIS (ie, data entry date of
eClIF) after case investigation (ie, investigation date of pCIF).
Note that, in the calculation of delays, records with more than
a200-day delay and negative delayswere considered as outliers

Table4. Timeliness analysis.

Maet al

and/or dataentry errors. After excluding such outliers, the mean
delay timesfor case detection and case investigation were 9.34
days (SD 10.63) and 9.14 days (SD 16.27) and median delay
times were 4 and 3 days, respectively. From the qualitative
information analysis, some M& Es mentioned that paper forms
were sent late and therefore they could not enter datain atimely
manner.

Some papers arrive late, so we report late. [M& E]

Reporting delay (days) Mean (SD) Median (minimum-maximum)
Delays between date of blood drawn and date of form entry for

eCDFA(n=963 recordsb) 9.34 (10.64) 4 (0-69)

Delays between date of investigation and date of form entry for

eCIF4(n=906 records®) 9.14 (16.27) 3(0-134)

3CDF: electronic case detection form; eCIF: electronic case investigation form.
bOne record with more than a 200-day delay (242 days) was considered an outlier and excluded.
CFive records with more than 200 days (369, 372, 372, 366, and 242 days) were considered as outliers and excluded; 58 records with negative delays

were excluded, ranging from -1 to -15 days.

Simplicity

The simplicity of the eMIS refersto both its structure and ease
of operation. TheeMISrepresentsasingle, vertical, streamlined
data entry process. It has a simple and vertical information
structure with one central data center at BIOPHICS. All data
entry staff report that the time required to enter eM|S data was
easy to incorporate into their daily work duties. A total of
85/128, 66.40% of respondents reported spending less than 5
minutes entering into the eCIF the details of 1 infected case
(with approximately 80 data elements), and much less time
completing 1 CDF viaeCDF (42 dataelementsfor anoninfected
case and 52 for an infected case). Respondents reported that the
time burden for data entry was manageable.

The majority agreed or strongly agreed that the eMIS is easy
touse (119/128, 92.97%), thereport formsintheeM IS are easy

http://publichealth.jmir.org/2016/1/e20/

to complete (112/128, 87.5%), instructions for completing the
forms are clear and helpful (113/128, 88.28%), help is easy to
access (114/128, 89.06%), and that learning to operate the
programiseasy (116/128, 90.63%). A dlightly lower percentage
of respondents agreed or strongly agreed that the eMIS has a
user-friendly interface (83/128, 64.84%), with 31.25% (40/128)
fedling neutral about this statement (Figure 4). Some respondents
also commented that a color-labeled data entry screen would
improve the system.

The data entry part of the system should be labeled
with colors, especially in fields which have been
entered. [Data entry staff]

The screen for CIF data entry should be separated
according to each part of the CIF form. It could use
lines or colors to separate each screen for more
convenient data entry. [Data entry staff]
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Figure4. Simplicity of the electronic Malaria Information System (eMIS).
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Acceptability

Acceptability refersto the willingness of usersand organizations
to use the system on a daily basis. Initidly, the eMIS was
implemented in 7 provinces along the Thai-Cambodia border
but now includes 38 provinces in Thailand. As of mid-2015,
access to the eMIS is expanding to include a number of
subdistrict health centers in malaria-endemic provinces.

| |

Neutral

Maet a

I “ .|
T . o g
I . "k
L = R
66 40 .1
55 43 -
72 12
25% 50% 75% 100%
= Disagree m Strongly Disagree

A significant majority of eMIS data entry staff agreed or
strongly agreed that their contribution to the eMIS is valuable
(127/128, 99.22%), they enjoy being involved with the malaria
control progressviatheeM|S (126/128, 98.44%), and that their
contribution to the reporting of malaria cases to eMIS was
adequately acknowledged (120/128, 93.75%). Most (122/128,
95.31%) agreed that the eM [ Sisvery important. Most dataentry
staff (121/128, 94.53%) felt that they received support from the
eMIS support team (Figure 5).

Figure5. Acceptability of the electronic Malaria Information System (eMI1S).

| feel my contribution to the eMIS is valuable
| enjoy being involved with the malaria control progress by the help of the eMIS
In my view, the eMIS is very important
My contribution of reporting cases to the eMIS is adequately acknowledged
| feel supported by the eMIS admin team

The eMIS team are always friendly and helpful
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Flexibility

Flexibility reflects how the system copeswith changes. Initially,
theeMISwasimplemented in 7 provinces as an online system;
users were only able to enter data when connected to the
Internet. However, because of an unstable Internet connection,
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the eMIS was changed to include an offline mode. After this

big change, eMIS underwent three other main revisions.

We always maintain the core structure and do minor
changes according to users requirements.
Technically, eMIS adapts to change very well. [IT
manager of theeMI9)]
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However, the eMIS is not based on any health information
standard, suchas SNOMED CT, ICD-10, or Health Level Seven.
AnIT manager mentioned that it would not be difficult to apply
some standard code to ensure better data integration in the
future.

eMIS only focuses on one disease, malaria, so we

didn’t apply any health information standard. But we

think it would be good if we applies a standard code

in order to integrate our data with the national

disease report system in the future. [IT manager of

theeMIS]
Stability
Stability reflects the reliability and availability of the eMIS. In
all, 100/128, 78.13% of data entry staff reported experiencing
some technical problems with the eMIS. The most frequently
reported technical problem was data synchronizing, with 87/128,
67.97% of respondents stating they had difficulty synchronizing
offline data with the eMIS. Thisis consistent with interviewed
respondents, with 6 M& Es (50%) mentioning the issue of data
synchronizing. One M & E specified that data synchronizing was
slow, especialy at the end of month when many users attempt
to upload data at the same time. When asked about technical
support for the eMIS, 116/128, 90.63% agreed or strongly
agreed the technical issues were deat with quickly and
efficiently.

In terms of reliable resources, the eMIS currently receives
funding from the Global Fund and is seeking long-term
governmental funding.

At the beginning, eMISwas supported by the Global
Fund. Now we plan to use domestic funds. e have
both the Global Fund and gover nment funds for staff
salaries. Inthe future, all salarieswill be covered by
domestic funds. [Officer at BVBD]

We havea limited budget for I T after the Global Fund
stopped its support. We need a budget for new
computers. [M&E]

Now the eMISis very good. But we hope the eMIS
will be a long-term program. We need funding to
support our IT staff after the Global Fund stops its
support. [M&E]

The eMIS platform appears stable and performs well with no
records of system failure. Data stored in the eMISis backed up
daily to tape media.

The eMIShas never been down sinceimplementation.
We have installed and configured virtual machine
technology that can perform live migration for the
eMIS Live migration can move a running virtual
machine (web and database server) fromone physical
server to another without any effect to the users. [IT
manager at BIOPHICS]

By theend of 2016, it ishoped that the management of theeMIS
functional hardware and software architecturewill betransferred
from BIOPHICSto the BVBD at the Ministry of Public Health.
One M& E expressed some concern over this change.
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In the future, the management of the eMISwill beled
by BVBD. My concern iswho will take care of the I T
problems. Now BIOPHICS do a great job of IT
support. And | worry about the salary of I T staff that
we will hire for the eMISin the future. [M& E]

Usefulness

The eMIS is considered a powerful tool and is used by the
BVBD initsaim toward eliminating malariain Thailand. With
data from the eMIS, the BVBD is able to change policies,
allocatefunds, and prioritize malariaelimination activities. The
BVBD provides weekly reports and presentations based on
eMIS data. An officer at the BVBD reported that the eMIS can
influence and guide future research.

We use the results from eMISto plan eimination. It
has helped usto change policy. Beforewedidn’'t have
data to indicate how to implement malaria
elimination. Now we are involved in subregional
elimination. The data fromthe eMIShelp usto target
where we are going to eliminate malaria and apply
a budget, and also to verify where malaria has been
eiminated. eMISisa powerful tool, without it, | don’t
think we can ensure malaria elimination. It's a key
tool for malaria elimination in Thailand to change
policy. [Officer at BVBD]

At alower level, al M& Es described the eMIS as being very
useful, and considered theeM I S asintegral to their routine work.
It also provides useful information on malariapatients and tracks
malaria patientsto ensure effective action. The most commonly
reported functions were data analysis, data presentation, and
trend analysis. WiththeeMIS, M& Esare ableto track patients,
efficiently manage and control any outbreaks, perform campaign
and training tasks, and make future plans.

For new cases, we take action quickly and we can
predict the management for the next month. With the
eMIS we can see the malaria cases easily and make
plans for the future. [M& E]

eMI S helps to track patients. WWe can see the nearby
situation and we can get prepared. e can see the
real-time situation. We are ableto plan how to control
before an outbreak and understand the endemic. We
can do an analysis for control and prevention. eMIS
can quickly transfer data to the VBDU according to
the patient’s address. eMIS provides information on
the outbreak of disease and accurate patient
addresses. [M&E]

We comparethe malaria cases between different years
to seetrendsin malaria outbreaks. e can track cases
and control these cases with well-timed action.
[M&E]

Discussion

eMISasThailand’s Malaria Surveillance System

After its development and implementation throughout
malaria-endemic areasin Thailand, the eM 1S has fully become
the national malaria surveillance system. The eMIS appears to
be well accepted by system users at both management and
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operational levels. The reason for its success could be that the
design of the eMIS is not overly complex; it still combines
original paper-based data collection forms with electronic
records. The system flow is practical and can be used as a
standard for health care activities in limited-resource settings.
Some studies have shown that although paper forms can serve
as an important tool for health care personnel in their work,
their use can circumvent the intended system design. The
following categories describe the benefits of using a paper-based
system despite an electronic information system designed for
capturing as electronic records: (1) efficiency; (2) knowledge,
skill, ease of use; (3) memory; (4) sensorimotor preferences;
(5) awareness; (6) task specificity; (7) task complexity; (8) data
organization; (9) longitudinal data processes; (10) trust; and
(11) security [15]. However, in the eMIS workflow, the
paper-based forms are only used as initial data capture at
point-of-care unitsin remote areas. The dataare then transferred
to the system as individualized electronic data records that can
be accessed and utilized throughout the heath care
system—from point-of-care units to health care management
departments. Thisisin contrast with the original paper-based
system in which management could only view aggregated data
after some delay, and largely after an outbreak had occurred.
In designing any system, it isimportant to understand the setting
so that the technology designers can ensure effective model
processes to mitigate any barriers to using eHealth data [16].
Taking into consideration the difficulties of entering an
electronic datarecord directly while caring for malaria patients
in remote areas via the eMIS, the system designers decided to
use a hybrid of paper-based forms before the introduction of a
purely electronic surveillance system. With limited resources
and choices in health care settings and a focus on
patient-centered services, the system development should aim
for aworkable system rather than a high-end, perfect solution
[17]. The geographically isolated nature of malaria-endemic
areas had led to a mixed-design system (combining paper and
electronic records) for the eMIS project, representing the most
practical and workable solution at the time of system
development.

Practices That Affect Data Quality

In general, data quality was acceptable. The quality of datahas
provided useful information for malaria personnel to ensure a
high level of prevention and control activities. As mentioned
above, there were some discrepancies regarding the number of
source data forms (pCDF, pCIF) and electronic datarecordsin
theeM|IS (eCDF, eCIF) for both noninfected and infected cases.
There are anumber of possible reasonsfor thisresult. First, the
filing system for the source documents (pCDF, pCIF) was not
well organized; some forms may have been misplaced or lost
at the time of data collection. Second, as mentioned before,
many noninfected cases were captured from the other sources
(ie, district or provincial hospitals beyond BVBD primary care
units); these were entered directly into the eM 1S and thusthere
were no source documents (pCDF) for such cases. However,
almost all infected cases have a source document (pCIF), no
matter from which health care facility the data were obtained.

A small number of chronological errorswere observed with the
pCDF but not for eCDF; however, date errors were found for
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both pCIF and eCIF. In general, fewer chronological errorswere
seen in el ectronic records than on paper-based forms. Thistype
of error might occur because of human error during the filling
out of the paper source document and/or data entry into the
system. Where the date of the eCIF entry was earlier than the
date of investigation, this could be explained as a transcription
error in the data entry process. This finding concurs with that
suggested in the literature—shoul d be the use of personal digital
assistant based data collection or entry system could increase
efficiency and reduce data transcription errors for public
surveillance data collection in developing countries [18].
However, chronological errors might raise an important data
management question: if there were conflicting dates on the
paper forms, then why did these not appear in the electronic
records when data were entered from the paper source
document? In other words, did the data entry staff at
VBDC/VBDU enter the same dates as shown on the paper
forms? An investigation into this issue revealed that data entry
staff usually corrected the dates when entering them into the
eMIS because health care staff at point-of-care units can
sometimes omit dates on the paper forms. This is particularly
true for the date of receiving ablood film and the date of blood
test, which match the date of blood drawn. For one electronic
health record system [19], it was suggested that data
transposition should be as faithful to the original records as
possible, given some limitations to the clarity of the originals.
However, it has been recommended that logic check programs
should be written and integrated into electronic health record
systems to reduce the possibility of illogical entry [20].

Another logical check conducted in this study revealed that
there were incorrect prescriptions of malaria treatment in both
paper-based and electronic data. However, thisresult should be
interpreted with care. This does not mean that the patients
received the inappropriate medication; it smply reflects that
some patientsreceived treatment that differed from the national
standard guidelines. In the eMIS, data elements regarding
medi cation prescriptions are more extensive than the treatment
list provided on paper forms. Thus, the conflicting statistics
found in this study could occur because some hospital reports
did not apply the same malaria treatment as that in the national
guidelines.

In this study, a high level of completeness was identified for
electronic data records and is consistent with other studies
[20-25]. This may due to the fact that there are required fields
aswell aslogic checks across certain fieldsin the onlineeMIS.
Regarding missing values, high percentages were found for the
date of receiving blood film and the date of blood test. As stated
before, inreal practice, if the date of receiving ablood film and
the date of the blood test share the same date as that of drawing
blood, then only one date is entered on the paper form for
convenience. Interestingly, a high volume of missing values
was also observed for “Area classification” for both pCDF and
pCIF. Area classification is the term used at the management
level to classify theintensity of the malariaburden (eg, A1, A2,
B1, and B2 areas) and such definitions change over time.
Therefore, data collectors at point-of-care unitstend to skip this
field when they fill in the paper forms because such information
isof norelevanceto them. In the electronic recordsintheeMI S,
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that data element was completed 100% of the time, probably
because of data editing during the data entry process. Data
validity check results reveal discordant pairs when comparing
data between paper and electronic forms. Such discord was also
found in a previous study of the eMI1S[26]. In our study, high
levels of discord were found for chronological dates, area
classification, and infection location. As explained before, the
experienced data entry staff at VBDC/VBDU might enter
missing values into electronic records based on their own
judgment. Thus, the high level of data disagreement might not
reflect poor data quality. It iswell recognized that data must be
complete, consistent, and accuratein any e ectronic health record
system to deliver good health care services. Capturing important
data elementsisthuscritical, but forms are only one part of the
procedureto deliver quality health care during aclinician-patient
encounter [22]. These results for data quality thus provide
evidence-based practicesfor system improvement, such that (1)
paper forms may need to be redesigned, (2) data collectors at
the point of care and data entry staff at higher levels should be
trained on data quality issues, (3) the need for certain data
elements on paper forms (eg, certain dates or classification of
areas) should be reconsidered for use at the point of care, (4) to
avoid date transcription errorsfrom paper to electronic records,
a date-picker function might be the solution to avoid typing
errors, and (5) logic validation programming may help reduce
human errors.

System Usability and Suggestions for | mprovement

The timeliness analysis indicated that the median time from
data captured in paper forms at point-of-care unitsto data entry
as electronic records at VBDC/VBDU was approximately 3-4
days. A previous study on the timeliness of a public health
surveillance system [27] indicated that a reporting delay may
be the result of several factors as follows: the volume of cases
detected at the sites; case follow-up investigations to collect
additional case information; system activity due to variable
staffing levels, computer system downtime for maintenance,
upgrades, or new application devel opment; and data processing
routines, such as data validation or error checking. Although
timeliness is a key performance measure of public heath
surveillance systems, it can vary by disease and intended use
of data[27]. Thetimeliness of eMISisthus considered to be at
an acceptable level, as a delay of 3-4 days could still support
timely notifications and responsesto outbreaks by management
personnel. As noted in the Results section, a few cases had
outlier values of more than a 200-day delay; this was possibly
human errors during the data entry process. A few records
showed negative-day gaps; again, this was probably due to a
typing error as those records were entered around a change of
year, between 2013 and 2014. A logic validation for eMIS might
be a solution to reduce human error in the data entry process.
Another possible solution is to reduce the time it takes to send
paper formsfrom remote areasto the dataentry centersat VBDC
or VBDO or to have data entry directly at point-of-care units,
which would require a further investment in infrastructure and
equipment.

Respondent eM| S usersindicated that the systemissimple, with
the eMIS based on the routine workflow of a verticaly
structured health care system in Thailand. Most users (both
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management and operational) accepted the eMIS and were
satisfied with its performance; they considered the system easy
to incorporate into other work duties. Furthermore, their
commitment to be part of the eMIS was high. The M&Es
reported being satisfied with the data analysis function and
BVBD valued the eMIS as having a key role in the malaria
elimination process. Factors influencing the effectiveness of
the system have been frequently mentioned in the literature and
include trust in quality of the data, motivation of the system
users, and outcome expectancy [28-30]. Evaluation viameasures
that are sensitive to behavior change and feedback strategiesis
important. The user’s perceptioniscrucial to assurethe success
of public health systems[28]. Furthermore, differences between
“basic” and “advanced” system users can be observed in terms
of the expectations of the system’s characteristics and perceived
performance outcomes [29]. Similar findings can be seen in
other studies about surveillance systems[26,31-34]. TheeMIS
has different functionalities: it has those that serve operational
staff for simple data entry and those that link data for
management staff in their data analysis and presentations with
mapping and business intelligence tools for decision making.
The system’s high participation rates and acceptability among
stakeholders show the value of the eMIS.

In ng the usability of the system, one approach isto define
usability as how useful, usable, and satisfying a system is for
intended users [35]. A system is useful if it supports the work
domain of the users and is independent from the system
implementation; asystem isusableif it iseasy to learn and use
and error tolerant; and a system is satisfying if the users have
agood subjective impression that the system is useful, usable,
and likable. The key characteristics of system usability [35] can
be summarized as follows: (1) consistency and standards in
design, (2) visibility of system state, (3) matching between the
system and the world, (4) minimalist design, (5) minimize
memory load, (6) informative feedback, (7) flexibility and
customizability, (8) good error messages, (9) prevent use errors,
(10) clear closure, (11) undo or reversible actions, (12) use
users' language, (13) users are in control, and (14) help and
documentation. Moreover, the usability of a system should be
considered whether the system is well adapted to reflect with
local prioritiesin favorable contexts and the use of the collected
data [6]. In terms of system flexibility, after its initial
implementation there were three major changes, the main system
structure was maintained while minor changes were made based
on user feedback. As suggested in the literature, the exchange
of electronic data records in standard data format can make it
easier for data access across institutes, reduce resource waste,
and improve the quality of care [36]. However, one drawback
concerning the flexibility of the eMIS is that it still does not
apply astandard code. Thereason for thisisthat it was designed
and used only in avertically structured malariacontrol program,;
however, it could be converted to a standard code should there
be such a requirement. Regarding the usefulness of the eMIS,
the system has improved the data flow from lower levels to
decision-making levels; all interviewed M& Es stated that they
frequently used eM 1S datato make decisions regarding malaria
control (eg, resource allocation and control plan making). Some
M& Es sought more information for their data analysis, such as
more details for occupation analysis and village-level data
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analysis. The linkage of data from eMIS to a customizable
business intelligence platform has enabled the system users to
visualize their own data in the way they want.

Infrastructure is the backbone of every system, and the
successful adoption of any eHeath system depends on the
infrastructural arrangements [37]. The willingness and interest
of system users can be devel oped and maintained if the system
is stable and the users are equipped with appropriate tools and
receive regular training. The eMIS has demonstrated great
stability: the server has never been down thanks to advanced
technical strategies and careful maintenance. Although data
synchronization is a common technical problem for data entry
staff, it has been resolved by asking usersto accessthe Internet
at different times during the end-of-the-month periodswhen all
sites are trying to synchronize data. One system drawback is
that eMIS is primarily supported by the Global Fund and
requires long-term ongoing funding. Insufficient investment
has been proven to be a barrier to health technology in public
health systems [32,38]; thus, long-term financial support from
the government is essential for eMIS stahility.

Conclusions

Overdl, this evauation, based on data from two
malaria-endemic provinces for the period December 2013 to
January 2014, has confirmed that eM | Sis achieving its objective
as an effective platform. The data quality assessment via an
intensive look at the data records in the system flow, and the
conduct of aWeb-based questionnaire survey with all dataentry

Maet al

staff throughout Thailand and the in-depth interview with data
users from lower level to management level, have suggested
that the eMIS helps improve the quality of Thailand’s malaria
surveillance system. Asthe national malariasurveillance system,
the eMIS's functionalities have provided the malaria staff
working at the point of care with close-to-real-time case
management data quality, covering case detection, case
investigation, drug compliance, and follow-up visits. Having
access to such information in forms of individual case report,
aggregated data in the geographical mapping, and data
visualization platform could lead them to respond in a timely
manner to the situation in their areas of responsibility. The
benefitsof eMIS, particularly in ng the malariasituation,
are recognized as exceeding those of the original paper-based
reporting system aone. In other words, the eMIS is an
infformation system that supports Thalland's malaria
surveillance. One of the system features that makes the system
users satisfied was that it can bring more evidence in the
individual practice, for instance by providing electronic
reminders about actions to take or treatments to prescribe at
point of care (both triggered by previously keyed information).
It has also led to an improvement in the quality of the malaria
control program because case management is now somewhat
standardized and government officials can have quicker access
to both individual and aggregated data to promptly react to a
possible outbreak. With such features of the system, the eMIS
plays one of the key roles in moving toward the national goal
of malaria elimination by the next decade.
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Abstract

Background: The Internet has become a ubiquitous venue for information seeking, especially for health information. Public
health practitioners have noticed the promise and potential of the Internet, however, little is known about individuals' skills of
their eHealth literacy. The eHealth Literacy Scale, eHEAL S, was designed to measure perceptions of individuals eHealth literacy
skills.

Objective: The objective of the study was to examine the psychometric validity and reliability of the eHEAL S with two adult
populations using the Rasch Model.

Methods: A college-aged sample and an Internet-based sample (Amazon's MTurk) were recruited to complete the eHEALS,
demographic questions, and a health literacy scale. Using WINSTEPS and SPSS, unidimensionality, item fit, rating scale, item
hierarchy, person ability-item match, and reliability were analyzed, compared, and contrasted against each sample and to other
samples found in the literature.

Results: An exploratory factor analysis supported unidimensionality in both samples. More than 90% of respondents from both
samplesfit the model. No items were outright misfitting. Both samples separated into three distinct groups.

Conclusions: Based on the results, the eHEALS is a reliable and consistent measurement tool for a college sample and an
Internet-based sample. As these individuals are most likely to use the Internet as a health resource, it is necessary to learn and

know their skills versus perceiving that they can critically and successfully navigate the Internet. Further analyses are necessary
to ensure that the eHEALS can serve as a standard eHealth literacy measure for public health.

(JMIR Public Health Surveill 2016;2(1):e24) doi:10.2196/publichealth.4967

KEYWORDS
eHealth; eHEALS; internet; measurement; rasch; public health

three-quartersusing the Internet for health information research

Background

Using the Internet is now astandard practice for people seeking
information about health care and heath conditions. The
PewResearch Internet Project estimates that more than 85% of
adults in the United States use the Internet, with nearly

http://publichealth.jmir.org/2016/1/e24/

RenderX

[1]. Consequently, public health researchers are studying critical
issues such as the quality of the Web-based health content and
individuals' ability to navigate the Web and find information
[2-6].
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Norman and Skinner [7] coined the term “eHealth literacy” to
describe the ability to navigate the Internet for health
information. Unlike general hedlth literacy, eHealth literacy
also considers individual computer and Web navigation skills.
Thus, eHealth literacy encompasses aconstellation of literacies,
including computer literacy, scientific literacy, health literacy,
traditional literacy, media literacy, and information literacy.
Using thismodel, Norman and Skinner [8] created the eHealth
Literacy Scale (eHEALS) to measure individuals' perceptions
of their own digital health literacy skills[9].

Accurately measuring eHealth literacy is imperative to
addressing public health disparities. Many studies have used
the eHEALS to measure eHealth literacy despite a lack of
psychometric evidence [3-7,10]. When first created, the
instrument was tested on a sample of middle school children
[9]. Since then, Dutch and Japanese researchers have explored
the psychometric properties of the eHEALS; however, both
Dutch and Japanese researchers translated the instrument into
their own nativelanguages[4,11]. There are no known follow-up
attempts to analyze the eHEALS using an English-speaking
adult sample.

A 1-parameter logistic item response theory model, the Rasch
model, is a mathematical framework created to empirically
analyze categorical data [12]. The Rasch model is commonly
used within the health professions, social sciences, education
field, and market research [9,13-16]. The Rasch perspective
examines each item contained in the measure versus examining
the items as a conglomerate. Essentialy, the Rasch model
accounts for the “difficulty” of the item and expects that if a
person of average ability were to accomplish atask of average
difficulty, the person should have a high probability of
accomplishing the “easier” tasks as well. The simplest Rasch
formulais: log [Py1- P,4]=B,~D,, where P,=probability of
person nresponding toitemi correctly, P,=probability of person
nresponding to itemi incorrectly, B=trait/ability level of person
n, and D,=difficulty of itemi [17].

In this study, the construct validity of the eHEAL Swas analyzed
among 2 adult samples—university students and adults who
use the Internet. The following constructs were investigated:
(2) unidimensionality, (2) fit of items and participants, (3) item
rating structure, (4) item difficulty hierarchy, and (5) person
ability-item difficulty match.

Methods

Instrument: eHEALS

Created to measure a combination of comfort, knowledge,
searching, evaluation, and application skills, eHEALS was
developed as a self-reporting tool that can be administered by
any health professional with littleto no training [9]. Itemsreflect
conceptualizations of the 6 key eHealth literacy constructs, and
specialists were contacted for their expert feedback, whereas
youth in TeenNet Research provided their views on readability
and relevance [9]. After pilot testing with 89 teenagers and
young adults, the instrument was finalized into its 8-item form
(see Multimedia Appendix 1).

http://publichealth.jmir.org/2016/1/e24/
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Validated with amiddle school sample (=664, mean age 14.95
years) in Canada, the analysis revealed an a =0.88 with
item-scale correlationsranging fromr =0.51t0 0.76. A principal
component analysis found a single-factor solution, with factor
loadings from 0.60 to 0.84 among the 8 items[9]. All questions
use a 5-point Likert scale ranging from strongly disagree to
strongly agree. An exploratory factor analysis conducted on a
modified 6-item version of the eHEALS on an adult, Isragli
sample (n=1289) produced similar factor loadings (.62 to .84)
among theitems. Theitem-scale correlation rangesfrom r=0.51
to 0.76. The coefficient alpha was lower (o =0.86) but similar
tothat in reported results[9]. The principal componentsanalysis
alsorevealed asingle-factor solution [6]. Neter et al. conducted
a confirmatory factor analysis on their modified eHEALS,
alongside a few other measures that they used in their study,
including outcomes perception, Internet access, and digital
literacy [6]. They found that the scales were independent of
each other via a 2-model fit analysis. Other psychometric
evaluations have been conducted; however, they have been on
translated versions of the eHEALS[11,16,18,19].

Recruitment and Participants

The first adult sample was obtained through a convenience
sampling of college students. Undergraduate students enrolled
in a health science research methods coursein alarge, southern
university completed a questionnaire comprising the eHEALS
in addition to questions pertaining to knowledge, attitudes, and
beliefs. The questionnaire was used to demonstrate the process
of informed consent, the various types of questions in
psychosocial research, and how researchers anadyze data
Inclusion criteriafor eligible participants consisted of being 18
years of age or older, registered for the course, being present
on the day of data collection, and agreeing to participate in the
data collection. Results from this sample arein Table 1.

The second adult sample was acquired through Amazon’'s
Mechanical Turk (MTurk), a crowdsourced Internet
marketplace, wherein individuals and/or businesses can ask
people to perform tasks that computers cannot complete.
Requesters post various tasks, known as human intelligence
tasks (HITs), for individuals to choose and complete. Some
HITs often involve transcription requests, translation requests,
market survey research, opinion essays, and socia science
research. Individuals who complete these tasks are known as
workers or providers or turkers and are compensated for their
time[20].

Despite being a relatively new presence within social science
research, MTurk appearsto ddliver reliable and usable user data.
Severd studies demonstrate that there are almost no differences
in effect sizes when compared to other convenience samples.
In addtion, samplesfrom turkers are asreliable as other samples
collected from the Internet. There are no statistical differences
between in-laboratory or field samples, and samplesfrom turkers
tend to be more diverse than other Internet samples [21-23].

To access the HIT for this study, turkers get qualified if their
HIT approval rate percentage was =98 with at least 500
completed and approved HITs. These scores are based on past
performance ratings given by requesters. Those turkerswho fail
to follow instructions have their approval rating lowered. This
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stipulation was desgined to ensure that only individuals with
MTurk familiarity and agood work history could participatein
the data collection. Turkers had to first accept the task and then
consent to being a part of the study. Results from this sample
are presented under Study 2.

Data Analysis

Unidimensionality

A critical assumption initem response theory models, including
Rasch, predicates on unidimensionality, which refers to the
focus of the measure and its ability to focus on one variable at
atime [12]. An exploratory components analysis using SPSS
[24] was conducted. Eigenvalues and avisual inspection of the
scree plot determined the number of extracted factors.

Item Fit

Usinginfit and outfit statistics, thefit to the model was analyzed.
infit statistics are sensitive to data that are related to the items,
whereas outfit statistics represent the rel ationships between data
that are not related to the item (or person). Theideal fit statistic
is1.0, asfit isdetermined by calculating observed variance over
expected variance [15]. Because the eHEALS is a survey of
lower stakes (ie, the results of the survey do not have direct or
definite consequences for the test-taker), the acceptable range
of fit statistics is 0.6-1.4 [25]. An infit value of 0.6 indicates
that 40% less variation was observed than modeled and avalue
of 1.4 indicates that 40% more variation was observed than
modeled [12]. Mean-squares below the threshold overfit the
model and thus suggest the data are more predictable than
expected. Conversely, mean-squares above the threshold underfit
the model, suggesting that the data are less predictable than
expected. The second criterion of fit isthe standardized t score,
represented as the ZSTD by Winsteps. ZSTD scores examine
the probability of significance that the datafit the Rasch model,
determining the actual fit versus the theorized fit based on the
model (observed vs expected). The acceptable range for ZSTD
scores is £2.0 [15]. Consequently, for an item or a person to
misfit, the mean-square must be outside of the range of 0.6-1.4
aswell as exceed the acceptable range for ZSTD.

Rating Scale

Although Linacre outlines 10 guidelines for rating scale
optimization, he stresses the following 3 as essential
critierig[17]: first, each rating category must have at least 10
observations. Linacre determined that without 10 observations
for each rating category, a stable estimation of threshold value
cannot be calculated, suggesting that the category may be
unnecessary to measure . Second, average calibrations advance
monotonically, meaning that on average, individuals with
stronger ability should respond to higher categories, whereas
individuals with lower ability should respond to lower
categories. Lack of monotonicity strengthens the call for
collasping categories. The third essential criterion stipulates
that the outfit mean-squares be less than 2.0 for each rating
category. Values greater than 2.0 indicate that there is
unnecessary noise and misinformation in that particular category

[17].
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Item Hierarchy, Person Ability-Item Match, and
Reliability

The Rasch model allows inferences to be made about a
individual ability with regard to the difficulty of the items. For
instance, a person with a high math ability level should have a
higher probability of answering more difficult questions
correctly than aperson with lower math ability. Similarly, more
difficultitemsarelesslikely to be answered correctly than easier
items [19]. The analysis reveaed the order of item difficulty,
ranked from easiest to hardest items. In addition, Rasch analysis
allows the researcher to examine how well the ability of the
sample matches the difficulty of the items. Person reliability
(similar to Cronbach’s al pha) estimates how well ameasure can
separate individuals on the construct. Conversely, person
separation determinesthe strata or distinct level sthat individuals
are “spread” out on the measured construct.

Results

Study 1

Sample

In total, 164 studentstook the survey. Of the respondents, 20%
(n=33) were male, and 80% (n=131) were aged between 18-34
years, with 83.6% of the students being aged 20 or 21 years.
Almost 72% (n=118) of students reported that they spent more
than 3 hours each day on the Internet, 25.6% (n=42) of students
reported only 1-3 hours on the Internet, and less than 3% (n=4)
reported spending less than an hour daily online [18]. Table 1
displays the demographic summary.

Unidimensionality

An ECA revealed that only onefactor had an eigenval ue greater
than 1. The scree plot showed one “bend,” and the factor score
matrix only extracted one factor, which supported the
assumption of unidimensionality.

Rating Scale Analysis

The most common criteriaviolation wasfailing to have at |east
10 observationsfor each rating category. Few respondents chose
“strongly disagree” and “disagree” There were 2 instances in
which the outfit mean-squares were outside the range of +2.0;
the outlier could be due to the low observations in those rating
categories. Table 2 presents the categories for each item that
violated the essential criteria.

Model Fit

Fit order is presented in Table 3. All the items met the criteria
for both infit and outfit. Ninety-five percent of participants (155
of 163) fit the model. Eight (n=8) participants violated both
infit and outfit criteria.

Precision
The Rasch model’s equivalency of Cronbach’s alphais person
reliability, which was 0.80. Person separation was 2.02,

indicating that the eHEAL S separated the sampleinto 3.03 strata
or 3 distinct groups.
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Person Ability Item-Difficulty Match

Figure 1 is the map of item difficulty contrasted with person
ability. Person ability (on the left side of theline) is presented
from the highest ability (top) to the lowest ability (bottom).
Items, on the right side of the line, are ranked from easiest
(bottom) to hardest (top). Although there were no floor effects,
therewasaceiling effect, with 6 individuals. Thus, theeHEALS
was incapable of measuring individuals of extremely high
ahility.

Study 2

Sample

A total of 366 individuals took the survey. More than half of
the participants were males (n=203), leaving a total of 159
female respondents. Almost 59% (n=210) of the individuals
were aged 18-32 years. The age range of participants captured

Table 1. Demographics of respondents: study 1 (n=164).

Nguyen et al

awider group; some participantsindicated being agedolder than
65 years.Eleven percent (n=40) of participants reported being
online only 1-3 hours a day; 33% (n=120) of participants
reported spending 4-6 hours online daily; and approximately
26% (n=94) of respondents spend areported 7-10 hours online
daily. Table 4 displays the demographic summary.

Unidimensionality

Similar to the results from Study 1, an EFA showed that only
onefactor was extracted, suggesting one latent variable or factor.
Rating Scale Analysis

Paraelling Study 1 outcomes, the most common essential
guideline violation was not having 10 observations in each
rating category. In addition, items 3 and 5 violated all essential
criteria. Table 5 shows where all violations occurred.

Demographic N %
Sex
Male 33 20.1
Female 131 79.9
Age
18-24 158 96.3
25-32 5 30
33-39 1 0.7
Time online/day
<1 hour 4 24
1-3 hours 42 25.6
>3 hours 118 72.0

Table 2. Ratingsthat violate essential criterion: study 1.

Item Observed count® Monotonicity®  Outfitd

I know what health resources are available on the Internet. 1-(SD)d, 8-(D)

I know where to find helpful health resoures on the Internet. 0-(SD)

I know how to find helpful health resources on the Internet. 0-(SD), 6-(D)

I know how to use the Internet to answer my questions about health. 0-(SD), 5-(D)

I know how to use the health information | find on the Internet to help me. 1-(SD), 7-(D) 4.12-(SD)
| have the skills | need to evaluate the health resources | find on the Internet. 2-(SD), 7-(D)

| cantell high-quality health resources from low-quality health resourceson the Internet.  3-(SD)

| feel confident in using information from the Internet to make health decisions. 1-(SD)

#The numbersin the “ Observed count” column are the counts of each answer choice in violation of the essential criterion.
bBecause none of the items violated montonci ty, no data are reported in that column.
“The numbersin the “ Outfit” column are the values of the misfitting outfit means-square.

dsp: strongly disagree, D: disagree.
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Table 3. Item fit: study 1 (college sample)?

Infit Outfit
Item Measure Model SE MNSQ ZSTD MNSQ ZSTD

| know what health —0.34 0.14 0.89 -0.80 0.8 -14
resources are avail-
ableonthe Internet.

| know where to 0.74 0.15 0.84 -1.20 0.79 -1.2
find helpful health

resoures on the In-

ternet.

| know how to find 0.06 0.16 1.16 1.20 1.12 09
helpful health re-

sourcesonthelnter-

net.

| know how touse -0.16 0.15 0.99 0.0 0.91 -0.5
the Internet to an-

swer my questions

about health.

| know how touse -0.54 0.14 0.90 -0.60 0.88 -0.7
the health informa-

tion | find on the

Internet to helpme.

| have the skills | -0.15 0.14 1.06 0.50 1.05 0.4
need to evaluate the

health resources |

find onthe Internet.

| cantell high-qual- 0.07 0.12 1.16 1.20 1.12 0.9
ity health resources

from low-quality

health resourceson

the Internet.

| fed confidentin  0.31 0.13 115 1.40 12 18
using information

fromthe Internet to

make health deci-

sions.

3This is a table showing item statistics and the fit of each of the items. There were no infit or outfit violations. The infit statistics are weighted to the
performance of persons close to the item value. These individuals give a sensitive insight into the item’s performance. The oultfit statistics are not
weighted and are not sensitive to the influence of outlying scores.
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Figure 1. Person ability item-difficulty match of the college sample. Persons are on the left of the line, whereas the item difficulty map is to the right
of theline. Each “O” represents 1-2 individuals, whereas each “X” represents 3 persons.
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Table 4. Demographics of respondents: study 2 (n=366).

Nguyen et al

Demographics N %
Sex
Male 203 55.5
Female 159 434
Age
18-24 47 129
25-32 163 45.0
33-39 71 195
40-46 31 8.6
46-52 23 52
53-59 17 4.7
60-64 10 28
>65 4 11
Time online/day
1-3 hours 40 11.0
4-6 hours 120 331
7-10 hours 9% 25.9
11-13 hours 36 9.9
14-16 hours 20 55
>17 hours 6 17
Education
8th grade 1 0.3
Some high school, no diploma 4 11
HS diploma or equivalent 44 12.2
Some college, no degree 75 20.7
Trade/technical/vocational training 13 3.6
Associate’'s degree a2 11.6
Bachelor’s degree 148 40.9
Master's degree 28 7.7
Professional degree 5 14
Doctorate degree 2 0.6
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Table 5. Ratingsthat violate essential criterion: study 2.

Item Observed count® Monotonicity® Outfit®

| know what health resources are available on the Internet.9 2-(SD)® (D)f (SD)-9.90

I know where to find helpful health resoures on the Internet.  1-(SD)

I know how to find helpful health resources on the Internet.  0-(SD)

I know how to use the Internet to answer my questions about  0-(SD), 2-(D)

health.

I know how to usethe healthinformation | find on the Internet

to help me.d 1-(SD), 6-(D) (D) (SD)-6.83

I have the skills | need to evaluate the health resources | find  1-(SD)

on the Internet.

| cantell high-quality health resources from low-quality health

resources on the Internet.

| feel confident in using information from the Internet tomake  3-(SD)

health decisions.

#The numbers in the “ Observed count” column are the counts of each answer choice in violation of the essetia criterion.
b There were 2 instances where “ di sagree” did not advance motonically.
®The numbersin the “Outfit” column are the values of the misfitting Outfit means-squares, including where the violation occur.

%Thisindicates violations of all essential criteria.
€3D: strongly disagree.
D disagree.
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Table6. Item fit: study 2

Item Measure Model SE Infit? Outfit®

MNSQ ZSTD MNSQ ZSTD

| know what health -0.18 0.11 1.27 252 1.422 3.02
resources are avail-

ableonthe Internet.

I know whereto ~ —0.56 0.11 0.91 -0.9 0.71 —2.42

find helpful health
resoures on the In-
ternet.

| know how to find 0.51 0.12 0.83 -1.8 0.70 o5
helpful health re-

sourcesonthelnter-

net.

I know how touse 0.16 0.12 0.78 —o52 0.64 —352
the Internet to an-

swer my questions

about health.

I know how touse —0.58 0.12 0.79 —212 0.77 -2.0
the health informa-

tion | find on the

Internet to helpme.

| have the skills | -0.57 0.11 0.98 -0.1 0.9 -1.0
need to evaluate the

health resources |

find onthe Internet.

I cantell high-qual- 0.99 0.10 121 252 125 262
ity health resources

from low-quality

health resourceson

the Internet.

| fed confidentin  0.25 0.10 1.04 0.5 1.00 0.00
using information

fromthe Internet to

make health deci-

sions.

8t denotes violation of model fit; no items violated all criteria.
Binfit statistics are wei ghted to the performance of persons closeto theitem value. Theseindividuals give asensitive insight into the item’s performance.
Coutfit statistics are not weighted and are not sensitive to the influence of outlying scores.
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Figure 2. Person ability of the MTurk sample is on the left side, whereas item difficulty is on the right side. Each “O” represents 1-2 individuals,

whereas each “ X" represents 3 persons.
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Model Fit

Table 6 displays the corresponding values for model fit.
Although there are violations of outfit criteria (eg, item 1), no
itemsviolated both infit and outfit. Almost 93% of respondents
fit the model, with 27 individuals violating both infit and outfit
criteria.
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Precision

The person reliability was 0.81, whereas person separation was
2.07. The eHEALS separated the sample into 3.07 separate
Strata.

Person Ability Item-Difficulty Match

The map of item difficulty and person ability is presented in
Figure 2. Like Study 1, person ability is on the left side of line,
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with individuals with higher levels of ability on top. Item
difficulty is on the right side of the line, with more difficult
items on top. Approximately 8.3%-9.7% of the sample had
ability levelsthat eHEALSS could not capture (n=30-35).

Discussion

Principal Findings

Overal, eHEAL Sisareliable and consistent measurement tool
for perceived measurement of eHealth literacy. An exploratory
factor analysis showed that items loaded on a single factor
solution, thereby supporting the criterion of unidimensionality.
Morethan 90% of respondentsfrom both samplesfit the model.
Although some items violated either infit or outfit guidelines,
there were no outright misfitting items. Furthermore, the
discordance between the mean of person ability and the mean
of item difficulty was assumed as we sampled from a college
population and a younger generation. The analysis separated
both samples into 3 distinct groups, but further analyses are
needed to describe the groups.

As eHEALS measures individuals' level of eHealth literacy, a
small ceiling effect and no floor effect both occurred, as
expected. The eHEALS did not adequately measure every
participant’s ability level. The item map only showed a spread
of 2 logits, whereas person ability level spread over multiple
logits. Furthermore, there arelimitationsin the eHEALS rating
scale, asevident in theratingsthat violated the essential criteria
asoutlined in Linacre [18]. The violations were due to the low
number of observations (less than 10) in the lower parts of the
rating scale (ie, the strongly disagree and disagree choices).

It was hypothesized that it may be beneficial to collapse
“strongly disagree” and “disagree’ together, to avoid violating
essential guidelines. For the MTurk sample, collapsing the 2
categories did not change person reliability (0.81) and remained
to separate the sampleinto 3.09 distinct strata. As demonstrated
in Figure 3, a ceiling effect is till present; however, item
difficulty is more spread out, approximately over an additional

http://publichealth.jmir.org/2016/1/e24/

Nguyen et al

half logit. Moreover, the means between person ability and item
difficulty are approximately one and a half logits away from
each other. In contrast, before combining “strongly disagree’
and “disagree,” the two means were approximately two logits
away from each other. Although further analysis should be
conducted to ensure that there is no loss of validity and
reliability, the reduction of the rating scale may relieve some
test-taking burden and separate persons and items more
distinctly.

Although the item difficulty map was similar between the 2
samples, some subtle differences exist. For instance, the college
samplerated “1 know whereto find helpful health resourceson
the Internet” to be the easiest item and “1 know how to use the
health information | find on the Internet to help me” to be the
hardest item. For the turkers, the easiest item was “| can tell
high quality health resources from low quality health resources
onthe Internet,” whereasthe hardest item was“| have the skills
| need to evaluate the health resources | find on the Internet.”
These differences could be attributed to the demographic
make-up of each sample group. The college students are health
science students and may therefore be more familiar with the
location of health resources on the Internet. With higher
education level in the turkers sample, it may be plausible that
they possess higher perceptions of their own ability to
distinguish high-quality health information versus low-quality
health information.

Knowledge of person ability and item difficulty is strongly
relevant, as many public health organizations and doctors
communicate with clients and patients online. With constant
and easy accessto the Internet, health care entities can use the
information to tailor their material s and provide effective public
health interventions to their targeted audience. For instance,
community health workers can use outreach measures to those
individuals with lower eHealth literacy by illustrating the
differences between a verified Web resource and a blog with
guestionable health advice, thereby refining individuals' skills
in identifying reliable and accurate online sites.
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Figure 3. The person and item map after the rating scale was collapsed. Person ability is on the left side, whereas item difficulty is on the right side.

Each “O” represents 1-2 individuals and each “X” is equal to 3 persons.
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Limitations

This analysis bears some limitations. The college sample
answered the eHEAL S via paper and pencil method. Although
Norman and Skinner a so administered the eHEAL Susing paper
and pencil, it may be more appropriate to have individualstake
the instrument using a mobile or an Internet-connected device

http://publichealth.jmir.org/2016/1/e24/

[9]. In addition, the college sample covered a somewhat
homogeneous group. These students were in a core research
methods class that required the usage of the Internet to find
health information. Accordingly, their online searching abilities
were crucial to their success in the course. Moreover, athough
involving turkers is novel, the sample cautions the
generalizability of the study. Millennials are becoming the
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largest living generation, yet the higher rates in numbers are
attributed to immigrants [26]. Turkers are a special subset of
individuals, knowledge of the site, signing up on the site, and
completion of anumber of tasks were necessary conditions for
verification of survey participation.

It is important to note that the combination of the 2 samples
represents alarge number of millenialsinthe United States. As

Nguyen et al

have mobile Internet access, the Internet can serve asavaluable
public health tool to improve the health of young adults and
minorities in this country [1]. Using the Internet to improve
behavioral change outcomes has been shown to be fruitful,
especialy among such vulnerable populations [27,28]. The
productive potential of using the Internet is evident. Now, it is
apublic healthimperativeto study eHealth literacy measurement
to maximize both the potential impact and reach that the Internet

young adults and minorities are liklier than any other group to
can have on our populaces.
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Abstract

Background: Theemergence of social mediais providing an aternative avenue for information exchange and opinion formation
on health-related issues. Collective discoursein such medialeads to the formation of acomplex narrative, conveying public views
and perceptions.

Objective: This paper presents astudy of Twitter narrative regarding vaccination in the aftermath of the 2015 measles outbreak,
both in terms of its cyber and physical characteristics. We aimed to contribute to the analysis of the data, as well as presenting a
guantitative interdisciplinary approach to analyze such open-source data in the context of health narratives.

Methods: We collected 669,136 tweets referring to vaccination from February 1 to March 9, 2015. These tweets were analyzed
to identify key terms, connections among such terms, retweet patterns, the structure of the narrative, and connections to the
geographical space.

Results. The data analysis captures the anatomy of the themes and relations that make up the discussion about vaccination in
Twitter. The results highlight the higher impact of stories contributed by news organizations compared to direct tweets by health
organizations in communicating health-related information. They also capture the structure of the antivaccination narrative and
its terms of reference. Analysis also revealed the relationship between community engagement in Twitter and state policies
regarding child vaccination. Residents of Vermont and Oregon, the two states with the highest rates of non-medical exemption
from school-entry vaccines nationwide, are leading the social media discussion in terms of participation.

Conclusions: Theinterdisciplinary study of health-related debatesin social media across the cyber-physical debate nexus leads
to agreater understanding of public concerns, views, and responses to health-related issues. Further coal escing such capabilities
shows promise towards advancing health communication, thus supporting the design of more effective strategies that take into
account the complex and evolving public views of health issues.

(JMIR Public Health Surveill 2016;2(1):e1) doi:10.2196/publicheslth.5059
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Introduction

The Internet has provided health informatics with a new lens
to study heath-related issues. For example, Internet-based
biosurveillance and digital disease detection approaches have
been used to gain insight into emerging disease threats[1,2]. A
main focus of earlier efforts was placed on identifying the
likelihood of new outbreaks based on observations of increased
mentions of disease-related terms. For example, Google Flu
Trends maps the number of search engine queries about the
word influenza and related terms and predicts emerging
outbreaks as changesin the frequency of such queries[3]. While
those types of approaches have been successfully applied to
tracking and monitoring disease outbreaks, the emergence of
social media enables researchers to move beyond this by
incorporating valuable insights about people’s opinions and
perspectives on health issues.

In this paper, we present a case study that showcases the
emergence of a health narrative from social media content,
focusing on the reaction on Twitter to the recent outbreak of
measles. In the context of this study, we use the term “health
narrative” to refer to the structure of the discussion as it is
observed on Twitter. This structure is characterized by
associations. Associations between words reveal the semantic
composition of the discussion, exposing themes and clusters of
topics, and even term connotations. Associations between cyber
contributions and their corresponding geographical space help
reveal the connection between observationsin the Twittersphere
and current health issues that affect the general public. It hasto
be noted here that the structure of this narrative isimplicit and
emerges from the individual contributions, rather than being
explicit and imposed by a certain authority.

The research objective of this paper is to explore how such
health narrative structure may be discerned from individual
contributions and its value. In order to pursue this goal, we use
the 2015 measl es outbreak asacase study and demonstrate how
narrative elements are extracted from it and how they relate to
the ongoing public debate regarding this issue. We show the
relative impact on this process of different sources of
infformation (namely media and authoritative health
organizations) and highlight the cyber and spatial footprints of
an ongoing debate regarding vaccination.

Social media provide the general public with newfound
mechanisms to receive and contribute information, often in
rea-time. While these communities started off as cyber
curiosities, participation has now reached massive levels. As
of spring 2015, Twitter has nearly 300 million active users
globally, and Facebook hasaremarkable 1.4 billion active users
[4]. According to a survey conducted by the Pew Research
center in late 2014, 58% of all American adults use Facebook,
21% use Instagram, and 19% use Twitter [5]. Accordingly, these
social media platforms are no longer limited to supporting the
simple exchange of messages among friends. They have evolved
to play a formative role in shaping global public opinion on a
broad array of topics, ranging from politics[6] and entertainment
[7] to science [8] and business[9].

http://publichealth.jmir.org/2016/1/el/
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Researchers from the health community realized early the
potential offered by social media to change health-related
communication patterns across the United States and the rest
of the globe [10]. By their nature, socia media represent a
transition from one-to-one health communications between
clinicians and their patients to many-to-many communications
between health care providers, patients, and broader
communities. They also broaden the scope of health discussions,
no longer focusing exclusively on reporting disease outbreaks
but also addressing health care service, with patients sharing
their experiences with various health providers [11].

This transition toward interactive communication presents
opportunities and challenges [12] that exceed those introduced
by the traditional role of the Internet merely as a publicly
accessible repository of information [13-16]. Collective
discourse in social media leads to the formation of a complex
narrative, conveying public views and perceptions.

With major health organizations embracing social media as a
new avenue to communicate (and also harvest) health-related
information to (from) the general public, advancing our
understanding of the patterns of health narrativein social media
isbecoming essential. Terry [17] discussed how the Centersfor
Disease Control and Prevention (CDC) utilized Twitter in the
context of the 2009 HIN1 influenza outbreak. On the same
issue, Chew and Eysenbach [18] studied the use of Twitter
traffic related to HIN1 for real-time content analysis and
knowledge extraction in the context of infodemiology. More
recent studies suggest that such analysis can even be applied
not only to monitor broad epidemics [19], but also to harvest
more personal content, such as reports of adverse reactions to
medication [20,21].

Reflecting the strong potential of social media for health
communication, in 2014 the World Health Organi zation (WHO)
used Twitter to communicate information regarding the Ebola
outbreak in West Africa. However, public opinion is formed
not only as a top-down process (ie, authoritative sources such
as WHO communicating their views to the general public) but
also asabottom-up process (whereby individual usersestablish
circles of influence) [22,23]. These patterns of health narrative
are complex and need to be studied in order to be better
understood.

This paper contributes to this goal by presenting a study of the
narrativein Twitter regarding measlesvaccinationin early 2015,
focusing specifically on the intersection between this narrative
and a grass-roots antivaccination movement. The contributions
of thiswork are the analysis of the data for this particular case
study, as well as the presentation of a broader approach to
analyze such open-source data. Assuch, thisline of inquiry has
the potential to further advance health communications by
improving our understanding of the mechanismsthrough which
information is disseminated in social media.

Methods

Design
The objective of thisanalysiswasto study the Twitter narrative
about vaccination in the aftermath of the 2015 measles outbreak,
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both in terms of its cyber and physical characteristics. Toward
this goal, the Twitter application program interface (API) was
accessed in order to collect tweets between February 1 and
March 9, 2015, using the keyword “vaccination” or its
derivatives that are often encountered in socia media (ie,
“vaccine,” “vaccines,” “vax,” “vaxine” and “vaxx”). These 6
variants of the term vaccination were sel ected following a brief
study of Twitter traffic related to vaccination for a 48-hour
period directly preceding our formal study. In that pre-study,
these five variants were the predominant alternate versions of
the word vaccination, and as such were used together with it
for our subsequent formal study.

Data Collection

The GeoSocial Gauge system prototype was used to collect data
from Twitter using a user-specified set of parameters such as
keywords, locations, and time [24]. This system alows
researchers to retrieve the actual tweet content as well as its
metadata, including information such as user name, timestamp,
and location. The system also performs basic quantitative
analysis of extracted data. A geosocia analytic approach was
used to explore the geographical distribution of tweets as well
as social network properties.

Data Characteristics

Using these keywords, atotal of 669,136 tweetswere collected
from across the globe. Among these tweets, 356,248 tweets
(53.24% of the total) had some type of geolocation associated

Radzikowski et &l

with them, to indicate the location of the user that posted them.
A total of 6266 tweets had geolocation in the form of precise
coordinates, which tends to be as accurate as few metersand is
typically associated with tweets posted from usersthrough their
mobile phones. An additional 351,973 were geolocated at the
level of a toponym reference (ie, at the level of a city or
neighborhood). These patterns of geolocation are consistent
with figures reported from other analyses. More specifically,
the precisely geolocated tweets represented 0.94% (toponym
reference: 52.60%) of the total number of tweets, and broader
studies have reported such precisely geol ocated tweetsto amount
to between 0.5% and 3% of the overal traffic with toponym
references typically ranging from 40-70% [25].

Figure 1 showsthe global distribution of the geolocated tweets
in our data corpus, with 60.18% of them (214,396/356,248)
originating from within the United States. Similarly, over half
(54.69%, 3432/6266) of the precisely geolocated tweets
originated from the United States. Table 1 summarizes the 10
countries contributing the most tweets during that period. Tweets
originating from the United States dominate the data, with a
volume of contribution that is one order of magnitude larger
than that of the second country (Canada), and two orders of
magnitude larger than the rates of the countries that round off
that list. This pattern of distribution of contributions is not
uncommon for Twitter, especially when it is affected by high
profile events (aswasthe 2015 measles outbreak for our study),
which tend to amplify Twitter traffic [26].

Table 1. The 10 countries contributing the highest number of tweets in our data corpus.

Country Tweets (% of geolocated total), n (%)
United States 214,396 (60.18)
Canada 20,039 (5.63)
United Kingdom 15,018 (4.22)
India 9249 (2.60)
Austrdia 8207 (2.30)
Indonesia 2864 (0.80)
France 2492 (0.70)
Pakistan 2448 (0.69)
Germany 2370 (0.67)
Nigeria 2263 (0.63)

Regarding frequency of contributions, our data reflect a global
average of just over 18,000 tweetsdaily, or morethan 750 tweets
hourly (5794 geol ocated tweets originating daily from the United
States); 272,795 distinct users contributed the tweet corpus.
While this would indicate an average of 2.45 tweets on the
subject per user, participation in socia media deviates from a
normal distribution and instead tends to follow power law
patterns[27]: alarge number of userstweet infrequently, while

http://publichealth.jmir.org/2016/1/el/

a small number of them are very prolific. This behavior is
consistent with observed blogosphere characteristics [28] and
is comparable to behavioral patterns observed in online forums
[29]. In the data corpus, the median number of vaccine-related
tweets per user was 5, while the three most active users
contributed more than 1000 tweets each. Six of the 10 most
prolific authors are notable antivaccination advocates (account
handles are not reported here for privacy considerations).
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Figure 1. Global distribution of tweetsin our data corpus.

Analysis Objectives

Our primary objective was to assess the characteristics of the
vaccination narrative in cyber and physical spaces. Toward this
goal, our study assesses the characteristics of discussion terms
that comprise the narrative in Twitter and of the communities
that were involved in this discussion. Figure 2 summarizes our
approach. We start with a selection of search parameters, which
aretypically aset of keywords and potential geographical areas
of interest. Using these parameters, we access the Twitter API
for datacollection, harvesting tweets that include these keywords
and originate from the area of interest. These tweets are then
analyzed to extract terms and patterns that reveal the narrative
structure. This structure comprises three dimensions. text,
retweeting patterns, and spatial patterns.

Regarding text analysis, weidentify dominant termsand popular
hashtags, as well as their associations in the form of
co-occurrences. Terms and hashtags serve as the equivalent of
keywords for the overal narrative: they reflect the topics that
are considered relevant and important by the genera public.
Their associations reveal the thematic components of the
narrative structure, in the form of subthemes and contextual
connotations, as they emerge from the crowd. Regarding
communication patterns asthey are revealed through retweeting,
our primary objectiveisto assess the impact of various sources
of information, contrasting diverse types of authoritative content
(eg, health organizations and official news organizations) and
grass-roots campaign arguments (with the antivaccination
community views serving as a prototypical example). We are
aso interested in assessing the spatiad patterns of
communications by studying the locations from which these
contributions are being made to social media. Thisallowsusto
gain insights on the debate in cyberspace as well as the

http://publichealth.jmir.org/2016/1/el/
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connection between cyber and physical communities, and
consequently between the ongoing community debates across
the continental United States regarding vaccination.

Results

Dominant Terms

Given the design of the data collection process, all of the tweets
inthe data corpusfor thisanalysisincluded the word vaccination
or one of its derivatives. Figure 3 shows a word cloud
visualization of the 75 most frequently encountered terms in
the data corpus, in order to provide a general overview of the
dominant narrative terms. The word cloud excludes the search
words vaccine and vaccination becausetheir very high frequency
(appearing in 279,684 and 123,342 tweets respectively) would
make all other data dwarf. The word cloud also excludes stop
words (ie, articles, prepositions, and common verbs), as such
wordsarecommonto al discussionsand thereforelack semantic
significance. In the word cloud, the relative size of each word
is proportional to its frequency, where wordsin larger font are
the ones more often encountered in the data corpus. In theword
cloud, hashtags are treated as distinct words. For example,
measles and #measles are considered as two separate terms. A
hashtag reference indicates a stronger emphasis on the word,
rather than the simple reference to it within the tweet text [30],
so these terms have distinct uses within the Twitter discussion.

Table 2 lists the 10 most frequently encountered health-related
terms in the data corpus. The list excludes vaccination and its
various derivative forms, stop words as defined above, and
common words such as new, now, people and against. The
overall number of mentionsislisted, along with the percentage
of tweetsin which each term was present.
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Figure2. A summary of our approach.
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Table 2. Ten most frequently encountered health-related termsin the data corpus.

Term Mentions (frequency)
measles (and #measles) 82,179 (12.28%)
#cdewhistl ebl ower 27,876 (4.17%)
Ebola 26,273 (3.93%)
flu 22,429 (3.35%)
HPV 19,253 (2.92%)
polio 16,749 (2.50%)
health 15,546 (2.32%)
MMR 14,777 (2.21%)
#healthfreedom 10,356 (1.55%)
autism 10,101 (1.51%)

M ead eswasthe most common term encountered i n these tweets
about vaccination, which is expected given that these datawere
collected during the US measles outbreak in early 2015.
Furthermore, Ebolaand HPV (human papillomavirus) are also
encountered among the top terms associ ated with the discussion,
reflecting the general interest in the media regarding
vaccinations for them during that period.

http://publichealth.jmir.org/2016/1/el/

XSL-FO

RenderX

It is interesting to observe that the second most popular term
was #cdewhistleblower, which emerged in August 2014 as a
quick identifier to the antivaccination community of messages
aligned with antivaccination views. Thisterm did not originate
from aformal organization, but instead it isonethat has emerged
from an online advocacy community as ameansto consolidate
its views and promote its perspectives. In contrast, references
to official health organizations were uncommon. For example,
CDC had only 9611 mentionsin the data corpus, making it the
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47" most popular term, while WHO and NIH (National Institutes
of Health) had only 351 and 330 mentions respectively and
were not within the top 2000 terms in the data corpus.
Accordingly, the data indicated that a bottom-up campaign

Radzikowski et &l

(represented by #cdewhistleblower) far outwel ghed the presence
of official sources such as the top-down efforts of CDC and
WHO. This pattern is indicative of the complex notion of
authority in the information dissemination landscape of social
media.

Figure 3. Word cloud of the 75 terms most frequently encountered in Twitter in the context of the vaccination study.
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Communication Patterns: Retweeting

Among the 669,136 tweets, 296,223 were retweets (and
conversely, 372,913 were origina tweets). These retweets
account for 44.27% of the overall data corpus (42.20% within
the United States and 45.25% overseas). This is substantially
higher than reported figuresregarding retweet activity in Twitter
overal, whereby retweets typically account for only 30% of
overall Twitter traffic [31]. Such increased retweeting patterns
are comparable to ones observed in studies of Twitter traffic
during elections [32], which showed that highly opinionated
users tend to retweet more than their less opinionated

Textbox 1. The five most retweeted messages.

counterparts. Vaccination appearsto bea“political” or partisan
topic among Twitter uses, and high levels of retweeting activity
may reflect high levels of activism among the participants.

Retweeting is part of the process of community formation and
information dissemination in Twitter [33]. Similar to the patterns
of participation, the pattern of retweeting has been shown to be
highly skewed [34], with the large mgjority of tweetsreceiving
oneto two retweets each and very few receiving high numbers.
The data corpus was consistent with this pattern, with amedian
number of 1 retweet per tweet, and a maximum value of 3399
retweets of asingle tweet (see Textbox 1).

data corpus)

(2899 retweets)

(2002 retweets)

1: “The Disneyland Measles Outbreak Is A Turning Point In The Vaccine Wars http://t.co/gHVBxyvDMF via @usernamel” (3399 retweets in the
2: “@username2 @username3 Parents can delay timing of vaxx if they want more time between shots. Should be done by time they enter school.”
3. RT @usernamed: Anti-vax dad is cool with his kid fatally infecting others, also blames leukemia on vaccines. http://t.co/XuSkaK 9SdQ http:/...”

4. RT @usernameb: Vaccination isn't a private choice but a civic obligation.”

5. RT @username6: Vaccination rate at Google's and Pixar's daycare is less than 50% http://t.co/6GFxs6V DI2 http:/...

Frx*** A right. http://t.co/pNj5w7fpot” (1630 retweets)
" (1604 retweets)

Four of these five tweets were about news stories: the first was
areference to a Forbes magazine article published on February
4, 2015; thethird referred to aCNN story published on February
2; the fourth to a New York Times op-ed feature published on
February 7; and the fifth to a Wired article published on
February 11. (Note that some user names and referencesto some
Web links were anonymized in order to protect privacy.) In
contrast, the most-retweeted tweet originating from @CDCGov
(the Twitter handle of CDC) during that period was “How

http://publichealth.jmir.org/2016/1/el/
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effective isvaccine against measles? 1 MMR vax doseis~93%
effective at preventing #meades if exposed; 2 doses are ~97%
effective” This was posted on February 9 and was retweeted
182 times during our study period. The average and median
retweets per vaccination-related CDC tweet during our study
period were 27.9 and 1 respectively.

These statistics suggest that news storiesfrom mainstream media
have a substantial impact on health-related socia media
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narrativesaswell. Thisisin contrast to official health agencies,
which do not appear to have the ability to directly drive these
conversations. The importance for the general public of news
stories about health issues has been shown before [35], and our
dataindicate that thisholdsfor social mediaaswell. Thisfinding
is in line with other reports [36] that also observed similar
patterns in the Netherlands in 2013. Accordingly, an argument
is emerging that using such stories to reach the general public
offers the potential of higher impact in comparison to direct
communications by authoritative official health organizations.

Communication Patterns; Narrative Structure

The association between words in the data corpus provides
additional insights that go beyond mere frequencies. Figure 4
isavisualization of hashtag co-occurrencesin tweets. The most
frequently encountered hashtagsin the data are shown as nodes,
with the size of the nodes proportional to their frequencies. The
connections between these nodes reflect the frequency of
hashtag co-occurrence within single tweets. Every time two
hashtags appear together in a single tweet, a connection is
established between them. Thicker connecting lines correspond
to more frequent co-appearances.

Figure 4 shows how the patterns of co-occurrence of the most
popular hashtags can be grouped into four different narrative
sets through the application of the Louvain method [37]. We
used the Louvain method because it is a data-driven,
unsupervised community detection algorithm. As such, this
approach does not require an a priori selection of the number
of communities (clusters), instead this number emergesthrough
an optimization process. Therefore, it eliminates potential
perceptual biases, to maintain a data-driven approach to
analyzing these public contributions.

As hashtags have an elevated semantic meaning compared to
other words in atweet, their co-occurrence has been shown to
be an important indicator of the sentiment of the crowd [38].
This finding can be extended by arguing that these
co-occurrences reflect the contextual association of the
corresponding topics/issues by the authors. Accordingly, hashtag
co-occurrences reveal the structure of the narrative by showing
the distinct themes (as clustered associations of hashtags) that
are present in the data corpus. More specifically, the Louvain
clustering revealed four communities of words that can be
considered distinguishable among our data (see Figure 4). In
thisfigure, the color of anode corresponds to its cluster.

Through this clustering shown in Figure 4, we are able to
identify the four key thematic dimensions that characterize the
public views of theissue. The blue nodes focus on the palitical
aspects of the vaccination, grouping hashtags such as#vaccines,
#gmao, #bigpharma, #news, #obama, #gop, and #tcot (standing
for “top conservatives on twitter”). The green nodes connect
#vaccine to less overtly political, and more health-oriented
issues like #cdewhistleblower, #mmr, and #autism. The light
brown nodes show the narrative cluster reflecting the
anti-antivaccination activism, which uses polio (#polio) as an
argument in support of vaccination practice (#vaccineswork).
The red nodes for HPV and cancer represent a conversation
occurring outside the measles epidemic that also touches on
vaccine themes.

http://publichealth.jmir.org/2016/1/el/
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Links among nodes in Figure 4 indicate how frequently terms
co-occur in the data corpus. The strongest link in Figure 4 is
for the co-occurrence between #vaccine and #meades, which
is expected given that the target dates were selected to capture
reactions to a measles outbreak linked to under-vaccination.
Taking this co-occurrence as having a strength of 1.00, the
second strongest co-occurrence is between #vaccine and
#edewhistleblower (with a strength of 0.64), followed by
#vaccine and #autism (0.62), #vaccination and #measles (0.53),
and #vaccines and #gmo (0.43).

Theinformation that isgained from such an analysisisprimarily
an explicit view of how the public associates different topicsin
its communications, and as such exposes the meta-meaning of
these terms. Some of that information may be expected: it is
not surprising that measles and vaccine are indeed highly
connected in our data. Nevertheless, it is the ensemble of
connectionsthat carries high observational value. For example,
observing that the antivaccination views (reflected here through
the term #cdcwhistleblower) are clustered within the main
health-oriented discussion (green nodes) rather than as a
peripheral activist debate topic (brown nodes) showsthe success
of agrass-roots campaign that has brought thisissue to broader
view in the context of vaccination. Similarly, the fact that Ebola
was clustered within the same green group as measles, and not
together with HPV and cancer al so signifiesthe semantic affinity
that the general public assigns to two infectious diseases that
were recently subjects to outbreaks. The data-driven Louvain
approach for clustering is highly suitable for that purpose, asit
allows usto derive these associations directly and agnostically,
unlike for example atop-down thematic approach (eg, k-means
clustering) where such information would have been kept
separate under the general term of “other diseases”

While Figure 4 shows ahigh-level representation of the themes
of the Twitter narrative and some connections among them, the
inherently hierarchical structure of this narrative enablesfurther
analysis. Figure 5 shows a finer resolution view of the
#edewhistleblower cluster that was represented as asingle node
in the hashtag network of Figure 4. Figure 5 uses the same
visualization principles as Figure 4: node sizes reflect the
frequency of the corresponding hashtag, connections reflect
co-occurrence, and the widths of connecting lines represents
the frequency of co-occurrences.

The top 10 hashtags associated with #cdcdwhistleblower are
shownin Table 3. Thefirst column liststhe hashtag itself, while
the second column lists the number of times that each hashtag
co-occurred with #cdcwhistleblower in the data corpus. The
widths of the links among terms in Figure 5 are directly
proportional to these numbers. In order to better communicate
the level of association among these terms, column 3 of Table
3 lists the percentage of these co-occurrences relative to the
overal presence of a particular hashtag. It expresses the ratio
of column two over the total number of occurrences of this
hashtag in the entire data corpus. This percentage isreferred to
as the “level of affiliation with #cdcwhistleblower” For
example, #bllessisencountered 2371 timesin the same tweets
as #cdewhistleblower, corresponding to 51.48% of all of the
tweets in the vaccination data corpus that use the term #blless.
As such, it can be considered as a term with a very high
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affiliation to the #cdcwhistleblower movement. The same
argument can be made for hashtags like #nomandates or
#edefraud (34.08% and 31.72% respectively). In contrast,
#autism, while having a strong presence within the
#edewhistleblower community (it was encountered 1215 times
in conjunction with #cdewhistleblower) is not exclusive to that
discussion, as only 8.97% of its encounters are affiliated with
it. These pairwise association strengths communicate the level
to which certain arguments are aligned in the context of this
health-related argument. Such data analysis processes
progressively reveal the complex structure of the health-related
narrative in social media, which is essential knowledge in the
quest for more effective health communication campaigns.

From Cyber to Geographical Space

While these social mediainteractions take placein cyberspace,
the communities that participate in them have definitive
footprints in the physical space. Accordingly, assessing the
geographical patterns of involvement in this discussion provides
greater understanding of the motivating factors behind this
process. In order to study this, the geolocated tweets from the
data corpus were mapped to explore spatia patterns.

Radzikowski et &l

Figure 6 shows maps of the frequency of tweets mentioning
severa key terms in the data corpus, aggregated by state. In
order to make the data comparable across states, they were
normalized by population. The number of tweets originated
from within each state were divided by the state population in
order to capture the rate of tweets per 10,000 residentsfor each
state. The top left figure communicates the degree of
participation in the vaccination debate, expressed as levels of
normalized tweets per state. The top right map shows the
corresponding metric for references to autism, the bottom left
map shows frequency of references to measles, and the bottom
right map shows referencesto #cdcwhistleblower. 1n these maps,
the level of participation is visualized by a color scale, ranging
from dark red (highest participation) to light yellow (lowest).
The lowest number of tweets per capita (light yellow in top | eft
map) was 1 tweet per 4527 persons in Michigan, the highest
rate was 1 tweet per 817 persons in Vermont, and the median
was 1 tweet per 1766 residents. Table 4 presents the top five
participating states per topic. Participation is expressed in terms
of “1 tweet per X persons,” so lower denominatorsreflect higher
levels participation.

