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Abstract

Background: Individuals with diabetes are using social media as a method to share and gather information about their health
via the diabetes online community. Infoveillance is one methodological approach to examine health care trends. However,
infoveillance, while very effective in identifying many real-world health trends, may miss opportunities that use photographs as
primary sources for data. We propose a new methodology, photosurveillance, in which photographs are analyzed to examine
real-world trends.

Objective: The purpose of thisresearch isto (1) assessthe use of photosurveillance as aresearch method to examine real-world
trends in diabetes and (2) report on real-world use of continuous glucose monitoring (CGM) on Instagram.

Methods: This exploratory mixed methods study examined all photographs posted on Instagram that were identified with the
hashtag #dexcom over a 3-month period—December 2016 to February 2017. Photographs were coded by CGM location on the
body. Original posts and corresponding comments were textually coded for length of CGM device wear and CGM failure and
were analyzed for emerging themes.

Results: A total of 2923 photographs were manually screened; 12.08% (353/2923) depicted a photograph with a CGM site
location. The majority (225/353, 63.7%) of the photographs showed a CGM site in an off-label location, while 26.2% (92/353)
werein an FDA-approved location (ie, abdomen) and 10.2% (36/353) werein an unidentifiablelocation. There were no significant
differencesin the number of likes or comments based on US Food and Drug Administration (FDA) approval. Fivethemes emerged
from the analysis of original posts (N=353) and corresponding comments (N=2364): (1) endorsement of CGM as providing a
sense of well-being; (2) reciprocating information, encouragement, and support; (3) reciprocating CGM-related frustrations; (4)
life hacks to optimize CGM use; and (5) sharing and learning about off-label CGM activity.

Conclusions:  Our results indicate that individuals successfully used CGM in off-label locations, posting photos of these areas
with greater frequency than of the abdomen, with no indication of sensor failure. While these photographs only capture a snapshot
in time, these posts can be used to inform providers and industry leaders of real-world trendsin CGM use. Additionally, there
were instances in which sensors were worn beyond the FDA-approved 7-day period; however, they represented the minority in
this study.

(JMIR Public Health Surveill 2019;5(2):€11024) doi: 10.2196/11024
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Introduction

Individualswith diabetes are using social media as a method to
share and gather information about their health viathe diabetes
online community. The diabetes online community is a
grassroots collection of stakeholders affected by diabetes,
including people with diabetes, caregivers (ie, parents of
children with diabetes), health care providers, researchers, and
industry who use I nternet resources (ie, forums, Facebook, and
Twitter) to discuss health-related issues [1-3]. Through shared
experienceswith virtual peers[2-7], diabetes online community
users experience a sense of normalcy. As such, individuals are
sharing information about avariety of aspectsrelated to diabetes,
including diabetestreatment options such as diabetestechnology
[2]. One social media site used within the diabetes online
community that supports photo sharing is Instagram. If apicture
is worth a thousand words, a diabetes-related photo posted on
Instagram is worth a million likes. Diabetes online community
users can optimize diabetes-related conversations on Instagram
through the use of hashtags.

One technology that individuals with diabetes use to support
self-care is real-time continuous glucose monitoring (CGM).
CGM is comprised of a smal sensor placed into the
subcutaneous tissue, a transmitter, and a receiver or mobile
phone that displays glucose levels and trendsin real time. One
of the two compani esthat supply CGM monitorsfor patient use
is Dexcom. Currently, the Dexcom CGM system is approved
by the US Food and Drug Administration (FDA) to be worn on
the abdomen only for adults, and abdomen or buttocks for
children. Further, the Dexcom G4 and G5 CGM systems are
FDA approved to be worn for 7 days. Through clinica
observation and anecdotal reports, patients are wearing CGM
devicesin off-label sitesand extending the wear beyond 7 days.
However, we do not know the extent to which CGM users are
using off-label site locations or for how long.

Infoveillance is one methodol ogical approach to examine health
care trends [8,9]. This approach, which overlays Twitter data
and geographic data, has been successful in identifying
infectious diseases, such as influenza [10,11] and Zika [12],
and suicide in veterans [13,14]. Infoveillance, while very
effectivein identifying many real-world health trends, may miss
opportunities that use photographs as primary sources for data.
We propose a new methodology, photosurveillance, in which
photographs are analyzed to examine real-world trends.
Photographs represent microreports of events of day-to-day life
[15], such as diabetes management. Since some CGM usersare
sharing photographs of their diabetes experiences online,
analyzing Instagram using a photosurveillance approach can
help observe rea-world use of CGM, including off-label
activity. Off-label CGM activity may be difficult to track using
other data collection methods, such as surveys or interviews,
due to response hias. Thus, photosurveillance provides an
opportunity to identify how individuals are using CGM in the
real world without fear of disapproval from health care providers
and researchers due to nonadherence to FDA guidelines. The
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purpose of this exploratory research is to (1) assess the use
of photosurveillance asaresearch method to examinereal-world
trendsin diabetes, and (2) report on real-world use of continuous
glucose monitoring on Instagram. We anticipate that we will
be ableto successfully gather information about CGM use using
photosurveillance. We hypothesize that there will be more
off-label site locations compared to FDA-approved locations
and that CGM wear greater than 7 days will be observed.

