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Abstract

Background Type 1 diabetes is associated with signifi-
cant mortality and economic cost. Management of type
1 diabetes involves completing multiple daily adherence
behaviors, and many adolescents struggle with self-man-
agement and show poor glycemic control.

Purpose The purpose was to conduct an unblinded pilot
randomized controlled parallel-group study of a web-de-
livered multicomponent intervention targeting self-mon-
itoring of blood glucose, working memory, and parent
supervision of diabetes care among adolescents with
type 1 diabetes. Intervention components included high
magnitude incentives for adolescents and parents, moti-
vational and cognitive behavioral therapy and working
memory training for adolescents, and training in contin-
gency contracting for parents.

Methods Adolescents (N = 114) with poorly controlled
type 1 diabetes were screened, and N = 61 were rand-
omized using minimum likelihood allocation to usual
care (usual care, N = 31) or to a 25-week/15-session
web-delivered intervention (WebRx, N = 30).

Results At the end of treatment, adolescents in WebRx
had higher self-monitoring of blood glucose (d = 0.58)
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(primary outcome), better visual spatial working mem-
ory (d = 0.48) and inhibition (d = 0.98), and lower
HbAlc (d = 0.45) than those in usual care. WebRx
parents reported more frequent review of the adoles-
cent’s glucometer (d = 1.30) and reduced family conflict
(d = 0.56). Between-condition differences were main-
tained 6 months later in self-monitoring of blood glucose
(d = 0.42), visual spatial working memory (d = 0.76),
family conflict (d = 0.50), and HbAlc (d = 0.44).

Conclusions Results showing sustained effects on
self-monitoring of blood glucose and HbAlc support
moving forward with a larger trial to test this innovative
web-delivered and multicomponent intervention.
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Introduction

Type 1 diabetes is associated with significant morbidity,
mortality, and economic cost [1]. Unfortunately, ado-
lescents have much poorer outcomes than adults, with
nearly 77% of adolescents with type 1 diabetes failing to
meet current recommendations for glycemic control [2].
Management of type 1 diabetes involves the completion
of multiple daily adherence behaviors that may be com-
plex and often disruptive to daily life (e.g., blood glucose
checking at least four times per day, correctly calculating
and administering insulin doses). Key predictors of poor
glycemic control (elevated glycated hemoglobin, HbA1c)
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among adolescents include less frequent self-monitoring
of blood glucose [3] as well as other factors affecting dia-
betes self-management behaviors. These factors include
parental supervision and high levels of family con-
flict, as well as problems in cognitive functioning [4-6].
Interventions to improve outcomes among adolescents
with type 1 diabetes have included coping skills, motiva-
tional, cognitive behavioral, and family systems compo-
nents and have typically shown only small-to-moderate
improvements in adherence behaviors and HbAlc, and
effects generally do not persist over time [7].

One novel intervention that has been explored to
improve self-monitoring of blood glucose adherence is
the use of incentives to increase glucose checks among
adolescents with type 1 diabetes [8, 9]. These studies
chose self-monitoring of blood glucose as the target
behavior because of its strong predictive relations with
HbAlc, the limited success of prior interventions in
improving glucose checking, and the ability to objec-
tively monitor glucose checking remotely using exist-
ing technology used by all patients with type 1 diabetes
(electronic glucometers). These studies used incentives
to target self-monitoring of blood glucose as the only
intervention among samples restricted to youth with low
levels of self-monitoring of blood glucose at baseline
(<4 times per day on average). They showed significant
pre—post positive effects of incentives on the frequency
of glucose checks [8, 9]. The randomized study (N = 41)
provided incentives for a 20-day period, with maximum
earnings of $11 per day ($220 total) [8]. Mean earnings
were $65 per participant. The non-randomized pilot
study (N = 10) provided incentives for a 12-week period,
with maximum earnings of ~$250 [9]. Mean earnings
were $122 per participant. These studies suggest that
using incentives to target glucose checking frequency
among adolescents with type 1 diabetes holds promise;
however studies with larger sample sizes and adequate
follow-up periods testing effects on HbAlc are needed.

In addition, working memory is an executive function
that involves goal-oriented active monitoring or manip-
ulation of information [10]. Working memory may be
important for adolescent type 1 diabetes outcomes based
on studies showing that executive skills including working
memory are significantly related to adherence and gly-
cemic control [11, 12]. Working memory training, which
aims to improve executive function by strengthening work-
ing memory neurocognitive processes through practice,
was also included. Commercially available computerized
working memory training programs can reliably enhance
cognitive function in diverse populations, including adoles-
cents [13-15]. Of note, studies of working memory train-
ing typically include incentives for completing the training.
Although not without controversy and limitations [16],
working memory training reliably improves working
memory performance and may generalize to enhance

performance on other cognitive tasks that have not been
trained, including those measuring inhibitory control (e.g.,
Stroop tasks) [17, 18]. Therefore, working memory train-
ing may be an effective adjunct to evidence-based interven-
tions to improve type 1 diabetes outcomes.

