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OBJECTIVE | Daily self-monitoring of blood glucose (SMBG) is essential for type 1 diabetes management yet is challenging
during adolescence. Ecological momentary assessment (EMA) is the repeated sampling of behaviors and experiences in
real time in the natural environment. The purpose of this study was to evaluate I) the validity of self-reported SMBG
values via text message—delivered EMA surveys compared with objective SMBG values via glucose meters and 2) in-
the-moment motivators and barriers to performing SMBG in a pediatric type 1 diabetes population.

METHODS | Youth (n = 62, aged 11-21 years) with type 1 diabetes received three text messages daily for 10 days
containing surveys inquiring about SMBG engagement. Objective SMBG values were downloaded from glucose
meters.

RESULTS | On average, participants reported performing SMBG 4 times/day. Of the self-reported SMBG values, 39.6%
were accurate. Inaccurate values included additions (i.e., self-reported value with no objective value), omissions (i.e.,
objective value with no self-reported value), and alterations (difference between self-report and objective SMBG
values =10 mg/dL). Of the matched pairs of self-reported and objective SMBG values, 41.3% were altered.
Bland—Altman plots determined that the mean difference between self-reported and objective glucose data were —5.43
mg/dL. Participants reported being motivated to check their blood glucose because it was important for their health, and
reported barriers included wanting to ignore the task, forgetting, and not having devices.

CONCLUSION | Youth’s self-reported SMBG values may not align with objective readings. The results of this study can
facilitate future research to determine individual factors related to SMBG and accuracy of self-reporting.

Type 1 diabetes is one of the most common pediatric chronic
conditions. It affects ~1.93/1,000 youth in the United States,
and the incidence is rapidly increasing around the world (1).
If not properly managed, type 1 diabetes can lead to serious
health complications and mortality (2). Unfortunately, gly-
cemic stability is especially difficult to achieve in adolescence
and young adulthood, leaving youth with type 1 diabetes at
high risk for more immediate complications such as dia-
betic ketoacidosis and severe hypoglycemia (3,4). The TiD
Exchange clinic network studied the glycemic control
of >16,000 Americans with type 1 diabetes; average AIC
levels increased starting around the age of 10 years, peaked
at around the age of 18 years, and slowly decreased to-
ward recommended targets throughout adulthood (3). These
findings suggest that youth and emerging adults may have

Corresponding author: Jennifer L. Warnick, jenniferlwarnick@ufl.edu

https://doi.org/10.2337/ds19-0041

difficulty regulating their fluctuating blood glucose levels.
Because there is currently no cure for or way to prevent type 1
diabetes, it is crucial to better understand factors that

contribute to engagement in diabetes care (5).

One step in achieving improved outcomes in this population is
daily self-monitoring of blood glucose (SMBG). Two commonly
used products for determining glucose levels are glucose
meters and continuous glucose monitoring (CGM) systems (2).
At the time this study was in development, CGM devices were
not indicated for making treatment decisions; therefore, the
focus of this project was on the performance of manual SMBG
with a meter. People with type 1 diabetes are advised to
perform SMBG at least 4 times/day to assist in maintaining
glycemic stability and in-range recommendations (2,6).
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Not only is it important for people with type 1 diabetes to
perform SMBG, but the accuracy of their SMBG is also
crucial. Previous research with self-report methodology
indicates that the accuracy of youth’s SMBG values varies
greatly (50—-74% inaccurate values), with reduced accuracy
rates when youth believe health care providers cannot see
objective values (7-9). On the other hand, Gonder-Frederick
et al. (7) noted that altering test values (e.g., changing a value
from 400 to 200 mg/dL) was extremely rare. With objective
SMBG data now more readily available to providers and
patients, an updated evaluation of the validity of patients’
self-reported SMBG values is warranted. Evaluation of the
accuracy of self-reports can provide recommendations on
the necessity of reviewing objective device summaries at
clinic visits.