Methods

Dataset Acquisition and Sampling

This study was acknowledged as exempt by the University of
Utah, Salt Lake City, Utah, ethics board. This descriptive study
was conducted by hand-searching all photographs (N=2923)
posted on Instagram identified with the hashtag #dexcom. A
3-month period was chosen, from December 2016 to February
2017, in order to keep the time-intensive process of
hand-searching and coding data manageable, while allowing
for an adequate sampl e size. During the search period, Dexcom
was approved for 7-day wear. The hashtag #dexcom was chosen
because it was more commonly used (N=46,105) when
compared to other CGM-related hashtags—#dexcomgb,
N=8350; #dexcomg4, N=6135; #dexcomcgm, N=1105;
#enlitesensor, N=956; and #medtronicCGM, N=195. Instagram
usersinclude hashtagson their postsfor searchability purposes.
Additionally, #dexcom was frequently accompanied with other
Dexcom-related hashtags, such asthosejust mentioned, resulting
in duplication of posts. Thus, only one hashtag, #dexcom, was
used in thisanalysis. Photographs were included for analysisif
they depicted a CGM site and the original post was written in
English (N=353). Photographs were excluded if they included
aCGM site but wereinitiated from acompany advertising their
product (ie, adhesive decal).

Photograph Analysis

Photosurveillance was conducted by categorizing photographs
by site location, including FDA-approved sites (ie, in adults,
this includes the abdomen only), off-label sites (ie, in adults,
this includes the posterior arm, anterior arm, forearm, back,
buttocks, thigh, and calf), and other sites. The other category
represented photos of aCGM device on skin without clear body
landmarks (ie, hand, foot, or belly button) that identified the
exact location. Based on photograph content, we were not able
to code for demographic factors, including age, gender, or
diabetes type. Therefore, photographs of children and adults
were not dichotomized, despite having different FDA approval
for site locations. There were no duplicate photos. Two
independent researchers (JA and WSW) input data into
REDCap, a Web-based data capture program, to organize data
[16]. Text from the original posts were analyzed to support data
input. For example, in some instances, the photo would state
that the CGM device was in a specific location, even if it was
minutely visible. Therewere not instancesin which photographs
wererecoded based on text content. A content analysis approach
was utilized in which counts were categorized. Freguencies
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were used to describe the differences between FDA-approved
and off-label activity.

Post and Comment Analysis

Original posts (N=353) and corresponding comments (N=2364)
were analyzed to examine discussionsrelated to CGM activity.
Comments were initially read and reread by two investigators
(ML and JA) to develop the initial coding schema using an
open-code approach. Successful CGM use was determined if
the comment provided affirmation that a specific CGM site
location worked for them (ie, CGM was reported to be most
accurate, comfortable, or last the full length of the sensor, at
minimum). CGM failure was categorized by inaccurate readings
(ie, CGM readings did not match glucometer readingsin away
that was significant to the user), CGM deviceripping or falling
off, too painful to continue wearing, bleeding impacting use,
and unknown reasons. If the post or comment did not affirm
success or failure, it was coded as not applicable. Post or
comment mentions of off-label use of CGM wear more than 7
days were examined. Data were categorized for every 7 days
worn beyond FDA approva (ie, 8-14 days, 15-21 days, etc).
The frequency of likes (ie, “hearts’) and comments were
analyzed using t tests.

Qualitative Thematic Analysis

Subjective bias by the research team is an inherent possibility
in qualitative research. Our team used bracketing, or the
identification of one’s own bias and preunderstanding of CGM
use for peoplewith diabetes. We noted our individual prejudice
and discussed this as a team prior to beginning this qualitative
content analysis, we then re-evaluated and communicated
frequently as a team to be sure our individua bias did not
become part of theresearch findings[17,18]. Additional senior
researchers who were experienced with qualitative content
analysis independently verified the findings; this process was

Table 1. Instagram photographs by CGM@site (N=353).

Litchman et al

included in this study design [18]. Throughout the analysis, the
open and axial coding processes were verified frequently with
experienced researchers.

Quialitative thematic analysiswas conducted by examining each
origina post (N=353) and their corresponding comments
(N=2364). Codes were used to organize similar data in order
toidentify discussions about FDA-approved and off-label CGM
activity [19]. The codes were then systematically applied to all
of the data using an open-code approach to capture any data
that was not specific to FDA-approved or off-label CGM activity
[19,20]. A matrix was created to maintain an audit trail [21].
Themes were developed from the data [22]. Content of data,
and not code frequency, was used to assess data saturation [23].
To avoid risk of identification, no direct quotes were used in
this manuscript.

Results

Photograph Analysis

Of the 2923 photographs examined during the study period,
12.08% (353/2923) depicted a photograph with a CGM site
location. The remaining photos in the origina sample
(257072923, 87.92%) not further analyzed in this study included
pictures of CGM trend data on receivers and/or mobile devices;
glucometers, CGM supplies (eg, transmitters and sensors);
references to food, beverages, or exercise; photos of a person
or people; and memes. There were 194 unique userswho posted
the 353 unique photographs, each user posting 1-4 photographs
each. Multiple postsby individualswerelinked by an Instagram
handle in the dataset. The mgjority (225/353, 63.7%) of the
photographs showed CGM sites in off-label locations, while
26.2% (92/353) were in an FDA-approved location (ie,
abdomen) and 10.2% (36/353) were in unidentifiable locations
(ie, unknown category; see Table 1).

CGM site location

Frequency, n (%)

Posterior arm

Abdomen (FDAb approved)
Thigh

Unknown

Forearm

Back

Anterior arm

Calf

Buttocks

139 (39.4)
92 (26.1)

45 (12.7)
36 (10.2)
12 (3.4)
10 (2.8)
10 (2.8)
7(2.0)
3(0.8)

8CGM: continuous glucose monitoring.
bFDA: US Food and Drug Administration.

Post and Comment Analysis

Original posts (N=353) captured discussions about successful
CGM use and failures. Additionally, some of the comments
(N=2364) discussed CGM successes and failures, though not
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all; Table 2 reports sample sizes that include both the original
post and comments for each site location. Success rates were
similar in the abdomen and posterior arm (see Table 2).
Inaccuracy concerns were noted more often in the abdomen,
calf, and buttocks, although the sample size of the buttocks was
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relatively low (n=10). Therewere 40 individual userswho noted
wearing their CGM device successfully for more than 7 days
(see Figure 1).