Figure 4. Hashtag associations: clustering based on co-occurrences of hashtags in individual tweets.
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Table 3. Levels of association of the hashtags most frequently encountered in conjunction with #cdcwhistleblower.

Radzikowski et &l

Hashtag Co-occurrences with #cdcwhistleblower, n Level of affiliation with #cdcwhistleblower, %
#blless 2371 51.48
#vaccine 2306 441
#hearthiswell 1686 37.65
#autism 1215 8.97
#vaccines 1123 4.01
#measles 1085 421
#blacklivesmatter 960 46.13
#nomandates 779 34.08
#vaccineinjury 699 33.10
#cdcfraud 623 31.72
#breakabillion 421 49.36
Figure5. A finer resolution view of the #cdcwhistleblower cluster of Figure 4.
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Table 4. Highest levels of participation per state per topic.
Vaccination Autism Measles CDC whistleblower
State Participation State Participation State Participation State Participation
VT 1lin817 OR 1in22,410 OR 1in 6330 VT 1in20,194
OR 1in 849 VT 1in 24,077 VT 1in 6660 OR 1in 20,204
WI 1in 1100 Wi 1in 33,100 MS 1in 8268 Wi 1in24,162
NY 1in1270 MS 1in 34,309 NY 1in 8892 Wy 1in 26,201
OK 1in1329 OK 1in 36,332 OK 1in 8955 KY 1in27,378
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Two states stand out for high levels of involvement: Oregon
and Vermont, which are the two states with the highest rates of
religious and philosophical exemption from school-entry
vaccines nationwide (6.5% and 5.7%, respectively) [39].
Residents of these states are clearly engaging in strong ongoing
debates about vaccination that are visible in the partisanship of
their social media posts.

We further studied retweeting patternsin order to differentiate
between influencersand amplifiersin social media. Influencers
are userswhose tweets are the most retweeted and as such have
a higher impact on the social media community. Vermont and
Oregon lead in influence for the terms vaccination and measles

Radzikowski et &l

(they are the origins of the most retweeted content), which is
consistent with the overall traffic data that we have presented
in Figure 6 and Table 3. When it comes to autism and
#cdewnhistleblower though, while Oregon remains strong, Ohio
and lllinois are the two states that follow. Wisconsin, which
also features prominently in the levels of participation (Table
4) is emerging as the leading message amplification hotspot,
the state that contributesto the dial ogue primarily by retweeting
other messages. Mississippi and lowa serve the same role for
measles (MS), and autism and #cdcwhistleblower (IA). This
allows us to differentiate the role of different communities,
separating ones where the messageisformed (influencers) from
those where the message is amplified.

Figure 6. Geographical patterns of participation in the vaccination debate in social media across the contiguous United States.
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Discussion

Principal Results

This quantitative study of Twitter discourse showed how social
media can be used to study public perceptions of health-related
issues. The anatomy of the themes and relations that make up
thisdiscussion accurately reflected the major public health news
items of the day. The data suggest that the socia media
discourse regarding vaccination reflects a high level of
partisanship and ardor (which are typically associated with
polarization) among the involved community.

During the observation period in early 2015, references to
measl es dominated vaccination-related traffic. Preliminary tests
of Ebola candidate vaccines and the release of a high-profile
research report regarding HPV vaccination were matched by
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the strong presence of such terms in the data corpus and the
corresponding vaccination narrative (Figure 3 and Table 2).
Accordingly, our data indicate that the perceived importance
for the general public of news stories about health issues also
holds for social media as well: news stories drive public
participation. Thisisanimportant finding for health information
communication in the emerging age of social media, which is
becoming only more important if we also consider the weak
standing of official health organizations in this emerging
landscape. The most popular retweets made referencesto articles
published online by major media outlets. However, official
public health agencies, such as the CDC, were not as strongly
featured in the narrative.

These observations are indicative of the complex notion of
authority in the information dissemination landscape of social
media. In this particular case, a bottom-up campaign
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(represented by #cdewhistleblower) appearsto far outweigh the
impact of authoritative sources such as the top-down efforts of
CDC and WHO. Thesefindings highlight theinherent bottom-up
nature of social mediacommunications and the strong potential
of such campaigns to support grass-roots activism (eg, [40]).
At the same time, the findings highlight the fact that
governmental agencies might find that mainstream media
coverage of key health issues is more effective at reaching
diverse online communities than direct outreach from
authorities. This appears to be counter-intuitive at first, with an
indirect approach being more effective than adirect one. But it
is substantiated once we consider the fact that social capital is
a great commodity in social media, and news organizations
clearly outweigh the presence of government organizationsin
that aspect. Until thisdifferenceis addressed, our study suggests
that it would be advisable to combine such news features with
official Twitter posts by government agencies in order to
improve health communications.

These same agencies may find social media analysis to be
invaluable for providing insights about how popular health
narratives are being shaped, as a better understanding of public
perception of heath issues can lead to more effective
communication strategies. The data analysis showed how the
narrative can be broken down into subtopics, ranging from
politicsand policy to specific health issues (Figure 4), exposing
the substructure of this narrative. It also captured the
associations among terms (Figure 5 and Table 3) to reveal how
individual terms form higher level subnarratives. Detailed
analysisof the narrative around #cdcwhi stlebl ower showed how
certaintermsare highly affiliated with it, to form aspecific code
language for a grass-roots antivaccination dialogue.

A projection of this cyberspace dialogue onto the geographical
space (Figure 6) showsthat the two states with the highest rates
of exemption from mandatory child school-entry vaccines had
notably higher rates of engagement in the vaccination discourse
on Twitter. This illustrated the spatial nature of online
communities, even though they exist in cyberspace. Projecting
social mediatraffic patterns to the corresponding geographical
space provides new insights on where particular health issues
are hot topics. Such information can therefore be used to devise
more targeted awareness campaigns.

While this study has addressed the issue of vaccination in the
context of the 2015 measles outbreak, the methodology
presented herein is generalizable and could be applied to the
study of any healthissuethat elicits participation in social media.
While doing so, we need to remain aware of the fact that public
views and opinions are shaped and re-shaped over time, in
response to seminal events, or as aresult of an ongoing public
debate. Accordingly, while the results of our analysis address
the discussion at a specific time period, alongitudinal study of
the narrative over time would enhance our understanding of the
subject and its multiple societal dimensions.

Limitations

Arguably the two key limitation considerati ons associated with
the analysis of social mediarelate to the degree to which social
media demographics are reflective of the overall community
and to the privacy issues behind such analysis.

http://publichealth.jmir.org/2016/1/el/
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The demographic profiles of social media users have been
evolving, as participation in such platforms has moved well
past the point of being a niche practice to become globally
adopted. A recent Pew study [41] indicates that while overall
approximately three out of four Internet users in the United
States are active in social media, there is a certain age bias.
More specifically, there is stronger participation in the 18-49
age group (on average 85%) compared to the 50-64 (65%) and
65+ (49%) age groups. Accordingly, in the context of health
informatics, when analyzing such data of certain diseases that
have a strong demographic profile associated with them, a
certain bias may be introduced [19]. Similarly, when studying
participation on a global scale, one needs to account for
participation variations across different countries and continents.
In our study, considering that our regional analysis focused on
the United States and that there are no particular demographic
profile dataassociated with the discussion regarding vaccination,
an adjustment for age groups would be of little value. If we are
to assumethat the participantsin thisdiscussion are most likely
parents of vaccination-age kids and parents of kids who are at
risk of infection in a measles outbreak, their majority would
most likely fall in the 18-49 age group, corresponding to the
highest levels of participation in social media. Subseguent
studies of the demographic profiles of individuals who
participate in this ongoing debate in the real world would be
beneficial for future analyses. Similarly, adjustments for
different age groups would also be very appropriate for studies
of other health issues, especially ones where the affected
communities are highly skewed age-wise.

While social media demographics are expected to become less
of an issue in the future, as the adoption of such technologies
becomes even more prevalent, the issue of privacy is a topic
that will affect such studies. While we are pursuing these
newfound opportunities, we have to remain cognizant of the
associated privacy issues, in order to ensure the proper use of
this public domain information. This challenge exceeds the
simple anonymization of such data. A variety of private
attributes can easily be reveaed through the integrative analysis
of multiple datasets, and revealing the identity of social network
contributors who may have opted to keep it secret is feasible
[42]. The availability of geolocation information further
enhancesthese concerns, as studies have shown that the analysis
of human mability data (eg, cell phonetracks) allowsthe unique
identification of individuals by using as few as four
spatiotemporal points in these trajectories, even when coarse
geolocation information is made available [43]. Accordingly,
the broad range of information that is communicated through
social media, an aggregate of location, social connections, and
personal views, isaccentuating the need for better multi-source
anonymization solutions.

Comparison With Prior Work

Quantitative studies of the patterns and mechanisms of
health-related communication in social mediahave the potential
to yield valuable and actionable information about how health
knowledge, attitudes, and beliefs are shaped. Our paper is
making a contribution toward this goal by presenting a case
study and components of a broader emerging analysis
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framework, pursuing discernible patterns of this narrative across
the cyber-physical nexus.

This emerging research direction is still in its early stages, and
only recently some studies have examined attitudes about
vaccination in social media. Salathé and Khandelwai [44]
studied Twitter content to assess the level of polarization
between supporters and opponents of swine flu (HIN1)
vaccination, in the broader context of digital epidemiology [45].
Their study focused on sentiment analysis and assessed
information flow in social networks by studying follower
patterns (rather than retweets, which wasthe casein our study).
This showed the high level of polarization in such exchanges,
with Twitter users tending to follow other users who share the
same sentiments on thetopic. Kaptein et al [46] analyzed adata
corpus of 12,500 tweets related to the discussion about HPV
vaccination in the Netherlands and showed that health-related
discussions on Twitter do not drift to other topics. Comparable
polarization patterns were observed in astudy of Twitter traffic
related to a scheduled vote in Chicago on the regulation of
electronic cigarettesby Harriset al [47]. Thiswasasmall scale
study of 683 tweets of ahighly localized event.

Odlum and Yoon [48] studied the use of social media during
the 2014 Ebola outbreak, using a set of 42,236 tweetsto assess
the potential benefits of using social media as a real-time
outbreak tracking tool. Toward the same goal, Gurman and
Ellenberger [49] studied 2616 tweets in the aftermath of the
2010 Haiti earthquake. These preliminary studies further
highlight the potential utility of quantitative studies of social
media content and health communication.

Our work advances this state-of-the-art by contributing an
additional case study that addresses the attitude toward
vaccination in the context of adisease outbreak and by pursuing
this study as a complex cyber-physical narrative. The term
“narrative” is broad in its nature and has been used in the past
in the context of health information (eg, alinguistic analysis of
YouTube contributions regarding cancer stories [50]). In the
context of this study, we position narrative at the intersection
of linguistic, social, and geographical networks. Toward that
goal, we analyzed text content, spatial patterns of contributions,
and retweet patterns. We focused on retweet activities rather
than follow patterns, as retweets tend to be more dynamic. As
such, retweet patterns can reveal actual impact rather than
potential impact (which isthe casewith follow patternsin social
media). For example, @CDCgov has almost half a million
followers, but we observed that the actual impact of its tweets
israther limited. Earlier studies[51] had indicated the need for
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a more strategic approach by health organizations to manage
information dissemination. Our work builds on this observation
to show the great val ue of employing news storiesto disseminate
such information, rather than relying on the direct connection
between health organizations and the public. Accordingly, an
indirect dissemination avenue (from health organizationsto the
public through news stories) appears to be more effective than
a direct alternative (from health organizations to the public
directly).

Furthermore, our paper shows the value of studying this
discourse on Twitter as a complex narrative, whereby word
associations and the connections between cyber and physical
communitiesreveal the public's connotations of key issuesand
actors and the driving forces behind this participation. The fact
that we observe strong level s of participation in the social media
discourse from states where there is an ongoing debate on
vaccination shows the strength of the connections that link the
cyber to the physical domains. Examining such connections
enables a more comprehensive study of the mechanisms that
driveinformation dissemination and opinion formation in social
media. Such findings can be used to design better awareness
campaigns and to improve our ability to harvest actionable
knowledge from social media data.

Conclusions

The cyber-physical debate nexus, which connects the cyber
narrative in social media to the corresponding geographical
space, allows the study of the public’s concerns, views, and
responses to health-related issues and thus offers a new avenue
for exploring health narratives. As these new mechanisms of
discourse are emerging, heath communications and health
informatics have to adapt to these newfound capabilities and
challenges. Advancing our understanding of the mechanisms
and patterns of communication in these media is therefore
becoming increasingly important. Toward this goal, this study
showcased emerging dataanalysis approaches. These approaches
are inherently interdisciplinary, bringing together principles
and practices from health informatics, data anaytics, and
geographical analysis. Further coal escing such capabilitieswill
advance health communication, supporting the design of more
effective strategies that take into account public perceptions
and concerns. At the same time, we need to remain cognizant
of privacy issues associated with the nature of social media
communications. Studying the narrative rather than the
individuals and aggregating data in geographical spaces can
maintain the relevance of the analysis while also preserving
user anonymity.
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Abstract

Background: Former Detroit Red Wing Gordie Howe received stem cell (SC) treatment in Mexico in December 2014 for a
stroke he suffered in October 2014. The news about his positive response to the SC treatment prompted discussion on social
networks like Twitter.

Objective: Thisstudy aims to provide information about discussions that took place on Twitter regarding Howe's SC treatment
and SC treatment in general. In particular, this study examines whether tweets portrayed a positive or negative attitude towards
Howe's SC treatment, whether or not tweets mention that the treatment is unproven, and whether the tweets mention risks
associated with the SC treatment.

Methods: Thisisaninfodemiology study, harnessing big data published on the Internet for public health research and analysis
of public engagement. A corpus of 2783 tweets about Howe's SC treatment was compiled using a program that collected
English-language tweets from December 19, 2014 at 00:00 to February 7, 2015 at 00:00. A content analysis of the corpus was
conducted using a coding framework developed through a two-stage process.

Results: 78.87% (2195/2783) of tweets mentioned improvements to Howe's health. Only one tweet explicitly mentioned that
Howe's SC treatment was unproven, and 3 tweets warned that direct-to-consumer SC treatments lacked scientific evidence. In
addition, 10.31% (287/2783) of tweets mentioned challenges with SC treatment that have been raised by scientists and researchers,
and 3.70% (103/2783) of tweets either defined Howe as a“ stem cell tourist” or claimed that histreatment was part of “stem cell
tourism”. In general, 71.79% (1998/2783) of tweets portrayed a positive attitude towards Howe's SC treatment.

Conclusions: Our study found the responses to Howe's treatment on Twitter to be overwhelmingly positive. There was far less
attention paid to the lack of scientific evidence regarding the efficacy of the treatment. Unbalanced and uncritical discussion on
Twitter regarding SC treatments is another example of inaccurate representations of SC treatments that may create unrealistic
expectations that will facilitate the market for unproven stem cell therapies.

(JMIR Public Health Surveill 2016;2(1):€8) doi:10.2196/publichealth.5264

KEYWORDS
Gordie Howe; stem cell treatment; stem cell tourism; socia network; Twitter; infodemiology; infoveillance

community. With continued developmentsin basic SC research,
the potential for clinical application of SCshasgenerated agreat

Over the past few decades, stem cell (SC) research has gained deal of hope for therapies and treatments for a wide range of
considerable attention from the international bioscience 0iSeases, including neurodegenerative diseases and fatdl illnesses
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that cannot be treated with existing medical treatments [1,2].
To date, very few SC therapies have received approval from
governmental regulatory authoritiesin countrieslike the United
States and Canada [3]. Despite this, many direct-to-consumer
clinics exist in countries throughout the world that offer
unproven SC therapies (eg, United States, China, and Ukraine)
[4-8]. Research has suggested that many patients, often with
serious and/or terminal conditions, travel to these clinics to
receive SC therapies, a phenomenon that is often referred to,
controversialy, as“stem cell tourism” [9-12].

Stories about well-known individuals, such as athletes, seeking
unproven SC treatmentsto heal injuries or accel erate the speed
of recovery, have proliferated in recent years[13,14]. One study,
for instance revealed that between 2012 and 2013 numerous
National Football League (NFL) players claimed to have
received SC therapies in the United States or abroad (eg,
Germany and South Korea) [14]. A more recent high-profile
example is that of Gordie Howe, a former Detroit Red Wing
hockey player nicknamed “Mr. Hockey”. In December 2014,
Howetraveled outside the United Statesto receive SC treatment
in Mexico for a stroke he suffered on October 26, 2014 [15].
The news release about Howe's positive response to the SC
treatment attracted a great amount of attention in the news and
sports media, and on social networks. A study of news stories
and readers' comments about Howe's SC treatment revealed
that the efficacy of Howe's treatment is often assumed and that
public debates tend to focus on the lack of access to SC
treatments more than the lack of scientific evidence and possible
risks associated with the unproven therapies [16].

Popular media are an important source of health information
for the public and can both shape and reflect public opinion of
major health stories [17-21]. Media coverage has also been
shown to play a role in creating public interest in new
biomedical technologies[6,22,23], and influencing health policy
debates [24]. More recently, socia networking websites that
facilitate online interaction and communication, like Twitter,
have allowed for rapid and widespread dissemination of
important health information [25-27]. Twitter users can post,
share or re-tweet messages with a 140-word limit to express
their opinions and join the public debate. With more than 300
million users, Twitter offers arich source of online discussion
and debate between users that include individual members of
the public and organizations from news media to academic
ingtitutions. As such, it provides arich source naturalistic data
to gauge health trends and public responses to major health
issues [28,29]. This approach is aso known as infodemiol ogy
or infoveillance [29]. In addition, celebrities’ engagement with
the public through the popular media, aswell astheinformation
shared on socia networking sites, can influence individual
health-related attitudes and behaviors [30,31]. Research using
Twitter may belimited because usersinclude both organizations,
who may have vested interests, and individuals, commonly
college-educated adults under the age of 50 [25], but it can still
provide valuable insights into what kind of information the
public are exposed to and interact with.

Although popular media, including Twitter, have been shown
to contribute to the hype surrounding stem cell research
[16,32-33], lessisknown about whether discussions on Twitter

http://publichealth.jmir.org/2016/1/e8/

Duetd

about a specific individual’'s SC treatment also contributes to
this hype. Howe's SC treatment and its concomitant Twitter
discussions provide the opportunity for exploring this topic,
specifically discussions about an individual’s SC treatment on
Twitter when such treatments are associated with a sports
celebrity. This study consists of a content analysis of tweets
about Howe's SC treatment that were posted within five weeks
after news of his treatment was announced, and examines the
information provided in and the tone of tweets about Howe's
SC treatment in Mexico.

Methods

A corpus of tweets was compiled by developing a program
using Python programming language through Topsy API that
allowed for the collection of tweets that contain specific terms
within a specified time frame [34]. We used the Topsy API
program because it is Twitter’s only certified partner and it
provides unlimited access to and full coverage of tweets since
Twitter was launched in 2006. Our program was developed to
automatically crawl English-language tweets containing the
search terms “ Gordie Howe” and “stem cell” that were posted
on Twitter from December 19, 2014 at 00:00, the date that the
story first appeared in the media, to February 7, 2015 at 00:00,
thetime when we started data collection. We limited our search
terms to compile a manageable sample of tweets. As such, our
corpus may not contain related tweets with variations on the
terms, but still represents a large sample that provides insight
into the nature of the discussions about Gordie Howe's stem
cell treatment in Mexico. The program collected 2788 tweets
that included the date and time, tweet content, tweet URL, its
author, and author URL. We excluded 5 tweets that were not
directly and specifically related to Howe's SC treatment story,
resulting in afinal data set of 2783 tweets.

A content analysis of the tweets was conducted in two stages.
First, we conducted an exploratory thematic analysis of a
random sample of 10% of tweets from the data set by which
we established a set of common themes (eg, improvements of
Howe's condition, risks associated with Howe' s treatment) that
appeared in the representations of Howe's SC treatment story
on Twitter. Second, we developed a coding framework that was
based on the common themes that emerged during the
exploratory thematic analysis. The coding framework was also
informed by previous coding frameworks developed by our
team [35-37]. The coding framework included 7 items about
whether tweets (1) included aclaim that Howe' shealth condition
improved; (2) mentioned that Howe's SC treatment is unproven;
(3) defined the treatment as a miracle or miraculous; (4)
mentioned or defined Howe's treatment as part of SC tourism,
(5) mentioned challengesraised by scientists, researchers, and/or
ethicists, and (6) mentioned risks associated with Howe's SC
intervention. Finally, the coding framework included an item
that considered the overall tone, which assessed whether the
attitude conveyed in atweet towards Howe's SC treatment was
positive, negative or neutral.

Due to the large data set, a single coder with expertise in stem
cell tourism applied the coding framework to the entire data set.
In order to minimize coder bias for subjective items in the
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coding framework, an independent coder without expertise
applied the same coding framework to 10% of the data set to
assess inter-coder reliability. Inter-coder reliability was
calculated using Cohen’s kappa (K), which generated K scores
on different coding categories in the range of 0.750-1.000,
thereby indicating substantial or almost perfect agreement as
based onthe Landis & Koch's benchmark for interpreting kappa
[38].

Results

In the first five weeks following the announcement about
Howe's SC treatment, much of the discussion on Twitter appears

Duetd

to have been prompted by the publication of news mediareports.
A press release announcing Howe's SC treatment and recovery
was published on December 19, 2014, and was picked up by
several news mediaoutlets that same day [16,39-42]. Over 710
tweets from our corpus were posted on that day. Following the
initial interest, another spike in published tweetsin our corpus
(419 tweets) appeared on January 27, 2015 in response to the
CBC Sports report that Howe showed dramatic improvement
after his SC treatment. Tweets that generated re-tweets or were
shared were often article titles published in media sources like
newspapers and sports websites, with fewer original tweets
coming from individuals (Tables 1 and 2).

Table 1. Examples of the most frequently re-tweeted messages that show positive attitude towards Howe's SC treatment.

Number of times re-

Tweets Original sender tweeted or shared®
Gordie Howe makes “amazing” recovery following stem cell treatmentin ~ NBC Sports 188
Mexico

Gordie Howe shows improvement after stem cell treatment CBC Sports 157
VIDEQ: Stroke victim Gordie Howe, now (back) playing hockey! Stem Cell Keith Olbermann 68
Co. CEO joins me (Clinical Trials website)

Gordie Howe continues progress following stem cell treatment Michigan Live 58
Experimental stem cell trestment key in Gordie Howe'sdramatic improvement  The Globe and Mail 55
Gordie Howe shows dramatic improvement after stem cell treatment CBC Sports 54
Gordie Howe back stick-handling after stem cell treatment The Detroit News 51
Gordie Howe's “miraculous’ recovery after stroke credited to stem cell SportsNET Canada (online) 46

treatmentsin Mexico, says family.

3Re-tweets are defined as tweets started with the “RT”; shared tweets are those tweets posted without the “RT” but having exactly the same tweet

content.

Table 2. Examples of tweets that mentioned challenges raised by scientists and/or researchers regarding Gordie Howe's stem cell treatment.

Number of timesre-

Tweets Original senders tweeted or shared®
Gordie Howe, stem-cell tourist: experts warn of a worrisome trend Ottawa Citizen 79
Gordie Howe's stem cell therapy rai ses concernsamong regenerative medicine  National Post 76
Gordie Howe's stem cell therapy raises concerns among medical experts CTV News 40
Gordie Howe's “miracle” in Mexico stirs experts’ doubts about stem-cell The Global and Mail 30

therapy

3Re-tweets are defined as tweets started with the “RT”; shared tweets are whose tweets posted without the “RT” but having exactly the same tweet

content.

The majority of tweets in our corpus cited that Howe's health
improved following his SC treatment in Mexico (78.87%,
2195/2783). Many of these tweets used descriptive words, such
as“miraculous’, “dramatic”, “amazing”, and “remarkable”, to
describe the degree to which Howe's condition had improved
(Table 1). In addition, detailed descriptions of the hockey
player’s progress were frequently re-tweeted, such as “Gordie
Howe goesfrom not being ableto walk to pushing acart around
following stem cell treatment” and “Gordie Howe back
gtick-handling after stem-cell treatment” (Table 1). Other
common topicsin the tweetsincluded excerptsfrom interviews
with Howe's family members that confirmed and provided
evidence for the improvementsin Howe's health, for example,

http://publichealth.jmir.org/2016/1/e8/

“Gordie Howe's family said Gordie has made a miraculous
recovery with stem cell injections’ and “Mark Howe says
Gordi€e's health has improved dramatically since stem cell
treatment” (Tables 1 and 2).

Tweetswith criticisms or that raised concernswere lessfrequent.
Of the 2783 tweetsin the corpus, only one tweet mentioned that
Howe's SC treatment was unproven (which was posted by one
of this paper’sauthors); and 3 tweetswarned that SC treatments
lacked scientific evidence and that further research was needed
to determine the efficacy and safety of SC treatments. While
10.31% of tweets (287/2783) mentioned scientists and
researchers have cited challenges associated with Howe's SC
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treatment, only 5 tweets directly considered its potential health
risks (Table 2). References to stem cell tourism also appeared
intweets, with 3.70% of tweets (103/2783) either defining Howe
as a “stem cell tourist” or describing his treatment in Mexico
as“stem cell tourism”. Among this 3.70% (103/2783), the most
frequently re-tweeted message was: “ Gordie Howe, stem-cell
tourist: expertswarn of worrisometrend”, which wasre-tweeted
79 times (Table 2).

Overall, Howe's SC treatment was represented as a success
story. The majority of tweets were positive (71.79%,
1998/2783). These tweets either used positive wordsto describe
the treatment or provided details to remark on the great
improvement in Howe's health. In contrast, only 14.73%
(410/2783) of tweetswere negative in tone, and usually focused
on criticisms of Howe's decision to travel outside of the United
Statesfor treatment and concernsthat medical experts have with
the treatment. Some of the tweets (13.47%, 375/2783) were
considered neutral since they simply relayed news of Howe's
treatment (eg, “ Gordie Howe underwent stem cell clinical trial
in Mexico” and “Marty Howe recounts the trip to Mexico for
Gordie Howe's stem cell treatment”).

Discussion

Principal Findings

Our data show an overwhelmingly positive attitude towards
Howe's SC treatment, about 71.79% (1998/2783) of our corpus.
In comparison, safety concerns and potential harms associated
with unproven SC treatments (eg, physical harm, financia
exploitation, and creation of unredlistic expectations) wererarely
mentioned. These results may suggest misunderstandings of the
current state of SC research. Previous studies have found news
media representations of SC research is often inappropriately
“hyped”. For example, studies have found that the coverage of
SC research often provides overly optimistic estimates of the
length of time it takes for research to reach the clinics [33,43].
Given that many of the original tweets come from news media
sourceslike newspapers and sportswebsites, our resultsillustrate
how social networks, such as Twitter, bias exposure to
information and contribute to the dissemination of these overly
optimistic portrayals[16,26,32,33,44].

Previous studies have explored the nature and role of socia
mediain the context of stem cells and found representationsto
be, in general, predominantly positive in tone [32,33]. Our
resultsfit with thistrend. We found that alarge number of tweets
were published immediately following the initial press release
and media reports detailing Howe's treatment and recovery.
Theimmediacy of reactions on Twitter highlights the power of
celebrity to generate public interest. This finding is consistent
with other research on cel ebrities’ impact on the public regarding
health-related issues [31,45,46]. For example, Angelina Jolie’'s
announcement of her genetic predisposition to cancer and her
decision to have prophylactic surgeries [47,48], resulted in an
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increase in interest in breast cancer genetic testing and
prophylactic surgery [49].

Since Howe received his SC treatment outside the United States,
issues surrounding stem cell tourism were raised on Twitter.
However, compared to tweets focused on the improvementsin
Howe's health, the number of tweets that critiqued the
phenomenon of stem cell tourism accounted for a very small
portion (3.70%, 103/2783). We also observed that news media
(eg, National Post and The Globe and Mail), and academic
groups (eg, medical experts, scientists, and ethics scholars) did
provide more critical views on, and warnings about, the
implications of Howe's SC treatment. For exampl e, the National
Post stated: “ Gordie Howe's stem cell therapy raises concerns
among regenerative medicine’, while The Globe and Mail
stated: “ Gordie Howe's  miracle’ in Mexico stirs experts’ doubts
about stem-cell therapy” [50,51]. Unfortunately, these more
circumspect voices were eclipsed by the positive reactions in
the majority of tweets and, as such, the social media coverage
was unbalanced.

Limitations

Our study had several limitations. The search terms we used to
collect tweets were limited and related tweets with other
variations on the search terms may have been excluded. The
corpus was analyzed by only a single coder with expertise in
stem cell tourism, whose perspective may have influenced
results, but we have taken steps to assess the reliability of the
coding. Our data analysis did not include Web links included
in tweets, so we are unable to evaluate the spectrum of
information sources reached through social media, or make
claimsregarding which types of news mediaare most frequently
shared and may have more social impact. We also did not collect
background information on Twitter users. Therefore, we cannot
evaluate other contextual factors, such as whether tweets about
Gordie Howe's SC treatment originated from a specific country.
Further research is needed to examine to what extent Twitter
has helped to increase the public’s scientific understandings of
SC research and treatment.

Conclusions

Much of the Twitter discussion about Howe's SC treatment was
prompted by news media reports. Our research highlights how
tweets expressed alargely positive attitude toward Howe's SC
treatment. There waslittle discussion about the lack of scientific
evidence on the efficacy of SC treatments. Less attention was
also paid to the potential risks and safety concerns associated
with unproven SC treatments. Given these findings, it seems
reasonable to conclude that discussions on Twitter regarding
celebrities SC treatments may contribute to the hype around
SC research and to the dissemination of inaccurate
representations of the benefits and risks associated with
unproven treatments. This may, in turn, mislead patients and
the public and prompt their engagement with clinicsthat market
unproven stem cell products and procedures [52].
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Abstract

Background: Awareness campaigns are ubiquitous, but little is known about their potential effectiveness because traditional
evaluations are often unfeasible. For 40 years, the “Great American Smokeout” (GASO) has encouraged media coverage and
popular engagement with smoking cessation on the third Thursday of November as the nation’s longest running awareness
campaign.

Objective: We proposed anovel evaluation framework for assessing awareness campaigns using the GASO as a case study by
observing cessation-related news reports and Twitter postings, and cessation-related help seeking via Google, Wikipedia, and
government-sponsored quitlines.

Methods: Time trends (2009-2014) were analyzed using a quasi-experimental design to isolate spikes during the GASO by
comparing observed outcomes on the GA SO day with the simulated counterfactual had the GA SO not occurred.

Results. Cessation-related news typically increased by 61% (95% Cl 35-87) and tweets by 13% (95% Cl —21 to 48) during the
GASO compared with what was expected had the GASO not occurred. Cessation-related Google searches increased by 25%
(95% CI 10-40), Wikipedia page visits by 22% (95% CI —26 to 67), and quitline calls by 42% (95% CI 19-64). Cessation-related
news media positively coincided with cessation tweets, Internet searches, and Wikipedia visits; for example, a 50% increase in
news for any year predicted a 28% (95% Cl -2 to 59) increase in tweets for the same year. Increases on the day of the GASO
rivaled about two-thirds of atypical New Year's Day—the day that is assumed to see the greatest increases in cessation-related
activity. In practical terms, there were about 61,000 more instances of help seeking on Google, Wikipedia, or quitlines on GASO
each year than would normally be expected.

Conclusions: These findings provide actionable intelligence to improve the GASO and model how to rapidly, cost-effectively,
and efficiently evaluate hundreds of awareness campaigns, nearly all for the first time.

(JMIR Public Health Surveill 2016;2(1):€16) doi:10.2196/publichealth.5304

KEYWORDS

big data; evaluation; health communication; mass media; social media; tobacco control; infodemiology; infoveillence; twitter;
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Introduction

Public health awareness campaigns are annual events designed
to foster knowledge of health risks and engagement during
specific days, weeks, or months. The number of public
awareness campaigns has substantially risen, with one catalogue
listing more than 200 ongoing domestic campaigns [1].

The ubiquity of awareness campaigns likely stems from the
ease of their implementation. While most mass mediacampaigns
require substantial advertising budgets[2], awareness campaigns
requireminimal assets. For example, many awareness campaigns
are accomplished by issuing apressreleasethat isfreely carried
across news media outlets and potentially on social media.

The ease of implementing awareness campaigns, however,
sharply contrastswith the pragmatic and methodol ogical barriers
that have made assessing their potential effectivenessunfeasible.
Asan example, arecent systematic review found that only 5 of
79 published reports on awareness campaigns were evaluation
studies [3]. One reason for the absence of evaluations is that
the driving incentive for awareness campaigns is to minimize
operational expenses, which can make traditional evaluations
too costly [4]. In addition, because most awareness campaigns
occur on a single day, traditional evaluations may not be
possible, such as collecting survey responses for a pre-post
analysis. Regardless, traditional modalities alone cannot
altogether inform how awareness campaigns are expected to
work, as they often cannot assess how campaign messages are
diffused via news media, are shared on social media, or how
the population engages with these messages (such as seeking
out information online). Alternative eval uation approaches that
rely on metrics assessing both media and popular reactions to
mediaare needed to ensure that awareness campaigns important
public health messages are scientifically supported.

Big data may fill the knowledge gap for evaluating health
awareness campaigns. It hasto be noted that other public health
surveillance gaps are aready being filled by big data's
inexpensive, fine-grained, and real-time capabilities, especially
in caseswherelittle or no traditional dataexist [5-7]. However,
to date, big data have rarely been applied to studying health
communication campaigns[8-14], or even health communication
research more broadly [15-18]. The few studies harnessing big
data have often relied on a single outcome, such as Internet
search queries, and loosely interpreted these outcomes in the
absence of any framework for campaign evaluations. We take
a step forward by proposing a simple and actionable approach
to monitoring trends in the most frequently mentioned kinds of
big data (news media, social media, and help seeking on Google,
Wikipedia, and telephone counseling services). Our analyses
are presented in the context of a novel evaluation framework
that takes into account how awareness campaigns are expected
to diffuse [3], and thus provide actionable intelligence for
program managers at each stage of campaign diffusion from
news media at the population level to individual help seeking
regarding campaign outcomes.

In thisreport, we specifically devel oped aframework to evaluate
the American Cancer Society's “Great American Smokeout”
(GASO). Thispast year (2015) marked the 40th commemoration

http://publichealth.jmir.org/2016/1/e16/
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of the GASO, held annually on the third Thursday of November,
making it the world’s longest running health awareness
campaign. The GASO aims to generate and diffuse media
encouraging individuals to go smoke-free for a day, and to
consider quitting for good. Although activities promoting the
GASO have varied over time, GASO is currently promoted by
scheduling interviews with selected news outlets; producing
media fact sheets with information about tobacco harms and
quitting tips; disseminating toolkits with infographics, email
templates, and event ideas such as quitting competitions for
partnering organizations or businesses to celebrate the GASO;
and more recently, by posting similar messages on social media.

Our aim was to develop a method for studying how a message
diffuses through news and social media and ultimately leadsto
engagement via information seeking with the core message.
Our novel evaluation framework was based on the key intended
aims of the GASO and available big data sources. First, we
examined the extent to which the GASO’s cessation-related
messages for 2009-2014 were carried in news media; second,
how similar messages were shared on Twitter; and third, the
extent to which these messages were associated with help
seeking vialnternet searches for quitting smoking, information
retrieval on Wikipedias cessation page, and caling
state-sponsored quitlines, all informed by an analysis of 2191
days of data. We hypothesized that trends would spike on the
day of the GASO. Moreover, the interrelationships between
these data (eg, news media’s relationship with social media)
were explored, under the assumption that news media begets
social media, progressing through individual help-seeking
actions for cessation.

Methods

Data were compiled into a daily time series for the period
between January 1, 2009, and December 31, 2014. Each data
source was purposively selected to provide insights on a
different level of analysis or specificity. For example, news
media trends indicate how well GASO’s message of quitting
smoking is disseminated, whereas search query trendsindicate
that the searcher isthinking about cessation or that the searcher
is taking some action toward investigating behavior change.
Table 1 presents the diverse data sources, as briefly described
in the following section.

Cessation-related news media coverage that mentioned “quit”
or “stop” and “smoking” was retrieved from News Library, a
comprehensive repository of US newspaper articles, including
online and print content. This included stories with titles such
as “The last cigarette: Nine ex-smokers who quit the habit for
good,” “Quit smoking, one of the most important ways to
improve health,” and “ Quitting smoking reduces heart risk faster
than previously thought.” Stories mentioning cessation were
normalized relative to al news stories to adjust for potential
biases arising from changes in media volume over time.

Social media shares about cessation were obtained from the
public Twitter application programming interface. Thisdid not
include any datathat had been marked as* private” by the author
or any direct messages. Initialy, the data were derived from 2
feeds, each arandom sample of 10% of all tweets. We retained
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600,000 tweets mentioning “quit” or “stop” and “smoking”
(including variations on “quit” like “quitting”) while not
mentioning “fire,” “marijuana,” “m;j,” “pot,” “pott,” or “weed.”
Subsequently, we randomly selected 10,000 of these tweetsand
a single reader labeled them as to whether the tweeter was
indeed tweeting about smoking cessation. We then trained an
automated classifier on that data to mimic human coding,
obtaining about 90% precision and 70% recall. The resulting
classifier was ran on all 600,000 tweets to obtain the analyzed
trend. This included tweets such as “tryn quit smoking waiste
to much money” (sic) or “quit smoking and start exercising
because healthy body healthy mind” (sic). Tweets were
measured in raw volume, but trending (increasesin tweets over

Table 1. Big data codebook.

”ou "
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time) was corrected for in the analysis as detailed in the
following section.

Internet searches for cessation information were obtained from
Google Trends, a public archive of Google search queries.
Queriesthat included “quit” or “stop” and “smoking” (such as
“quit smoking methods,” “help stop smoking,” or “quit
smoking”) after excluding searches that also included “fire,”
“marijuana” “mj,” “pot,” “pott,” or “weed,” were monitored
relative to all queries each day, reported as a relative search
volume (RSV), where RSV=100 is the day with the highest
search proportion, and RSV=50 isaday with 50% of that highest
proportion.

Type Source Description Privacy Aim
Newscoverage  NewsLibrary [19]: Available  Includes newsarticlesfrom  All publicly available data. To evaluate how frequently
with apaid subscription, includ- 5689 US newspapers. De- Completetext not availablefor the primary GASO message
ing papers since 1903. scribed as “virtually al” US  some papers behind pay walls. was carried by news media.
newspapers.
Socia media Twitter [20]: Available Includes either samplesof all  Derived from public tweets To evaluate how frequently
prospectively with apaid sub-  tweetsor all tweetsfor specif- (excluding direct messagesor  cessation-related tweets were
scription. ic keywords/phrasesonthe  tweets marked “private”). In-  shared on social media (a
global Twitter platform. cludes username and location  secondary aim of the GASO).
for users sharing their location.
Internet searches Google[21]: Availabletoany  Includes global search trends Derived from private search To evaluate how the GASO
user with a Google account. for investigator-selected key-  activity on Google. Disaggregat- motivated some to engagein
words or phrases. ed to city, national, or global  behavior change by seeking

Information re-
trieval

Quitline calls

Wikipedia [22]: Raw access
logs are available here; those
used in the study were aggregat-
ed by athird party.

Sourced privately, covering 29
US states. Additional statesare
only available from other

Includes counts of all
Wikipediapagevisits. Aggre-
gated by language, but unable
to aggregate by location.

Includes call language, fre-
quency, and duration to US
state-sponsored quitlines.

units without any identifying
information to protect privacy.

Derived from private online
activity. Disaggregated to pre-
serve privacy.

Derived from privately ob-
tained calls. Datawere aggregat-
ed nationally to protect privacy.

out additional information on
cessation.

To evaluate how the GASO
motivated specific informa-
tion retrieval on the most

popular cessation resource.

To evaluate how the GASO
motivated some smokers to
engage in quit counseling.

providers or state representa-
tives.

Wikipedia visits to the primary English language “smoking
cessation” entry were also counted. Wikipedia was selected
becauseit istypically thefirst or second result on Internet search
engines. Web page views for this Wikipedia page were
normalized by dividing by all WikipediaEnglish language page
views reported per 1,000,000 each day.

Quitline call records were obtained from aggregating daily call
logs for 28 states whose quitline service is provided by Alere
Wellbeing, Inc. Demographic details for each call are recorded
(eg, language of the call), but here we focused on all
English-language calls. The raw call counts were used because
there was no suitable denominator for normalization; however,
trending (and other problems normalization typically resolves)
was corrected for in the analysis as detailed in the following
section.

Our statistical approach was quasi-experimental, focusing on
deriving a single treatment effect for any potential spike
proximal to the GASO in the time series for each of the 5 data
sources[18,23]. Thetreatment period wasthe day of the GASO

http://publichealth.jmir.org/2016/1/e16/

and the reference was based on the empirically derived
counterfactual had the GASO not occurred. For the overall
estimate we used autoregressive integrated moving average
(ARIMA) modelsthat included al the daysin each time series
with a regression coefficient for the days of GASO fit to
maximize Akaike information criterion using the algorithm
outlined by Hyndman and Khandakar [24]. For the individual
years, we fit the same ARIMA models to the year prior to each
GASO event. The counterfactual value for the GASO was
imputed based on this model for each of the 5 analyzed time
series. Theratio of the observed val ues (treatment) and derived
values from the ARIMASs (counterfactual) was computed,
thereby making the effect estimates comparable across each
time series [eg, (Treatment — Counterfactual)/Counterfactual].
These models are robust to the most well-known biases. For
instance, the models are adjusted for seasona [25] and
circaseptan (day of theweek) [26,27] periodicities, and trending
inthe data, such as declinesin smoking-cessation Internet search
gueries as aproportion of al queries due to shrinking smoking
populations or how cessation tweets may be growing as
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Twitter's user base grows. Confidence bounds (apha=.05)
around these estimates were estimated using 10,000 random
draws from the multivariate normal sampling distribution with
mean equal to the maximum-likelihood point estimates, and
variance equal to the variance-covariance matrix [28].

To examine how increases in each time series were related to
increases in media, we fit a linear model with the percent
increases on GASO for media as the predictor and the percent
increasesfor tweets, search, Wikipedia, and quitline callsasthe
outcome. Coefficients of these models were used to estimate
the percent increase in outcome for a given increase in media.
Confidence intervals were calculated analogously to those
above.

Last, we replicated the aforementioned models focusing on
estimating treatment effects for New Year's Day, which
typically sees the greatest spike in cessation-related activity.
These estimates were used as a baseline to judge the practical
impacts of the GASO relative to New Year's Day (eg, ANYD
divided by AGASO).

Results

Three patternswere observed from visual inspection of thetime
series across outcomes (Figure 1). There was substantial
variability across outcomes in the size of the spikes (if any)
around the GASO. For example, the GASO concurred with
large spikesin cessation-related news mediain 2009 but it was
not replicated in tweets. There was substantial year-to-year
variability within outcomes in the size of the spikes around the
GASO. For example, news media coverage of cessation
appeared to be following adownward trend with potential spikes
appearing smaller later in the study period. Last, it appeared
that thetiming of the GASO closaly preceded or occurred during
lows in many of the outcomes. For example, Google searches
were at their annual low around the holiday season, just days
after the GASO.

Statistical analysis indicated that across all years, smoking
cessation news stories were 61% (95% Cl 35-87) higher than
would be expected if the GASO did not occur. The largest
increases occurred earlier inthe analyzed period and the smallest
in 2013 (Figure 2). Tweetswere 13% (95% CI —21 to 48) higher
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than would be expected, although these differences were also
decreasing over the study period, ranging from an increase of
48% (95% CIl 9-131) in 2011 to a nonsignificant 3% decrease
(95% CIl —478 to 47) in 2013. Analyses of the year-by-year
relationship between news and social mediacoverageindicated
that a 50% increase in news media was associated with an
increase in tweets (28%; 95% Cl -2 to 59; P<.06).

Google searches for cessation information were 25% higher
(95% CI 10-40) across all years, with a peak increase of 52%
(95% Cl 26-92) in 2011, when news media and Twitter interest
also peaked. Wikipedia views increased by 22% (95% Cl -26
to 67) across all years but the increase was not statistically
significant overall or for any one year. Call volume to quitlines
increased by 42% (95% Cl 19-64) across al years, with the
largest increases in 2011 (76%; 95% CI 12-308), 2013 (110%;
95% Cl 32-412), and 2014 (92; 95% CI 24-322). In absolute
termsover the entire 5 years, thisamountsto about 42,600 more
Google queries, 4600 more Wikipedia visits, and 13,400 more
quitline calls than would be expected had the GASO not
occurred.

Increased cessation-related news coverage was positively
associated with tweets and cessation-related help seeking on
Wikipediaand Google (Figure 3). Specifically, a 50% increase
in cessation-related news media predicted a 12% (95% Cl -22
to 46) increase in Internet cessation queries and 26% (95% Cl
—22 to 73) increase for Wikipedia cessation page visits, abeit
neither trend was statistically significant based on asmall sample
of 6 years. Quitline callswere inversely related to news media,
arelationship largely driven mute by the 2 most recent years
when quitline call increases were greatest and news volume was
lowest.

To provide acomparison for the GASO, wefitted similar models
for increases around New Year's Day, the only other period
with visualy significant spikes. Over al New Years
(2009-2014), for example, news media coverage of cessation
increased by 121% (95% CI 101-139) and Internet searches
were 37% (95% Cl 26-47) higher around New Year's Day.
Thus, the GASO approximates 70% of the expected increase
in news media and 68% of the expected increase in cessation
searches for New Year's Day (AGASO divided by ANYD).
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Figure 1. Trendsin all outcome measures (news volume, Tweets, Google searches, Wikipedia article views, and quitline call volume, top to bottom
panels) across the entire study period (2009-2014). Gray linesindicate GASO (dashed lines) and New Years Day (NY D, dotted lines). Theright panels
display the same data focused around the days before and after the GASO for each year of the study period.
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Figure 3. Relationships between increases in cessation-related news media and help-seeking online (Google and Wikipedia) and on quitlines. Each
circle captures the co-occurring annual mean effect estimate for the outcomes as displayed on the (y) and (x) axis, with a plotted line and confidence
interval as derived from alinear regression. The slope of the dashed reference line indicates a perfect one-to-one relationship between the outcomes.
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This study demonstrated a novel big data approach to rapidly,
cost-effectively, and efficiently evaluate hundreds of awareness
campaigns, nearly all for the first time. In doing so we found
that the GASO often corresponded with increased
cessation-related news coverage and cessation-related help
seeking on Google, Wikipedia, and quitlines.

Our case study provided insightsinto how the GASO may have
filtered through to the public and influenced cessation-related
behavior in a way that has not been possible with traditional
data. For example, we found that the GA SO corresponded with
increased cessation-related news coverage. Although this
increase was not associ ated with more cessation-rel ated tweets,
it did correspond with about 61,000 more instances of
cessation-related help seeking on Google, Wikipedia, and
quitlines each year. These increases also compared favorably
with New Year's Day, representing about two-thirds of the
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searches. Most critically, these novel effectiveness estimates
offer suggestions for how GA SO can be expanded or modified
to further enhance its impact.

Because media messages need to be timed to reach receptive
audiences [29], one suggestion to better ensure GASO's
cessation messages reach a more receptive audience would be
to relocate these on the calendar. GASO is currently celebrated
close to the holiday season when the lowest cessation-related
help-seeking outcomes were observed. Add to this the recent
discoveries about repeating seasonal [25] and circaseptan (day
of the week) [26,27] patterns in cessation contemplations with
the greatest interest during late winter and particularly on
Monday, an empirically justified date of observing GASO, for
example, would be the last Monday in February. With more
smokers primed to consider cessation already, the GASO may
very well realizelarger increases apart from any specific change
to itsimplementation.
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Another potential strategy to improve effectiveness would be
to attempt to increase news coverage, which, although positively
related to changes in Google and Wikipedia help seeking for
cessation, has been down most recently. Based on a review of
prior pressreleases, it appearsthat GA SO uses arepeating theme
focused on smoking cessation alone. Changing themes each
year to highlight novel content, such asrare health risksaswith
the Tips from Former Smokers Campaign [30], may engender
more widespread media attention. For example, World No
Tobacco Day changes themes every year and arecent analysis
of that campaign showed more consistent year-to-year spikes
in news coverage and correspondingly more consistent help
seeking for smoking cessation on Google [12].

An enhanced strategic focus for using Twitter could also
potentially increase GASO's effect on discussions about
quitting. A reliance on news media to propagate tweets is not
likely to be effective given the weak relationship between news
coverage and tweets. Only recently has the American Cancer
Society addressed the GASO’s social media presence, which
hasincluded ahandful of tweets announcing the GA SO, and/or
afew tweets with quitting tips leading up to and including the
day of the GASO. Most tobacco control programs have been
slow to adopt online social marketing strategies [31] and some
that have engaged in these activities were quickly met with
opposition or “Twitter Bombing” [32]. How best to engage
awareness campaigns on social mediawebsites, such as Twitter,
continues to remain an important open question. With
cessation-related tweets highest in 2011, GASO implementers
might further investigate the context of that year and why tweets
spiked.

The increase in online help seeking was promising, but these
increases need to be concomitant with strategiesto better ensure
that those seeking help have an online pathway to
evidence-based cessation assistance. Given the frequency with
which smokers seek and find dubious cessation treatments
online, such as laser therapies [33,34], a strategy to direct
smokers to evidence-based cessation aids (such asinformation
available at smokefree.gov, becomeanex.org, or cancer.org)
may be beneficial for smokers attempting to quit [35]. Thiscan
be achieved in several ways such as purchasing advertisements
on search engines for reliable cessation support or curating
Wikipediaentriesto provide reliable cessation support. For the

Acknowledgments

Ayerset d

latter, at the time we studied the general cessation Wikipedia
entry, it did not include any reference to or links to proven
cessation techniques, but an effort by the Society for Nicotine
and Tobacco Research isunderway to revise and update relevant
Wikipediaentries. Similarly, tailoring of quitline call scriptsto
target GASO-motivated callers may encourage cessation by
highlighting how more smokers are choosing to quit on the
GASO. Thiscould potentially increase conversionsfrom callers
contemplating to making a quit attempt via social norm
mechanisms [36].

A limitation of our analyses is that (even with multiple data
sources) we could not observe all the pathways by which the
GASO could motivate help seeking. For example, radio
discussions about cessation might motivate purchases of nicotine
replacement therapies at brick-and-mortar stores, both of which
we did not observe. However, given that television and radio
news strongly correlate with print news in other settings [37]
and the Internet is by far the most popular vehicle for health
seeking, we would not expect the overall interpretation of the
campaign’s effectiveness to change substantially. Still, we are
actively working on identifying and adding additional data
sources to our novel evaluation framework, such as Facebook
[38,39]. Inthe samevein, our analysisfocused on asingletrend
from each data source and did not describe subtle variationsin
the content of news, tweets, Google searches, etc. In subsequent
evaluations, we plan to enhance our framework by diving deeper
into these data, as we have done with searches for syndromic
surveillance [40]. Last, the validity of our metrics is unknown
because we were not able to make comparisons with surveys
or other traditional data. Nonethel ess, where overlap exists, our
novel data sources often compare favorably with more
traditional data. For example, Google searches mirror both
disease outbreaks [41,42] and behaviora outcomes [43],
including tobacco-related behaviors [44,45].

This study serves as an example framework for how to leverage
big data for novel evaluations of awareness campaigns. As a
result, the goals of awareness campaigns, like GASO's vital
aim to encourage quitting, can be better realized based on
scientific data. Moreover, if GASO and related awareness
campaigns are modified or enhanced based on theinterpretation
of our results, they can be swiftly reassessed using the same
low-cost, fine-grained, and real-time big data framework.
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Abstract

Background: Associa media becomesincreasingly popular online venues for engaging in communication about public health
issues, it isimportant to understand how users promote knowledge and awareness about specific topics.

Objective: Theaim of thisstudy isto examinethefrequency of discussion and differences by race and ethnicity of cancer-related
topics among unique users via Twitter.

Methods: Tweets were collected from April 1, 2014 through January 21, 2015 using the Twitter public streaming Application
Programming Interface (API) to collect 1% of public tweets. Twitter users were classified into racial and ethnic groups using a
new text mining approach applied to English-only tweets. Each ethnic group was then analyzed for frequency in cancer-related
terms within user timelines, investigated for changes over time and across groups, and measured for statistical significance.

Results: Observable usage patterns of theterms"cancer”, "breast cancer", "prostate cancer”, and "lung cancer" between Caucasian
and African American groups were evident across the study period. We observed some variation in the frequency of term usage
during months known to be labeled as cancer awareness months, particularly September, October, and November. Interestingly,
we found that of the terms studied, "colorectal cancer” received the least Twitter attention.

Conclusions: The findings of the study provide evidence that social media can serve as a very powerful and important tool in
implementing and disseminating critical prevention, screening, and treatment messages to the community in real-time. The study
also introduced and tested a new methodology of identifying race and ethnicity among users of the social media. Study findings
highlight the potential benefits of social mediaasatool in reducing racial and ethnic disparities.

(JMIR Public Health Surveill 2016;2(1):€17) doi:10.2196/publicheslth.5205

KEYWORDS
awareness; breast cancer; colorectal cancer; disparities; lung cancer; prostate cancer; socia media; Twitter

: 2014, an estimated 1.6 million additional new cancer caseswill
Introduction be diagnosed among Americansin 2015 [1]. African Americans
Cancer is amajor public health problem, impacting more than ~ N@ve experienced higher age-adjusted mortdlity rates when
14 million men and women in the United States. Asof January ~ cOMPared with Caucasians [1,2]. Many factors contribute to
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these disparities. Socioeconomic status (SES) asawhole, along
with its primary components, including education, income,
employment status, and neighborhood appear to be obvious
correlates of cancer mortality disparities [3-5]; however, other
factors that are not clearly understood may also play a role
[2,6,7]. One important factor that could particularly contribute
to improved cancer prevention and thereby possibly reduce
cancer disparities is knowledge and awareness about cancer.

Knowledge and awareness about the four cancers with the
highest incidence and mortality among adults in the United
States, namely lung, breast, prostate, and colorectal cancer, has
been shown to differ by race and ethnicity [8-17]. Lung cancer
isagood example of these differences. It iswidely known that
cancer of the lung is the leading cause of cancer death in the
United States among both men and women and that tobacco
smoking is the most significant and preventable cause of the
disease. However, findings from one study [11] suggested that
two-thirds of USwomen could not correctly identify lung cancer
astheleading cause of cancer death, and thislack of knowledge
was greatest among African American women [11]. In terms
of breast cancer, evidence has shown that breast cancer
knowledge also greatly varies by racial and ethnic group. One
study [13] showed that African American women weregenerally
unaware of disparities in breast cancer mortality. Furthermore,
one study found that South Asian women tend to have better
knowledge of age-related breast cancer risks when compared
with black and white women [14]. Knowledge and awareness
about both prostate and colorectal cancers have been shown to
be low among US adults overall and particularly among low
SES groups [12,15-17]. These examples highlight the
importance of promoting knowledge about cancer among some
segments of the US population, particularly among groupswith
the highest cancer burden.

Today, social media outlets including Twitter, Facebook, and
Instagram, are popular online platforms to engage in
communication about any and everything, and many studies
[18-32] have begun examining the importance of social media
in reaching larger audiences for promotion of public health
knowledge and patient advocacy. Twitter has become a very
popular site and application for the exchange of health-related
information. Twitter allows users (individual users and
organizations) to exchangeinformation with other usersaround
the world in real-time, through short messages called "tweets"
(less than or equal to 140 characters) posted on a given users
timeline (ie, the chronologically ordered collection of tweets
posted by a given user). Twitter also allows users to re-tweet
(repost) other users' tweets, which promote the exchange of
messages to a very large number of individuals. Many health
care agencies and public health organizations (ie, loca and
national organizationsand private companies) [21,23,27,33,34]
use Twitter asamajor online platform for health education and
promotion because the majority of Twitter content is publicly

http://publichealth.jmir.org/2016/1/e17/
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available and may provide a novel source of health-related
information. In fact, recent studies [35,36] have touted the
numerous epidemiological advantages of coupling machine
learning techniques with social media mining. Marathe et al
[36] discussthereal -time possibilities of understanding disease
outbreaks using social media data. Dredze et a [35] state that
geo-specific data coupled with the public forum nature of social
media (which encourages the sharing of detailed information)
creates new public health capabilities not previously seen.
Simultaneoudly, advancesin demographic extraction techniques
and computational linguistics have alowed for a deeper
understanding of user demographics [37,38]. In these studies,
Beretta and Burger connected age and gender to linguistic
patterns (often word usage). In the case of Beretta [37], user
profile images manually labeled by human experts helped to
verify the experimental results. Much of the demographic
extraction studies have built upon studies originating in thefield
of psychology, connecting linguistic patterns to demographic
elements of participants [39,40]. In Colley’s work [39],
participants’ inboxes were examined for linguistic differences
differentiating the genders.

In this study, we aim to explore differences in cancer-related
tweeting by race and ethnicity, basing our work on Rickford’s
assertion of unique vernacular patterns  amongst
African-Americans[40]. Findingsfrom this study will ultimately
contribute to the development and implementation of
cost-effective, prevention, and dissemination strategies,
delivered through social media messaging, targeting specific
subgroups that would benefit from increased cancer knowledge
and awareness.

Methods

Preprocessing

Tweets were collected from April 1, 2014 through January 21,
2015 using the Twitter public streaming Application
Programming Interface (API) to collect 1% of public tweets,
yielding 281,276,343 tweets. For this study, we restricted our
collection to English-only tweets. We provided no restriction
on Global Positioning System (GPS) valuesfor each Tweet due
to the sparsely available GPS data and instead focus our Tweet
location to US-only accounts using an approach introduced later
inthis paper. Dueto atechnica issuewith our collection system,
tweets from May 13, 2014 through July 24, 2014 were not
retained. During the data collection period, the Twitter-provided
unique user identification (ID) number, tweet, data/time,
profile-identified location, and GPS latitude and longitude values
were collected (when available). Following the collection of
tweets, user timelines were re-constructed by grouping tweets
using the unique user ID number. The distribution of character
lengths for tweets in the collection are shown in Figures 1 and
2.
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Figure 1. Histogram showing the distribution of Tweet character lengths.
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Figure 2. Histogram of the log of the character length of user timelines. We present this graph in log-form due to the wider distribution of character
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The preprocessing procedure for cleaning tweets followed a
consistent approach across al collected timelines. Given that
the focuswas on the predictive power of text, tweets containing
linking information outside of the self-contained tweet,
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RenderX
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and re-tweet information) were systematically removed. For
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removed from the collection. While re-tweeted text may provide
information about individuals and/or organizations a user
interactswith via Twitter at this scale, wewere unableto include
al retweets using the provided Twitter APl due to rate
limitations (ie restrictions imposed by Twitter limiting the
number of searches we could conduct in a 15-minute period).
User timelines (tweets aggregated by user) that contained little
information were removed by systematically eliminating those
that were shorter than 85 characters from the study. To select
this character threshold, we randomly selected timelines of
varying length and observed that timelines shorter than 85
characters generally contained fewer than fifteen words, which
provided little information to make accurate classifications.
These preprocessing methods left us with a final Tweet count
of 19,818,236 belonging to 779,653 unique users' timelinesfor
analysis.

I dentification of Race and Ethnicity

The approach to classifying users’ ethnicities presented in this
paper relies on a supervised learning classification approach
[41], which requires accurate training data to inform the
classification model and also areliable set of testing data for
assessing the accuracy of classifications. To acquire training
data indicating the ethnicity of Twitter users, we looked for
specific declarative statements within each user’s timeline (ie,
statements where users explicitly defined an element of their
personal identity). Timelines that contained such declarative
statements were labeled accordingly, receiving one of four
enumerated keys. These keys indicated the types of ethnicity
explored by this study, taking the values of: Caucasian,
African-American, Asian, and Hispanic. Examplesof declarative
statements include: "I am African-American”, "I’'m Asian", or
"I’'m ablack man." These statements were chosen by manually
observing statements around ethnic terms (eg, white, black,
Caucasian, African-American, Asian, etc), which determined
that many self-identifying statements took on similar forms
compared to the declarative statement exampl es provided above.
Although we are aware of the differencesin race and ethnicity,
this study does not make distinctions between the two types of
declarative statements since the end Twitter users who
contributed to such statements are not always sound or
consistent.

Classification of Race and Ethnicity

Individual tweets are short, often uninformative messages
providing little classification potential for identification of user
profile information. This led us to examine users' timelines,
rather than individual tweets, to enhance the accuracy of our
classification approach by extracting features consisting of
deeper information around users' activities. Users tweetswere
collapsed into timelines containing the chronological order of
their submitted tweets for the 10-month data collection period.
This provided a larger text source for identifying descriptive
elementsindicative of agiven user’s ethnicity.

Baseline classification models described in previous work [38]
adopt document-term matrices for representing the frequency
with which terms appear in a given timeline. Classification
algorithms are used to detect vocabulary usage patterns among
a common set of users. In this study, a common set consisted
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of users with the same self-identified ethnic background (eg,
"I'm African-American” appearing within their timeline). The
vocabulary usage patterns detected among the self-identified
users were then applied to users who chose not to explicitly
define their ethnicity. Two opposing scenarios were examined
in this study (1) how timeline synonym expansion can enhance
predictive ability; and (2) how dimensionality reduction can
enhance predictive ability of users' ethnicities. These scenarios
were born from two ideas. The first is that users often express
similar thoughts on social media with varying lexical choices,
and secondly, sparsely populated timelines potentialy
compromising the accuracy of our classifications.

When building the baseline classifier [42-44], based exclusively
on users choices of vocabulary, we discovered that there was
often difficulty connecting some classifiers to specific
ethnicities. For example, one ethnic group may often use terms
such as wife, spouse, and marriage, consistently appearing as
some of the most identifying terms for that group. Having
identified that Twitter users often used varying termsto describe
the same concept, we expanded tweets with additiona
vocabulary in an attempt to increase lexical overlapping of group
member term usage to easily segment profile types. Using
part-of-speech tagging, we identified nouns and verbs within
tweets. Then for each tweet, using Wordnet (alexical database
where nouns, verbs and adjectives are collected into sets of
cognitive synonyms) [45,46], the top five synonyms, when
available, for each noun and verb were appended to the tweets,
resulting in expanded tweets while retaining their original
meanings. This allowed for more frequent overlap between
tweet term usage among racial and ethnic groups and a more
accurate classification algorithm. To the best of our knowledge,
using synonym expansion of tweetsto enhance the bag-of-words
feature set has not been explored in detecting the ethnicity of
Twitter users.

Latent Dirichlet allocation (LDA) [47] is a statistical method
for computing abstract topics of a given document using the
co-occurrences of terms within the documents of a corpus. Our
second ethnic classification approach used LDA to detect
patterns among topics rather than vocabulary usage by first
converting tweets into topics. We acknowledge that LDA is
typically used for topic detection in long documents and its
limitation when applied to topic detection from short text.
Nevertheless, by our study design, all tweet text contributed by
a Twitter user were first aggregated to generate the user’s total
writing record on Twitter, after which LDA was applied onto
the aggregated writing record of a user (averaging 324
characters). In Figures 1 and 2, we summarize tweet and total
tweet writing record (user timeline) length of the collection of
tweets examined herein. This author-based aggregation step
greatly mitigates the sparsity issue of short input text to the
LDA model. It isnoted that the above preprocessing stepisalso
popularly adopted when topic modeling is applied to Twitter
data [48-50]. Using LDA topic distributions to represent
timelines resulted in areduction of features (variables used for
classifying the ethnicity of a user-for example, these variables
consisted of frequency counts of stemmed-words such as
"togeth", "damnnn", and "sharp", which generally indicated an
African American user, and "newyork", "lifetime", and
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"whatchya', which were strongly associated with Caucasian
users) by 99.7% while improving classification accuracy for
some ethnic groups. The number of abstract topics, and thus
the number of features representing Twitter timelines, was
decided on systematically by iteratively building classification
algorithms with increasing larger topic sizes. Accuracy of the
model within this corpus of timelines peaked at approximately
45 abstract topics, which was then adopted for each testing set.
In this approach, we aimed to reduce the number of features
representing the activities of each Twitter user. Having reduced
users timelines to representation comprised of LDA topic
distributions, we then adopted a Support Vector Machine
classification approach with a radial basis function kernel for
our classification algorithm. This method was chosen for its
demonstrated ability to perform well with text data and is
consistently considered the best approach in text classification
studies[51].

We used ten-fold cross validation to test the accuracy of the
models. Thelabeled dataset was divided into ten, equally sized
bins. Nine of the ten bins were used to train the model, while
the remaining bin was used for testing. We iterated over the
bins ten times, reserving a new bin for testing with each
additional iteration. Dueto the unbalanced nature of our dataset,
we chose two evaluations metrics. First, for each ethnicity, we
computed the balanced accuracy (Equation a, Figure 3), a
performance metric intended for unbalanced classes [52].
Second, we provided the overall accuracy for all ethnicities
(Equation b, Figure 3), as well as the accuracy for Caucasians
and African Americans (the two groupsfocused on in the second
part of this study). In addition, we provided a confusion matrix
of the classification results (results for text classification with
synonym expansion and results for the topic-based method) to
give further details of the classification performance.
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Figure 3. Balance and overall accuracy equestions.
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Statistical Analysis

All statistical analysis for this study was carried out using R
Statistical Software Package. To measure the statistical
significance of the observed differences between groups, t tests
were conducted with pairwise comparisons of ethnic groups
(ie, Caucasian vs African American, Caucasian vs Hispanic,
etc). We tested the hypothesis that there were no statistically
significant pairwise racial and/or ethnic group differences in
cancer term usage during each month of the study period.
Because pairs of ethnic groups were tested independently of
one another, no adjustments for multiple comparisons were
made. P values <0.05 were considered statistically significant.

Results

To evaluate the successin the classification of race and ethnicity,
we compared the accuracy of text classification with synonym
expansion against the topi c-based method (Tables 1 and 2). We
found that the accuracy of text classification with synonym
expansion outperformed the topi c-based approach in most cases.
Using the synonym expansion approach, we achieved the
following accuracies for correctly identifying user ethnicities:
88.87% among Caucasian users, 81.26% among
African-American users, 72.32% among Asian users, and
69.07% among Hispanic users. The overall accuracy for all
groups using this approach was 76.07%. Using topic detection,
we observed no improvement in overall accuracy at 55.59%.
Among the groups we also observed a lower accuracy score
(Caucasian, African-American, Asian, and Hispanics resulting
in 71.89%, 68.32%, 53.43%, and 54.50% respectively). We
suspect topic detection classification produced lower accuracy
scores due to the loss of nuanced lexical differences between
ethnic groups lost during the feature reduction process.

Table 1. Text classification with synonym expansion model classification and accuracy results.

Race and ethnicity

%

Balanced accuracy
Caucasian
African American
Asian
Hispanic

Overall accuracy
All groups

Caucasian and African Americans

88.87
81.26
72.32
69.07

76.07
88.30
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Table 2. Confusion matrix.

Xuet al

Classification Reference, n

Caucasian African American Asian Hispanic
Caucasian 1067 117 49 71
African American 890 1286 337 380
Asian 26 10 39 35
Hispanic 7 7 25 54

Given the higher overall accuracy, aswell asthe high accuracies
among Caucasian and African-American users, we selected the
synonym expansion approach for classifying the remaining
unlabeled users within the collection. Additionally, we elected
to exclude users classified as Asian and Hispanic from this study
for multiple reasons. First, the population sizes where users
declared ethnicities of these types were markedly smaller than
populations of Caucasiansand African-Americans. In addition,
we believe we may have excluded some Asian and Hispanic
users by limiting the Tweet collection to English-only twesets.
The combination of these complications (small popul ation sizes
and therestriction of English-only tweets) is likely reasons for
the reduction in accuracy among these groups and their
subsequent exclusion from the study.

In this study, we have established and tested a systematic method
for detecting ethnicities among Twitter users. Using the more
accurate approach, text classification with synonym expansion,
we detected and assigned ethnicities to all users within the
collection consisting of 19,818,236 tweets posted by 779,653
unique users. Tweets were divided by posting date into nine

months, accounting for the ten-month study period with portions
of May and July and the entirety of June lost due to system
failure. Various descriptive statistics were cal cul ated to describe
the health effects extracted from the dataset.

Asshown in Table 3, the number of unique users varied widely
by race and ethnicity. To detect significant differencesin term
usage between ethnic groups, each term contribution was
normalized by the percentage distribution of population.
Additionally, the term frequency for each ethnic group is
provided without normalization. The number of unique users
from each ethnic group was examined for each month.
Caucasian users dominated the dataset (92.32%,
719,798/779,653), while African-American users often
represented 7.12% (55,549/779,653) of the population, and both
Asian and Hispanic users made up a small percentage of the
overal population (0.55%, 4306/779,653). We were less
confident in predications of Asian and Hispanic ethnicity among
users based on the smaller training set as well as the lower
accuracy values among these ethnic groups.

Table 3. Distribution of unique active Twitter users during each month of the study period by race and ethnicity.

Month Race and ethnicity, n (%) Total
African American Caucasian Asian Hispanic

April 49,104 (9.72) 452,924 (89.64) 1289 (0.25) 1935 (0.38) 505,252
May? 40,956 (12.76) 277,169 (86.36) 1177 (0.37) 1646 (0.51) 320,948
July? 43,349 (9.58) 405,185 (89.57) 1661 (0.37) 2191 (0.48) 452,386
August 54740 (7.91) 632,687 (91.47) 1820 (0.26) 2466 (0.36) 691713
September 52,224 (10.16) 457,300 (89.02) 1789 (0.35) 2417 (0.47) 513,730
October 50,120 (11.07) 398,440 (88.02) 1763 (0.39) 2371 (0.52) 452,604
November 50,060 (10.80) 409,125 (88.30) 1762 (0.38) 2370 (0.51) 463,317
December 48,247 (11.20) 378,412 (87.86) 1727 (0.40) 2292 (0.53) 430,678
January 30,707 (15.62) 162,682 (82.75) 1435 (0.73) 1780 (0.91) 196,604

BTweets from May 13, 2014 through July 24, 2014 were not retained due to a system outage.

This study focused on the social media attention given to
site-specific cancers and differences by race and ethnicity.
Specifically, Twitter timelines were examined for the frequency
of occurrence of thefollowing terms: "cancer”, "breast cancer",
"prostate cancer”, "colorectal cancer”, and "lung cancer.” These
terms were detected using methods adopted in previous studies
examining discussions about specific health topics on Twitter
[53]. We are aware of other work [54] that distinguishes between

medically-related use of the term "cancer” and non-medically

http://publichealth.jmir.org/2016/1/e17/

related uses. However, when examining our own dataset, by
sampling 200 randomly chosen tweets, we observed only 8.5%
(17/200) of tweetswere used in the context of Zodiac signsand
2.0% (4/200) referred to destructive practices (eg, "he was a
cancer to the community"). We suspect the low percentage of
non-medically related usage may be a result of the cleaning
process performed, where tweets containing URL swere stripped
from the collection (ie, horoscope tweets often contain links to
an extended version of the horoscope). Furthermore, we
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examined samples of each of the bi-gram terms of interest (eg,
"breast cancer", "prostate cancer", "colorectal cancer" and "lung
cancer"). We observed no uses of theterm "cancer" in acontext
other than the medical terminology when examining these
samples, presumably because of their specificity. We retained
the uni-gram term in our study for comparison; however, we

focus the discussion on the results related to the bi-gram terms.

