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Abstract

Background: Traditional methods for recruiting and maintaining contact with participantsin cohort studies include print-based
correspondence, which can be unidirectional, labor intensive, and slow. Leveraging technology can substantially enhance
communi cation, maintain engagement of study participantsin cohort studies, and facilitate data collection on arange of outcomes.

Objective: This paper provides an overview of the development process and design of a cohort management platform (CMP)
used in the Newborn Epigenetic STudy (NEST), alarge longitudinal birth cohort study.

Methods: The platform uses short message service (SMS) text messaging to facilitate interactive communi cation with participants;
it also semiautomatically performs many recruitment and retention procedures typically completed by research assistants over
the course of multiple study follow-up visits.

Results. Since February 2016, 302 participants have consented to enrollment in the platform and 162 have enrolled with active
engagement in the system. Daily reminders are being used to help improve adherence to the study’s accel erometer wear protocol.
At the time of this report, 213 participants in our follow-up study who were also registered to use the CMP were eligible for the
accelerometer protocol. Preliminary data show that texters (138/213, 64.8%), when compared to nontexters (75/213, 35.2%), had
significantly longer average accel erometer-wearing hours (165.6 hours, SD 56.5, vs 145.3 hours, SD 58.5, P=.01) when instructed
to wear the devices for 1 full week.

Conclusions: Thisplatform can serve asamodel for enhancing communication and engagement with longitudinal study cohorts,
especialy those involved in studies assessing environmental exposures.

(JMIR Public Health Surveill 2019;5(2):€11666) doi: 10.2196/11666
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Introduction

Background

Staying in contact with each other is easier today than ever
before. Modern technology enables and encourages
interconnectedness, overcoming the age-old obstacles of distance
and time. In the past decade, cell phone use has risen globally,
with the total number of mobile phone subscriptions surpassing
the world population, and cloud-based apps are facilitating
unprecedented, readily accessible datastorage[1,2]. With these
advancements saturating persona and professional networks,
it followsthat communication platformswould permeate health
and research sectors. While studies using digital health and
app-based intervention approaches to address disease
self-management have boomed in recent years, there remains
an apparent need to apply these approaches to clinical and
population-based cohort management, particularly among large,
longitudinal, community-based cohort studies[3].

Traditional methodsfor recruiting and maintai ning contact with
participants in cohort studies can be unidirectional, labor
intensive, and slow. In longitudinal research studies, staff
typically take various approaches to optimize study retention,
including providing incentives, making repeated phone calls,
sending reminder mailings, contacting family or friends, and
visiting participants homes [4,5]. These efforts seek to
maximize points of meaningful contact and keep contact
information up-to-date, both important contributorsto retention
success [6]. Automated short message service (SMS) text
messaging has been used in a number of intervention studies
designed to address changes in health behaviors [2,7-14].
However, the field is lacking applied demonstrations of these
methods for maintaining engagement of participants in large,
longitudinal cohort studies. Thefollowingisan overview of the
development process and design of a cohort management
platform (CMP) used in the Newborn Epigenetic STudy (NEST).
Broader applications, impact, and suggestions for future
directions and use are discussed, with emphasis on the growing
importance of integrating electronic cohort management
strategies in health and research.

Objectives

A CMPwasinitialy designed and launched for use by NEST.
NEST is a federally funded, longitudinal birth cohort study
based at Duke University that examines how environmental
exposures and nutrition, prenatally and during childhood, affect
gene expression and heath outcomes in children as they
develop. The cohort includes 2595 mothers recruited during
pregnancy between 2005 and 2011 and any children resulting
from that pregnancy. The CMP launched in February 2016 and
NEST participants have been recruited to enroll in the platform
during study follow-up visits, pediatrician appointments, and
through study mailings. The goals of the CMP with NEST are
two-fold: (1) to maximize retention in this large longitudinal
cohort and (2) to assist in data collection using a multimodal
platform.

Maximizing retention isvital for longitudinal studies. Attrition
increases with study duration and with a large cohort and
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accumulated years of participation, retention becomes more
difficult. Participants move, contact information changes,
connections fade, and longitudinal studies see increasing loss
to follow-up. Loss to follow-up threatens internal validity
because lost participants may be systematically different from
thosewho stay enrolled [15,16], and high attrition can contribute
to reduced statistical power [17]. The CMP aimsto addressthis
issue by enhancing outreach and facilitating a quick, convenient
means of interactive communication. Participants are equipped
with a service for immediate connection, which aims to boost
not only the number of contact points between participants and
staff, but also the likelihood of maintaining up-to-date contact
information and overall rapport with the study.