Adolescence is associated with a number of complicating
factors that contribute to difficulties with glycemic stability.
Youth with type 1 diabetes begin to transition to autono-
mous care during adolescence, a process that has been
known to be complicated (5,10). Additionally, pubertal
growth can contribute to the decline of glycemic stability,
which may be frustrating for patients who adhere to be-
havioral recommendations (5). Diabetes burnout and dis-
tress are highly related to glycemic variability, as are fear of
hyperglycemia and hypoglycemia (11,12). Although the lit-
erature speaks to the aforementioned broad factors that
negatively affect SMBG in the adolescent and emerging
adult age-group, to our knowledge, there is limited research
on the immediate (e.g., in-the-moment) motivators for and
barriers to performing SMBG in this population. Using a
method that looks at individual, immediate antecedents to
SMBG has the potential to inform future interventions (13).

One technique well suited for evaluating in-the-moment
antecedents is ecological momentary assessment (EMA).
EMA is the repeated sampling of behaviors and experi-
ences in real time, in the natural environment, and reduces
biases that occur when using one-time retrospective self-
report methods (e.g., recall bias) (14,15). As opposed to
traditional longitudinal studies, EMA offers exponentially
more assessment points over time, thus allowing for the
study of behaviors, emotions, and experiences in greater
detail at the individual level (16,17).

EMA has been validated in many clinical populations and
has been used to assess variables such as mood, location,
quality of life, self-esteem, and pain (15-19). To date,
however, there has been only one study using EMA to
assess SMBG behaviors in youth with type 1 diabetes.
Mulvaney et al. (20) asked participants to complete brief
surveys regarding SMBG behaviors twice daily over the
phone for 10 consecutive days. Participants completed
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58.9% of the phone surveys; 14% of adolescents reported
not engaging in SMBG. Noticing the less-than-optimal
response rate to the survey, these authors suggested us-
ing text messages instead of phone calls because adoles-
cents typically communicate via text more frequently than
via phone (20,21). Approximately 95% of teens and 96% of
young adults in the United States have access to or own
a smartphone; thus, texting may be a viable option for EMA
survey prompts (22,23).

The purposes of this study were to assess 1) the accuracy of
EMA self-reported SMBG values relative to actual SMBG
meter data and 2) self-reported in-the-moment motivators
for and barriers to performing SMBG in a pediatric pop-
ulation with type 1 diabetes. Based on previous literature (7),
we hypothesized that youth would report accurate SMBG
values ~50% of the time. Furthermore, we hypothesized that
common motivators for checking blood glucose would be
more internally driven (i.e., motivated by personal drive),
whereas barriers to SMBG would be externally driven (i.e.,
environmental or social consequences).

Participants were recruited during their routine diabetes
appointments at the pediatric endocrinology clinic affili-
ated with the authors’ institution between May and De-
cember 2016. Patients were recruited if they were between
the ages of 11 and 21 years, had been diagnosed with type 1
diabetes a minimum of 6 months before their appointment,
did not report having any severe cognitive or learning
disorders that might impede their ability to participate in
research study questionnaires, had daily access to a per-
sonal smartphone for at least 2 weeks, and were either able
to download their SMBG device data remotely (i.e., via
Diasend software) or return to the clinic within the fol-
lowing 2 months to have their devices downloaded. The
enrollment target of 80 was informed by previous EMA
studies (20,24).

The University of Florida institutional review board ap-
proved all study procedures. Patients who met eligibility
criteria via clinic medical record review were approached
by research staff at routine diabetes appointments. All
interested and eligible patients (n = 74) completed an in-
formed consent/assent, a demographics survey, and a text
message preference survey at enrollment. At this time,
participants also provided their usual mealtimes and were
able to report separately for weekends and weekdays.
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Participants received three text messages per day for 10
consecutive days, individually programmed to be sent at
around their reported typical mealtimes (i.e., texts were sent
30 minutes after their reported typical breakfast, lunch, and
dinner times to provide a 30-minute variability window).
Text messages were sent to each participant beginning the
Monday after they gave consent. Mealtimes were chosen
because this is a consistent daily time when people with
type I diabetes are advised to perform SMBG to determine
the correct amount of insulin to administer for the up-
coming meal (2). Although national guidelines recommend
that people with type 1 diabetes perform SMBG at least 4
times/day, we chose to send EMA surveys at mealtimes
because we assumed that most youth would likely eat at
least 3 times/day. We intentionally did not include other
recommended SMBG times (i.e., just after waking or before
going to bed) because these times had the potential to cause
participants to feel burden or annoyance (e.g., if they re-
ceived a text after already going to bed or before waking up).