First, we examined user activity by ethnicity during each month
of the study period to understand seasonal peaksin term usage
on Twitter (Table 3). We then counted the frequency of cancer
terms for each month and by ethnicity. The types of cancer
examined in this study include: breast cancer, prostate cancer,
colorectal cancer, and lung cancer. For "cancer"-related tweets,
we counted the detection of the following keywords: benign,
cancer(s), cancerous, carcinogen, carcinogenic, chemo,
chemotherapy, chemotherapeutic, cyst(s), growths, leukemia,
lymphoma, malignant, metastases, metastasis, metastatic,
neoplasm, neoplasm, oncologist, oncology, radiation,
radiotherapy, recurrence, and tumor (s). These set of termswere
adopted from a previous study [55]. For specific cancer types,
we used the National Institute of Health’'s website for other
disease synonyms. For breast cancer, we searched for: breast
cancer, breast carcinoma, cancer of the breast, malignant
neoplasm of (the) breast, malignant tumor of (the) breast, and
mammary cancer. For colorectal cancer, we searched for:
colorectal cancer and colon cancer. For lung cancer, we
searched for: lung cancer, cancer of bronchus, cancer of the
lung, lung malignancies, lung malignant tumors, lung

Xuet al

neoplasms, malignant lung tumor, malignant neoplasm of lung,
malignant tumor of lung, pulmonary cancer, pulmonary
carcinoma, pulmonary neoplasms, and respiratory carcinoma.
Finally, for prostate cancer, we searched for: prostate cancer,
cancer of the prostate, malignant neoplasm of the prostate,
prostate carcinoma, prostate neoplasm, prostatic cancer,
prostatic carcinoma, and prostatic neoplasm. All searcheswere
conducted within our tweet collection. Observable differences
between Caucasian and African American groups were present
in amost all of the chosen cancer terms across each month of
the study period (Figure 4). However, observations of certain
terms, namely "colorectal cancer”, showed prominently lower
frequency counts when compared with other terms and thus
were not shown graphically.

Finally, we examined the differences in term usage by race and
ethnicity within each month of the study period using t tests of
pairwise differences (Table 4). During most months, the
Caucasian and African American groups showed statistically
significant differences in terms of Twitter activity. However,
in terms of colorectal cancer, we observed few months where
there was a statistically significant difference between these
two groups. Again, we suspect this is a result of the limited
number of users discussing this particular type of cancer via
Twitter. Lastly, lung cancer showed a statistically significant
difference between Caucasians and African Americans during
the months of September through December, excluding other
months.

Table 4. Statistical significance of pairwise differences in cancer term usage between African Americans and Caucasians during each month of the

study period?®
Month Cancer term, t test
"Cancer" "Breast cancer" "Prostate cancer" "Colorectal cancer" "Lung cancer"

April 0.00003 0.053025 0.014894 0.025347 0.080356
May 0.008194 0.584394 0.122251 0.095581 0.510364
July 0.013599 <0.0001 0.006656 0.157299 0.890133
August <0.0001 0.001168 0.157209 0.312076 0.165111
September <0.0001 0.00007 0.017132 0.157299 0.013196
October <0.0001 <0.0001 0.242175 0.974206 0.000162
November <0.0001 <0.0001 0.027708 0.014306 0.000631
December 0.000266 0.000001 0.027575 0.317311 0.000067
January 0.241671 0.00945 0.1573 0.083265 0.91944

8Each user’s total term usage was calculated by summing the frequency with which cancer terms appeared in their timeline.
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Figure 4. Monthly frequency of cancer terms by race/ethnicity (African American, left axis; Caucasian, right axis), and all Twitter users (right axis).
Cancer terms are "Cancer" (top left), "Breat Cancer” (top right), "Prostate Cancer" (bottom left), and "Lung Cancer" (bottom right). It is important to
note the sharp decreases seen following cancer awareness months (Prostate Cancer Awareness Month [PCAM, September], Breast Cancer Awareness
Month [BCAM, October], and Lung Cancer Awareness Month [LCAM, November]), particularly among African Americans. Both groups are seen
returning to lower frequenciesfollowing avareness months; however, this observation is more prevalent among African Americans, specifically following

BCAM.
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Principal Findings

In thisstudy, we observed interesting patterns of media attention
given to specific cancer terms among unique Twitter users
during a 9-month period in 2014. With a focus on cancer in
general, and breast, prostate, and lung cancers specifically,
which are the leading cancers among men and women in the
United States, we observed some variation in the frequency of
term usage during and after specific monthsknown to be cancer
awareness months, specifically September (Prostate Cancer
Awareness Month [PCAM]), October (Breast Cancer Awareness
Month [BCAM], and November (Lung Cancer Awareness
Month [LCAM]). Interestingly, colorectal cancer, thethird most
common cancer in both men and women [1], received the least
attention on Twitter among users sampled in this study across
the board. We observed differencesin frequency of use of each
of the cancer terms of interest throughout the duration of the
study period by race and ethnicity which we hypothesize are
related to observable cancer disparities in the United States.
These findings highlight the necessity for increased cancer
awareness in the population and the importance of studying
how individuals use social media to spread information about
cancer, which could ultimately be utilized in the future for

http://publichealth.jmir.org/2016/1/e17/
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real-time cancer awareness intervention implemented through
Twitter (and other social media channels).

Overall, we found that the frequencies of mentions of "cancer"
among Caucasian and African American users were similar in
terms of seasonal increases or decreases, although it appeared
that African Americans maintained a higher percentage of
normalized Tweet frequency of this broad term compared to
the Caucasian group. In terms of the frequencies of mentions
of "breast cancer”, Caucasian users consistently had a higher
percentage of use during all months of the study period. As
expected, the frequency of use of this term was highest during
BCAM, with a dramatic decrease in the months following,
ultimately returning to levels lower than observed leading up
to BCAM. This was true among both Caucasians and African
Americans, however, there was a steeper declinein the mentions
of "breast cancer” on Twitter among African Americans
following BCAM.

Thismay be an areathat can bethefocus of futureinterventions
aimed at increasing breast cancer awareness throughout the
year, which could contributeto increased knowledge, improved
within-guidelines screening rates, and increased preventive
activities among groups with a disproportionate di sease burden.
For example, weekly Twitter chats hosted by the #bcsm ("breast
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cancer social media') community have been shown to raise
awareness and decrease medical anxiety in patients [31].
Identifying individuals who were active during BCAM and
inviting them to participate in Twitter chats could be away to
build an engaged, on-going community of active participants
in discussions about cancer in groups with a disproportionate
disease burden. Chats can be facilitated with the use of a
consistent hashtag, which is a convention on Twitter designed
for marking tweets about specific topics. Enlisting experts and
celebrities to guest host chat sessions may be away to promote
sustained engagement, particularly because peopletend to prefer
health-rel ated messages on social mediathat come from sources
with high statusand credibility [25]. Theseinterventionswould
leverage Twitter’s capabilitiesto deliver just-in-timeinformation
and social support, involving individuals proactively in
evidence-based discussions about cancer throughout the year
[56]. This intervention method may be appropriate for other
types of cancer as well.

During PCAM, there was a substantially higher frequency of
discussion of prostate cancer among Caucasians compared to
African Americans. In July and January, among Caucasian
users, we observed the lowest levels of prostate cancer
discussion. Conversely, among African Americans, we observed
a steady decrease in prostate cancer discussion from August
through January. Following PCAM, we observed a decline in
the frequency of use of the term "prostate cancer" among both
groups; however, these declineswere slower than that observed
with other cancer awareness campaigns. For example, when
examining the frequency of use of the term "lung cancer", we
observed a peak in November (LCAM) and then a dramatic
decrease to levels lower than observed in the months prior to
LCAM.

The months following cancer awvareness month campaigns also
presented interesting findings. While awareness month
campaigns (eg, PCAM, BCAM, LCAM) could be considered
successful in promoting discussion around various cancer topics,
our findings suggest that these campaigns as evidenced by
mentions of cancer terms via Twitter during specific cancer
awareness months, did not appear to sustain long-term interest
and discussion. This phenomenon was particul arly evident when
examining breast cancer discussion frequency, but was aso
present in both lung cancer and prostate cancer socia media
activity. In fact, our findings showed that racial and ethnic
groups often returned to astate of lower participation following
awareness campai gns when compared with preceding months.
Notably, this reduction in discussion frequency appeared to be
more prevalent among minority groups. For example, African
Americans reduced their participation by 73% in the month
following BCAM when compared with months preceding the
program. Among Caucasians, we also saw adropin participation
wherewe observed only a47% reduction. Similarly for LCAM,
we observed a 50% drop among African Americans compared
with a 25% drop in the Caucasian cohort. Finaly, in terms of
discussion of colorectal cancer, we saw poor participation
throughout the months of the study. This could be anindication
of poor marketing or the taboo nature of the topic among some
populations as well as lack of collection of tweets during

http://publichealth.jmir.org/2016/1/e17/
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Colorectal Cancer Awareness Month (CRCAM) due to a
technical issue with our data collection system.

Thesedropsin participation are likely related to mediaexposure
and framing, two media effects that are mediated by structural
determinants of health (eg, SES, race, ethnicity) [57]. Media
exposure is the extent to which individuals encounter
information about cancer in the mass media rather than
specifically seeking it out; framing describes how topics like
cancer are discussed in the mass media. This finding points to
the need for interventions that use appropriate framing for
minority populations. For example, using Twitter to share
narratives about cancer could be particularly fruitful. Digital
narratives have been successfully implemented in interventions
aimed at raising awareness and improving screening rates in
breast cancer, colorectal cancer, and prostate cancer [57-59].
Although tweets are short, they could be used to share
short-form narratives or could be employed in conjunction with
other storytelling techniques to provide engaging narratives
about cancer with the aim of raising awareness and
disseminating credibleinformation about cancer to populations
with a disproportionate disease burden [60].

With the growing popularity of social mediaand the previously
unavailable personal insights it offers, social media mining
presents new opportunities and methods applicable to
epidemiologic research. Existing studies have examined the
health impacts of social media, as shown in previous work [32]
where researchers concluded that Tobacco Control Programs
are ineffective in capitalizing on social media platform’s
potential. In addition, Thackeray et al examined the frequency
of breast cancer-related tweets during BCAM [25] and
concluded that Twitter could be atool used for increasing health
conversations to maximize health marketing. In the present
study, we examined how new text mining techniques can be
used to extract a user’'s race and ethnicity through lexical
analysis, thereby providing a new opportunity to inform future
studiesto potentially addressracial and ethnic health disparities.
However, this work can be further expanded to examine
differences across other demographic characteristics, aswell as
the investigation of disparities with respect to diseases other
than cancer. Finally, understanding a social media user's
demographic makeup also presents new opportunities for
appropriately targeting health education materials.
Limitation

There were limitations of this study that should be considered.
First, our findings provide only aglimpse of al tweets, focused
on cancer-specific topics among users without private Twitter
accounts during one year. Thus, there could very well be an
underestimation of the frequency of cancer-focused discussion
via Twitter. Relatedly, it is possible that tweets of interest were
missed due to our choice of keywords or use of alternate terms
and/or spellings of some words among the users. It is possible
that we missed tweets of interest based on the keywords we
have chosen to examine and, consequently, the true frequencies
of cancer-related tweets may be higher than what we currently
examined in the analysis. Nevertheless, our large-scae
systematic examination of 779,653 unique Twitter users and
their tweets contributed during a 9-month period still provides
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a meaningful glimpse into users' social media activity related
to general or specific cancer topics. Due to the scope and length
limit of this manuscript, we choose to report several
representative case studies using the most popular cancer terms
concerned by Twitter users. As demonstrated through these
multiple case studies, commonly enabled by the proposed
approach, the new method has the promise to be generically
applicablefor detecting, tracking, and comparing user interests
regarding other cancer or disease topics. In addition, due to
technical issues with our collection system, we were unable to
retain collected tweets from the middle of May through the end
of July 2014, which could have contributed to the very low
frequency of use of the term "colorectal cancer”. In addition,
March, which is CRCAM, was not included in our collection
period and could aso contribute to the low frequency of the
term "colorectal cancer." Another possibility isthat not all public
tweets were delivered from the Twitter public API; but thereis
no way to determine the likelihood of this possibility. The
collection period excluding winter and post-holiday months
(late January to March) could potentially missimportant patterns
that may emerge through the analysis of this time period.

And finaly, because several regional, temporal, and
country-specific factors may have some influence on the
contents of information shared or communicated via Twitter,
wewent to considerable lengthsto limit our dataset to US-based
users. Ideally, we would have liked to filter our dataset by a
Twitter-provided variable, distinguishing US-based users from
non-US-based users. However, because Twitter does not provide
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thisinformation, we chose to adopt an alternate method for the
extraction of US users by looking at the "Location” portion of
a user's profile. This is a free-text area provided by Twitter
where users can input information such as New York or San
Francisco, California, excluding users with non-US locations
in their profile. This method was chosen for the following two
reasons. (1) only a small fraction of users provide geo-tagged
tweets, and (2) it is difficult to assume that geo-tagged tweets
taken internationally do not belong to a US-national.
Geo-tagging of tweets varies in location for a given user and,
therefore, does not provide an accurate understanding of the
location a user defines as home.

Conclusion

This study demonstrated that social media can serve as a very
powerful and important tool in implementation and
dissemination of critical cancer education and awareness
messages to the community in real-time. These findings could
help improve future social mediastudies, identify trendswithin
groups of users, and target group-specific health education
literature by learning users’ characteristics through language
differences. This study also introduced and tested a new
methodology for identifying race and ethnicity among users of
socia media, which presents a unique opportunity to study risk
profiles, risk factors and behaviors for several conditions by
race and ethnicity and has significant implications in reducing
disparities through targeted intervention and dissemination of
evidence-based information tail ored to specific racial and ethnic
groups.
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Abstract

Background: Approximately 40 countries in Central and South America have experienced local vector-born transmission of
Zikavirus, resulting in nearly 300,000 total reported cases of Zika virus disease to date. Of the cases that have sought care thus
far in the region, more than 70,000 have been reported out of Colombia.

Objective: Inthis paper, we use nontraditional digital disease surveillance data via HealthMap and Google Trends to develop
near real-time estimates for the basic (R;) and observed (R,,¢) reproductive numbers associated with Zikavirusdiseasein Colombia.
We then validate our results against traditional health care-based disease surveillance data.

Methods: Cumulative reported case counts of Zika virus disease in Colombia were acquired viathe HealthMap digital disease
surveillance system. Linear smoothing was conducted to adjust the shape of the HealthMap cumulative case curve using Google
search data. Traditional surveillance data on Zika virus disease were obtained from weekly Instituto Naciona de Salud (INS)
epidemiological bulletin publications. The Incidence Decay and Exponential Adjustment (IDEA) model was used to estimate R,

and R, for both data sources.

Results:  Using the digital (smoothed HealthMap) data, we estimated a mean R, of 2.56 (range 1.42-3.83) and a mean R, of
1.80 (range 1.42-2.30). The traditional (INS) data yielded a mean R, of 4.82 (range 2.34-8.32) and a mean R, of 2.34 (range
1.60-3.31).

Conclusions:  Although modeling using the traditional (INS) data yielded higher R, estimates than the digital (smoothed
HealthMap) data, modeled ranges for R, were comparable across both data sources. As aresult, the narrow range of possible

case projections generated by the traditional (INS) data was largely encompassed by the wider range produced by the digital
(smoothed HealthMap) data. Thus, in the absence of traditional surveillance data, digital surveillance data can yield similar
estimatesfor key transmission parameters and should be utilized in other Zikavirus-affected countriesto assess outbreak dynamics
in near real time.
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Introduction

Recent infectious disease outbreaks—including severe acute
respiratory syndrome (SARS), Middle East respiratory syndrome
(MERS), Ebola, and influenzaA (H1N1)—have presented great
challenges to the globa public health community, including
lack of basic epidemiologic knowledge to support important
preparedness and control decisions. To address this gap,
innovative surveillance methods have been developed over the
last several yearsto leverage theincreasing availability of digital
data related to outbreaks. To date, many studies have
retrospectively examined nontraditional digital data sourcesand
have demonstrated their utility in estimating epidemic curves
or changes in important epidemiologic parameters over time
[1-3]. Such studies have provided afoundation for building near
real-time prospective analytic techniques that can assess
transmission dynamicsin the absence of traditional data. These
methodological developments fill a knowledge vacuum that
may prove useful for public health decision making in the early
stages of an outbreak.

The ongoing outbreak of Zikavirusdiseasein Central and South
Americahasattracted global attention duetoitsrapid geospatial
growth as well as concerns over associated central nervous
system complications [4,5]. Although Zika virus is primarily
transmitted via Aedes mosquitoes, evidence of vertical and
sexual transmission exists [6-8]. Likely introduced to the
Americas in mid- to late 2013, the virus has since been
propagated by the density of competent vectors throughout the
region [8]. At present, approximately 40 countries in Central
and South America have experienced local vector-borne
transmission, resulting in nearly 300,000 total reported cases
to date [9]. Of the cases that have sought care thus far in the
region, about 70,000 have been reported out of Colombia, of
which 17% were pregnant at time of clinical or laboratory
diagnosis [9,10]. However, given the generally mild nature of
Zikavirusdisease and subsequent lack of care seeking, reported
cases undoubtedly comprise a small fraction of total cases
[11,12].

Current prevention efforts focus on vector suppression [13],
while interest in and efforts toward vaccine development are
mounting rapidly due to increasing rates of Guillain-Barré
syndrome following Zika virus infection and microcephaly in
newborn babies born to women infected with Zikavirus while
pregnant [4,5]. Quantitative analyses designed to inform vaccine
policies—in addition to other preparedness and control
activities—are dependent on the transmission dynamics
associated with the disease and, therefore, estimatesfor critical
epidemiol ogic parameters are urgently needed for such decision
making within the context of Zika virus disease.

In this paper, we use nontraditional digital disease surveillance
dataviaHealthMap and Google Trendsto devel op near real-time
estimates for the basic and observed reproductive numbers

http://publichealth.jmir.org/2016/1/e€30/

associated with Zika virus disease in Colombia as well as
expected final outbreak size and duration. We then validate our
results against traditional health care-based disease surveillance
data and discuss the implications of our work on outbreak
mitigation strategiesin Colombiaand assessment of transmission
dynamics elsewhere in the region.

Methods

Cumulative reported case counts of Zika virus disease in
Colombia were acquired via the HealthMap digital disease
surveillance system, consisting of 28 unique nongovernmental
mediaal erts between October 16, 2015 and April 16, 2016 [14].
The cumulative reported case curve obtained from these reports
shows an unrealistic L-shape, presumably due to increased
interest in reporting during recent weeks and lack of awareness
during early weeks (Figure 1). By assuming that the total number
of cases obtained from HeathMap was a reasonable
approximation of reality for the given time period, we used
Google search datato distribute cumul ative reported case counts
more realistically over time.

Although many cases of dengue and influenza go undetected,
previous studies have shown that relevant Google search trends
demonstrate high linear correlation with reported disease
incidence over time[15,16]. Thus, we obtained weekly Google
search fractions of the term “Zika” from Colombia via the
Google Trends website (accessed on April 29, 2016). These
search fractions are displayed weekly as normalized valuesthat
range from zero to 100, which reflect the level of nationwide
search interest in the word “Zika’ from January 4, 2004 (first
available datum) to April 16, 2016.

We created a smoothed cumulative incidence curve (referred
to as “smoothed HealthMap”) by scaling the Google search
curve against the HealthMap-reported Zika cases [17]. The
scaling constant was obtained by dividing the most recent total
number of HealthM ap-reported Zika cases by the total number
of Google search fractionsfrom May 31, 2015 to April 16, 2016.
Perhapsduetoinitial delaysin reporting, the first relevant uptick
of the term “Zika” in the Google Trends data occurred during
the week of May 31, 2015, approximately 20 weeks before the
first HealthMap aert of Zikavirusdiseasein Colombia. Because
of this, May 31, 2015 was selected asthe start date for modeling
efforts using smoothed HealthMap data; April 16, 2016 (last
available datum at time of manuscript preparation) was selected
as the cut-off date.

Due to successful applications in other data-scarce (ie,
cumulative incidence only) settings, the Incidence Decay and
Exponential Adjustment (IDEA) model was used to estimate
the basic reproductive number (R;) and the discount factor (d)
associated with the ongoing outbreak [2,18,19]. Both R, and d
were solved for using nonlinear optimization to minimize the
sum of sguared differences (SSD) between reported
(user-inputted) and modeled cumulative incidence (1) curves
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across multiple serial intervals(ie, outbreak generations). Figure
2 presents a formulation for | expressed in terms of R, and d,

where t is the number of outbreak generations (ie, seria
intervals) that have passed thusfar and isinversely proportional
tothe serial interval length (ie, number of days per serid interval
[SI]). Given that distribution for the SI associated with Zika
virusdisease had not yet been established, R, and d were solved
for iteratively over arange of 14 deterministic lengths (10-23
days) [20].

These values of R, and d were then used to define maximum,
minimum, and mean values for the observed reproductive
number (R,,e), final reported outbreak size (I,4), and fina
reported duration (t,,4).The observed number of secondary
infections per infected individual for a given value of t (Ry,9)

was cal culated using the following equation: Ry, = Ry/(1+ d)".

When d is greater than zero, R, does not equal Ry, In such
circumstances, diseaseincidenceisnonexponential dueto either
planned or unplanned reductions in disease duration, contact
rate, or infectiousness of cases [18]. Likewise, final reported
outbreak duration (t,.) was caculated as follows [18]:

treIN(RY/IN(L+ d).

Majumder et al

Final reported outbreak duration can also be expressed in days
by multiplying t,,. by SI; however, in calculating | ,,,,, original
units (ie, outbreak generations) are used (Figure 3).

In the event that a viable vaccine is developed before the
ongoing outbreak in Colombia ends (t,.), the following
equation was used to assess the percentage of the susceptible
population that would need to beimmunized against Zikavirus
(%Vax) to eliminate transmission, assuming 100% vaccine
efficacy: %Vax=1—(1/ Ry).

After completion of the analyseson the digital surveillance data,
we performed a validation study using traditional surveillance
data obtained from weekly Instituto Nacional de Salud (INS)
(Nationd Ingtitute of Health, Colombia) epidemiological bulletin
publications[21]. The INSfirst reported incidence of Zikavirus
diseasein Colombiaon October 16, 2015. However, subsequent
publications indicated that the outbreak likely began during
epidemiologic week 32 of 2015 or earlier [22]. Asresult, August
22, 2015 was selected as a start date for modeling efforts using
INS data. April 16, 2016 (date of the most recent publication
at time of manuscript preparation) was selected as the cut-off
date [22]. The analyses described previoudly for the smoothed
HealthM ap dataset were conducted on the INS dataset as well,
resulting in Ry, d, Ryss, Imaxs tmax» 8Nd %Vax estimates for both
digital (smoothed HealthM ap) and traditional (INS) cumulative
reported case data.

Figurel. Cumulative case curve of Zikavirusdiseasein Colombiaas captured by the HealthMap digital disease surveillance system. Linear smoothing
was conducted to adjust the shape of HealthMap cumulative case curve using Google search data.

Actual HealthMap

70,000

60,000

50,000

40,000

30,000

Cumulative reported cases

20,000

10,000

6-Jun-15
27-Jun-15
18-Jul-15
8-Aug-15
29-Aug-15
19-Sep-15
10-Oct-15

Smoothed HealthMap

31-Oct-15 |
21-Nov-15
12-Dec-15
2-Jan-16
23-Jan-16
13-Feb-16
5-Mar-16
16-Apr-16

26-Mar-16

Date of reporting

http://publichealth.jmir.org/2016/1/e€30/

JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e30 | p.142
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Figure 2. Cumulative incidence (I) expressed in terms of Ry and d.

=3 [

t=0

Figure 3. Final reported outbreak size (Iax) expressed in terms of Ry and d.

In (Ro)Z
exp 4ln(1 +d)

max = tnax —

D5 |,

Results

Example model fits for both digital (smoothed HealthMap;
SSD=1.47x10%) and traditiona (INS; SSD=1.55x10")
cumul ative case dataare shown in Figures4 and 5 (SI=17 days).
In general, thetraditional datamodel fits (mean SSD=1.76x10")
were superior to those derived from digital data (mean
SSD=1.64x108).

Using thedigital (smoothed HealthMap) cumulative case counts,
we estimated a mean R, of 3.26 (range 1.91-5.05) and a mean
d of 0.04 (range 0.01-0.07) across 14 deterministic serial interval
lengths (range 10-23 days) (Figure 6). We then calculated a
mean Ry, of 1.63 (range 1.31-2.05), amean | ,,, of 85,546 cases
(range 80,028-93,885 cases), and amean t,,,,, of 530 days (range
522-538 days; November 2016). Cumulative reported case

projections using these model ed parameters are shown in Figure
7.

Majumder et al
In(R,) In(R,)
2n (1 + d)>,/ln(1 +d)—erf <— In+d) d))w/ln(l + d)]

The traditional (INS) data yielded a mean R, of 5.36 (range
2.52-9.63) and a mean d of 0.07 (range 0.02-0.14) across 14
deterministic seria interval lengths (range 10-23 days) (Figure
8). Using these, we calculated a mean R, of 1.96 (range
1.45-2.58), amean |, of 77,386 cases (range 76,587-78,619
cases), and a mean t,, of 387 days (range 382-392 days;
September 2016). Cumulative reported case projections using
these modeled parameters are shown in Figure 9.

Although R, values calculated using the traditiona (INS) data
were general higher than those calculated using digital
(smoothed HealthMap) cumulative case counts (SSD=82.14),
Rops Values were quite similar across data sources (SSD=1.84).
As aresult, the digital (smoothed HealthMap) and traditional
(INS) cumul ative case data produced similar mean %Vax values
of 0.39 (range 0.24-051) and 0.49 (range 0.31-0.61),
respectively.

Figure 4. IDEA model fits against smoothed HealthMap cumulative case data for Zika virus disease in Colombia. A serial interval length of 17 days

was used.
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Figure5. IDEA modél fits against Instituto Nacional de Salud (INS) cumulative case data for Zika virus disease in Colombia. A serial interval length

of 17 days was used.
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Figure 6. Modeled valuesfor basic reproductive number (Rp), discount factor (d), and observed reproductive number (Rys) Using smoothed HealthMap
cumulative case data. A total of 14 deterministic seria interval lengths were used; modeled values for each parameter are shown across all 14 serial

interval lengths.
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Figure 7. Cumulative case count projections using smoothed HealthMap cumulative case data. Projected minimum, maximum, and mean cumulative
case counts are shown.
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Figure 8. Modeled values for basic reproductive number (Rg), discount factor (d), and observed reproductive number (Rypg) using Instituto Nacional

de Salud (INS) cumulative case data. A total of 14 deterministic serial interval lengths were used; modeled values for each parameter are shown across
all 14 seria interval lengths.
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Figure9. Cumulative case count projections using Instituto Nacional de Salud (INS) cumulative case data. Projected minimum, maximum, and mean

cumulative case counts are shown.
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Discussion

When depletion of susceptible individuals due to infection (ie,
via death or immunity-conferred recovery) is small relative to
thetotal population, basic reproductive numbers obtained using
the IDEA model are comparable to simple SIR-type models
[19]. Although they are especially suitablefor usein data-scarce
settings, SIR-type models—and, by extension, the IDEA
model—cannot easily incorporate global dynamics, such asthe
importation and exportation of infectious agents (ie, vectors
and humans) or significant climate events (ie, El Nifio and La
Nifid). Nevertheless, others have demonstrated that simple
SIR-type models perform similarly to complex mechanistic
models when describing the transmission dynamics of
vector-borne and water-borne diseases in localized contexts
[23,24]. As aresult, the IDEA model is a reasonable method
for analyzing nationwide transmission dynamics of Zikavirus
disease in Colombia.

As defined by the IDEA modeling method, R, represents
potential transmissibility of a given pathogen in a fully
susceptible, naive population; meanwhile, R, represents
observed transmission in the face of existing interventions, as
captured by d [2,18,19]. In this sense, the R, is similar to the
effective reproductive number (R), which represents

transmissibility in a population that is not fully susceptible.
Mean modeled estimates for R, across both data sources were

consistent with R, estimates for Zika virus disease in French
Polynesia and with R, estimates for chikungunya and dengue
[12,25,26]. Mean modeled estimates for R, were aso
comparableto R, estimatesfor chikungunyaand dengue[27,28].

To takeinto account the effects of ongoing transmission control
efforts, Ry, Was used instead of R, to calculate %Vax.

http://publichealth.jmir.org/2016/1/e€30/

In this study, we found that using the traditional (INS) data
yielded higher R, estimates than the digital (smoothed
HealthMap) cumulative reported case counts. Nevertheless,
because estimates for d were also higher, modeled ranges for
Rops @nd %Vax were comparable across both data sources.
Similarly, the narrow range of possible case projections
generated by thetraditiona (INS) datawaslargely encompassed
by the wider range produced by the digital (smoothed
HealthMap) cumul ative reported case counts. Therefore, inthe
absence of traditional health care-based surveillance data,
important epidemiologic parameters may be estimated using
smoothed digital surveillance data as described here.

The methods used in this study are not without limitations. For
both data sources, estimates for country-level case projections
and |, apply only to those that seek care; true caseloads are
likely to be as much as five times higher than those that are
reported [11,12]. Furthermore, because country-level data are
utilized, in-country transmission heterogeneities are not
captured. Asgeographic granularity of digital surveillance data
improves, similar analyses should be conducted at smaller
scales. Nevertheless, given that projection models are designed
to serve as decision-support tools, estimating the number of
cases that will report to hospitals and clinics over the next
several months—even at the country level—is still valuable for
the purposes of resource allocation. This may be especialy
pertinent with respect to diagnostic support for pregnant women
presenting with clinical symptoms for Zika virus disease. To
date, nearly 20% of all reported Zika virus disease cases in
Colombiahave been pregnant women; if the current rate holds,
thousands more may be infected and seek care before the
outbreak ends. However, the projections presented in this paper
only apply in the event that circumstances remain unchanged
(eg, no new interventions are put in place).
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With improved compliance, vector suppression interventions
(eg, elimination of standing water, exhaustive use of insect
repellant) have the potential to bring this outbreak to a swift
close, even in the absence of avaccine. Inthe event that aviable
vaccine can be developed before the outbreak ends, our
estimates suggest that approximately half of the susceptible
population would need to be immunized to confer herd
immunity. Considering the growing body of evidence linking
Zika virus infection during pregnancy to microcephaly in
newborn babies, women of childbearing age should be given
priority if the option becomes available [4,5].

Regardless of whether a vaccine reaches the market before the
outbreak in Colombia ends, the data acquisition and modeling
approach presented in this paper may still benefit other
Zika-affected countries  with  limited capacity for
government-implemented health care-based data collection.
Although traditional surveillance data should be used
preferentially, in its absence digital surveillance data can yield
comparable estimates for key transmission parameters. It has
been shown that digital surveillance data can be used
retrospectively to assess transmission dynamics of
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well-understood pathogens (eg, Vibrio cholerae); however, our
findings suggest that similar analyses can also be conducted in
near real time for emerging infectious diseases [3]. Moreover,
the epidemiologic parameters estimates from these analyses
may be readily updated as new information emerges, enabling
prospective tracking of transmission dynamics at the country
level despite data scarcity.

Recent history has shown the need for rapid epidemiologic
assessments to better inform intervention strategies in the face
of a public health emergency. For effective evaluation of such
interventions, baseline estimatesfor transmissibility—Ilikethose
described in this study—must be established. Furthermore,
changes in outbreak dynamics must be closely monitored in
order to assess the impact of active interventions on disease
transmission. Our approach offers an important alternative to
guesswork based loosely on related diseases and previous
outbreaks. Given the absence of traditional surveillance data
and transmission heterogeneities across Central and South
America, digital surveillance data can and should be used to
conduct similar analyses for other Zika-affected countries in
the months ahead.
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MERS: Middle East respiratory syndrome
RO: basic reproductive number

Robs: observed reproductive number

Rt: effective reproductive number

SARS: severe acute respiratory syndrome
Sl: seria interval length

SSD: sum of squared differences

tmax: final reported outbreak duration
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Abstract

Background: Hand hygiene is an important component in infection control to protect patient safety and reduce health
care-associated infection.

Objective:  Our aim was to evaluate the efficacy of different social media on the promotion of ahand hygiene (HH) program.

Methods: The observational study was conducted from May 5 to December 31, 2014, at a 2600-bed tertiary care hospital. A
3-minute video of an HH campaign in 8 languages was posted to YouTube. The Chinese version was promoted through three
platforms: the hospital website, the hospital group email, and the Facebook site of a well-known Internet illustrator. The video
traffic was analyzed via Google Analytics. HH compliance was measured in November 2013 and 2014.

Results: Therewere 5252 views of the video, mainly of the Chinese-language version (3509/5252, 66.81%). The NTUH website
had 24,000 subscribers, and 151 of them viewed the video (connection rate was 151/24,000, 0.63%). There were 9967 users of
the hospital email group and the connection rate was 0.91% (91/9967). The connection rate was 6.17% (807/13,080) from
Facebook, significantly higher than the other 2 venues (both P<.001). HH compliance sustained from 83.7% (473/565) in 2013
to 86.7% (589/679) in 2014 (P=.13) among all HCWs.

Conclusions: Facebook had the highest connection rate in the HH video campaign. The use of novel social media such as
Facebook should be considered for future programs that promote hand hygiene and other healthy behaviors.

(JMIR Public Health Surveill 2016;2(1):€5) doi:10.2196/publichealth.5101

KEYWORDS
social media; hand hygiene; infection control

We have therefore questioned whether novel methods can be
used to engage our health care workers (HCWSs) and accurately
measure the efficacy of an HH promotion. “Net generation” has
been used to describe the generation who grew up in the era of

Introduction

Since the World Health Organization (WHO) launched thefirst
global hand hygiene (HH) campaign to protect patient safety

in 2005, more than 130 WHO member statesand 17,000 health
care facilities have committed to improving HH [1].
Traditionally, printed posters were an important component in
the multimodal HH-promoting strategies and other healthy
behaviorsin the work place [2]. However, there istypically no
systemic eval uation to quantify how many peopleviewed printed
posters, and changesin HH compliance may be dueto the poster
or other multimodal strategies to improve HH [3].

http://publichealth.jmir.org/2016/1/e5/

RenderX

electronic devicesand social media[4]. A 2012 report from the
Ingtitute for Information Industry indicated that 74.5% of the
population in Taiwan uses the Internet [5]. Thus, in addition to
poster reminders, we aimed to promote an HH program in our
institution via socia media.

In Taiwan, the WHO's HH program was centrally sponsored
by the Centers for Disease Control (CDC) of Taiwan from
2009-2011 in three demonstration centers. After that, the
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program was distributed throughout the nation via HH
certification programs [6]. In 2014, the National Taiwan
University Hospital (NTUH) highlighted the HH program
through a video campaign to remind our HCWSs about the
importance of HH and was launched on world HH day (May 5,
2014). Threedifferent platformswere used to promote the video
[7]: the hospital website, the hospital group email system, and
awell-known Facebook site owned by amedical school student
of the National Taiwan University (NTU). We compared the
efficacy of promoting the HH program on these three different
platforms.

Methods

Ethics Statement

Thisstudy was approved by the ethics committee of the NTUH.
Informed consent was waived under the agreement of the
committee (201501083W).

Setting

The NTUH (Taipei, Taiwan) is a university-affiliated medical
center with 2600 beds. Alcohol-based hand hygiene equipment
has been provided hospital-wide since 2004 [8]. A centrally
sponsored HH program was conducted from 2009-2011.

Hand Hygiene Video

The video script was written by one of the authors (PSC) and
produced by the FTIG Company (Taipei, Taiwan). The main
actors were HCWSsin the NTUH. Eight versions of the videos
were produced in different languages, including the most
common languages in Taiwan (Chinese, Hokkien, and Hakka)
and languages commonly used by internationa patients (English,
Japanese, French, Indonesian, and Vietnamese).

The 3-minute video covered three main topics: an introduction
to the importance of HH and the commitment of the NTUH, a
short dramato demonstrate five different momentsfor HH, and
a dancing section that demonstrated the technique of HH.

Video Broadcast

The videos were uploaded to YouTube on the officia site of
the Center for Infection Control, NTUH. The videos can be

Figure 1. Screenshot of the video “5 moments for hand hygiene.”.
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found by searching for keywords such as “National Taiwan
University Hospital (NTUH)” and “hand hygiene.” The videos
were launched on May 5, 2014. The Chinese version was
promoted through three sites: (1) the website of NTUH viaan
article introducing World HH day, (2) NTUH group email, and

(3) the well-known Facebook site of a 6" year medical student
at theNTU [7]. This student’s Facebook group, “Clerk: thelife
as aroad blocker,” was started in 2013 and shared the life of a
clerk who rotated in the training hospital. The video was shared
with a comic who demonstrated the importance of HH on May
5, 2014.

Hand Hygiene Compliance

The method used to determine HH compliance was in
accordance with WHO [2]. Covert observation were conducted
by trained infection control nurses (ICNs). The HH observation
was around 20 minutes in every ward. At least 6 HCWSs,
including physicians and nurses, were randomly selected. The
ICNs would introduce themselves before the observation and
give brief feedback right after the observation was completed.
The compliance rate was calculated by the number of actual
HH actions, divided by the number of required HH actions. The
hospital-wide HH compliance rates were gathered and feedback
from the chief and head nurse of every ward. HH compliance
was checked annually in November, and the compliance rates
in 2013 and 2014 were compared.

Statistics

The number of website views was determined by Google
Analytics. The connection rate was calculated by the number
of video views divided by the users subscribed to the specific
platforms and compared by chi squaretest. A P value .05 was

defined as statistically significant. The statistical analyseswere
performed using STATA 11.0.

Results

From May 5 to December 31, 2014, there were 5252 views of
the video, mostly of the Chinese version (3509/5252, 66.81%)
(see Figure 1). The production cost was US $6250, so the
average cost per click during this period was US $1.20.

)
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Efficacy of Three Different Promotions

Among the 3509 viewers of the Chinese version, 53.01%
(1860/3509) was female and 46.99% (1649/3509) male. The
main age group was among 25-34 years old, which accounted
for 34.0% of the viewers. We used three different I nternet-based
platforms to promote the Chinese version of the video. At the
hospital level, the officia website of NTUH had 24,000
subscribers, and 151 of them opened the link to the video
(connection rate: 0.63%, 151/24,000). A total of 9967 people

Pan et d

received the hospital group email, and 91 of them opened the
link to the video (connection rate: 0.91%, 91/9967). There was
no feedback from the email or website promotions. On
Facebook, there were 13,080 clicked to the site, and 807 opened
thelink to the video. The connection rate for Facebook (6.17%,
807/13,080) was significantly higher than from the other two
platforms (P<.001 for both comparisons). On Facebook, 525
visitors (525/13,080, 4.01%) clicked on “Like” for the HH
campaign and 21 visitors (21/13,080, 0.16%) shared the video
(see Table 1).

Table 1. Views and feedback on the hand hygiene video that were traced to different applications.

Application Headlines (total messageword Placement UsergVisitors Views  Interaction
counts)
NTUH Website May 5, World Hand Hygiene  Link 24,000 151 0
Day (163)
NTUH group email May 5, World Hand Hygiene  Link 9,967 91 0
Day (163)
Personal Facebook site  May 5, World Hand Hygiene  Link 13,080 807 524 “liked”; 21 “shares’; 7 “recom-

Day (45)

mends’

Time Series Analysis

On May 5, 2014, a press release was also sent from Public
Relations Office of NTUH to 20 local newspaper offices. One
e-newspaper reported this message that afternoon and provided
the YouTube link. On the first day, except for the direct links
to the Chinese version, most viewers were from the Facebook
site (n=105), followed by NTUH website (n=19) and hospital
group email (n=19), and e-newspaper (n=5). One traditional
newspaper reported the news on the following day.

During the following year after the video launched (until Dec.

version of thevideo were during thefirst month. After excluding
1259 direct linksto the video (which cannot be readily tracked),
38.09% (857/2250) of the views were from Facebook, 7.60%
(171/2250) from the NTUH website, 4.31% (97/2250) from the
NTUH group email, 29.60% (666/2250) from other sources (eg,
YouTube suggestions, e-newspapers, e-magazines), and 20.40%
(459/2250) from search engines, including YouTube (407/2250,
18.09%) and Google (52/2250, 2.31%) (see Figure 2). Theviews
of thevideo viasearch enginesincreased from 9.75% (141/1446)
inMay 2014 to 33.80% (24/71) in December 2014. The average
time spent on the video was 2:40 minutes via the Facebook,

31, 2014), 69.68% (2445/3509) of the views of the Chinese 2:47 minutes via the NTUH, and 1:28 minutes via the group
email.

Figure2. (A) The number of views of the Chinese version of the hand hygiene video from May 5 to Dec 31, 2014 (views were excluded if the source
could not be traced; “Others” included YouTube recommendations, e-newspapers, and e-magazines). (B) Proportion of traffic from different sites from
May 5 to Dec 31, 2014.
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Comparison of Versionsin Different Languages

Overdl, the video was distributed in 49 countries, and on
average, viewers spent 1.57 minutes on the 3-minute video. The
Chinese version was the most popular (3509/5252, 66.81%),
followed by the Indonesian version (414/5252, 7.88%) (see
Figure 3). Therewere some differencesin how different viewers

http://publichealth.jmir.org/2016/1/e5/

RenderX

Proportion of Flow during May to Dec. 2014

Search
20%
Facebook Google
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Hospital
website 8%
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accessed the video. For the English version, 7.4% (18/245) of
the views were through Twitter and 1.2% (3/245) through
Facebook.

Most visitors used computersto watch the video, except for the
Indonesian version where a higher proportion was viewed by
smartphone (187/414, 45.2%) than computer (174/414, 42.0%),
although not statistically significant (P=.36) (see Figure 3).
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Figure 3. Views of the hand hygiene video in different languages and with different devices. (A) Proportion of videos viewed in each of 8 languages.

(B) Devices used to view the video in each of the 8 languages.
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Hand Hygiene Compliance

The hospital-wide HH compliance improved from 83.7%
(473/565) in 2013 to 86.8% (589/679) in 2014, although this
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changewas not significant (P=.13) (Table 2). Among physicians,
the HH compliance improved from 69.0% (69/100) to 81.1%
(163/201) (P=.02).

Table 2. Hand hygiene compliance before and after the 2014 video campaign.

Compliance 2013, 2014, P value
% (n/N) % (/N)
Total 83.7 (473/565) 86.7 (589/679) 13
Physicians 69.0 (69/100) 81.1 (163/201) .02
Nurses 87.9 (350/398) 89.9 (390/434) .38
Others 80.6 (54/67) 81.8 (36/44) .87
Discussion In contrast, the website and email would be more like a

Principal Findings

During the hand hygiene video campaign in 2014, the promotion
on Facebook was significantly more successful than promotion
on two traditional Internet-based communication tools, that is,
the hospital website and group email.

Different marketing strategies have been used in the promotion
of HH [9,10]; however, there is a growing influence of social
media on health promotion [11]. For hand hygiene, Web-based
interventions have been reported to promote hand washing
during the flu season among the community [12]. In the health
care setting, printed postersweretraditionally used asreminders
in the workplace [3]. This approach could be extended to the
Internet (eg, video clips). Theimportant issueishow to promote
videos, instead of passively waiting for them to been seen. In
this study, we demonstrated that social media could be a
surrogate method to connect to our community of HCWs.
Importantly, this new promotion tool alows quantification of
the connection rate.

Through quantitative analysis, we revealed that connecting to
the HH video is more efficient through Facebook than the
traditional hospital website and group email. The differencein
connection rate may be due to the fact that shared information
among peers is an important influence on behavior [13]. The
Facebook site, “Clerk: The life as aroad blocker,” was run by
a medical school student and followed by 13,080 users.
Facebook interaction, including “ Likes’ and “ Shares’, can create
further discussion and connect to a greater possible audience.
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broadcast site without a method for further interaction.

In addition to the ability to connect to the right community and
create interaction, social media also allows consumption and
control, per the social media“4 Cs’ (ie, connection, community,
context, content) [14]. Theword-of-mouth effect in social media,
such as “like” “share” or “recommend” on Facebook, is
controlled by all viewers and by the Facebook owner. We were
fortunate to have a partner who received adequate infection
control training and could provide professional feedback.
However, other important online influencers may not have the
same knowledge of infection control. Thus, there is an urgent
need for the health care system to take amore proactiverolein
communicating with the net generation [15]. Thus, we could
provide additional information about HH programs besidesthe
video, which was designed to be short and catch viewers
attention. However, special personnel are needed to create,
maintain, and provide timely feedback on social media [16].
We hopethat the current study stimulatesinterest inthe analysis
of cost and efficacy of using social mediato promote infection
control.

Of note, the proportion of the video viewers via Facebook
decreased after the first month that the video launched. The
potential pros of Facebook as rapid information sharing can
also be a cons as the message may disappear rapidly. But while
we stored the video campaign on the Infection Control Center’s
YouTube sitein December 2014, 34% of thetraffic to the video
was via search engine (eg, Google, YouTube). Thus, since
search-engine optimization has been an important marketing
tool [17], simple and frequently used keywords need to be
planned early before launching a campaign.
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Also from the point of view of marketing, the efficacy of asocia
media campaign would be considered as the return on
investment (ROI). However, hedlth care is different from
commercia operations and online merchandise, so we cannot
provide a traditional ROI as “cost per acquisition.” However,
we calculated the equivalent cost per click asUS $1.2, and this
iswithin the average cost of online advertising [18].

There may have been some regiona differences among our
viewers. According to our analysisof the eight different versions
of video, wefound that those who viewed the Indonesian version
had greater utilization of smartphones. Thisis consistent with
the findings of a 2013 national survey in Taiwan, which found
that new immigrants were more likely to own a smartphone
than a computer (82.5% vs 61.4%) [19]. Thus, for future
marketing of HH videos, we suggest that the material betailored
to suit the needs of different viewers and the characteristics of
different electronic devices (eg, length of the video, formatting).

Limitations

A limitation of our study would be that HH behavior may be
influenced by other interventions at the same time. In Taiwan,
the national HH program was promoted by CDC, Taiwan, in
2012. Therewere no other concurrent interventionsfor HH after
that within the institution. The HH compliance was also
measured by professional ICNs, and objective compliance rate
was used for evaluation.
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Another limitation of this study is that we did not examine the
use of multiple social media platforms. In particular, different
geographical regionstend to prefer different social mediasites,
as is the case with Facebook and Myspace [20]. Surprisingly,
the video had been distributed to 49 countries. Even though this
effect may beyond the scope of this study, we are aware that
video campaigns via hovel social media can reach even larger
populations beyond geographic boundaries. As Twitter had been
used more frequently than Facebook in our English version,
other social media platforms could aso be considered for
marketing an HH program, such as Twitter, blogs, mini-blogs,
Instagram, Tumblr, Google’, and Vimeo. Future research could
focuson regional differencesin the use of different social media
websites.

Conclusions

Bernoff et al stated that social media“isaphenomenon of people
connecting with each other and drawing strength from each
other” [21]. This echoesthe long-term goal of the HH program
to empower our patients and create asafe environment in health
carefacilities. We expect that use of novel social mediawebsites
may play useful rolesin the promotion of HH programs. Thus,
starting ablog, building an onlineinfection control community,
or creating a dedicated Facebook page will allow us to engage
more people and increase HH awareness.
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commitment to improve patient safety and reduce health care—associated infections.
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Abstract

Background: Inthe past decade, socia media has become an integral part of our everyday lives, but research on how this tool
isused by public health workers and organizationsis still devel oping. Budget cuts and staff reduction in county departments have
required employees to take on more responsibilities. These reductions have caused a reduction in the time for training or
collaborating with others in the field. To make up for the loss, many employees are seeking collaboration through social media
sites but are unable to do so because state departments block these Internet sites.

Objective: This study sought to highlight the key considerations and decision-making process for a public health organization
deciding whether to implement a social media presence for their organization.

Methods: Using 3 structured interviews, 15 stakeholders were questioned on their personal experience with social media,
experience within the context of public health, and their thoughts on implementation for their center. Interviewswere coded using
constant comparative qualitative methods.

Results: The following themes emerged from the interviews: (1) persona experience with technology and social networking
sites, (2) use of socia networking sites in public health, (3) use of social networking sites in work environments, (4) social
networking sites access, (5) ways the Rural South Public Health Training Center could use social networking sites, and (6)
perceived outcomes of social networking site usage for the Rural South Public Health Training Center (positive and negative).

Conclusions: The collective voice of the center showed a positive perceived perception of social media implementation, with
the benefits outweighing the risks. Despite the benefits, there is a cauti ous skepticism of the importance of social networking site
use.

(JMIR Public Health Surveill 2016;2(1):e6) doi:10.2196/publichealth.5032

KEYWORDS
public health; social networking sites; professional development; training centers; Facebook; Twitter

virus/acquired immune deficiency syndrome (HIV/AIDS). A
review of this training center's website, and the 37 others

This research study was conducted with a focus on the Rural  Nétionwide, reveals that 20 currently have a socia media
South Public Health Training Center (RSPHTC), acollaborative  Presence using Facebook; 5 of those maintain a Twitter page.
effort originally between the University of Florida(UF) andthe ~ Currently, these centers primarily use social media platforms
Florida Agricultural and Mechanical University (FAMU). The  fOr advertisement of center and community events, as well as
training center's mission is to train public health workerswith  ©ffering linksto other resources and research for specific areas

special emphasison rural settingsand humanimmunodeficiency ~ ©f Specialty.
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This study provides an overview of factors common to many
organizations related to the implementation of socia media.
Whiletheterm social mediaisoften generally used inreference
to Twitter and Facebook, a more specific term for this
communication category is social networking sites (SNSs).
SN Ss are defined as Web-based services that allow individuals
to (1) construct apublic or semi-public profile within abounded
system, (2) articulate alist of other userswith whom they share
a connection, and (3) view and transverse their list of
connections and those made by others within the system [1].
What makes these sites unique is not only that users can meet
people they do not personally know, but that they are able to
see and show their network [1].

For the purpose of this study, the focus on SNS centered on
Facebook and Twitter due to their popularity. Like various
SNSs, Facebook requires individual accounts; users have the
ability to modify these accounts, ultimately affecting their
potential contacts based on how they create their profile. Twitter
isamicro-blogging SNS that has gained popularity in limiting
users to write messages in 140 characters or less. Twitter, by
allowing users to place a hashtag before a term creating a new
searchable topic, has become valuable for professionals who
want to network with peoplein their field and see specific topics
regularly updated [2]. While Twitter has only been online since
2006, there is aready growing research on its use in public
health and by public health organizations[3]. Twitter usershave
demonstrated use by following health conferences, adevel oping
health story, or learning new sources and Web links for future
research [4]. Because of the internal system, using a hashtag,
users can highlight specific words in their post that alow for
grouping of posts. Thus, users can sort through all postsrelated
to these words, which can help point them in new related
directions of searching. The World Health Organization (WHO)
used Twitter during arecent health scare, asthe hashtag “H1N1”
had nearly 12,000 followers [4]. This allowed WHO to update
12,000 peoplein addition to those to whom the information was
forwarded every time there was newsto report. Through aMay
2013 search, the Centers for Disease Control and Prevention
had over 162,000 Twitter followers, and asubgroup at one point
had over 400,000 tweets.

Another important theme for one to consider, related to public
health workers using SNS, is access. While much research
highlights potential applications of SNS in public health, the
subject is diminished when considering the access to, or lack
thereof, this information to public health workers [5]. Recent
budget cuts have halted opportunitiesfor conferences and travel
for further educational opportunities [6]. Budget cuts, as well
as staff reduction of some county departmentsin Florida, place
stress on the system and communities. Employees are now
taking on more responsibilities and tasks beyond their scope of
expertise, further reducing their timefor training or collaborating
with othersin the field. These factors, and others, are pushing
more formal and informal training online. Pursuing informal
professional development through SNS, however, can be
difficult as many state health departments, including Florida,
block these sites on their Internet filters. The aim of this study
was to record the decision-making process for a public health
organization asit considered theimplementation of social media
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to advance the center’s goals and mission, by focusing on the
perspectives of varying stakeholders within a public health
training center, in order to provide considerations for
administrators/organizations when deciding to implement a
social media presence.

Methods

This research study was conducted within a case-study model
focusing on the RSPHTC's potential implementation of asocial
media presence and followed amodel of diffusion[7-9]. Rogers
diffusion model has numerous aspects and perspectives, many
of which provided the theoretical framework for thisstudy. The
diffusion of innovationstheory isonethat seeksto explain how,
why, and at what rate new technology and ideas spread through
aculture [7]. In essence, diffusion can be defined as a process
in which a new innovation is communicated through a certain
period of time, through various channels, anong asocial system
[7]. Primarily, the diffusion model looks at 4 characteristics
related to the diffusion of an innovation: elements of the
innovation, types of decisions, the adoption process, and
characteristics of adopters.

This project focused on the potential implementation of social
media by the RSPHTC. Interviews of various stakeholders
provided an account of the variables considered throughout the
process. Theinterview questionswere set in an interview guide
created through instruments highlighted in the Interview Guide
Approach [10]. The interview guide was created to more fully
understand the knowledge, perceptions, and processes used by
the RSPHTC regarding SNS implementation, in accordance
with the framework of Rogers’ diffusion of innovations model.
A total of 3 interviews were set up with each individual,
recorded, and later transcribed verbatim, as described by the
Interview Guide Approach [10]. Thefocus of thefirst interview
is getting acquainted, developing rapport, and laying out the
area that the researcher would like the interviewee to explore
[11,12]. Between the first and second interview, the participant
has had time to think more deeply about the experience, and,
thus, the second interview is more focused and allows time to
explore the experience in depth [11,12]. In the third interview,
the researcher asksfollow-up questionsto fill in and clarify the
account of the first 2 interviews, and the participant can add
newly remembered information prior to moving on to new
information [11,12]. Each interview was conducted face-to-face
and recorded by the sameindividua (MH).

In applying Rogers diffusion model to the RSPHTC socia
mediastudy, theinterview questionswere grounded thoroughly.
The researcher asked questions related to all aspects of the
innovation that could be considered by the stakeholders. The
focus of these respective interviews with decision stakeholders
included their definition and perceptions of socia media,
determining social mediausage in public health, consideration
of how social media can affect those within public health, and
gauging perceived positive and negative implications for the
implementation of social mediafor the center. Decision makers
were chosen as the focus of this study because they are the
individuals that would choose if public health workers could
use social media or not.
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Recruitment

This study followed the experiences of 15 stakeholders in the
RSPHTC' sdecision-making process of considering social media
implementation. To be interviewed, participants had to meet all
three of the following inclusion criteria: (1) being members of
the RSPHTC's management team or advisory board, (2)
representing the 2 universities on the training center grant, and
(3) being memberswho were given the responsibility to control
day-to-day operations, or consult those making day-to-day
decisions for the center (advisory board).

We recruited 15 subjects to participate in this investigation, by
personal requeststhrough email. These 15 members represented
advisory board members and senior public health researchers
and administrators at UF and FAMU. As the RSPHTC is a
smaller organization with easily identifiable members prominent
inthefield of public health and university administration, extra
effort was made to hide the specific identities of the participants
in this study. In using a singular bound case, however, all
thoughts of the SNS decision makers for the center were
contained and reflective of the group. Collecting the final
responses and sharing them without identifiers allowed the
participants to speak more freely on the questions related to
SNSimplementation, its place within public health, and potential
technology blocksimposed at the state and county levels. Each
interview was coded into respective themes by trained
qualitative researchers (MH & SHT).

Statistical Analysis

The results section of this study examined the replies of the
stakeholders as awhole and separated the interview responses
by themes, not by participant.

In total, 15 participants were interviewed three times each, for
a total of 45 interviews. Each interview was transcribed and
then coded using qualitative methods. To enhancethereliability
of the coding process, 2 trained qualitative researchers both
coded 3 interviews together to establish an initial code book,
and then individually coded the entire set of interviews. At the
conclusion of the initia data analysis, the researchers then
compared their results, working the data from codes to larger
themes.

While there are various methods within qualitative research to
analyze data, the format used in this study was the constant
comparison method. By using the constant comparison method
of analysis, data can be reduced into manageabl e units and coded
information. This method of analysis starts with examining the
raw data, looking for key words across all interviews, and
grouping segments of the responsesinto categories. From there,
this method can be categorized into 4 states: comparing incidents
applicable to each category, integrate categories and their
properties, delimiting theory, and finally writing the theory or
narrative [10]. What makes this method unique is that it is a
continuous growth process, as each stage transformsiitself into
the next, while previous stages remain in operation throughout
the analysis.
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Results

Through the use of qualitative methods, the interviewswith the
RSPHTC stakeholders revealed six main themes in their
responses: (1) personal experience with technology and SNS,
(2) use of SNS in public health, (3) use of SNS in work
environments, (4) SNSaccess, (5) waysthe RSPHTC could use
SNS, and (6) perceived outcomes of SNSusagefor theRSPHTC
(positive and negative).

Per sonal Experience With Technology and Social
Networking Sites

In reviewing the interviews of the RSPHTC decision makers,
therewas avast spectrum of personal SNS usage demonstrated.
Prior to specifically discussing SNS usage and public health,
various questions helped form a baseline of the stakeholders
collaborative knowledge and usage of technology in general.
For the most part, many of the participantsin Interview 1, when
asked about what technology they use on a daily basis, listed
the telephone, their desktop computer, and email as specific
programs used. When asked about the technology they use in
their job, 2 listed their phone, 4 listed their computer, and al 5
specifically mentioned email. One participant, when asked what
program she used most on her computer, stated, “Just tons of
email and some Word documents and that kind of stuff, |
probably spend 2 hours a day just responding to emails”
Another participant agreed and added, “Each day it takes me
until lunch time to respond to al of my emailsand phone calls.
That isjust how people communicatein public health.” Another
aspect of technology often mentioned in the interviews related
to specific programs used in teaching, as many of the RSPHTC
stakeholders and administrators are also professors.

One stakeholder interviewed seemed to be very passive about
SNSin general and made numerous comments about the time
needed to maintain a regular presence. Different than others
interviewed, who often spoke on how using SNS helped them
make connections and allowed them to communicate with others
on their schedule, this stakeholder expressed that participating
in SNS could bework and almost feel like“an obligation.” This
participant, when asked about personal SNS usage, stated “well,
that's an interesting question because everybody around me
uses them and they friend me, or they link me.” She continued
by clarifying her usage as, “I'm like 90% passive in my use
because | just don’t have the time to be active. It also does not
really fit my personality to be actively putting things out there
about myself.” Ultimately this public health professiona seemed
content with the status of her friendships and how she
communicates with the people in her life and primarily saw
SNS as a barrier to friendships and not as atool to make these
connections stronger or more convenient.

In sum, the questions from Interview 1 that probed how the
RSPHTC stakeholders use SNS in their personal life resulted
in a varied mix of responses showing their collaborative
commitment and indifference. Several people interviewed
seemed to rely on SNS as away to stay in touch with friends,
past and present. Other people who were interviewed did not
seem to be motivated to try and keep up with thisgrowing socia
medium, content with how they currently communicate with
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others. Another set of comments, which revealed itself within
this theme, related to participant questions on what exactly
quantifies participation. Several of the stakeholders offered that
they sometimes go onto SNSto ook at pictures, seewhat friends
and relatives were doing, but often not posting themselves or
accepting the friend reguests proposed. It can be said, however,
that the RSPHTC decision makersall seemed familiar with SNS
and their features. Furthermore, most were able to identify
specific SNS by name, most citing Facebook, Twitter, and
Linkedin.

Use of Sacial Networking Sitesin Public Health

In examining the responses of the RSPHTC workers from
Interview 2, with regard to how they use SNS at work and within
the field of public health, the answers were often difficult to
distinguish between general public health and their personal
work advancement. For the most part, many of the responses
aligned to the stakehol ders sharing how they make connections
inthefield of public health or their field of academiawith SNS
versus how to use, or teach how to use, thetoolsto directly help
public health initiatives. The mgjority of answers described
usage as participating in alumni groups, networking with known
others who have similar sub-interests in public health, and
overal professional development. There also seemed to be a
connection of usage in a professional context, with personal
usage, as those who incorporated SNS useinto their daily lives
with friends and family tended to be more determined to
implement SNS for the center. The need to keep up with
professional development, however, seemed to be a motivator
for all, even for those who had previously answered personal
use questions with responses indicating their natural tendency
to be passive or indifferent to SNS usage. Primarily responses
from Interview 2 could be broken down into people describing
how they use SNSin the field and ultimately how it compares
to the current methods of public health workers' professional
development.

In addition to using SNS as a means to communicate with
students and known colleagues, the RSPHTC stakeholdersalso
addressed how they perceive these tools as a forum to interact
with othersin thefield. Most (13/15) of the interviewees stated
that they had never followed or tried to connect with someone
in the field of public health that they did not already know
personally. When wanting to see the work of another
professional in the field, for the most part, they would just
research their efforts on Google, read about new ideas in
academic journals, or watch YouTube and webinar
presentations. None of the partici pants had used amicroblogging
site, like Twitter, to follow an unknown person in public health.
The concept of “following” an unknown person, on a
professional or personal level, seemed to be a large deterrent
for using a site like Twitter by everyone interviewed. Only 1
person questioned actually used Twitter, but she claimed to
deliberately avoid public health discussions and professionals
and follow only personal friends. She clarified by stating “When
I’'m on Twitter, that's kind of like my time. I'm really not
focused on work or public health issues so to speak...| mean
public hedlth is part of my life all day long, but when I’'m on
Twitter at night I'm trying to kind of relax.”

http://publichealth.jmir.org/2016/1/e6/
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Use of Social Networking Sitesin Work Environments

As the discussion turned from describing the general role of
SNSinthefield of public health toward how the RSPHTC could
specifically usethese sitesto hel p public health workers, atheme
of general work environment usage of SNS emerged. Most of
the stakeholders interviewed, prior to considering how the
RSPHTC could use these tools, shared their thoughts on the
access, or lack of access, public health workers have to SNS.
Many discussed the imposed block of SNSs through the state
(Florida) public health network, which provides Internet access
to county health departments, asaway to flush out their thoughts
on how the RSPHTC might approach SNS implementation.
Having limited access to the intended target audience during
their work time seemed to cause a wide spectrum of thoughts
on the value of creating an SNS presence. This discussion also,
for several interviewed, touched on the subject of smartphones
and their role during the workday for public health employees.

Social Networking Site Access

While some interviewed commented on how they did not want
to discuss the state’s ban of SNSs, often because they did not
know enough of why the ban was there to begin with, others
were willing to talk about it directly. One stakeholder
interviewed made her opinions clear by saying “I think it should
be lifted because | do think, more and more, there's a lot of
good information that’s out there on social media.” She went
on to elaborate that the ban “makes it tough on public health
workersto stay up-to-date, as many do not want to look at these
sitesoncethey get home.” Thiscomment continued an ongoing
theme others had mentioned in various ways, on questioning
theinterest level of public health workersto use their own time
to use SNSin a professiona way. Another person interviewed
explained “public health workers are not like teachers, where
their classroom is their domain, they just do what the state, or
county tells them.” Several others interviewed aso alluded to
thefact that many public health workers do not have the freedom
to do things “their way” but rather need to stick with a scripted
response so the public is often hearing 1 universal message.

As the discussion on whether state or county public health
workers should have access to SNS during the workday
continued, the perceived pros and cons emerged. One person
interviewed stressed that getting information through SNSisin
line with what people use every day. She stated “I think it's
good technology, technology people are used to, and so it's
really important they should be able to access information in
that way.” This same participant continued with her thoughts
on potentially using SNS as a message board by public health
workers willing to collaborate, or internally for a public health
organization as a whole. She explained “these sites save time
in the day so if you can just use them, go back and forth and
have that collaboration, it makes it easier than trying to get a
meeting together.”

A tangential issue to access of SNS while at work, which was
repeated by the majority of RSPHTC stakehol dersinterviewed,
was the use of smartphones by employees. For many, the net
outcome of this way of using the SNS (blocked computer for
work and a smartphone for personal usage) resulted in not
allowing for the positive aspects of SNS usage, while also not
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removing the potential negative aspects of SNS use by
employees. One person explained that she used her smartphone
at work on a“limited basis” She said that she used the phone
“sometimesfor work, where| text people, or look up something
in ameeting.” She also added, however, that “sometimes | use
it to check my Facebook, personal email.” When asked how
proportionate the times are between personal and professional
usage, shelaughed and said “ oh, probably 80% personal.” When
asked another follow-up question for her opinion of this usage
related to work efficiency, she said “Yeah, | do not know if |
would like it for the people who work for me, to do the same
but | guessthey do.” She continued by adding “it isjust the way
itis, we now al have supercomputersin our pockets.”

Waysthe Rural South Public Health Training Center
Could Use Social Networking Sites

When compiling the interview responses from Interview 3,
which directly paired SNS and the RSPHTC, the vast majority
of comments reflected that the RSPHTC stakeholders see this
tool as ameansfor marketing and showcasing center activities.
Currently, the website displays announcements of new
educational sessions, courses, deadlines, and upcoming events.
Thiswebsite, however, does not have the ability to pop up new
information on astream like Facebook or Twitter, where people
get newly updated information. To currently obtain the center’s
announcements and marketing efforts, public health workers
and community members would have to actively choose to
check the website. The website does, however, have a feature
allowing for people to sign up for email messages when new
posts are made; however, to date no one has signed up for this
feature.

Prior to describing perceived positive and negative outcomes
for SNS usage, many also touched on logistical issues related
to resources needed to properly manage SNS. When considering
how the RSPHTC could set up SNS for long-term success, a
great disparity arose between the 2 sites most referenced,
Facebook and Twitter. Facebook, for many, was a tool that
could be more controlled and would allow for attention given
to a smaller group of people who are more closely affiliated
with the center. Twitter, however, was seen as atool that could
potentially introduce the center to alarger audience but required
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a much more active participation and commitment. The
difference of opinion for these 2 sites also reflected differences
within the group on whether the mission of the center was to
primarily focus on the regional aspect of training Floridapublic
health workers with HIV/AIDS education or in its larger role
as anational training center available to anyone online.

Per ceived Outcomes of Social Network Site Usage for
the Rural South Public Health Training Center

AsRSPHTC stakeholders considered the impact of SNS usage
(seeTablel) inInterview 3, the mgjority of responses continued
toreflect the positive themes of marketing opportunitiesaswell
as using those efforts to reach certain younger demographics.
A third and fourth subtheme that surfaced reflected the
stakeholders' positive impressions of the cost and ease of use
of these sites. Finally, and usually only when asked specificaly,
some peopleinterviewed considered the SNSthat the RSPHTC
could construct as a platform for public health workers to
collaborate with one another in aformal and informal way.

While the RSPHTC decision makers were able to list several
potential positive outcomes for tangible SNS usage now, or in
the future, the responses for possible negative outcomes often
reflected the fear of the unknown. Answers that reflected a
specific negative condition created by SNS usage were rare;
however, many of those interviewed seemed very concerned
that perhapsthey were missing an angle they had not considered.
Supporting this mind-set, many people during their responses
to these questions made mention of wanting to educate
themselves more on how other training centers are using this
model. Furthermore, there seemed to be acost analysisfor many
in considering how many positive occurrences there need to be
to balance out apotential negative occurrence that would reflect
badly on the center or the 2 sponsoring universities. In the end,
the set of questions from Interview 3 asking the RSPHTC
decision makers to differentiate between the positive and
negative outcomes resulted in more tangible responses for
positive outcomes and a smaller sample of often fear-based
answers for possible negative ones. Thisis not to say, however,
therewere noidentifiable negative outcomes, as some mentioned
concerns related to time, resources, inappropriate comments,

and privacy.

Table 1. Most frequently mentioned positive and negative outcomes of SNS implementation perceived by RSPHTC stakeholders positive.

Positive

Negative

Marketing opportunities, for both public health workers and community members

Reaching younger demographics

Low cost

Ease of use

Act as website portal

Facilitate collaboration between public health workers or patient groups

Privacy
Dedicated resources for managing
Stigma (related to HIV/AIDS focus)

Low level of discourse

Discussion

Principal Results

As stated throughout this study, the opportunity to research an
ongoing decision-making process, of very accomplished and

http://publichealth.jmir.org/2016/1/e6/

distinguished public health professionals, is one many people
within and outside the field of public health can learn from.
Organizations that are not as well staffed, do not implement
SNSusage, or do not have the experience of these professionals
interviewed can be given ahead start on the background of this
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innovation, as well as a long list of potential positive and
negative ramificationsto consider. For those who are advocates
of social media, the worries of those who have not chosen to
implement thisfor their organization can also be helpful asthey
can see perceived barrierswhether they are accurate or not. This
study, whether read from the perspective of the public health
worker, administrator, or someone at the state health department
level, illuminates issues that have not often been discussed
beyond personal conversations. To date, however, the RSPHTC
has chosen not to implement a social media presence, due to a
lack of resourcesfrom cutbacksin the grant money funding the
project.

Comparison With Prior Work

Public health organizations are slowly beginning to adopt the
useof SNS. Analysisof SNSuse showsthat health departments
and other public health organizations mainly use SNS as away
to disseminate health tips and information aswell asinformation
about specific organizations and events [13-18]. Unlike the
current research, this study goes beyond the analysis of types
of messages used on SNS and examines public health
organizations' decision-making processes on whether or not to
adopt SNS.

Limitations

The study examined only the SN'S decision-making process at
asingle organization (RSPHTC); however, these 15 individuals
are highly accomplished and experienced in their fields, making
these results more broadly generalizable.

Conclusions

From theresearchers’ experiencethrough all their conversations
with individuals in public health, RSPHTC stakeholders,
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of our entire society, isasignificant philosophical issue. While
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in the field of public health would not be as necessary if the
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current state of SNS in the field, as well as give a composite
overview of many of the varied mind-sets on this innovation.

We acknowledge the Health Resources and Service Administration (HRSA), which is part of the US Department of Health and
Human Services, for providing the grant to make this study possible.

Conflicts of Interest
None declared.

References

1.  Ellison N. Social network sites: Definition, history, and scholarship. J Comp - Med Comm 2007;13(1):210-230. [doi:

10.1111/j.1083-6101.2007.00393.X]

2. Paul MJ, Dredze M. Health. 2012. A model for mining public health topics from Twitter URL: http://www.cs.jhu.edu/
~mpaul/files/2011.tech.twitter_health.pdf [accessed 2015-10-26] [WebCite Cache ID 6cZWPJJRg]
3. RiceRE, Atkin CK. Public communication campaigns. 4th edition. New York: Sage Publications Inc; 2012.

4. LazarusR, Klompas M, Campion FX, McNabb SIN, Hou X, Daniel J, et a. Electronic Support for Public Health: validated
case finding and reporting for notifiable diseases using el ectronic medical data. JAm Med Inform Assoc 2009;16(1):18-24
[EREE Full text] [doi: 10.1197/jamia.M2848] [Medline: 18952940]

5. Chou, WS. Social mediausein the united states: Implicationsfor health communication. JMed Internet Res 2009;11(4):e48
[FREE Full text] [doi: 10.2196/jmir.1249]

6.  Gebbie KM, Turnock BJ. The public health workforce, 2006: new challenges. Health Aff (Millwood) 2006;25(4):923-933
[FREE Full text] [doi: 10.1377/hithaff.25.4.923] [Medline: 16835170]

7.  RogersE. Diffusion of Innovations. 5th edition. New York: Free Press; 2003.

http://publichealth.jmir.org/2016/1/e6/ JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e6 | p.161

(page number not for citation purposes)


http://dx.doi.org/ 10.1111/j.1083-6101.2007.00393.x
http://www.cs.jhu.edu/~mpaul/files/2011.tech.twitter_health.pdf
http://www.cs.jhu.edu/~mpaul/files/2011.tech.twitter_health.pdf
http://www.webcitation.org/6cZWPJdRg
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18952940
http://dx.doi.org/10.1197/jamia.M2848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18952940&dopt=Abstract
http://www.jmir.org/2009/4/e48/
http://dx.doi.org/10.2196/jmir.1249
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=16835170
http://dx.doi.org/10.1377/hlthaff.25.4.923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16835170&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Hart et &

8.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Acemoglu D, Ozdaglar A, Yildiz E. Diffusion of innovationsin social networks. In: Conference on the Decision and Control
and European Control Conference (CDC-ECC). 2011 Dec Presented at: CDC-ECC; December 12-15, 2011; Orlando, FL
p. 978-971.

