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Adolescents with type 1 diabetes are vulnerable to subopti-
mal glycemic control, generally due to insufficient self-care
behaviors (1,2). Because they have some of the highest rates
of mobile communication technology use (3), this modality
may hold promise for providing reminders or encouragement
to adolescents to engage in self-care. However, the effects of
text messaging interventions on self-care and glycemic out-
comes are mixed, with some reports favoring improvements
in teen self-care behaviors such blood glucose monitoring fre-
quency or medication adherence (4-7).

In an alternative attempt to reach this high-risk age-group,
researchers have explored the use of financial incentives to
promote self-care behaviors, which yielded some glycemic ben-
efit in the short term (8,9). However, there is limited research
on the combination of a financial incentive and a mobile
health intervention (10,11) and the potential benefits that could
accrue from blending these approaches. Nonetheless, use of
either a unimodal or a bimodal intervention requires that
adolescent recipients remain engaged with the program.

In this report, we describe adolescent engagement during a
6-month study of a psychoeducational text messaging
intervention that incorporated financial incentives. The pri-
mary study included adolescents with type 1 diabetes in
suboptimal control and showed a potential increase in self-
reported self-care in those receiving the intervention as
intended (10). This analysis of the primary study’s interven-
tion group described patterns of adolescent engagement
with the intervention and identified factors associated with
responsiveness. We also evaluated the potential impact of
engagement on glycemic outcomes and self-care.

Research Design and Methods

This study analyzed 6 months of data from teenagers with type
I diabetes receiving an incentivized text messaging intervention
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aimed at increasing education and support for diabetes self-
care. Youths were eligible for inclusion if they were 12-18
years of age, had a duration of type 1 diabetes of at least 1
year, had had a clinic visit at the Children’s Hospital of Phila-
delphia (CHOP) Diabetes Center for Children within the past
6 months, had an AIC =8.0%, had insurance approval for
the point-of-care (POC) AIC testing at CHOP, understood
English, and owned a mobile phone with unlimited text mes-
saging. Adolescents with a major cognitive or organ disability
or who had taken steroid medication in the past 3 months
were ineligible. The full randomized controlled trial was reg-
istered on ClinicalTrials.gov (NCT02927639) and approved by
the local institutional review board (#16-01332). Adolescents
and parents provided written informed consent and assent as
appropriate before beginning any study procedures. All study
participants registered on MyDiaText™, a website with text-
messaging capabilities using Twilio. At enrollment, they
selected one AADE7 Self-Care Behavior (12) and were ran-
domized 11 to the intervention or control arms.

Participants received one daily text message using Twilio
REST API (representational state transfer application program-
ming interfaces) services. Messages had been created by a mul-
tidisciplinary team of type 1 diabetes experts before study
initiation. Participants received a combination of declarative
text messages about their pre-selected self-care behavior goal,
as well as quiz-type questions about general type 1 diabetes
knowledge. They were asked to respond via text message to
indicate that the message had been received. Every 2 weeks,
one participant received a $10 reward via lottery drawn from
the participants with the longest consecutive days responding
to messages (maximum of 14 responses every 2 weeks). Pay-
ments were provided via reloadable debit cards.

Participants completed the Self-Care Inventory (SCI) (13),
a I4-item self-report measure of self-care, at enrollment,
3 months, and 6 months and received $5, $10, and $15,
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respectively, for each SCI completed. AIC levels were mea-
sured at routine clinic visits. The electronic health record sys-
tem was used to extract these, as well as other clinical
information such as concerns regarding depression, diabetes
care plans, and BMI.

The MyDiaText website collected and stored data on daily text
message responsiveness. For the purposes of analysis, we sepa-
rated the group into low and high responders. Response rate
(RR) was calculated by the number of text message responses
divided by the number of days on study. The low responders
were those answering =50% of the text messages over the 6-
month study; high responders answered >50% of the text
messages, similar to previous text messaging work in type 1 dia-
betes by McGill et al. (4). To understand engagement over
time, we separated response rates in 6-day increments. Data
from participants affected by a system malfunction causing
two simultaneous text messages to be sent for a certain time
period were removed from analysis, as receipt of two text
messages daily—twice the intended amount—could poten-
tially have led to reduced responsiveness.