Each text contained a link to a Research Electronic Data
Capture (REDCap) survey inquiring about SMBG around
their meal. REDCap is a secure, Web-based application
designed to support data capture for research studies
hosted at the authors’ institution (25). Participants were
encouraged to answer the surveys immediately.

After 10 days of receiving texts, participants were asked to
submit their SMBG data by either downloading data re-
motely via Diasend software or by returning to the clinic so
study staff could download the data. After completing all
study procedures, participants received $10 each.

SMBG Adherence Survey via REDCap

Participants were queried 3 times/day via texts containing
REDCap survey links. A medical appointment reminders
company, ClientTell Services, sent the texts. Survey ques-
tions were developed after reviewing common motivators
and barriers described in the literature, speaking with
patients, and discussing the survey project with endocri-
nology clinic team members. Each survey asked the same
set of questions:

1. Did you check your blood glucose the last time you ate?

2. If so, what time did you check?

3. What was your blood glucose the last time you

checked?
4. Why did/didn’t you check?

Possible responses to the question about SMBG timing
included morning (6:00-11:00 AM.), afternoon (11:30 AM. to
3:00 PM), late afternoon (3:30-5:00 PM), evening (5:30-8:00 PM.),
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and late evening (8:30 PM. to bedtime). We chose to ask
broadly whether participants checked “around mealtimes”
as opposed to the recommended 20 minutes before meals
because we wanted to account for those youth who may
check mid- or postmeal. This decision allowed us to focus
on our aims of assessing SMBG value accuracy and
motivators/barriers to SMBG instead of other questions

about adherence behaviors.

Possible responses regarding why they performed SMBG
included:

I didn’t want to upset my parents.
e It’s important for my health.

I don’t want to upset my doctor(s).

I have a medical appointment coming up soon.

I'm afraid of highs/lows.
e [ didn’t check yet.

The responses explaining why a participant did not check
blood glucose included:

e [ forgot.

e I'm ignoring that right now.

e I didn’t want to check in front of other people.

e [ didn’t have my meter with me.

e [ didn’t need to check yet today.

For both questions, participants could select as many of the
responses that applied to that moment.

Glucose Meter Data

SMBG data were obtained for the 10 days in which par-
ticipants completed the EMA portion of the study at di-
abetes clinic appointments or via transmission to the
clinic with Diasend software on personal computers.
Participants were asked to submit all meter data captured
during the 10-day period of receiving texts; therefore,
some participants provided data from multiple meters. If a
participant was not able to directly download SMBG data,
paper records were obtained; in those instances, partici-
pants were asked to have a parent or legal guardian fill out
paper diaries based on the information in the glucose
meter, which serves as an adequate substitute for SMBG
glucose meter data (26). Glucose meter data reports in-
cluded both timestamps of when each blood glucose
check was conducted and the corresponding glucose
value. The data from these reports were then manually
compared with the self-reported SMBG data (via EMA
surveys) by matching timestamps from the objective data
to self-reported times checked (i.e., answers to question 2

of the survey).
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Descriptive analyses determined the percentage of re-
ported motivators for and barriers to SMBG. To evaluate
the accuracy of the self-reports sent via REDCap surveys
compared with the objective glucose meter data, all SMBG
values were categorized into one of four classifications
based on previous research: 1) accurate, 2) addition, 3)
alteration, or 4) omission (8). Additions represented when
there were self-reported SMBG values that were not
contained in the objective readings. Omissions repre-
sented when there were objective SMBG values that were
not reported in the self-reported SMBG values. Values
were considered accurate if the absolute value of the
difference between self-reported and objective SMBG
readings was =10 mg/dL (7). Finally, alterations repre-
sented any instance in which the absolute value of the
difference between self-reported and objective SMBG
readings was >10 mg/dL.