The second objective of the CMP is to assist with data
collection. Survey questions are delivered directly to
participants, who can key in responses on their mobile devices
inreal time. The advantagesto thismethod include convenience
for both participants and staff, cost efficiency, and real-time
responses. Real-time responding increases data quality by
reducing recall burden [18,19]. Immediacy of data collection
can also provide amore compl ete picture of exposures, thoughts,
emotions, and other variables of interest asthey are experienced
throughout the day. The following provides a brief overview
of the CMP's development and operation, utility for NEST,
strengths and limitations of the method, and broader applications
for future use.

Methods

Development

The CMP was adapted and iteratively enhanced from aplatform
aready in use by the Duke Globd Digital Health Science Center.
The platform isaflexible, cloud-based communication system
designed to aid in behaviora interventions. Leveraging prior
experience and existing code allowed for rapid development of
the CMP at alower cost than developing a system de novo. In
earlier iterations of the platform, both the interactive SMS and
interactive voice response (IVR) components contributed to
high rates of engagement. Thus, thoseinteractive features
became central to the CMP.

The CMP runs on a custom-built, integrated, automated,
interactive digital health system. Third-party vendors, such as
Twilio, Heroku, Mandrill, and Amazon S3, provide relatively
inexpensive infrastructure to send and receive messages from
participants. Messaging within the CMP reads specific
participant-tracking data fields, such as dates (eg, date of birth
and date of last study visit), and delivers messages on a
predetermined schedule using a customized library developed
by the study team. For example, one message is sent to wish
participants a happy birthday. Another message reminds
participants to perform a task and yet another reminds
participants about upcoming appointments. When appropriate,
messages are further personalized to each participant to include
the mother'sand/or children’snames. Daily messages sent over
a 1-week period remind mothers to have their child, who is
referred to by name, wear an accelerometer to record physical
activity.

JMIR Public Health Surveill 2019 | vol. 5| iss. 2 | €11666 | p. 2
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Figure 1. Researcher dashboard of the cohort management platform (CMP).
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Filters
= Id uuiD Group Type Message Sent At STUDY
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9319 1384 NICHES OutboundTextMessage NICHES: Wonderful, thanks so much for 15 Feb
answering our questions! Have a great day! 08:24 GROUP
‘We'll check back in tomomowl! [ Any :]
PARTICIPANT ID CONTAINS
9318 1384 NICHES InboundTextMessage 4 15 Feb
1384
08:24
MESSAGE
317 1384 NICHES OutboundTextMessage NICHES: How restful do you think your child's 15 Feb -
sleep was, on a scale from 1-57 1 is NOT 08:24 Contains i
restful at all and 5 is VERY restful. If you don't
. . PHONE NUMBER
know or if you can't remember, reply with the
letter n. Contains v
SENT AT
9316 1384 NICHES OutboundTextMessage NICHES: Thanks! Next question. 15 Feb
08:24
8315 1384 MICHES InboundTextMessage 1 15 Feb it
08:24
9313 1384 NICHES OutboundTextMessage NICHES: How resistant was your child to 15 Feb
going to sleep last night, on a scale from 1-57 08:24 Search Status:
1is NOT resistant at all and 5 is VERY
resistant. If you don't know or if you can't
remember, reply with the letter n. Current filters:
+ Study equals NICHES
9312 1384 NICHES OutboundTextMessage NICHES: Thanks! Next question. 15 Feb . i
» Uuid contains 1384
08:24
9311 1384 NICHES InboundTextMessage 0 15 Feb
08:24
9310 1384 NICHES OutboundTextMessage NICHES: How many times did [l wake 15 Feb
during the night? Please enter a number 08:24
between 0 and 20. If you don't know or if you
can't remember, reply with the letter n
9307 1384 NICHES OutboundTextMessage  NICHES: How many times did [l wake 15 Feb
during the night? Please enter a number 08:24
between 0 and 20. If you don't know or if you
can't remember, reply with the letter n
9306 1384 NICHES OutboundTextMessage NICHES: Wow, that's early! Thanks! Next 15 Feb
question. 08:24
9305 1384 NICHES InboundTextMessage 630 15 Feb
08:24
9304 1384 NICHES OutboundTextMessage  NICHES: What time did [IElll] wake up this 15 Feb
morning? If you don't know or if you can’t 08:23
remember, reply with the letter n. Please text
the time like this: 645
9303 1384 NICHES OutboundTextMessage NICHES: Thanks! Next question. 15 Feb
08:23
9302 1384 NICHES InboundTextMessage 1000 15 Feb
08:23
The platfform aso provides simple bidirectiond Consent
messaging, where participants may respond to

platform-generated text message queries. For instance,
amessage delivered in the morning asks participants to reply
with qualitative measures of their child’'s sleep quality and
duration the night before.