Deroi”an F. Formation of socia networks and diffusion of innovations. Research Policy 2002 Jul;31(5):835-846. [doi:
10.1016/S0048-7333(01)00147-0]

Patton M. Qualitative Research. In: Encyclopedia of Statisticsin Behavioral Science. New York: Wiley & Sons; 2005.
Seidman |E. Interviewing as qualitative research: a guide for researchers in education and the social sciences. New York:
Teachers College Press; 1991.

Fram S. The constant comparative analysis method outside of grounded theory. The Qualitative Report 2013;18(1):1-25
[EREE Full text]

Thackeray R, Neiger BL, Burton SH, Thackeray CR. Analysis of the purpose of state health departments' tweets: information
sharing, engagement, and action. JMed Internet Res 2013 Nov;15(11):e255 [FREE Full text] [doi: 10.2196/jmir.3002]
[Medline: 24217361]

Hanson CL, West J, Thackeray R, BarnesMD, Downey J. Understanding and predi cting social media use among community
health center patients: a cross-sectional survey. JMed Internet Res 2014 Nov;16(11):e270 [FREE Full text] [doi:
10.2196/jmir.3373] [Medline: 25427823]

Loss J, Lindacher V, Curbach J. Online social networking sites-a novel setting for health promotion? Health Place 2014
Mar;26:161-170. [doi: 10.1016/j.healthplace.2013.12.012] [Medline: 24457613]

Hanson C, West J, Neiger B, Thackeray R, Barnes M, Mclntyre E. Use and Acceptance of Social Media Among Health
Educators. Am JHealth Ed 2011 Jul;42(4):197-204. [doi: 10.1080/19325037.2011.10599188]

Thackeray R, Neiger BL, Smith AK, Van Wagenen SB. Adoption and use of social mediaamong public health departments.
BMC Public Health 2012;12:242 [FREE Full text] [doi: 10.1186/1471-2458-12-242] [Medline: 22449137]

Neiger BL, Thackeray R, Burton SH, Thackeray CR, Reese JH. Use of twitter among local health departments: an analysis
of information sharing, engagement, and action. JMed Internet Res 2013;15(8):e177 [FREE Full text] [doi:
10.2196/jmir.2775] [Medline: 23958635]

Abbreviations

FAMU: Florida Agricultural and Mechanical University
RSPHTC: Rura South Public Health Training Center
SNS: social networking sites

UF: University of Florida

Edited by G Eysenbach; submitted 13.08.15; peer-reviewed by J Loss; commentsto author 14.10.15; revised version received 28.10.15;
accepted 14.11.15; published 24.02.16.

Please cite as:

Hart M, Stetten N, Castaneda G

Considerations for Public Health Organizations Attempting to Implement a Social Media Presence: A Qualitative Study
JMIR Public Health Surveill 2016;2(1):e6

URL: http://publichealth.jmir.org/2016/1/e6/

doi:10.2196/publicheal th.5032

PMID: 27227160

©Mark Hart, Nichole Stetten, Gail Castaneda. Originally published in JMIR Public Headth and Surveillance
(http://publichealth.jmir.org), 24.02.2016. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Public Health and Surveillance, is properly cited. The complete
bibliographic information, a link to the original publication on http://publichealth.jmir.org, as well as this copyright and license
information must be included.

http://publichealth.jmir.org/2016/1/e6/ JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e6 | p.162

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1016/S0048-7333(01)00147-0
http://www.nova.edu/ssss/QR/QR18/fram1.pdf
http://www.jmir.org/2013/11/e255/
http://dx.doi.org/10.2196/jmir.3002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24217361&dopt=Abstract
http://www.jmir.org/2014/11/e270/
http://dx.doi.org/10.2196/jmir.3373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25427823&dopt=Abstract
http://dx.doi.org/10.1016/j.healthplace.2013.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24457613&dopt=Abstract
http://dx.doi.org/10.1080/19325037.2011.10599188
http://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-12-242
http://dx.doi.org/10.1186/1471-2458-12-242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22449137&dopt=Abstract
http://www.jmir.org/2013/8/e177/
http://dx.doi.org/10.2196/jmir.2775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23958635&dopt=Abstract
http://publichealth.jmir.org/2016/1/e6/
http://dx.doi.org/10.2196/publichealth.5032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27227160&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Manganello et &

Original Paper

Understanding Digital Technology Access and Use Among New
York State Residents to Enhance Dissemination of Health
Information

Jennifer A Manganello', MPH, PhD; Gena Gerstner’, MPH, MS; Kristen Pergolino?, AST; Yvonne Graham? RN,
MPH; David Strogatz**, PhD

1Department of Health Policy, Management, and Behavior, School of Public Health, University at Albany, Rensselaer, NY, United States
>New York State Department of Health, Office of Minority Health and Health Disparities Prevention, Albany, NY, United States
3Department of Epidemiology and Biostatistics, School of Public Health, University at Albany, Rensselaer, NY, United States

4Director, Center for Rural Community Health, Bassett Research Institute, Cooperstown, NY, United States

Corresponding Author:
Jennifer A Manganello, MPH, PhD
Department of Health Policy, Management, and Behavior
School of Public Health

University at Albany

One University Place, #165
Renssdlaer, NY, 12144

United States

Phone: 1 5184020304

Fax: 15184020414

Email: jmanganello@al bany.edu

Abstract

Background: Many state and local health departments, as well as community organizations, have been using new technologies
to disseminate health information to targeted populations. Yet little data exist that show access and use patterns, as well as
preferences for receiving health information, at the state level.

Objective: This study was designed to obtain information about media and technology use, and health information seeking
patterns, from a sample of New York State (NY S) residents.

Methods: A cross-sectional telephone survey (with mobile phones and landlines) was devel oped to assess media and technol ogy
access, use patterns, and preferences for receiving health information among a sample of 1350 residentsin NY S. The survey used
random digit dialing methodology. A weighted analysis was conducted utilizing Stata/SE software.

Results. Datasuggest that NY Sresidents have ahigh level of computer and Internet use; 82% have at | east one working computer
at home, and 85% use the Internet at least sometimes. Mobile phone use is aso high; 90% indicated having a mobile phone, and
of those 63% have a smartphone. When asked about preferences for receiving health information from an organization, many
people preferred websites (49%); preferences for other sources varied by demographic characteristics.

Conclusions:  Findings suggest that the Internet and other technologies are viable ways to reach NY S residents, but agencies
and organizations should still consider using traditional methods of communication in some cases, and determine appropriate
channels based on the population of interest.

(JMIR Public Health Surveill 2016;2(1):€9) doi:10.2196/publichealth.4442

KEYWORDS
media; New York; Internet; health information; eHealth

: theoretical discussion and practical application as an effective
Introduction way to improve or enable health and health care among diverse
Interventions using digital technologies to improve health, Populaions [1-3]. Digital technology, especialy the Internet,
known as eHedlth interventions, have become a topic for has become an increasingly popular heath intervention tool
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because of its easy access on a variety of devices (ie, laptops,
mobile phones, tablets) and is now a common resource to
disseminate and find health information [2,4].

Recent statisticsindicate that most people use the Internet [5,6].
In 2013, the Pew Research Center Internet Project Survey
reported 85% of adults ages 18 and over are Internet users[5].
However, despite widespread use, variations by age, educational
status, and household income remain [6]. National data show
that mobile phone use has greatly expanded as well. Recent
statistics show that 90% of adults in the United States own a
mobile phone, and just more than half (58%) of Americansown
a smartphone [7]. Nationally, smartphone ownership is most
prevalent among 18-29 year olds (83%) and among those with
higher education and incomelevels[7], which parallelsInternet
use. Therisein Internet use and smartphone ownership hasalso
led to anincreased use of social media (73% of online US adults

(8))-

A number of heath programs in recent years have used
technol ogies such astext messages and smartphone apps[9,10],
and several health interventions haveincorporated social media
channels[11-13]. Although data on Internet and mobile phone
use is widely available at the national level, few states have
attempted to collect information at the state level. Many media
campaigns and programs that disseminate health information
rely on the Internet, mobile phones, and social media channels
to provide messages and information at the state level. In order
to determine the tools and channels that are most effective in
reaching target audiences, it is necessary to understand whether
national patterns are representative of media and technology
use at the state level and how access and usage may vary among
subgroups of the state popul ation.

Working with both internal and external partners, the New York
State Department of Health protects the health, productivity,
and well-being of all New Yorkers. Of strategic importance is
improving the quality and availability of data. Central to this
effort isthe need for more reliableinformation about technology
use pertaining to the increasingly diverse populations of New
York State (NY S). To thisend, the New York State Department
of Health Office of Minority Health and Health Disparities
Prevention (OMH-HDP), in partnership with the University at
Albany School of Public Health and Bassett Research I nstitute,
developed the New York State Media and Technology Use
Survey study. The aim of the survey wasto describe technology
use, health information-seeking patterns, and preferences for
receiving health information among asample of NY Sresidents
with oversampling of rural and Hispanic/Latino populations to
facilitate future analyses of these subgroups. These subgroups
are priority populations to OMH-HDP due to disparate health
outcomes and aneed to devel op and disseminate effective health
messages. The analyses for this paper focus on the overall
sample of NY S residents; more detailed analyses of the rural
and Hispanic/Latino respondents are presented in separate
publications [14,15]. In this paper, we address the following
guestions:

1. What isthelevel of accessto digital technologies, including
computers, the Internet, cell phones, smartphones, and
texting?
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2. What is the frequency of use of various media channels,
including email, search engines, online
newspapers/magazines, social networking sites (SNS),
online videos, video chat, Twitter, online bulletin boards
(ie, Pinterest), text messaging, and smartphone apps?

3. What channels are preferred for receiving health
information?

4. How do the answers to questions 1 through 3 vary by
education, age, sex, ethnicity, race, income, and geographic
area?

Methods

The New York State Media and Technology Use Survey is a
cross-sectional telephone survey of asample of NY Sresidents,
ages 18 years and older. It was created to assess the media and
technology access and use of NY Sresidents, along with health
information seeking patterns and preferences. Siena Research
Ingtitute (SRI), a public opinion research center that conducts
surveys, was hired for data collection. Interviews were
conducted via a landline or mobile phone with English and
Spanish language options available. Trained interviewers
collected data by using the computer assisted telephone
interviewing system to conduct telephoneinterviews. The survey
was conducted from August 8 through November 4, 2013, and
took about 10 minutes to complete. Institutional review board
approval was obtained through the University at Albany Office
of Regulatory and Research Compliance. This study was
considered exempt from full review.

Sample

SRI purchased phone number lists generated using a random
digit dialing methodol ogy from Survey Sampling International.
Random digit dialing was used for the landline sampleto ensure
selection of both listed and unlisted tel ephone numbers, whereas
the mobile phone sample was retrieved from dedicated wireless
telephone exchanges from within NY S. To ensure a sufficient
number of rura respondents, acomponent of thelandline sample
targeted the 24 NY'S counties not situated in a Metropolitan
Statistical Area. Oversampling of Hispanic/Latino respondents
was accomplished through a similar targeted random sampling
of landlines in census tracts with at least a 20% concentration
of Hispanic/Latino residents. Some rural and Hispanic/Latino
respondents were also identified in the statewide samples of
landlines and mobile phones. The sampling plan from these
multiple frames produced a study population of 1350 adults,
with 483 identified through their mobile phones.

M easures

The survey asked for demographic information such as
geographic area (ie, city/urban, suburban, rural), age, race,
ethnicity, sex, education level, employment status, income,
number and ages of children, health insurance coverage, and
number of doctor visits within the last year. Categories created
for racewere: White, Black/African American, Asian (ie, Asian
Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, Other
Asian, Native Hawaiian, Guamanian or Chamorro, Samoan,
and Other Pecific 1slander), and Other/Multiple. For analyses,
Asian categories were combined, and respondents who chose
other or multiple categories were compiled into one group. For
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income, anot sure/missing category was created for respondents
who refused to answer or were not sure. For other variables,
refusals were changed to missing.

Questions on media and technology access and use included
the number of working computersin the home, type of Internet
access on these computer(s) (ie, dial up, high speed), whether
respondents had cellular service throughout the past year, if
they had a plan with unlimited texting, whether the phone was
a smartphone, and on what device they typically access the
Internet. If respondents reported not having Internet access or
amobile phone, or not using the Internet, afollow-up question
was asked to establish the reason. Respondents with Internet
access were then asked about Internet use and their frequency
of usefor avariety of Internet and phone-related activities. All
respondents were asked the following: “How often do you do
each of thefollowing activities? Do not include times you spend
doing these activities as part of your job or school.” A range of
activities was provided, such as sending or receiving email,
using a search engine, using the Internet to read
newspapers/magazines, visiting a SNS site, watching or
uploading a video, using video chat, participating on Twitter,
using an online bulletin board like Pinterest, receiving or sending
a text message on a mobile phone, or using an app on a
smartphone. Answer choices were: several times a day, once a
day, several times aweek, once aweek, less than once aweek,
and never.

The following question was developed to assess respondents’

preferences for receiving health information: “This survey is
not providing any health information, but if an organization like
the Department of Health wanted to provide health information
to peoplein your community, how would you prefer getting the
information? For each way of getting theinformation, rate your
level of interest as low, medium, or high.” The channels of
communication to rate were: in-person meeting/workshop, mail

to your home (eg, brochure), mobile phone app, text message
on amobile phone, website you could go to, email, social media
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(ie, Facebook), television, and radio. Channels were rotated in
order to avoid any bias related specifically to the order of
responses. A transition statement earlier in the survey where
guestions about health information began stated: “By health
information, we mean information about health topics such as
exercise, nutrition, immunizations, and where to find a health
provider. We do not mean information about the treatment of
specific medical conditions.”

Analysis

Dueto the complex sampling strategy, aweighted analysiswas
conducted utilizing Stata/ SE (StataCorp, College Station, Texas).
For this sample, wel ghts were derived to adjust for the sampling
procedures, which led to some individuals having greater or
lesser probability of being included in the survey. A second
stage of weighting was used to adjust the distribution of the
sample’'s socio-demographic characteristics to match the
characteristics of the population of NY S residents age 18 and
over. Datawere weighted for age, sex, region (ie, Upstate New
York, Suburban New York City (NYC), NYC-Metro), rura
status, race, ethnicity, education, and mobile phone status. Many
respondents did not report income; therefore, data were not
weighted for income. Chi-square tests were used to compare
respondent groups through bivariate (unadjusted) analyses for
key demographic variables: education, age, sex, ethnicity, race,
income, and geographic area. Ordinal logistic regression and
logistic regression were also used to run adjusted models with
all demographics accounted for.

Results

Table 1 presents demographic data for the NYS sample in
comparison to all NYS residents. The unweighted sample
represents those who participated in the survey, while the
weighted sample adjusts for the complex sampling design and
also alowsfor inferences to be made to the general population
of the state.
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Table 1. Key demographics for the sample of New York State respondents (n=1350).
Demographics NY S Demographics  Unweighted Sample (actu- Weighted Sample
a percent surveyed) (weighted estimates)
N (%)
Education [16]
High school grad or less 41% 434 (32) 35%
Some collegefvocational degree 28% 366 (27) 31%
College graduate or more 31% 537 (40) 35%
Age[17]
18-29 22% 289 (22) 23%
30-49 36% 334 (25) 36%
50-59 18% 248 (19) 17%
60 or over 24% 455 (34) 25%
Sex [17]
Male 48% 594 (44) 48%
Female 520 751 (56) 52%
Ethnicity [18]
Hispanic, Latino/a, or Spanish origin 18% 412 (31) 17%
Race [18]
White 66% 836 (66) 65%
Black/African American 16% 162 (13) 16%
Asian 7% 71(6) 8%
Other/Multiple 11% 204 (16) 10%
Household Income [19]
Less than $25,000 24% 352 (26) 26%
$25,000 to $49,999 21% 242 (18) 18%
$50,000 to $74,999 17% 156 (12) 12%
$75,000 or more 38% 301 (22) 23%
Not sure/Missing N/A 299 (22) 21%
Geographic Area [20]
City/Urban 88% 628 (47) 56%
Suburban (with urban) 272 (20) 33%
Rural 12% 435 (33) 11%

Research Question 1: What is the level of access to digital
technologies, including computers, the Internet, cell phones,
smartphones, and texting?

A substantial portion (82%) of the sample reported having at
least 1 working computer at home and of those, 1090 answered
the follow-up question about whether they have Internet access
on home computers; 91% reported having high-speed Internet,
and only 19 (2%) respondents answered no.

All respondents were asked about their personal use of the
Internet; 85% reported using the Internet at least sometimes.
Of those, 53% reported using the Internet several times per day.
Whileusing acomputer or tablet at homeisthe main way people
reported usually accessing the Internet (62%), 29% indicated
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they use their cell phones to access the Internet. Respondents
with lower education (P=.04), or who were younger (P<.0001),
non-white (P<.0001), or nonrural (P=.006) were morelikely to
report using their mobile phone astheir main way to accessthe
Internet. A number of respondents (n=221) stated they never
usethelnternet for personal use (not related to school or work).
For these respondents, the most common reasons for not
accessing the Internet were: no interest in it (37%), no Internet
access (17%), and fed that it istoo hard to use (10%).

Overall, mobile phone ownership was very common with 90%
of respondentsindicating they had amobile phone. Among the
respondents who reported owning a mobile phone (n=1197),
63% had a smartphone, 79% had unlimited texting, and 8% did
not have cellular service throughout the entire year.
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In responseto Research Question 4, computer and maobile phone
access were compared by key demographic characteristics.
Table 2 shows unadjusted and adjusted comparisons. While
there were a number of significant findings in the bivariate
analyses, once adjusted, results showed that age was an
important predictor across all variables. Older people were less
likely to report having home computers, broadband access,
mobile phones, smartphones, and unlimited texting. Education
and income were also important variables in predicting access
to home computers and broadband connections, with higher
levels resulting in increased access for both. There were fewer
demographic differences for mobile phone and smartphone
ownership, with age being the main predictor.

Research Question 2: What is the frequency of use of various
media channels, including email, search engines, online
newspapers/magazines, SNS, online videos, video chat, Twitter,
online bulletin boards (ie, Pinterest), text messaging, and
smartphone apps?

The most common activities included using email or search
engines. Only 21% reported never using email, and only 17%
reported never using a search engine. There were a number of
activities that a large number of respondents reported never
doing: using SNS like Facebook (40%), watching or uploading
videos on a site like YouTube (40%), reading newspapers or
magazines online (49%), and using video chat services like
Skype (61%). Over two-thirds (75%) said they never used SNS
for health purposes. Regarding activities specific to mobile
phone use, only 17% reported never sending text messages,
26% reported never using mobile phone apps, and over half
(56%) said they never used mobile phone apps for health
purposes.

To further support findings in response to Research Question
4, Table 3 presents demographic comparisons of activities
conducted using the Internet and mobile phones as reported by
respondents. A majority of the sample reported never using
Twitter (86%) and online bulletin boards like Pinterest (88%);
therefore, those 2 activities are not included in the table.
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While age was an important predictor of activities involving
the Internet and mobile phones, education also appeared to be
important, remaining significant even after adjusting for other
demographics. Older respondents as well as respondents with
lower educational attainment were less likely to report doing
most of the activities listed. Some activities—such as online
search engine use—could be predicted by income, yet
others—such astext messaging—could not. Also of noteisthat
Asian respondents appeared to be much more likely to engage
in most activitiesthan other races. Geographic area of residence
or being Hispanic/Latino or male (with the exception of using
online videos) did not appear to be a significant predictor for
any activity after controlling for other demographics.

Resear ch Question 3: What channelsare preferred for receiving
health information?

When asked about receiving health information from an
organization, many respondents said they preferred getting
information from websites. The general population (49%) rated
websites as a high preference, more than any other channel of
communication. After websites, the next most preferred channels
were television (35%), mail (eg, brochure) (35%), and email
(29%). Fewer respondents had a high preference for receiving
health information via smartphone apps (25%), in-person
meetings (25%), text messages (22%), radio (20%), and SNS
(17%).

Table 4 presents comparisonsfor information preferences across
demographics. There are a number of differences by
demographics across al methods for receiving health
information per the bivariate analyses. When adjusting for all
demaographics, some notable differences remained. Respondents
with higher education were significantly more likely to prefer
websites and email, but lesslikely to prefer TV, than those with
lower education levels. Income was also a predictor, with
respondents at higher incomes reporting a stronger preference
for websites and email.
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Table 2. Internet and mobile phone use and access for New York State respondents (n=1350 except where noted; weighted estimates, unadjusted and
adjusted using logistic regressi onl).

% working % broadband % have mobile % haveunlimit- % have smart-

computer at access at home  phone ed texting phone (n=1197)
home (n=1093) (n=1197)
Education P<.0001 P=.0003 P=.0005 P=.0779 P=.0006
High school graduate or less 66% 88% 85% 74% 54%
Some college/vocational degree 84%** 93% 89% 82% 64%*
College graduate or more 96%0* ** 97%* 95% 80% 70%**
Age P<.0001 P<.0001 P<.0001 P<.0001 P<.0001
18-29 89% 97% 93% 90% 86%
30-49 88% 96% 94% 85% 73%**
50-59 829%* 9205** 96% 75%** 5196***
60 or over 66906*** 8596* ** 75%*** 5596*** 289p***
Sex P=.0482 P=.6778 P=.0030 P=.1003 P=.0147
Female 79% 93% 87% 76% 58%
Mae 85% 93% 93% 81% 67%
Ethnicity P=.0441 P=.2314 P=.0002 P=.6391 P=.0008
Non-Hispanic, Latino/a, or Spanishorigin - 83% 93% 91% 79% 61%
Hispanic, Latino/a, or Spanish origin 78% 91%* 83%* 80% 73%
Race P<.0001 P=.6919 P=.4203 P=.0157 P<.0001
White 83% 93% 90% 75% 56%
Black/African American 73% 90% 90% 899%%* 73%**
Asian 9796 ** 94% 91% 80% 939%6**
Other/Multiple 7% 94% 84% 83% 63%
Household In- P<.0001 P<.0001 P<.0001 P=.1523 P=.0110
come
Less than $25,000 68% 90% 86% 82% 60%
$25,000 to $49,999 8596** 88% 89% 80% 63%
$50,000 to $74,999 929%** 97% 97%* 77% 59%
$75,000 or more 9796 ** 9996* * 969%6* 80% 73%**
Not sure/Missing 73% 89% 83% 71% 55%
Geographic P=.0006 P=.0018 P=.0007 P=.0235 P=.0003
Area
Urban 79% 94% 90% 80% 66%
Suburban 89% 95% 93% 80% 64%
Rural 75% 849%* 79%** 67% 43%

Reference group isthe first group listed for each demographic characteristic.

1Unadj usted P-values of significance are indicated in the table.
Adjusted P-values of significance are noted as follows: *<.05; **<.01; ***<.0001
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Table 3. Frequency of Internet- and mobile phone-related activities for New York State respondents (n=1350; weighted estimates, unadjusted and
adjusted using ordinal logistic regressi onl).

Internet Email: Searchengine: Read SNS: SNS Use Video Texts: Apps. Hedth
use: % % % Never nevgmags. % for videos chat: % % apps.
Never Never % Never Never hedth: % % Never Never %
% Never Never Never
Never
Education P<.0001 P<000L  P<.0001 P<.0001 P<00l P=018 P<000L P<O0L P<Q0L P<OOOL P=82%4
Highschool or  30% 40%  34% 70% 53% 69% 55% 77% 25% 43% 55%
less
Some col- 120p*** IRG**  14%*** 46%0*** A% 73% 33 5% 1B 23%%* 52%
lege/Vocation-
al degree
Collegegradu- 3%*** 696F** 3% ** 200p* ** 31%** 82% - 2/%**  4Pg 10%** 138 58%
ate or more
Age P<.0001 P<0O0L P<.0001 P<.0001 P<00l P=2222 P<OO0L P<OO1 P<OO0L P<OOOL  P=00&2
18-29 1% 10% 5% 37% 14% 72% 15% 50% 1% 9% A7%
30-49 T%*** 13%  9%*** 40% B4 78% B BT 8%H* 1964 53%
50-59 1690*** g+ 199>+ * 55%p* ** 504 76% B THET 186 B T4
60 or over 35%* ** 40/ 38%r** 67%*** e T6% T8 & 4t e 69%*
Sex pP=.2818 P=0x1 P=.0080 P=.0002 P=433 P=336 P=0001 P=-023 P=088 P-064 P=208
Female 17% 24%  20% 53% 3% 74% 42% 61% 19% 30% 50%
Mae 12% 17%  14% 44%** A09%** T7%  3B%* 61% 14% 21% 60%
Hispanic, Lati- P=.3955 P=®2 P=.2321 P=.3031 P=1/61 P=0001 P=087 P-4 P=06% P-0B0 P=-55%
no/a, or Spanish
No 14% 20%  16% 48% 0% T79% 39% 60% 17% 25% 56%
Yes 16% 25%  19% 51% 4% 61% 3% 62% 11% 28% 51%
Race P=.0001 P=0006 P<.0001 P=.0026 P=00® P-1144 P<00L P<O0L P=006l P=-032 P-83%
White 14% 20%  16% 48% 43% T79% 41% 62% 19% 25% 58%
Black/African 23%* 28% 25% 56% 3% 76% 42% 67% 14% 30% 53%
American
Asian 3% 5% 4%* 27%* 21%  65%  20%* 34%* 4% 16%  48%
Other/Multi-  17% 26%  20% 49% 33% 64% 34% 59% 12% 30% 49%
ple
Household In- P<.0001 P<00L  P<.0001 P<.0001 P=770 P=00R P<00L P=0015 P=075 P<OOL P=0210
come
Lessthan 23% 31% 28% 57% 1% 60% 49% 65% 17% 34% 5%
$25,0000
$25,000 to 14% 20%  13%** 53% 1% T2% 40% 67% 17% 34% 51%
$49,999
$50,000 to 5%* 9%* 4%+ ** 31% 31% O 24% 50% 16% @ 11%** 55%
$74,999
$75,000 or 20p*** TY6F** B ** 57%** 37%  81%* 26%* 51% 12%  9%** 54%
more
Not sure/lMiss-  26% 33% 31% 34% 5%  T9%* 49% 69% 23%  37%  720%+*
ing
Geographic Area P=.0004 P=0001L P=.0002 P=.0788 P=01Y P=1711 P=002 P=0201 P=0008 P=0000 P=721
http://publicheal th.jmir.org/2016/1/e9/ JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e9 | p.169

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Manganello et a

Internet Email: Searchengine: Read SNS: SNS Use Video Texts: Apps. Hedth
use: % % % Never nevgmags. % for videos chat: % % apps.
Never Never % Never Never hedth: % % Never Never %
% Never Never Never
Never
Urban 16% 23% 1% 48% 3B% T71% 39% 60% 16% 26% 55%
Suburban 9% 14% 11% 47% 39% 8% 34% 58% 15% 19%  55%
Rural 20% 29%  22% 57% 50% 77% 52% 75% 25% 45% 61%

Reference group isthe first group listed for each demographic characteristic.

u nadjusted P-values of significance are indicated in the table.
Adjusted P-values of significance are noted as follows: *<.05; **<.01; ***<.0001
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Table 4. Preferred media channels for receiving health information for New York State respondents (n=1350; weighted estimates, unadjusted and
adjusted using ordinal logistic regressi onl).

Website:  TV: % Mail: Email: % In-per- Phone Text: %  Radio: % SNS: %
% High  High %High High son: % app: % High High High
High High
Education P<.0001 P=.0044 P=4485 P<.0001 P=0884 P=.0333 P=0844 P=.8113 P=.1356
High school gradorless  33% 43% 35% 24% 25% 21% 26% 21% 19%
Somecollege/vocation-  53%***  32%* 38% 29%* 29% 259%6* 22% 20% 15%
a degree
College graduate or 6296***  29%** 32% 33%** 22% 27% 16%* 17% 15%
more
Age P<.0001 P=7332 P=0851 P<.0001 P=.0120 P<.0001 P<.0001 P=.3081 P<.0001
18-29 62% 33% 30% 33% 26% 37% 31% 19% 28%
30-49 55%0***  33% 32% 35% 24% 329%* 29% 19% 209%6**
50-59 519%6***  39%* 37%* 27%* 32% 15%***  14%***  26% 1205%**
60 or over 28%***  36% 43%** 16%***  21% 99> ** TY0*** 17% 590> **
Sex P=2074 P=1689 P=.0025 P=6626 P=.8212 P=.1646 P=.9592 P=4376 P=.6992
Female 47% 36% 41% 27% 26% 24% 21% 19% 18%
Male 51% 33%* 29%* 30% 25% 26% 22% 21% 16%*
Hispanic, Lati- P=.8131 P=.0002 P=.0002 P=.0083 P<.0001 P<.0001 P<.0001 P=.0949 P<.0001
no/a, or Span-
ish
No 49% 33% 34% 27% 24% 23% 19% 19% 15%
Yes 48% 44%* 44%** 36% 31% 36%* 32% 23% 27%*
Race P=.0001 P=0350 P=.0179 P=.0068 P=.0749 P<.0001 P<.0001 P=.0013 P<.0001
White 49% 31% 34% 25% 23% 19% 15% 17% 11%
Black/African Ameri-  55%* 42%* 41% 36% 30% 33%** 359%6** 30% 23%*
can
Asian 41% 35% 18% 31% 27% 37%* 21% 9% 269%0**
Other/Multiple 47% 47%* 44% 40%* 329%* 37%* 38%* 309%6* 329%*
Household In- P<.0001 P=.0073 P=0359 P<.0001 P=3229 P=0019 P=003 P=3551 P=1207
come
Less than $25,0000 38% 40% 39% 27% 26% 22% 27% 22% 22%
$25,000 to $49,999 52% 40% 30% 27% 24% 26% 23% 18% 14%*
$50,000 to $74,999 56%* 32% 30%* 27% 23% 26% 1296** 20% 19%
$75,000 or more 68%***  28% 31%* 40%***  22% 33%** 21% 21% 14%
Not sure/Missing 34% 33% 349+ * 21% 26% 16% 20%* 19%* 14%
Geographic P=.0178 P=4264 P=2260 P=.0167 P=2434 P=,0011 P<0001 P=.0582 P=.0040
area
Urban 49% 36% 32% 32% 27% 28% 27% 22% 20%
Suburban 53% 34% 38%* 27% 25% 23% 16% 17% 14%
Rural 42% 32% 39% 20% 17% 13% 11%** 14% 10%

Reference group isthe first group listed for each demographic characteristic.

u nadjusted P-values of significance are indicated in the table.
Adjusted P-values of significance are noted as follows: *<.05; **<.01; ***<.0001
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Discussion

Principal Findings

For this sample, there was high Internet and mobile phone use,
and many respondents had high-speed Internet access. This
group aso reported a high level of engagement with Internet-
and mobile phone-related activities, especially with texting.
Thus, NY S respondents are similar in many ways to national
samples regarding Internet use and mobile phone ownership.
Infact, some percentagesareidentical; 85% of NY Srespondents
in this sample report using the Internet, compared to 85%
nationally, and 90% of respondents have a mobile phone,
compared to 90% nationally [5,21]. Considering these high
numbers, it appears reasonable that organizations can use the
Internet and mobile phones to disseminate health information
and support interventions.

Still, there are some differences across demographics. Similar
to national data noted in the Introduction section, this research
found that those who are older, have fewer years of education,
and are in lower income brackets are less likely to use the
Internet. Age and income, and sometimes education, also seem
to be important in explaining differences in usage of
technologies and preferencesfor information. Theseresultsare
similar to what has been found with national samples [22].
While national data show similar trends for smartphone use,
income and education do not seem to impact smartphone use
asmuch asagedoesin NY S. And, different from other research
[23], in this sample, income was the biggest predictor of using
SNS for hedlth, as opposed to age; those with lower incomes
were more likely to use SNSfor health.

Despite the widespread access to digital technologies, these
findings suggest there are many variations in what people do
online and with their mobile phones. For instance, respondents
were more likely to use text messages than SNS and, when
compared to national results of the 2013 Pew Research Internet
Project (73%), this sample used SNS less (60%) (SNS use for
health was similar to that in other research, 25% compared to
32%[23]). Itisalso important to remember there are variations
not measured here with respect to specific websites or tools.
Different groups may prefer different SNS. For example,
LinkedIn userstend to be highly educated and come from higher
income households [24].

Given the variation among Internet and mobile phone activities,
it is recommended that public health groups seeking to
disseminate health information should consider specific
technol ogy access and use patterns and preferences of the target
population when developing a communication plan. Although
there are a number of new and unique channels, many NYS
respondents preferred getting information from organizations
on websites. Having a website where people can go for
information is a useful strategy, with other channels such as
text messages, social media, and videos used to not only
publicize the website but to also provide aternative modes of
communication. It is of interest that television and mail (ie, a
brochure) were the second and third preferred modes of
communication, showing that even with theincreased utilization
of digital technologies, traditional communication channelsare
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still viable methods for sharing information. Of note, those who
were older or reported less education were less likely to prefer
websites and email.

Even though these data support the idea that digital channels
for communication can effectively and efficiently reach many
people, they may not be the only channels to use when
disseminating health-related resources and information,
especialy for certain populations. Traditional information
sources such as brochures, television, billboards, bus signs, and
radio should be considered aswell. Offlineinformation sources
could be developed to supplement any online information
dissemination activities. This would allow better access for
those who do not regularly interact with online or new
technology platforms.

Further, the goals of any public health communi cation program
or intervention should be evaluated using data to inform
decisions about which information channels would be most
effective at reaching the target population. It is aso important
to consider the pros and cons of each channel being considered.
For instance, while many use sociad media to deliver
information, the strength of social media is that people can
interact with each other and provide user-generated comments
and information. There are instances where this may be ideal,
but this approach could aso lead to issues such as
mi sinformation.

Limitations

Whilethis study providesimportant information from asample
of NYS residents, there were many complexities associated
with the nature of a cross-sectional phone survey, compounded
by the ever-changing dynamics of media and technology.
Among them, there was limited time to conduct the survey.
Questions were tested prior to finalizing the survey to ensure
that the call lasted only 10 minutes. Although a substantial
number of questions were asked, we did not have timeto fully
explore respondents’ experiences using media and technology
for health information. Sample selection was intended to target
specific subpopulations (ie, Rural, Hispanic/Latino, mobile
phone users). To ensure that the sample was representative of
NY S, weighted adjustments were cal culated to provide amore
accurate depiction. In addition, interviewers did not ask about
all possible communication channels. While questionsreferred
to social mediasites, respondents may not have considered sites
like YouTube or blogs as belonging in that category. These
channels could prove useful depending on the target population,
and video-based siteslike YouTube might be especially suitable
to some groups. Finaly, we asked about preferences for
receiving information in ageneral way. It may bethat responses
could have been different if asked about specific health topics.
However, we did provide guidance as to what we meant by
“healthinformation.” It may also bethat respondentsinterpreted
“if an organization like the Department of Health” in different
ways; people may not be familiar with the work of the
Department of Health, or think it only has certain functions,
such as tracking diseases. This may have impacted responses
to this question.
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Conclusions While there are limitations that must be considered when
drawing conclusions from this study, the data collected suggests
that people in NY S are online and engaged in technology use
but may have unique preferences for receiving health
information. When considering how to disseminate health
information, it is important to ensure that the methods being
used are appropriate for the target population. Technology is
constantly evolving and trends are always changing. A SNS
that may be popular today may be displaced by a new onein
the future. Continued efforts to understand and stay abreast of
technology use patterns and preferences for receiving health
information will be an important goal as we consider ways to
use digital technologies to improve public health.

This study represents an important first step in exploring media
and technology use for public health purposes at the state level,
but there is a need for future research on specific populations
to examine how variables beyond the demographics presented
here impact media and technology use, and health
information-seeking activities and preferences. Factors such as
language, culture, and health literacy could al potentially impact
media and technology use and preferences for receiving health
information. For example, there is a growing realization that
even though there has been a decreasein the digital dividewith
respect to access, thereisagrowing divide regarding skills[25].
Additional research can aso explore how preferences for
information dissemination may vary by topic.
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Abstract

Background: Twitter isafree social networking and microblogging service on the Internet. Medical professionals and patients
have started to use Twitter in medicine. Twitter use by medical institutions can interactively and efficiently provide public health
information and education for laypeople.

Objective: This study examined Twitter usage by medical institutions.

Methods: We reviewed all Japanese user accounts in which the names of medical institutions were described in the user’s
Twitter profile. We then classified medical institutions' tweets by content.

Results: We extracted 168 accounts for medical institutions with =500 followers. The medical specialties of those accounts
were dentistry and oral surgery (n=73), dermatology (n=12), cosmetic surgery (n=10), internal medicine (n=10), ophthalmology
(n=6), obstetrics and gynecology (n=5), plastic surgery (n=2), and others (n=50). Of these, 21 accounts tweeted medical knowledge
and 45 accounts tweeted guidance about medical practice and consultation hours, including advertisements. In the dentistry and
oral surgery accounts, individual behavior or thinking was the most frequent (22/71, 31%) content. On the other hand, consultation
including advertisements was the most frequent (14/23, 61%) in cosmetic surgery, plastic surgery, and dermatol ogy.

Conclusions. Some medical specialtiesused Twitter for disseminating medical knowledge or guidance including advertisements.
Thisindicates that Twitter potentially can be used for various purposes by different medical specialties.

(JMIR Public Health Surveill 2016;2(1):€19) doi:10.2196/publichealth.4831

KEYWORDS
social media; Web 2.0; medical education; consultation guidance; advertisement

information on Twitter [2]. Harriset al reported on tweets about
diabetes mellitus by alocal health department [3]. In addition
Twitter is a free social networking and microblogging service  tO €ancer, Twitter is used in various fields, such as dental pain
on the Internet. Twitter has grown rapidly in popularity [1]. In  SUrveillance [4], exploring misunderstanding or misuse of
medicine, increasing numbers of medical professionals and antibiotics [5], and monitoring influenza outbreaks [6-8].

paIIentS US? Twitter. We first reported that Twitter networks of Medica prof ons have started to use Twitter [9] .For exar’np| e
patients with cancer have developed so they can exchange  spme physicians or medical teams use Twitter to share medical
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information with the public [10-16]. Thus, Twitter use by
medical ingtitutions might interactively and efficiently provide
public health information and education for laypeople. We could
speculate that some of the needs and requests of the public
cannot be met by typical medical practice. Thus, medical
professionals may be able to conduct personalized educational
activities. Furthermore, Twitter can contribute to improved
satisfaction with health promotion and medical care.

Information about Twitter use by medical ingtitutionsis highly
limited and the optimal methods of use remain unclear. In this
study, we examined Twitter usage by medical institutions and
Twitter'srolein public medical information. This should assist
medical ingtitutions that use Twitter in making significant
changes from noninteractive, 1-way publicity to interactive
information exchange, wherein personal opinions, needs, and
requests are disseminated and collected in the future.

Methods

Identifying Twitter Accounts

We searched Twitter profilesusing amethod detailed el sewhere
[2]. Briefly, we searched every publicly available user profile
on Twitter in Japan. The search words were “hospital” and
“clinic” in Japanese. Wereviewed all user accountsthat included
the names of medical ingtitutions, aiming specifically at those
with =500 followers. Asin our previous study’s methods, we
included only such large “powerful” accounts [9]. The website
used for the profile search wasthe 16 Profile Search betaversion
for Twitter [17]. The search was conducted on July 15, 2013.
We classified the accounts using Twitter profiles. We excluded
accounts that probably were not medica ingtitutions. The
accounts with medical ingtitutions’ names were categorized as
medical institutions. However, in the case of medical staff, we
categorized the accounts by professions. The people who had
medical treatment in that medical institution were categorized
aspatients. Then, we classified the extracted medical institution
accounts into the following categories. dentistry and oral
surgery, cosmetic surgery, plastic surgery, dermatology, other
surgery, and internal medicine including pediatrics.

We collected the latest tweets of the top 5 accountsin terms of
number of followers for measuring longitudinal changes. We
extracted tweets from 2012 to 2014. The website we used for
collecting the latest tweetswas TwimeMachine [18], which can
collect amaximum of 3200 tweets. This search was conducted
on November 5, 2015.

We searched the accounts of medica ingtitutions in
English-speaking countries for comparison with the accounts
of medical ingtitutions in Japan. The search words were

http://publichealth.jmir.org/2016/1/e19/
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“hospital” and “clinic” in English. We extracted the accounts
with thetop 10 number of followers, reading medical institution
profiles. Thewebsite used for collecting the accounts of medical
ingtitutions in English-speaking countries was followerwonk
[19]. The search was conducted on October 30, 2015. We
referred to the URL of medical institutions if we could not
extract information about the medical institutions from the
Twitter profile alone.

Categorizing Tweets

We classified the medical institution tweets into 6 categories
using the 100 most recent tweets. The categories were medical
knowledge (category A); consultation guidance (including
advertisements and newdletters from medical ingtitutions;
category B); suggestions from patients (category C); links to
other home pages only (category D); individual behavior or
thinking (category E); and tweetswith multiple kinds of content
(eg, tweets with a URL link to a home page and medical
knowledge tweets from the same account, classified by YS, a
medical informatics researcher; category F). In the most recent
100 tweets, the most categorized tweets from categories A to
E were the account classifications. When categories A to E were
almost equal, we classified the accounts as category F. The
categories for tweets that the primary investigator (Y'S) could
not categorize were decided by discussion with the secondary
investigator (NH).

Analyzing Tweet M or phemes

Tweet morphemesin Japanese were analyzed using the method
previously developed for frequency comparison of nouns by
medical specialties [20]. Briefly, we collected 200 tweets and
used the ChaSen (version 2.1 for Windows, Nara Ingtitute of
Science and Technology, Ikoma, Nara, Japan) morphological
analysis system. We used the normal ChaSen dictionary in
morpheme analysis, extracting only nouns from the tweets.
Tweets were obtained January 11, 2014.

Results

Identifying Medical Institution Accounts

We identified 1211 Twitter accounts with =500 followers in
which the keywords “hospital” and “clinic” were included in
the profile. From those, we extracted 168 accounts by medical
institutions using the following keywords in Japanese: Byoin
(hospital) and Shinryojo, lin, or Kurinikku (clinic) (Table 1).
Among the 168 medical institutions, 30 had registered Twitter
accounts in 2009, 110 in 2010, and 28 in 2011 (Figure 1). As
of July 15, 2013, the median duration from the day Twitter
accountswere registered to the last tweeted day was 1151 (range
596-1526 days).
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Table 1. Categorized Twitter accounts (relevant Twitter accounts with 2500 followers on July 15, 2013).
Type of Twitter account Search words Total no. of ac-
counts
Byoin (hospital)  Shinryojo(clinic) Lin(clinic)  Kurinikku (clinic)
Accountsrelated to medicine
Medical institutions 30 6 67 65 168
Pharmacies 2 0 0 0 2
Doctors, dentists 86 12 39 53 190
Nurses, midwives 35 1 0 6 42
Paramedics (except nurses) 71 1 10 5 87
Other hospital personnel 68 4 3 7 82
Tweets about medical knowledge? 18 0 6 5 29
Patients 11 0 1 1 13
Tota 321 24 126 142 613
Accounts unrelated to medicine 356 31 58 153 598
Total no. of accounts 677 55 184 295 1211

#The accounts’ proprietors were unknown.

The medical specialties of those accounts were dentistry and
oral surgery (n=73), dermatology (n=12), cosmetic surgery
(n=10), internal medicine (n=10), ophthamology (n=6),
obstetrics and gynecology (n=5), plastic surgery (n=2), and
others (n=50; Figure 2).

Weidentified 190 Twitter accounts of doctorsor dentistsin this
search, including 10 pediatricians. We searched “pediatrician”
using 16 Profile Search beta version for Twitter on March 12,
2014 and identified 12 pediatrician accounts with =500
followers.

Table 2 showsthe accounts with thetop 10 number of followers
in Japanese medical ingtitutions. The medical speciatiesin the

http://publichealth.jmir.org/2016/1/e19/
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accounts having the top 10 followers were dentistry (n=3),
cosmetic surgery (n=2), ophthalmology (n=1), therapeutic
radiology (n=1), obstetrics and gynecology (n=1), dermatology
(n=1), and internal medicine (n=1). Account 1 had the highest
number of followers (n=169,407). Therewas amedian of 3129.5
tweets, 29,865 followers, and 3.00 tweets per day.

Table 3 shows the top 10 accounts of medical institutions by
number of followers in English-speaking countries. Those
accounts were from 6 general hospitals, 3 children’s hospitals,
and 1 cosmetic surgery clinic. There was a median of 9072
tweets, 213,314.5 followers, and 3.61 tweets per day.
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Table 2. Thetop 10 accounts by number of followers of Japanese medical institutions.
No.  Account Hospital or clin-  Medical specialty Prefecture Date joined Total Followers Tweets/day?
name ic tweets
1 @team neka Hospital General hospital Tokyo March 15, 2011 285 169,407 0.33
gawa (therapeutic radiology)
2 @Sanhujin-  Clinic Obstetricsand gynecolo- Kanagawa April 7, 2010 81,753 90,906 68.41
ka ay
3 @biyoudoc- Clinic Cosmetic surgery Tokyo September 20, 4603 48,151 4.47
tor 2010
4 @SB- Clinic Ophthalmology Tokyo March 8, 2010 6303 45,063 515
CLASIK
5 @shematsuo-  Clinic Dermatology Tokyo September 24, 1559 32,609 152
ka 2010
6 @GVBDO Clinic Dentistry Gifu May 21, 2010 31,568 27,121 27.43
7 @ryou- Clinic Dentistry Osaka July 6, 2010 1422 21,365 1.29
ki4181
8 @suzu- Clinic Dentistry Yamagata November 9, 1656 18,914 123
ki1855 2009
9 @Drponchi  Clinic Internal medicine Kanagawa May 19, 2011 7370 16,852 9.35
10 @moriyuk-  Clinic Cosmetic surgery Mie December 5, 359 13,916 0.38
abc 2010
Median 3129.5 29,865 3.00
3Up to July 15, 2013.
Table 3. Thetop 10 accounts by number of followers of medical institutions in English-speaking countries.
No.  Accountname Hospital orclin- Medical speciaty ~ Country Date joined Total Followers Tweets/day?
ic tweets
1 @MayoClinic  Hospital General hospital us April 30, 2008 25,859 1,233,111 9.44
2 @Harvard- Hospital Genera hospital us March 4, 2009 2,898 998,726 1.19
Health
3 @Cleveland- Hospital General hospital us March 14, 2009 27,644 542,697 11.42
Clinic
4 @StJude Hospital Children’shospital US October 23,2007 6,567 388,754 224
5 @Hopkins- Hospital Genera hospita us February 7, 2009 11,469 329,343 4.67
Medicine
6 @FUEHairClin-  Clinic Cosmetic surgery UK August 10, 2013 738 97,286 0.91
ics
7 @GreatOr- Hospital Children’shospital UK October 22,2009 20,703 82,405 941
mondSt
8 @Hospital- Hospital Genera hospita India October 25,2010 26,494 77,120 14.47
sApollo
9 @seattlechil- Hospital Children’shospital US September 4, 2008 6,675 55,531 2.56
dren
10 @NIHClinicaC- Hospital Genera hospita us February 6, 2009 3,111 52,221 127
ntr
Median 9072 213,314.5 3.61

8Up to October 30, 2015.

Figure 3 shows the top 5 accounts of medical institutions by
number of followersin Japan. The therapeutic radiology account
(account 1), with the most followers, tweeted 64 tweetsin 2012
and had no tweets from 2013 to 2014. We could not collect
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tweets from an obstetrics and gynecology account (account 2)
and a dermatology account (account 5) from 2012 to 2014 due
to technology issues. Account 2 had more than 3200 tweets,
none of which could be technically collected due to the large
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numbers of tweets from 2012 to 2014. We could not access
account 5 on November 5, 2015.

Figure 3 shows the number of tweets by therapeutic radiology
(account 1), cosmetic surgery (account 3), and ophthalmology
(account 4) accounts (Table 2) from 2012 to 2014. All tweets
from account 1 in 2012 were about the Fukushima nuclear
accident and radiation exposure. Account 3 had 77 tweets with

Sugawara et al

links to preoperative and postoperative photographs of all 536
tweets from 2012 to 2014 (14.4%). Account 4 was a clinic that
performed LASIK eye surgery. The content of its tweets
recommended LASIK surgery, provided information about
appointment status in that clinic, and contained advertising.
Over 3years, 80.33% (960/1195) of their tweets contained their
phone number.

Figure 1. Year of Twitter registration by 168 medical institutions, showing the number of Twitter registrations from 2009 to 2011 per half year. The
first registration wasin July 2, 2009. The latest registration was on November 27, 2011.
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Figure 2. Number of Twitter accountsin each medical specialty. The medical speciaties of general hospitals were included in the specialty accounts
and not in “hospitals’.
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Figure 3. Number of tweets from medical institutions in Japan from 2012 to 2014 with content on therapeutic radiology (account 1), cosmetic surgery
(account 3), and ophthalmology (account 4).
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Categorizing Tweets surgery, plastic surgery, and dermatology, category B was the

We classified tweets by medical institutions into 6 categories MOSt frequent (n=14, 61%). In dentistry z;\nd oral surgery,
by content (see Table 4). Tweets about consultation guidance ~CA€JOTY E was the most frequent (n=22, 31%). The accounts
including advertisements and newsletters from medical of 2 medical ingtitutions were attempting to recruit dentists,
institutions (category B) were most frequent. Figure 4 shows dental hygienists, nurses, and others. Teble 5 shows sample

content classification of tweets in each specialty. In cosmetic  IWeets.
Table 4. Number of tweets by categories of contents.
Category Content No. of
tweets?
A Medical knowledge 21
B Consultation guidance, including advertisements and newsletters from medical institutions 45
C Patients' suggestions 3
D Links only to home pages, blogs, etc 37
E Individual behavior or thinking 37
F Tweets with multiple types of content 20
3A total of 5 accounts could not be accessed to obtain tweets on January 11, 2014.
Table 5. Sample tweets by content category.
Category Account Tweet sample?
no.
A 1 Internal exposure to radioactive cesium through foods reminds us of “Minamatadisease” caused by concentrated organic

mercury in the food chain from Chisso Minamata factory. Those who ate fish polluted by organic mercury in high
densities accumulated “liposoluble” organic mercury in their brain and frequently experienced neuropathy.

A On the other hand, radioactive cesium seldom causes biological concentrations like organic mercury. Cesium isan al-
kali metal close to potassium. Taken into the body, cesium distributes evenly to all cells and is excreted in urine. This
was established by analysis of euthanized domestic animalsin Fukushima prefecture.

A Cesium is excreted in urine like potassium. The amount of cesium in the body is halved at nine daysin infants and at
three monthsin adults. Unlike organic mercury, cesium is not accumulated in the body. Even when cesium is excreted,
it exists on Earth because the half-life of cesium-137 is approximately 30 years.

A 2 Defining blood-brain barrier (BBB) disruption as a hyperdense lesion on the CT scan after endovascular therapy in
acute ischemic stroke patients, BBB disruption is independently associated with lower rates of early major neurologic
improvement, higher rates of mortality, and hemorrhagic complications. http://****

A 3 We call it awedge-shaped defect when the sides of the teeth are sharpened. Clenching one’s teeth is the most common
cause of wedge-shaped defects. Images - http://****

B 4 *x**clinic for liposuction and fat infusion! ****clinic is an expert in liposuction with more than 30 thousand cases.
We have been chosen for techniques and trust.

B 5 We will start flu shots on October 15. We are accepting reservations from companies for flu shots. Call ** in charge.

C 6 [In patient's voice]: “1 found this dentist. This dentist described the treatment | wanted and how to brush well. This
dentist explained other things besides treatment, too. If | had brushed my teeth earlier, | would have better teeth. | regret
that now.”

D 7 Our blog was renewed. [Report of cardiology training] at http://****

8 Let’'sdrink water because it's hot.
E 9 | feel that it's the end of the year due to increasing numbers of patients with hand injuries.

| feel that it's spring because of the number of infectious atheroma cases.

F 10 Anticancer activity of extract from grape seeds. Many studies suggest that an extract from grape seeds has anticancer
properties. http://****

Watching and doing dance performances arefun, even if we cannot do them. Everyone says, “If | was XX yearsyounge,
| would dance.” Let's go dancing! Throw away your assumptions and prejudices.

4Japanese conversationswere translated into English. The number of characters could be more than 140 because the tweetswere transl ated from Japanese
sentences.
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Figure 4. Number of accounts by medical specialty tweeting content categorized as follows. medical knowledge; consultation guidance including
advertisements and newsletters from medical institutions; suggestions from patients; links only to homepages, blogs, and others; individua behavior

or thinking; and tweets including multiple types of content.
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Analyzing Tweet M orphemes

The frequency of nouns per medical speciaty is shown in
Multimedia Appendix 1. In al speciaties, words about doctor
visits frequently appeared, such as “consultation,”
“appointment,”  “reception,” and “closed,” (n=23,919).
Keywords unique to each specialty appeared frequently
(Multimedia Appendix 1). Examples include “decayed tooth”
in dentistry, “depilation” in cosmetic surgery, “surgica
operation” in other surgery, and “influenza’ ininternal medicine.
Advertisement words such as “campaign” and “inquiry”
frequently appeared in cosmetic surgery.

Discussion

Twitter Usein Medical Institution M anagement

Inthisstudy, we classified Twitter accounts by medical practice,
including dentistry and oral surgery, cosmetic surgery, plastic
surgery, dermatology, other surgery, and internal medicine
including pediatrics, and by tweet contents. Powerful accounts
with =500 followersvaried by clinical specialties, asdid Twitter
useindicators such as amount of active Twitter use. Therewere
179,857 medical institutions in Japan [21]. We identified 168
medical institution Twitter accounts with =500 followers. These
accounted for 0.09% of all medical institutionsin Japan. There
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were more dentistry and cosmetic surgery accounts, whereas
there were fewer in internal medicine, surgery, and pediatrics
(Figure 2). This result may have been affected by differing
medical institution management by specialty and the Japanese
medical insurance system. In Japan, medical costs are covered
by universal insurance. People pay 10%-30% of medical care
costs on their own [22-24]. Most medical practiceis conducted
under health insurance. However, some medical practices in
cosmetic surgery and dentistry are not covered by health
insurance; indeed, most practices in cosmetic surgery are not
covered by insurance. Infertility and obstetric care are also not
covered unless complications are diagnosed. Patients must pay
the full amount of the medical expenses not covered by health
insurance, and medical institutions can freely set the cost of
uncovered practices. Therefore, improving brand images to
maintain higher pricing of medical costs is of much greater
financial interest to medical institutions conducting uncovered
practices than it is to those conducting primarily covered
practices. This suggests that the management of a medical
institution affects the number of Twitter accounts and the
contents of medical institution tweets. Future studieswill allow
appropriate interpretation.

Many of thetop 10 Japanese accountswere medical institutions
of cosmetic surgery and dental clinics, which frequently
performed medical treatment not covered by health insurance.
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This suggested that the accounts of cosmetic surgery clinics
possibly used Twitter for advertising. Few of the accountswere
from general hospitals, while many were from clinics. In
comparison, many of thetop 10 accountsfrom English-speaking
countries were from general hospitals. The British Medical
Association has published guidelines about social media use
among doctors and medical students in the United Kingdom
[25]. However, there are no such guidelines in Japan. Clinics
can establish Twitter use policiesrapidly and independently. In
large general hospitals, the decision to use Twitter may be
difficult. In addition, the tweets of some medical institutions
decreased annually. The accounts of cosmetic surgery and
ophthalmology clinics performing LASIK surgery might not
have been attracting customers. In Japan, medical institutions
temporarily used Twitter without defined purposes. It is
necessary to perform detailed investigations on Twitter use by
medical institutions.

Tweet Contents

Tweet contents were also markedly different between the
specialties. For example, cosmetic surgery accounts, where most
practices are not covered by insurance, tended to tweset
consultation guidance, including advertisements. We al so found
adverti sement tweets covering introductionsto clinic operations,
consultation hours, and working hours of the doctor in charge
of operations. Of the tweetsby cosmetic surgery accounts, 38%
(9/24) were categorized as advertisements, defined as tweets
with concrete prices or discounts. Most practices in cosmetic
surgery are not covered by insurance and it is necessary to attract
customers or collect patients. Thus, Twitter might be used as
an advertising medium to attract cosmetic surgery patients. This
supported our inference that medical institution management
affected Twitter use.

On the other hand, the Twitter accounts of some specialties
were used for medical knowledge and education. Words about
pregnancy frequently appeared in the other surgery category,
such as*“uterus,” “spermatozoon,” and “infertility” (Multimedia
Appendix 1). These Twitter accounts probably disseminated
medical knowledge about pregnancy or infertility. There were
4 infertility treatment clinic accounts. In fact, 3 infertility
treatment clinics tweeted frequently about infertility, 2 of them
focusing on education for men. One of the infertility treatment
clinics' account was deleted because it could not be accessed
for tweets, even though it specified disseminating medical
knowledge about infertility in its Twitter profile. This is one
example of medical knowledge education. In this area, Twitter
might be a useful tool for disseminating medical knowledge.
Pregnant women often use the Internet as an information source
[26-28]. Obstetricians and gynecol ogists, midwives, nurses, and
others may also educate pregnant women through Twitter.

Some Twitter accounts used Twitter for both attracting patients
and disseminating medical knowledge. Words about dental
practice frequently appeared in the dentistry and oral surgery
accounts, such as “decayed tooth,” “implant” (inpuranto in
Japanese), “orthodontic,” and “prophylaxis.” Thisindicated that
dentistry and oral surgery accounts frequently tweeted about
dental practice. Implants and most orthodontic care are not

covered by health insurance; thus, those words about dental
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practice might frequently appear not only to disseminate medical
knowledge about implants and orthodontic care but also to
attract customers. Moreover, patient home prevention is the
most important practice in preventive dentistry. Thus, dentistry
and oral surgery accounts might disseminate information about
preventive dentistry for patients with figures and photographs
through Web links. In fact, the 57 dentistry and oral surgery
accounts in this study had a Web link in their tweets. Because
Twitter users frequently wish to share Web content and tweets
are restricted to 140 characters in length, tweets frequently
shortened URL s [29]. The details of medical information were
explained through Web links in Twitter. Medical institutions
might effectively disseminate medical information using Twitter
with Web linksin every specialty.

Use of Twitter in Internal Medicine, Pediatrics, and
Surgery

In some specialties, such as internal medicine, surgery, and
pediatrics, Twitter was seldom used. Of the 168 accounts, 83
(49.4%) were dentistry and cosmetic surgery accounts. In
contrast, only 11 accounts (6.5%) were in internal medicine,
pediatrics, and surgery. In those specialties, most medical
practices in Japan are covered by medical insurance. Thus, the
institutions likely do not need to attract customers or collect
patients. In particular, there was only 1 pediatric Twitter
account, which was significantly lower than in other specidties.
Parentswith small children often use Twitter because they have
high Internet literacy [30,31]. We hypothesized that
disseminating medical knowledge about pediatric practice to
parents would be useful, but our study did not support this
hypothesis. However, 3 children’s hospitals were included in
thetop 10 accounts by number of followersin English-speaking
countries. Disseminating medical knowledge about pediatric
practice to parents would be useful in English-speaking
countries. We should investigate what medical institutions in
English-speaking countries tweeted to demonstrate our
hypothesis. We searched Twitter accounts for pediatricians a
second time because of the lack of pediatric clinic accounts on
Twitter inthefirst round of the study. Wefound 10 pediatricians
among 190 doctor or dentist Twitter accounts, but 21
pediatrician accounts with =500 followers. We do not know the
reasons for thisinconsistency in the number of pediatric clinic
and pediatrician accounts. However, first, it is possible that, in
pediatrics, social mediausability isnot widely known. Second,
other social media besides Twitter may have been more
commonly used. It may be necessary to perform specific
investigations on pediatricians and pediatric clinics. On the
other hand, most patients in internal medicine and surgery are
older or haveachronic disease. It may be difficult to disseminate
medical information via Twitter to such elderly patients who
do not use social media or the Internet. For these patients, it is
likely that written dissemination of medical information will
continue to be important.

Study Limitations

In this study, we first showed how medical institutions use
Twitter and what they tweet. Neverthel ess, several issuesremain
for discussion.
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First, we conducted this study with power accounts (having
>500 followers) asthefocus. Thus, we might not have obtained
the same results if we had included accounts with fewer
followers. About 98% of Twitter accounts have fewer than 500
followers in Japan [32]. It islikely that some smaller accounts
contributeto public health via Twitter. Therefore, such accounts
should be investigated to provide a broad view of medical
institutions' Twitter use.

Second, we did not examine the medical accuracy of tweetsin
this study. Several studies have examined deleterious and
inaccurate information on websites and social media [33,34].
It will be necessary to investigate tweet medical reliability and
accuracy of tweets. Although Twitter is a useful tool for
communication, the dissemination of inaccurate medical
knowledge by Twitter might negatively affect people. Thus, it
is important to examine Twitter’s potential negative impact in
future studies.

Third, the results of this study depended on the search site;
however, it remains unclear what Web search tools are
sufficiently accurate and adequate. Some search sitesfor Twitter
accounts exist, such as twpro, Twitter Search, and Twitter
Profile Search [35-37]. Our preliminary search showed
differences in search results between search sites (data not
shown). We used 16 Profile Search beta version for Twitter for
account searches for the following reasons. In this tool, AND,
OR, and NOT searcheswere available. Furthermore, therewere
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many kinds of output data, including account profiles, and
number of tweets and followers, and the characteristics of search
tools must be investigated in detail in future studies.

Fourth, we did not examine whether Twitter advertisements
conformed to guidelines about medical institution advertising.
Advertising by medical institutionsisregulated by the Japanese
Medical Care Act [38]. The Ministry of Health, Labour and
Welfare provides guidelinesfor medical advertisements[39,40].
These detailed guidelines regulate specialties, licenses of
specialists, and so on. Descriptions of curative effects, noting
the number of times a doctor performed the operation, and
showing before-and-after photographs are not permitted. It is
also important for patients to know the medical cost. The
guidelines state that advertisements emphasizing medical
expenses should be regulated. There was a tweet that did not
follow this guidelinein the study. Thus, Twitter advertisements
should beinvestigated to determine whether they follow medical
advertisement guidelines.

Conclusions

The number of Twitter accounts by medical institutions and the
tweet contents differed by medical specialty. Some Twitter
accounts attracted customers or collected patients. On the other
hand, some accounts provided medical knowledge. Thus, Twitter
potentially can be used for various purposes by different medical
specialties.
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Abstract

Background: The interpersonal, dialogic features of social networking sites have untapped potential for public health
communication. We ran a Facebook advertising campaign to raise statewide awareness of Michigan’s newborn screening and
biobanking programs.

Objective: We ran a Facebook advertising campaign to stimulate public engagement on the complex and sensitive issue of
Michigan's newborn screening and biobank programs.

Methods: We ran an 11-week, US $15,000 Facebook advertising campaign engaging Michigan Facebook users aged 18-64
years about the state’s newborn screening and population biobank programs, and we used a novel “engagement spectrum”
framework to contextualize and evaluate engagement outcomes ranging from observation to multi-way conversation.

Results: The campaign reached 1.88 million Facebook users, yielding arange of engagement outcomes across ad setsthat varied
by objective, content, budget, duration, and bid type. Ad sets yielded 9009 page likes (US $4125), 15,958 website clicks (US
$5578), and 12,909 complete video views to 100% (US $3750). “Boosted posts’ yielded 528 comments and 35,966 page post
engagements (US $1500). Overall, the campaign led to 452 shares and 642 comments, including 176 discussing newborn screening
and biobanking.

Conclusions: Facebook advertising campaigns can efficiently reach large populations and achieve a range of engagement
outcomes by diversifying ad types, bid types, and content. This campaign provided a popul ation-based approach to communication
that also increased transparency on a sensitive and complex topic by creating a forum for multi-way interaction.

(JMIR Public Health Surveill 2016;2(1):€27) doi:10.2196/publichealth.5623

KEYWORDS

Internet; facebook; social media; facebook advertising campaign; social media engagement; health communication; social
networking; biobanking; neonatal screening; infant; newborn screening

populations, including some that are vulnerable and hard to
reach [2]. Fostering ongoing, multi-way communication, these
Social networking sites have the potential to modernize core  Sit€s encourage new thinking abouit the role the public can and
public health functions, including the delivery of essential  Should play in public health. As tools for establishing and
services [1,2]. They can also be used to focus on specific maintaining new virtual relationships and communities, they

Introduction

http://publichealth.jmir.org/2016/1/e27/ JMIR Public Health Surveill 2016 | val. 2 | iss. 1 |27 | p.188
(page number not for citation purposes)

RenderX


mailto:tevah@umich.edu
http://dx.doi.org/10.2196/publichealth.5623
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

would also be well suited to accompany national health
initiatives such asthe Affordable Care Act, precision medicine,
and learning health systems, perhaps catalyzing a new kind of
personalized public health.

With more than a billion users, Facebook is the most popular
socia networking sitein the United States and the world [2,3].
Facebook ads can reach and engage large, finely specified
populations at relatively low cost [4-6]. Obtaining Web-based
health information is a common practice among Internet users
[7,8]. In addition, although some have found that samplesdrawn
from socia networking sitestend to overrepresent females and
young adults [8], factors that do not significantly affect
participation in social networking sites include household
income level, race or ethnicity, and geographic location [9],
suggesting Facebook’s broad potential to reach a large and
diverse audience.

In this study, we present an example of a recent public health
Facebook advertising campaign, whose goal was to engage
Michigan citizens on the topic of the state’s newborn screening
and large population biobanking programs. The results from
this low-cost, short-duration campaign demonstrate potential
for public health communicators to move beyond passive
approaches to reach communications goals across a spectrum
of engagement levels that include active participation by the
public. The focus of the Facebook advertisng campaign
presented here isthe Michigan BioTrust for Health (BioTrust),
apopul ation-based biobank run by the state’s health department
that functionally links public health practices and the research
enterprise. The BioTrust’s biobank is composed of residual
dried bloodspots retained after newborn screening that can be
linked to public health registries and other health information
SOUrces.

Biobanks such as this have raised legal and ethical questions
around the limits of informed consent and therole of participants
in unspecified research [10]. An ongoing critique of the
open-ended storage and unspecified use is that ensuring
participants have made an informed decision is nearly
impossible, and lack of transparency has undermined trust in
some large population biobanks. Lawsuits driven by privacy
concernsin Texas and Minnesotaled to the destruction of dried
bloodspots stored by those state health departments [11].
Although efforts are underway to address these issues
proceduraly (eg, proposed revisions to the Common Rule
announced in 2015 would require broad consent for or
notification of secondary research), another key approach isto
improve education and communication to maintain respectful
participant partnerships and ongoing public engagement [12,13].
Social networking sites open possibilities for communication
to occur organically, an outcome unlikely to be sparked by
one-time notification or consent.

Michigan BioTrust for Health markets a biobank of more than
4 million deidentified dried bloodspots to health researchers.
However, its participants are largely unaware of their
participation. Less than half of Michiganders are aware of
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newborn screening and less than 5% are aware of the BioTrust
[14]. Raising statewide awareness of Michigan’s biobank is a
challenging undertaking. The participant group is large and
transient; the message is sensitive and complex [4].

Various models have been used to describe and evaluate a
hierarchy of engagement outcomes in social media [15-19].
Preece and Schneiderman [18], for example, propose a
generdlized “Reader to Leader framework” that describes
engagement in terms of the way in which people may become
active readers, contributors, collaborators, or leaders on
Web-based social media forums. In a systematic review,
Hrastinski [19] iteratively develops a six-stage classification
scheme with definitions of participation ranging from “accessing
e-learning environments” to taking part in dialogue. Neiger et
al distinguish low (eg, likes), medium (eg, content sharing), and
high social media engagement (eg, partnership, online action)
in the context of Twitter [16,20].

Each of these frameworks highlights the potential for social
media sites to achieve various modes of participation. Drawing
heavily on the evaluation hierarchy described by Neiger et al,
we developed a framework for examining a spectrum of
Facebook engagement outcomes (Figure 1). We consider as
inputs (1) context, (eg, the social, political, and cultural context
in which the campaign occurs), (2) content (eg, quality and
content of ads), and (3) setup variables (eg, ad type, target
audience, budget, and so on). These are then processed through
Facebook’s optimization algorithms or the “prism” that leads
to Facebook engagement. These can be classified along a
spectrum ranging from low to high levels of engagement,
wherein we have included, where possible, metrics specific to
the Facebook advertising platform.

In the lower engagement range, Facebook users are observing
(red), “liking” (orange), and exploring content by clicking on
links to photos, videos, and websites (yellow). At these levels,
a campaign’s goals include reaching the targeted audience,
establishing a community of followers to receive ongoing
content, and delivering information. In the higher engagement
range, Facebook users are establishing connections by sharing
posts or commenting (green) and conversing on the Facebook
platform (blue). Goals at the higher levels of engagement may
include stimulating peer-to-peer content sharing, identifying
and addressing questions and concerns from the public, or
establishing partnerships. The highest level of engagement,
which we have delineated as “implementation” (purple), is an
action step taken outside of the Facebook domain (eg, attending
an event, or enrolling in aresearch study.)

This Facebook ad campaign took a population-based approach
to achieving engagement across the spectrum by creating a
forum for multi-way interaction. In this paper, we present and
apply the spectrum of Facebook engagement outcomes
framework to describe the campaign. We then consider the
implications of these results for public health communicators
to move beyond passive approaches to achieve a range of
communications goals.
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Figurel. A spectrum of Facebook engagement outcomes.

CONTEXT

I.e., the social, historical, and
cultural context that influences the
meaning and impact of the
campalgn

CONTENT
e.g., quality, content of images and
text; topic, tone, purpose, and scope

SET-UP VARIABLES

e.g., ad type/s, target audience/s
duration, ad scheduling, budgat,
bid, bid type (CPC/CPM)

FACEBOOK
OPTIMIZATION
ALGORITHMS

INPUTS

Methods

Inthe spring of 2015 the University of Michigan'sLife Sciences
and Society Program ran an 11-week Facebook advertising
campaign, with a US $15,000 budget, to raise awareness and
understanding of the state’s newborn screening and biobanking
programs among Michigan Facebook users aged 18-64 years.

Ad Content Preparation

Visual content for the adsincluded a graphic image of the state
of Michigan, 2 animated, ~1-minute videos (using Sparkol
VideoScribe software), and 35 photographs of Michigan biobank
participants and parents. We took these photos in organized
sessions in which we educated 80 individuals (biobank
participants or parents of children with bloodspots in the
biobank) about Michigan’s newborn screening and biobank
programs, and then asked them to create posters to share their
thoughts. We photographed participants holding up postersthey
created from the suggested prompts. “Today | learned...;” “I
hope...;” “1 was spotted in [place of birth];” and “I’ [l share what
| learned because..” Photographed participants were
compensated with a US $25 cash card incentive and signed
photo release forms that included permission to use images for
educational, academic, and research purposes.

We aso photographed participants pointing to Michigan
locations on their hands, afamiliar gesture in this mitten-shaped
state. We used the tagline “Where were you spotted?’
throughout the campaign, highlighting Michigan locations and
soliciting comments from Facebook users indicating where in
the state they or their children were born.

We used the University of Michigan School of Public Health
logo as our profile image (which appears in all ads) to help
establish credibility and to distinguish ourselves from the state
health department and the BioTrust.