Data management and analyses were conducted using SAS
V. 9.4 statistical software. Initial descriptive analyses were
conducted on the group of participants with any collected
SMBG data, including additions, omissions, alterations,
and accurate values. Additional analyses were conducted
among participants who had matched pairs of self-reported
SMBG values and objective values. Two sets of matched
pairs were created: 1) all instances in which participants
completed a REDCap survey indicating that they per-
formed SMBG and there was an associated objective meter
value recorded on the same date, closest to and before the
time indicated on the REDCap survey timestamps, and 2)
matched pairs within a valid time window, defined as in-
stances in which objective meter timestamps were verified
to have been within the self-reported SMBG time win-
dow (i.e., the time window during which participants self-
reported having performed SMBG). Among matched
self-report and objective data, descriptive analyses were
conducted to determine the rate of alterations and ac-
curacies. The level of agreement between self-reported
and objective SMBG data and patterns of under- and
over-reporting of self-reported blood glucose levels were
examined via Bland-Altman plots.

Clinic staff approached 191 individuals and asked whether
they were interested in participating in the study (Figure 1).
Seventy-four individuals consented to participate in the
study. Of those who declined to participate, 46 were not
interested, 35 had no way to upload their meter data or
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could not return to the clinic, 28 did not have access to a
smartphone, 2 had issues with their meters, 1 did not come
with a caregiver to the appointment, and 5 had another
reason they could not participate. Of the 74 who consented,
two asked to withdraw from the study before any text
messages were sent to them. Ten did not answer any texts
and were lost to follow-up; the researchers could not be
certain these participants received the text messages (e.g.,
they could have given the wrong phone number or blocked
the number sending texts). Thus, the sample consisted of 62
youth, most of whom were male (56.5%) and Caucasian
(75.8%). Of these 62 participants, 11 began receiving texts and
then asked to stop receiving texts messages and be dropped
from the study; their data before withdrawal were included
in analyses.

On average, the participants in this study had been diag-
nosed with type 1 diabetes for 7.1 * 4.3 years and were 16.4 =
3 years of age (range 11-21 years). Although we did not
collect information regarding participants’ insurance cov-
erage, more than half of the patients seen at the clinic
from which the sample was drawn are publicly insured. On
average, participants self-reported performing SMBG
4.4 * 1.8 times/day; there was no difference in self-reported
SMBG frequency between participants with insulin pumps
and those on a multiple daily injection (MDI) regimen.
Nearly half (49.2%) of the sample reported using a CGM
system, although usage varied from 4 times/year to ev-

ery day.

Two-tailed independent t tests and x> tests (@ = 0.05)
revealed that participants who either dropped from the
study before texts began or were lost to follow-up (com-
bined n = 12) did not differ significantly from those who
were included in the final analysis (n = 62) with regard to
sex, age, total family income, or phone type. However, there
was a significant difference with regard to race [x* 3) =
8.232, P = 0.041] such that 6 of 57 Caucasian, 4 of 7 African
American, 1 of 6 Hispanic or Latino, and o of 2 Asian-
American individuals dropped out of the study. Table 1
provides demographic data.