Statistical analysis was performed using STATA software (Stata
Corp., College Station, TX). Descriptive data are presented as
mean + SD unless otherwise indicated. Tests used included
t tests, ANOVA, and x°. P values <0.05 were considered statisti-
cally significant. The study was originally powered to evaluate
the impact of the intervention on self-care, and the current
analysis is exploratory (10).

Results
Study Sample

A total of 83 participants received the incentivized text mes-
sage intervention. No participants formally withdrew from
study participation. Data from 29 participants from the days
affected by the previously mentioned system malfunction
were removed from the analysis; a median of 48 days of data
were lost per participant.

Baseline Characteristics

Baseline characteristics are shown in Table 1. The mean age
of the sample was 15.5 years, and the mean diabetes duration
was 7 years. The sample was 46.3% male, 65.8% White, and
74% non-Hispanic. Mean BMI percentile was 74.1%, and 58.5%
used an insulin pump or continuous glucose monitoring sys-
tem. Mean baseline AIC was 9.8%, and mean SCI score was
3.1 out of 5.
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Responsiveness to Text Messages

Over the 6-month study, 61% of participants were identified
as high responders (n = 51) (Table 1). There were no significant
differences in baseline characteristics between high and low
responders in age, sex, diabetes duration, race, ethnicity, dia-
betes technology use, BMI, baseline SCI, baseline A1C, or
clinical mental health concerns. There was a decline in RR
over time for the overall sample and in both high- and
low-responder groups (Figure 1). The mean RR for high
responders was 87.2% in the first half of the study period
and 69.0% in the second half, whereas the RR for low res-
ponders fell from 45.3% in the first half of the study to 6.1%
in the second half (Table 1 and Figure 1). The decrease in
RR by 6-day increments over the first half of the study
and over the study overall was significantly greater in
low responders (mean difference 72.3 + 33.2% in the first
half and 82.5 + 27.2% throughout the entire study period)
as compared with high responders (mean difference 133 =+
25.0% in the first half and 29.9 + 38.2% throughout the entire
study period; P <o.o1 for both). Over the second half of the
study, the decrease in RR was not significantly different, with
low responders changing 9.3 + 21.2% and high responders
changing 22.6 + 31.4%, (P = 0.07).

Glycemic Control

There was no statistically significant association between RR
and change in AIC over the study period (P = 0.35). The differ-
ence in odds of improving AIC by =1% was not statistically
significant between low and high responders (P = 0.18), which
may have been related to the relatively small sample (type 2
error). However, the high responders were 2.1 times more
likely to show improvement.

Discussion

This study demonstrated that, in adolescents with type 1 diabe-
tes in suboptimal control, there was attrition of text message
responsiveness over time, with low responders appearing to
have a quicker drop-off in responsiveness than high respond-
ers. Responsiveness to motivational, educational, and support-
ive text messages as part of a financial incentive structure was
not associated with glycemic benefit. RR was not correlated
with sociodemographic or medical factors.

The overall RR and general drop-off in response over time
were similar to those found in previous studies. Zhang et al.
(5) found RRs over 8 weeks to be ~76%, which is not dissimi-
lar to our finding of 71.1% over the first 3 months of the study.
In the study by McGill et al. (4), participants were followed
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TABLE 1 Results

Baseline Characteristic Low Response Rate*

(n = 32 [39%])

High Response Rate*
(n =51 [61%])

All Participants P
(n = 83 [100%])