Ad Typesand Ad Sets

Ad content is uploaded onto Facebook’s Ads Manager. Using
the Ads Manager interface, we selected the objective (ie, “ad
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e.g. shares, tags, comments establishing social connection

e.g,, substantive comments, dialogue, user-submitted content
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Obsaervation
e.g., ad reach, impressions

Likes
e.g., page likes, post likes

Exploration
e.g. web dicks, video views, photo views

Connections

Conversation

Implementation
e.d, action step outside of Facebook

OUTPUTS:
FACEBOOK ENGAGEMENT OUTCOMES

type”), budget (total amount spent on an ad type), and “bid
type” which determines how costs are incurred (ie, on a
per-click or per-viewer basis) and how Facebook will promote
the ad (Figure 1). Ad types correspond with advertising
objectives defined by Facebook, including page likes, event
responses, and app installs. Ad design features such as character
limit, image size, and call-to-action buttonsvary dlightly across
ad types. The ad type designation also affects how Facebook
optimizes delivery of ads for maximum impact; for example,
the type of ad that maximizes “video views' is more likely to
be delivered to Facebook users who watch videos.

As shown in Figure 2, our campaign used 4 ad types: (1) A,
“pagelikes,” which encouraged usersto like our Facebook page;
(2) B, “clicks to website”; (3) C, “video views’; and (4) D,
“page post engagement,” boosting interactions such as
comments, shares, and photo views. The campaign included a
total of 8 ad sets that varied by budget, schedule, ad type, and
bid type. Ad sets had “lifetime budgets’ equally apportioned
across their target audiences. All ads ran at the bid price
automated by Facebook and incurred cost based on clicks (cost
per click, CPC), except for ad set B2, which was set to a bid of
US $2 per thousand impressions (cost per 1000 impressions,
CPM).

Although no ad type aimed to achieve asingle engagement goal
exclusively, each ad set was designed to hit 1-2 primary
engagement goal s, noted in Figure 2. For example, “reach” was
the primary goal of ad set B2, with inputsthat prioritized reach
over clicks. Likes were the main objective of ad set A. We
designed ad sets B1-B2, C1-C2, and D3 to encourage
exploration of our website, videos, and photo albums showing
biobank participant perspectives. By incorporating Michigan
themes and the comment prompt to input birthplaces, ad sets
D1-D2 aimed to promote socia connection. Incorporating a
hashtag and photos sharing genuine public perspectives about
biobanking, we developed ad set D3 to generate conversation.

The video ads areincluded in Multimedia Appendices 1 and 2;
full photo albums can be viewed at facebook.com/mybloodspot.
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Figure 2. Facebook ad set examples. All adstargeted Michigan residents aged 18-64 years. Ad set A1 included an additional audience of Michiganders
aged 18-64 yearsinterested in parenting. Ad set identifiers (A1-D3) correspond with Table 1 and references within the manuscript.
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. likely biobank participants and their peers from groups likely
Target Audience _ o to include parents of young or adult biobank participants.
We focused our campaign on Michigan Facebook users aged  Content was the same or very similar across age groups, but

18-64 years. For all but one ad type (A1), weran ads separately  some |anguage was tailored to address parents and participants
to 3 age groups: 18-30, 31-44, and 45-64 years, differentiating
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specifically (eg, “Where were you spotted?’ vs “Where was
your kid spotted?’). The " pagelike’ ad (A1) targeted 2 groups:
Michigan Facebook users aged 18-64 years generally and those
with an “interest” in “parenting, motherhood, or fatherhood.”

Budget and Timeline

We set atimelinefor aUS $15,000, 11-week campaign to allow
usto investigate the 8 ad sets using 4 ad types. Whereas “page
like” ads (A1) ran for al 11 weeks, all others ran for 1 to 3
weeks. Overdl, we budgeted US $5625 on ads promoting clicks
to our website; US $4125 on page like ads; US $3750 on
promotion of videos; and US $1500 on “ page post engagement”
ads.

We spent the most on the ad type promoting website clicks
because the site (mybloodspot.org) has more high-quality
information on the newborn screening and BioTrust topics than
could be conveyed in asingle ad. We al so dedicated asubstantial
portion of our budget to page like ads. “Likes’ establish abase
of followers who will see future page posts, help establish
credibility, and increase viral exposure as friends see one
another’'s likes. At a threshold of 1000, they also allow
communicators to view summary statistics reporting
demographics and characteristics of fans provided by
Facebook’s “Audience Insights” tool.

Planning and implementing the campaign took about 4 months
total, requiring weekly team meetings and approximately 20
hours per week time investment from a dedicated staff person
(thelead author) with prior experiencein community and social
media engagement on the Michigan BioTrust to design the
communications plan, create ads and wall posts, run the
campaigns, and moderate discussions. The staff person created
ad content and the website before the campaign; while ads ran,
she posted content to the page 1-3 times weekly and moderated
discussions, posting 72 comments primarily to respond to
guestions and concerns. Once the content and communications
plan were established, running the campaign took approximately
5-10 hours per week (1-2 hours per day).

http://publichealth.jmir.org/2016/1/e27/
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Data Collection and Analysisto Evaluate Engagement

Facebook’'s Ads Manager provides descriptive statistics from
our campaign, including aggregated data reports on “ General
Metrics,” “ Facebook Page Actions,” and “Video Actions.” These
reports present metrics on performance and engagement
outcomes such as reach, likes, and shares. The first 3 authors
manually coded comments to distinguish those that established
a social connection (eg, they tagged friends, identified their
birthplace) from those that engaged in conversation about
newborn screening or biobanking (eg, posting questions,
opinions, feelings, personal experiences). Codersalso recorded
patterns of interaction: frequency of posts per user, length of
discussion threads, and the number of participantsin discussion
threads. To examine themes of user discussion in greater detail,
the authors conducted additional content analysis using
ATLASL, but these results will be reported in a future
manuscript.

Upon consultation with the University of Michigan Institutional
Review Board (IRB), this research project was deemed exempt
from IRB oversight for human research participant protections.

Results

Overall Campaign Performance

The results of the Facebook advertising campaign overall are
presented in Table 1. The campaign reached 1.88 million and
led to 9186 page likes, 452 shares, and 642 comments. The
average CPC in this campaign was US $0.17, and the CPM was
US $0.21.

Level 1: Observation (Red)

Thereach of aFacebook ad or campaign is determined not only
by ad performance but a so by the target audience, the bid, and
competition with other adsin the marketplace. In thiscampaign,
7 ad setsran with a CPC bid type, each reaching between 87,680
and 345,587 Facebook users. Using 1 ad set with a CPM bid
type (B2), wereached 1.2 million Facebook users over 3 weeks.
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Table 1. Facebook ad campaign performance

Platt et al

ID? b ; §
CTR", Page Web Video Com

Objective & Ad set Budget, US$ Schedule Reach %

likes  clicks views PPE® Shares ments

Al $4125 Weeks1-11 146,179 357
Page likes

B1 $2250 Week 4 5587 377
Web clicks: CPCE bid

B2 $3500 Weeks9-11 12mil- 013
Web clicks: CPMY bid lion

C1 $1500 Week 3 134,521 0.87

Video views. newborn
screening

(07 $2250 Weeks7-8 302,768 2.27
Video views: biobanking

9009

30 9563 267 99

8 6395 25 1

23 85,283 17 —

32 146,197 102 14

D1 $375 Week 5 119,266  10.92 22 12,108 41 374

Page post engagement:
map

D2 $375 Week 5 87,680 1155 40 7445 — 130

Photo album engage-
ment: “Where were you
spotted?’

D3 $750 Week 6 173121 941

Photo album engage-
ment: posterboard per-
spectives

Totals $15,000 (All) |1"88 mil-
on

2 16413  — 24

9186 15,958 231,480 35,966 452 642

4 D: identifier

bCTR: click-through rate

CCPC: cost per click

SCPM: cost per 1000 impressions

®PPE: page post engagement

The overall population of Michigan aged 18-64 years is 6.2
million [21]. Facebook identifies the size of our target
audience—M ichigan Facebook usersaged 18-64 years—as 5.2
million. Our campaign reached 36% of this audience (1.88
million individuals). Demographic information about those
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individuals reached is limited to sex and age. Of individuals
reached, 57% (~1.07 million) were female, Michigan's
population is51% female. We al so reached a disproportionately
young population (57% reached were aged 18-34 years, see
Table 2).

JMIR Public Health Surveill 2016 | vol. 2 |iss. 1 [e27 | p.193
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Platt et al

Table 2. Demographic insightsinto a Facebook ad campaign

Michigan FBC users 18- Michigan FB users18-64 Michigan FB users 18-64

64 years years years _ Michigan population® (all
Audience Adreach Page likes ages)
N=5.3 million N=1.88 million N=~9200¢ N=9.9 million
Demographic variable? % % % %
Race/ethnicity
African American 13 NR® ~17 14
Hispanic (all) 4 NR ~16 4
All other 83 NR ~67 82
Sex
Female 53 57 ~70 51
Male 45 42 ~30 49
Age, years
18-64 100 100 ~100 63
18-24 23 28 ~13 10
25-34 26 29 ~24 12
35-44 19 22 ~20 13
45-64 30 20 ~41 28
Household income
Less than US $50 K 70 NR NR 51
US $50-$100 K 20 NR ~26 30
More than US $100 K 12 NR NR 19
(n<1000)
Families
Child in home NR NR ~33 29
Parents (all) 32 NR ~71 NR
Education
Less than diploma NR NR NR 11
High school diploma 23 NR ~29 30
Some college NR NR NR 24
Bachelor’'s or associate’s degree 42 NR ~58 24
Advanced degree 5 NR ~12 10

#The table presents results from a Facebook ad campaign raising awareness about Michigan's newborn screening and biobanking programs among
Michigan Facebook users aged 18-64 years. Facebook’s ad crestion tool is the source of information on the Facebook audience, Michigan Facebook
users aged 18-64 years. Facebook’s ad management tool breaks down ad campaign reach by sex and age groupings. All figures are rounded.

bMichigan population source: US Census Bureau — State and County QuickFacts. Data derived from Population Estimates, American Community
Survey, Census of Population and Housing, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics, Economic
Census, Survey of Business Owners, Building Permits. Last revised: Tuesday, December 1, 2015, 16:11:42 EST.

°FB: Facebook

dFacebook’s “Audience Insi ghts” tool provides information about monthly active Facebook users who have liked a page, provided that the population
of agiven category is greater than 1000. The N and percentages in this category are presented as estimates because the N is variable over time, owing
to changes in user activity.

®NR: not reported.
o submitted as potential permutations of the ad set; Facebook
Level 2: Likes (Orange) selected, monitored, tested, and ultimately optimized the reach

Weran a“pagelike” ad (A1) throughout the 11-week campaign.  of the most successful images to get the most page likes. At a
In Figure 2, we show just one example of the 8 photographs  cost of US $4125, the “page like” ad set garnered 9009 page
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likes, accounting for 98% of the 9186 page likes dlicited by the
ad campaign.

Adsédlicited 1803 “post likes’ as users liked advertised content
(eg, videos or boosted posts). Page post engagement ads (D1-3)
generated the most and least expensive post likes in this
campaign (754).

Facebook’s “Audience Insights’ tool suggests that the people
who liked our page skewed heavily female: approximately 70%
of those who liked versus 57% of those reached. Parents,
Hispanic, and African American Facebook users were also
heavily represented among those who liked our page. Divided
into 4 age groups, the oldest demographic (45-64 years) had
the highest proportion of likes (see Table 2).

Level 3: Exploration (Yellow)

Website click ads (B1-2), video ads (C1-2), and photo albums
(D2-3) were created to facilitate deeper exploration and learning.
Facebook users could engage with Web content, videos, and
photo albums that included descriptions and public opinions of
biobanking and newborn screening. Website click ads led to
15,958 clicks through to our website, at a cost of US $0.35 per
website click. The website click ad that incurred CPM had a
much lower click-through rate (CTR) than the same ad that
incurred CPC: 0.13%, compared with 3.77%.

The campaign yielded 231,480 video views, a Facebook metric
defined by video views lasting 3 seconds or more. On average,
users watched 27.6% of the videos, with a total of 12,909
watching the videos from start to finish, at a cost of US $0.29
per 100% video view. Younger viewers were most responsive
to video ads. Facebook reports“relevance scores’ for individual
ads, ametric on a1-10 scalethat factorsin positive and negative
user responses. The newborn screening and biobanking ads had
relevance scores of 2 and 7, respectively, among older users,
compared with 5 and 8, respectively, among users aged 18-30
years.

Photo album sets running for 2 weeks of the campaign €licited
23,858 “page post engagements.”

Level 4: Connection (Green)

Overall, our campaign’s Facebook ads were shared 452 times.
Website click ad B1 prompted 59% of all shares (267); this ad
ran for 1 week and also elicited 99 comments. “ Shares’ both
broadcast and potentialy help legitimize content; health
messages may be perceived as more relevant when they are
mediated through friends and personal contacts [22]. Shares
also drive up an ad’'s organic reach. Shares of an ad in set B1,
for example, pushed its organic (unpaid) reach to 22,272.

The biobank video ran for 2 weeks and prompted 102 shares.

Page post engagement ads (D1-3) were especialy effective for
establishing “connection” and had “ relevance scores’ acrossall
age groups of 9 or 10. The map ad consisted of agraphicimage
of Michigan and encouraged usersto writetheir (or their child’s)
place of birth in the comments. Thisad ran 1 week for only US
$375. It was shared 41 times and also garnered 374 comments
responding to the prompt “where were you spotted?’ to build
socia connection. The*Where Wereyou Spotted?’ photo album
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also contained a prompt for Facebook users to enter their or
their child’s birthplace in the comments. This ad generated 130
comments, 80% of which responded to the prompt, while 20%
engaged in conversation about biobanking or newborn screening.

Level 5. Conversation (Blue)

Overall, 659 unique Facebook users contributed 709 comments
during the ad campaign, with 642 commenting on ads directly.
Thevast mgjority of users posted 1 comment (92%), while 6.7%
commented twice and 1% commented 3 to 6 times.

Discussion peaked in weeks 4-8 of the campaign, primarily in
responseto aWeb click ad (B1, 99 comments); the photo albums
(D2, 130 comments; D3, 24 comments); and the biobank video
ad (C2, 14 comments).

Overdll, 176 comments from 127 unique users engaged with
the topics of biobanking and newborn screening. Comments
included questions about consent, legality, research uses, and
privacy rights; persona experiences with newborn screening;
feelings of support and opposition; and intentions to opt out or
continue participating in the BioTrust.

Comment threads related to public health topics ranged from 2
to 19 comments in length; among 55 threads, 62% were 2-3
comments long; 29% were 4-7 comments long, and 9% were
8-19 comments long. The campaign moderator contributed 15
wall posts and responded to comments 72 times, primarily to
address questions and concerns.

Activity on the Facebook page decreased dramatically once
advertising stopped, suggesting that ads were critical to both
stimulating and maintaining user engagement.

Discussion

The campaign reached 1.88 million Facebook users, yielding a
range of engagement outcomes across ad sets that varied by
objective, content, budget, duration, and bid type, at arelatively
low cost. The page promotion, Web click, and video ads
achieved strong results aligned with their objectives: 9009 page
likes (US $4125), 15,958 web clicks (US $5578), and 12,909
video viewsto 100% (US $3750), respectively. “ Boosted posts”
yielded 528 comments and 35,966 page post engagements (US
$1500), with high response rates to comment prompts associ ated
with the“Wherewere you spotted?’ campaign tagline. Overall,
the ads led to 452 shares and 642 comments, including 176
discussing newborn screening and biobanking.

Asafield, public health has been called to task for underutilizing
the value of harnessing the socia characteristics of socia
networking sites to advance the socia service of informing,
educating, and empowering the public [1,2,17,20,22-25].

Low-level, one-way engagement has been identified as “the
stage of engagement where most social media effortsin public
health and health promotion languish or terminate” [16].
Dynamic, dial ogic approaches open opportunitiesfor the public
to share content, ask questions, contribute, advocate, respond,
and interact with acommunity of Facebook users. Public health
communicators can in turn listen and respond, adapt messages,
answer questions, and gauge and consider public sentiment. In
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this paper, we have presented a campaign that aimed to achieve
engagement goal s across 5 stages of engagement—reach, likes,
exploration, connection, and conversation—and we have
examined the results in a framework that aligns these results
with Facebook advertising metrics and situates them in both
context and process.

The campaign reached avery large number of individuals (1.88
million Facebook users), especialy for a short-term campaign.
Specifically, we reached 36% of our potential ~5.2 million
Facebook user audience. More examplesin theliterature would
be helpful to determine the typical proportional reach of
Facebook adstargeting large populations, and the rel ative effects
of time, budget, and ad settings on maximizing reach among a
broad population. In this study, running an ad that incurred cost
based on impressions rather than clicks significantly boosted
the overall reach of the campaign. Further, overall, funding the
campaign allowed usto build our audience and push information
out that would not have otherwise been accessible to users.

The campaign’s Facebook page ended the campaign with 9186
“likes” and the page promotion ad alone established a fan base
in 11 weeks that surpassed those of related but much more
well-known and established entities. For example, at the time,
the University of Michigan School of Public Health had 7125
likes [26] and the Michigan Department of Health and Human
Services had 8572 likes [27]. For further context, we did not
approach the fan base of Shakira, with 104 million likes [28].

Other metrics often applied in evaluating Facebook ad
performanceare CTRs, CPC, and CPM. Benchmark CTRsvary
widely by industry and ad type, but a Facebook ad sales
representative suggested the goal of 3.0% for this 2015
campaign. Average metrics for nonprofits, according to a 2013
industry publication [29], were 0.21% CTR, US $0.19 CPC,
and US $0.52 CPM. Inapublic health study of the effectiveness
of Facebook ads for recruiting survey participants on young
adult substance use, a 2011 campaign that cost US $6628 over
13 months reported a CTR of 0.05% and cost US $0.45 per
click and US $0.35 per 1000 impressions [6]. Our campaign
met or exceeded these values. The average CTR for adsin this
campaign optimized for clicks was 4.54%. Page post
engagement adsyielded CTRs of 9.41% to 11.5%. The average
CPC was US $0.17, and the CPM was US $0.21.

The spectrum framework that we use incorporates metrics such
as “clicks’ (CTR, CPM, CPC) and “likes’ that are readily
available on the Facebook platform, and aso includes
“conversation” that can be analyzed quantitatively and
qualitatively to achieve more robust and meaningful evaluation.
In this campaign, Web click, video, and page post engagement
ads prompted users to explore and discuss public health topics,
creating an open and transparent forum for education and
discussion of newborn screening and biobanking. Users posted
176 comments on these topics and engaged in 53 relevant
discussion threads during the campaign. These patterns of
interaction are indicative of participatory learning [19].

These outcomes indicate the potential for social media
networking sites to innovate public health communications.
Notably, however, raising awareness about Michigan’s biobank
initiative among its large population of participants and parents
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presented challenges and risks. Theinformation was unfamiliar,
complex, and sensitive. Thus, our campaign needed to present
opportunities for users to explore information deeply and to
interact, both with our organization and with peers. We used
Facebook ads because they had the potentia to reach a large
audience quickly and economically and facilitate transparent
discussion. The content, context, and tone of our awareness
campaign were presumably important factors determining
interest and engagement among users. The peculiar story of the
Michigan BioTrust meant that the relevance of the information
we delivered depended on the age and birthplace of the users
and children of the users we reached, that conversation was
likely sparked by diverging opinionsand levels of comfort with
the initiative, and that low levels of awareness likely made the
information more difficult to deliver and digest.

Factors that have been found to affect engagement outcomesin
the context of health promotion on social networking sites
include privacy and stigma concerns associated with particular
conditions (eg, sexualy transmitted diseases, diarrhea); the
purpose and utility of a Facebook page or organization (eg,
support groups vs public avareness); and the context and content
of subject matter [30-32]. Standardized metrics, well-defined
terms, attention to context, and detailed reporting of processes
will hel p health researchersto compare outcomes of social media
engagement. The prism framework used here (Figure 1) might
influence the way communicators plan and analyze the use of
Facebook in health education and promotion. Communicators
can strategically target engagement outcomes across the
spectrum using variabl e ad types (objectives) and fostering user
interaction. Low-level engagement can be valuable in itself or
to stimulate higher-level engagement. Active“exploration” can
be shallow or deep (eg, a photo view vs extensive reading) but
the messaging is still one-way; the next step is to stimulate
high-level, multi-way engagement to take advantage of the
social aspects that distinguish social networking sites from
traditional media[2,18,21-23] and to addressthe need for more
evidence on approaches to stimulating interaction [15,16].

Limitations and Future Studies

Understanding Facebook as a communications platform is a
time-intensive endeavor, and thelack of control over algorithms
and certain organizational features can be challenging for public
health communicators and researchers. A limitation to public
health communication via Facebook is that the
representativeness of the audience targeted and reached cannot
be fully determined through typical epidemiologica methods
because of Facebook’s restrictions on its release of population
demographics. However, as a Facebook campaign begins to
reach large fractions of thetotal population, the confidence that
the campaign reached the full range of diversity in the
population increases. Social networking analysis can provide
insight into engagement and its socia drivers, but was beyond
the scope of this study. More research needs to be done on the
dynamics of population-based communications using Facebook
and its advertising infrastructure. This campaign ran for a
relatively short time span (11 weeks), with minimal Facebook
activity before and after the campaign; results might vary for
an organization with a more steady, established, and ongoing
social media presence. More studies are needed to test
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specifically how input variables (eg, ad types, bid type) affect
engagement outcomes.

Conclusions

The presented case suggests public health communicators can
use Facebook ads to spur actions and interactions with users
across a spectrum of user engagement by creating ads with
diverse ad types and multiple engagement goals. A wide set of
inputs filtered through the “prism” of Facebook’s algorithms

Platt et al

actions, indicate potential for social networking sites to bring
the public into public health communications.

Facebook advertising campaigns can efficiently reach large
populations and achieve a range of engagement outcomes by
diversifying ad types, bid types, and content. This campaign
provided a population-based approach to communication that
also increased transparency on a sensitive and complex topic
by creating a forum for multi-way interaction. By offering a

platform on which individual citizens can access professionals
and peers in an open forum, Facebook is a promising tool for
meeting the arising objectives of personalized public health.

for ad delivery yields an entire spectrum of engagement
outcomes. Our results, mapped onto this spectrum of Facebook
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Multimedia Appendix 1
Facebook video ad to raise statewide awareness of Michigan's newborn screening program.
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Multimedia Appendix 2
Facebook video ad to raise statewide awareness of Michigan's large population biobank.
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Abstract

Background: Gay, bisexual, and other men who have sex with men (MSM) regularly experience homophobic discrimination
and stigma. While previous research has examined homophobic and HIV-related intergroup stigma originating from non-M SM
directed at MSM, less is known about intragroup stigma originating from within MSM communities. While some research has
examined intragroup stigma, this research has focused mostly on HIV-related stigma. Intragroup stigma may have a unique
influence on sexual risk-taking behaviorsasit occurs between sexual partners. Online sexual networking venues provide aunique
opportunity to examine this type of stigma.

Objective: The purpose of this study isto examine the presence and patterns of various types of intragroup stigma represented
in Men Seeking Men Craigslist sex ads.

Methods: Datawere collected from ads on Craigslist sites from 11 of the 12 US metropolitan statistical areas with the highest
HIV/AIDS prevalence. Two categories of data were collected: self-reported characteristics of the authors and reported biasesin
the ads. Chi-square tests were used to examine patterns of biases across cities and author characteristics.

Results: Biaseswererarely reported in the ads. The most commonly reported biases were against men who were not “disease
and drug free (DDF),” representing stigma against men living with HIV or a sexually transmitted infection. Patterns in bias
reporting occurred across cities and author characteristics. There were no variations based on race, but ageism (mostly against
older men) varied based on the ad author’s age and self-reported DDF status; bias against feminine gender expression varied
based on self-reported sexual orientation; bias against “fat” men varied by self-reported DDF status; bias against “ugly” men
varied by aself-report of being good-1ooking; and bias against people who do not have a DDF status varied based on self-reported
HIV status and self-reported DDF status.

Conclusions: Despite an overall low reporting of biases in ads, these findings suggest that there is a need to address intragroup
stigmawithin MSM communities. The representation of biases and intragroup stigmaon Craigdist may result from internalized
stigmaamong M SM while al so perpetuating further internalization of stigmafor men who read the sex ads. Understanding patterns
in the perpetuation of intragroup stigma can help to better target messages aimed at making cultural and behavioral shiftsin the
perpetration of intragroup stigmawithin MSM communities.

(JMIR Public Health Surveill 2016;2(1):e4) doi:10.2196/publichealth.4742
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stigma, online, MSM, Craigdlist, sex ads
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Introduction

Experiencing discrimination and stigma may have negative
physical and mental health consequencesfor gay, bisexual, and
other men who have sex with men (M SM). Research examining
how discrimination among MSM is experienced has addressed
two pervasive and often interacting forms of stigma
discrimination based on actual or perceived sexual orientation
[1,2] and discrimination based on actual or perceived HIV status
[3-5]. Experiences of homophaobic or HIV-related stigma have
been linked with increased suicide ideation [6-8], depression
[6-9], substance use [10-13], and HIV risk [10,12-15] among
MSM.

Another form of stigmathat MSM may experienceisintragroup
stigma, defined as stigma within communities of MSM.
Intragroup stigma may result from either the internalization of
homophobic stigma among MSM or the heterogeneity of the
MSM community. Communities of MSM contain a range of
individual characteristics, such as race, age, HIV serostatus,
etc, which could act as the basis for the generation of stigma
within the MSM community. Research has examined how HIV
stigma has been perpetuated among MSM; this type of
intragroup stigma can lead to a rift or fracture within MSM
communities with divisions based on HIV serostatus [16-18].
Intragroup stigma among MSM may also exist based on other
characteristics, such as sexual orientation, race, class, gender
identity, and body size; however, these other forms of possible
stigma have received | ess research attention. Intragroup stigma
among MSM is important to examine because it may have a
different influence on health than intergroup stigma. Unlike
intergroup stigma, intragroup stigma can be perpetuated by
romantic and/or sexua partners, which may have implications
for sexual risk and the negotiation of sexual encounters.

A useful source for examining intragroup stigmaamong MSM
and between sexua partners is through Internet-based
sex-seeking websites and apps. Online sex-seeking has become
increasingly popular [19,20]; an estimated 40% of MSM in the
United States have used the Internet to look for a sex partner
[21-25]. Research suggests that MSM who have met their
partnersonline report more sex partners[23,24,26,27], ahigher
prevalence of condomless anal intercourse [24,27,28], and a
higher prevalence of sexually transmitted infections (STIs)
[23,24,29-31]. However, research examining men seeking sex
on Craigdlist, a classified advertisements website, also states
that the impact of online sex-seeking on MSM'’s sexua
risk-taking behaviors depends on the number of ads posted and
the success of those ads [32]. The Internet may also have some
protective factors for sexual risk-taking, such as increased
negotiation around sex [33-37]. The online environment allows
men seeking sex to negotiate location and type of sex and
enables disclosure of information, including serostatus, prior
to meeting. In a study by Grov et a, men who met their most
recent sex partner online were more likely to disclose their HIV
status compared with men who had met their most recent partner
at other public places [25]. One reason for this increased
negotiation may be the anonymity of meeting online partners.
However, the anonymity, invisibility, and lack of eye contact
inherent in online interactions may also result in online
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disinhibition, allowing those seeking sex online to say things
that they would not say faceto-face [38-40], including
discriminatory or stigmatizing statements. In this study, we
explore whether the authors of sex adsreport biasesin their ads
as a measure of the presence of stigma internal to the MSM
community. Understanding the presence and forms of internal
stigma in sex ads has the potential to inform messages aimed
at risk prevention and stigma reduction among those seeking
sex in online forums.

Methods

Data were collected from 11 of the 12 metropolitan statistical
areas (MSAs) with the highest HIV/AIDS prevalence in the
United States, ranked by the Enhanced Comprehensive HIV
Prevention Planning (ECHPP) project [41]. We chose MSAS
with ahigh prevalence of HIV/AIDSto understand the presence
and possible implications of intragroup stigma. The 12 MSAs
include the cities of New York (New York), Los Angeles
(Cdlifornia), Washington (District of Columbia), Chicago
(Ilinois), Atlanta (Georgia), Miami (Florida), Philadelphia
(Pennsylvania), Houston (Texas), San Francisco (California),
Baltimore (Maryland), Dallas (Texas), and San Juan (Puerto
Rico). No Craigdlist site exists for San Juan, so data were not
collected. Data were extracted from ads on the Men Seeking
Men section of the Craigdlist sites from each of the cities.

Data collection was performed consecutively over 11 days
(Octaober 8, 2013 through October 18, 2013) with data collected
from 1 city per day. After 2 data analysts devel oped a codebook
with alist of variables for data extraction, they coded the first
50 ads for testing. Once the codebook was tested and finalized,
a data analyst used the codebook to extract the data from the
remaining ads. To minimize bias, data were collected from the
first 200 ads listed before 2:30 PM (arandomly selected time)
in each city’stime zone, standardizing thetime of day for which
datawere collected across cities. Ads that were not looking for
sex (eg, ads selling sex toys) or where couples created an ad
together were excluded. This alowed for the correct
identification of author characteristics. The total sample size
included 2200 sex ads (200 per city). No identifying information
was collected, and there was no interaction between the data
collector and the subjects. Datawere extracted from ads, entered
into an Excel (Microsoft Corp) spreadsheet, and imported into
STATA version 13.1 (StataCorp LP) for analysis.

We collected two types of variables: self-reported characteristics
of the ad authors and reported biases in the ads. Domains not
mentioned were coded as such in the data set. Self-reported
characteristics included race/ethnicity (white, black, Latino,
Asian, other); age (entered as a continuous variable and later
categorized into age groups 18-25, 26-35, 36-45, 46 and above);
sexual orientation (homosexual, heterosexual, bisexual); HIV
status (negative, positive); self-reported “ disease and drug free’
status (“DDF,” “clean,” “healthy”); and self-reported physical
appearance (“good looking,” “not good looking”). We use the
terms “DDF” “clean,” and “healthy” throughout this paper
because those are the terms used by the sex ad authors. Since
some characteristics were present in very few ads, categories
were combined when analyzing the data. For characteristics,
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the race categories were combined to include only white, black,
and other, and “DDF,” “clean,” and “healthy” were combined
in one DDF status category.

Biases were defined as an ad in which the author specifically
reported not wanting a characteristic in a sex partner or an ad
that used stigmatizing language. The ad had to contain language
stating “no X” or “X only,” with X representing a specific
characteristic. For example, an ad was coded asincluding abias
if it included language such as“no HIV positive guys’ or “white
men only.” Thefollowing biaseswere collected: racism (saying
no to black/L atino/Asian/other partners), ageism (saying no to
aparticular age group/range), weightism (saying no to “fat” or
“underweight” men), heightism (saying nototall or short men),
transphobia (saying no to transgender people), physica
appearance (saying no “ugly” men), gender expression (saying
no “femining’” men or “no femmes’), HIV stigma (saying no
“positive” men), and DDF status (saying must be “DDF”
“clean,” or “healthy”). DDF status was included as a bias
because the terms “DDF’ “clean,” and “hedthy” were
considered stigmatizing language [34,42]. When a bias was
present, it was entered into the codebook as a 1, and when it
was not present it was entered asa 0. Datawere analyzed using
chi-square tests to determine variation in the demographic
characteristics and biases across the 11 cities and across the
demographic characteristics. Fisher exact testswere used when
a demographic characteristic or bias was present fewer than 5
times. The alpha denoting significance was .05.

Results

Sample Characteristics

The self-reported characteristics of the ad authors are described
inMultimedia Appendix 1. The mgjority of the adshad minimal
information about author characteristics. Among ads that
contained race or ethnicity (853/2200, 38.77%), 63.4%
(541/853) of the authors were white, 17.1% (146/853) were
black, and 19.5% (166/853) were of another race (including
Latino, Asian, and those who reported as other). Reporting of
race was significantly different across the 11 cities (P<.001),
with Baltimore representing the highest percentage of authors
self-reporting race (104/200, 52.0%). Among those who
self-reported race, Philadelphia represented the highest
percentage of authors identifying as white (46/57, 80.7%).
Miami and Los Angeles had a smaller percentage of ads with
authors self-reporting as white (Miami, 23/48, 47.9%; Los
Angeles, 49/98, 50.0%), with more of the authorsin thesecities
identifying asLatino (Miami, 16/48, 33.3%; Los Angeles, 35/98,
35.7%). Most ads reported age (1991/2200, 90.50%), and age
reporting in ads varied significantly across the cities (P=.003).
Among ads reporting age, the modal age group of the authors
was 26 to 35 years (689/1991, 34.61%), with Chicago
representing the highest percentage of ads in this age group
(80/187, 42.8%). Sexua orientation was not reported in the
majority of ads; of those that did report sexua orientation
(174/2200, 7.91%), 77.6% (135/174) of the authors reported
being bisexual, 18.4% (32/174) heterosexual, and 4.0% (7/174)
homosexual. Reporting of sexual orientation varied significantly
across the cities (P<.001), with 16.0% (23/200) mentioning
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sexual orientation in New York and only 2.5% (5/200)
mentioning it in Houston. Self-reports of HIV status were also
low, with 86.50% (1903/2200) not mentioning their status.
Among the ads that did mention self-reported HIV status
(297/2200, 13.50%), 97.0% reported a negative serostatus.
These reports of HIV status varied significantly across the 11
cities (P<.001); only 9.0% (18/200) of ads in New York
self-reported HIV status compared to 26.0% (52/200) in Los
Angeles. In addition, among men who did report HIV status,
ads in Baltimore (n=20) were more likely to report a positive
HIV status (3/20, 1.5%) compared with other cities. Among ads
that contained self-reported DDF status (698/2200, 31.73%),
85.8% of authors reported being “DDF,” 13.9% reported being
“clean,” and 0.3% reported being “healthy.” There were
significant variations in DDF status across the cities (P<.001)
with Houston representing the highest percentage of ads with
authors describing themselves as “DDF,” “clean,” or “healthy”
(73/200, 36.5%). The percentage of ads that contained reports
of physical appearance (368/2200, 16.73%) varied significantly
across the cities (P<.001) with Los Angeles and San Francisco
representing the highest percentages of authors who reported
being “good looking” (23.5% in both cities).

Reported Biases

Overview of Biases

Overdll, there were very few explicit reports of biases. Bias
against men who are not “DDF" was the mostly commonly
reported, with 24.55% (540/2200) of ads mentioning the need
for a “DDF," “clean,” or “hedlthy” partner. There were also
more biases against physical appearance than most other biases
with 4.36% (96/2200) of ads containing bias against “ugly”
men. Weightism, which almost exclusively comprised bias
against “fat” men, wasreported in 2.32% (51/2200) of ads. Bias
against gender expression, comprising bias against “feminine’
men, was reported in 1.9% of the ads. Among ads with ageist
biases (34/2200, 1.55%), most reports were against older men
(32/34, 94.1%). There was very little racia bias reported
(7/2200, 0.32%); these biases were reported against white men
(n=4) and black men (n=3). Homophobia was the lowest
reported bias with only 1 ad (1/2200) expressing bias against
homosexual men (0.05%). No ads contained reports of bias
against height, transgender people, or HIV status.
Variationsin Biases by City

Variationsin reported biases by city are presented in Tables 1-3
and reported by region (Northeast, South, and Midwest/\West).
Variations in self-reported biases by city were only significant
for 3 variables: bias against physical appearance (P<.001),
ageism (P=.03), and bias against men who are not “DDF’
(P<.001). Bias against physical appearance was highest in ads
from Los Angeles (24/200, 12.0%) and lowest in ads from
Baltimore (4/200, 2.0%). Out of 11 cities, 9 contained ads with
ageism; no ageist ads were present in New York and
Washington. Among ads containing ageism, ageist bias was
most present in Los Angeleswith 5.0% (10/200) of adsreporting
ageism overall and 4.5% (9/200) of ads reporting ageism
directed at older men. Bias against men who were not “DDF,”
“clean,” or “healthy” was highest in Dallas (61/200, 30.5%)
and lowest in Philadel phia (33/200, 16.5%).

JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e4 | p.202
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Table 1. Biases stratified by Northeastern cities (N=800).2
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Biases (P value)®

MSAs with the highest HIV prevalence in the United States—Northeast

Baltimore New York Philadelphia Washington Total
n (%) n (%) n (%) n (%) n (%)
Racism (P=.43) 2(L0) 1(0.5) 0(0.0) 0(0.0) 3(0.4)
Ageism (P=.03) 3(L5) 0(0.0) 3(15) 0(0.0) 6 (0.8)
Weightism (P=.10) 7(3.5) 2(1.0) 2(L0) 2(4.0) 13 (1.6)
Physical appearance (P<.001) 4(2.0) 10 (5.0) 9 (4.5) 6(3.0) 29 (3.6)
Gender expression (P=.83) 5(2.5) 3(L5) 2(4.0) 3(L5) 13 (1.6)
Homophobia (P=.44) 0(0.0) 0(0.0) 1(0.5) 0(0.0) 1(0.2)
DDF status (P=.001) 55 (27.5) 48 (24.0) 33(16.5) 55 (27.5) 191 (23.9)
=200 in each city.
bp value is based on comparisons among all 11 cities.
Table 2. Biases stratified by Southern cities (N=800).2
Biases (P value)® MSAs with the highest HIV prevalence in the United States—South
Atlanta Dallas Houston Miami Total
n (%) n (%) n (%) n (%) n (%)
Racism (P=.43) 1(0.5) 1(0.5) 1(0.5) 1(0.5) 4(0.5)
Ageism (P=.03) 1(0.5) 1(0.5) 3(L5) 4(2.0) 9(L1)
Weightism (P=.10) 0(0.0) 5(2.5) 6 (3.0) 7(35) 18 (2.3)
Physical appearance (P<.001) 6(3.0) 11 (5.5) 7(3.5) 5(2.5) 29 (3.6)
Gender expression (P=.83) 2(1.0 5(2.5) 3(15) 4(2.0) 14 (1.8)
Homophobia (P=.44) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
DDF status (P=.001) 40 (20.0) 61 (30.5) 52 (26.0) 46 (23.0) 199 (24.9)

81=200 in each city.

bp valueis based on comparisons among all 11 cities.

Table 3. Biases stratified by Midwestern and Western cities (N=600).2

Biases (P value)®

MSAs with the highest HIV prevalence in the United States—M idwest and West

Chicago Los Angeles San Francisco Total

n (%) n (%) n (%) n (%)
Racism (P=.43) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Ageism (P=.03) 4(2.0) 10(5.0) 5(2.5) 19(3.2)
Weightism (P=.10) 9(4.5) 3(L5) 6 (3.0) 18 (3.0)
Physical appearance (P<.001) 8(4.0) 24 (12.0) 6(3.0) 38(6.3)
Gender expression (P=.83) 2(1.0) 4(2.0) 7(3.5) 13(2.2)
Homophobia (P=.44) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
DDF status (P=.001) 45 (22.5) 49 (24.5) 56 (28.0) 150 (25.0)

=200 in each city.

bp valueis based on comparisons among all 11 cities.

Variationsin Biases by Sample Characteristics

Variations in biases by author characteristics are presented in
Table 4. Wefound no statistically significant variationin biases
based on the author’s race; however, there was variation on at
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least one reported type of bias for all other characteristics.
Although more than 98.08% (2166/2200) of all ads across age

groups contained no reports of ageism, reported ageism varied
significantly by the age of the ad author (P=.006); 2.9% (11/381)
of ads authored by those aged 18 to 25 years contained ageism
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compared to those aged 36 to 45 years (1/537, 0.2%) and aged
46 years and older (5/384, 1.3%). Only men in the 26 to 35
years age group reported ageism directed at younger men (n=2).
Ageism also varied based on DDF status. Ads authored by men
who self-report as “DDF” were more likely to contain ageism
(13/698, 1.9%) compared to those authored by men who did
not mention their DDF status (P=.04).

Bias against feminine men varied significantly by the sexua
orientation of the ad author (P<.001). Although 98.09%
(2158/2200) of the ads across authors of all sexual orientations
contained no bias against feminine men, 6.7% (9/135) of ads
authored by bisexual men and 6.3% (2/32) of ads authored by
straight men contained bias against feminine men. Men who
identified ashomosexual reported no bias against feminine men.

Bias against men who are not “DDF” varied by HIV status
(P<.001) and self-reported DDF status (P<.001). Men who
reported a negative HIV serostatus were more likely to report
bias against men who are not “DDF,” “clean,” or “healthy”
(96/288, 33.3%) when compared with men who report apositive
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HIV serostatus (2/9, 22.2%) or men who did not mention
serostatus (532/1903, 27.96%). Among men who reported a
DDF status, 39.4% (275/698) reported biasto be with men who
report a DDF status. Among men who do not report a DDF
status, only 17.64% (265/1502) report a bias for a partner who
is“DDF,” “clean,” or “hedlthy.”

Weightism varied significantly by the DDF status of the author
(P=.04); 3.2% (22/698) of ads authored by men who identify
as “DDF” contained weightism compared to 1.9% (29/1502)
of ads authored by men who did not report their DDF status.
Bias based on physical appearance varied significantly by the
author’'s self-report of being “good looking” (P<.001). Men
who report being “good looking” are more likely to report bias
against “ugly” men (44/368, 12.0%) compared to men who do
not mention physical appearance (52/1832, 2.84%). The
difference in reports of homophobic bias by age group was
statistically significant (P=.05), but this was not a substantial
finding because only 1 ad reported homophobic bias and this
author did not mention his age.
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Table 4. Variationsin biases by author characteristics for al cities (N=2200).

Characteristics of ad Biases
authors
Racism Ageism Weightism  Physical ap- Gender ex- Homophobia DDF Total
pearance pression n
Race, P value A1 .87 .06 A1 .09 .99 .79
White,n(%) 2 (0.4) 4(0.7) 10(1.9) 23 (4.3) 713 0(0.0 125 (23.0) 541
Black, n (%) 0(0.0) 4(2.7) 6 (4.0 1(0.7) 7(4.8) 0(0.0) 35(24.0) 146
Other, n (%) 0(0.0) 3(1.8) 5(0.9) 11 (2.0 5(0.9) 0(0.0 39(7.2) 166
Not men- 2(0.3) 23(1.8) 30(2.2) 61 (4.5) 23(1.7) 1(0.1) 275 (25.1) 1347
tioned, n (%)
Age, P value .35 .006 .85 .09 .10 .049 0.88
18-25,n (%) 0(0.0) 11(2.9) 10(2.6) 20(5.3) 12(3.2) 0(0.0 96 (25.2) 381
26-35,n (%) 0(0.0) 17 (2.5) 17 (2.5) 39(5.7) 17 (2.5) 0(0.0) 177 (25.7) 689
36-45,n (%) 1(0.2) 1(0.2) 9(1.7) 21(3.9) 6(1.1) 0(0.0 131 (24.4) 537
46+,n (%) 3(0.8) 5(1.3) 10(2.6) 9(2.3) 5(1.3) 0(0.0) 87 (22.7) 384
Not men- 2(1.0) 0(0.0 5(2.4) 7(3.4) 2(1.0 1(0.5) 49 (23.5) 209
tioned,
n (%)
Sexual orientation, P val- .10 46 .30 .93 <.001 .99 .56
ue
Homosexua, 0 (0.0) 0(0.0 0(0.0) 0(0.0 0(0.0) 0(0.0 1(14.3) 7
n (%)
Straight, 0(0.0) 0(0.0 0(0.0) 1(3.1) 2(6.3) 0(0.0) 11 (34.4) 32
n (%)
Bisexual, 0(0.0 5(3.7) 6 (4.9) 6 (4.4) 9(6.7) 0(0.0 36 (26.7) 135
n (%)
Not men- 7(0.9) 29 (1.4) 45 (2.2) 89 (4.9) 31(1.5) 1(0.1) 492 (24.3) 2026
tioned,
n (%)
HIV status, P value .26 .96 77 A7 .89 .93 <.001
Negative, n  2(0.7) 5(.7) 8(2.8) 16 (5.6) 6(2.1) 0(0.0 96 (33.3) 228
(%)
Positive, n 0(0.0 0(0.0) 0(0.0) 0(0.0 0(0.0) 0(0.0 2(22.2) 9
(%)
Not men- 5(0.3) 29 (1.5) 44 (2.3) 80 (4.2) 36 (1.9) 1(0.1) 532 (28.0) 1903
tioned,
n (%)
DDF status, P value 13 .04 .04 27 37 .93 <.001
DDF, n (%) 3(0.4) 13(1.9) 22(3.2) 5.6 (39) 15(2.1) 0(0.0) 275 (39.4) 698
Not men- 4(0.3) 21 (1.4) 29 (1.9) 3.8(57) 20(1.8) 1(0.1) 265 (17.7) 1502
tioned,
n (%)
Physical appearance, P .67 10 .58 <.001 21 .65 14
value
Good look-  1(0.3) 10(2.8) 10(2.7) 44 (12.0) 10(2.7) 0(0.0 91 (24.7) 368
ing,
n (%)
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Characteristics of ad Biases
authors
Racism Ageism Weightism  Physical ap- Gender ex- Homophobia DDF Total
pearance pression n

Notmen-  3(0.2) (24 (14) 41(2.2) 52 (2.8) 32(1.8) 1(0.2) 449 (245) 1832

tioned,

n (%)
Total 7(0.3) 34(1.6) 51 (2.3) 96 (4.4) 42 (1.9) 1(0.2) 540 (24.6) 2200

: : of bias against feminine gender expression may be reflective

Discussion & 9 P &

Principal Findings

These findings provide insight into the representation of biases
and intragroup stigmaamong M SM using Craigdlist to seek sex
with other men. Overall, very few biases were reported. This
could be indicative of the unique formatting of Craigdlist ads.
Since there is no prescribed form for authors to complete, we
found great variation in how ads were presented. In most cases,
adsincluded very little information, resulting in limited reports
of both author characteristics and biases. However, biases that
were present till showed patterns and variation.

DDF bias was the most pervasive. The saliency of using the
term “DDF” is consistent with previous research examining
Craigdist Men Seeking Men sex ads [43]. The use of theterms
“DDF;” “clean,” and “ healthy” to describe people living without
HIV or STls is stigmatizing as it implies that those who are
livingwith HIV or an STl are“diseased” and “dirty” [34,42,44].
We also found that men who described themselves as HIV
negative or as “DDF” were more likely to also present a bias
to be with men who are “DDF” Similar patterns have been
found in previous research; in a qualitative study examining
men who posted sex ads on Craigdlist, only men with an HIV
negative serostatus used theterm “DDF” [34]. When terms such
as“DDF’ and “clean” are used by MSM with an HIV negative
serostatus to describe MSM living with HIV or an STI, it
contributes to intragroup HIV-related stigma and can create
further serostatus-based rifts within the community [16-18]. In
addition, our findings showed more variation in stigma based
on an author's self-identified DDF status than any other
characteristic, indicating that men who use this stigmatizing
terminology may aso be more likely to perpetuate other forms
of stigma.

Another important finding from these data is that when men
reported sexua orientation, most men identified as straight or
bisexual; bias against feminine gender expression was only
present in ads by these authors. This bias was only present in
1.9% of ads overall, but this finding provides insight into who
is perpetuating bias against feminine gender expression.
Previous research has identified a subgroup of
non-gay-identified men on Craigslist who seek sex from other
non-gay-identified men (who they may believe will present as
more stereotypically masculine) [45-47]. The frequency of
non-gay-identified men on Craigslist may be a result of the
increased anonymity and invisibility of the online environment;
Craigdist sex ads may be a more private way for
non-gay-identified men to seek sex with men. The representation

http://publichealth.jmir.org/2016/1/e4/

of the endorsement of hegemonic masculinity and stigmaagainst
men who deviate from expressing their masculinity in a way
that is considered normative. The endorsement of hegemonic
masculinity fails to recognize the fluid and nondichotomous
nature of men’s gender expression [48], specifically defining
masculinity in a way that is heterosexual [48-50]. Therefore,
the endorsement of hegemonic masculinity exclusively by
non-gay-identified M SM may indicate internalized stigma; this
subgroup of men do not identify as gay, but their behaviors
conflict with hegemonic masculinities because they are seeking
sex with other men. While thisrepresentation of stigmamay be
an indication of the internalization of stigma, the bias against
feminine gender expression may also be explained by a
phenomenon where non-gay-identified men seek other men
who are a so non-gay-identified (who may be believed to present
asmore stereotypically masculine) because of abelief that there
isashared desirefor privacy and nondisclosure about same-sex
encounters [46]. Regardless of the reason behind why this
subgroup presents it, this stated bias endorses hegemonic
masculinity and stigmatizes those ad readers whose gender
expression does not fit the stereotypical ideals of masculinity.

The presence of stigmain online sex ads may contribute to poor
mental health and increased sexua risk for those who are
seeking sex online. Men who have characteristics that are
described in ads as undesirable may experience a fear of
rejection, loneliness, and reduced self-esteem. These men may
also perceive themselves as having less bargaining power when
negotiating sex, possibly increasing sexua risk; previous
research has examined how homophobic discrimination may
influence behaviors associated with higher risk for HIV,
including nondisclosure of HIV status[5,51,52] and condomless
anal intercourse[11-14,53-55]. These biases may also contribute
tointernalized stigmaamong readers of the sex ads[5]. Previous
research has found that internalized HIV stigma (the most
prevalent form of stigmain this study) may lead to poor mental
health outcomes, including depression and reduced self-esteem
[3-5,56-58]. Internalized HIV stigma can also increase sexual
risk-taking behaviors, including nondisclosure of HIV statusto
asex partner [56,59,60] and increased drug use [60].

Limitations

The ad authorsrepresented in this study are limited to men who
are actively seeking sex partners online. Men who seek sex
partnerson Craigdlist differ in characteristics from men seeking
partners offline [25,61,62] and may differ from men seeking
partners through other online or app-based venues. Therefore,
theresults cannot be generalized to all MSM. Furthermore, this
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study analyzed Craigdlist sites from 11 cities with the highest
HIV prevalence in the United States; thus they may not be
generalizableto citieswith low HIV prevalence or to nonurban
areas. We are also unable to verify the authenticity of the
information posted on the ads, including the identities of the ad
authors. Research indicates that online dating profiles and sex
ads may misrepresent MSM demographics [63] resulting in
possible misreporting of data for this study. However, despite
any possible misrepresentations, we were still able to examine
the representation of stigmawithin ads that are on Craigdlist.

Goldenberg et d

Conclusions

Despite an overall low reporting of biasesin ads, these findings
provideinsight into patterns of stigmarepresented on Craigdlist
Men Seeking Men sex ads. These findings suggest that thereis
aneed to addressintragroup stigmawithin MSM communities;
it is important to focus on HIV-related stigma among MSM,
but it is also useful to understand other forms of intragroup
stigma and how they may influence mental health outcomes
and sexual risk-taking behaviors, especialy for MSM who are
seeking sex online. Understanding patternsin the perpetuation

of intragroup stigma can help to better target messages aimed
at making cultural and behavioral shifts in the perpetration of
intragroup stigmawithin MSM communities.
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Abstract

Background: Within the United States, HIV affects men who have sex with men (MSM) disproportionally compared to the
general population. In 2011, MSM represented nearly two-thirds of al new HIV infections while representing less than 2% of
the US male population. Condoms continue to be the foundation of many HIV prevention programs; however, the failure rate of
condoms during anal intercourse among MSM is estimated to be 0.5% to 8%, and condom breakages | eave those affected at high
risk for HIV transmission.

Objective: Estimate the frequency of condom breakage and associated demographic and behavioral factors during last act of
anal intercourse using data from a national online HIV prevention survey of MSM.

Methods: From March 19 to April 16, 2009, data were collected on 9005 MSM through an online survey of US MSM recruited
through a socia networking site. Using multivariable logistic regression and controlling for several demographic and sexual risk
behaviors, we estimated odds ratios of the association between condom breakage and several risk factors.

Results: In the study, 8063 participants reported having at least one male sexual partner in the last 12 months. The median age
of participants was 21 years (range 18-65). More than two-thirds (68.2%, 5498/8063) reported anal intercourse during last sex
and 16.90% (927/5498) reported using acondom during last anal intercourse act. Condom breakage was reported by 4.4% (28/635)
participants who engaged in receptive anal intercourse and 3.5% (16/459) participants who engaged in insertive anal intercourse,
with an overall failure rate of 4.0% (95% Cl 3.2%-6.0%). Age (adjusted odds ratio [aOR] per 5 years: 0.53 (95% Cl 0.30-0.94),
number of male sex partners (aOR per 5 sex partners: 1.03 (95% CI 1.00-1.08), and being high or buzzed during sex with a casual
sex partner (aOR: 3.14, 95% Cl 1.02-9.60) were associated with condom breakage.

Conclusions: Our results indicate condom breakage is an important problem for MSM that may be more common for younger
men, for men with more partners, and during sex with casual partnersafter alcohol consumption or drug use. A better understanding
of why condom breakage occurs more often in these groups is needed to improve educational efforts. Further, during this time
of expanded interest in new condom designs, consideration should be given to how condom design might minimize breakage
during anal sex.

(JMIR Public Health Surveill 2016;2(1):e7) doi:10.2196/publichealth.5298
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Introduction

Kimet al

Methods

Men who have sex with men (MSM) continue to be
disproportionately affected by HIV/AIDS in the United States.
MSM represent less than 2% of the male population in the
Unites States, but male-to-male sexual contact remains the
predominant mode of HIV transmission, accounting for an
estimated 65% of all new HIV diagnosesin 2011 [1,2]. Further,
since 2008, the proportion of HIV diagnoses attributable to
male-to-male sexual contact and the rate of HIV transmission
among MSM continued to increase while trends for other
transmission categories and groups have remained the same or
declined [1-3]. The high prevalence of condomless anal
intercourse among MSM coupled with the fact that anal
intercourse is associated with greater HIV transmission
probabilities compared to vaginal intercourse provides some
explanation of the large burden of disease experienced among
MSM [4-9].

Despite suboptimal utilization, male condoms have been and
remain a constant in HIV prevention programs due to their
effectivenessin reducing transmission of HIV/STIswhen used
correctly and consistently [10-17]. To date, however, the US
Food and Drug Administration has only cleared condoms for
use during vaginal intercourse and has warned against the use
of condoms during anal intercourse [18]. Because of the
physiological differences between anal intercourse and vaginal
intercourse, such asfriction and compression, it is possible that
condoms break differentially by application [19-20].

Condom failure, defined as breakage or slippage of a condom
during intercourse, can obviate the prevention benefit of condom
usage, but data on condom failure rates and condom failure
during specific sex acts have produced a wide range of failure
rates[10,21-28]. In two separate studies, D’ Annaet al reported
higher rates of condom breakage or slippage during vaginal
intercourse among heterosexual couples (6%) compared to anal
intercourse among MSM couples (3%) [22,23]. Other studies
have shown similarly low rates of condom failure (per condom
use) among those engaging in anal intercourse (2%-3%),
compared to vaginal intercourse [10,24-26].

Data on predictors of condom failure among MSM is limited.
Penile length and circumference, absence of lubricants, race,
and lower socioeconomic status have all been associated with
higher rates of condom failure [29,30]. Further identification
of behaviors associated with condom failure is key in order to
identify high-risk groups and behaviorsthat would benefit from
targeted condom education. Using data from a national online
HIV prevention survey of MSM, we aimed to document how
often condom breakage was reported to occur during anal
intercourse between MSM and to identify demographic and
behavioral characteristics associated with condom breakage
during an act of anal intercourse.

http://publichealth.jmir.org/2016/1/e7/

Recruitment and Ethics

We utilized data from the Barriers to Online Prevention
Research survey of USMSM collected between March 19, 2009
and April 16, 2009. The methods have been previously reported
[31]. Bri€fly, participantswere recruited from MySpace, alarge
sociadl networking site, using banner advertisements.
Advertisementsweredirected at male users of MySpacel8 years
or older who resided within the United States. Once the banner
advertisement was clicked, individuals were screened for
eligibility and provided informed consent. Eligible participants
included men 18 years or older who had at least one male sex
partner in the past year and were residents of the United States.
Eligible men were then asked to complete a Health Insurance
Portability and Accountability Act-compliant online survey on
SurveyGizmo (Boulder, CO). The survey took approximately
30 to 45 minutes to complete, and no compensation was
provided to participants. The study protocol was approved by
the Emory University Institutional Review Board.

Data Collection

Participants were asked a series of questions regarding
demographics, sexua history, most recent sex act, and most
recent sexual partner. Specifically, participants were asked to
report the number of male sexual partnersin thelast 12 months
and if they were high or buzzed during last act sex act.
Participants were al so asked questions pertaining to their most
recent sex partner, such as if he was a main or casua partner.
A main partner was defined as someone that the participant felt
committed to above all others, and acasua partner was defined
as one whom the participant did not feel committed to above
all others. With regard to their last sexual partner, participants
were asked whether they engaged in anal and/or oral sex with
him, if acondom was used, and if the condom broke during last
anal intercourse. A copy of the survey items relevant to the
present study can be seen in Multimedia Appendix 1.

Our outcome measure, condom breakage, was assessed via a
categorical response to two separate questions designed to
capture both receptive and anal insertive sex acts. Men were
first asked if they had receptive anal intercourse, insertive anal
intercourse, or both during their last sex episode. Based on their
responses, men were asked separately about condom use when
they werethe receptive and/or insertive partner. Questionswere:
“Did [your last sexual partner] use a condom the last time you
had receptive anal sex?’ and “Did you use a condom the last
timeyou had insertive anal sex?’ Responsesfor both questions
included “He (1) did not use acondom,” “He (I) used acondom
part of thetime,” “He (1) used a condom the whole time,” “He
(I) used a condom but it broke,” “Don’t know,” or “Prefer not
to answer.” Condom breakage was defined as answering “He
(I used a condom but it broke” for either insertive or receptive
anal sex acts with the last male sex partner of the participant.
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Data Analysis

Data were analyzed using SAS version 9.4 (SAS Ingtitute).
Participantsincluded in the final analysis reported engaging in
receptive or insertive anal intercourse with their last male partner
in the past 12 months and using a condom during last anal
intercourse. Bivariate analyses were conducted to examine
unadjusted correlates of condom breakage. For continuous
variables, aWilcoxon rank-sum ztest (two-sided) was used due
to the nonnormaly distributed nature of the variables.
Statistically significant covariates (P value <.05) wereincluded
inthefinal model, aswere variablesfound to be associated with
condom breakage in previous studies [20-22,25,32,33].

The dependent variable, condom breakage, was calculated as a
proportion and modeled the event level for both receptive and
insertive anal intercourse at last sex. Thus, one participant could
contribute two observations (one for receptive and one for
insertive sex) from hislast sexua episode. Multivariable analysis
was conducted using multivariablelogistic regression controlling
for repeated observations. Odds ratios and 95% confidence
intervals were calculated for categorical variables. For

Figure 1. Inclusion criteriaflowchart.

# Male
Respondents

Kimet al

continuous variables, odds ratios and confidence intervals per
unit of 5 were calculated.

Results

A total of 9005 participants completed the initial screening
guestions and gave consent; 133 surveyswere linked to duplicate
| P addresses and were therefore excluded. Of the 8872 unique
surveys compl eted, 62.0% (5498/8872) were completed by men
who reported anal intercourse at last sex; 44.0% (3875/8872)
did not know if they used a condom at last anal intercourse. A
total of 10.4% (927/8872 of the surveys were completed by
participants who reported condom use at last sex and thus were
eligible for multivariable analysis. Figure 1 describes how
participants were classified and identified for inclusion in the
analysis.

Demographicinformation on the 927 participantswho reported
using acondom at last anal intercourse and the 3052 participants
who reported not using a condom at last anal intercourse is
provided in Table 1.

N = 8.867*

| |

Unknown # of male
sex partners'
N=919

Had at least 1 male
sex partner in past
12 months
N=7.94]

No male sex

partners in past 12
months
N=7

[ [

Unknown anal
intercourse with last
male partner'
N=2.356

partner

Had anal intercourse
with last male

N = 5.498

~
Did not have anal
intercourse with last
male partner
N = L.006

Unknown condom

use with last male
partner'
N=3.875

N =927

Used condoms with
last male partner®

%I—/

Did not use condoms
with last male

partner?
N =3,052

Had receptive anal
intercourse at last sexual
activity w/ condom
N =635

J |

No break
N =607

Condom broke
N=28

|

Not mutually exclusive
Ch H{.‘J{(}J'}‘l’.’.ﬁ

Had insertive anal
intercourse at last sexual
activity w/ condom
N =459

J |

]
No break ’

Condom broke

N=16 N=443

|

* Excludes 138 duplicate records with the same IP address.
! Includes participants who dropped out of the survey. refused to answer the question, didn’t know, or

skipped the question.

* Used condoms for either receptive or anal intercourse with another male at last sexual activity (this
does not mean they had to use condoms for both anal and receptive intercourse
if the participant was involved in both sexual activities).

* Participant did not use condoms for both receptivi

or either activities).
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Table 1. Demographic and behavioral characteristics of men at last act of anal intercourse with amale sexual partner, stratified by condom use, among
participants of an online HIV prevention survey, United States, March-April 20009.

Characteristics Used condoms® Did not usecondoms?  Total (N=3979)
(N=927) (N=3052) n (%)
n (%) n (%)

Race/ethnicity b

Black/African-American 150 (16.3) 354 (11.7) 504 (12.8)
Latino/Hispanic 365 (39.8) 962 (31.8) 1327 (33.7)
White/Caucasian 281 (30.6 1375 (45.5) 1656 (42.0)
Other 122 (13.3) 331 (11.0) 453 (11.5)
Education
< High school diploma/GED 394 (43.4) 1269 (42.0) 1663 (42.3)
> High school diploma/GED 516 (56.7) 1752 (58.0) 2268 (57.7)
Age (years), median (range)® 21.0 (18-65) 22.0(18-65) 21.0 (18-65)
Sexual identity P
Heterosexual/straight 669 (72.6) 2366 (78.2) 3035 (76.9)
Homosexual/gay 236 (25.6) 628 (20.8) 864 (21.9)
Otherd 17 (1.8) 32 (1.1) 49(1.2)
Number of male sex partnersin 5.0 (1-365) 3.0 (1-365) 4 (1-365)
last 12 months, median (range)b
Type of MRMSP ?
Main 448 (52.1) 2039 (71.1) 2487 (66.7)
Casual 412 (47.9) 829 (28.9) 1241 (33.3)
Race/ethnicity of MRMSP P
Black/African-American 157 (17.2) 360 (12.0) 517 (13.2)
Latino/Hispanic 298 (32.7) 793 (26.4) 1091 (27.9)
White/Cauicasian 366 (40.2) 1592 (53.1) 1958 (50.1)
Other® 90 (9.9) 256 (8.5) 346 (8.8)
Racial concordancewith MRM-
SP e
Yes 500 (55.4) 1695 (56.9) 2195 (56.5)
No 403 (44.6) 1286 (43.1) 1689 (43.5)
Age of MRMSP, median (range)” 23 (18-70) 24 (18-70) 23 (18-70)
Age discrepancy with MRM SP
Participant is at least 5 years younger 232 (25.0) 740 (24.3) 972 (24.4)
Participant iswithin 5 yearsin age 612 (66.0) 2045 (67.0) 2657 (66.8)
Participant is at least 5 years older 83(9.0) 267 (8.8) 350 (8.8)
MRM SP isan exchangepartner
f
Yes 28(3.1) 64 (2.1) 92 (2.3)
No 888 (96.9) 2977 (97.9) 3865 (97.7)
High or buzzed during sex 9
Yes 225 (25.3) 681 (23.2) 906 (23.7)
http://publicheal th.jmir.org/2016/1/e7/ JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 [e7 | p.214
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Characteristics Used condoms? Did not use condoms?  Total (N=3979)
(N=927) (N=3052) n (%)
n (%) n (%)
No 665 (74.7) 2059 (76.8) 2924 (76.3)
HIV status of MRM SP
HIV positive 32 (53) 116 (5.0) 148 (5.1)
HIV negative 577 (94.9) 2186 (95.0) 2763 (94.9)

8Column percentages may not add up to 100% due to rounding; missing values were not included.

bp value <.05.

COther races include Asian/Pacific Islander, Native American/Alaskan Native, multiple, and other races.

dother sexual identitiesinclude bisexual and other.

€A participant is racially concordant with MRMSP if he/she reports the same race/ethnicity as the MRMSP.
fExchange partner is defined as a partner with whom the participant had sex in exchange for things they needed (eg, money, drugs, food, shelter, or

transportation).

9Includes being high or buzzed with alcohol, drugs not prescribed by a doctor, or both during sex.

Most participants were members of aracial or ethnic minority:
33.7% (1327/3979) were Hispanic, 12.8% (504/3979) were
black non-Hispanic, and 11.5% (453/3979) were multiracial.
Most reported having attended some college, and three-quarters
of all participantswere aged 18to 26 years. The median number
of male sex partnersin the past 12 monthswas 3, and over half
of participants last male sex partners were casual partners.
Nearly 20% (906/3979) of participants had used drugs or a cohol
prior to engaging in sex at last sexual episode, and almost 2%
(92/3979) of participants reported exchange sex with their most
recent male sex partner.

Of the 927 participants included in the final analysis, 69.0%
(635/927) reported using a condom during receptive anal
intercourse and 50.0% (459/927) reported using a condom
during insertive anal intercourse. Overall, condom breakage
was reported in 4.0% (44/1094 , 95% Cl 3.2%-6.0%) of the
total distinct episodes of anal intercourse. Condom breakage

http://publichealth.jmir.org/2016/1/e7/

was reported by 4.4% (28/635) participants who engaged in
receptive anal intercourse and 3.5% (16/459) participants who
engaged in insertive anal intercourse.

Results from the multivariable analysis are presented in Table
2. Younger age and being buzzed or high before or during sex
with a casual partner were associated with condom breakage
during last anal intercourse, while number of male sexual
partnersin the past year was marginally significant. Participants
odds of condom breakage increased 3% for every 5 male sex
partnersreported in the past year (adjusted oddsratio 1.03, 95%
Cl 1.00-1.08). Participants who reported being high or buzzed
at last sex with a casua sex partner had 3 times the odds of
condom breakage compared to participants who reported being
high or buzzed at last sex with amain partner (95% CI 1.02-9.6).
The odds of condom breakage were 0.53 for every 5-year
increase in age of a participant (95% CI 0.30-0.94).
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Table 2. Associations between demographic and behavioral factors and condom breakage among men who had anal intercourse with their last male
sex partner, in an online HIV prevention survey, United States, March-April 2009.

Characteristics Broken condom®  No broken®con- Crudeoddsratio  Adjusted oddsratio

(N=41) dom (95% Cl) (95% Cl)
n (%) (N=881)
n (%)
Race/ethnicity
Black/African-American 10 (7) 139 (93) 1.95(0.79-4.80)  2.13(0.79-5.77)
Latino/Hispanic 13 (4) 349 (96) 1.01 (0.4-2.34) 0.78 (0.29-2.08)
Other® 8(7) 113 (93) 1.92 (0.74-4.99) 1.98 (0.6-5.76)
White/Caucasian 10 (4) 271 (96) Referent Referent
Education
< High school diplo- 19 (5) 374 (95) 1.32(0.69-2.53)  0.84(0.39-1.81)
ma/GED
> High school diplo- 19 (4) 493 (96) Referent Referent
ma/GED
Age (year), median (range)® 20 (18-47) 21 (18-65) 0.69(048-1.01)  0.53(0.30-0.94)
Number of male sex partnersin 6 (1-364) 4(1-87) 1.05 (1.02-1.07) 1.03 (1.00-1.08)
last 12 months®
MRM SPisan exchange partner
e
Yes 4(14) 24 (86) 3.93(1.29-11.91)  0.63 (0.06-6.31)
No 36 (4) 848 (96) Referent Referent
Type of MRM SP
Main 23 (5) 421 (92) 1.45(0.74-2.81) See interaction
Casud 15(4) 397 (96) Referent Seeinteraction
High or buzzed during sex |
Yes 16 (7) 209 (93) 2.33(1.20-456)  Seeinteraction
No 21 (3) 640 (96) Referent See interaction
_I nteraction, high or buzzed dur-
ing sex
Casual partner 10(9) 107 (91) — 3.14 (1.02-9.60)
Main partner 4(5) 82 (95) — Referent
Interaction, not high or buzzed
during sex
Casual partner 4(1) 274 (99) — 0.31 (0.08-1.27)
Main partner 17 (5) 324 (95) — Referent

8Column percentages may not add up to 100% due to rounding; missing values were not included.

bCondom break is defined as a bresk in the condom duri ng either insertive or receptive anal intercourse (or both) during last sexual activity with amale
partner. No condom breakage is defined as no break in the condom at last sexual activity (with both insertive and receptive anal intercourse) with a
male partner.

COther races include Asian/Pacific Islander, Native American/Alaskan Native, multiple, and other races.
9dPer 5-unit increase.

®Exchange partner is defined as a partner with whom the participant had sex in exchange for things they needed (eg, money, drugs, food, shelter, or
transportation).

fIncludes bei ng high or buzzed with alcohol, drugs not prescribed by a doctor, or both during sex.
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Discussion

Principal Findings

Results from our multivariable analysis of condom breakage
among US MSM revealed an overall condom breakage rate of
4%. Condom breakage rates did not differ between participants
who reported receptive and insertive anal intercourse. Younger
age, agreater number of sexual partners reported in the last 12
months, and being buzzed or high at last sex with a casua
partner were associated with condom breakage.

The overall condom breakagerate of 4%isin linewith previous
studies [10,14-18], but there is considerable variability among
breakage rates from prior studies[33-40]. Golombok et a found
a condom failure rate of 2% in a group of 283 homosexual
couplesin the United Kingdom, but the study focused on sexual
activity among long-term couples, which does not represent the
MSM population [19]. Our sample was younger, and more than
half of sex partners were reported to be casua partners. A
6-month condom breakage risk of 31% was found in a cohort
study of MSM in Atlanta, GA [35]. The high frequency of
condom breakage found in the aforementioned Atlanta cohort
study compared to other studiesislikely dueto thelonger recall
period (6 months), allowing for a higher number of sex actsto
occur. Further, the study revealed 40% of black MSM reported
breakage or incomplete use; the population was twice as likely
to report condom breakage as white MSM. Similar point
estimates were seen from our analysis, however, our sample
size was not sufficient to assess the relationship. The wide
variability of condom failure rates among these studies is most
likely areflection of the diverse population of MSM and sample
sizes under study [36-40].

For every 5 male sexual partners, we found that the odds of
condom breakage increased by 3%. There are likely user
characteristics of participants with large numbers of sexual
partners not captured by our survey that explain the statistical
association with condom breakage. Participants with a larger
number of male sexual partners might have engaged in more
aggressive coital behaviors than those with fewer sexua
partners, leading to greater stress on the condom [41,42].
Further, participantswith alarge number of male sexual partners
may have a predisposition to inappropriately use lubricant,
resulting in condom failure [43]. MSM who report high numbers
of sexual partnersrepresent arisk group commonly targeted for
behavioral interventions, as having multiple sexua partnersis
an established risk factor for HIV acquisition [38]. Resultsfrom
our study suggest that behavioral prevention interventions
targeted to this high-risk group should aso include more
thorough condom education.

Several studies demonstrated that drug and alcohol use is
associated with an increased risk of HIV acquisition among
heterosexual men engaging in vaginal intercourse and MSM
engaging in anal intercourse [44,45]. Alcohol use during sex is
higher among casual partners compared to main partners,
however, few studies have assessed the association between
condom failure and partner type, modified by alcohol and drug
use before or during sex [46,47]. Resultsfrom our study suggest
that being high or buzzed during sex with a casual partner was

http://publichealth.jmir.org/2016/1/e7/

Kimet al

associated with increased odds of condom breakage compared
to being high or buzzed with a main partner. Alcohol and drug
use may prolong eaculation and thereby prolong sex, increasing
therisk of condom failure[27]. Moreover, al cohol and drug use
may impede the proper application and usage of condoms,
increasing condom failure rates[27]. These results suggest that
public health prevention interventions need to increase
awareness of the effects of drug and alcohol use during sex,
specifically targeting MSM who engage in sex with casual
partners.