A total of 1,860 surveys were sent to participants via text
message (30 texts per participant). Of these 1,860 messages
sent, 816 surveys (43.8%) were answered. Participants ranged
from answering o of 30 to 30 of 30 surveys received. A
univariate ANOVA indicated significant differences in the
number of surveys answered on specific days (early versus
late in the 10-day survey period) [Welch’s F (9,5.19) = 2.355,
P = o.0o12]. Post hoc Games-Howell tests revealed that
significantly more surveys were answered on days 2-3 than
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FIGURE 1 Consort diagram.

on day 9 (P <0.05) and on days 2-5 than on day 10 (P <0.05).
In general, fewer surveys were answered as days in the
study increased. A univariate ANOVA revealed a significant
main effect of the time of day surveys were answered
[Welch’s F (2,1.806) = 3.676, P = 0.026]. Post hoc Games-
Howell tests revealed a significant difference between the
first and third surveys sent each day (P = 0.035), such that
more surveys were answered earlier in the day compared
with later (48.2% in the morning vs. 41.2% in the evening).

In the answered surveys, participants indicated 73.2% of the
time that they had checked their glucose the last time they
ate, 9.3% reported not checking, and 17.5% responded that
they had not eaten yet (i.e., did not need to check). The
majority of participants (93.7%) reported that they had
checked because they recognized it was important for
their health. The second most common response (27%)
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was being afraid of highs and lows, followed by not want-
ing to upset their doctors (18.5%), not wanting to upset their
parents (15.4%), and having a medical appointment com-
ing up (0.33%). The most common response regarding why
participants did not check was forgetting (48.7%), followed
by choosing to ignore their diabetes (27.6%), not having a
meter with them (26.3%), not needing to yet (17.1%), and not
wanting to check in front of others (7.9%).

Comparison of Self-Report Data to Glucose Meter Device Data

A total of 813 data points existed among those who provided
any self-reported or objective SMBG value recorded at any
single record point. Of all the data collected, 24.7% were
additions (i.e., self-reported SMBG value reported, but
missing objective SMBG value), and 8% were omitted (i.e.,
objective SMBG present, but no self-reported SMBG value
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TABLE 1 Demographics of Overall Study Participants and Those Included in Subgroup Analyses

Overall (n = 62)

Participants With Valid EMA Surveys and Matched
Objective Data (n = 38)

Male 35 (56.5) 21 (55.3)
Race/ethnicity
Non-Hispanic white 47 (75.8) 31 (81.6)
Non-Hispanic black 3 4.8) 2 (5.3)
Non-Hispanic Asian/Pacific Islander 23.2) 1 (2.6)
Hispanic 9 14.5) 4 (10.5)
Did not report 1(1.6) -

Age, years 16.4 = 3.0 (11.0, 21.0) 16.2 = 3.1 (11.0, 21.0)
Family income

<$20,000 3(4.8) 2 (5.3)

$20,000-39,999 12 (19.4) 8 (21.1)

$40,000-59,999 6 (9.7) 4 (10.5)

$60,000-79,999 6 (9.7) 2 (5.3)

$80,000-99,999 3(4.8) 2 (5.3)

=$100,000 22 (35.5) 16 (42.1)

Did not report 10 (16.1) 4 (10.5)
Diabetes duration, years 7.1 = 43 (1.0, 17.0) 7.0 = 4.1 (1.0, 16.0)
Mean SMBG frequency, times/day 4.4 + 1.8 (2.0, 9.0)* 4.7 £ 2.0 (2.0, 9.0)t
Insulin delivery: insulin pump 36 (58.1) 25 (65.8)
Insulin delivery: MDI regimen 26 (41.9) 13 (34.2)

Uses CGM system 30 (49.2) 21 (55.3)

Data are n (%) or mean = SD (minimum, maximum). *n missing = 2. tn missing = 1.

given). In the second analysis including only times when
there were matched pairs of self-reported and objective
data regardless of time window verification (i.e., whether
the timing of self-reported SMBG via survey responses
matched the timestamp of the objective reading; n = 547),
41.3% (n = 225) of self-reported values were altered by >10
mg/dL compared with their matching objective value. To
put in perspective the difference between reported and
objective SMBG values, a Pearson’s correlation between
these altered matched pairs only was conducted. Results
indicated that self-reported and objective SMBG data only
correlated at 0.3 (P <o.o1), indicating a high degree of
discrepancy. In a third analysis conducted only for matched
pairs that were within a valid time window (e.g., participant
reported checking between 6:00 and 11:00 AM. and there was
a meter value timestamped during that same window of
time; n = 280), 32.5% (n = 91) of self-reported SMBG values
were altered >10 mg/dL, and 67.5% of matched values were
accurate. No significant differences existed between sexes or
age-groups (1I-15 vs. 16—21 years) with regard to number of
additions, omissions, alterations, or accurate SMBG values.