Viral Measures

To examine the viral spread of CGM photos and associated
comments indicating off-label or FDA-approved site locations,

Table 2. CGM?site discussions based on success and failure rates.
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likes and comments were analyzed. There were no significant
differences in the number of likes (FDA approved, N=9152;
off-label, N=24,534; P=.85) or comments (FDA approved,
N=707; off-label, N=1500; P=.16) based on FDA approval (see
Table 3). However, the number of likes and comments were
3-4 times greater for off-label locations.

CGM site location Success, Inaccurate, Ripped or fell off, Toopainful, Bleeding, Unknownreason, Unableto determine,
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Abdomen (N=178) 137 (77.4) 11(6.2) 3(17) 6 (3.4) 0(0) 1(0.6) 20 (11.2)
Posterior arm (N=273) 218(79.9) 6(2.2 3(11) 0(0) 0(0) 2(0.7) 44 (16.1)
Thigh (N=198) 137 (69.2) 6(3.0) 2(1.0) 0(0) 5(2.5) 3(1.5) 45 (22.7)
Back (N=42) 24 (57) 2(5) 0(0) 0(0) 0(0) 0(0) 16 (38)
Calf (N=48) 20 (42) 3(6) 0(0) 0(0) 1(2) 0(0) 24 (50)
Anterior arm (N=30) 19 (63) 0(0) 0(0) 0(0) 1(3) 0(0) 10(33)
Forearm (N=38) 22 (58) 0(0) 1(3) 0(0) 0(0) 0(0) 15 (39)
Buttocks (N=10) 6 (60) 1(10) 1(10) 0(0) 0(0) 0(0) 2(20)
8CGM: continuous glucose monitoring.
Figure 1. Reported continuous glucose monitoring (CGM) device use for more than 7 days (n=40).
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Table 3. Engagement with off-label and FDA®approved cGMP site posts.
Engagement Off-label, n FDA approved, n P value®
Likes 24,534 9152 .85
Comments 1500 707 16

3FDA: US Food and Drug Administration.
bCGM: continuous glucose monitoring.
P values are based on t tests.
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Qualitative Thematic Analysis

Five themes emerged from the analysis of original Instagram
posts and the corresponding comments. (1) endorsement of
CGM as providing a sense of well-being; (2) reciprocating
information, encouragement, and support; (3) reciprocating
CGM-related frustrations; (4) life hacksto optimize CGM usg;
and (5) sharing and learning about off-label CGM activity.

Endor sement of Continuous Glucose M onitoring
Providing a Sense of Well-Being

CGM was described as a “life saver.” Hypoglycemia alarms
were valued more than hyperglycemia alarms with regard to
immediate safety concerns. Several posts mentioned the CGM
share feature providing peace of mind for loved ones. Care
partnerswho visualized glucose levels provided support to those
with diabetes who reported that they could confidently engage
in day-to-day activities, such as exercise and sleep. In fact,
individualsfelt so strongly about CGM, they used social media
as a platform to encourage others with diabetes to use the
technology. Social media was also used to teach Instagram
followers, who may not have had diabetes, about CGM
technology.

Many users shared that using CGM allowed them to think less
about their diabetes and confidently manage their health in a
lessintrusive way. Women who were already pregnant or trying
to become pregnant described the value of CGM in having a
healthy baby. One person posted, “We've been trying to get
pregnant so it feels like such avictory to be closer to my goal!
| amost cried [when my hemoglobin Alc was] at 6%!” In
addition to CGM, women who were pregnant also described
the value of diabetes educators in helping them make sense of
the CGM data. Parents described the value of being able to
observe glucose levels without having to be intrusive. One
parent posted, “[My child's CGM] means that | don't have to
wake her up at 1am on nights that she eats pasta or lo mein to
check her levels. What a gift.” Both adults with diabetes and
parents of children with diabetes valued CGM as improving
their quality of life.

Individuals also mentioned that CGM use reduced their worry
by alerting them early to trends of high or low glucose levels.
Although, there were also mentions about alarms being too
frequent and some described alarm fatigue. CGM, in some cases,
also provided insight into daily trends like overnight hypo- or
hyperglycemia and caused them to change their insulin doses
or behaviorsin an attempt to remedy out-of-range glucose levels.
Several posts attributed the use of CGM to areduction in users
glycosylated hemoglobin Alc levels and even in prolonging
their life.

Reciprocating Information, Encour agement, and
Support

Posters and commenters used Instagram as a space to share
information based on experientia knowledge. Successes,
frustrations, and daly life—#tldlooksdikeme and
#thisiswhatdiabeteslookslike—with diabetes were discussed,
all of which resulted in encouragement, support, and sometimes
tips for problem solving. Self-expressions of strength (eg,
#typelwarrior, #typelstrong, #t1dstrong, and #diabadass) were
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used to describe individuals who were not going to | et diabetes
get in the way of living their best life. One person described
their willingnessto changetheir perception about their diabetes:
“I'm ready to stop resenting my body, and start working with
what I've got!”

Severa postsincluded individuals engaging in healthy activities,
such as exercise or eating a healthy meal. Peers encouraged
othersto stay on track or provided general health advice, such
asdrinking more water, getting enough rest, and the importance
of administering a bolus before meals. Individuals who shared
success stories, such as overcoming an emotional or physical
barrier, were seen as inspirational. One person commented,
“Happy Dexing to you, my super active diabuddy! Loveto see
PWD [people with diabetes] doing great things!” Recipients of
these posts of encouragement wrote messages thanking
individuals for their support. When individuals were
experiencing inaccurate CGM, peerswould inquire about recent
Tylenol use or frequency of calibrations, reminding them about
standard considerations for use of the CGM system.