Some recent studies among adolescents with type 1
diabetes have focused on web-based approaches to pro-
mote self-management [19-21]. Such approaches are
critical because many families must travel long distances
to receive care at regional pediatric endocrinology clin-
ics. For example, about one third of U.S. children do
not have access to an endocrinologist within a 20-mile
radius, and in rural areas, about one third have no endo-
crinologist within a 50-mile radius [22]. Evidence-based
approaches targeting the adolescent [23] and family [24]
have been implemented on the web, reporting similar
effect sizes compared with face-to-face formats. These
results suggest that web-based approaches may enhance
dissemination without sacrificing efficacy.

To improve clinical outcomes among adolescents with
type 1 diabetes, we developed a web-delivered interven-
tion that targeted multiple predictors of poor outcomes
(self-monitoring of blood glucose, parent monitoring, and
executive function). Intervention components included
(a) individual counseling that combined motivational
enhancement therapy with cognitive behavioral therapy,
two evidence-based approaches to improve outcomes
among teens with type 1 diabetes [23, 25]; (b) high magni-
tude incentives for teens to increase and maintain self-mon-
itoring of blood glucose; (c) high magnitude incentives for
parents to increase parental monitoring of adolescents’
glucose checking behaviors, plus instruction for parents in
how to use contingency contracting, a common approach
to a wide range of child and adolescent behaviors in family
behavioral therapy that has been used to improve adherence
among adolescents with diabetes [26]; and (d) a working
memory training program for adolescents (Cogmed-RM,
Pearson, Inc), a commercially available program.

The rationale for selecting these components was as
follows. Other studies have combined individual motiva-
tional enhancement therapy/cognitive behavioral ther-
apy with family-based interventions for adolescents with
type 1 diabetes but have shown limited sustained efficacy
[27]. To improve outcomes, we added additional com-
ponents. Incentives have the advantage of potentially
increasing efficacy in both the short and long term with-
out increasing patient burden (although they do increase
intervention costs) [28]. We chose to test high magnitude
incentives in this pilot study to ensure that a lack of effect
would not be due to inadequate incentives. Working
memory training has not been previously integrated with
other psychosocial interventions. However, we would not
expect that working memory training would be effective
in the absence of an evidence-based intervention focused
on behavior change.
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This intervention was tested in a pilot parallel-group
randomized controlled trial. Participants were rand-
omized to usual care or to a web-delivered intervention
(WebRx). The intervention comprised an active treat-
ment phase when behavioral economic incentives and
therapy were delivered weekly for 11 weeks, followed by
a 14-week maintenance treatment phase during which the
time between sessions and incentive payments was length-
ened. Two prior uncontrolled pilot studies were conducted
in developing this intervention model [29, 30]. The ini-
tial 14-week pilot study included all components except
working memory training and was delivered through
face-to-face sessions. The second 25-week pilot study
was web-delivered and included all components. These
pilot studies indicated improvement in self-monitoring of
blood glucose, parenting, cognitive function, and HbAlc.

For this study, we hypothesized that WebRx would show
better outcomes than usual care on the following outcomes
directly targeted by intervention components: adolescent
self-monitoring of blood glucose frequency (primary
outcome), frequency of parent review of the adolescent’s
glucometer, and adolescent working memory. We further
hypothesized greater improvement in glycemic control
(HbAc) for WebRx than usual care. We also hypothesized
improved inhibitory control and family conflict for WebRx
than usual care. Improving adolescent self-monitoring of
blood glucose, providing parents a structured method
for daily monitoring of glucose checking adherence (and
blood glucose values), and providing prespecified rules
(self-monitoring of blood glucose frequency targets for
teens and strategies for parents to communicate with teens
about self-monitoring of blood glucose and to respond to
self-monitoring of blood glucose frequency with prespec-
ified rewards and consequences) were expected to reduce
family conflict about the regimen. We also explored main-
tenance of these effects at a 12-month follow-up (6 months
after the end of the intervention).

Methods

Sixty-one adolescents were recruited from endocrin-
ology clinics affiliated with a regional children’s hospi-
tal. Inclusion criteria were as follows: age 13-17, average
HbAlc >8% for past 6 months, most recent HbAlc >8%,
type 1 diabetes duration >18 months, at least one par-
ent/guardian participant living with the adolescent, and
a computer with broadband Internet at home. Exclusion
criteria were as follows: pregnancy, severe medical or psy-
chiatric illness, plans to leave the area within 12 months,
and concurrent counseling focused on diabetes regimen
adherence. As shown in Fig. 1, 162 adolescents were
identified by the electronic medical record as eligible
based on HbAlc, age, and diagnosis duration and were
screened by medical staff at regular clinic visits. Of those,
23 declined further screening and 25 were ineligible.