Figure 2 shows the agreement between self-reported and
objective SMBG values; a difference of o indicates perfect
agreement. The Bland—Altman plot mean difference between
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self-reported and objective glucose data were —5.43 mg/dL,
indicating that self-reported SMBG data on average were
lower than corresponding objective SMBG data. As objec-
tively measured SMBG increased, there were more instances
of underreporting SMBG and less agreement overall. Alter-
natively, at lower levels of objectively measured SMBG, there
were more instances of self-reporting higher values of SMBG.

Discussion

SMBG remains an essential component of glycemic moni-
toring in people with type 1 diabetes. Unfortunately, youth
face many barriers to performing SMBG in general and to
reporting their SMBG data accurately (e.g., poor family
communication, executive functioning deficits, and psy-
chosocial factors). Ours is one of the first studies to use a
text message—delivered EMA design to assess the validity of
self-reported SMBG values and self-reported antecedent
motivators for and barriers to performing SMBG in a pe-
diatric population with type 1 diabetes. This information is
crucial to develop future treatments to assist youth in
improving their SMBG behaviors.

Major findings from this study were that youth often self-
reported inaccurate SMBG readings, even when they were
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Bland-Altman plot showing agreement between self-
reported and objective SMBG values relative to objective SMBG
values.

aware that their self-reports would be compared with ob-
jective readings. Furthermore, approximately one-third of the
time youth reported not performing SMBG when they should
have because they wanted to ignore their diabetes. This choice
may be a sign of diabetes burnout or a poor adolescent coping
strategy (i.e., not wanting to confront a problem by ignoring it).

Morning surveys were answered more often than those sent
in the afternoon or evening, and this finding directly con-
tradicts the findings of Mulvaney et al. (20). It is likely that
text messages are easier for youth to answer compared with
phone calls.

Regarding the trajectory of surveys answered over the
10 days, the number of surveys answered decreased over
time, with significantly lower response rates during the
second week compared with the first week. This finding also
contradicts the study by Mulvaney et al. (20), which had a
stable response rate over time. One possible explanation is
that participants perceived that they would be held more
accountable by phone calls than by texts. The deperson-
alization that likely resulted from the automated text
message format (i.e., messages only contained a survey link)
may have negatively affected survey response adherence.

Our findings indicate that only 39.6% of self-reported
SMBG values (via EMA) matched the objective meter
values. The rest of the self-reported values (60.4%) were
inaccurate (i.e., added, omitted, or altered). These findings
differ from those of Gonder-Frederick et al. (7), who used
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the same categorical labels to assess the validity of self-
reported SMBG compared with glucose meter data. That
study reported that participants had significantly more
omissions than additions, whereas our results are opposite
(i.e., many more additions than omissions). These findings
might be the result of CGM usage. Those who reported
using CGM while participating in the study self-reported
using their CGM systems anywhere from rarely to every
day; thus, it was difficult to determine how often partici-
pants were checking with their CGM device as opposed to
manually with a meter. CGM was not approved for non-
adjunctive use at the time of this study.

Another difference between our findings and those of
Gonder-Frederick et al. (7) was that we found approxi-
mately one-third of reported SMBG values to have been
altered compared with matched objective data, whereas the
previous study indicated that approximately 20% of diaries
had altered values. Also, the participants in our study self-
reported performing SMBG an average of 4.4 = 1.8 times/
day, whereas participants in the previous study reportedly
checked, on average, 2.19 = 1.09 times/day (7). Since the
previous study’s publication, the recommendation in na-
tional guidelines for how often to perform SMBG has in-
creased to 4 times/day for people with type 1 diabetes. This
recommendation is often discussed with patients at our
clinic. It is possible that adolescents in our study were more
likely to add SMBG values when they had not actually
checked to have a more favorable clinical profile.