Emojis and hashtags were used to provide encouragement and
support. For example, hearts of all colors were used in a way
to exhibit caring. Hand-gesture emgjis, such as clapping hands,
oncoming fist (ie, fist bump), OK hand (ie, index finger touching
thumb to make an open circle), and victory hand (ie, peace sign)
were used to exhibit concordance and approval. Hashtags were
used to describe their diabetes (ie, #T1D, #typeldiabetes, and
#typellookslikeme) or tools used to manage diabetes (ie,
#insulinpump). Additionally, hashtags were used in fun or
humorous tones (ie, #bionicwoman, #insulinjunkie, and
#sexybetic).

Continuous Glucose Monitoring-Related Frustrations

Concerns and frustrations were expressed, most often related
to costs of managing diabetes or purchase of CGM devices (eg,
#WhyDoTheyHaveToBeSoExpensive), failed CGM sites, hypo-
or hyperglycemiathat may or may not have been accompanied
by physical symptoms, or feelings consistent with diabetes
burnout. Insurance coverage and out-of-pocket costs were
commonly asked about and shared so commenters could draw
comparisons. Some individuals expressed their desire to start
or restart CGM but were unable to do so because of cost. In
other instances, individual s described awillingness to continue
use of CGM despite cost and other frustrations they may have
experienced because of the assurance CGM provided to them
and their loved ones. One commenter noted, “ It breaks my heart
when my Dex rips out, its like money down the drain.” Failed
sensors were not only financially challenging, but aso
emotionally challenging as one has to troubleshoot both
technology and glucose readings simultaneously.

CGM accuracy, at times, was concerning. One person described,
“1 got the dreaded * 7?7 yesterday and Dex never recovered...|
think | was overcalibrating. Sometimes | have a love/hate
relationship with my Dex.” Individuas aso described
“compression lows’ as possible causes for inaccurate CGM
readings. Some described frustrations from not learning about
the impact of sensor compression on glucose levels from their
health care provider. Peers suggested avoiding laying on the
CGM device (ie, sleeping on the alternate side of the CGM
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device) asone solution. Use of alternative CGM site placements
was also described as a possible option.

Although mentions of diabetes distress or burnout were
uncommon, when they did occur, they were accompanied by
reasons for not starting, stopping, or continuing CGM,;
comments of mutual understanding from those who had
experienced similar feelings in the past; and motivational
messages from peers. A play-on-words hashtag, #duckfiabetes,
was also used to express frustrations related to diabetes.

Life Hacksto Optimize Continuous Glucose
Monitoring Use

Instagram users shared diabetes life hacks to enhance the use
of CGM. For example, individuals posted that if CGM failed
in less than 7 days, they should directly contact the CGM
company to request a sensor replacement. Discussions took
place related to “precooking” or “soaking” the sensor in order
to improve accuracy. This means placing a new sensor on the
body for several hours prior to starting the official warm-up
period on the device. Usersreported that the extended warm-up
time improves CGM accuracy, addressing that the lower
accuracy may be seen within the first 24 hours of CGM use.
Someindividuals noted concern about the adhesive not working
for the full 7-day period or experiences where the CGM device
had become inadvertently unattached from the body. The use
of various adhesives (ie, GrifGrips, Opsite Flexifit, and medical
tape) and adhesive barrier wipes (ie, Skin Tac) were described
as away to improve CGM device adherence to the skin. One
person stated, “My [adhesive] stood up well despite my sweating
like a pig while running 6 miles” The addition of adhesives
were also used to extend the use of the CGM device. Concerns
about CGM device adhesive causing rashes were described.
One person stated, “My stomach is at the point that | need to
take a break from the Dexcom for the first time in almost 2
years.” In response to concerns about rashes related to CGM
device adhesive, several barrier solutions were suggested to
prevent skin reactions (ie, Johnson & Johnson Tough Pads and
3M Cavilon No Sting Barrier Film). Off-label use of FLONASE
on the skin prior to CGM site insertion was also described as a
possible solution to preventing CGM device adhesive-related
rashes.

For some, making CGM fun by accessorizing the sensor and
receiver hel ped with the psychosocial aspect of having diabetes.
Some individuals shared pictures of personalizing their CGM
devicewith designsas away to demedicalize the medical device.
Extending the wear of the CGM device was also a described
benefit. One person commented, “Oh girl! You gotta get some
[personalized adhesive]! They help keep your Dexcom or pump
sites on longer, AND they comein all kinds of fun shapes and
colors!” Personalization occurred with the transmitter or receiver
(ie, #PumpPeelz), adhesive overlay (ie, #GrifGrips), and the
CGM receiver (ie, #Tallygear).

Sharing and L earning About Off-Label Continuous
Glucose Monitoring Activity

Off-label use of CGM was described as solutions to enhance
CGM accuracy, decrease cost, and improve comfort. Two types
of off-label activity were discussed: CGM device wear on