Limitations

There are severa limitations to this study. Most notably, our
respondents are not representative of all MSM in the United
States. Due to the nature of the survey, participants had to be
proficient with computers, making them more likely to have a
higher education and income than the general population of
MSM. Our study used across-sectional study design to evaluate
condom breakage at last intercourse and therefore did not
capture condom use or breakage over time. Safe sex behaviors
fluctuate over time [31], making a prospective study more
appropriate to capture the time-dependent nature of condom
use and failure. We did not ascertain a history of lubrication
use or lubrication use during last sex act. Therefore, our sample
may represent men who werelesslikely to use lubrication, and
thus, factors associated with condom breakage may actually be
factors associated with lubrication use. The majority of studies
that have evaluated condom failure defineit as condom breakage
or slippage during sex [36-39]. Our study only used condom
breakage as a measurement of condom failure. Omission of
condom dlippage dataresulted in our inability to report condom
failure more generally. Our study uses older data; however, our
finding of acondom breakagerate of 4%isin linewith previous
and morerecent studies[10,14-18]. Finally, responses may have
been affected by socia desirability biasand recall bias, resulting
in misclassification of outcomes [48].

Conclusion

Resultsfrom our study highlight condom breakage rates among
a diverse sample of MSM from the United States. While
condoms remain a strong component of prevention policy, our
findings indicate condoms may not suffice as a sole means of
reducing HIV transmission risk within the context of a high
per-act transmission risk of anal sex [6]. Combining condoms
with other prevention modalities such as preexposure
prophylaxis can help mitigate risk that occurs after condom
breakage [49]. Even in the context of preexposure prophylaxis,
more efforts should be made to improve condom use practices
that might lead to condom failure [49]. MSM who report ahigh
number of sexual partnersaswell asthose who use drugs and/or
alcohol before or during sex with a casual partner are at an
increased risk for condom failure and would benefit from
targeted condom education programsto help mitigate their risks.
As innovation continues to occur in the design of condoms, it
will be important to consider if there are new types or designs
of condoms that might decrease condom breakage during anal
intercourse [49]. To best understand when, why, and how
condom failures occur, further studies are needed to capturethe
time-dependent nature of condom use; these should include
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high-risk sexual behaviors; precoital factors, such as condom United States MSM and anal intercourse remains a significant
storage; and coital factors, such as duration of sex act and use mode of HIV transmission, condom failure among this
of lubricants. As HIV continues to disproportionately affect population needsto be addressed through multiple approaches.
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Abstract

Background: A changing and cluttered information landscape has put pressure on health organizations to produce consumer
information materials that are not only factual but high quality and engaging to audiences. User-centered design methods can be
useful in obtaining feedback from consumers; however, they arelabor intensive and slow, whichisnot responsiveto the fast-paced
communication landscape influenced by social media. EatRight Ontario (ERO), aprovincial nutrition and health support program
of Dietitians of Canada, devel ops evidence-based resources for consumers and sought to increase user-centered design activities
by exploring whether the standard approach to feedback could be replicated online. While online feedback has been used in
marketing research, few examples are available in health promotion and public health to guide programming and policy.

Objective: This study compared a traditional in-person approach for recruitment and feedback using paper surveys with an
Internet-based approach using Facebook as a recruitment tool and collecting user feedback via the Web. The purpose of the
proof-of-concept study was to explore the feasibility of the approach and compare an online versus traditional approach in terms
of recruitment issues and response.

Methods: An exploratory, two-group comparative trial was conducted using a convenience and purposive sampling. Participants
reviewed a handout on healthy eating and then completed an 18-item survey with both forced-choice items and open-ended
responses. One group viewed a hard-copy prototype and completed a paper survey and the other viewed a PDF prototype via
Web links and completed a Web survey. The total days required to fulfill the sample for each group were used as the primary
method of efficiency calculation.

Results: Intotal, 44 participants (22 per condition) completed the study, consisting of 42 women and 2 men over the age of 18.
Few significant differences were detected between the groups. Statistically significant (P<.05) differences were detected on four
attitudinal variables related to the document reviewed and include perceived length of the document, perceived attractiveness,
likelihood of contacting ERO for food and nutrition questions in the future, and likelihood of recommending ERO to afriend. In
all cases, the responses were more favorable to the document or ERO with the online group. All other variables showed no
difference between them. A content review of the qualitative feedback found relative consistency in word use and number of
words used, indicating relative parity in the amount of data generated between conditions. The online condition achieved its
sampling target in 9 days, while the in-person method took 79 days to achieve the target.

Conclusions: An online process of recruitment through Facebook and solicitation of online feedback is a feasible model that
yields comparable response levels to in-person methods for user feedback. The online approach appears to be a faster and less
resource-intensive approach than traditional in-person methods for feedback generation.

(JMIR Public Health Surveill 2016;2(1):€18) doi:10.2196/publichealth.5134
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Introduction

A diverse and cluttered informational environment has placed
pressure on hedth organizations to devise means to
communicate with their audiences that attract attention to their
messages and provide rel evant advice. Social mediahasfurther
complicated this challenge, introducing new opportunities and
demands on organizations operating with limited resources as
they try to attract an audience that is presented with increasing
competition for its attention [1]. Attracting and holding
consumer attention and engaging audiences requires strategic
design considerations that differ from traditional health
communications messaging where information flows are
unidirectional, not multidirectional as is the case with socia
media. Thisnew participatory medialandscape requires attention
to information quality and the health and eHealth literacy of
audiences, but also to their preferences, interests, and the esthetic
appeal of communications that take place within the media
ecology [2]. Thus, itiscritical that health organizations devel op
materials that take into account user preferences and interests
and do so in a manner that is responsive, proactive, and
consistent with the rapid media cycle available through social
media. This study seeks to explore how social media can be
used as a means of providing reliable consumer feedback on
health promotion and nutrition education materialsin an efficient
manner compared with traditional face-to-face consultations
with users.

Background

For health organizations, the requirements and expectations
around their communi cations activitiesare growing amid limited
resources (eg, time, money), which places ever-greater emphasis
on the need to be efficient and effective in heath
communications campaigns. This requires attention to the needs
and use contexts of the audience in the co-development of the
message and determining the media forms that are best suited
to delivering, exchanging, and co-creating messages [3].
User-centered design is an approach that seeksto create products
and services that are based on the preferences, needs, and use
patterns of the intended audience (users) and creates more
relevant and potentially more used products and services [4].
While potentialy helpful, such design methods are time and
resource intensive, especialy for organizations that serve
broadly dispersed populations.

Oneway to gain user feedback in structured form is the virtual
panel, which isagrowing staple within the marketing profession
[5]. Virtual panels go by many names (eg, customer advisory
panels, online research panels, I nternet access panels), but they
typically are standing groups made up of recruited participants
or volunteers who are typically called on to provide feedback
on specific things over time [5]. Virtual panels and online
surveys conceptually offer many advantages for hedlth
promotion. Virtual panels reach those who are not seeking
support from a professional (eg dietitian), are not limited by
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geography inthe sameway, potentially reach agreater diversity
of individuals, and may be a cost-effective means of nutrition
education and research [6-8]. Social media adds to the
opportunity for recruitment of participants and deployment of
virtual panelsfor soliciting feedback on materials or engaging
the public in health promotion campaigns [8-13].

Organizational Context and Setting

EatRight Ontario (ERO) is a province-wide program designed
to provide residents of Ontario with increased access to
evidence-based healthy eating information, educationa outreach,
and consultation through avariety of distance-bridging methods.
ERO is a multiplatform free service providing dietitian and
healthy eating support servicesto residents of Ontario through
printed materias, a toll-free telephone dietitian advice line,
email-a-dietitian service, Web-based resources, and socid
media. The ERO service is operated by Dietitians of Canada
(DC) with funding from the Ontario Ministry of Health and
Long Term Care. The materials and advice offered by ERO are
developed by DC as part of the Practice-based Evidence in
Nutrition (PEN) database and include a variety of modalities
and media accessible through the ERO website, social media,
phone, email, and mail.

At the time of this study’s deployment, the standard protocol
for feedback gathering involved sharing early prototypes of
materials under development to professional dietitians who
volunteered to consult with their clients about various features
related to the length, attractiveness, and perceived quality and
usability of the materials. This approach required that a
designated coordinator recruit volunteers, collect contact
information from them, prepare and distribute materias in
hard-copy form by mail to volunteers, send reminders, collect
returned surveys or feedback forms completed by clients, the
volunteersor both, and then manually collate the materials. This
was perceived to be slow, inefficient, and potentially prone to
error.

This study seeks to consider the differences associated with
using a virtual panel approach to recruitment and deployment
of auser feedback process compared with the standard in-person
approach currently in use. Thein-person approach has consisted
of sending draft materialsto dietitiansin the field for feedback
and who may also solicit feedback from among their clients. A
switch to using online recruitment and feedback gathering holds
the potentia to improve the reach, speed, and potential to do
more iterative reviews if found to be comparable to the current
standard practice in the quality and quantity of feedback
received. This proof-of-concept study seeksto explorethisissue
and provide guidance for future research.

Project Outline

The overall project included three components: (1) areview of
theliterature on virtual panels asameans of feedback elicitation
and design critique of consumer-directed materials, (2) areview
of the program options and developmental design of the
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intervention (ie, the means of soliciting feedback through online
methods), and (3) a comparative experimental study exploring
the outcomes of two methods of soliciting feedback. Theresults
of the comparative analysis are reported here. The study
employed acollaborative, participatory, and co-creative process
between ERO, PEN, and the lead researcher (CN) reflecting the
co-creative processthat was of interest in the study. Thisenabled
participation on the development of measurement items,
outcome indicators, and in the sense-making process required
to interpret the findings.

Social mediaoffersareal-time manner of recruiting participants
and soliciting feedback from potential users of materials under
review, particularly because it can engage them directly, and
their engagement might have ancillary benefits beyond the
current project by having them associate with DC and ERO as
brands. ERO has a broad and engaged following among the
public and professional s alike through social media. The online
approach to engagement was selected and designed based on
an initial review of the current ERO online portfolio, to assess
which of the three would be the most feasible option to start
with. All three of the social media platforms have active
users/followers. However, among the various options Facebook
was selected as the medium of choice to begin the study.

ERO has extensive experience with using social media as
communication tool and as a vehicle to try new means of
engaging their audience through different media. As of
September 2015, ERO’s social media properties included 9261
“likes” on Facebook, 2338 subscribersto their YouTube channel
(with multiple videos having been viewed more than 100,000
times and over 700,000 total views of all videos) and 9647
followers to their Twitter feed and over 15,000 subscribers to
anewsletter that has used social mediaas arecruitment tool for
attracting enrollment.

In reviewing the various options, the community that had formed
through ERO’s Facebook page was highly active with many
different users posting responsesto ERO's posts, questions, and
events, suggesting it might be the best place to design and trial
an engagement plan for recruitment of a panel. A separate FB
group associated with ERO’s page was established, and
invitations were sent out to all page members (ie, those who
had “liked” the page). Based on the study design, membership
in this special group was capped at 24 people. Anyone who
requested inclusion in the group up to this number wasincluded;
no selective recruitment was conducted. In considering future
possibilities for ERO, Facebook aso offered the most
opportunity to devel op and maintain apanel over time compared
to other forms of social media engagement (eg, Twitter).

The study protocol received approval from the University of
Toronto research ethics board (Protocol #00029006), and no
adverse effects were reported during the study.

Methods

An exploratory, two-group comparative trial was conducted
using a convenience and purposive sampling comparing the
current model of feedback used by DC and the ERO service
with anovel, online approach. In thefirst condition, the current
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standard approach for feedback elicitation was used. DC sent
amessage to its members requesting assistance with the study.
Those dietitians who agreed to participate were to ask clients
post-consultation if they would be interested in participating in
the study, and those who indicated an interest were given the
consent and information package to review. Consenting
individuals were given a survey and hard-copy version of the
information resource under review entitled Healthy Eating
Guidelines for Increasing Your Fibre Intake (Multimedia
Appendix 1) and completed the survey in aprivate space, sealed
it in an envelope, and returned it to their dietitian to return to
DC. Thisisconsi stent with the previous standard practice except
that feedback was normally provided orally to the dietitian and
the responses were not blinded to the dietitian. In this case,
responses were blinded, which was more consistent with atrue
study and helped mitigate social desirability bias.

In the second condition, arequest for participation message was
posted on the ERO Facebook page with instructions for
interested individuals to contact the ERO communications
manager who was responsible for posting material to the
Facebook page on behalf of ERO. Once the desired quota of 24
participants was reached, recruitment was closed. All interested
participants were invited to aspecial subgroup of the Facebook
page that was designed for the study and restricted asinvite-only
for the purposes of the study. A link to an el ectronic Web survey
hosted on FluidSurveys was provided that had a preamble with
the consent materials and an embedded link that opened up an
electronic version of the document Healthy Eating Guidelines
for Increasing Your Fibre Intake for usersto review online. In
both conditions, participants were given an opportunity to
indicate if they wished to receive a complimentary Dietitians
of Canada cookbook in acknowledgment of their participation.

Materials

An 18-item, self-administered survey that asked questions about
usability, esthetics, health behavior, and demographic questions
was devel oped for the study drawing on some of the questions
used in past practice by DC in their previous resource reviews.
The survey included the ethical consent information as a
preamble, which alowed individuals to indicate their interest
in participation and gain an understanding of the risks and
benefits prior to participating in the study (Multimedia A ppendix
2). The survey was not pre-tested and did not undergo any
psychometric assessment due to its short size and
straightforward opinion questions with open-ended responses.
The online version of the survey was restricted to only those
with a secure Web link to the Fluid Survey platform.

Recruitment

48 participants—24 in each condition—were recruited between
February and April 2014 to participate in the study. A minimum
sample size of 20 participants per condition was sought as the
required number in this efficacy trial. To account for possible
dropouts, the study oversampled with 48 initia recruited
participants, of which 44 eventually completed the study with
4 who left the study prior to completion (2 per condition).
Participants were recruited by two means: (1) standard practice
through dietitians operating in Ontario via an in-person
introduction to the study after the client has completed their
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appointment or (2) an open invitation to join a research study
panel subgroup on the ERO Facebook page sent from the ERO
communications manager. In both circumstances, individuals
were presented with an invitation letter (in person or via a
secure, confidential channel such as an email address) that
introduced the study, itsgoals, itsrisks and benefits, procedures,
and appropriate contact information with instructionsto indicate
interest and consent to participate. If interest was indicated
(verbally to the dietitian or viaan affirmative response through
email or through direct Facebook message), a formal consent
form was presented using the appropriate mediaand participants
either signed theform and returned it to the dietitian (Condition
1) or selected a check box on the Web form (Condition 2).

The study approach followed amodel of exploration and testing
used within innovation research that usesaconcept called design
thinking [14], whereby initial ideas are generated, then refined
and the most plausible, trialable product is tested with rapid
feedback to allow for adaptation of the design as necessary.
This approach is aligned with Developmental Evaluation [9],
where the evaluation design is tied to the intervention and
co-devel oped to ensure appropriate fit, scope, and adaptability
to suit context. The use of Facebook as the medium for
recruitment and deployment of the study was seen as the first
choice among different options, but ended up being the
appropriate choice after testing (ie, there was a positive response
that yielded thelevel of engagement desired from participants),
so no aternative methods were sought as the full sample was
recruited.

In both conditions, participants were offered a Dietitians of
Canada cookbook from ERO as aform of recognition for their
time and were asked to submit an email to the ERO
communications manager requesting one if they wished.

Analytic Approach

Due to the small sample size and given the focus on efficacy
and plausibility of the intervention (online vs standard forms
of feedback), non-parametric tests (Mann-Whitney U) were
conducted to determine any potential between-group differences.
Standard demographic frequency calculations were used to
collate the responses.

Qualitative comparisons were made using a content analysisto
assess if there were any unique features of terms, language, or
descriptive depth to the text. A word count was performed to
seeif there was any difference between the two groups.

Efficiency Considerations

Data collection was tracked to reflect the overall speed of
delivery and response. Post-hoc review of coordination time
spent on the study was used to determine amount of staff energy
used to facilitate the study.
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Results

Forty-four participants completed all aspects of the study, 22
in each condition with 2 participants who did not complete the
entire survey; 42 women (95%) and 2 men (5%) completed the
study. Age was calculated by range response (20 years per
category), with all participants reporting falling between 19 and
70 years, with the mean age range of 31-50. No participants
reported being under the age of 18 or over age 70. Differences
between groups were detected on age and sex, with no men
participating in the online group and aslightly higher mean age
for those in the paper condition.

Quantitative Results

We conducted Mann-Whitney U comparisons to explore
differences between each group on each of the variables using
IBM SPSS Statistics 22.

Statistically significant (P<=.05) differences were detected on
four attitudinal variables related to the document reviewed and
include perceived length of the document (ie, number of pages)
(P=.027), perceived attractiveness (P=.022), likelihood of
contacting ERO for food and nutrition questions in the future
(P=.029), and likelihood of recommending ERO to a friend
(P=.002). Across al questions, the online group reported more
favorable responses to questions than those in the in-person,
paper-based condition. All other variables showed no
comparative difference between them.

Qualitative Results

No discernable style difference was found in comparing the
responses between the two groups across the three open-ended
guestions. Three open-ended questions were asked on the
survey: (1) A supplemental item to Q3 requesting additional
comments on the look of the handout, (2) “After reading the
handout, tell us 1-3 changes that you want to make in your
diet?’, and (3) “What would make this handout more useful to
you?’

Some of the examples of the quote comparisons are included
in Tables 1-3. Qualitative text is taken directly from the survey
and has been edited only for formatting, not grammar. Table 1
presents some of the responses to the question, “What would
make this handout more useful to you?’

With the first response, the total word count was 368 words
across 10 responsesto the item, (36.8 words per response, 45%
guestion completion) with the online survey, compared with
321 words used across 13 respondents (24.7 words per response,
59% question completion) to the item in the paper survey. All
other participants did not provide an answer to the question.

Table 2 profiles some of the responses to the item, “After
reading the handout, tell us 1-3 changes that you want to make
inyour diet”
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Table 1. Usefulness of the handout: selected responses.

Norman et al

Online group

Paper group

I’'m more of avisual type. | feel that if the stepsto eating more fibre
would be easier to retain and refer to if it wasin atable type format.
It would be great if you could get the meal plan to fit on one page.

That way, people could easily pinit up or put it ontheir refrigerator.

Itisvery clear and concise. Easy to read. Easy to use asaguide.
One comment on the comparative tablere: high fibre/low fibre diet.
A couple of places have the same food item at the meal but they
don’t line up on either side.

Most people won't read past the first page.

| think it isa great handout

| like the use of bulleted points and tables. As something you can print out from
the Internet thisis great. However, it looks like the formatting of this print
handout has been done using HTML. Thelook isnot at al optimal for aprinted
document in terms of layout, page breaks, and visua separation of elements.
Double borders on a table looks terrible!

Consider bolding headings to standout (eg, pg. 2 veg, fruit, legumes, nuts and
seeds) - add pictures of food if possible - consider hyperlinks to move info on
acertain food that someone might not know about eg, guava? - chart (meal
breakdown) is good/helpful to see - more spacing between groups (topics) so
they standout

To think about > - colour - print double sided on 17 x 11 P - fold - then it'sjust
one piece of P

1- Good layout - PEN logo busy at thetop (simplify logos > distracting) - maybe
have choice of font sizes? (large for older people, medium for younger > you
can then have better spacing for blocks + info)

A few colours or highlighted areas - numbers instead of words

Table 2. Anticipated or intended behavior changes attributable to the

handout: selected responses.

Online group

Paper group

Change my cereal, use acombination of flour and include morefibrei
Flax seed to my smoothie

Add morefibreeasily by swapping current food choicesfor those with
content.

The handout listed a lot of the changes that we are currently making
have not thought of using dried fruit as asnack. That is easy to transp

| want to be more aware and make sure | am including the right
foods to obtain my daily fibre since | deal with IBS symptoms

nmy snacks.

Instead of having juice at breskfast to have an orange or other
piece of fruit with my cereal 2. to try and have oatmeal more

ahigher fibre

add + look for more variety in choices/meals - try to changes to
recipes (substitutions to the every day) - read more labels

inour diet. |
ort and store.

I will make that change. And | have not thought of added beans to a pasta sauce.

I’m going to try that as well.

Simple substitutes for the foods | already eat for ones with more fibre - Chart was

very helpful - Will make sure | am get “whole grains’ not just “whol

Be morefearlessin substituting 1/2 to full white flour to amulti-
grain. Referencefibre counts. Get back on your Eat Right Ontario
websiteto seethelatest healthy recipes (especially using legumes)

e wheat”

For this question there was adifference in the number of words
used with participantsin the online group writing atotal of 484
words (mean of 24.2 per response, 91% overall completion)

Table 3. Usefulness suggestion responses.

and those in the paper group writing atotal of 331 words (mean
of 15 per response, 100% overall completion).

Table 3 highlights some of the comments made to the question,
“What would make this handout more useful to you?’

Online group

Paper group

Make available on line

| recently learned that you can increase the amount of fibreintake all you
want but it isnot productivein your system if you are not drinking enough
water. | think that should be stated somewhere or highlighted as an impor-
tant factor esp for people using this type of diet to have more regular
bowel movements. Water helps break down the fibre. It would be nice to
havealink to recipesthat include high fibreingredients such as homemade
granola bars, quinoa salad, etc

You are on Facebook that isabig help for al that want the help.

I would like to see more suggestions on how to make food substitutions!
if you eat this now... here iswhat you can try to replace it with for more
fibre.

an extensive listing of foods and their gm of fibre. Fruits and vegetables

shorter to read - more point form - pictures, graphics + charts

if the information was condensed. Somehow to make the handout shorter
> maybe 4 pages. more websites in the additional resource section to get
more ideas on how to add more fibre to my diet - have more examples
that are culturally sensitiveif possible - more examples of fruits/vegetables
with high in fibre

Take out the 2-page chart, it didn’t add much. Add a good recipe.
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Thetwo groups differed marginally on the completion rate, with
the online group yielding 12 responses (55% item compl etion)
and the paper group yielding 8 responses to the question (36%
item completion). For word count, the online group overall
number of words was lower with 205 (mean of 17 words per
response) compared with the paper group with 245 words (mean
of 30 words per response).

Efficiency Results

The ability to reach the quota of 22 participants (per condition)
reflected a substantive difference between the two groups. The
recruitment for both arms of the study began at the same time.
For thein-person group, this began with emails and phonecalls
placed to dietitians requesting their assistance, which was
consistent with the current practice. In the online group, a new
study group or panel was recruited and the commencement of
the study began with aposting to the group inviting participation
in the survey. Sampling was completed for the online group in
9 days, while the paper-based group took 79 days. The time
calculated included the registered completion of the survey
notice via Fluid Surveys for the online group and the received
postage or scanned return receipt date for the paper surveys.
Factored into the cal cul ation was the staff time, which included
doing follow-up phone calls and emails to dietitians who were
handling thein-person surveys, postage preparation, monitoring
and tracking responses, and for recruitment of participants
directly in the online condition.

Discussion

Principal Considerations and Findings

The many barriers to convening users, both logisticaly and
methodologically, can impede health organizations' willingness
and capacity to engage in appropriate user testing of health
materials. Rapid shifts in the way the public engages with
information and information providers through modalities like
Facebook, Twitter, and other social media channels has posed
additional challenges for health professional organizations as
the mediacycleis shortened with consumers wanting materials
quickly and expecting to have an opportunity to engage with
the content materials in a more reflexive, interactive manner.
ERO was already engaged with their usersin conversations and
exchanges via Facebook and thus, it provided a logical set-up
for the study.

Other studies of recruitment have found that Facebook is a
viable and cost-effective method for recruitment of study
participants in different contexts [15]. Bensley et al found that
clients are interested in using Web tools for nutritional
information and recommended that Facebook be considered a
key tool to support that work [16]. Lohse found that Facebook
was an effective means of recruiting low-income women via
ads distributed through the social media site [9]. This study
differed from Lohse because it built on an established
relationship with the intended users who had already indicated
interest through responding to a request posted to the study
hosts' page, not an ad.

This study found no substantive differences in the nature and
quality of feedback obtained through a survey delivered via a
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standard, in-person feedback process and one recruited through
Facebook and deployed online. Further, the study demonstrated
the feasibility of using social media as a recruitment tool and
that comparable data could be collected through online methods
to in-person methods. Statistically significant (.05) differences
were detected on four attitudinal variables related to the
document reviewed and include perceived length of the
document, perceived attractiveness, likelihood of contacting
ERO for food and nutrition questions in the future, and
likelihood of recommending ERO to afriend. In all cases, the
responses were more favorable to the document or ERO with
the online group than the in-person group.

One of the differences detected between the two groupsiswith
respect to the stated likelihood of using ERO materials or
recommending its services (see Q10 and Q18 for specific item
wording), with those in the online group reporting a greater
likelihood to engage ERO further. This could be because the
participants in the online group were recruited from an
ERO-administered Facebook group, suggesting that prior interest
in being connected to ERO could influence future
considerations.

Another notable differenceis that those in the online condition
were more likely to suggest that the reviewed resource on
healthy eating was “just right.” This could potentially suggest
that the ability to touch, hold, and see the entire document in
an in-person environment influencesthe perception of thedesign
characteristics of that document. Thisis a question for further
research to determine the degree to which the medium for
soliciting feedback is connected to the product media used in
communication.

Limitations

This was an efficacy study aimed at exploring the feasibility
and plausibility of using avirtual panel asameans of engaging
users and soliciting quality, complete feedback in acomparative
manner to the current standard of practice used by ERO.
Although the study involved nutrition education materias
developed by PEN, the focuswas not to assesstheir educational
impact, nor were the instruments used designed for such a
purpose. The exploratory nature of the study and unknown
possible outcomes meant that the sample size waslow and thus
the findings are not highly generalizable to other contexts.
Further research will need to consider whether there are shifts
in effects with greater numbers of participants.

Recruitment of participantsthrough a Facebook group devel oped
and administered by ERO could have introduced apositive bias
to the responses to the survey. While the sample was
non-random, both groups were drawn from consumers who fit
the key demographics of ERO services on the measured
variables. What the sample did not reflect was potential
additional demographic groups, particularly those defined by
cultural heritage, geographic location, and eHealth literacy or
those in the community who were not able to or willing to
engage community dietitians (for the in-person condition).
Further research could explore whether these conditions are
influential variables influencing the outcomes.
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Another limitation isrelated to the popul ation being researched
and the gendered conditions in which most primary food
decision making is being made, namely that women have been
historically much more likely to engage with ERO than men in
thisrole. Thus, it is unclear whether men would report similar
things if equally represented in the sample. More research at a
population level isneeded now that the plausibility and efficacy
has been explored through this study. While there are potential
confounders that could influence the findings, the key is to
understand that the overall viability and plausibility of
comparing two different approaches and their implementation
issound even if the degree of impact of each method of response
requires further study to delineate the full effects of each
approach on the feedback received.

Conclusions

This study sought to determine if the virtual panel approachis
viable, to assess any unique chalenges in the study
implementation, and to propose strategies based on thefindings
to do further research with larger populations and different
contexts. In doing so, the study also explored a methodol ogical
approach that could be used directly by health professionals
and social marketing researchers. Our findings build on earlier
research that showed how Facebook could be a cost-effective
means of recruitment for participants. Indeed, ERO has since
adopted this method in their work since the completion of the
study and is using it as part of ongoing practice for feedback
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Abstract

Background: Inlow and middle income countries (LMICs), and other areas with low resources and unreliable access to the
Internet, understanding the emerging best practicesfor the implementation of new mobile health (mHealth) technol ogiesis needed
for efficient and secure data management and for informing public health researchers. Innovations in mHealth technology can
improve on previous methods, and dissemination of project development details and lessons learned during implementation are
needed to provide lessons learned to stakeholders in both the United States and LMIC settings.

Objective: The aims of this paper are to share implementation strategies and lessons learned from the development and
implementation stages of two survey research projects using offline mobile technology, and to inform and prepare public health
researchers and practitioners to implement new mobile technologies in survey research projectsin LMICs.

Methods: In 2015, two survey research projects were developed and piloted in Puerto Rico and pre-tested in Costa Rica to
collect face-to-face data, get formative eval uation feedback, and to test the feasibility of an offline mobile data collection process.
Fieldwork in each setting involved survey development, back translation with cultural tailoring, ethical review and approvals,
data collector training, and piloting survey implementation on mobile tablets.

Results: Critical processes and workflowsfor survey research projectsin low resource settings were identified and implemented.
This included developing a secure mobile data platform tailored to each survey, establishing user accessibility, and training and
iciting feedback from data collectors and on-site LMIC project partners.

Conclusions; Formative and process evaluation strategies are necessary and useful for the development and implementation of
survey research projects using emerging mHealth technologiesin LM I Cs and other low resource settings. L essons|earned include:
(1) plan institutional review board (IRB) approvals in multiple countries carefully to allow for development, implementation,
and feedback, (2) in addition to testing the content of survey instruments, allow time and consideration for testing the use of novel
mHealth technology (hardware and software), (3) incorporate training for and feedback from project staff, LMIC partner steff,
and research participants, and (4) change methods accordingly, including content, as mHealth technology usage influences and
isinfluenced by the content and structure of the survey instrument. Lessons learned from early phases of LMIC research projects
using emerging mHealth technologies are critical for informing subsequent research methods and study designs.
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Introduction

Electronic methods for capturing survey data have proven
feasible [1] and efficient [2,3] in locales with the technical
infrastructure to support their implementation [2,4]. In settings
where the telecommunications and technology infrastructure
may be uncertain or lacking and where Internet penetration may
be lower, electronic meansfor capturing survey dataisof limited
utility [4]. Maximizing the benefits and efficiencies of electronic
data capture in survey research in settings with limited
technological infrastructure requiresthe decoupling of the means
of collection (eg, mobile device, laptop computer) from the
mechanism of transmission and storage of survey data (eg, via
the Internet). Using a store-and-forward approach to data
collection in resource-limited settings may offer an effective
approach to survey research by achieving efficiency gains
through mobile device-based data capture delayed
synchronization of data [5-7] when access to the Internet
becomes available.

Public health lessons from resource-challenged areas of the
world increasingly inform practice in other areas, including
higher-resourced communities. Knowledge translation from
research into practice has long challenged public health [8].
Evidence-based interventions exist to reduce chronic disease
mortality substantially by addressing common lifestyle and
behavioral risks [9], but suffer from lack of implementation
[10]. Thisgap between knowledge and practice—the “ know-do”
gap — is more pronounced in communities of need throughout
theworld [11]. Better understanding of local social and cultural
circumstances may help reduce the know-do gap [12] and
increasingly successful implementation of existing knowledge
to reduce chronic illness requires community-based approaches
[13]. Further, novel ways to achieve better engagement in
communities with disparities frequently arise from global
settings [14] that have demonstrated creative problem-solving
when challenged with a wide range of barriers [15]. Such
learning can directly benefit communities of need nested within
wealthier nations [12], in part by recognizing that community
circumstances warrant creativity in blending best-practice with
local culture[16] to reduce preventable chronic disease mortality
[17]. Creating, nurturing and supporting researcher-community
partnerships are an essential component of this effective
tranglation [18], though progress in bridging the know-do gap
isimprobable without the appropriate involvement of enabling
technology and informatics support [19].

The Centersfor Disease Control and Prevention (CDC), through
its Prevention Research Centers (PRC) Program, established a
thematic network, the Global and Territorial Health Research
Network (Global Network) to conduct, share, and translate
innovative chronic disease prevention research in low-resource
settings. In the context of the Global Network, the University
of Rochester partnered with the University of Puerto Rico to
test the feasibility of an electronically-implemented survey of

http://publichealth.jmir.org/2016/1/e28/

community attitudes toward participation in genetic research
(Survey 1), ascientific area of increased importance [20]. The
investigators used the same approachesfor aseparate electronic
health (eHealth) survey (for new mothers) being developed with
research partners in Costa Rica and the Dominican Republic
(Survey 2). Thisreport focuses on thefield-testing of electronic
surveys with offline, store-and-forward data capturing using
Research Electronic Data Capture (REDCap), a widely-used
data capture application developed for large-scale research
projects [21]. Procedures, infrastructure concerns, and
methodologies have been adapted from previous work and
lessons learned [22-35] to meet the needs for maximum
flexibility and usability in low-resource settings. Procedures
for successful project implementation include ethical review,
survey development, data collector training, pre-testing, pilot
testing, and data management. In two low and middle income
countries (LMIC) settings: Puerto Rico (Survey 1) and Costa
Rica (Survey 2). The surveys were in initial development
(pre-testing) and/or pilot testing phases and although the topical
areas were different, the initiatives involved overlapping teams
and lessons learned will continue to be useful across future
initiatives with LMICs.

Methods

Ethical Review Process

Obtaining ingtitutional review board (IRB) approval from all
participating groups raises certain challenges [28]. For all
research funded by US federa agencies and ingtitutions,
participating ingtitutions in the United States and each
participating country must have a Federal Wide Assurance
(FWA) and approva from an Office for Human Research
Protections (OHRP) registered IRB. The FWA provides a
commitment by the ingtitution to follow standard ethical
guidelinesfor human subjects research (eg, the Belmont Report,
the Declaration of Helsinki, or similar codes). To obtain an
FWA, institutions must have a designated |RB registered with
OHRP. A database of institutions with FWAs and IRBs that
meet US human subjects’ protections guidelinesfor researchis
maintained by OHRP [36]. Each participating country outside
of the United States may have its own reguired IRB for
in-country research, which may not be approved by the US
OHRP [28]. Thus, reviews by multiple IRBs may be required.
Coordination of timing of reviews is critical to ensure that all
are completed prior to study initiation. In addition, some IRBs
may require approval by IRBsin the other participating countries
prior to providing local approval, soitiscritical for investigators
to be aware of such local regulations and communicate
documentation of approvals to each IRB within the required
time frame [22,24,37,38].

Findly, investigators need to be aware of culturally-specific
variationsin what are acceptable research practices to produce
a final protocol that meets regulatory requirements of each
country. For example, in our prior work in the Dominican
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Republic, paying subjects for completing surveys, a practice
that isacceptable by USIRB standardswas considered coercive
by Dominican Republic IRB standards, though provision of a
small thank you gift at the end of the survey was acceptable
with the caveat that participants not beinformed of the gift until
after completing the survey. In addition, in partner Dominican
Republic communities, providing written consent for
participation was culturally unacceptable as it raised concerns
about contractual requirements. Thus, investigatorsworked with
all IRBsto develop an acceptable verbal consent procedure with
documentation of consent provided by data collectors
[22,24,27,28]. Understanding IRB requirements of all
participating sites is critical to successful global partnerships
for research [37].

The IRB process at the University of Puerto Rico (UPR/MSC)
was another source of lessons learned. The initial request for
IRB approval was submitted for the online/offline versions of
the survey to be administered by means of i Pads and facilitated
by a member of the research team. Once the IRB approval was
ready (see below), the team proceeded to collect data. Once
data collection began, the team faced the challenge of
implementing offline collection, as the study sites were in
remote areas in Puerto Rico with limited access to an Internet
connection. Not being able to use the printed, hard copy as an
alternative to the electronic version was a setback that required
an amendment to the original protocol and changes to the data
collection schedule. The lessons learned here — to gain initial
IRB approval for both electronic and paper versions of survey
data collection - can help to avoid further delays in the study
plan.

Participants

Survey 1

Participants in Survey 1 consisted of a convenience sample of
32 Puerto Rican residentswho were engaging with their medical
health care system in one of three Federally Qualified Health
Centers (FQHCs) in rural areas of Northern Puerto Rico over
a 2-week period. Potentia participants were approached by
project data collectors (see below) and, if agreeable, were
provided an information letter about the purpose of the survey.
Implementing the survey consisted of a face-to-face interview,
using adigital tablet to enter responses.

Survey 2

In the development phase of the study prior to an actual pilot
implementation of Survey 2, qualitatively pre-testing all the
sections and items of the devel oping survey was accomplished
with aconvenience sample of 16 traineeswho were participating
inan National Ingtitute of Health (NIH) funded eHealth training
initiative, and who will later be data collectors using Survey 2
and offline data collection. This sample was mostly composed
of highly educated persons (eg, health providers, technology
experts) who will, later in the parent study, be responsible for
administering the final version of Survey 2 in their own
countries (Costa Rica, Honduras, and Dominican Republic).
Feedback was obtained on content, wording, and device
navigation (ie, using the REDCap mobile survey on a digital
tablet).

http://publichealth.jmir.org/2016/1/e28/
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Data Collectors

Survey 1

For the field work with Survey 1 in Puerto Rico, data collectors
were six Puerto Rican-based staff who were participating inthe
Puerto Rico Testsite for Exploring Contamination Threats
(PROTECT), aresearch project that follows a cohort of 1800
pregnant women in the northern Karst area of Puerto Rico and
their exposure to environmental agents [39,40]. Biological
samples for PROTECT, an IRB-approved study, include
examination of the DNA for the PAX gene and for future genetic
testing.

The PROTECT staff that participated in the field work with
Survey 1 included one registered nurse and fieldwork
coordinator with ample experience in research, one master's
degree nutritionist, a doctoral student with a master'sin public
health (MPH) degree and experience in field research, and the
co-principal director for the PROTECT Community Engagement
Core with a doctorate of philosophy (PhD) in policy analysis
and research. The staff were al previousy familiar with
REDCap, athough they had not yet used the mobile version.

Training activitiesincluded observation and a 3-hour workshop
to become familiar with both the content of the survey as well
asitsonlineand offlineimplementation viathe mobile REDCap
protocol. Each staff was given a tablet and assigned a unique
username. All staff members participating in the project
completed human subject research protection training from the
Collaborative Ingtitutional Training Initiative (CITI) prior to
the collection of any data.

Survey 2

Qualitative data collection for the pre-testing phase of Survey
2 was conducted by a senior US research project staff
(behavioral scientist), who interactively presented adraft of the
draft survey as part of a didactic module during a week-long
short course in Costa Rica (see below) on online/offline digital
datacollection. During the modul e and i n subsequent meetings,
senior project staff documented qualitative feedback via field
notes and confirmed common themes and item improvement
ideas. At the same time, another senior project team member
provided live support and feedback from the United States,
including real -time problem-solving that led to lessons |earned
(eg, problems with offline/online synchronization, log-in
credentials, and other functionality).

Instruments

Survey 1: From Mechanical Turk to Offline

The present fieldwork began with the development of a
Spanish-language version of a survey initially available online
at Mechanical Turk (mTurk), Amazon's crowdsourcing website
[41-43]. Theinitia survey wasassembled primarily from items
validated in previous surveys. Reliability and validity have not
yet been established, but it is currently in use in several of our
initiatives and will be examined for reliability metrics in
subsequent phases of project development. The Internet as a
medium and, more recently, the use of “crowdsourcing” as a
strategy, has greatly expanded the potential for low-cost timely
survey research initiatives. Crowdsourcing isthe paid (or often
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unpaid) “recruitment of an independent global workforce for
the objective of working on a specifically defined task or set of
tasks’ [44]. Crowdsourcing is increasingly recognized as a
legitimate strategy to engage with research subjects [45-47].

Spanish Back Trandation Process

In order to create an equivalent, aswell as culturally appropriate
Spanish language version of the initial English version, it was
first trandated into Spanish, and then back trandated into
English using the Brislin method [48]. Theteam then compared
the back-trandated version with the original to identify
problematic transdations. These problematic trandations were
then examined by two native Puerto Rican speakers and edits
were provided. Finally, a native Spanish speaker did afinal edit
of theentire survey beforeit was pre-tested. The Spanish version
was pre-tested during the back translation process by six
bilingual investigators from the United States and Puerto Rico
for readability, skip patterns, formatting, and content. Committed
partners and an organized and systematic approach facilitated
the trandation process. A barrier to the process was time to
complete translation given that people were volunteering their
time.

Research Electronic Data Capture (REDCap)

For the present field work, surveys were developed and
implemented using the mobile (offline) application of REDCap,
a software toolset and workflow methodology for electronic
collection and management of research and clinical trial data
[21]. The secure, Web-based application (whether online or
offline) provides an intuitive interface for users to enter data
and real-time validation rules (with automated data type and
range checks) at the time of data entry. REDCap offers easy
data manipulation with audit trails and functionality for
reporting, monitoring and querying patient records, as well as
an automated export mechanism to common statistical packages
(SPSS, SAS, Stata, R/S-Plus).

The NIH-funded Clinical and Translational Science Institute’s
(CTSI's) informatics core, aunit of the University of Rochester's
School of Medicine & Dentistry Academic Information
Technology (AIT) Group, serves asacentral facilitator for data
processing and management. REDCap data collection projects
rely on athorough study-specific data dictionary defined in an
iterative self-documenting process by al members of the
research team, with planning assistance from the AIT-CTS
informatics core. Theiterative development and testing process
result in a well-planned data collection strategy for individual
studies.

REDCap servers are housed in a local data center at the
University of Rochester and al Web-based information
transmission isencrypted. REDCap was devel oped in amanner
consistent with Health Insurance Portability and Accountability
Act (HIPAA) security requirements and is recommended to
University of Rochester researchers by the University of
Rochester Medical Center (URMC) research privacy officer
and office for Human Subject Protection.
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REDCap Mobile for Offline Data Collection

For the purpose of this fieldwork the REDCap application for
offline data collection was used, because many surveillance
siteswill beremoteand will have limited Internet access. Mobile
offline data collection alows for real-time data collection and
storage. Dataarelater “synced” or uploaded to an online server
and added to the primary database.

Although software programs and hardware devices were not
prospectively compared and tested with our LMIC project
partners, we employed lessons learned from our previous work
regarding reach and engagement considerations of eHealth
strategies [49,50], and from the formative evaluation phase of
one of our randomized controlled trials (RCTs) [51]. In this
trial, surveys were devel oped and pretested for implementation
with US English speakerswith low health literacy acrossalarge
geographic area. This included formative evaluation (key
informant interviews and focus groups, exploring offline data
capture) and, later, process eval uation steps (tracking participant
engagement) to determine how and under what circumstances
various mHealth strategies increased project engagement.
Platforms that were considered for survey implementation
included: (1) use of avendor to manage all online surveyswith
sophisticated programming and support, (2) use of acommercial
product such as Survey Monkey, and (3) use of REDCap.
REDCap was chosen as the mHealth platform because (1) it is
HIPAA protected; (2) there is no cost to the project; (3)
programming support is available; and (4)respondents who are
located anywhere geographically can access it using any
common device such as personal computers, laptops, tablets,
or mobile phones with app capabilities.

The process of enabling the system began with survey
instrument devel opment on the REDCap website platform, and
then offline module approval was obtained from the US
institution’s REDCap administrator. Thisapproval isintheform
of aQuick Response Code (QR Code), which containsaunique
identifier for each specific requester and is necessary for
installation of the survey into the offline application. This QR
Code is provided for each staff member collecting data in the
field, and each QR code matches with each username. The
ability to scan this QR code with the mobile device enhances
the project’s ability to collect secure datain the field, including
the facilitation of later data collection when offline. Failure to
match in thisway, however, resultsin a substantial data storage
complication (a “metadata conflict”), whereby the username
and the QR code do not match and data collection from that
username cannot occur and/or data may be compromised. This
code is scanned to each mobile device where the username is
used (eg, mobile phones and tablets).

Where online connections are possible, the mobile application
provides direct data entry into the REDCap environment on the
institution’s server. In LMICs or other low-resource settings
where there are limited wireless (WiFi) or cellular connections
to ensure predictable online access, the mobile application
providestheflexibility for offline datacollection. Thisexpanded
ability to use digital devicesto collect data also limitsthe need
for paper surveys (except as a backup) and the risk of losing
data. The portability isalso maximized by the ability to be used
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on iOS and Android platforms (including tablets and maobile
phones). With both online and offline options, thereis capability
for direct data entry, which reduces the time needed for further
datamanagement and analysis. Finally, although matching each
portabl e device to unique users requires advanced planning and
start-up time, registering each usernameindividually allowsfor
superior tracking of data collection by each data collector.

Survey 2: Maternal Health I nformation Communication
Technology

A second survey development and implementation project
continued to provide lessons learned for overall project
methodologies (ie, formative evaluation for Survey 1 as well
as Survey 2) regarding the refinement of the development of
both the online and offline survey procedures. The Survey 2
goals in this second project (“MundoComm” based in Costa
Rica and the Dominican Republic) include conducting
qualitative and quantitative assessments of multi-level
determinants of maternal health behaviors that can potentially
be addressed through technol ogical innovation, and identifying
electronic readiness (e-readiness), defined as use and
acceptability of current information communication technol ogy
resources (such as social media, texting, as well as earlier
technologies such as radio) to guide project development.

During aweek-long “short course” training in Costa Ricawith
teams from the Dominican Republic, Honduras, and CostaRica,
experienceswith the offline digital tablet (iPad) demonstrations
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in vivo revealed new challenges, primarily that systematic
upgrades to the REDCap platform at our US-based institution
caused immediate problems in the current version accessible
onthedigital tablet. It was determined that additional or back-up
strategies to save all data collected since the last upload/sync
will need to be developed. Also, explaining the multi-step
processesto gaininitial online accessat the US-based ingtitution,
the steps needed to ensure current access, survey administration,
data syncing and trouble-shooting, were all challenging for both
instructors and trainees.

Results

Survey 1

Selected survey results from Survey 1 with 32 respondents
interviewed face-to-facein Puerto Rico with the offline REDCap
mobile application (see below) can be found in Table 1. These
pilot data, successful collection of which provided evaluation
feedback regarding the utility of the offline REDCap survey
process, included common demographic information (gender,
age, race, ethnicity, education, religion), demographic
information of interest to the project (general health status,
economic indicators such as owning one's own house and/or
vehicle), and process information on respondents’ perceptions
of the length of the survey, and understandability, which aided
the project team in refinement of the instrument both for content
and for implementation.
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Table 1. Example variables demonstrating the feasibility of and feedback regarding offline data collection process (N=32).

Variable % (n/N)
Gender

Males 31% (10/32)

Females 69% (22/32)
Ageinyears

Mean (SD) 35.69 (12.39)

Range 18-61
Ethnicity

Hispanic 100% (29/29)
Race®

White 80% (24/30)

Black 13% (4/30)

Other 27% (8/30)
Education

Less than high school 7% (2/29)

High school 45% (13/29)

Some college 21% (6/29)

College 24% (7/29)

Advanced 3% (1/29)
Religion

Christian 97% (28/29)

Prefer not to answer 3% (1/29)
General hedlth

Excellent 17% (5/29)

Very good 31% (9/29)

Good 28% (8/29)

Average 21% (6/29)

Poor 3% (1/29)
Own your own house 48% (14/29)
Own your own vehicle 59% (17/29)

Understood survey?

Totally disagree 28% (8/29)
Agree 55% (16/29)
Totally agree 17% (5/29)
Was the survey clear/
simple?
Totally disagree 24% (7/29)
Disagree 10% (3/29)
Neither agree or disagree 7% (2/29)
Agree 45% (13/29)
Totally agree 14% (4/29)

33ome selected more than one race.
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Feedback from data collectors during their 3-hour training
workshop and before the pilot implementation included concerns
that the survey was too long and that respondents would likely
provide socially desirable responses to speed up the process.
Changes to the instrument after pilot implementation resulted
from additional feedback, including content related issues (item
wording, skip patterns), as well as formatting and navigation
issues related to the mobile offline version of the instrument.
Data collectors reported that some aspects of the survey (eg,
Likert scales) were too difficult for some respondents to
understand. More than two thirds of the respondentswith whom
the survey was piloted, however, indicated that they felt the
survey was understandable.

Survey 2

Pre-testing feedback on Survey 2, which was presented to 16
trainees at a week-long short course in Costa Rica (see above),
included similar themes asthoseidentified in feedback regarding

Figure 1. Pictoral ranking scale options.
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mHealth Survey Development Challenges

A number of challenges to the development of our mHealth
technologies for both online and offline survey data collection
were noted. Implications and potential solutions were derived
from areview of field notes, feedback from survey respondents
and key informant interviewees, feedback from project partners
in Puerto Rico and Costa Rica, and project team planning
meetings (Table 2). A data collector’s individually assigned
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Survey 1. Primarily, the participants reported that the survey
was too long, item formats such as those presented as Likert
Scales or similar ranking tasks, and layout were likely to be
confusing to the target population of women in their maternal
and child health research projectsin their LMICs (Costa Rica,
Dominican Republic, and Honduras). An interesting finding
wasthat the Honduran team (n=4) felt strongly that the proposed
layouts for the Likert scale items using pictures as aids should
not go fromleft-to-right, asiscommon in US survey instruments
(and even those commonly used in other LMICs), but rather
from “top to bottom” (Figure 1).

All quditative feedback from participants, aswell asfrom LMIC
partners and project personnel, will continue to be synthesized
with process feedback from Survey 1 (the survey instrument as
implemented in the medium of offline data collection), and
content feedback (where overlap exists) to edit and pre-test
subsequent iterations of Survey 2.

Completamente
de acuerdo

\J

Completamente
en desacuerdo

OOPOOO

username can only used by that data collector, for both online
and offline data collection. Therefore, it was decided that it is
best to assign only one deviceto be used by each data collector.
If more than one data collector will use a specific device, or
more than one person will use aunique username (both possible
but not advisable), then additional steps are needed to allow for
this expanded functionality and additional training and quality
assurance steps would need to be added.

JMIR Public Health Surveill 2016 | vol. 2 |iss. 1 [e28 | p.235
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Table 2. mHealth survey development challenges.
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Problem Implication

Potential solution

Institutional review board (IRB) approval
process
methods and instruments

Unique user identifications

Multiple IRBs and delays were challenges to
both initial drafts of methods, and updated

Limits data collection options, such as one de-
vice for one collector only

Earlier engagement with IRBs and allotment of more
time for ethical reviews and

approvals
Obtain ethical reviewsfrom acentralized |RB process

Allow more users access to asingle device (eg, a
“generic” user ID log in)

Although securing the device is meant asa se-
curity measure, al data are lost when the de-

vice seeps, isturned off, or the applicationis

Securing device accidentally closed

Survey istoo long

Respondents and collectorsfelt theinstrument
istoo long and responses won't be valid

Thissecurity measure could beremoved, or thedevice
configured to never sleep?

The survey will be revised for length and complexity
of item response formatting (eg, ssimpler Likert scales)

#This remains a key training and quality improvement issue.

In addition, each data collector must “secure’ the instrument
prior to data collection (a step in the process of setting up each
mobile device). Otherwise, when the device goes into “sleep
mode” or the screen is accidentally turned off (screen), thereis
arisk of losing dataaready collected. Similarly, failureto match
each device with appropriate permission codes can result in a
“metadata error” and loss of collected data when attempting to
sync the data. Clear protocols are needed to ensure that these
steps are taken by all data collectors. For example, project
procedures and checklists can be affixed to mobile devices (and
included as a “read me” file after the device is activated) to
remind data collectors and project staff of important details.

As can be expected in survey development between countries
and cultures, several issues were identified, such as challenges
with understanding certain survey item formats (eg, Likert
scales), and feedback that the survey is “too long”. Finally, the
mTurk Spanish versionisstill in development, and hastherefore
not been validated. Ongoing process evaluation will continue
to identify and resolve these and other survey research
implementation issues.

Discussion

Principal Findings

Electronic data capture is increasingly common in low and
middle income resource settings because of the efficiencies
introduced, speed, and convenience. M aximizing these benefits
in survey research in settings with limited technological
infrastructure and low resources means identifying low-cost
mobile strategies with easy user interfaces, yet provide secure
and efficient data management. Using a store-and-forward
approach, where offline data capture can maximize mobility
and reach, offers new successful methods and procedures for
survey research.

In our early fieldwork for related public health initiatives, we
have tested several electronic data capture modalitiesin arange
of settings, including rural Puerto Rico, and with Latin American
public health professionalsin CostaRica, including public health
teams from other LMICs (Honduras and the Dominican
Republic). This experience has generated several procedural

http://publichealth.jmir.org/2016/1/e28/

and methodological lessons learned and insights for ongoing
project development in our current and future projectsin LMICs
and other regions with low resources.

L essons Learned

Lesson 1

While all cross-cultural research projects involving human
subjectsin multiple countries have expected multi-tiered ethical
review processes| 28], the complexitiesinvolved in newer digital
data capturing methodologies mean that even more advanced
planning and time will be needed for IRB approvals.

Lesson 2

In addition to testing the content of survey instrumentsand their
items, extra time will be needed for testing the use of novel
mHealth technol ogies (both hardware and software), including
formative and process evaluation feedback, a consideration
which has been noted in other mHealth development initiatives
[51,52].

Lesson 3

It is important to incorporate the descriptions of usability and
steps involved with mHealth technologies into the training of
project staff and staff from the target regions. Communication
with and input from project staff, partner staff, and research
participants should beincorporated throughout the devel opment,
implementation, and feedback processes such as pre-testing,
pilot testing, and early fieldwork [52].

Lesson 4

It is critical to be flexible and change methods accordingly,
including both the content and the users’ experience. mHealth
technologies influence and are influenced by the content and
structure of the survey instrument and associated methods, so
it isimportant to continue to adapt study methods based on this
formative and process evaluation feedback [51-54].

Limitations

Our study has several limitations. First, our experienceislimited
to the sites as described, so generaizability is limited.
Generalizahility isfurther limited by the fact that with research
in LMICswiththe United Statesasapartner, there aretypically
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specific requirements and additional regulatory considerations
that add time and complexity to a study (eg, multiple ethical
reviews, requirement for a partner with an FWA)).

Second, mHealth strategies (hardware, software, research
infrastructures, open source vs proprietary) used in the present
research were not compared to other mHealth options a priori
to select resources that would best meet project objectives. Such
comparisons are often crucial for conducting mHealth research,
especialy in LMICs, in order to more fully protect the fidelity
of the research. Additionally, the software and hardware
described in the present study may not be available or optimal
for LMICs. Future research could proactively conduct
comparative effectiveness studies of similar methodologies to
meet such needs.

Third, these are preliminary lessons learned at the early stages
of two large studies. Insights gained from a retrospective
examination of barriers and facilitators to a project’s success
may reveal different, even contradictory, conclusions. That said,
our experiences are useful and practical and could inform the
decisions researchers make around electronic data capture in
low resource settings.

Conclusions

Electronic data capture offers an opportunity for low and middle
income regions to participate in large research projects
efficiently. Although no a priori comparisons for selection of

Mclntosh et al

optimal resources within LMICs were conducted, in the early
phases of the project, along with our LMIC partners, we were
able to successfully identify and implement feasible practical
steps regarding the preparation of both software (online
applications and services) and hardware (mobile devices) in
advance of implementation of our large survey research
initiatives. Survey devel opment successfully incorporated both
content development (with pre-testing and trandlation), and
platform development for implementation (using REDCap for
both online and offline implementation). Advantages and
disadvantages to device and software choices, workflows, and
user interfaces need to be wei ghed as part of necessary formative
evaluation of the project [50]. These practical detailsalso impact
(and are impacted by) IRB issues, training details, and data
management procedures.

Thereisgrowing evidence that mHealth strategiesremove health
care barriers in low and middle resource settings, so the
dissemination of evidence-based mHealth methodologies is
critical [53,54]. Immediate next steps will include full
implementation of mHealth driven surveys in multiple LMIC
and other low-resource settings, with plansfor ongoing process
evaluation to guide methodological improvements as needed.
Futureresearch in thisarea could focus upon further qualitative
research to inform improvement and implementation [52],
usability, privacy and confidentiality issues, best practices for
training, and survey implementation fidelity.
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Abstract

Background: Knowledge of thefetal effects of maternal medication usein pregnancy is often inadequate and current pregnancy
pharmacovigilance (PV) surveillance methods have important limitations. Patient self-reporting may be able to mitigate some of
these limitations, providing an adequately sized study sample can be recruited.

Objective: To compare the ability and cost-effectiveness of several direct-to-participant advertising methods for the recruitment
of pregnant participants into a study of self-reported gestational exposures and pregnancy outcomes.

Methods: The Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Consortium (PROTECT)
pregnancy study isanon-interventional, prospective pilot study of self-reported medication use and obstetric outcomes provided
by a cohort of pregnant women that was conducted in Denmark, the Netherlands, Poland, and the United Kingdom.
Direct-to-participant advertisements were provided viawebsites, emails, leaflets, television, and social media platforms.

Results: Over a 70-week recruitment period direct-to-participant advertisements engaged 43,234 individuals with the study
website or telephone system; 4.78% (2065/43,234) of which were successfully enrolled and provided study data. Of these 90.4%
(1867/2065) were recruited via paid advertising methods, 23.0% (475/2065) of whom were in the first trimester of pregnancy.
The overall costs per active recruited participant were lowest for email (€23.24) and website (€24.41) advertisements and highest
for leaflet (€83.14) and television (€100.89). Website adverts were substantially superior in their ability to recruit participants
during their first trimester of pregnancy (317/668, 47.5%) in comparison with other advertising methods (P<.001). However, we
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identified international variationsin both the cost-effectiveness of the various advertisement methods used and in their ability to

recruit participantsin early pregnancy.

Conclusions: Recruitment of a pregnant cohort using direct-to-participant advertisement methodsis feasible, but the total costs
incurred are not insubstantial. Future research is needed to identify advertising strategies capable of recruiting large numbers of
demographically representative pregnant women, preferentialy in early pregnancy.

(JMIR Public Health Surveill 2016;2(1):€13) doi:10.2196/publichealth.5366
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Introduction

Medication Use in Pregnancy

Maternal medication use during pregnancy is common [1] and
isthought to have increased substantially over the last 30 years
[2]. However, adequate nonconflicting clinical evidence
concerning the fetal effects of maternal medication use in
pregnancy takes many years to collect [3]. Safety data is
therefore often lacking, particularly for newly marketed
medications [3], and this may impact upon both maternal
medication compliance [4] and health care professional
prescribing [5]. The paucity of data and the potential
consequences this may have for both maternal and fetal health,
thereby identifies aclear need for improved pharmacovigilance
(PV) research in the field. For ethical reasons, and in order to
provide sufficient statistical power, this research is
predominantly performed using post-marketing
pharmacoepidemiological (PE) approaches[6]. However, many
of the more commonly used PE methods have been associated
with numerous biases and limitations [ 7] highlighting the need
for novel PE approachesto pregnancy PV research.

Pregnancy Phar macovigilance

The direct collection of health and medication use data from
medicines consumers has proven beneficial in the monitoring
of adverse drug reactions[8-10]. Therefore, gestational exposure
and pregnancy outcome data collected in a prospective manner
directly from pregnant women may provide auseful datasource
for pregnancy PV research. In 2009, a large collaborative
European research program, the Pharmacoepidemiological
Research on Outcomes of Therapeutics by a European
Consortium (PROTECT) project [11], was funded with theaim
of addressing key methodological limitationsin PV/PE research.
One of the specific aims of the PROTECT project wasto explore
the feasibility of enhancing the early detection of adverse drug
reactions using modern communication methods to collect PV
surveillance data. Through employing modern communication
techniquesin pregnancy PV research, such aswebsite reporting,
it may be possible to collect datafrom alarge number of study
participantsin amanner, which isless researcher timeintensive
than some traditional epidemiological methods [12]. As data
are collected directly from the patient, it may al so be reasonable
to expect fewer misclassification errors, particularly for socialy
sensitive details, such as use of acohol, tobacco, or illicit drugs,
or details regarding over-the-counter medication, which are not
easily collected from population-based registers of health care
data. More specifically for pregnancy PV studies, as
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self-reporting does not require notification of pregnancy to a
health professional, data reported directly from a patient could
be collected earlier in pregnancy; hence, providing surveillance
over atime period not easily covered by some of the common
PV/PE surveillance techniques.

Study Objectives

Given these potential advantages, the PROTECT pregnancy
study was designed to explore whether pregnant women could
be recruited to self-provide detailed information to an automated
datacollection tool, thereby enabling the prospective collection
of gestational medication use, lifestyle details, and pregnancy
outcomes. Here, we describe recruitment achieved by the
direct-to-participant advertisement methods used to recruit
participants to this study and compare their cost-effectiveness
and the stage of pregnancy at which these methods recruited
participants to the study.

Methods

PROTECT Pregnancy Study

The PROTECT pregnancy study is a prospective,
non-interventional descriptive pilot-study of self-reported
medication use and obstetric outcomes as provided by a cohort
of pregnant women. The research protocol was created by a
collaboration of public and private institutions, with researchers
from public health authorities and academic institutionsleading
the research in each of the four study locations: Denmark, the
Netherlands, Poland, and the United Kingdom. Ethical review
of the study was required in Poland (Ethics Committee of the
Poznarn University of Medical Sciences) and the United
Kingdom (National Research Ethics Service Committee North
East - Sunderland). In the Netherlands asthe databeing collected
were considered anonymous the study was granted an ethical
review waiver from a regiona research assessment board
(Regionale Toetsingscommissie Patiéntgebonden Onderzoek,
Leeuwarden), while in Denmark non-interventional
epidemiological surveys are considered exempt from the
requirement for ethical review [13].

Study Participants

All study participantswere required to provideinformed consent
for participation. In Denmark, the Netherlands, and the United
Kingdom informed consent to participate was provided
electronically. In Poland, participants were required to provide
hand signed declarations of consent viaforms printed from the
website and mailed to the local study team.
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Participants were asked to provide information via a series of
self-completed questionnaires using either a secure website or
atelephone-based interactive voice recognition system (IVRS).
Questionnaireswere completed at study entry, over the duration
of their pregnancy (completed every 2-4 weeks with the
frequency decided by the participant at study entry) and shortly
following the expected date of delivery (EDD) by website
participants, or at study entry and shortly following the EDD
only by IVRS participants. For pregnancies that ended prior to
the EDD, participants reported they were no longer pregnant at
their 2 or 4 weekly information request. Participants were also
free to discontinue their participation at any stage, providing
notification either by email or telephone.

For inclusion in the study participants were required to be
currently pregnant, residing in one of four study countries, to
have adequate natural language skills for that country, have
internet or telephone access, and to be of legal age for the
provision of their consent to participate (Denmark, Netherlands,
and Poland — 18 years; United Kingdom — 16 years). In Denmark
there was an additional requirement for participants to provide
their civil registration number.

Study Sample Size

Because this was an exploratory pilot study, an arbitrary target
sample size of 4800 women (1200 per study location) was
selected with the goal of recruiting participants over a 104-week
period. However, due to time delays in obtaining the necessary
approval s the recruitment period was reduced to 70 weeks.

Study Recruitment and Data Collection

Participants were recruited from October 1, 2012 (recruitment
week 1) until January 31, 2014 (recruitment week 70) in
Denmark, the Netherlands, and the United Kingdom. Due to
difficulties in arranging ethical approvals, the start date in
Poland was further delayed until May 20, 2013 (recruitment
week 34). Follow-up data, which are not further considered in
this manuscript were collected from all participants until March
28, 2014. Participants received no incentives for enrolment or
retention.

Recruitment Strategies

A key recruitment objective was to use direct-to-participant
advertisements wherever possible to recruit women early in
their pregnancy, and at low or no cost. In the first 18 weeks of
therecruitment period, low/no-cost advertisement methodswere
used in Denmark, the Netherlands, and the United Kingdom.
These included posting promotional discussion topics in
pregnancy online forums (United Kingdom — no cost), placing
small hyperlinks on pregnancy-related websites (Netherlands
— no cost), displaying leaflets and posters in community
pharmacies and/or obstetric/midwifery units (Netherlands and
United Kingdom — printing and delivery costs), communication
through a social media profile (Facebook United Kingdom —
no cost), and banner advertising in apregnancy-specific section
of apopular health and wellbeing website (Denmark — low cost).
Subsequently, additional funding was provided for higher cost
advertising methods, which included large digital banners
(Denmark), hyperlinks (Netherlands), and small picture/text
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graphics (United Kingdom) placed on prominent pregnancy
specific websites, adverts in emails sent to registered users of
widely used pregnancy/health information, and parenting
websites  (al  locations), an advert ared on
regional/digital-1nternet television channels (Poland), afull-page
article in a regional newspaper and pregnancy magazine
(Poland), and paid advertising on asocial mediasite (Facebook
—targeting British women aged 16-45 with interestsin children,
pregnancy, and health). Several examples of the adverts used
to promote the study are provided in the supplementary
appendix.

Advertisement Method Cost-Effectiveness Analysis

To compare the international advertising costs, conversion of
local currencies to Euros was performed using the exchange
rate on March 10, 2014 (Euro:DKR 0.13, Euro:PZ 0.24,
Euro:GBP 1.20, Euro:USD 0.72). Only advertising methods
with associated costs (paid advertising methods) displayed via
similar media platforms were grouped for comparison in this
analysis. The cost-effectiveness of the various paid
advertisement methods were compared as total cost per
participant recruited (€ per participant).

Stage of Pregnancy at Enrolment Analysis

All participants were requested to provide their EDD. Using
this, the date of thelast menstrual period (LM P; EDD-280 days)
was calculated and the date of enrolment was defined as being
within the first (1-90 days post-L MP) or second/third trimester
(91-280+ days post-LMP). The proportion of participants in
their first trimester at enrollment was compared between study
locations and paid advertisement methods using Poisson
regression (P<.05 indicating statistical significance). Statistical
analysis was performed using Stata Version 13.1 [14].

Results

Participant Recruitment

In total the advertisements generated traffic of 43,220 unique
subjects to the study website and 14 callsto the IVRS over the
70-week recruitment period. Of these women, 5.83%
(2521/43,220) self-enrolled and began data entry. However,
455, including 13 of 14 who choseto provide dataviathe VRS,
did not complete the study entry questionnaire. As insufficient
information was available from these participants, and only a
single participant used the IVRS system, only the details of the
2065 active study participants who completed the study entry
guestionnaire via the website are discussed further (Denmark
n=639, Netherlands n=476, Poland n=241, and the United
Kingdom n=709).

Figure 1 below describes the total number of active study
participants joining the study in each week of the recruitment
period. The low/no-cost advertisements used over the first 18
weeks of recruitment attracted a smaller than expected number
of visitorsto thewebsite (n=1278), of which only 4% (52/1278)
enrolled and provided study data. This prompted the use of
higher cost advertisement methods, and Figure 1 clearly
demonstrates the improvement in recruitment following their
implementation (week 19+).
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Figure 1. Timeline of participant recruitment (large scale email advertisements at weeks 19, 55, 60, and 64).
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Also, clearly seen from Figure 1 are the large increases in
recruitment, which were observed during weeks 19, 55, 60, and
64, which were mainly produced by the large scale email
advertisement campaigns where in excess of 100,000 emailed
adverts were broadcast.

Advertisement Method Cost-Effectiveness

Of the 2065 active study participants, 1867 were recruited
through paid advertisements, which broadly fit into thefollowing
five categories: website advertisements, email broadcasts, leaflet
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promotions, television broadcasts, and social media
advertisements. A description of the costs incurred for each of
these categories, the number of participants recruited, and the
resulting cost-per-participant is provided in Table 1. Where
available we have also provided estimates of the total impact
of the advertisements. For website/paid sociad media
advertisements, we display the total number of advert
impressions (ie, the number of times advertisement were
displayed to users), for emails the total number broadcast, and
for leaflets the total number printed.
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Table 1. Number of active participants recruited by each of the paid advertisement methods.
Advertisement Methods Denmark Netherlands Poland United Kingdom All locations
All Paid Methods
Total expenditure (€) 9912.00 19,010.00 10,843.00 16,962.00 56,727.00
Participants recruited (n) 614 446 125 682 1867
Cost per participant (€) 16.14 42.62 86.74 24.87 30.38
Website
Total expenditure (€) 9522.00 6002.00 276.00 576.00 16,376.00
Total impressions (n) 2,124,341 1,789 183,652 567,556 2,877,338
Participants recruited (n) 594 32 22 20 668
Cost per participant (€) 16.03 187.56 12.55 28.80 24,52
Email
Total expenditure (€) 390.00 7412.00 5304.00 10,022.00 23,128.00
Total emails sent (n) 14,000 80,214 94,500 120,442 309,156
Participants recruited (n) 20 346 47 582 995
Cost per participant (€) 19.50 21.42 112.85 17.22 23.24
Leaflet
Total expenditure (€) - 5596.00 4355.00 6178.00 16,129.00
Total leaflets printed (n) - 15,030 19,850 13,250 47,880
Participants recruited (n) - 68 47 79 194
Cost per participant (€) - 82.29 92.66 78.20 83.14
Television
Total expenditure (€) - - 908.00 - 908.00
Participants recruited (n) - - 9 - 9
Cost per participant (€) - - 100.89 - 100.89
Paid Social Media
Total expenditure (€) - - - 186.00 186.00
Total impressions (n) - - - 135,305 135,305
Participants recruited (n) - - - 1 1
Cost per participant (€) - - - 186.00 186.00

In total, €56,727 was spent on the paid advertising methods,
which equated to €30.38 per active participant. In comparing
the five broad categories of paid advertisements across all
countries, the least cost-effective were social media (€186.00),
television advertisements (€100.89), and leaflet advertising
(€83.14), while website and email advertisementswere the most
cost-effective at €24.41 and €23.24, respectively. However,
there were considerable international variations in the
cost-effectiveness of the broad advertisement categories (Table
1). For exampl e the cost-per-participant for website advertising
in Denmark (€16.03), Poland (€12.54), and the United Kingdom
(€28.80) waslow in comparison with the Netherlands (€187.56),
whilefor email advertising, costsin Poland were high (€112.85)
in comparison with Denmark (€19.50), the Netherlands (€21.42),
and the United Kingdom (€17.22). Leaflet advertising costs
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were found to be similar across the three study locationswhere
they were used (Netherlands €82.29, Poland €92.66, United
Kingdom €78.20).

Recruitment of Participantsin Early Pregnancy

Of the 2065 active participants recruited to the study 23.0%
(475/2065) were in their first trimester at enrolment. Table 2
reportsthe number of active participantsrecruited by gestational
age at enrolment stratified by study location. A Poisson
regression comparing the proportion of first trimester enrolled
participants across the locations identified a statistically
significant difference (P<.001) driven by the high proportion
of first trimester active participants recruited from Denmark
(309/330, 48.4%) in comparison with the lower proportions
recruited from the Netherlands (48/476, 10.1%), Poland (48/193,
19.9%), and the United Kingdom (70/709, 9.87%).
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Table 2. Stage of pregnancy at which active participants were recruited to the study (SOP, stage of pregnancy, participants recruited in the second or

third trimesters had reached at least 13-weeks' gestation)

SOP Denmark Netherlands Poland United Kingdom All Locations
n (%) n (%) n (%) n (%) n (%)

First trimester 309 (48.4%) 48 (10.1%) 48 (19.9%) 70 (9.9%) 475 (23.0%)2
<4/40 58 (9.1%) 2 (0.4%) 3 (L.2%) 0 (0.0%) 63 (3.1%)
5/40 53 (8.3%) 0 (0.0%) 4(L.7%) 4(0.6%) 61 (3.0%)
6/40 53 (8.3%) 2 (0.4%) 5 (2.1%) 4(0.6%) 64 (3.1%)
7/40 37 (5.8%) 2 (0.4%) 5 (2.1%) 2(0.3%) 46 (2.2%)
8/40 29 (4.5%) 4(0.8%) 8 (3.3%) 7 (1.0%) 48 (2.3%)
9/40 23 (3.6%) 15 (3.2%) 0 (0.0%) 14 (2.0%) 52 (2.5%)
10/40 21 (3.3%) 9 (1.9%) 4(1.7%) 8 (1.1%) 42 (2.0%)
11/40 20 (3.1%) 6 (1.3%) 9 (3.7%) 15 (2.1%) 50 (2.4%)
12/40 15 (2.4%) 8 (L.7%) 10 (4.2%) 16 (2.3%) 49 (2.4%)

Second/third trimester 330 (51.6%) 428 (89.9%) 193 (80.1%) 639 (90.1%) 1590 (77.0%)

Total 639 (100.0%) 476 (100.0%) 241 (100.0%) 709 (100.0%) 2065 (100.0%)

Poi sson regression (P<.001) identifies asignificant difference between the four study locationsin the proportion of first trimester participants recruited
driven by the high proportion of Danish participants recruited in the first trimester.