Age, years 16.1 + 2.0 15.6 + 1.9 158 + 1.9 0.27
Sex 0.70

Male 19 (59) 28 (55) a7

Female 13 (41) 22 (43) 35

Other 0 (0) 1(2) 1
Non-Hispanic White race/ethnicity 18 (56) 23 (45) 41 (49) 0.32
Diabetes duration, years 83+45 6.6 +4 72 +42 0.10
A1C, % 104+ 1.9 10.0 + 1.8 10.1 £ 1.9 0.25
Mean SCI score (out of 5) 3.30 £ 0.56 3.48 + 0.64 2715 0.47
BMI percentile 72.8 + 25.8 74.6 + 22.7 73.9 + 23.8 0.99
Technology use

Insulin pump 18 (56) 28 (55) 46 (55) 0.90

Continuous glucose monitoring system 20 (63) 34 (67) 54 (65) 0.70

Hybrid closed-loop system 2 (6) 3 (6) 5 (6) 0.95
Mental health care

Clinical concern about depression 10 (31.3) 13 (25.5) 23 (28) 0.57

Receiving mental health treatment 6 (18.8) 11 (21.6) 17 (20) 0.76
Overall RR, % _

Mean 29.3 + 15.7 79.5 + 15.6 58.6 + 28.9

First 90 days 45.3 87.2 71.1

Second 90 Days 6.1 69.0 46.0

Median 30.5 78.0 62.7

Interquartile range 16.5-44.0 66.0-96.0 40.1-85.2

Data are mean + SD or n (%) unless otherwise noted. *Participants with a low response rate answered =50% of text messages, whereas those with a high

response rate answered >50% of text messages.

three times longer than in this study; however, a similar
decline in RR, from 60 to 43%, was found. Perhaps most strik-
ing about the drop-off rate of our study was the degree of dif-
ference between the high and low responders in the second
versus the first half of the study. We hypothesize that drop-off
stems from a waning over time of the initial motivation in
response to text message contacts given the continued demands
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FIGURE 1 Mean RR over time as calculated in 6-day increments.
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of diabetes self-care and other competing interests in the lives
of adolescents with type 1 diabetes. Our data on the pattern of
drop-off could be useful for future mobile health studies to
understand such patterns in engagement and the motivations
behind attrition.

Sociodemographic and diabetes outcome-related baseline
characteristics have been shown to correlate with engage-
ment. McGill et al. (4) found that high responders were more
likely to have greater frequency of blood glucose monitoring
and lower AIC at baseline compared with low responders.
Zhang et al. (5) found engagement to be greater in male and
non-Hispanic White participants. A metanalysis of several
digital behavior change interventions showed across multiple
studies that engagement was negatively correlated with pres-
ence of mental health concerns and positively associated with
female sex, increasing age, and higher education (14). In con-
trast, the baseline characteristics found in these studies did
not correlate positively or negatively with RR in our sample.
Mulvaney et al. (15) pointed out a lack of studies integrating
extrinsic rewards into mobile interventions in diabetes. Per-
haps the extrinsic financial reward component of this study
caused a change in response patterns attenuating previously
observed associations with various baseline characteristics.
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Our study did have a few limitations. The technical malfunc-
tion caused some loss of data that may have caused our study
to be underpowered. There was attrition in the completion of
the SCI (10), limiting our ability to analyze potential associa-
tions between engagement and self-reported self-care. Mental
health diagnoses were extracted from medical records and
prone to subjectivity of clinician report and transcription
error. Data on annual income and parental education levels
were not available in our sample.

Despite these limitations, the observations from this study
have the potential to inform further work. Future studies using
extrinsic motivation to engage adolescents in a mobile inter-
vention are needed, along with investigation of different moti-
vational structures targeting at-risk adolescents with type 1
diabetes in suboptimal glycemic control. Alternatively, adoles-
cents identified as low responders shortly after initiating a
mobile intervention can be redirected to an alternative strategy
to encourage engagement.

Conclusion

In adolescents with type 1 diabetes in suboptimal control, res-
ponsiveness to a psychoeducational and motivational text mes-
saging intervention with financial incentives declined over
time, with low responders appearing to have a more rapid
drop-off in responsiveness than high responders. Responsive-
ness was not associated with glycemic benefit, nor was it cor-
related with sociodemographic or medical factors.
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