http://publichealth.jmir.org/2019/2/e11024/

Litchman et al

locations other than the abdomen and extension of CGM device
wear beyond 7 days. Off-label CGM activity discussions
included those who had engaged in off-label activity often and
those who had not. Those who had not engaged in off-label
activity sometimes reported that they had only been taught the
FDA-approved way of wearing the CGM device and had not
thought to self-experiment but sought more information. Some
parents expressed that photos viewed on Instagram would be
used to explore new CGM site options with their children; one
parent stated, “I'm glad you posted a photo [of a CGM site on
the thigh]! I've been trying to talk my kiddo into putting it on
her leg!” However, use of CGM devices on body parts other
than the abdomen were oftentimes viewed as exciting and useful
and, at times, more practical, less painful, and more accurate.
Those who were already using CGM in off-label locations had
typically experimented in more than one off-1abel location until
they found one or more sites that were both comfortable and
provided accurate readings. On person noted, “I wish my
stomach was accurate. If so, it would be my favorite. Alas, my
arm is my old faithful.” Sometimes, different sites were used
based on the activity the individual planned to engage in. One
person commented, “It all depends on activity. My arm is best
when | go mountain biking or skiing but not great for
arm-balancing yogaexercises” Comfort wasimportant aswell;
one person noted, “1 always wear my CGM [device] on my
thigh! Best spot for working out and comfort for sure!” In other
instances, off-label CGM sites were used for practicality. One
parent commented, “My 19-month-old daughter loves hers on
the back of her arm!! Out of sight out of mind.” Few individuals
new to off-label CGM site locations expressed unwillingness
to show their CGM device in alocation that was more publicly
visible (ie, arm); many individuals only wearing the CGM
device on the abdomen indicated that they planned to engage
in off-label CGM wear in the future. In response to seeing a
photo of a CGM device on aforearm, one person commented,
“Maybe I'll try this spot next time I'm due to change [my
sensor]!! I'm always open for new spots to put my Dex.” Only
one post expressed unwillingness to try off-label CGM site
locations, due to it not being FDA approved.

Details on how to extend the use of the CGM was described in
multiple posts and comments. Those who were extending the
use of CGM for more than 7 days were often proud of this
accomplishment. One person noted anew record in wearing the
CGM device: “Dexy finaly bit the dust today after a beautiful
18 days together.” Curious about this activity, learners sought
more specific details from users experienced with this activity.
One commenter asked, “How do you make it last 2 weeks? My
sensor always tells me | have to change after 7 days” In
response to a request for more information such as this, other
commenters would describe the process of resetting the sensor
on the receiver without actually removing the sensor from the
body and sometimes describe how long they are able to wear a
sensor. One person commented, “We leave ours in for 3-4
weeks. Just stop and restart the sensor.” Individuals stated that
they extended their use of CGM beyond 7 days for severa
reasons. First, to save money; CGM was noted to be expensive
and not having to change the CGM sensor on a weekly basis
allowed them to require fewer sensors each month. One
representative quote states, “1’ m about to the enter my 4th week
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with this sensor. #WhyDoTheyHaveToBeSoExpensive.”
Additionally, improvement in readings with CGM device wear
over alonger period of timewas a so noted. One person posted,
“My back and upper butt gives me the best and most accurate
readings for 3-4 weeks.” Similar to off-label locations, several
7-day CGM users expressed interest in extending CGM device
wear timein the future.

Discussion

Principal Findings

This is the first study, to our knowledge, that uses
photosurveillance, a novel methodology, to examine the
real-world use of CGM. We found that CGM users in this
sample were successfully engaging in off-label activity related
to CGM use in order to improve their experience with the
technology. CGM use in location sites that were off-label
yielded, in some instances, better success than FDA-approved
locations in this sample of Instagram posts and comments
reviewed. CGM device wear time was also extended beyond
the FDA-approved 7-day period by someindividuals. Instagram
was used as a resource to provide and reciprocate emotional
support and learn about life hacksto optimize CGM use, which
included both FDA-approved and off-label activity. Our
qualitative findings have several research and clinical
implications.

Photosurveillance M ethodol ogy

We successfully used photosurveillance, a new method to
explore socially shared photographs, to examine real-world
trends in diabetes care. This study allowed for the capture of
important qualitative metrics of off-label CGM activity that
otherwise may be difficult or impossibleto captureintheclinical
setting. As such, photosurveillance may be a beneficial
methodology to explore health-related topics that may be
considered taboo. In the future, other research methods may be
combined with photosurveillanceto examine the spread of health
behavior, such as off-label CGM activity, within a network as
has been done with other health conditions [10,11].

Hand-searching Instagram was alabor-intensive process. Future
research should expl ore machine learning techniquesto examine
photographs and corresponding text from social media sources
on alarger scale. For instance, computer vision algorithms can
be leveraged to automatically process images to identify when
individuals are wearing their devices in off-label locations. In
particular, convolutional neural networks [24] achieve
state-of-the-art accuracy for several computer vision tasks,
including object recognition, object detection, and scenelabeling
[25-28]. Labeled Instagram posts that have been manually
annotated by human coders can be used to providetraining data
to calibrate the model and as test data to evaluate the trained
model’s accuracy.

Other types of social media platforms, including Twitter, can
be utilized to examine public opinion and sentiment around
CGM; these data can be processed using natural language
techniques developed within the field of computer science.
Machine learning and deep learning algorithms can potentially
decrease the cost of research and enabl e research to be conducted
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on alarger scale. However, they may not be able to provide as
detailed an analysis on features of an image or text that human
coders can provide. While a human coder can evauate
potentially hundreds of characteristics of an image or scene,
separate algorithms may need to be built for each characteristic
to be extracted.

Off-Label Use of Continuous Glucose Monitoring

Information about off-label use of CGM is being shared on
Instagram. In this study, individuals wore CGM devices in
off-label locations. A small study in apediatric population found
no accuracy difference in sensors worn on the abdomen and
buttocks, which are both approved by the FDA in children, and
the arm, which is off-label [29]. Further, sensor failure was
equal between off-label and FDA-approved locations.