A back-end dashboard (see Figure 1) was aso built to allow
the research team to review and monitor, in real time, when and
what types of messages are sent and received from the
participants. The study team is able to export data from
the platform and merge it with central study databases for
analysis. The study team also uses this back-end dashboard to
register participantsin the CMP once consent is given.
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The CMP has been thoroughly reviewed by the Duke
University’s Office of Clinical Research and Institutional
Review Board for data security and integrity and to ensure
ethical use. The CMP uses third-party vendors, such as Twilio,
Heroku, Mandrill, and Amazon S3, to send messages, which
encrypt participant information on their servers. However, if
these companies or auditors opt to share these data, federa
privacy protections may no longer apply. Further, it is
recognized that no electronic communication channel is
completely secure and confidential. The consent process
involvesinforming participants who enroll to receive messages
through the CMP of these potential risks; participantsare given

JMIR Public Health Surveill 2019 | vol. 5| iss. 2| e11666 | p. 3
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE
the option to decline enrollment in the CMP in favor of
traditional communication methods while still remaining in the

study.

Results

Initial Participant Engagement

There were 302 NEST participants who were approached for
CMP consent: 56.6% (171/302) were non-Hispanic black, 35.8%
(108/302) were non-Hispanic white, 3.0% (9/302) were
Hispanic, and 4.6% (14/302) were categorized as other. The
mean age of 283 respondentswas 33.9 years (SD 5.7). Themean
annual household income of 278 respondents was US $56,697
(SD US $63,452). Since February 2016, of the 302 NEST
participants who were approached for CMP consent, 98.7%
(298/302) agreed to use the system and provided consent while
1.3% (4/302) opted out. A total of 162 participants are actively
registered and using the system (ie, responded to a CMP
message). Prior to registration of participants to the CMP,
participants were informed of therisk and consent was obtained
by study staff during an in-person study visit. Study staff then
registered participantsin the system using the back-end platform
and shortly thereafter they received a welcome message.
Participants then received the series of scheduled messagesand
were asked to interact with the system’s short queries when
prompted. Participants were given the option of withdrawing
at any time, which they could do through the system by sending
amessage saying “stop.” None have withdrawn thus far.

Although the CMP currently employs SMS text messaging as
the primary method of communication, the study team has been
asking participants, for quality improvement, to indicate how
they would like to receive messages (ie, SMS, email, and/or
IVR). Multiple responses are possible. Of those who have
consented thusfar, the majority agreed to receive text messages
(266/302, 88.1%) and/or emails (278/302, 92.1%); fewer chose
IVR (68/302, 22.5%). Given thisinitial success and that many
participants chose more than one communication channel, our
next step will beto roll out email channelsfollowed by IVR to
actively engage with the remaining participantsfor longitudinal
follow-up.

Benefitsto Study M anagement

Overall, study management and data collection for specific
measures has been enhanced by using the CMP. For instance,
some of the communication from study staff to participants
regarding appointments can be managed through the CMP.
Also, during the period when participants are asked to have
their child wear their accelerometers, automated reminders are
being sent and, at the same time, participants are being queried
about their child’'s sleep duration and quality viaautomated text.
Any unanswered text messages can be resent repeatedly on a
designated schedule to improve data capture. Performing these
same procedures with live study staff would result in a greater
burden on the study team. For example, reminding participants
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to have their child wear the accelerometer and to inquire about
their child’s dleep would require astaff member to make aphone
contact with participants every day. For the 302 participants,
one 3-minute call every day for 7 days adds up to 105.7 hours
per week. Off-loading this to the CM P frees up time from staff
to perform other vital tasks.