Table 3 comparesthe ability of the five broad categories of paid
advertisement methods to recruit participants in their first
trimester. A second Poisson regression, which compared the
proportion of first trimester enrolled participants across three
of five advertisement categories (television- and social
media—recruited participants excluded due to small sample sizes)
identified a statistically significant difference (P<.001) driven
by the high proportion of total first trimester active participants
recruited by website advertisements (317/668, 47.5%) in

comparison with the email (72/995, 7.24%) and lesflet
advertisements  (53/194, 27.3%). Although website
advertisements recruited the highest proportion of first trimester
participants overal, as they did in Denmark, Poland, and the
United Kingdom, in the Netherlands only 18.8% (6/32) of
participants recruited via website adverts were in their first
trimester compared with 41.2% (28/68) of leaflet recruited
participants.

Table 3. Overview of the number of study participants recruited in the first trimester (T1) by each of the paid advertisement methods stratified by study

location.
Advertisement Methods Denmark Netherlands Poland United Kingdom Total
Total participants recruited by 614 446 125 682 1867
paid advertising n
Total recruited in T1 299 (48.7%) 47 (9.87%) 28 (22.4%) 68 (10.0%) 442 (23.7%)
n (% of total)
Websiten T1/total by method (%) ~ 296/594 (49.8%)  6/32 (18.8%) 8/22(36.4%)  7/20 (35.0%) 317/668 (47.5%)%
Email n T1/total by method (%) 3/20 (15.0%) 13/346 (3.8%) 12/47 (23.4%) 45/582 (7.7%) 72/995 (7.2%)
Leaflet n T1/total by method (%) - 28/68 (41.2%) 9/47 (19.1%) 16/79 (20.3%) 53/194 (27.3%)
Television n Tl/total by method (%) - - 0/9 (0.0%) - 0/9 (0.0%)
Paid Social Median T1/total by - - 0/1 (0.0%) 0/1 (0.0%)

method (%)

Poisson regression (P<.001) identifies a significant difference in the proportion of first trimester study participants recruited between the website,
email, and |eafl et advertisement methods, driven by the high proportion of first trimester participants recruited by website advertisements.

Discussion

Principal Findings
In this non-interventional study of self-reported gestational

exposures and pregnancy outcomes we found that low/no-cost
adverti sements were unsuitable for recruiting a high number of
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study participants in a short period of time. Higher-cost
advertisements improved recruitment considerably although
the costs were not insubstantial. Email and website
advertisements performed preferentially to the other methods
in terms of costs-per-participant recruited and overall website
advertisements were substantially superior at recruiting
participants in the first trimester. However, we did identify
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international variations in both the cost-effectiveness of the
various advertisement methods used and in their ability to recruit
participants in early pregnancy.

Advertisement Cost-Effectiveness

We believe that our study represents the first attempt to assess
the cost-effectiveness of direct-to-participant advertisement
methods used in the recruitment of women to a pregnancy PV
study. Available published data comparing the cost-effectiveness
of different advertisement methods to recruit pregnant women
to health research programs are limited [12,15,16]. One study
showed advertising via social media (€25.00 per participant,
based on 1,829,115 advert views over approximately 1 month,
624 clicks to the website, and 8 recruits) [15] to be more
cost-effective than in our study (€186.00, based on 135,305
advert views over one month, 236 clicks to the website, and 1
recruit). Resultsfrom asecond study were more consistent with
our findings, suggesting that email advertising was the most
cost-effective of the methods trialed [16], although in contrast
to our findings website advertisng was reported to be
approximately three times less cost-effective than email
advertising [16]. In addition, a final study identified a
considerable reduction in total research costs, including
recruitment costs, for studies conducted via the Internet in
comparison with more traditional researcher interview
techniques [12]. In this study, traditional researcher-led
recruitment costs were approximated at €33 per participant,
while Internet advertisement recruitment costs were lower than
what we experienced overall (€24.52) at €11.68 per participant
[12].

The key limitation of our cost-effectiveness analysis relates to
the inability to account for any cumulative exposure to various
advertisement materials. An additional limitation of the
international comparisons specifically relates to the way in
which we combined al the different advertisements used into
five broad categories. For example, the website advertisements
category combines cost-efficacy datafrom all the adverts placed
invarious locations on avariety of sitesall with different levels
of internet visibility (see Table 1). It is therefore plausible that
the number of unique site visitors, which viewed the adverts
varied between the websites that were grouped within this
category. Whileit might have been expected that this would be
controlled for by the cost of advertisement, with more prominent
websites charging higher costs, we found thiswasn’t comparable
internationally. It was possible to advertise in prominent
positions on popular Danish websites at a lower cost than that
required for advertising on Dutch, Polish, or British websites
with similar levels of web visibility.

Recruitment of Participantsin Early Pregnancy

One of the hypothesized advantages of collecting data from
pregnant women recruited directly without the requirement for
study promotion by a health care professional was that women
could theoretically be recruited early in pregnancy, prior to
seeking out any obstetric care. Thiswas considered potentially
beneficial inthat it could provide surveillance over agestational
period not easily covered by traditional pregnancy PV/PE
studies, collecting early pregnancy exposure and outcome data,
which may otherwise be missed. Published data comparing the
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demographics of pregnant participants recruited through
different advertisement methods are limited [17]. The single
published study that we identified [17] did not investigate the
differences in stage of pregnancy at enrollment for the various
advertisement methods used. We therefore believe that our
findings represent the first to demonstrate the variation in stage
of pregnancy at enrollment by advertisement method.

It is likely that a main factor predicting an advertisement
method’s ability to successfully recruit participants in early
pregnancy is the time at which women naturally interact with
the media platforms on which advertisements are displayed.
For example, email advertisements were mainly sent to
registered members of online pregnancy or parenting clubs,
although women in early pregnancy are not prevented from
registering with these, it is probable that most only do soin later
stages of gestation (>90 days post LMP — outside the first
trimester) when more confident that the pregnancy islikely to
continue to term. In contrast, pregnancy/parenting information
websites may be commonly viewed by women in the early
stages of pregnancy investigating pregnancy symptomsor using
due date calculators.

Overall the results of our study identified that website
advertisements recruited a significantly higher proportion of
women in early pregnancy in comparison with the alternative
methods. The results also identified a significant differencein
first trimester recruitment by study location, a finding that we
believe was mainly influenced by the high proportion of Danish
study participants which were recruited through website
advertising (~93%).

In this pilot study, most women were recruited beyond the first
trimester, but this is «ill of potentia value for
direct-to-participant pregnancy PV/PE studies[18]. For example
details of early pregnancy maternal exposures and lifestyle
choices may still be collected, albeit retrospectively, and
therefore with a possible risk of introducing misclassification
or recall biases.

Future Research

For pregnancy PV studies specifically, the ability to detect
increased incidences of rare gestational events such as specific
congenital malformations among women taking a specific
medication is dependent on the enrolment of a large study
population. Prospective enrollment in early pregnancy is also
considered advantageous as it is likely to minimize the
introduction of some detrimental biases. Over the course of the
PROTECT pregnancy study’s 70-week recruitment period, we
conservatively estimate that more than 3 million pregnancies
would have been recognized by women residing in the four
study locations [19]. We therefore only enrolled a small
percentage of the total pregnant population, which raises
concerns regarding the ability of these methods to recruit a
sufficiently large enough sample size to test associations
between exposures and rare clinical events. In addition, the
advertisement methods we employed were much more likely
to recruit women in the later stages of pregnancy, which may
introduce selection, recall, and misclassification biases. While
we remain optimistic that study participant self-reporting of
medi cation use and obstetric outcomeswill prove advantageous
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for pregnancy PV/PE studies, future research is needed to Conclusions
identify advertisement strategies which are ableto recruit large
numbers of demographically representative pregnant women,
preferably early in pregnancy and at a low cost. While the
recruitment strategy employed in this study aimed to exclusively
employ direct-to-participant advertisement methods, it is
possible that recruitment may be improved using study
promotion through clinicians such asgeneral practitioners/family
doctors who are often the first health professional to speak to
patients about pregnancy.

Of the various advertisement methodstrialed in this pilot study,
website and email advertisements were the most cost-effective,
while website advertisements were the most suitable for
enrolling participants in their first trimester. We believe these
findings could prove useful for researchers looking to recruit a
similar study cohort directly and without the intervention of
health care professionals or academic researchers. However,
our results also identify some concerns regarding the use of
direct-to-participant advertisement methods as the sole strategy
for recruiting women to a pregnancy PV study.
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Abstract

A century ago, the Welch-Rose Report established a public health education system in the United States. Since then, the system
has evolved to address emerging health needs and integrate new technologies. Today, personalized health technol ogies generate
large amounts of data. Emerging computer science techniques, such as machinelearning, present an opportunity to extract insights
from these data that could help identify high-risk individuals and tailor health interventions and recommendations. As these
technologies play alarger role in health promotion, collaboration between the public health and technology communities will
become the norm. Offering public health trainees coursework in computer science alongside traditional public health disciplines

will facilitate this evolution, improving public health’s capacity to harness these technol ogies to improve popul ation health.

(JMIR Public Health Surveill 2016;2(1):€10) doi:10.2196/publichealth.5018
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Introduction

In 1915, the Rockefeller Foundation published a report by
William Welch and Wickliffe Rose to delineate a knowledge
base for public health practicein the United Statesand to design
an educational system accordingly. While compiling thisreport,
Welch, Rose, and other stakeholders struggled with the
multidisciplinary nature of the field. Most professions are
defined by a common disciplinary focus, but public health
combines diverse disciplines to achieve a common goa [1].
Distinct from medicine and health care, public health focuses
on promoting health and preventing disease at the population
level. While a deep knowledge of biological and life sciences
formsthe core of medical training, public health requiresamore
comprehensive set of skills, including biology and life sciences,
social sciences, public policy, and statistical reasoning [2].

The Council on Education for Public Hedth (CEPH), an
independent agency recognized by the US Department of
Education to accredit public heath schools and programs,
emphasizes five core areas that congtitute the “intellectual

http://publichealth.jmir.org/2016/1/e€10/
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framework” for public hedth professionals. biostatistics,
epidemiology, environmental health sciences, health services
administration, and social and behavioral sciences [3]. One of
the CEPH’s three objectives isto encourage—through periodic
review, consultation, research, publications, and other
means—making improvements in the quality of education for
public health [4].

Since the formation of the CEPH in 1974, several reports have
assessed the state of public health and made recommendations
for public health education. In 1988, aUS Institute of Medicine
(now the National Academy of Medicine) report on the future
of public health called for a greater emphasis on public health
practice and rel ationships with academic disciplines outside of
public health, including business admini stration and departments
of physical, hiological, and social sciences [5]. Following up
on that report, in 2002 the Institute of Medicine again
highlighted the need for public health schoolsto crosstraditional
boundaries and provide transdisciplinary training. This report
specifically emphasized the need for training in computer skills
and information technology [6]. Echoing these sentiments, The
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Lancet Commission on the Education of Health Professionals
for the 21st Century aso stressed the need for the next
generation of learners to “discriminate vast amounts of
information and extract and synthesize knowledge that is
necessary for clinical and population-based decision making”

(71

Many public health programs now offer specializationin public
health informatics—the systematic application of information
and computer science and technology to public health practice
and research [8,9]. Nonetheless, curricula have rarely kept up
with the data management and analytic regquirements to
understand the implications of new technologies [10]. One
example of thisis disease surveillance—akey responsibility of
public health. Advancesin information technol ogy have spurred
an evolution in our capacity to collect crucial information
quickly, remotely, reliably, and cheaply. These technologies
allow for the continuous real-time collection and analysis of
health-related data. Both Google Search data and Twitter data
have provided insights into disease surveillance and other
“digital epidemiology” research questions[11-13].

The Digital and Mobile Health Revolution

Over the last few decades, the digital revolution has fueled
technological progressand innovation. It isbecoming clear that
mobile devices will play a growing role in that process [14].
Smartphone penetration has surpassed that of personal
computers, with estimates suggesting that usage will exceed 6
billion by 2020 [15]. With increases in smartphone usage,
mobile phone apps have become a ubiquitous presencein users
lives; most users report using at least 20 apps on their devices
[16].

Health apps are particularly popular. A 2014 analysis estimated
that there are over 100,000 health, fitness, and medical mobile
apps, with the majority focusing on preventive areas such as
healthy living, diet and exercise, addiction, stress, relaxation,
and sleep [16]. Along with the growing presence of wearable
technol ogies (eg, fithess trackers and smartwatches), these apps
are contributing to a surge in the availability of health-related
data. These apps collect tremendous information flows, in real
time, and have the capacity to interact with the user, enabling
changes in user behavior in response to user data.

Computation and Public Health: Machine
Learning as an Example

One example of the potential for computational techniques to
improve public health is machinelearning. This methodol ogical
approach has emerged as a means of making sense of
increasingly complex, high-volume big data such as those
emerging from apps. Arthur Samuel, amachinelearning pioneer,
described thisdomain asthe “field of study that gives computers
the ability to learn without being explicitly programmed” [17].
Machinelearning includes many different methods—regression,
decision trees, neural networks, clustering, network
analysis—that are more broadly categorized as either supervised
or unsupervised learning. Although the field has existed for
over haf a century, recent progress has alowed for the

http://publichealth.jmir.org/2016/1/e€10/
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devel opment of real-world applications, including Google News
clustering, Amazon product recommendations, and Facebook
photo recognition. Recognizing the demand for machinelearning
expertise, trainees are flocking to the field; a graduate-level
machine learning course is one of the most popular courses at
Stanford University [18].

With the emergence of big data, machinelearningisincreasingly
being used in real-world applications that are transforming
industries. In 2013, IBM declared that the intersection of cloud
computing, big dataanalytics, and learning technologieswould
usher in “anew era of cognitive systems where machines will
learn, reason and engage with us in a more natural and
personalized way” [19]. Large technology companies such as
Amazon, Facebook, Google, IBM, and Microsoft have been at
the forefront of this movement with investments in machine
learning resources (including academic talent). Many smaller
startups are al so using these methods across a variety of sectors
and receiving funding from investors [20]. In 2014, investors
put US $309 million into artificia intelligence and machine
learning startups across more than 40 deals [21]. Common
applications of machine learning include Web search, spam
filters, recommender systems, ad placement, credit scoring, and
fraud detection [22].

Furthermore, an increasing number of health care stakeholders
are recognizing that human-machine collaboration is critical
for the devel opment of cost-effective and potentially cost-saving
solutions. Google, IBM, and Microsoft have partnered with a
variety of health care organizations to implement machine
learning solutions for complex problems including medication
adherence, cancer treatment, and claims reimbursement. For
example, Memorial Sloan Kettering Cancer Center is using
IBM Watson Analytics's cognitive computing technologies to
provide oncol ogists and patientswith tail ored treatment options
informed by clinical evidence and The Center’s highly
specialized expertise. Google is working with Stanford
University to investigate how machine learning can transform
drug discovery by using datafrom avariety of sourcesto more
accurately identify which chemical compounds could effectively
treat avariety of diseases[23].

In the context of public health, computational methods such as
machine learning could be used for both predictive and
explanatory modeling, that is, identifying which individuals
will benefit from an intervention, and better understanding the
relationship between different exposures and health outcomes.
In the realm of predictive modeling, machine learning could
integrate data from a diverse set of sources—electronic health
records, genomic sequencing, claims data, mobile sensors, and
even social media—to better predict individuals at high risk for
specific health conditions. Continually incorporating new data
with minimal supervision will likely reduce the time and costs
typicaly associated with building these insights. Once
individuals have been identified, interventions and
recommendations can be tailored based on personal preferences
and feedback. Machine learning alows algorithms to
continuously update so they become smarter and more
personalized the more they are used. Thisdata-driven approach
is an improvement over traditional approaches in which
individuals are stratified according to characteristics such as
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age, sex, and biomarkers to predict risk and recommend
interventions.

The promise of machine learning approaches is beginning to
be realized. Several technologies in development and in the
market are using machine learning methods in concert with
behavioral and biometric data to generate personalized
suggestionsthat promote healthier lifestyleswithout any human
involvement [24,25]. Although the literature on efficacy is
limited, a recent study of a hedth-tracking app provided
preliminary evidence on machinelearning asatool for behavior
change [26]. The app automatically translates behavioral data
into personalized suggestions that promote hedlthier lifestyle
without any human involvement. Participants in the
experimental group (those who received the app’s personalized
suggestions) walked significantly more and rated the suggestions
more positively compared with the control group that received
nonpersonalized suggestions from professionals. Although the
sample size was relatively small and the time period relatively
short, these results provide an optimistic outlook for machine
learning and health.

Machine learning also has important implications for
explanatory modeling and new insights into causality. While
randomized controlled trials and experimental data are
considered the criterion standard in epidemiology for causal
inference, they are often criticized for alack of external validity
[27,28]. What works in a controlled research setting may not
tranglate to an effective solution in practice. As data become
increasingly complex, machine learning could help uncover
patterns and identify trends, ultimately improving existing
explanatory models and generating new causal hypotheses[29].

Although machine learning methods present an opportunity for
public health, there are challenges and limitations to consider.
Given that these methods generally use a diverse set of datain
addition to traditional medical information, there are many
concernsrelating to data privacy. While the US Health Insurance
Portability and Accountability Act protects medical information,
existing laws in the United States do not cover data generated
by most personalized health technologies. Specia consideration
must also be given to health inequities because innovative
technologies often favor younger and affluent individuals over
older, high-risk, and marginalized populations. These novel
methods will aso inevitably create tension between relying on
algorithmsand on human recommendations—the true potential
of these technologies is their ability to augment rather than
replace human expertise.
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Big data, machinelearning, and other computational techniques
have the potential to provide insights into a broad set of public
health topics including disease treatment, surveillance, and
prevention. Chronic diseases, such as heart disease, stroke,
cancer, diabetes, obesity, and arthritis, are the leading causes
of death and disahility in the United States and in much of the
world. Motivating behavioral changerelated to physical activity,
nutrition, tobacco, alcohol use, medication adherence, and
mental health could alleviate asubstantial portion of the chronic
disease burden [30]. Personalized health technologies,
specifically those incorporating machine learning, have shown
promise in driving behavior change in these areas. If public
health practitioners are serious about their commitment to
disease prevention, they should follow the lead of health care
and other industriesin embracing big dataand adopting machine
learning methods.

A significant constraint in realizing public health value from
big data, however, is a shortage of talent at the nexus between
public health and computer science. Leading voices, including
the Institute of Medicine, the US Centers for Disease Control
and Prevention, and The Lancet have called attention to the
need for information technology skills and have recommended
public health curriculachanges[6,7,10]. Although many public
health programs offer statistical programming coursesin SAS
and STATA, for example, curricula generally do not include
deeper computer programming skills. Some programs have
optionsfor specialized training in public health informatics, but
gaps in skills and knowledge persist. Computer science
disciplines have extended their focusto health, but public health
schools have yet to fully embrace computer science. However,
theincorporation of computer scienceinto public health training
is perhaps more critical than the adoption of public health asa
focusfor computer science: therole of well-trained public health
professionalsisessential to foster dialogue on important issues
such asthe methodol ogical limitations and ethical implications
of big datafor health.

Public health schools have a history of collaboration and formal
engagement with other fields, including medicine, law, nursing,
social work, and business [31]. As formalized public health
education in the United States celebratesits 100th anniversary,
it istime to extend this collaboration to computer science and
technology in order to more effectively and efficiently address
today’s pressing public health problems.
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Abstract

Background: Maps have been widely used to provide avisual representation of information of a geographic area. Health atlases
are collections of maps related to conditions, infrastructure or services provided. Various countries have put resources towards
producing health atlases that support health decision makersto enhance their servicesto the communities. Latin America, aswell
as Spain, have produced severa atlases of importance such as the interactive mortality atlas of Andalucia, which is very similar
to the one that is presented in this paper. In Mexico, the National Institute of Public Health produced the only health atlas found
that is of relevance. It was published online in 2003 and is currently still active.

Objective: The objective of thiswork is to describe the methods used to devel op the Health Atlas of Jalisco (HAJ), and show
its characteristics and how it interactively works with the user as a Web-based service.

Methods: Thiswork has an ecological design in which the analysis units are the 125 municipalities (counties) of the state of
Jalisco, Mexico. We created and published online a geographic health atlas displaying a system based on input from official
health database of the Health Ministry of Jalisco (HMJ), and some databases from the National Institute of Statistics and Geography
(NISGI). The atlas displays 256 different variables as health-direct or health-related indicators. Instant Atlas software was used
to generate the online application. The atlas was developed using these procedures: (1) datasheet processing and base maps
generation, (2) software arrangements, and (3) website creation.

Results: The HAJ is a Web-based service that allows users to interact with health and general data, regions, and categories
according to their information needs and generates thematic maps (eg, the total population of the state or of a single municipality
grouped by age or sex). The atlasis capable of displaying more than 32,000 different maps by combining categories, indicators,
municipalities, and regions. Users can select the entire province, one or several municipalities, and the indicator they require.
The atlas then generates and displays the requested map.

Conclusions: This atlas is a Web-based service that interactively alows users to review health indicators such as structure,
supplies, processes, and the impact on public health and related sectorsin Jalisco, Mexico. One of the main interests isto reduce
the number of information requests that the Ministry of Health receives every week from the general public, mediareporters, and
other government sectors. The atlaswill support transparency, information diffusion, health decision-making, and the formulation
of new public policies. Furthermore, the research team intends to promote research and education in public health.
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Introduction

Information in health has become an asset for governments and
institutions in many countries. Registers of health and disease
events, inventories of health resources and infrastructure,
medical records, and registers of preventive actions are only a
few of the many sources of health data[1,2]. In the last twenty
years, a lot of work has focused on the use of Geographic
Information Systems (GIS) around theworld [3]. These systems
aredefined as computer systems capable of assembling, storing,
manipulating, and displaying geographically referenced
information (ie, dataidentified according to their locations) [4].
However, their use in health information improved when they
were used to support decisions on service implementation,
epidemic monitoring, and public health interventions [5]. One
of the applications of these systemsisthe generation of atlases,
which are sophisticated tool s capable of managing, storing, and
showing spatial relationships. Atlases can be printed on paper,
but are also available in electronic or Web-based, interactive or
multimedia formats. In health, research has described the
distribution of health actions and disease cases from a
geographic standpoint, using aggregated information at country,
state or county level, whether raw numbers or standardized rates
[6]. Health atlases are a collection of maps related to health
conditions which provide a unique method to analyze data and
describe the magnitude of health problems, identify their
relationships with social situations, determine conditioning
factors, and support decision making from health authorities,
government, non-government organizations, and the community.

The use of maps to show health information provides a visua
representation of the distribution of a health situation or
condition and itsrelation to many other environmental, dietary,
and physical infrastructures, human resources, among many
others [7]. For example, a geographic atlas was used in Spain
to show mortality information that guided health authorities to
focus their services where they were needed the most [8].
Another atlas was used in Taiwan to report mortality rates on
oral cancer related to environmental risks[9], wherethey found
aspatial correlation between the presence of some metalsinthe
environment and theincidence of oral cancer. Another example
isthe Atlas of Reproductive Health that the Center for Disease
Control (CDC) of Atlantareleased in 2004 to show demographic
and risk factors related to this topic [10]. More recently, a
Web-based system was developed in Saudi Arabia to manage
registry data for patients with diabetes [11].

In Latin America, there have been several efforts to develop
health atlases from different perspectives and areas, such asthe
atlas of cancer mortality in Colombia, which shows the
distribution of cancer mortality in a series of maps according
to gender and state [12]. The Health Atlas of Mexico that was
made in 2003, displays health and disease distributions
according to state and counties, and was published in compact
disc (CD) and in a Web-based platform [13]. The Web-based

http://publichealth.jmir.org/2016/1/e11/

atlas developed at the Pan-American Health Organization in
2003 [14], and some other atlases devoted entirely to show the
health conditions of specific states in one country, such as the
one we report here, have been developed [15,16]. All of them
served their respective ministries to make health-related
decisions and take the corresponding actions with different
results.

Since 2013, the government of Jalisco established a new law
called Law of Transparency and Public Information Access,
which compelsall public officesto publish their operationsand
economic and management information related to the use of
public resources[17]. Thislaw also establishesthat any citizen
can request information from any state office and the officials
must answer promptly or be sanctioned for the delay. For this
reason, in 2014, the Health Ministry of Jalisco (HMJ) signed
an agreement with the research team from the University of
Guadalgjara responsible for the project reported in this paper
to provide information, and use this atlas as one of its main
sources of information for purposes of the Transparency Law.

Theinteractive Health Atlas of Jalisco (HAJ) isaservice created
by the University of Guadalgjara, Mexico, through a grant by
the Council of Science and Technology of the Province of
Jalisco. The HMJ provides approved information to feed the
system and publishesit as a Web-based service. Theaim of the
service is to support health decision makers and inform media
reporters and the general public with a collection of thematic
maps that represent the main health indicators of the Province
of Jalisco, based on datafrom 2010 to 2013. In addition, it serves
to indicate the status of the health-related Millennium
Development Goals established by the United Nations (UN) in
the state[18]. Thus, the objective of thiswork isto describe the
methods used to develop the HAJ, as well as show its
characteristics and how it interactively works with the user as
aWeb-based service.

Methods

A multidisciplinary research team comprised of a physician,
geographer, mathematician, and statistics specialist all working
at the University of Guadalgjara developed the HAJ. In total,
the design and development of the HAJ took about two and a
half years, which includes the time spent in making
arrangements with the HMJ and the National Institute of
Statistics and Geography (NISGI, INEGI in Spanish), the
organizationsthat provided the dataused asinput to the system.
Thedigital maps are generated using the Instant Atlas software
[19], which creates an interactive, online tool for the end user
to manipulate and display the atlas data as digital maps. To
achieve this, the team generated the website, manipulated the
input data, prepared the base maps, and gave the instruction set
so the software could process the data and generate the mapping
tool.
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Thiswork isbased on an ecologic design in which the analysis
unit was the municipality (county) of the state of Jalisco in
Mexico. We created and published online a Geographic Health
Displaying System in which we used HMJ's official health
database and databases from the NISGI as input to complete
the project. For this purpose, we acquired a license for the
Instant Atlas software as our base program to generate the
interactive online application [19].

Scope

Jalisco is one of the 32 states (departments) of Mexico. It is
located in the Central Western area of the country and it isthe

7th biggest statein Mexico with an area of 78,588 km?. Jalisco
has 125 municipalities (counties), a population of more than
7.3 million people distributed in urban (87%) and rural (13%)
areas, and ranks as the 4th most populated state in the country
(6.5%). There are 3,750,041 women (51%) and 3,600,641 men
(49%) in Jalisco, with amean age of 25 years. In 2013, the gross
domestic product of the state represented 6.4% of the country’s
total.

Analysis Units

While the main scope of the atlas is the state of Jalisco, its
analysis units are the municipaities. There are 125
municipalities in the state with a mean distribution of 93.5
inhabitants per km?. The municipality with thelargest population
isGuadalgjarawith 1,495,189 inhabitants on asurface of 187.91
km?, only 0.23% of the state's surface. The least populated
municipality is Ejutlawith only 2082 inhabitants on aterritory

of 472.21 km?, representing 0.60% of the state's surface. Ejutla
hasthree times more surface than Guadal ajaraand a population

density of 4.42 inhabitants per km?, while Guadal gjara’ sdensity

is of 7957 inhabitants per km?. Thus, a great disparity in
population distribution exists in Jalisco [20]. More than 50%
of the population livesin only five municipalities: Guadal gjara,
Zapopan, Tlaguepaque, Tonala (central region), and Puerto
Vallarta (north coast region), with 1.49 million inhabitants in
Tona4 and only 250,000 in Puerto Vallarta.

Variables

The atlas is divided into seven broad, health-related themes,
where three of them (mortality, morbidity, and health
infrastructure) are direct health indicators and four of them
(demography, socio-economy, education, and living condition)
are genera health-related indicators. Each of the seven themes
are composed of different health indicators (referred to as
variables in the atlas) and broken down as follows. (1)
demography (36 variables), (2) socio-economy (18 variables),
(3) mortality (43 variables), (4) morbidity (59 variables), (5)
health infrastructure (3 variables), (6) education (18 variables),
and (7) living conditions (79 variables). Each variable generates
athematic map resulting in seven thematic maps and atotal of
256 variables.

Most of the variables are represented in absol ute numberswhile
some are shown as percentages, and afew asrates. The variables
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are not al represented in the same format because they were
received them from the HMJ and the NISGI, and because we
did not want to change the data so it reflected the real situation
of the state according to those ingtitutions.

There are two major regiona divisions in the HAJ: the 12
sanitary regions made by the HMJ, and the 13 planning regions
made by the Jalisco’s State Planning Office (JSPO, COPLADE
in Spanish). Thedifferenceis because the HMJ divided the state
more than twenty years ago for health service delivery purposes,
whereas the Government of Jalisco, through the JSPO, divided
the state about fifteen years ago for planning purposes. The
regions of both divisions have different municipalities; therefore
the results given by the atlas are different too. Given that, the
user needs to verify which major division to select in order to
receive the adequate information.

I nformation Sources

The information regarding health indicators was provided by
the HMJ, who provided databases in datasheet format
corresponding to mortality, morbidity, and health infrastructure
of the state, divided by municipalities for the year 2013. In
addition, information was extracted by mining the NISGI
website [20], and demographic, socio-economic, education, and
housing information corresponding to the 125 municipalities
for the year 2013 was obtained. The information from both
sourceswas retrieved in datasheet format and then manipul ated
to feed the GIS used in this project.

Procedures

Datasheet Processing and Base Maps Generation

Using the coding system provided by the NISGI in which each
of the 125 municipalities has a unique code or number, we
processed the datasheets received from the HMJ (118 health
indicators) and collected from the NISGI website (138 general
indicators). The 256 indicators were then processed as variables
in datasheet format according to software specificationsin order
to generate the same number of tablesthat served asinput. Each
municipality was aso assigned two region numbers according
to the twelve sanitary regions and the thirteen JSPO regions
that appeared as new variables on each table crested (M ultimedia
Appendix 1). Three different base maps (data shapes) were then
generated to beused in all the analytical categories, sowe could
combine them with the HMJ and NISGI’s datasheets (Figure
1). The shapeswere the maps of theterritory analyzed according
to its real geographical coordinates defined by the NISGI and
also obtained through its website. The shapes were processed
according to the project’s specific needs and then prepared for
the requirements of the software. The shapes are polygonal
databases that save the data of the entire studied territory, in
this casethe state of Jalisco, and of all the municipalitieswithin
one registry (row) for each municipality in the "municipality
code" field. Thus, each municipality was assigned to arow on
the shape database and then the corresponding information of
each one was captured on the same row, which would later be
processed inside the software to generate the thematic maps.
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Figure 1. Example of a data shape of the state of Jalisco, Mexico.

Software Arrangements

The data files were processed offline using Instant Atlas
software [19] to combine data shapes and datasheets and
generate the online files for the users. The software is capable
of generating every necessary file to publish the map on the
Web. For example, in the mortality category, the software
generated more than 50 files that included the datasheet file
(csv and xdlt), the shape files (js), the image files (PNG, GIF,
and JPEG), and the html files (html and css). The generated
files were ready to upload into the Web server with no further
manipulation,

Making Up the Website

The goal of the HAJ isto provide an open access, free service
for the HMJ, health related decision makers, non-government
organizations, and the community. As such, we generated a
free, searchable website accessible through the Internet. The
grant we received from the Council of Science and Technology
of Jalisco allowed usto pay for the hosting and the URL name
for two years.

Two hosting providers were contracted. The first was Wix that
was used to prepare the overall interface of the project with
general information about the research project, the research
team, tutorials, and credits of the university and the collaborating
and granting ingtitutions. On this site, one section to publish the
atlas was prepared but no files of the atlas were saved on this
server. Instead, we made alink where thefileswere stored. The
second iswhere we hosted and organized the files generated by
the GIS software on the other contracted server where the link
on thefirst server pointed. A local provider managesthis server
for security (check that al the files are secured and protected)
and accessibility (managing the website) purposes. The contracts
of both hosting servicesincluded the payment of the URL names
for the site, so we did not have to pay for them separately. In
2014, we uploaded the generated files into the server and set

http://publichealth.mir.org/2016/1/e11/

XSL-FO

RenderX

o
g £ A

Ramos Herrera et al

~‘ ' uascalient
DN

Dy

= o
“ " Guanajuato
LSS
- I'I:CO ‘* '*l"' -

/

the online version of the HAJ as well as the URL given, so it
could be available for user review.

Results

General Characteristics and Technical Specifications
of theHAJ

The HAJ is a Web-based service that provides a friendly
environment for users to interact with health and general data,
regions, and categories according to their information needs;
the atlas generates thematic maps about the situation of the state
for each health indicator and category requested (ie, the total
population of the state or of a single municipality, grouped by
age or sex). It iscapable of generating and displaying morethan
32,000 different maps by combining categories, indicators,
municipalities, and regions, so users can select the entire
province, one or several municipalities, and the indicator that
they require. Then, the atlas generates and displaysthe requested
map. Userscanthen print it or saveit in PDF, spreadsheet, PNG
or html formats. This represents a very large amount of
information for the health ministry and the community of the
state. Accessto the atlas can be found on its website [21].

Selection of a Thematic Map

The main page of the HAJ (Figure 2) shows an introductory
video that explains why the atlas was made and what it can be
used for. The video plays automatically when the webpage is
opened, but it can be paused or stopped at any time, shown in
full screen or in the default small-frame setting. The logos of
the ingtitutions involved in the project and the grant credits are
shown at thetop of the page. The main menu isdisplayed under
the logos. The five main menu options are Homepage (Inicio),
Theme Selection (Atlas), Downloads (Descargas), Contact
(Contacto), and More Info (Mas). Each link takes the user to a
different area.
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To see the thematic maps users must get to the mapping tool.
This can be done by following two paths. The first is selecting
the Atlas option on the main menu that opens the Theme
Selection page, which shows the previousy mentioned
categories and a general explanation of each. If a category is

Ramos Herrera et al

selected, the mapping tool on that category is displayed. The
second is selecting a category from the submenu in the Atlas
option on the main menu, which links directly to the mapping
tool to choose data from the category selected.

Figure 2. Homepage of the Health Atlas of Jalisco showing the main menu and the introductory video.

g ATLAS

de Salud del Estado de Jalisco

ENLACES

el Centro

The Mapping Tool

The site includes a tutorial on how to use the mapping tool;
users must select the"More Info" option of the main menu and
select the "Extras" option from the submenu. There, the"Video
Tutoria" link opens an 8-minute video clip that explains how
to use the mapping tool.

Textbox 1. Description of the frames in the mapping tool.

:
AN
L, |

COECYTIAL SaSis

Interactive Characteristics

Whether the user selectsthefirst or second path, the site directs
him/her to the mapping tool. The mapping tool with the
Mortalidad (mortality) category in the upper left corner of the
screenisshownin Figure 3. There are four framesin the center
of the screen. The mapping tool will display information on any
element within the frame simply by moving the mouse over
that element. Clicking on any element, however, produces a
change in the map in the middle, as explained in Textbox 1.

Frame and description

1. ThelLeyenda (Legend) frame activates or deactivates the four layers displayed on the map (variables, regions, municipality limits, and the world

street map) just by clicking their name on the Legend frame.

The Grafico de Columnas (Bar Graph) frame shows abar graph according to the variable selected, if any bar is selected it activates the corresponding
region or municipality on the map.

The Mapa (Map) frame in the middle displays the map of Jalisco according to the variable and layer selected, and shows the quantification of
the municipalities in color data groups. If the mouse is placed over a municipality, it shows its name and value, but if it is clicked, the map
highlights its geographical limit here as well as in the other frames. In addition, the frame has a small box on the top left corner that allows the
user to zoom in and out of the state, reset it to its original size or clean any selected filter.

The Tabla (Table) frame shows the names and values of all the municipalities of the state in two columns. If the mouse is placed on any of them,
the atlas will display it on the map frame; but if it is clicked, the frame will highlight it and the map will zoom in on that municipality to take a
closer look at it and the surrounding areas. In addition, the frame allows the user to scroll up and down to reach all the 125 municipalities of the
state.

The last element of the mapping tool is the Datos (Data) button. When clicked, this button displays a new box that allows the user to select the
type of region, sanitary or planning that will be displayed, and the category’s variable data that will be displayed on the other four frames.
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Figure 3. The mapping tool of the Health Atlas of Jalisco.
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The aim of the mapping tool isto help users find information
about a particular indicator of the health situation in the state
of Jalisco. Thus, the first step isto select a category or theme
from the Atlas menu (eg, mortality). Whenever a category is
selected, the data set changes on the mapping tool, but thisis
not visible until the user clicks on the Data button where the
data changes according to the category selected. The second
step isto select atype of region by clicking on the Data button,
and sel ecting Regiones COPLADE or Jurisdicciones Sanitarias,
this action changes the elements on the Legend frame. Thethird
step isto select avariable from the data box. In the case of the
mortality category, it appears as Datos de mortalidad (mortality
data), which displays a list of 43 variables that the user can
select (eg, traffic accidents or diabetes). If avariableisclicked,
the contents of all the other frames change to display data on
that specific variable. Finally, the user can move over the map,
legend, and graph bar framesto select the information required
as needed.

Map Download and Visits

The mapping tool is not yet able to generate an output by itself,
but the research team is currently working to provide a list of
maps in PDF format of almost all the 256 indicators currently
available on the website [22]. Thismap list will be availablein
the Descargas (Downloads) section of the main menu. Today,
if auser wants aselected map that isnot availablein that section,
he/she has to generate it with the mapping tool and then take a
screenshot to obtain an image of it.

To date, the HAJ has received more than 1400 visits, most of
them from HMJ health authorities that are testing the atlas
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function. In addition, there isa small visit counter on the main
page just for information purposes; however, the hosting service
provides detailed information of the visitors and their
characteristics that will allow the team to identify them and the
information they check in order to improve the service with
time.

The research team is now engaged in analyzing the statistics
reported by the HMJ and generating the maps of two separate
years, 2000 and 2013. Thiswill serveto compare and show any
changesin the UN's millennium goals. We will also check how
every municipality and health jurisdiction is doing. This aspect
of the project should be complete by December 2015.

Discussion

Principal Findings

Here, we described how the HAJwas made and how it functions.
The HAJis aWeb-based service that interactively allows users
to review health indicators such as structure, supplies, processes
and the impact on public health and related sectors, in order to
request and identify opportunity areas and good practices in
health servicesin Jalisco, Mexico. For example, users may use
it to analyze the distribution of vaccines in the state and then
make projections by age groups or life dimensions about the
needs of the population for general care [23].

Theatlasisintended to help the HMJin (1) reducing the volume
of information reguests from the health sector of Jalisco; (2)
mai ntai ning avail able datafrom multiple sourceswith a different
grouping or presentation; (3) presenting in map format a
considerable volume of data for users with different interests;
(4) unifying health data focalization criteria; (5) facilitating

JMIR Public Health Surveill 2016 | vol. 2 | iss. 1 |e11 | p.261
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

graphic and cartographic data representation; (6) integrating the
new technologies for request consultation; and (7) supporting
the consultation of datafor health decision making.

One of the main interests of the HMJ is to reduce the number
of information requests that the Ministry of Health receives
every week from the general public, mediareporters, and other
government sectors. These requests are made through the
transparency channels and the ministry is forced by law to
answer fast and correctly. The atlas will support transparency,
information diffusion, health decision-making, and the
formulation of new public policies. Furthermore, the research
team intendsto promote research and education in public health.

Showing health information in map format helps usto analyze
the spatial relations between health and geographic situations
(eg, mountains, rivers, and water bodies) that can affect the area
accessibility. Thisaction cannot be easily done just by looking
at a graphic chart or a table. These topographic elements can
sometimes represent important barriers to the resources sent to
an areaand can represent adelay of hours or even daysto reach
some communities for the health personnel because they have
to travel in small planes or helicopters, by walking or riding a
horse.

In addition, displaying the health situation in a map can help
the authorities to make decisions on a sanitary region or
municipality that are more or less affected by a disease. This
can be done, for example, by putting over a transparent layer
with financial information or human resources that are closer
to the areas in trouble. Finaly, spatial-tempora analyses can
show how conditions can change over time to find tendencies
or future perspectives.

Limitations

Although wetried to gather the main health indicators, itisvery
difficult to have all of them because of confidentiality issues.
The HMJ is very careful about releasing health data, in order
to protect its users and personnel from information misuse or
abuse. We were very clear on this matter and we only published
a data collection from official sources and after receiving the
authorization from the Ministry of Health.

Moreover, the service is not yet finished because users cannot
generate an output map in PDF or JPEG format directly from
the mapping tool. Instead, we created the Download section to
make some maps available, but they may not comply with user
needs. We will continue to work on these issues.

Another limitation isthelevel of aggregation. Here, we worked
at the municipality level but the basic geographical-statistical
areas (AGEB) level or blocks would be better. However, we
arenot sureif the datarecords at the HM Jare compl ete at those
levels. In asecond version of the atlas we are planning to work
at the AGEB level, but then we will work with NISGI”srecords.
They make a population census every five years that gathers
information at the house level, and we will try to reach that
level.

Ramos Herrera et al

Comparison with Prior Work

Different researchers have studied the use of GIS and/or
Web-based maps and its usefulness has been proved as an
accepted method to provideinformation to users and to support
health decision makers in providing a better service [24]. As
Wong and colleagues [25] have demonstrated, GIS have
important implications for improving public health; they
developed a system that keeps track of public water sourcesto
make decisions on managing water systems. Though their
system was not specifically an atlas, it provides geographic
information through maps that show water system boundaries
and support authorities in decision-making.

In Latin America and Spain, most of the atlases have been
developed to analyze the mortality situation of the respective
countries. Ocafia and colleagues [8], for example, developed
theinteractive Atlas of the Andaluciaregionin Spain. Thisatlas
isvery similar to the one we created in that it displays a series
of maps focused on mortality rates from that region, and
compares them to the rates of the entire country. It is available
on the Web and intends to help evaluate interventions and
identify territorial inequities in resource distribution. It was
reported as the first interactive mortality atlasin Spain.

However, Colombia[12] and Bolivia[15] each developed health
atlasesthat show not only mortality information, but also health
indicators in general. They show health, social, and economic
information in order to provide an integral perspective of the
health situation in those countries as well as indicate the
problems shared by several regions or municipalities. Brazil
also published its atlas of human devel opment; they published
it online, and it shows health information on a municipal scale
[26]. This atlas is based on the human development index of
the UN and it isintended to eval uate the effect of public policies
on the population due to the country’sinternational agreements
and future perspectives. Of note, other atlases available on the
Internet are also based in Instant Atlas software [19].

Conclusions

The HAJ was created to quickly review the profiles and
tendencies in which health conditions, disease, and death
indicators are distributed in the state as well as the services
provided in different socio-economic contexts, geographical
borders, and political and administrative limits.

These methods have been used recently to support health
decision makers and inform the general public. Now, more
institutions will be using maps to represent health situations
because of its proximity to the analyzed areas [27], especially
if researchers plan to use spatio-temporal, and cluster analyses
[28].

As Ifiiguez and Barcellos say [29], it is time for health
geographersto start analyzing the health situation of population
groups in a state or a region, which will help authorities to
identify the distribution of problems according to environmental
and life condition inequities [30]. Indeed, the next step of the
research team isto address this.
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Abstract

Background: Dataroutinely collected in electronic health records (EHRS) offer a unique opportunity to monitor chronic health
conditions in real-time. Geographic information systems (GIS) may be an important complement in the analysis of those data.

Objective:  The aim of this study was to explore the feasibility of using primary care EHRs and GIS for population care
management and public health surveillance of chronic conditions, in Portugal. Specifically, type 2 diabetes was chosen as a case
study, and we aimed to map its prevalence and the presence of comorbidities, as well as to identify possible populations at risk
for cardiovascular complications.

Methods: Cross-sectional study using individual-level datafrom 514 primary care centers, collected from three different types
of EHRs. Datawere obtained on adult patients with type 2 diabetes (identified by the International Classification of Primary Care
[ICPC-2] code, T90, inthe problemslist). Gl Sswere used for mapping the preval ence of diabetes and comorbidities (hypertension,
dydlipidemia, and obesity) by parish, in the region of Lisbon and Tagus Valley. Descriptive statistics and multivariate logistic
regression were used for data analysis.

Results:  We identified 205,068 individuals with the diagnosis of type 2 diabetes, corresponding to a prevalence of 5.6%
(205,068/3,659,868) in the study population. The mean age of these patients was 67.5 years, and hypertension was present in
71% (144,938/205,068) of al individuals. There was considerable variation in diagnosed comorbidities across parishes. Diabetes
patients with concomitant hypertension or dyslipidemia showed higher odds of having been diagnosed with cardiovascular
complications, when adjusting for age and gender (hypertension odds ratio [OR] 2.16, confidence interval [CI] 2.10-2.22;
dyslipidemia OR 1.57, Cl 1.54-1.60).

Conclusions: Individual-level datafrom EHRs may play an important role in chronic disease surveillance, namely through the
use of GIS. Promoting the quality and comprehensiveness of data, namely through patient involvement in their medical records,
iscrucial to enhance the feasibility and usefulness of this approach.

(JMIR Public Health Surveill 2016;2(1):e12) doi:10.2196/publichealth.4319
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Introduction

Nowadays, data collected by health care providersin electronic
health records (EHRs) offer a unique opportunity to monitor
acute and chronic health conditionsin real-time [1]. Moreover,
EHRs have the potential to become a cost-€efficient, feasible,
and sustainable source of datafor continuous population health
management [1]. Oneinteresting way to analyze EHR-collected
data is with the use of geographic information systems (GIS).
GIS can track regional changes in disease incidence and
prevalence, analyze the environmental and socia determinants
of health, identify health trendsin local communities, and help
plan interventions for populations with the greatest need of
services[2].

GIS have the ahility to give geographic context to EHR data
and seem useful when conducting community-level health needs
assessment. Indeed, geovisualization may be considered a
preliminary stage in focusing public health effortsin high-need
communities. Moreover, GI S are gathering increasing attention
in the identification and analysis of high-risk areas for
noncommunicable diseases, as is the case with “obesogenic
environments’ [3,4] and diabetes [2,5-7].

The main objective of this study wasto evaluate the feasibility
of using primary care individual-level EHR data and GIS, for
public health surveillance of type 2 diabetesin Portugal.

Methods

Setting

This study was based in Lisbon and in the neighboring region
of Tagus Valley, involving atotal of 514 primary care centers.
All centers were computerized and had an EHR in use. At the
time of the study, there were three different types of EHR
software in use at the primary care system, but one of them
(named ‘SAM’, developed and funded by the Ministry of
Health) was used in the great majority of primary care practices
throughout the country. Data from primary care EHRs are
currently gathered in local health datawarehouses, one of which
isin Lisbon.

In Portugal, health care is mostly publicly funded, and the
majority of patients has a unique patient identifier and access
to primary care servicesthrough the public primary care system.
Use of the International Classification of Primary Care (ICPC-2)
is common practice by primary care physicians in Portugal,
especially for registering diagnoses and health problemsin the
EHR. Furthermore, current quality improvement indicators
defined by the Ministry of Health are mostly dependent on the
use of this classification.

Data Collection

Data collection was performed in September 2013 by the
Information Technology department of the Regional Health

http://publichealth.jmir.org/2016/1/e12/

Administration in Lisbon, from its datawarehouse. The dataset
provided was de-identified (a pseudonymised identifier was
used for each patient). Individual-level data were collected on
adult patients (=20 years of age) with the diagnosis of type 2
diabetes (identified by having the ICPC-2 code for type 2
diabetes - T90 - in the EHR field ‘problems list"). Duplicates
were removed from the dataset, aswell as patientsliving outside
of the study area of Lishon and Tagus Valey. Variables
collected were: age, gender, parish of residence, comorbidities,
and cardiovascular complications. Data on comorbidities and
cardiovascular complicationswere collected from the problems
list, by the presence or absence of the corresponding |CPC-2
codes (comorbidities: obesity, T82; hypertension, K86 and K87,
and dyslipidemia, T93; and complications. ischemic heart
disease, K74 and K76; myocardial infarction, K75; transient
cerebral ischemia, K89; stroke, K90; cerebrovascular disease,
K91, and peripheral vascular disease, K92).

The study was approved by the National Data Protection
Committee and by the Ethics Committee of the Regional Health
Administration in Lisbon.

Data Analysis

R Studio software (version 3.0.2) was used for the statistical
analyses. The ArcMap functionality of ArcGis (version 10;
ESRI) was used to create cloropleth maps. The prevalence of
diabetes by parish was mapped using a gray scale where the
darkest tone represented the highest prevalence. The same
method was applied to generate the comorbidities’ maps.

Results

Diabetes Prevalence

From atotal of 3,659,868 individual records of peopleregistered
in the primary care centers studied, 205,068 had the diagnosis
of type 2 diabetes, corresponding to a prevalence of 5.6%
(205,068/3,659,868). The mean age of these patients was 67.5
years (standard deviation 11.7) and 49.8% (102,155/205,068)
werefemale. The majority (190,912/205,068, 93.1%) of patients
were 50 years of age or older.

Hypertension was present in 71% (144,938/205,068) of the
patients with type 2 diabetes, obesity in 20% (41,473/205,068),
and dydipidemia in 45% (92,000/205,068); 19%
(37,949/205,068) of the patients had none of these comorbidities.
No cardiovascular complications were registered for 85%
(173,227/205,068) of the patients. Ischemic heart disease was
the most prevalent cardiovascular complication, being present
in 7% of the patients (14,982/205,068), followed by stroke
(9,152/205,068, 5%), peripheral vascular  disease
(7,683/205,068, 4%), and myocardia infarction (5,012/205,068,
2%). Transient cerebral ischemia and cerebrovascular disease
were registered in less than 2% of the patients with diabetes
(1,355/205,068 and 2,448/205,068, respectively).
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Figure 1. Mapping of diabetes prevalence and comorbiditiesa€™ distribution, by parish, in Lisbon and Tagus Valley. Image copyright: the authors.
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Geographic Analysis

Themaps of prevalencefor diabetes, dydipidemia, hypertension,
and obesity showed considerable variation across the region of
Lisbon and Tagus Valley, with some parishes showing higher
proportionsthan others (Figure 1). Geographic analysis enabled
the identification of high-prevalence areas for diabetes,
hypertension, dyslipidemia, and obesity.

Discussion

Principal Findings

This study demonstrated the feasibility of collecting, analyzing,
and geographically displaying EHR data. Our study showed a
prevalence of diagnosed diabetes in primary care similar to
previously reported estimates, as well as a high proportion of
diagnosed hypertension, consistent with the literature [8]. One
way to apply this information would be to focus initial public
health efforts in areas where the prevalence of diabetes and
comorbidities seems to be higher, analyzing and addressing
possible reasons for that discrepancy, at the community-level.

Nevertheless, we found that individual-level data that is
extractable from the primary care information systems in
Portugal isstill limited. We did not have accessto dataregarding
schooling, socio-economic status (SES), diabetes medication,
or biometric and lab data. Moreover, ethnicity dataisnot usually
allowed to be collected in Portugal, hampering acomprehensive
analysis of health care disparities in ethnic minority groups.

http://publichealth.jmir.org/2016/1/e12/
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A more accurate and comprehensive GIS analysis was not
possible due to lack of access to individual-level zip code of
residence information or parish-level data on the socia and
environmental determinants of health (eg, schooling, SES,
housing, walkability, green spaces, distance from grocery stores,
fast food chains).

Furthermore, for comprehensive outcomes monitoring to occur,
it should be possibleto link datafrom primary care and hospital
EHRs, aswell asother healthinstitutions (eg, pharmacies, 1abs)
[9]. The integration of these sources of data, in combination
with information on the social and environmental determinants
of health, would have the potentia to render a more complete
picture of the health state of communities[2].

Unfortunately, a great amount of data remains siloed in
institutions, fragmented, and generally inaccessible to the ones
who could bring meaning toit: clinicians, public health workers,
researchers, and, most importantly, patients. It isimportant that
health-related dataareincreasingly treated asa public good and
an essential element of alearning health care system.

Strengthsand Limitations

This study had several strengths. It was the first in Portugal to
analyze data routinely collected from EHRSs, producing
small-area maps of the distribution of diabetes and
comorbidities, in an entire region. The large sample size and
considerable amount of structured data ensure some robustness
to the results. The results of our study need to beinterpreted in
the context of its cross-sectional design. Selection bias cannot
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be excluded, and two specific groups of individuals might be
missing from our sample: people with health care accessibility
issues, and people covered by private insurance, who do not
normally use the public primary care services.

Finaly, it is important to keep in mind that the interpretation
of EHR data is generally subject to certain bias (eg, selection,
misclassification, surveillance), and should be done skeptically,
to distinguish real signals from random noise [10].

Implicationsfor Clinical Practice, Research, and
Health Policy

Given the potentia of this approach to improve chronic disease
surveillance, awareness should be promoted among policy
makers regarding the importance of data access, ownership,
security, privacy, quality, and comprehensiveness. Furthermore,
buy-in from clinicians should be promoted, and every effort
should be made for data entry not to be an extraburdenin daily
practice. A necessary condition to improve data quality and
comprehensivenessisfacilitating and streamlining its collection,
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with clinician-friendly EHRS, and patient involvement in data
gathering and integration.

Future studies should explore the effects of small-area
characteristics (eg, socioeconomic and environmental factors,
health care services availability) on individual health, namely
in regions where the burden of diabetes is higher. Analyzing
the correlation of health outcomes with the social determinants
of health may facilitate the implementation of targeted
interventions and an optimal allocation of available resources.
Furthermore, by identifying high-risk localities, public health
efforts may be ableto delineate and prioritize community-based
strategies, an important element of the Chronic Care model.

Conclusion

In summary, primary care EHR data shows potential to be used
in public health surveillance of chronic diseases, in particular
with the help of GIS. Clinical data routinely collected in daily
practice, when combined with information on the social and
environmental determinants of health, hasthe potential to render
amore complete picture of the health state of communities.
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Abstract

Background: Morethan onethird of college students who are overweight or obese are in need of weight loss programstailored
to college students. However, the availability and accessibility of these programs is unknown.

Objective: The aim of this study is to examine the availability and ease of access to weight loss programs for students at 10
universities with the largest undergraduate enrollment.

Methods: The 10 public universities with the largest student bodies with a mean (SD) undergraduate enrollment of 41,122
(7657) students were examined. The websites of the universities were assessed to determine the availability of weight loss
programs. Servicesfor high-risk health needs common to university campuses (ie, alcohol and other drugs, victim services, sexua
health, and eating disorders) were searched.

Results: Of the universities searched, 3 (30%, 3/10) offered weight loss programming, however, none met the predetermined
criteria. Comparatively, al schools (100%, 10/10) offered no-cost and continual enrollment programming for the other high-risk
health needs.

Conclusions: Therearelimited weight loss services available to undergraduate students compared with other university services.
Collaboration between existing college health service providers is suggested for the delivery of appropriate programming for
overweight and obese undergraduates wanting to lose weight.

(JMIR Public Health Surveill 2016;2(1):€29) doi:10.2196/publichealth.5166

KEYWORDS
weight loss; student health services; students; universities

: undergraduate years, young adults must adjust to multiple
Introduction personal, social, and academic demandswhiletrying to establish

College campuses provide a foundation for the development of ~ OF Maintain healthy lifestyle behaviors[2]. This adjustment can
lifelong behaviors for over 70% of young adults between the  Pechallenging particularly when it comesto establishing healthy

ages of 18 and 24 who enroll in college [1]. During the eating and exercise patterns[2]. Services offered on university
campuses are a convenient resource for undergraduate students
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looking for assistance with the college adjustment.
Undergraduate students need for university-based health
services has increased over the past 5 years, as evidenced in a
2013 survey of college counselors[3].

Services for high health risk needs, like alcohol and other
substance use, eating disorders, sexua health services, and
victim services are generally recognized as critical to ensure
the health of undergraduate students and other university
members. However, the prevalence of the high health risk needs
requiring services on college campuses variesdramatically. For
example, the preval ence of undergraduate studentswith alcohol
use disorders ranges between 20.4% [4] to 31% [5]. According
to the Centers for Disease Control and Prevention, 1 in 4
sexually active young adults between the ages of 19 to 24 years
have a sexually transmitted disease [6]. Rates of sexual assault
in undergraduates range from 1.9% to 7% in college popul ations
[7]. With regards to eating disorders, 1.2% of undergraduate
females report being diagnosed and/or treated for anorexia[7],
1% for bulimia[7], and 8.4% for binge eating disorder [8]. An
additional 9% of young women meet Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-V) criteria
for specified or unspecified feeding or eating disorder [9,10].
Comparatively, approximately 35% percent of college students
are overweight or obese[7].

As with the services for high-risk needs described above,
colleges have the unique opportunity to address weight and
weight-related topicsto further ensure the health of their student
body. Average weight gain from college matriculation to
graduation ranges from 3.5 pounds [11] to 9.5 pounds [12]. Of
note, upon college matriculation, 22% of college students are
already overweight, and 12% are obese [7]. With one-third of
undergraduate students already at risk for negative health and
psychosocial outcomes associated with obesity [13,14],
relatively small weight gains can increase an individual’s risk
of having abody massindex (BMI) in the overweight or obese
category [15]. These small gains may increase an individual’s
risk for type 2 diabetes, cardiovascular disease, and depression
[16-19].

Degpite this public health concern, there remains a need on
campuses for weight management services tailored to
undergraduates [20,21]. Behaviora health services for the
treatment of obesity have lagged behind other on-campus
high-risk health behavior services, including drug and alcohol
use, risky sexual behavior, eating disorders, and victim services
[22]. A 2013 survey of university-based registered dietitians
found that over half of participating university dietitians felt it
wasimportant for their respective universitiesto offer structured
weight loss programming for students [23]. An integrative
approach to the treatment of overweight and obesity could
provide an opportunity for counseling centers and health centers
to collaborate by promoting the application of evidenced-based
practices and access to mental health resourcesthat individuals
may need while losing weight. However, it is unclear what
services are currently available for overweight and obese
undergraduate students wanting to lose weight. No systematic
assessment of weight 1oss programs specific to college students
and offered on university campuses could be located in the
literature.
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Research suggests that weight gain [24] and access to
weight-related services [25] are concerns for undergraduate
students. A recent study reviewing causes of stress referenced
in undergraduate student Facebook pages found weight gain
was referenced in 10% of posts [24]. A qualitative study of
undergraduate students found that students who felt they had
greater access to fitness facilities and healthy eating options
were more likely to use those services [25]. Despite this
evidence, it remains unclear asto what weight loss services are
available and accessible to overweight and obese undergraduate
students wanting to lose weight.

This study examinesthe availability and ease of access of weight
loss programs for undergraduate students compared to existing
servicesfor other high-risks health needs (ie, alcohol and other
drugs, eating disorders, victim services, and sexual health).

Methods

Search M ethodology

The 10 public universitieswith thelargest undergraduate student
bodies, with a mean (SD) undergraduate enrollment of 41,122
(7657.4) students, were identified using the 2013 US News and
World Report College Guide [26]. Because undergraduate
students may be more comfortablein programming specifically
for students of their same age and demographic, particularly
ones that do not include graduate students or faculty who may
be their professors or advisors, we selected to focus on weight
loss programs tailored specifically to undergraduate students.
Similarly, health programing for other high-risk health services
are traditionally tailored exclusively to the needs of
undergraduate students; as such, we decided to use this same
metric when examining weight loss programing. The Internet
is ranked as the top source of gathering health-related
information for college students[27]. Thus, aWeb-based search
was elected to search for university weight loss programs.
Additionally, college students report trusting health information
originating from their respective universities and university
health centers [7,27]. For this reason, only websites with edu
links were reviewed.

Structured searches of university pages using standardized
search terms were conducted over a period of 4 months (July
2013 to October 2013). Search terms were typed into the
university’s main page by 3 independent coders (2
undergraduate and 1 graduate research assistants). Phone calls
were placed to university health, counseling, and wellness
centers to confirm the Web search findings.

Search terms were initially selected through a brief survey of
undergraduate studentsthat asked studentsto identify what term
they would use to search for weight loss services on their
campus. The suggested search termswerereviewed by 2 clinical
psychologists and a registered dietitian with experience in the
development and delivery of undergraduate weight loss
programming, as well as by 2 undergraduate and 2 graduate
research assistants. A total of 15 key terms were used to search
for student-specific weight loss programs using the search box
found on the home page of the respective universities. diet
program, weight loss program, losing weight, fitness program,
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nutrition counseling, nutritionist, dietician, dietitian, exercise
facility, weight watchers, student weight loss, student diet
program, student weight loss program, weight management,
and student weight management .

Search termsfor traditional high-risk health servicesoffered on
university campuses (ie, al cohol and other drugs, victim services,
sexual health, eating disorders) were included to compare the
availability of these services to student weight loss services.
These terms were also typed in the search box found on the
home page of the respective universities.

Search termswere additionally typed into the search box on the
student health services page and university counseling pagesto
ensure no programs were not found due to website-derived
search algorithms unknown to the research team.

Establishment of Inter-Rater Reliability

The aforementioned clinical psychologists established criteria
prior to the webpage reviews. In order to be coded as aweight
loss program, the program must have been undergraduate
student-specific, offered on campus, no additiona cost, and
delivered by university-funded treatment providers. Results
were also coded as “related weight loss services’ (missing one
or more of the weight loss program criterion, fee-based weight
loss program, nutrition counseling, personal training, research
on college student weight loss or community-based weight loss
program), or no weight loss program (group fitness programs,
academic research with a focus outside the scope of college
student weight loss, nutrition and physical activity handouts).

Two undergraduate and one graduate research assistant piloted
the search terms on 4 large (undergraduate student enrollment
greater than 30,000 students) test universities, which were
randomly selected from alist of universities from the US News
and World Report [26]. These 4 schools were not included in
the fina university sample pool. Terms were typed into the
university search engine found on the university’s home page.
Research assistantstook a screen shot of the resultsand ascreen
shot of thefirst page of each link clicked on, in order to capture
the content of thewebsite at thetimereviewed. After completion
of coding, screen shots and coding of the content werereviewed
and discussed between the coders. Coding decisions were
confirmed under the direction of 2 clinical psychologists who
have experience in the development and delivery of college
weight loss treatments.

Results

Weight L oss Programs

Although the predetermined criteriawere not met, thefollowing
3 universities offered some weight loss programming: (1)
University of Minnesotaoffered aweight loss program for their
undergraduate students; however, the 12-week program for
undergraduates cost US $250, (2) Florida International
University offered an 8-week program for undergraduate
students inspired by the Biggest Looser for US $80, and (3)
University of Texas-Austin offered a 12-week program
exclusively to graduate studentsfor US $60. Phone calls placed
to university health, counseling, and wellness centers verified
the results. The aforementioned programs had discrete
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enrollment periods. Two other universities offered short-term
programs, but there was no confirmed plan to continue those
regularly beyond the planned dates of the one program. For the
purpose of this paper those programs were not included.

Accessibility of Weight L oss Programs

The results of our findings are shown in Table 1. Coders spent
amean (SD) of 102.2 (21.0) minutes searching for weight loss
programs using thel5 search terms, and a mean (SD) of 8.2
(6.8) minutes per search term. Comparatively, coders spent a
mean (SD) of 20.5 (2.9) minutes searching for 4 traditional
university services and 5.1 (0.7) minutes per search term.
Although the predetermined criteriawere not meet, 3 universities
offered student weight loss programs. Comparatively, all of the
universities searched (100%, 10/10) offered free,
university-sponsored, student-specific servicesfor sexua health
and victim services. We found that 90% (9/10) of the universities
offered free, university-sponsored student-specific services for
alcohol and other drug treatments; one school required afeefor
assessment and treatment. In addition, 90% (9/10) universities
offered free, university-sponsored student-specific services for
eating disorders; one school provided screening and referred
out to the community for treatment.

Discussion

Principal Findings

Three schools offered weight 1oss programming, however, none
met the predetermined criteria. Comparatively, all schools
offered no-cost and continual enrollment programming for the
other high-risk health needs. Given the current prevalence of
overweight and obesity among college students and the
demonstrated weight gain during college, there is a need for
obesity-related services on campuses. Universities have
competing wellness priorities for their students, and they may
designate resourcesfor those behavior and health risksthat have
more immediate negative consequences such as suicide or
alcohol-related death or injury [28-30]. Obesity treatment may
be alower priority as the consequences may not manifest until
long after students leave the university. However, our findings
indicate that some colleges are beginning to offer services
specific to the treatment of obesity in their college popul ations.

The focus of weight management on college campuses may
reflect changes in health services mandated by the Affordable
Care Act (ACA). Students are now able to remain on their
parents’ insurance until the age of 26 years old [31]. The
extended insurance coverageis coupled with an increased focus
on obesity prevention and weight loss under the ACA, which
requiresinsurance providersto provide regular BMI screening,
nutrition counseling, and other weight management services
for no or little cost to theinsured [32]. The 35% prevalencerate
of overweight and obesity in undergraduate students [7] is
comparable to or exceeds the prevalence rates of high-risk
behaviors that have regularly provided no-cost services (10%
for eating disorder [7-10], 20-30% for alcohol and other drug
use [4,5], 25% of sexually transmitted disease [6], and 1-7%
for sexual assault [7]). Given the shift in focus that we have
seen nationally related to weight management due to the ACA,
colleges have the opportunity to mirror these new initiatives.
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Table 1. Thelargest public universities and the health services offered (N=10).

University Number of stu- Weight losspro-  Victim services Sexua health  Alcohol and other  Eating disorder

dents? gram drugs treatment

University of Central Flori- 51,269 P NG X X = (only screening

da offered)

Texas A&M 44,315 0 X X X

Ohio State 44,201 0 X X X X

Penn State 40,085 0 X X R (fee) X

University of Texas at 39,979 R (fee; only for X X X X

Austin graduate students)

FloridaInternational Univer- 39,045 R (fee) X X X X

sity

Arizona State University 38,735 0 X X X X

Michigan State 37,988 0 X X X X

University of Minnesota 34,449 R (fee) X X X X

University of Florida 33,168 0 X X X X

A cademic year 2013-2014.

P0isno program.

X isaprogram that meets established criteria

dRisarelated program that does not meet established criteria for program.

Despite these opportunities, colleges and universities are faced
with a number of demands in terms of academic and
health-related priorities and limited funds. Examining the
barriers and facilitators on college campusesto ddlivering weight
loss programming is an important step in understanding the
broad scal e implementation and acceptability of these programs.
One on-going project, funded by the National Institutes of
Health (DK 100916), is examining the efficacy of using social
media and text messaging for delivering weight loss
programming to college students on 2 different campuses[33].
In addition to examining weight loss and metabolic outcomes
(ie, glucose, blood pressure, lipids), one primary aim of this
project is to evaluate the implementation feasibility and
sustai nability infrastructure on college campusesfor delivering
weight loss programstailored for students. This eval uation will
include a cost effectiveness assessment as well as interviews
with key administrative and student leaders on campus to
provide data on both the facilitators and challenges to offering
tailored weight management programs.

A 2011 analysis of the American College Hedth
Association-National College Health Assessment
(ACHA-NCHA) database found that the top two most trusted
sources of health information were health center medical staff
and health educators[34]. However, this same study found that
these two sources of information were also the most
under-utilized method of gathering health information [34].
While it is unclear why these on-campus resources are
underutilized, it is possible that the nature of the Web search
(eg, timely, cumbersome) may have been abarrier to utilization.
Students relying on the Internet alone might struggle to find
information about on-campus services. The cost of these
programs may also reduce thelikelihood that studentswill utilize
the resources. We found weight loss programs exclusively for
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undergraduate students were available for afee (US $60-$250)
at 2 of the 10 universities included in this Web-based search
(University of Minnesotaand FloridaInternational University).

For these and other reasons, a multidisciplinary approach to
disseminating and marketing aweight loss program specific to
college students is critical. Collaboration with the counseling
center may be particularly important. Theis concern that weight
loss services on college campuses may promote disordered
eating and/or eating disordersin avulnerable college population
[35]. Dieting is prevalent on college campuses: over 60% of
college femalesand 36% of college malesreport they aretrying
to lose weight, and 48% of college females and 28% of college
malesreported dieting to lose weight [ 7]. Overweight and obese
young adults who desire to lose weight are just as likely to
develop an eating disorder as the general population [36], yet
eating disorder treatment for this population is often over looked
[23,37].

There is literature suggesting that there may be a common
underpinning for both excessive weight gain and eating
disorders. These shared experiences and characteristics are
dieting, media use, body image dissatisfaction, and
weight-related teasing [38,39]. Thus, it is not weight loss per
se, but acombination of maladaptive behaviors and factors that
may put an overweight or obeseindividual at risk for an eating
disorder. College women, in particular, may use acombination
of healthy and unhealthy weight loss practices [40]. Thus, a
multimodal approach of social, environmental, and individual
strategies coupled with media literacy and advocacy is needed
for overweight and obese students wanting to lose weight
[23,41]. It iscritical that university health providers delivering
weight loss programs for students be aware of the possibility
of underlying eating disordersthat may complicate the students
efforts to lose weight so that the appropriate treatment can be
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delivered to students [23,37]. The key is to provide education
and evidence-based programs to teach safe, effective, and
healthy ways of losing weight.

While many university health officials and administrators
recognize the need for an environment that promotes healthy
weight loss practices and relevant programming, there are a
number of challenges faced by these key leaders on campus.
There are competing priorities for resources, time, as well as
other behavioral and heath needs with more immediate
consequences [28,29,42]. Unfortunately, outsourcing weight
loss programming is likely not the solution to implementing
weight loss programs for undergraduate students as traditional
weight loss programsfor adults. Young adultswho attend weight
loss programstailored to adult populations attend fewer sessions
and lose lessweight than adults attending weight loss programs
[43]. Many universities likely aready have necessary
componentsthat would alow them to offer asystematic program
to prevent and treat obesity. The key is to integrate these
available services and personnel to provide education and
evidence-based programs that are attuned to the potential for
disordered eating behaviors in this population of overweight
and obese students wanting to lose weight [40]. Programming
that promotes a campus environment of positive body image
and self-esteem may help overweight and obese and normal
weight students who want to lose weight. For example, The
Body Positive is a body image and health curriculum for high
school studentsthat promote physical and mental health through
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workshops, videos, and campus events. Thesetypes of programs
could provide an interim solution prior to the launching of
sustained weight loss program offerings.

Limitations

This study provides only asnapshot of the availability and ease
of accessto weight |oss services on college campuses. Only the
websites of the ten largest public universities were reviewed,
limiting the search and possibly ignoring student weight loss
programs available at smaller and/or private universities.
Universities often update their webpages so that recent content
is pushed to the top of searches, so it is possible that the results
presented here wereinfluenced by search mechanismsunknown
to the study authors. Lastly and importantly, this study was not
ableto determine the extent of the utilization of available weight
loss services by university students.

Conclusions

Thisstudy examined the avaliability and ease of accessto weight
loss programs for college students. The results highlight that
there are limited weight loss services available and accessible
to college students when compared to other university services,
such asalcohol and other drugs, eating disorders, sexual health,
and victim services.

Advocacy from student groups and collegiate administratorsis
called for to provide treatment and reduce stigma regarding
accessing resources specific to weight loss for overweight and
obese students wanting to lose weight.
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Abstract

Background: As global mobile phone penetration increases, direct health information communication from hard-to-reach
communitiesis becoming commonplace. Mobile health (mHealth) tool s that enabl e disease control programsto benefit from this
information, while simultaneously empowering community members to take control of their own health, are vital to the goal of
universal health care.

Objective: Our aim was to highlight the development of the Liverpool mHealth Suite (LMS), which has been designed to
address this need and improve health services for neglected tropical diseases being targeted for global elimination, such as
lymphatic filariasis.

Methods: The LMS has two main communication approaches—short message service and mobile phone apps—to facilitate
real-time mass drug administration (MDA) coverage, reporting patient numbers, managing stock levels of treatment supplies,
and exchanging health information to improve the quality of care of those affected.