Dexcom istypically used by individuals who are dependent on
insulin and therefore need to be protective of the available“real
estate” on their body to optimize insulin absorption. The risk
of scar tissue and the need to rotate insulin injection and pump
sites may increase the desire for multiple areas to place the
CGM sensor in addition to the abdomen. Recent research [30]
indicates that CGM device placement in areas of
lipohypertrophy, which may not necessarily be on the abdomen,
has equivalent or superior glucose accuracy to that of normal
tissue; however, long-term dataarelacking. Currently, 68%-71%
of CGM userswear their CGM device at least 75% of the time
[31,32]; it is possible that use of off-label CGM locations may
increase this number.

We found instances in which CGM devices were being worn
successfully beyond the FDA-approved 7 days. While the
samplesizewasrelatively small (40/353, 11.3%), the qualitative
dataindicatesthat this phenomenon not only contributed to cost
savings, but also improved CGM accuracy over time. With the
recent FDA approval of the Dexcom G6 in the United States,
whichisapproved for 10-day wear, the extension of useremains
to be seen.

Limitations

Theinterpretation of results should be considered in the context
of the study limitations. It is unknown how many people with
diabetes use Instagram,; therefore, findings are not generalizable.
In general, there were few (353/2923, 12.08%) CGM sites
identified in the overall sample of photographs screened. While
this does not reflect inability to capture data of CGM site
placement, it does warrant the question of how valuably
individuals perceive the sharing of CGM site photos, compared
to other types of CGM photos, with others. Photographs only
capture a snapshot in time and may not accurately reflect
whether or not CGM was actually used successfully for the full
length of the sensor timeframe. It is possible we did not capture
all reports of off-label CGM activity dueto limiting the analysis
to only one hashtag, #dexcom, and in only analyzing
photographs of actual CGM sites. However, this study provides
preliminary evidence that off-label use of CGM exists and
appears to be working physiologically, while enhancing
flexibility and accuracy for patients. Self-report of CGM
accuracy may not reflect actual accuracy of CGM glucoselevels.
However, our study does confirm previous work [29] focused
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on glucose accuracy in off-label locations. To optimize
representativeness of our sample, data was collected daily
throughout the study period. Due to an inability to assess
demographics of Instagram users, we did not dichotomize the
datainto photographs of adultsand children duetorisk of error.
Therefore, we did not differentiate between photos of children
and those of adultsin our study. Children do have FDA approval
to wear the Dexcom on the abdomen and buttocks, while adults
only have FDA approval to wear it on the abdomen. In our
study, photographs on the buttocks, a sensitive area of the body,
werelimited. Additionally, 10% of the sample were categorized
as unknown. Future work should make an effort to examine
off-label use of CGM derived from survey and/or clinical
research.

Litchman et al

Conclusions

In this study we used photosurveillence to successfully identify
real-world trends in CGM device wear, including placement
and length of wear. We found individuals successfully used
CGM in off-label locations with greater frequency than on the
abdomen, with no indication of sensor failure or significant
adverse effects. People with diabetes who are using CGM are
finding ways to effectively use the tools in a manner that fits
with their individual needs and goals, which is augmented by
others on social media. Heath care providers, industry,
researchers, and even the FDA may want to utilize
photosurveillance asamethod to discover how peopleareusing
diabetes technologies successfully in their daly lives and
perhaps adjust care protocols or product design accordingly.

Conflicts of Interest
None declared.

References

1.  Hilliard ME, Sparling KM, Hitchcock J, Oser TK, Hood KK. The emerging diabetes online community. Curr Diabetes Rev

2015;11(4):261-272 [FREE Full text] [Medline: 25901500]

2. Litchman ML, Rothwell E, Edelman LS. The diabetes online community: Older adults supporting self-care through peer
health. Patient Educ Couns 2018 Dec;101(3):518-523. [doi: 10.1016/j.pec.2017.08.023] [Medline: 28947360]

3.  Litchman ML, Ededman LS, Donaldson GW. Effect of diabetes online community engagement on health indicators:
Cross-sectional study. JIMIR Diabetes 2018 Apr 24;3(2):e8 [FREE Full text] [doi: 10.2196/diabetes.8603] [Medline:

30291079]

4.  Sparud-Lundin C, Ohrn |, Danielson E. Redefining relationships and identity in young adults with type 1 diabetes. J Adv
Nurs 2010 Jan;66(1):128-138. [doi: 10.1111/j.1365-2648.2009.05166.x] [Medline: 2042344Q]

5.  Ravert RD, Hancock MD, Ingersoll GM. Online forum messages posted by adolescentswith type 1 diabetes. Diabetes Educ
2004;30(5):827-834. [doi: 10.1177/014572170403000518] [Medline: 15510534]

6. Newman M, Lauterbach D, Munson S, Resnick P, Morris M. It's not that | don't have problems, I'm just not putting them
on Facebook: Challenges and opportunities in using online social networks for health. In: Proceedings of the ACM 2011
Conference on Computer-Supported Cooperative Work. 2011 Presented at; ACM 2011 Conference on Computer-Supported
Cooperative Work; March 19-23, 2011; Hangzhou, China p. 341-350. [doi: 10.1145/1958824.1958876]

7. O'KaneAA, Park SY, MentisH, Blandford A, Chen Y. Turning to peers: | ntegrating understanding of the self, the condition,
and others' experiences in making sense of complex chronic conditions. Comput Support Coop Work 2016 Aug

17;25(6):477-501. [doi: 10.1007/s10606-016-9260-y]

8.  Eysenbach G. Infodemiology and infoveillance: Framework for an emerging set of public health informatics methods to
analyze search, communication and publication behavior onthe Internet. JMed Internet Res 2009 Mar 27;11(1):e11 [FREE

Full text] [doi: 10.2196/jmir.1157] [Medline: 19329408]