Enhancement of Data Collection and Cohort Retention

Beyond these methods of communication, the platform is used
for data collection. Currently, the CMPis being used to collect
datain two NEST follow-up studies. One study is designed to
have two in-office appointments that are separated by no more
than two weeks; during the interim, self-reported sleep dataare
gathered from participants using the CMP. The platform sends
short text message queries asking participants to note their
child’s deep duration and quality. As mentioned above, these
guestions are sent each morning, which gives mothersthe ability
to immediately reply, decreasing their burden to record or
remember data from each night of sleep. In addition, the
platform also sends participants daily reminders to have their
child wear his or her accelerometer between their two visits.
Initial data suggests that this is helping to increase adherence
and maximize available data. For example, each morning at a
preset time, typically 8 AM unless otherwise indicated, a
reminder is sent to put the accelerometer on themselves and
their child. The participant then receives questions about their
child’s deep quality. The CMP waits for a valid response (ie,
any 3 or 4 digits following a time pattern) and, if valid, the
response is saved and the CMP sends the next question (see
Figure 2). If the responseis not valid, the CMP sends a prompt
to try again (see Figure 3).

Preliminary data show that the CM P messaging may be helping
toimprove adherence to the accel erometer protocol. At thetime
of thisreport, 213 participantsin our follow-up study who were
aso registered to use the CMP were digible for the
accelerometer protocol. This involves asking mothers to have
their child wear an accelerometer on adaily basisfor at least 7
days. Participants were told that they would be receiving text
messages viathe CMP to remind them to have their child wear
his or her accelerometer. Of these 213 participants, we
categorized them into texters and nontexters, based on whether
they responded to atext at any point during the use of the CMP.
Texters (138/213, 64.8%), when compared to nontexters
(75/213, 35.2%), had sdignificantly longer average
accelerometer-wearing hours (165.6 hours, SD 56.5, vs 145.3
hours, SD 58.5, P=.01).

To enhance cohort retention, the CMP is being used to verify
participant mailing addresses. For instance, messagesare being
sent after batch newsletters, and recruitment letters are mailed
to confirm that they received these mailings (see Figure 4). If
receipt is confirmed, the CM P thanks the participant; if not, the
CMP requests updated contact information. New addresses can
then be automatically fed into the study database to update
records.
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Figure 2. Successful response to the cohort management platform (CMP).

eee00 Network 3G 8:02 AM 75%

{ Messages  Study Details

Remember to put your
accelerometer on
[CHILD NAME] today!

We have a few short
questions about [CHILD
NAME's] sleep: What
time did [CHILD NAME]
fall asleep last night? If
you don't Know or can't
remember, reply with the
letter n. Please text the
time like this: 830.

Ok thanks! Next
question: What time did
[CHILD NAME] wake up
this morning? If you don't
know or can't remember,
reply with the letter n.
Please text the time like
this: 830.

m Send
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Figure 3. Unsuccessful response to the cohort management platform (CMP).

eee00 Network 3G 8:02 AM 75% W

{ Messages  Study Details

Remember to put your

accelerometer on
[CHILD NAME] today!

We have a few short
questions about [CHILD
NAME's] sleep: What
time did [CHILD NAME]
fall asleep last night? If
you don't know or can't
remember, reply with the
letter n. Please text the
time like this: 830.

9:00pm

I'm sorry, | didn't
understand your answer.
Please answer in 12-
hour format, with the
hour first, then the
minutes.

(O] Send
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Figure 4. Response to the cohort management platform (CMP) indicating that the newsl etter was received.

eee00 Network 3G

€ Messages

11:22 AM

Study

75% .

Details

Hello from [STUDY]! We
sent you a newsletter a
week ago. Did you get it?
Text back 1 if YES, 2 if

NO.

Great! We hope you

liked it!

Discussion

Impact

To date, the CMP is showing great potential for maximizing
retention and improving data collection among a large,
longitudinal, community-based cohort. It is being used to
addresstheinefficiency of traditional unidirectional participant
contact protocolsin numerous ways, such asthe following: (1)
by cutting down on staff time and effort dedicated to phone
cals, mailings, and appointments; (2) by reducing resources
for paper mailings and the waste of returned mail; and (3) by
diminishing the burden placed on participants for measures
requiring daily diaries.

Staff time and effort typically devoted to individual phone calls
and singlemailings can be curtailed with the aid of systemslike
the CMP because it capitalizes on automation while retaining
personalization capacity for tailored messaging. Paper saved
using the CMPisitself acompelling advantage, with immediate
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resource-saving and eventual positive environmental impact.
Further, the CMP alows for data collection in near real time.
Thiscan be particularly useful since measurement can betimed
to be contemporaneous with key behaviorsasthey occur during
the participant’sdaily life (eg, asking participantsin the morning
when they went to sleep the night before and when they woke
up). Ingeneral, shortening therecall period for certain behaviors,
such as sleep, improves accuracy [18,19]. In addition, it can be
alot easier for participantsto respond quickly to atext message
than to fill out a paper-based log and the data is captured
automatically, thereby avoiding the need for staff to manually
enter such data.