Analyzing the frequency of SMBG using objective measures
can be complicated because of differences in devices and
combinations of devices used. Although further analyzing
demographic differences between self-reported and ob-
jective SMBG data were outside the scope of this study,
our team has proposed methods for such analysis else-
where (27).

Approximately one-third of our participants altered their
self-reported SMBG values based on comparison with their
objective values. It is difficult to determine why this oc-
curred without making assumptions. It is possible that
participants may have changed some of the values to ap-
pear as if they were in more favorable glycemic ranges;
however, not all alterations were changed to a more clin-
ically favorable number (i.e., closer to the recommended
blood glucose range of 70-180 mg/dL). Some may have
reported SMBG values based on an educated guess without
verifying with their meters. Others may have reported
previous values from earlier in the day that did not reflect
current values. Still others may have been using their
CGM device to monitor their blood glucose. Either
way, our findings differ significantly from those of
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Gonder-Frederick et al. (7), who concluded that alterations
were extremely rare. Future research is recommended to
examine the potential for, reasons for, and predictors of
these discrepancies.

EMA responses regarding immediate motivators for per-
forming SMBG showed that most youth reported being
motivated by the knowledge that SMBG is important for
their health. It is well supported in the literature that youth
typically are less motivated to make behavioral changes that
align with a healthy lifestyle (e.g., quitting or refraining
from smoking or following a healthy eating plan) because of
future long-term health goals and rather are motivated by
immediate consequences such as feeling good and their
appearance. The response option “It’s important for my
health” in our survey was too broad to determine whether
youth understood this response as a long-term or imme-
diate health consequence. Because nonengagement with
diabetes treatment recommendations causes immediate
health consequences, one can assume that this statement
potentially relates to more immediate health effects. It is
also possible that youth selected this response because they
thought it was what their doctors or the researchers would
want to hear (i.e., response bias).

Additionally, 27% of the time, youth reported that they
performed SMBG because of fear of having too high/low
blood glucose levels. This finding is consistent with the
literature (11,12). Although this anxiety propels youth to
adhere to treatment recommendations, it also underscores
the need for an additional area of intervention—namely,
providing coping skills for diagnosis-related anxiety.
Numerous studies have shown that youth with higher
general anxiety have lower SMBG frequency and higher
blood glucose values (11,12,28). Although some level of
anxiety may be useful for motivation, long-term and in-
creased anxiety can lead to poor engagement with
diabetes-related treatments and medical complications
(e.g., somatic symptoms).

Participants who reported not checking their blood glucose
at mealtimes most commonly reported that they had for-
gotten to check (48.7%) or did not have their glucose meters
with them (26.3%). This finding is supported by literature
regarding executive function development in youth; it is
more difficult for youth to plan and follow through with
self-management tasks (10,29). These results provide evi-
dence that poor planning and difficulty following through
on diabetes care is still a challenge in this population. On
the other hand, although CGM systems were not approved
for treatment decisions during data collection for this study,
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it is possible that some of the youth were using their CGM
device rather than their glucose meter to check their
glucose. There was no response in the survey to capture this

then off-label behavior.

Notably, 27.3% of the time, youth did not perform SMBG
and selected “I'm ignoring that right now” as the barrier.
Diabetes burnout is an understudied aspect of diabetes
treatment engagement; it has been described as a time
when patients with type 1 diabetes realize that adhering to
treatment is important for their health but lack the moti-
vation to do so (30). The literature suggests that diabetes-
related emotional distress (i.e., anxiety, depressive symptoms,
and fear) may inhibit youth with type 1 diabetes from par-
ticipating in their treatment regimens (31,32). Peyrot and
Rubin (31) suggest that clinicians should identify patients
who are suffering from diabetes-related distress, apply ef-
fective treatments to relieve the distress, and refer patients
for mental health services when appropriate.