9.  Eysenbach G. Infodemiology and infoveillance tracking online health information and cyberbehavior for public health.
Am JPrev Med 2011 May;40(5 Suppl 2):S154-S158. [doi: 10.1016/j.amepre.2011.02.006] [Medline: 21521589]
10. Eysenbach G. Infodemiology: Tracking flu-related searches on the Web for syndromic surveillance. AMIA Annu Symp

Proc 2006:244-248 [FREE Full text] [Medline: 17238340]

11. Ginsberg J, Mohebbi MH, Patel RS, Brammer L, Smolinski MS, Brilliant L. Detecting influenza epidemics using search
engine query data. Nature 2009 Feb 19;457(7232):1012-1014. [doi: 10.1038/nature07634] [Medline: 19020500]

12. Stefanidis A, VragaE, Lamprianidis G, Radzikowski J, Delamater PL, Jacobsen KH, et al. Zikain Twitter: Temporal
variations of locations, actors, and concepts. IMIR Public Health Surveill 2017 Apr 20;3(2):€22 [FREE Full text] [doi:

10.2196/publichealth.6925] [Medline: 28428164]

13. Hesse CM, Bryan C, Rose AE. Indicators of Suicide Found on Social Networks: Phase 1. Seaside, CA: Defense Personnel
and Security Research Center, Defense Manpower Data Center; 2015 Oct 07. URL : https://apps.dtic.mil/dtic/tr/fulltext/u2/
a633259.pdf [accessed 2019-05-13] [WebCite Cache ID 78L F500DL ]

14. Rose AE, Hesse CM. Indicators of Suicide Found on Social Networks: Phase 2. Seaside, CA: Defense Personnel and
Security Research Center, Defense Manpower Data Center; 2015 Oct 08. URL: https://apps.dtic.mil/dtic/tr/ful ltext/u2/
1007350.pdf [accessed 2019-05-13] [WebCite Cache ID 78L FM6040]

15. Pongpaichet S, Tang M, Jalali L, Jain R. Using photos as micro-reports of events. In: Proceedings of the 2016 ACM
International Conference on MultimediaRetrieval. 2016 Jun Presented at: 2016 ACM International Conference on Multimedia
Retrieval; June 6-9, 2016; New York, NY p. 87-94. [doi: 10.1145/2911996.2912020]

http://publichealth.jmir.org/2019/2/e11024/

JMIR Public Health Surveill 2019 | vol. 5|iss. 2| €11024 | p. 8
(page number not for citation purposes)


http://europepmc.org/abstract/MED/25901500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25901500&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2017.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28947360&dopt=Abstract
http://diabetes.jmir.org/2018/2/e8/
http://dx.doi.org/10.2196/diabetes.8603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30291079&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2009.05166.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20423440&dopt=Abstract
http://dx.doi.org/10.1177/014572170403000518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15510534&dopt=Abstract
http://dx.doi.org/10.1145/1958824.1958876
http://dx.doi.org/10.1007/s10606-016-9260-y
http://www.jmir.org/2009/1/e11/
http://www.jmir.org/2009/1/e11/
http://dx.doi.org/10.2196/jmir.1157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19329408&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2011.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521589&dopt=Abstract
http://europepmc.org/abstract/MED/17238340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17238340&dopt=Abstract
http://dx.doi.org/10.1038/nature07634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19020500&dopt=Abstract
http://publichealth.jmir.org/2017/2/e22/
http://dx.doi.org/10.2196/publichealth.6925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428164&dopt=Abstract
https://apps.dtic.mil/dtic/tr/fulltext/u2/a633259.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a633259.pdf
http://www.webcitation.org/

                                            78LF5oODL
https://apps.dtic.mil/dtic/tr/fulltext/u2/1007350.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/1007350.pdf
http://www.webcitation.org/

                                            78LFM6040
http://dx.doi.org/10.1145/2911996.2912020
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Litchman et al

16.

17.

18.

19.

20.

21

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

HarrisP, Taylor R, Thielke R, Payne J, Gonzalez N, Conde J. Research el ectronic data capture (REDCap): A metadata-driven
methodology and workflow process for providing trandlational research informatics support. J Biomed Inform 2009
Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

Streubert HJ, Rinaldi Carpenter D. Qualitative Research in Nursing: Advancing the Humanistic Imperative. 5th edition.
Philadephia, PA: Wolters Kluwer Health | Lippincott Williams & Wilkins; 2011.

Cohen MZ, Kahn DL, Steeves RH. Hermeneutic Phenomenological Research: A Practical Guide for Nurse Researchers.
Thousand Oaks, CA: Sage Publications; 2000.

Morgan D. Qualitative content analysis: A guide to paths not taken. Qual Health Res 1993 Feb;3(1):112-121. [doi:
10.1177/104973239300300107] [Medline: 8457790]

Sandelowski M. Whatever happened to qualitative description? Res Nurs Health 2000 Aug;23(4):334-340. [Medline:
10940958]

Miles MB, Huberman AM. Qualitative Data Analysis: An Expanded Sourcebook. Thousand Oaks, CA: Sage Publications,
1994.

Tesch R. Qualitative Research: Analysis Types and Software Tools. Abingdon, UK: RoutledgeFalmer; 1990.