Strengthsand Limitations

Strengths of the CMP include its potential cost-effectiveness,
time-effectiveness, timed delivery of survey questions, real-time
receipt of responses, and its accessihility through commonly
used communication channels (ie, SM Stext messaging). Unlike
alternative data collection tools, such as REDCap or Qualtrics,
the CMP is not a database platform, although it can be used in
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conjunction with them. Database platforms rely primarily on
manual data entry, whereas the CMP can run independently of
staff to automate data collection and make real-time decisions
and actions based on its collected data. Further, unlike REDCap
or Qualtrics, the CMP is unique in its capacity to trigger the
delivery of highly tailored messaging to perform a variety of
tasks (eg, greetings, reminders, contact information changes,
and data collection) over predetermined time periods.
Importantly, the CMP can be used together with database
platforms to achieve common goals of longitudinal cohort
management. In general, the CMP can serve as a model for
implementation of analogous designs.

Of note, there are some limitations of the data presented here
aswell asthe CMP system. Asit pertainsto this report, we did
not collect any data on why participants opted out of the CMP,
which could be useful to better understand how to increase
cohort management methodsthat areinclusiveto all participants.
Fortunately, for this particular sample, only around 1% of
participants opted out of using the CMP, thus demonstrating
that thistype of system may befairly acceptableto participants.
Another limitation pertaining to the data presented here is that
although we showed that compared to nontexters, texters had
greater adherence to the accelerometer wear protocol, this does
not confirm improved adherencein favor of use of the platform.
Future studies using a rigorous randomized design are needed
to fully evaluate the benefits of thistype of reminder system on
participant protocol adherence. A current limitation of the CMP
system isthat the short message queries are time sensitive. If a
participant does not respond to a query within a predetermined
time period, they will have missed the opportunity to provide
their response and cannot respond to the query at alater time.
This can be overcome by increasing the overall period of
monitoring (eg, from 7 days to 14 days) to ensure sufficient
data across an acceptable number of days. Finally, alimitation
of using automated messaging systems in general may be the
impersonal nature of the communication, which may have the
unintended consequence of decreasing positive ffiliation among
participants to the cohort study. To guard against this, our
approach hasbeen to view the CM P asan ancillary tool to other
methods we are using to make participation in the study more
personal. We continue to reach out to participants vianewd etters
and one-on-one communi cation when necessary.
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Future Directions

Future uses of the CMP with our particular study include
increasing the number of registered participants in the system,
continued recurring automated exports from the study database
with participant information to the platform, regular birthday
and holiday greetings, appointment reminders, integration of
other data collection instruments, and promotion of study
newsletters and publications. The development team is aso
working on integrating other modes of communication into the
platform, such as building in methods that connect with
Facebook and Twitter. Additionally, the team has begun to
develop methods to capture data from commercial activity
trackers, such as Fitbit, and linking the system with Appl€e's
ResearchKit and Google Fit, which would allow for capturing
additional health tracking data.

From an epidemiology study perspective, the CMP has the
potential to cast awider net in the collection of exposure data.
Participants, equipped and comfortable with toolsfor immediate
reporting, may selectively attend to previously overlooked or
misestimated exposures. Further, the CMP could aid in research
assessing physical health factors (eg, weight, physical activity,
sleep, and smoking) and mental or emotional variables (eg,
depressive symptoms and stress). Participants could self-report
on these health outcomesto provide real-time updates and avoid
the cost and time of in-person appointments, thereby boosting
data quantity and quality and limiting participant burden.
Although the CMP is also used for tracking diet and physical
activity in obesity interventions[7,9], it could befurther utilized
to monitor diet and activity in observational longitudinal cohort
or clinical studies. In addition, as mentioned above, future
iterationswill allow for capturing commercial sensor and health
tracking data that could be used to enrich understanding of the
myriad of factorsthat play arolein heath and wellness.

Conclusions

The CMP can serve as a model for enhancing interactive
communication and data collection with longitudinal study
cohorts, as it takes advantage of modern technology and keeps
pace with participants' changing communication preferences.
Ease, accessibility, and points of contact increase with the help
of the CMP and it facilitates more opportunities for exposure
assessment. Continued implementation research is needed to
advance technologies like the CMP, though its potential as a
longitudinal research tool is highly promising.
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