EMA data collection may be a way to identify patients
at-risk for diabetes burnout. Furthermore, future studies
should aim to better understanding the factors behind
participants reporting that they ignore diabetes self-care
behaviors. Such data were not collected in this study, but
there may have been many reasons for participants to ig-
nore SMBG, including not wanting to check in front of
other people, not being able to check at a given time, being
afraid of the results, avoiding an injection, or not wanting to
put forth the effort needed to engage in the task. Future
research using more detailed qualitative data collection
methods may parse this issue further.

Several limitations should be considered when interpreting
these results. The sample was limited to those who had
access to a smartphone. Many in the sample (42.3%) re-
ported total family income >$100,000. Both of these factors
limit generalizability. Moreover, the survey prompts were
not time-sensitive to account for participants who may not
have had data plans (i.e., those who could only answer the
prompts when they had WiFi access later in the day). As a
result, some of the responses may have been delayed, re-
ducing the “in-the-moment” advantage of EMA. Also, study
staff were unable to check for accuracy of meter time-
stamps, particularly for participants who submitted their
data via Diasend software from personal computers. Thus,
it is possible that some discrepancies were the result of
faulty meter timestamps. Finally, we dropped participants
from the study who did not answer any of the texts because
we could not be certain whether they had received the
messages in the first place. A selection bias may have
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existed toward youth who were more likely to perform
diabetes care tasks.

Replication of this study design is encouraged, particularly
replication involving complete objective data, CGM, and
more control over the technology (e.g., sending texts and
using an independent app). Future interventionists may
consider the results from our study to design just-in-time
adaptive interventions using mobile technologies that
could have the ability to notify patients in the moment
when they need to adhere to treatment (13).

Future studies also should be designed to accommodate
advances in diabetes technology, particularly the growing
prevalence of CGM and automated insulin delivery sys-
tems. For the foreseeable future, these new technologies
will still require diabetes self-care behaviors to be per-
formed by adolescents and emerging adults. By way of
example, interventions could focus on psychosocial treat-
ment prompts such as reminders about coping skills to
reduce diabetes-related burnout and anxiety or to increase
SMBG diabetes care behaviors such as delivering insulin
before meals.

Conclusion and Implications for Clinical Care

This study was the first to use a text message—delivered
EMA design and the first to use EMA to validate self-
reported SMBG values in this population. Our results in-
dicate that youth with type 1 diabetes are likely to self-report
inaccurate blood glucose values; therefore, clinical ad-
justments of insulin doses should rely on valid measures of
glucose as opposed to self-reported SMBG values.

This study also highlights the need for further research into
individual diabetes-specific treatment adherence barriers
and motivators to expand on responses about motivators
such as “It’s important for my health” and barriers such as
“I'm ignoring that right now.” Clinical trials that study
similar patient populations should consider incorporating
measures that use objective SMBG values given the po-
tential discrepancies between self-reported and objective
values. Clinicians and interventionists would benefit from
considering how youth’s tendency to want to ignore their
diabetes may affect their treatment adherence.

Clinicians who treat youth with type 1 diabetes should
consider that self-reported data may not be accurate, and
therefore it is crucial to evaluate and make recommenda-
tions based on objective data. To improve access to objective
data for medical decision-making, clinicians should facil-
itate the use of CGM and continue to advocate for improved
access to CGM for all patients. Clinicians should also be
aware that misreporting data provides insights into behavioral
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barriers to self-care. For example, a teen may be choosing to
ignore diabetes, but this may be only the first indication of a
more formidable barrier such as diabetes burnout, stigma, or
bullying. Clinicians may be able to determine the root of each
patient’s barriers by using motivational interviewing techniques
and asking questions using an open and nonjudgmental ap-
proach to evoke discussion with their patients. It is possible that
addressing such issues may be a more important clinical in-
tervention than narrowly focusing on SMBG adherence and
insulin dosing to improve patients’ glycemic stability.
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