Morse M. Thesignificance of saturation. Qual Health Res 1995 May 01;5(2):147-149. [doi: 10.1177/104973239500500201]
Krizhevsky A, Sutskever I, Hinton GE. ImageNet classification with deep convolutional neural networks. In: Proceedings
of the 25th International Conference on Neural Information Processing Systems. 2012 Presented at: 25th International
Conference on Neural Information Processing Systems; December 3-6, 2012; Lake Tahoe, NV p. 1097-1105 URL: http:/
[papers.nips.cc/paper/4824-imagenet-cl assifi cati on-with-deep-convol utional -neural -networks. pdf

Simonyan K, Zisserman A. Very deep convolutional networks for large-scale image recognition. In: Proceedings from the
International Conference on Learning Representations. 2015 Presented at: I nternational Conference on Learning
Representations; May 7-9, 2015; San Diego, CA URL: https://arxiv.org/pdf/1409.1556.pdf

Szegedy C, LiuW, JiaY, Sermanet P, Reed S, Anguelov D, et al. Going deeper with convolutions. In: Proceedings of the
|EEE Conference on Computer Vision and Pattern Recognition. 2015 Presented at: IEEE Conference on Computer Vision
and Pattern Recognition; June 7-12, 2015; Boston, MA p. 1-9. [doi: 10.1109/CVPR.2015.7298594]

Zhou B, Lapedriza A, Xiao J, Torralba A, OlivaA. Learning deep features for scene recognition using places database. In:
Proceedings of the 27th International Conference on Neural Information Processing Systems. 2014 Presented at: 27th
International Conference on Neural Information Processing Systems; December 8-13, 2014; Montreal, QC p. 487-495
URL: http://papers.nips.cc/paper/5349-learning-deep-features-for-scene-recognition-using-places-database. pdf

Kozinets R. The field behind the screen: Using netnography for marketing research in online communities. J Mark Res
2002 Feb 01;39(1):61-72. [doi: 10.1509/jmkr.39.1.61.18935]

Faccioli S, Del Favero S, Visentin R, Bonfanti R, lafusco D, Rabbone I, PedArPan Study Group. Accuracy of a CGM
sensor in pediatric subjectswith type 1 diabetes. Comparison of threeinsertion sites: Arm, abdomen, and gluteus. J Diabetes
Sci Technol 2017 Nov;11(6):1147-1154 [FREE Full text] [doi: 10.1177/1932296817706377] [Medline: 28486841]
DeSalvo DJ, Maahs DM, Messer L, WadwaRP, Payne S, Ly TT, et a. Effect of lipohypertrophy on accuracy of continuous
glucose monitoring in patients with type 1 diabetes. Diabetes Care 2015 Oct;38(10):€166-e167 [FREE Full text] [doi:
10.2337/dc15-1267] [Medline: 26307604]

Pickup JC, Ford Holloway M, Samsi K. Real-time continuous glucose monitoring in type 1 diabetes: A qualitative framework
analysis of patient narratives. Diabetes Care 2015 Apr;38(4):544-550. [doi: 10.2337/dc14-1855] [Medline: 25552422]
Walsh J, Raberts R, Weber D, Faber-Heinemann G, Heinemann L. Insulin pump and CGM usage in the United States and
Germany: Results of areal-world survey with 985 subjects. J Diabetes Sci Technol 2015 Jun 12;9(5):1103-1110 [FREE
Full text] [doi: 10.1177/1932296815588945] [Medline: 26071425]

Abbreviations

CGM: continuous glucose monitoring
FDA: US Food and Drug Administration
PWD: people with diabetes

http://publichealth.jmir.org/2019/2/€11024/ JMIR Public Health Surveill 2019 | vol. 5| iss. 2| €11024 | p. 9

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://dx.doi.org/10.1177/104973239300300107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8457790&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10940958&dopt=Abstract
http://dx.doi.org/10.1177/104973239500500201
http://papers.nips.cc/paper/4824-imagenet-classification-with-deep-convolutional-neural-networks.pdf
http://papers.nips.cc/paper/4824-imagenet-classification-with-deep-convolutional-neural-networks.pdf
https://arxiv.org/pdf/1409.1556.pdf
http://dx.doi.org/10.1109/CVPR.2015.7298594
http://papers.nips.cc/paper/5349-learning-deep-features-for-scene-recognition-using-places-database.pdf
http://dx.doi.org/10.1509/jmkr.39.1.61.18935
http://europepmc.org/abstract/MED/28486841
http://dx.doi.org/10.1177/1932296817706377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28486841&dopt=Abstract
http://europepmc.org/abstract/MED/26307604
http://dx.doi.org/10.2337/dc15-1267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26307604&dopt=Abstract
http://dx.doi.org/10.2337/dc14-1855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25552422&dopt=Abstract
http://europepmc.org/abstract/MED/26071425
http://europepmc.org/abstract/MED/26071425
http://dx.doi.org/10.1177/1932296815588945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26071425&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Litchman et al

Edited by T Sanchez, submitted 10.05.18; peer-reviewed by E Gabarron, M Hilliard, L Zhou, T Oser; comments to author 23.07.18;
revised version received 14.09.18; accepted 15.03.19; published 24.05.19

Please cite as.

Litchman ML, Wawrzynski SE, Woodruff WS, Arrington JB, Nguyen QC, Gee PM

Continuous Glucose Monitoring in the Real World Using Photosurveillance of #Dexcom on Instagram: Exploratory Mixed Methods
Sudy

JMIR Public Health Surveill 2019;5(2):€11024

URL: http://publichealth.jmir.org/2019/2/€11024/

doi: 10.2196/11024

PMID: 31127724

©Michelle L Litchman, Sarah E Wawrzynski, Whitney S Woodruff, Joseph B Arrington, Quynh C Nguyen, Perry M Gee.
Originaly published in IMIR Public Health and Surveillance (http://publichealth.jmir.org), 24.05.2019. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR
Public Health and Surveillance, is properly cited. The complete bibliographic information, alink to the original publication on
http://publichealth.jmir.org, as well as this copyright and license information must be included.

http://publichealth.jmir.org/2019/2/e11024/ JMIR Public Health Surveill 2019 | vol. 5 |iss. 2 | €11024 | p. 10
(page number not for citation purposes)

RenderX


http://publichealth.jmir.org/2019/2/e11024/
http://dx.doi.org/10.2196/11024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31127724&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