Results: The LM Sincludesthe MeasureSM S-M DA tool to improve drug suppliesand MDA coverageratesin real-time (currently
being trialed in urban Tanzania); the M easureSM S-Morbidity tool to map morbidity, including lymphedema and hydrocel e cases
(initially piloted in rural Malawi and Ghana, then extended to Ethiopia, and scaled up to large urban areas in Bangladesh and
Tanzania); the LyM SS-lymphedema management supply system app to improve distribution of treatments (trialed for 6 months
in Maawi with positive impacts on health workers and patients); and the HealthFront app to improve education and training (in
development with field trials planned).

Conclusions: The current success and scale-up of the LMS by many community health workers in rural and urban settings
across Africaand Asia highlights the value of this simple and practical suite of tools that empowers local health care workersto
contribute to local, national, and global elimination of disease.

(JMIR Public Health Surveill 2016;2(1):€2) doi:10.2196/publichealth.5064

KEYWORDS
mhealth; lymphatic filariasis; LF; elephantiasis; neglected tropical diseases; NTDs, community engagement; SMS; smartphones,
apps
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Introduction

A well-tested approach to achieving major health improvements
for less fortunate and underserved people in developing
countries is to actively involve the local community in the
management, distribution, and advocacy of much-needed health
practices[1,2]. A magjor example of thisis seen in the world of
parasite infection control with the very successful involvement
of village personnel in the mass drug administration (MDA)
activities of the anti-filarial chemotherapeutic agent, ivermectin,
used for onchocerciasis (river blindness). This was termed
“community-directed treatment with ivermectin” [3]. Thedirect
involvement of the affected communities and those working in
health within these communities (eg, village health workers,
community drug distributors[CDDg]) has been an essential part
of the global success of thisand similar filarial disease programs
such as lymphatic filariasis (LF) [4,5].

Here we present an additional way of empowering the local
communities using current mobile phone technol ogy developed
at the Liverpool School of Tropica Medicine (LSTM) to
specifically improve and enhance the implementation of national
filarial disease programs. Mobile phones are arguably the most
sophisticated form of modern technol ogy to become universally
available to underprivileged populations of the world, and the
trend of using mobile phones to improve health services
(mHealth) israpidly increasing [6-9]. Mobile phone technology
hasto date been used in awide range of health settingsincluding
datacollecting and reporting, decision-making support for health
workers, and delivering health information to the public (eg,
appointment reminders, health quizzes).

Methods

TheLiverpool mHealth Suite

The success of the tools we have developed—the Liverpool
mHealth suite (LMS)—is attributed to the use of both local
health workers' knowledge and their own mobile phone handsets
to generate primary data on treatment and morbidity. This has
helped enhance the quality of health care they provide. The
LMS tools focus on the parasitic disease LF (elephantiasis),
which is one of the 17 neglected tropical diseases reported by
the World Health Organization (WHO) and targeted for global
elimination [4]. The LMS has been developed directly to
enhance the mass drug administration (MDA) and patient care,
currently referred to as morbidity management and prevention,
components of the Global Programme to Eliminate Lymphatic
Filariasis, as well as help prepare endemic countries for
successful elimination verification.

http://publichealth.jmir.org/2016/1/e2/
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Main Communication Approaches

We have adopted two main communication approaches to
undertake these tasks (see Figure 1): short message service
(SMS) communication and Internet communication.

SMStools allow village health workers using readily available
mobile phones with basic functionality (ie, not necessarily
smartphones), which they useto send information, in the format
of a standard SMS, to a local phone number. This SMS is
received by alocally situated smartphone, which playstherole
of thelocal server. Werefer to thisastherelay phone. Therelay
phone transmitstheinformation to a central cloud-based server
via the Internet using either WiFi or a local mobile Internet
connection (via https) and further sends feedback to the health
workers by SMS. Data received by the central server can be
accessed viaa Web browser, allowing real-time field collected
data status, treatment needs, and other information of health
activities occurring at the community level to be accessed in
rea-time.

Internet tools alow health workers to send and receive
information (eg, text, pictures, location information) using
mobile phone-based apps that are accessed viaalocal Internet
connection. The health workers' mobile phones communicate
directly with the central server to facilitate the provision of
essential medical care and supplies to remote locations in a
timely manner. This also helps to instantly obtain current
information on best care medical practices.

Both the SM'S component and Internet component of the LM S
differ from many of the mobile technology approaches
previously developed. Formerly, these have been mainly
top-down approaches where the communication is initiated by
external or senior-level investigators, rather than being used by
local health workers in the field. The LMS tools have been
applied in both rural and urban settings by local health workers
to acquire essential data that address four important national
programmatic areas relating to the elimination of LF disease
(see Table 1).

Thefirst two programmatic areas use the MeasureSM S system
to collate and report MDA treatment numbers
(MeasureSMS-MDA) and morbidity information
(MeasureSM S-Morhidity), including lymphedemaand hydrocele
cases, at the village and health center levels [10]. The second
two programmatic areas make use of mobile phone apps to
coordinatethe distribution of lymphedema management supplies
(LyM SS-lymphedemamanagement supply system) and provide
the most up-to-date health information to frontline health
workers (HealthFront) and their supervisors. Details of each of
these are outlined below.
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Table 1. Summary of thetoolsincluded in the Liverpool mHealth suite.

Stanton et al

N Name of tool Mode Description

1 MeasureSMS-MDA SMS Reporting MDA treatment numbers and preliminary clinical case data at health facility level to help
improve drug distribution and population coverage rates.

2 MeasureSMS-Morbidity SMS Reporting clinical case numbers, age, sex, condition, severity, and acute attacks at village and health
facility level to help improve management and disability prevention services.

3 LyMSS Internet Maintaining a supply chain of morbidity care packages including wash basins, towels, soaps, and
antibacterial creamsto help ensure the provision of basic care to patients.

4 HealthFront Internet Providing up-to-date practical health information to health facility workers for managing clinical

conditions to help improve the conditions and quality of life of patients.

Figure 1. Thetwo main approaches of the Liverpool mHealth Suite (LMS).
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Results

Areas of Application

Tool 1. Monitoring Mass Drug Administration Treatment
Numbers and Preliminary Morbidity Case Detection

The MeasureSMS-MDA reporting tool is being used for
real-time reporting of the number of peopletreated during MDA
campaigns, plus the number of morbidity cases seen during the
campaign (see Figure 2). Health facility/distribution post level
treatment numbers, including the number of tablets distributed,
and patient numbers are submitted to the MeasureSMS-MDA
system via SM S by health workers at the end of each day of an
MDA campaign, and these numbers are instantaneously
viewable in a database via a Web browser. Health workers
immediately receive an SMS message, which acknowledges
both the receipt of their report, plus provides feedback on the
progress of the campaign in their area (eg, reported cumulative
coveragein relation to target coverage, or the number of tablets
remaining at the facility). This real-time information sharing
empowers both the health worker and MDA supervisors at the

http://publichealth.jmir.org/2016/1/e2/

RenderX

district or national level. The health worker, in receiving instant
feedback on their progress, is able to determine how to more
effectively manage their campaign to meet coverage targets.
Further, the knowledge that their activities are being reviewed
by more senior campaign members may |ead them to feel more
connected to the MDA program and thus more motivated to
ensure its success. The MDA supervisors are empowered
through gaining instant access to data, which will help them
identify facilities or distribution posts that need additional
assistance proactively rather than retroactively (eg, helping
facilities acquire more tablets before their stock runs out).

The use of this tool is particularly important for countries
starting or scaling up MDA implementation. Post-MDA
treatment summaries can further help identify areaswheredrugs
need to be targeted to improve coverage and help interrupt
transmission. Further, it can provide acrude baseline of clinical
case numbers on which to build more detailed information. This
is important where there is a lack of information on disease
prevalence. Figure 2 describes the flow of information during
an MDA campaign in arural setting where reports are made at
health facility level and CDDs distribute tablets door to door.
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Figure 2. Flow of information using the MeasureSMS-MDA system.
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Tool 2. Morbidity Mapping and Epidemiology

The MeasureSM S-Morbidity reporting tool is used to improve
information on LF patient numbers, including location, age,
sex, clinical condition (ie, lymphedema, hydrocele), and details
about severity of condition (ie, mild, moderate, severe) and
episodes of acute attacks[10]. Dataaresentinasasimple SMS
message (one message per patient) by health workers during a
community cross-sectional survey and are collated into a
national disease database that is accessible by national and
district heath teams via a Web browser, secured with a
username and password. The number of cases reported can be
viewed in real-time, alowing the progress and quality of data
to be monitored during the survey period. Figure 3 presents an
example of ahealth worker writing an SM S message containing
example patient data, as well as examples of the data that can
be accessed via the MeasureSM S-Morhidity webpages (ie, a
time series plot of reported cases) and a spreadsheset of the
resulting data. To verify the quality of the reporting in relation
to clinica condition and severity, a random sample of
individuals (with sample size based on estimated positive
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SMS

Community summaries
are submitted by the
supervisor via SMS at the
end of each day

Supervisors receive daily coverage
summaries at community/health
centre/district level by SMS. District
coordinators access the daily data
for all reporting levels via a webpage

predictive value, eg, [10]) are followed up by the district health
team and medical doctor. This tool again empowers both the
health workers who report the data and the individuals who
oversee the data reporting by increasing the sense of data
ownership and accountability, and opening the channels of
communication between the health workers and the patients,
plus the health workers and those overseeing the activity.

This tool is important in addressing the major challenge of
estimating patient numbers in each endemic country and will
help national LF elimination programs provide basic health care
for those suffering from this disease [11]. The identification
and management of cases needing surgery for hydrocele and
care for lymphedema is also greatly improved by using
MeasureSM S-Morbidity. Further, if implemented on a regular
basis, the MeasureSM S-Morbidity system can be used to detect
new cases and monitor the declinein prevalence over time. Case
number data have become increasingly important and are now
formally required by the WHO for the officia verification. Thus,
the MeasureSM S-Morbidity tool givesthe community members
akey rolein contributing to the national programmatic success.
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Figure 3. The MeasureSM S-Morbidity tool data entry and presentation.
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Tool 3. Delivery of Careto Patients

LyM SSisalymphedema management supply system that makes
use of mobile phone apps to help provide basic care packages
(ie, towels, soap, antibacterial creams [12]) to those afflicted
with the chronic disease and disfigurement that occur in LF
patients. Currently, thereisno sureway for central management
and supply offices to know the local supply needs/demand or
locally held basic care inventory (ie, by patients, community
health workers, health centers) at aparticular point intime. The
LyMSS app allows health workers to submit regular inventory
reports, which are instantly viewable by their local supply
managers on their own mobile phones and by the national-level
supply managers via a Web browser. Figure 4 presents an
example of the supply manager app and reported level s of soaps
in one of the study areas over a 6-month period. This
information can then be used to direct supplies to where they
are most needed in a timely manner and thus ensure patients
have continuous accessto theitemsthat they need to effectively
carefor their condition. This system empowers the individuals
involved in reporting and overseeing the stock levels to take
ownership of the supply chain. The system does not dictate
when supplies need to be distributed, as during its devel opment
it was acknowledged that the LyM SS users will have the most
accurate knowledge of their own distribution rates and should
therefore be encouraged to determine how and when the supply
manager should supplement their supplies. The method and
frequency of delivering suppliesto patients was also determined
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by the local health workers to ensure these activities could fit
easily into their usual activities.

While SMS-based stock management approaches have been
shown to be successful in a number of applications [13,14],
these tools are limited in their functionality. As smartphones
are likely to become increasingly ubiquitous in even the most
remote of settings [15], it isimportant to develop applications
that use smartphones and thus extend the approach to activities
that are not possible under an SMS model (eg, recording
photographs of the patient’s clinical condition). However, as
not all locations are expected to have mobile data coverage at
present, or data coverage may too expensive, amore basic SMS
reporting approach may be more suitable for supply management
purposes in these locations in the interim.

The LyMSS tool will become increasingly more important as
morbidity management activities become the main focus of the
LF elimination programs in endemic countries. The increased
need for the provision of the basic kits and supplies from
international sources will be especialy important for
community/home-based lymphedema management. It will be
critical to keep track of the community needs to ensure the
supply meetslocal demands. In awider context, the availability
and access to hedlth care, aside from being one of the WHO
criteriafor countriesto achieve elimination [12], is also agoal
of the wider principle of strengthening health care access for
al [16].
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Figure4. Anexample of the LyMSS stock entry app.
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Soaps Summary
How many Soaps are there Please review your stock levels and
y P press upload to send the stock
levels to the server
- 5 + ltem Total
Basins 3
Towels 3
Soaps 5
Creams 4
BACK NEXT BACK CONFIRM
REFRESH Basins Towels Soaps Creams
8 10 9 8
Caroline (0 days) 1 0 0 0
Michelle (0 days) 3 3 5 4
Andy (0 days) 2 2 2 2
Rex (0 days) 2 5 2 2

Tool 4. Health I nformation for Best Care Practice

HealthFront is another vita LMS tool currently under
development, which involves the provision of practical health
information to health workersfor decision making, particularly
for thosewho are at the patient-health interface for LF and other
neglected tropical diseases. Ready access of current practical
information to health workers on clinica management will
improve patients' health, as well as empower their status and
ability. This new LMS tool will deliver regularly updated
information to health workers. It will work most efficiently and
effectively asasmartphone app in order to support more visual
information inauser-friendly format. A simpler text-only based
approach isalso being considered to complement the smartphone
app in order to accommodate those without smartphone access,
thus ensuring that access to the most sophisticated mobile
technology is not abarrier to health information and quality of
care.

Recent Epidemiological and Program I mplementation

MeasureSMS-Morbidity has been extensively field tested in
both rural and urban environments, providing vital LF patient
baseline data (Figure 5) [10]. In brief, in 2014 local health
surveillance assistants (HSAS) in parts of Chikwawa district,
Malawi (covering a population of 107,000), and volunteer
community health workers (CHWS) in parts of Ahanta West
district, Ghana (covering a population of 45,000), used the tool
toidentify LF lymphedema and hydrocele patientsin their own
health catchment areas. Although there was little differencein
mobile phone ownership, large differences in mobile phone
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experience were observed between these two reporting groups:
100% (60/60) in Malawi had used their phones to send SMS
text messages compared to 44% (14/32) in Ghana. Due to the
nature of their work, al heath workers involved were very
familiar with community membersin their catchment area, and
patient identification was undertaken using amixture of methods
including prior knowledge, community gatherings, and
household visits.

Post-study questionnaires were completed by the majority of
health workers involved in both surveys, in which they were
asked to identify any difficulties they had in undertaking the
survey and further highlight the perceived benefits. In Malawi,
96% (43/45) of HSAsreported that they found it easy to submit
data by SMS, stating that the greatest benefits were that
information could be shared quickly (95%, 42/44). In Ghana,
where health workers had less SM'S experience, 55% (16/29)
reported that it was easy to report by SMSwith 72% identifying
the speed of information sharing as its most beneficial feature
(21/29). Locating patients, particularly hydrocele patients, was
reported by both groups to be more difficult than the SMS
reporting. However, during afocus group discussion in Ghana,
they reported that the exercise enabled them to form stronger
relationshipswith the L F patient community. The quotes below
were provided by health workers during these two field tests as
part of a semistructured questionnaire:

The community has been very happy with the
programme and enjoyed it. There is great linkage
between HSA (health surveillance assistant) and the
community. [Malawi]
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It is fast information and it is easy to get good data
in our catchment areas. [Malawi]

The programme is very important because these
patientswill be assisted accordingly, it isencouraging
relationship between HSA and the community.
[Malawi]

(The) community will profit from this method of
surveillance. [Ghana]

Now we know the cases, something can be done to
help them. [Ghana]

The MeasureSM S-Morbidity tool hasrecently been implemented
in Dar es Salaam, Tanzania (approximately 4.5 million people),
in order to test it in an urban environment and to further
demonstrate its scalability. To facilitate this, a cascade training
approach was adopted in which local CDDs identified cases
using a house-to-house approach, and then CDD supervisors
collated this information daily and reported it via SMS. This
was the first survey in which the LF program staff used the
MeasureSM S-Morbidity webpages to fully supervise the data
being reported in real-time. Program staff have expressed their
satisfaction in the tool as it was easy to set up and train health
workers and it allowed them to instantly access the reported
data via the Web, monitor the quality of the data, and provide
feedback on theresultsto interested partiesin avery short time
frame. Preliminary data from this urban survey indicate a high
LF morbidity burden in Dar es Salaam, with approximately
2000 lymphedema cases and 4000 hydrocele cases reported
across the city. In recent months, additiona rural
implementations have been undertaken in parts of Ethiopia
(covering approximately 450,000 people) and Malawi (covering
approximately 0.5 million people), and a second urban
application has been undertaken in Dhaka, Bangladesh (covering
approximately 2.5 million people). Such arapid increase in a
short period of time clearly highlights that the tool is ssmple
enough to be scalable across different settings.

Most importantly, these mapping tools help ministries of health
establish the prevalence of disease in agiven area, whichisan
essential component of the WHO dossier requirements [4].
Thesetoolshelp LF programs prioritize, plan, and start treatment
and care for patients. Thisis best exemplified in Malawi where
hydrocel e surgery camps and home-based lymphedematraining
started within months of the mapping being completed in the 2
most endemic districts of the country. In total, approximately
1850 hydrocele and 650 lymphedema cases wereidentified, and
the Ministry of Health, with the support of LSTM through the
Department of International Development UK funding, is now
implementing an essential minimum care package. The
distribution and use of this package was greatly enhanced
through the mapping data, which informed where and what
resources were required to implement the hydrocele surgeries
and also to increase the training of health workers, community
volunteers, and patientsin home-based lymphedemacare. Over
the next 6 months, it is expected that all those with L F-induced
hydrocele in these 2 districts of Malawi will have had or been
offered surgery, and all lymphedema patients will be able to
receive care. Plans to address the specific needs of the more
severe cases and how to scale up the new LyMSS tool (see
below) in collaboration with other international partners are
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underway. This is an extraordinarily powerful example of
empowering local communities.

Implementation challenges varied between settings. As
demonstrated in Ghana, mobile phone ownership does not
necessarily equate to afamiliarity with using the phone’'s SMS
functionality; therefore, basic mobile phone training may be
necessary in some areas. Poor mobile phone coverage has thus
far proven to be a secondary issue in comparison to the lack of
regular access to phone charging facilities, particularly in rural
areas. This to date has delayed submission of data but not
prevented it entirely; however, knowledge of the local
telecommunication networks isvital to the success of thistool.
For example, to date, the cost of sending an SM S message has
been covered by LSTM. While the cost of a single message is
nominal (eg, approximately £0.01 in Malawi), at scae it
consumes alarge proportion of the overall cost to complete the
survey. To address this, the use of bulk prepaid SMS options,
referred to as bundles, should be encouraged where possible.
For example, in Malawi you can purchase 600 SM S messages
for MK600 (approximately £0.50), resulting in very large
savings. Prior to starting the survey, research should also be
undertaken to select which mobile network the relay phone
should use (if multiple networks are available), as network
quality can vary substantially in the target area. To account for
this, the MeasureSMS-Morbidity tool allows multiple relay
phones to be used (and thus multiple networks), such that all
information is collated in a single database regardless of which
relay phone it was received by.

The LyMSStool iscurrently being tested in Chikwawa, Mal awi
(Figure 6). The LyMSS was set up in this area following the
implementation of the MeasureSMS-Morbidity tool, which
highlighted the prevalence of disease in the area. A total of 11
HSAs areinvolved, and since receiving initial training in May
2015 during which they were provided with a low-cost
smartphone (eg, Huawei Ascend Y 330, approximately £40),
they have been continuoudly supplying 62 lymphedema patients
with basic supplies, with soaps and antibacterial creams in
highest demand. During theinitial set-up, some problemswere
experienced in the local mobile network, with the data
connection weak or non-existent in key areas (ie, around the
health facility where the health workers gathered to send their
initial supply reports). An interim follow-up in October 2015,
however, indicated that this issue had been resolved, either
through improvements in the local network or an increase in
the health workers' knowledge of areas where there was a
sufficient signal. Thiswas confirmed viaaquestionnaire, where
only 2 of the 11 HSAsindicated that poor network had been an
issue for them. A more pressing issue identified by the health
workerswastheissue of ensuring their phoneswere sufficiently
charged in order to be able to send the reports. As much as5 of
the 11 HSAsdid not have electricity in their homes, hence they
generally used charging services at their local market. Phone
credit was also identified as an issue as 8 of the 11 health
workers had never used a smartphone prior to the study and
were unfamiliar with mobile datatariffs. Aswith SMS, mobile
databundleswere availablefor the chosen network (eg, 500M B
for 30 days at MK2550, approximately £3), and during the
training the HSAs were directed to use those. However, many
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HSAs chose not to consistently make use of the bundles over
the 5-month period, resulting in higher costs and an increased
likelihood of running out of phone credit.

Despite these perceived problems, the HSAswere not prevented
from submitting their weekly reports, athough they were
occasionally submitted aday or 2 late. To date, over 500 soaps
and 250 antibacterial creams have been distributed to patients
over a6-month period. The HSAs have expressed their personal
satisfaction in being able to follow through and assist the
patients, believing that regular contact with the patients has
strengthened their relationship and encouraged the patients to

Figure5. An example of the MeasureSM S-Morbidity training workshop.

Stanton et al

open up about their problems and needs. During a focus group
discussion, they aso reported that sending supply reports by
the smartphone app saved them time, athough they did till
need to communicate via telephone to arrange to collect
additional supplieswhen needed. Improvementsto the app were
suggested by the HSAS, indicating that the scope could be
extended for use beyond a simple supply monitoring tool.

The first version of the MeasureSMS-MDA tool has been
developed and is being tested in December 2015 in Dar es
Salaam, whereas the HealthFront health information tools are
currently under development with plansto test the app in 2016.
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Figure6. Anexample of the LyMSStool in action.
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Discussion

Principal Considerations

We advocate that community involvement and empowerment
are essential for improving the health of many millions of people
in underserved health-poor and resource-poor regions of the
world. Community empowerment isthe foundation of the LM S
we describe here, and these tool s have the potential to be applied
to many other neglected tropical diseases and health conditions.
The essential components of these tools include the simplicity
of the data format, combined with the ease of its transference
through a technology that is now a standard component of
everyday life. Thiscommunity-based approach setsit apart from
more complicated, often research-oriented systems that have
been applied elsewhere.
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Further, these tools can be readily expanded to cover very large
populations in a relatively short time frame, as we have
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health of currently underserved populations.
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Abstract

Background: It is difficult to synthesize the vast amount of textual data available from social media websites. Capturing
real-world discussions via social media could provide insights into individuals opinions and the decision-making process.

Objective: We conducted a sequential mixed methods study to determine the utility of sparse machine learning techniquesin
summarizing Twitter dialogues. We chose a narrowly defined topic for this approach: cervical cancer discussions over a 6-month
time period surrounding a change in Pap smear screening guidelines.

Methods: We applied statistical methodol ogies, known as sparse machine learning algorithms, to summarize Twitter messages
about cervical cancer before and after the 2012 change in Pap smear screening guidelines by the US Preventive Services Task
Force (USPSTF). All messages containing the search terms*“ cervical cancer,” “Pap smear,” and “ Pap test” were analyzed during:
(1) January 1-March 13, 2012, and (2) March 14-June 30, 2012. Topic modeling was used to discern the most common topics
from each time period, and determine the singular value criterion for each topic. The results were then qualitatively coded from
top 10 relevant topics to determine the efficiency of clustering method in grouping distinct ideas, and how the discussion differed
before vs. after the change in guidelines .

Results: This machine learning method was effective in grouping the relevant discussion topics about cervical cancer during
the respective time periods (~20% overall irrelevant content in both time periods). Qualitative analysis determined that a significant
portion of thetop discussion topicsin the second time period directly reflected the USPSTF guideline change (eg, “ New Screening
Guidelinesfor Cervical Cancer”), and many topicsin both time periods were addressing basi ¢ screening promotion and education
(eg, “Itis Cervical Cancer Awareness Month! Click the link to see where you can receive afree or low cost Pap test.”)

Conclusions: It was demonstrated that machine learning tools can be useful in cervical cancer prevention and screening
discussions on Twitter. This method allowed us to prove that there is publicly available significant information about cervical
cancer screening on social mediasites. Moreover, we observed adirect impact of the guideline change within the Twitter messages.

(JMIR Public Health Surveill 2016;2(1):e21) doi:10.2196/publichealth.5308

KEYWORDS
Twitter; machine learning; social media; cervical cancer; qualitative research
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Introduction

Social networking websites have fundamentally changed the
way in which individual s and organizations communicate with
each other [1,2]. Almost 75% of adults on the Internet useonline
social networking sites, including Facebook and Twitter [3],
which provide an opportunity for social interaction and a space
to share ideas, opinions, and information [1]. Thus, the content
shared ranges from news to personal experiences [4], with
health-related information commonly shared and discussed. For
example, in arecent survey of adults, a large majority (80%)
of younger Americans reported that they would share their
personal health information on social mediasites[5]. Similarly,
in our previous qualitative examination of a sample of Twitter
messages about mammograms and Pap smears, we found that
a substantial proportion of the top messages within a 1-month
period wererelated to personal experienceswithin these cancer
screenings [6]. Despite this, it is unclear whether the types of
health communication on social mediasiteslike Twitter contain
reliable information or clear heath promotion and/or
improvement messages in the midst of millions of comments
and discussions.

Lyleset d

The immense volume of messages on social media sites (eg,
more than 500 million Twitter messages sent every day) [7],
preclude the use of traditional qualitative methods to analyze
most of this text. Therefore, there is a need to apply new
methodol ogiesfrom computer science and statisticsto examine
this publicly available content. The so-called sparse machine
learning techniques offer away to examine and summarizelarge
amounts of textual data[8], and therefore would be particularly
insightful in studying the online social media content related to
cancer prevention, screening, and treatment. This methodol ogy
is currently used to analyze such content for businesses (eg, to
generate advertising that istailored to specific online discussion
topics) [9], but it is yet to be implemented in biomedical and
cancer research.

For this paper, we sought to explore the feasibility of these
machine learning approaches to analyze Twitter content about
cervical cancer and Pap smears. Specifically, we examined
Twitter messages about these topics before and after the US
Preventive Services Task Force (USPSTF) guideline change
on March 15, 2012 [10] (Table 1), using a sequential mixed
method approach.

Table 1. Summary of changesin the USPSTF guidelines for Pap smear screening.

Guideline prior to 2012

Updated guideline release in March 2012

Frequency of screening At least every 3years
Age to begin screening

Human papillomavirus (HPV) testing

Insufficient evidence to make a recommendation

Every 3 years

Within 3 years of initiating sexual activity, or age21 Age?21

No HPV screening for those under age 30

Methods

Data Source

For this study, we gathered and stored messages from a specific
online socia networking site, Twitter, the second largest social
networking site after Facebook.[11] Twitter allows individuals
to shareinformation in short text messages called “tweets’ that
are 140 characters or less. Twitter is largely a public forum
where users follow real-time information, and accounts range
from personal (from friends and family to celebrities and
politicians) to organizational (including news sources, national
associations, and local groups). Using an application
programming interface from a third-party Twitter platform
(Topsy©), we were able to access a large collection of more
than 20,000 Twitter messages originating in the US about Pap
smears and cervical cancer over a 3-year time period (ie,
2009-2012). We restricted our data collection to messages citing
our cancer-specific query keywords (“Pap smear,” “Pap test”,
or “cervical cancer”, including common misspellings).

Within the raw dataset, we calculated the raw frequency data
for messages related to cervical cancer screening during an
entire 6-month time period, that is, we examined the total
number of occurrences of the keywords on Twitter from January
2012 to June 2012. We then divided the data into two distinct
time periods. before (January 1, 2012—March 13, 2012) and
during or after (March 14, 2012—June 30, 2012) the USPSTF
guideline change.

http://publichealth.jmir.org/2016/1/e21/

Mixed Methods Analysis

As we wanted to establish the face validity of using newer
machine learning methods to analyze Twitter data, we used a
sequential mixed methods approach for our study by first
compl eting aquantitative summarization of the datausing sparse
principal component analysis, followed by qualitative content
analysis of example messages.

Sparse Principal Component Analysis

After downloading the data, we first used an exploratory
guantitative analysis using machine learning algorithms.
Machine learning encompasses a set of statistica and
computational tools, which assist in extracting meaning and
insight from very large collections of data (see Multimedia
Appendix 1 for more information). We used “sparse’” machine
learning algorithms[12,13] as an aternative to extremely large
volumes of keywords in the machine learning classification
process (asin Latent Semantic Indexing) . The sparse agorithms
attribute azero weight to asmany keywords as possible, limiting
the result to a short list of keywords with strong
interrelationships and the most representative messages using
those keywords. Therefore, in practice, sparsity enables
interpretability by an analyst [8,14].

Specifically, we used a linear algebraic factor-model approach
called sparse principal component analysis (SPCA), which split
the results into a number of distinct topics. Each topic was
characterized by a short list of keywords that were all
determined to be correlated. In addition, few Twitter messages
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that were most strongly and statistically associated with the
topic were identified. In practice, SPCA was used both as a
topic modeling agorithm (while considering the list of
keywords) and clustering agorithm (while considering the
example Twitter messages). This form of SPCA was used in
our previous studies [14-16].

In order to apply the SPCA approach to Twitter data (as opposed
to other forms of text data, like full news articles), we modified
the list of stop-words in our algorithm. For example, the text
attached to the symbol “ @” from the result termswas removed
as it represents a username on Twitter rather than a part of the
message content itself, and the uniform resource locator (URL)
addresses were also removed since they were not considered as
intelligibletext. Hashtags (“#") were permitted asthey allowed
users to indicate that their messages were related to the same
topic (eg, #cervicalcancer) but did not change the meaning of
the tweet. We restricted our analysis to messages tagged as
“English” in the main dataset (but we handled the remaining
non-English messages as described in more depth below).
Finally, we alowed retweeted (indicated by “RT") messages
within our dataset and only the original message asan individual
tweet that could be categorized in the cluster analysis was
included, but that message was weighted more heavily in the
results based on its appearance in the dataset.

Asan output of our analysis, the SPCA algorithm required fixed
parameters such as number of topics, terms per topic, and tweets
per topic for the results. Based on our previous work [8], we
specified five keywords per topic, and we allowed the program
to produce the total number of topics on the entire datasets. We
compared the results for different models using 10, 15, and 20
tweets per topic to identify the one that explained the highest
variation in the discussion topics. We used the cumulative
Frobenius norm to find out which model explained the highest
proportion of the variance with the fewest number of topics, to
assess the best performing model [17].

On identifying the best model, we recorded the singular value
criterion, for which higher values indicate a higher prevalence
of the topic within the entire set of messages (ie, more messages
similar to that topic within the entire dataset) and the five
keywords most strongly associated with each topic, which were
automatically generated from the a gorithm. Aswe used asparse
approximation of principal component analysis, there was a
small degree of shuffling in the topic order by singular value
criterion.

Qualitative Analysis of Example Tweets

We used the exampl e tweets and keywords from the quantitative
machine learning SPCA to conduct a qualitative review of the
output. In particular, we read all example tweets from the top
10 relevant topics in both the baseline and follow-up periodsto
determine the nature and cohesiveness of the topics. By use of
open coding [ 18,19] we determined: (1) the primary discussion
category of each topic, and (2) the percentage of tweets within
that topic that were unrelated to the main message (noting the
general content area of the off-topic message). Three members
of theresearch team (CRL, GL, and US) independently read all
the tweets to categorize the topics, informed by our previous
qualitative methods in a similar dataset [6]. For example, we

http://publichealth.jmir.org/2016/1/e21/
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used broad categories of “health promotion” and “personal
experiences with screening” to start the coding process, but
allowed new categoriesto emerge aswe read through all tweets
independently. The coding team discussed the categorization
of topics to generate consensus about the primary meaning of
the messagesin each topic, focusing mostly on the topic labels
in which there was some baseline coder differences in
categorization. The coding team also determined the final
percentages of messages that pertained to the overall topic
category (ie, the cohesiveness of the messages) of the topic.
Finally, we selected a single example tweet that represented
each topic category. The US member of the research team made
the final decision on the categorization and cohesiveness of the
topicsin case of any disagreement within the coding team.

In afew cases, the results included non-English topics despite
our attempt to limit the sample to English messages only. This
is most likely because the “English” designation within the
Twitter data is imperfect for some messages. Non-English
messages most often involved the word “Pap” with a different
meaning in another language—these were reported below but
not analyzed in the qualitative phase of the study. In addition,
sometopicsreturned asmaller number of tweetsthan specified,
largely dueto the amount of retweeting of an identical message
that was weighted more in the output.

Results

Figure 1 displays the total mentions or raw count data for the
terms“ cervical cancer” and “Pap smear” or “Pap test” in the 6
months surrounding the guideline changes. Immediately
following the new USPSTF 2012 guidelines announcement in
mid-March, there was an increase in messages containing “ Pap
smear” or “Pap test”: starting from around 300 mentionsin the
previous month and spiking to 1000 mentions when the
announcement was released. In contrast, the search term
“cervical cancer” fluctuated throughout the entire 6-month
window.

Next, after dividing the Twitter messages into baseline and
follow-up periods surrounding the guideline change, there were
2,549 messages about cervical cancer on Twitter in the baseline
period and 4,673 messages in the follow-up period.

The clustering analysis revealed that the models gave similar
resultsoverall, with marginally better performance of 10 tweets
per topic as more topics were generated (Figures 2 and 3), that
is, overall the 10-tweet model explained the most variance in
the discussion topics in the fewest number of topics, but this
difference only emerged in explaining the last 10% or so of the
variance rather than in the early topic differentiation.

The qualitative analysis of the 10 tweets per topic results are
shown in Table 1 (preguideline change) and Table 2
(postguideline change). This analysis showed that about 20%
of the content in both time periods was irrelevant, that is, two
top topics in both the baseline and follow-up periods were
non-English results or nonapplicable messages that used the
word “pap” as an abbreviation for another idea.

In terms of the content of the topics that were generated, Table
2 aso summarizes the primary category of each topic, the
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singular value criterion, the proportion of tweets that did not
match the overall topic category, the 5 keywords most strongly
associated with the topic, an example tweet, and other notes or
comments about the topic. The qualitative analysis revealed
that the most common topics were about cervical cancer
screening promotion or health education.

In the baseline period, the top topic was about screening
promotion, followed by information on anti-vaccination and
that for individual swith abnormal test results. In these baseline
results, 10-40% of the messages were different from the overall

Figure 1. Total mentions of January—June 2012.
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topic. In the follow-up period, three of the top topics were
directly about the 2012 USPSTF guidelines, with very strong
cohesiveness of thesetopics (ie, very few other messagesbesides
USPSTF guideline information). Several of the message
categoriesin the follow-up period expressed gratitude or relief
about not having to have annual Pap smears any longer, which
is a direct reflection of the updated 2012 USPSTF guideline
stating that women with normal results can now wait 3 years
between Pap smears. All the remaining top topics in the
follow-up period were decidedly mixed without any single
discussion topic dominating the messages.
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Figure 2. Baseline Frobenius norm plots comparing models specifying 10, 15, and 20 tweets per topic.
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Figure 3. Follow-up Frobenius norm plots comparing models specifying 10, 15, and 20 tweets per topic.
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Table 2. Summary of top 10 topicsin the baseline and follow-up periods.
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Topic Singular Proportion  Example Tweet Top 5 keywords Information about “ off-
vaue of messages topic” tweets
off topic (%)
Basdline period (before guideline change) from January 1-March 13, 2012
Non-English 14.10 N/A Non-English Non-English All non-English (Indone-
sian) tweets with key En-
glish words
Screening promotion  11.79 40 Get Tested For Cervical Cancer #cancer study, women, #can-  Other 4 messages about
#eervical cancer #paptest #HPV #HPVvaccine  cer, caught, #papsaves-  cancer survival/cure rate
#women #heal th #womenshealth lives
Education about abnor-  6.23 30 Learned in class: women who havean abnor-  abnormal, doctor, rec-  Other messages: 2 jokes;
mal test results mal pap smear result and may have aB12 ommended, chances, 1 survival rate
deficiency should betested. It can causea  colposcopy
false positive!
If you're under 26, the HPV vaccine can help
prevent you from ever having to hear the
words “abnormal Pap test results.”
Anti-HPV vaccination  8.03 40 This Foolish Cancer "Prevention" May Only life, foolish, extend,  Other messages: 1 cancer
information Extend Your Life by 2.8 Days. days, #tdh awareness month; 1 educa
tion; 1 testimonia; 1 polit-
ical
Report linking screen-  5.50 10 Regular Pap Smear Boosts Cervical Cancer  survival, regular, Other message: education
ing to increased sur- Survival: Study: Screeningisimportant even boosts, health day, in-  about treatment
vival after HPV vaccine, experts say cluding
Jokes 754 30 | got scheduled for apap smear today. Happy — doesn, period, dirty,  Other messages:. 2 address-
Valentineg's Day.” <== At least it's being scheduled, question  ing HPV stigma; 1 educa-
touched on V-Day tion about screening
Education/Screening  5.58 10 We're here, we're queer, pap smear! January  health, awareness, Other message giving a
promotion iscervical health awareness month, read this.  care, cdc, remind personal opinion
#PublicCervixAnnouncement
Screening promotion  8.02 10 Please retweet if you have ever had a Pap work, retweet, foot-  Other topic was politi-
with a personal song Smear (especidly if you sang Footloose) loose, sang, laser cal/unrelated
N/A Irrelevant 7.68 N/A Smead Slash/Jacket, Letter, 11 Point, Blue, holds, jacket, stock,  Only 2total tweetsfor this
25 per Pack (75431): 11 pt stock. Holds 8- letter, inch topic
1/2-inch W x 11-inch H pap...
Education/Screening  5.32 10 ItisCervical Cancer Awareness Month! annual, free, month,  Other message ajoke
promotion Click thelink to see where you can receive  screening, appt
afree or low cost Pap test....
Education/Screening 5.33 0 What are some ways to lower HPV risk: the smears, told, preven-  Other messages: 5 about
Promotion usual know who you are having sex with, tion, kill, relying survival; 3 general educa-
don't have sex, have sex later, get pap smears, tion; 2 promotion
std test
Jokes 4,99 30 All women (and any men who love women-  man, love, chance, Messages: 6 jokes (most

-whichisall of youin someway!) pleaseread
this on Cervical Health Month/HPV
Thisindian man taking my prescription is
flirting with me hard. It's unnerving because
helookslikethat indian man that did my pap
smear

Follow-up period after guideline change: March 14 to June 30, 2012

News headlines about
guideline change

11.59 0

New Screening Guidelinesfor Cervical Can-
cer - Fox News

bono, chaz

guidelines, annual,
screening, #cnn, cor-
rected

referencing celebrities); 2
screening promotion; 1
education

Tweets mostly from news
organizations
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Topic Singular  Proportion Example Tweet Top 5 keywords Information about “ off-
vaue of messages topic” tweets
off topic (%)
Non-English (relevant  14.97 0 Non-English Non-English All non-English (Indone-
English key words) sian) tweets with key En-
glish words for each tweet
in thistopic, including
“abnormal” “pap smear”
“HPV"

Non-English (relevant  12.02 0 Non-English Non-English All non-English (Indone-

English keywords) sian) tweets with key En-
glish words for each tweet
in thistopic, including
“abnormal” “pap smear”
“HPV"

Newsheadlinesonpan- 9.89 20 Health panel: Pap tests needed only every 3 years, panel, health,  Other messages: 1 educa-

el recommendations years: NEW YORK (Reuters Hedlth) - women, safe tional; 1 political
Women only need to get a Pap test...

Health promotion—Fe-  7.94 0 Ladies: Stop putting it off and go have apap ladies, video, learn,  All health promotion fo-

mal e-to-female empow- smear. A couple of minutesof discomfortand defense, routine cused on prevention

erment messaging embarrassment might save your life. Serious-
ly.

Mixed category 7.82 N/A You know you hate your job whenyou are  call, mom, hate, mam- Messages: 4 jokes, 3 free
excited to leave for two hours for a pap mogram, dad resources for testing; 2
smear. guideline change; 1 hedlth

promoation; 1 education
about screening

Rejoice, noannual pap!  6.35 40 Women Rejoice: Timeto Bid Farewell to time, regjoice, bid, Other messages: 1 politi-
Your Annual Pap Smear - The Atlantic farewell, atlantic cal; 1 joke; 2 education
http://t.co/el SAegw5 #health

Mixed category 5.87 N/A Encourage your mom to get a Pap test this ~ woman, free, main- Messages: 3 jokes; 4 re-
Mother'sDay! They'refreeat 19 PPIN health tain, order, pbr sourcesfor free Pap smear;
centers next week! 2 promotion for screening;
Had The Talk w/ my 6Y O: “One day you too 1 education
shall become awoman & you'll cancel your
pap smear to have your hair done.”

Mixed category 10.90 N/A The Hairpin guide to abnormal pap smears  rom, companion, pass, Only 7 messagesin this
is awesome. Sometimes, we just need facts  guide, citizenship topic: 2 education; 3 politi-
about our health wrapped in bowties cal; 1 opinion about OB-
Making sense of your Pap test: #NWHW GYN career; 1irrelevant

Mixed 11.66 N/A CBC.Beauty Care: Hypnotherapy & Thin subjects, fundamental, Only 3 tweetsin thistopic:
Prep Pap Smear cliffs notes, prep, 1 non-English; 1 about

praxis Thin Prep Pap Smear; 1ir-
relevant

Education about abnor-  8.50 30 If you have abnormal Pap or HPV test results, Abnormal, follow, Other messages: 3 educa-

mal Pap smear results your doctor will suggest other teststo make common, procedure,  tion about screening
adiagnosis. PIsRT col poscopy

N/A irrelevant: Pap 11.09 10 Pap Smear: GIVING THE PAPARAZZI A paparazzi, tables, Mostly using “pap” as ab-

smearsrefer to pa- TASTE OF THEIR OWN DISGUSTING cameras, mag, faces  breviation for paparazzi

parazzi, not cervical MEDICINE #brilliant

cancer

Mixed category 10.37 N/A Phrasesthat aBamagirl never wantsto hear: talk, send, photo, Messages: 6 jokes; 4 invi-

1) We need to talk. 2) We found something
on your pap smear. 3) Auburn just scored.

| am answering tweetsfor thischat RT @XX:
Women's #Health Wednesdays 5/2 12-2PM
ET. Topic: Pap Test Talk. Join us and use
#SCWHW

phrases, panic

tations for Tweet Chat
about Pap smears
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Discussion

We successfully employed asequential mixed-methods approach
to analyze specific cervical cancer prevention and screening
discussions on the online social media site “ Twitter”—first
using a quantitative topic modeling approach to parse the large
text dataset, followed by qualitative analysis of the example
Twitter messages that were pulled from the topic modeling.
Principal Findings

The machine learning methods provide statistically relevant
terms, and indexing these to specific tweets was insightful,
particularly when there is rich information shared through
external links. However, while the resulting keywords from the
guantitative approach were insightful, the true meaning of the
messages was much more evident when we analyzed the full
text examples for additional context. In other words, machine
learning topic modeling required contextualization and content
expertise, and much more significant adaptations to the
algorithm would be needed to be able to replace human
interpretation of the messages. Although the machine learning
approach could not replace qualitative analysis altogether, it
did alow for a more focused qualitative analysis, because it
allowed usto prioritize the voluminous content available online.

Our study demonstratesthat social mediaisaplatforminwhich
individuals shared direct information about the new 2012
cervical cancer screening guidelinesfrom the USPSTF. In fact,
alarge proportion of thetop topicsin thefollow-up period were
solely dedicated to this shift in screening recommendations.
The content of these topics was so distinct from the baseline
topics that we feel confident that a machine learning approach
can successfully detect such large public changes in dialogue.
In addition, the information shared about the change in
guidelines was mostly neutral or positive for eliminating the
need to have a Pap smear every year. This finding appears to
be more positive than other existing literature on women’s
perceptions about the new guidelines, which found that a
substantial proportion of women expressed concerns about
increasing the interval s between screenings [20,21].

Our findings also demonstrated that a large portion of the
cervical cancer messages on Twitter were about health
promotion and education, beyond discussions about the 2012
screening guidelines. This included new science about the
effectiveness of Pap smears and information (personal stories
or lists of free screening sites) to encourage women to get Pap
smears, which is consistent with our previous qualitative work
[6]. Wefedl that this providesjustification for public health and
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advocacy groups to continue harnessing social media for
delivering messages about screening.

Limitations

Our small exploratory study haslimitations. First, we chose one
social media site, Twitter, which has a 140-character limit for
each post. While Twitter represents afast-growing platform for
Web-based communication [22], Twitter users are likely to
differ from the overall US population—as they are more likely
to beyounger (aged 18-29 years), fromracial or ethnic minority
groups (particularly African Americans) and living in urban or
suburban areas [11]. In addition, it is not possible to easily
automate the process of classifying Twitter messages by sender
(such as from individuals vs. organizational accounts), nor we
did not verify whether the messages in our analysis were from
accounts that were active over a sustained period of time.
Second, we are using only publicly available Twitter
content—which is likely to represent the majority of content
[23] but differs from privately shared messages. Third, we
restricted our study to messages originating in the US, because
wewereinterested in achangein national screening guidelines.

Finally, from a methodological standpoint, we faced some
limitationsin applying anovel approach, such asafew irrelevant
sets of messages. While this is expected to a certain extent,
future studies will be able to quantify the expected error when
using these methods and perhaps additional refinements to
minimize such error. The topic modeling and clustering
approach also relies on a simple bag-of-words model of text,
which ignores word ordering and natural-language semantic
information. All analysis is based on patterns of associations
between words. In addition, our method only captures the most
prevalent associations between words; if a single word has
multiple meanings in different contexts, the less prevalent
patterns may be overlooked. Finally, we employed a model,
which assumesthat each message containsasingletopic. Other
approaches can identify a mixture of topics within a single
message, but are computationally expensive[24,25]. Given that
Twitter messages are so short, however, a single-topic model
of a message appears to capture important and relevant
information.

While preliminarily our findingsimply that thereis an interest
in cancer screening discussions among the ever-growing
population using online social media. Our work argues for
further transdisciplinary study into cancer screening promotion
via socia media, whether in a peer-to-peer or in an
expert-recommendation fashion.
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Abstract

The American Men's Internet Survey (AMIS) isan annual Web-based behavioral survey of men who have sex with men (MSM)
who live in the United States. The purpose of this Rapid Surveillance Report is to report on the second cycle of data collection
(November 2014 through April 2015; AMIS-2014) on the same key indicators previously reported for AMIS (December 2013
through May 2014; AMIS-2013). The AMIS survey methodology has not substantively changed since AMIS-2013. MSM were
recruited from avariety of websites using banner advertisements or email blasts. Adult men currently residing in the United States
were eligible to participate if they had ever had sex with aman. We examined demographic and recruitment characteristics using
multivariable regression modeling (P<.05) stratified by the participants self-reported human immunodeficiency virus (HIV)
status. The AMIS-2014 round of data collection resulted in 9248 completed surveys from MSM representing every US state.
Participants were mainly white, 40 years or older, living in the US South, living in urban/suburban areas, and recruited from a
genera socia networking website. Self-reported HIV prevalence was 11.34% (1049/9248). Compared with HIV-negative/unknown
status participants, HIV-positive participants were more likely to have had anal sex without a condom with any male partner in
the past 12 months (76.55% vs 67.17%; P<.001) and more likely to have had anal sex without a condom with their last male sex
partner who was discordant/unknown HIV status (39.66% vs 18.77%; P<.001). Marijuana and other illicit substance use in the
past 12 months was more likely to be reported by HIV-positive participants than HIV-negative/unknown status participants
(26.02% vs 21.27%, and 27.26% vs 17.60%, respectively; both P<.001). The vast mgority (86.90%, 7127/8199) of
HIV-negative/unknown status participants had been previously HIV tested, and 58.23% (4799/8199) had been tested in the past
12 months. Sexually transmitted infection (STI) testing and diagnosis was also more likely to be reported by HIV-positive
participants than HIV-negative/unknown status participants (71.02% vs 37.34%, and 20.59% vs 7.54%, respectively; both P<.001).
HIV-negative/unknown status participants <40 years of age were more likely than those 40 years or older to have had anal sex
without a condom, were more likely to report substance use, were less likely to have been HIV tested, but were more likely to
been tested for and diagnosed with an STI. Compared with those from general social networking, HIV-negative/unknown status
participants from ageospatial social networking website were more likely to have reported all risk behaviors but were morelikely
to have been HIV tested, STI tested, and diagnosed with an STI.

(JMIR Public Health Surveill 2016;2(1):€23) doi:10.2196/publichealth.5476

KEYWORDS
MSM; gay; homosexual; bisexual; HIV; STD; Internet; survey; surveillance

Notice to the reader: Rapid Surveillance Reports are brief an existing well-described surveillance system, making a
reports, which primarily report new data in table format from methods (and sometimes an introduction) section redundant.
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The idea of this new article type isto allow rapid publication
of emerging trends, or continuous publication in regular
intervals of public health relevant data. If a method or system
description has been published previously in JMIR Public
Health Surveill or IMIR Res Protoc, the report does not have
to be peer-reviewed again (although in many cases they till
are).

Introduction

The American Men's Internet Survey (AMIYS) is an annua
Web-based behavioral survey of men who have sex with men
who livein the United States. The methods have been previously
published [1]. Methodsin AMIS-2014 are unchanged from the
previously published manuscript unless otherwise noted bel ow.

Recruitment and Enrollment

Asinthe prior year, AMIS participants were recruited through
convenience sampling from a variety of websites using banner
advertisements or email blasts to website members (hereafter
referred to generically as “ads’). Men who clicked on the ads
were taken directly to the survey website hosted on a secure
server administered by SurveyGizmo. To be €ligible for the
survey, participants had to be 15 years of age or older, consider
themselves to be male, reside in the United States, and report
that they had oral or anal sex with a man at least once in the
past (hereafter referred to asMSM). Personswho reported being
<15 years of age or refused to provide their age were not asked
any other screening questions. MSM who met the eligibility
criteria and consented to participate in the study started the
Web-based survey immediately. The full questionnaire for
AMIS-2014 ispresented in MultimediaAppendix 1. AMIS-2014
ran from November 2014 through April 2015, and resulted in
77,611 persons clicking on the ads and landing on the study's
recruitment page (Table 1). Most were from a general socia
networking website (59,670/77,611, 76.88%). Nearly half
(35,462/77,611 46.89%) of those who landed on the study's
page started the screening process and 60.75% (47,149/77,611)
were eligible. The most common reason for ineligibility was
not ever having malemale sex. Nearly three-quarters
(57,176/77,611, 73.67%) of those who were eligible consented
to participate in the survey. There were 6.81% (1109/77,611)
of the surveys determined to likely be from duplicate
participants. Among unduplicated surveys, more than two-thirds
(52,9790/77,611, 68.25%) were considered successful. Success
was defined using an examination of completed survey sections
[1]. Most successful surveys were among men who reported
having sex with another man in the past 12 months
(9248/10,359, 89.28%).

M easures and Analyses

For AMIS-2014 analyses, we categorized participants by
recruitment website and based on target audience and purpose:
gay socia networking (n=2), gay general interest (n=4), general
socia networking (n=1), and geospatial socia networking (n=2).
We do not provide the names of the websites to preserve
operator/client privacy, particularly where a website category
has only one operator. The participants who were dligible,
consented, unduplicated, successful, and reported male-male

http://publichealth.jmir.org/2016/1/e23/
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sex in the past 12 months were included in analyses of
participant characteristics and behavior.

Thefollowing behavioral measuresdiffered in AMI1S-2014 from
those previously published: both sexual behaviors (any
condomless anal sex and condomless anal sex with a
discordant/unknown status partner) were assessed for the past
12 months, binge alcohol drinking was not included, and
substance using behaviors were recategorized. Human
immunodeficiency virus (HIV) serostatus concordance was
based on the participant’s HIV status and the status of their sex
partner. Discordant/unknown status was defined as either the
participant or partner having unknown status or when one was
HIV-negative and the other was HIV-positive. For
substance-using behaviorsin the past 12 months, we separated
marijuana use from other illicit substance use. For AM1S-2014
al participants received questions on sexually transmitted
infection (STI1; chlamydia, gonorrhea, and syphilis) testing and
diagnoses in the past 12 months. Participants could have been
tested for an ST but not diagnosed with an STI. Persons who
were diagnosed with an STI in the past 12 months all were
considered to have been tested for an ST1 in the past 12 months.

The analysis methods for AMIS-2014 did not substantively
differ from those previously published but are repeated in this
report for clarity [1]. Overall chi-square tests were used to
identify whether participant characteristics significantly differed
between recruitment website types. Multivariable logistic
regression modeling was used to determine significant
differencesin behaviors based on self-reported HIV statuswhile
controlling for race/ethnicity, age group, Nationa HIV
Behaviora Surveillance (NHBS) city residency, and recruitment
websitetype. HIV-testing behaviors were only examined among
those who did not report that they were HIV-positive and were
also presented by participant characteristics. Multivariable
logistic regression results are presented as Wald chi-square
P-values to denote an independently significant difference in
the behavior for each subgroup compared with areferent group.
Statistical significance was determined at P<.05.

Results

Summary for AM1S-2014

Three-quarters (6819/9248, 73.73%) of participants included
inthisreport were white, non-Hispanic, half (4676/9248, 50.6%)
were =40 years of age, and their most common region of
residence was the South followed by the West (Table 2).
AMIS-2014 had participantsfrom all US statesand at least 100
participants from each of 27 states (Figure 1). Overal, 11.34%
(1049/9248) of participants reported being HIV positive and
88.66% (8199/9248) reported being HIV negative or having an
unknown HIV serostatus. There were significant differencesin
all participant characteristics based on where they were recruited
(Table 2). Most of those differences were observed among
participants recruited from geospatial social networking
websites, who were less likely be white, lesslikely be 40 years
or older, lesslikely to live in an NHBS city, morelikely to live
in the West, more likely to live in urban areas, and more likely
to report being HIV positive.
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Most participants had anal sex without a condom with another
man in the past 12 months (Table 3). Compared with
HIV-negative/unknown status participants, those who were
HIV-positive were significantly more likely to report anal
intercourse without a condom, including with male partners
who were discordant/unknown status. Anal intercourse without
acondom significantly differed by age group (HIV-positiveand
-negative/lunknown status participants), recruitment website
type (HIV-positive and -negative/unknown status participants),
and race/ethnicity (HIV-negative/unknown status participants
only).

More than one-quarter (273/1049, 26.02%) of HIV-positive
participants reported using marijuanaor other illicit substances
in the past 12 months (Table 4). Compared with
HIV-negative/unknown status participants, those who were
HIV-positive were significantly more likely to report use of
marijuanaand other substancesin the past 12 months. Marijuana
or other illicit substance use significantly differed by age group
(HIV-positive and -negative/unknown status participants),
residence in an NHBS city (HIV-negative/unknown status
participants only), and recruitment website type
(HIV-negative/unknown status participants only).

Sanchez et al

HIV testing behaviors were only examined among those who
did not report being HIV-positive. Most of those participants
(7125/8199, 86.90%) had ever been previoudy tested for HIV
infection, and just over half (4799/8199, 58.53%) reported being
tested in the past 12 months (Table 5). HIV testing significantly
differed by age group (ever tested), race/ethnicity (ever tested),
residence in an NHBS city (past 12 months tested), and
recruitment website type (past 12 months tested).

Compared with HIV-negative/unknown status participants,
those who were HIV-positive were more likely to report being
tested for and diagnosed with an STI in the past 12 months
(Table 6). The most common STI diagnoses were syphilis
(132/1049, 12.58%) and chlamydia (88/1049, 8.39%) among
HIV-positive participants. STI testing significantly differed by
age group, residence in an NHBS city and recruitment website
type only for participants who were HIV-negative/lunknown
status. STI diagnosis significantly differed by age group
(HIV-positive and HIV-negative/unknown status participants),
race/ethnicity (HIV-negative/unknown status participants only),
residence in an NHBS city (HIV-negative/unknown status
participants only), and recruitment website type
(HIV-negative/unknown status participants only).

Figure 1. Number of MSM participantsin the American Men's Internet Survey by state, 2014.
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Table 1. Recruitment outcomes with different recruitment website types for the American Men's Internet Survey, United States, 2014.

Recruitment Website Type
Total Gay socia Genera gay interest General social Geospatial social

networking (n=4) networking networking

(n=2) (n=1) (n=2)
Recruitment Outcomes N (%) N (%) N (%) N (%) N (%)
Clicked ad 77,611 1988 8372 59,670 7581
Screened? 36,392 (46.89) 944 (47.48) 1293 (15.44) 26,576 (44.54) 7579 (99.97)
Ineligible? 14285 (39.25) 171 (1811) 523 (40.45) 11,356  (42.73) 2235  (29.49)

Not 15+ yearsof age® 10,219 (7154) 118 (69.01) 340 (65.01) 8008 (7052) 1753 (78.43)

Not male® 10,942 (76.60) 138 (80.70) 380 (72.66) 8494 (7480) 1930  (86.35)
Not ever MSM®d 13776  (96.44) 167 (97.66) 510 (9751) 11073  (9751) 2026  (90.65)
Not a US resident® 3733 (2613) 22 (1287) 161 (30.78) 2460 (21.66) 1090  (48.77)
Eligible” 22,107 (60.75) 773 (81.89) 770 (5955) 15220  (57.27) 5344  (70.51)
Consented® 16,286 (7367) 574 (74.26) 595 (7727) 10821  (71.10) 4296  (80.39)
Unduplicated® 15177 (93.19) 557 (97.04) 564 (94.79) 9960 (9204) 4096  (95.34)
Success? 10,359 (68.25) 414 (7433) 410 (72.70) 6913 (69.41) 2622  (64.01)
MSM past 12 months” 9248 (89.28) 377 (91.06) 369 (90.00) 5987 (86.60) 2515  (95.92)

3Proportion is of total who clicked ad. Includes those who started the screening questionnaire.

bProporti on isamong total screened. Ineligible includes those who did not complete the screening questionnaire.

CProportion is among total ineligible. Includes those who may not have responded to the question.

4MSM: men who have sex with men.

Proportion is among eligible.

fProporti on isamong consented. Unduplicated removes participants who were marked as duplicates using an Internet protocol address and demographic
data matching.

9Proportion is among unduplicated. Success removes participants who did not pass the test for survey completeness.
hProporti 0N IS among SUCCESSES.
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Table 2. Characteristics of MSM participantsin the American Men's Internet Survey by recruitment website type, United States, 2014.

Recruitment website type
Participant characteristics Total Gay socia Genera gay General social Geospatial socia
networking (n=2) interest networking networking (n=2)
(n=4) (n=1)
N (%) N (9%0) N (%) N (%) N (%) P -value?

Race/ethnicity <.001

Black, non-Hispanic 415 (4.49) 11 (2.92) 21 (5.69) 225 (3.76) 158 (6.28)
Hispanic? 1308 (14.14) 14 (3.71) 37 (1003) 713 (11.91) 544 (21.63)

White, non-Hispanic 6819 (73.73) 327 (86.74) 286  (7751) 4643 (77.55) 1563 (62.15)

Other or multipleraces 706 (7.63) 25 (6.63) 25 (6.78) 406 (6.78) 250 (9.94)

Age (years) <.001
15-24 1389 (15.02) 21 (5.57) 47 (12.74) 857 (1431) 464 (18.45)

25-29 1221 (13200 24 (6.37) 48 (1301) 612 (1022) 537 (21.35)

30-39 1962 (21.22) 40 (1061) 86 (2331) 1164 (19.44) 672 (26.72)

40 or older 4676 (5056) 292 (77.45) 188 (5095 3354 (56.02) 842 (33.48)

Region <.001
Midwest 1560 (16.87) 68 (18.04) 64 (17.34) 985 (16.45) 443 (17.61)
Northeast 1933 (20.90) 117 (31.03) 55 (1491) 1306 (21.81) 455 (18.09)

South 3634 (39.29) 122 (32.36) 180  (48.78) 2369 (3957) 963 (38.29)

Wiest 2110 (22.82) 69 (18.30) 65 (1762) 1323 (22.10) 653 (25.96)

US dependent areas 11 (0.12) 1 (0.27) 5 (1.36) 4 (0.07) 1 (0.04)

NHBS city resident® <.001
Yes 3553 (3842) 137 (36.34) 206 (5583 2177 (36.36) 1033 (41.07)

No 5695 (61.58) 240 (63.66) 163  (4417) 3810 (63.64) 1482 (58.93)

Population density® <.001
Rural 2774 (30.00) 133 (3528) 80 (21.68) 1902 (31.77) 659 (26.20)
Urban/suburban 6300 (68.12) 241 (63.93) 285  (77.24) 4001 (66.83) 1773 (70.50)

Self-reported HIV status <.001
Positive 1049 (11.34) 23 (6.10) 32 (8.67) 554 (9.25) 440 (17.50)

Negative 6992 (75.61) 277 (7347) 303  (8211) 4588 (76.63) 1824 (72.52)
Unknown 1207 (13.05) 77 (2042) 34 (9.21) 845 (1411) 251 (9.98)
Total 9248 377 369 5987 2515

&Chi-square testing difference in characteristics between website type.

bHispanic persons could have been of any race, including other or multiple.

°NHBS: National HIV Behavioral Surveillance System.
%There were 71 participants missing information needed to determine the population density of the area where they lived.
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Table 3. Sexua behaviors with male partners of MSM participantsin the American Men's | nternet Survey, United States, 2014.

Sexua Behaviors with male partnersin the past 12 months

Participant characteristics Ninsample  Anal intercourse without acondom Anal intercourse without a condom with
apartner of discordant or unknown HIV
status

n (%) P -value® n (%) P -value?

HIV positive overall 1049 803 (7655)  <po1® 416 (3966)  <o1P

Race/ethnicity

Black, non-Hispanic 92 69 (75.00) 459 34 (36.96) .253
Hispanic 172 134 (77.92) 636 73 (42.44) .893
White, non-Hispanic 716 546 (76.26) REF 281 (39.25) REF
Other or multiple races 69 54 (78.26) .878 28 (40.58) 794

Age (years)

15-24 68 62 (91.18) .038 38 (55.88) .090

25-29 110 9% (87.27) 226 65 (59.09) .002

30-39 251 199 (79.28) .086 111 (44.22) 278

40 or older 620 446 (71.94) REF 202 (32.58) REF
NHBS city resident®

Yes 464 361 (77.80) 217 173 (37.28) 291

No 585 442 (75.56) REF 243 (41.54) REF

Recruitment website type

Gay socia networking 23 18 (78.26) .620 16 (69.57) .007
General gay interest 32 24 (75.00) 768 17 (53.13) 478
General socia networking 554 403 (72.74) REF 192 (34.66) REF
Geospatial socia networking 440 358 (81.36) .642 191 (43.41) .002
HIV negative or unknown overall 8199 5507 (67.17) REF 1539 (18.77) REF
Race/ethnicity
Black, non-Hispanic 323 202 (62.54) .043 80 (24.77) JA21
Hispanic 1136 777 (68.40) 377 276 (24.30) .088
White, non-Hispanic 6103 4109 (67.33) REF 1053 (17.25) REF
Other or multiple races 637 419 (65.78) .808 130 (20.41) .323
Age (years)
15-24 1321 870 (65.86) <.001 334 (25.28) 359
25-29 1111 820 (73.81) <.001 193 (17.37) 954
30-39 1711 1281 (74.87) <.001 241 (14.09) 572
40 or older 4056 2536 (62.52) REF 505 (12.45) REF
NHBS city resident®
Yes 3089 2053 (66.46) .300 607 (19.65) 442
No 5110 3454 (67.59) REF 932 (18.24) REF

Recruitment website type

Gay social networking 354 187 (52.82) <.001 76 (21.47) .318

General gay interest 337 219 (64.99) .909 68 (20.18) .680

General socia networking 5433 3592 (66.11) REF 825 (15.18) REF

Geospatial socia networking 2075 1509 (72.72) <.001 570 (27.47) <.001
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AWald chi-square from multivariable logistic regression comparing behavior (yes versus no) among group with some characteristic compared to a
referent (REF) group.

BWald chi -square from multivariablelogistic regression comparing behavior (yes versus no) among HIV-positive participants compared to HIV-negative
or unknown serostatus participants. Model controlled for race/ethnicity, age, NHBS residency, and website type.

°NHBS: National HIV Behavioral Surveillance System.
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Table 4. Substance using behaviors of MSM participants in the American Men's Internet Survey, United States, 2014.

Substance use behaviors in the past 12 months

Participant characteristics Ninsample Used marijuana Used other substance(s)
n (%) P -value® N (%) P -value?
HIV positive overall 1049 273 (26.02) <.001P 286 (27.26)  <.001P
Race/ethnicity
Black non-Hispanic 92 24 (26.09) .549 19 (20.65) 110
Hispanic 172 46 (26.74) 468 44 (25.58) 571
White non-Hispanic 716 181 (25.28) REF 202 (28.21) REF
Other or multiple races 69 22 (31.88) .359 21 (30.43) 400
Age (years)
15-24 68 21 (30.88)  .988 17 (25.00)  .360
25-29 110 40 (36.36)  .082 34 (30.91)  .441
30-39 251 76 (30.28) 771 91 (36.25)  .011
40 or older 620 136 (21.94) REF 144 (23.23) REF
NHBS city resident®
Yes 464 123 (26.51) 781 130 (28.02) 573
No 585 150 (2564) REF 156 (26.67)  REF

Recruitment website type

Gay social networking 23 7 (30.43) .588 4 (17.39) 316
General gay interest 32 10 (31.25) 610 11 (34.38) 255
General social networking 554 119 (21.48) REF 134 (24.19) REF
Geospatial socia networking 440 137 (3L.19) 971 137 (3119 .353
HIV negative or unknown overall 8199 1744 (21.27) REF 1443 (17.60) REF
Race/Ethnicity
Black non-Hispanic 323 60 (18.58) .051 50 (15.48) .060
Hispanic 1136 256 (2254) 586 212 (18.66)  .596
White non-Hispanic 6103 1274 (20.87) REF 1051 (17.22) REF
Other or multiple races 637 154 (24.18) 123 130 (20.41) 102
Age (years)
15-24 1321 424 (32100 <.001 269 (20.36)  .160
25-29 1111 303 (27.27) 005 259 (2331)  .002
30-39 1711 411 (24.02) 912 382 (22.33) .002
40 or older 4056 606 (1494) REF 533 (13.14) REF
NHBS city resident®
Yes 3089 717 (2321) <.001 656 (21.24)  <.001
No 5110 1027  (20.10) REF 787 (1540) REF

Recruitment website type

Gay social networking 354 48 (13.56) .032 39 (11.02) .022
General gay interest 337 69 (2047) 985 55 (16.32) 535
General socia networking 5433 1095 (20.15) REF 861 (15.85) REF
Geospatial social networking 2075 532 (25.64) <.001 488 (23.52) <.001

AWald chi-square from multivariable logistic regression comparing behavior (yes versus no) among group with some characteristic compared with a
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referent (REF) group.

Bwald chi -square from multivariable logistic regression comparing behavior (yes versus no) among HIV-positive participants compared to HIV-negative
or unknown serostatus participants. Model controlled for race/ethnicity, age, NHBS residency, and website type.

°NHBS: National HIV Behavioral Surveillance System.

Table5. HIV testing behaviors of HIV-negative or unknown status MSM participants in the American Men's Internet Survey, United States, 2014.

HIV testing behaviors

Participant characteristics N in sample HIV tested ever HIV tested past 12 months
n (%) P -value? N (%) P -value®
Race/ethnicity
Black non-Hispanic 323 287 (88.85) 503 213 (65.94) 221
Hispanic 1136 981 (86.36) 544 706 (62.15) 290
White non-Hispanic 6103 5299 (86.83) REF 3454 (56.60) REF
Other or multiple races 637 558 (87.60) 469 406 (63.74) .308
Age (years)
15-24 1321 892 (67.52) <.001 699 (52.91)  <.001
25-29 1111 997 (89.74) .006 742 (66.79)  <.001
30-39 1711 1547 (90.41) <.001 1037  (60.61)  .498
40 or older 4056 3689 (90.95) REF 2301 (56.73) REF
NHBS city resident®
Yes 3089 2787 (90.22) <.001 1992  (64.49) <.001
No 5110 4338 (84.89) REF 2787  (5454) REF

Recruitment website type

Gay social networking 354 280 (79.10) <.001 172 (48.59) <.001

General gay interest 337 304 (90.21) .054 188 (55.79)  .068

General socia networking 5433 4662 (85.81) REF 2881 (53.03) REF

Geospatial social networking 2075 1879 (90.55) <.001 1538 (74.12) <.001
TOTAL 8199 7125 (86.90) 4799  (58.53)

ANald chi-square from multivariable logistic regression comparing behavior (yes versus no) among group with some characteristic compared with a
referent (REF) group.

PNHBS: National HIV Behavioral Surveillance System.
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Table 6. Sexually transmitted infection testing and diagnosis of MSM participants in the American Men's Internet Survey, United States, 2014.

STI History in the past 12 months

Tested for any STI? Diagnosed with any STI?

Participant characteristics Ninsample n (%) P -value® N (%) P -value®
HIV positive overall 1049 747 (71.21) <o001°¢ 216 (2059)  <.001°¢
Race/ethnicity

Black non-Hispanic 92 72 (78.26) 508 25 (27.17) 905

Hispanic 172 129 (75.00) .354 47 (27.33)  .687

White non-Hispanic 716 493 (68.85)  REF 120 (16.76)  REF

Other or multiple races 69 53 (76.81) .867 24 (34.78) .065
Age (years)

15-24 68 57 (8382  .365 20 (29.41)  .968

25-29 110 94 (85.45)  .086 44 (4000)  <.001

30-39 251 203 (80.88)  .583 67 (26.69)  .846

40 or older 620 393 (63.39) REF 85 (13.71) REF
NHBS city resi dentd

Yes 464 344 (7414) 073 105 (22.63) 326

No 585 403 (68.89) REF 111 (18.97) REF
Recruitment website type

Gay socia networking 23 13 (56.52) .282 2 (8.70) .302

General gay interest 32 24 (75.00) 416 8 (25.00) 154

General socia networking 554 364 (65.70) REF 81 (14.62) REF

Geospatial social networking 440 346 (78.64) 214 125 (28.41) .246
HIV negative or unknown overall 8199 3086 (37.64) REF 618 (7.54) REF
Race/Ethnicity

Black non-Hispanic 323 156 (48.30) 272 35 (10.84) 559

Hispanic 1136 553 (4868) 173 147 (12.94)  .007

White non-Hispanic 6103 2086  (34.18) REF 378 (6.19) REF

Other or multiple races 637 291 (45.68) 470 58 (9.11) 454
Age (years)

15-24 1321 512 (38.76)  .033 109 (8.25) 612

25-29 1111 579 (52.12)  <.001 136 (12.24) 001

30-39 1711 754 (44.07) 040 174 (1017)  .021

40 or older 4056 1241  (3060) REF 199 (4.91) REF
NHBS city resi dentd

Yes 3089 1442  (46.68)  <.001 300 (9.71) <.001

No 5110 1644  (32.17) REF 318 (6.22) REF
Recruitment website type

Gay socia networking 354 84 (23.73) <.001 14 (3.95) 173

General gay interest 337 109 (32.34) 013 17 (5.04) 107

General socia networking 5433 1740 (32.03) REF 284 (5.23) REF

Geospatial socia networking 2075 1153 (55.57) <.001 303 (14.60) <.001

33TI: sexually transmitted infection; includes chlamydia, gonorrhea and syphilis.
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Bywald chi-square from multivariable logistic regression comparing behavior (yes versus no) among group with some characteristic compared with a
referent (REF) group.

“Wald chi-square from multivariablel ogistic regression comparing behavior (yes versusno) among HIV-positive participants compared with HIV-negative
or unknown serostatus participants. Model controlled for race/ethnicity, age, NHBS residency, and website type.

dNHBS: National HIV Behavioral Surveillance System.
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