Of the 114 eligible for the study, 61 were randomized.
Comparisons of those randomized to those eligible but
not randomized showed no significant differences in
HbAlc or type of insurance. Computerized minimum
likelihood allocation was used to randomly assign par-
ticipants while balancing across conditions on gender,
age (<16 vs. 216 years), ethnicity (minority), clinic loca-
tion (Lebanon, NH vs. Bedford, NH), HbAlc (<9% vs.
>9%), and mean daily self-monitoring of blood glucose
in the 7 days before intake (<3.5 vs. >3.5). In order to
balance conditions on baseline HbAlc and self-moni-
toring of blood glucose, we used the uncontrolled pilot
study median to establish these cutoffs. Research staff
conducting assessments were not blinded. However,
all questionnaires were completed online in private by
teens and parents, cognitive assessments were comput-
erized, and objective measures (e.g., meter downloads
and HbAlc tests) were also used. Recruitment ended
when the sample size initially proposed as sufficient to
detect the effects on the primary outcomes was reached.
The Institutional Review Board at Dartmouth College
approved the study (ClinicalTrials.gov # NCT01722643;
CPHS protocol # 23559).

Web sessions were completed and recorded using
WebEx, an online Health Insurance Portability and
Accountability Act of 1996 (HIPAA)-compliant web
conference system. Families assigned to WebRx were
loaned a web camera if needed. All adolescents in WebRx
were required to use a Carelink compatible meter and
testing strips provided by the project during the 25-week
intervention (Abbott FreeStyle Lite). Meters were pro-
vided to 28 adolescents, and 2 already used the FreeStyle.
Adolescents in usual care were offered the same meter
and free strips, and meters were provided to 16 usual care
adolescents, and 3 usual care adolescents already using
the FreeStyle were provided strips. All WebRx and any
interested usual care participants used Carelink Personal
software, available from Medtronic as a free download.
The Carelink Personal portal was accessed by study ther-
apists during web sessions, and data were reviewed with
participants by sharing screens. Participants were enrolled
between January 2014 and September 2015, and fol-
low-up assessments were completed by September 2016.

Intake and follow-up assessments were conducted
in the pediatric endocrinology department or a study
office centrally located in the region. At intake, the
study was explained to parents or guardians and ado-
lescents, and parental or guardian consent and adoles-
cent assent were obtained for all participants. Parents
and adolescents completed tasks and questionnaires,
and a glycated hemoglobin (HbAlc) blood test was con-
ducted. After the baseline assessment, a computerized
program (https://sourceforge.net/projects/minimpy/, last
accessed 31 January 2018) was used to randomize partici-
pants. At follow-up assessments, parents and adolescents
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Eligible for Screening in Endocrinology Clinic
Based on: HbAlc, Age, and Type 1 Diabetes Duration

N=162
Parent declined further
- screening in clinic
N=23
' |
Not Eligible for
Stud%//Not Eligible for
Contacted by Study/Contacted by
Research Staff Research Staff
N=25 N=114
[
I
Reasons: Did Not Enroll Randomized
No computer or _
broadband internet N=53
at home: n=7
Already in [ |
counseling for
diabetes: n=1 Reasons: WebRx Usual Care
N=30 N=31

Family would not be
n area for next year:
n=9

Serious
psychological or
medical issues: n=7

Teen not living at
home: n=1

Completed intake/
declined
participation: n=3

Not Interested/Too
Busy: n=50

Used in Intent to
Treat Analysis
N=30

N=30 with data on at
least 1 measure at 6
months

N=30 with data on at
least 1 measure at

Used in Intent to
Treat Analysis
N=31

N=31 with data on at
least 1 measure at 6
months

N=30 with data on at
least 1 measure at

Fig. 1 Consort table.

completed tasks and questionnaires and HbAlc blood
tests. Parents and adolescents were each compensated
$50 for each assessment, plus an additional $100 each for
completing both follow-up assessments.

Usual Care

Participants randomly assigned to usual care received
ongoing treatment from their current pediatric endo-
crinologist and diabetes care team, consistent with the
Standards of Medical Care in Diabetes [31]. This stand-
ard treatment includes telephone consultations with a
nurse/certified diabetes educator in the treating clinic as
necessary between clinic visits.

Web-Delivered Intervention (WebRx)

WebRx included incentives, brief motivational interview-
ing/cognitive behavioral therapy and parent contingency

12 months 12 months

contracting sessions, and working memory training all
delivered over the internet. For adolescents, incentives
involved a 2-week baseline phase with $10 per week for
uploading glucometers to Carelink. From weeks 3-7,
incentives were earned for meeting the self-monitoring of
blood glucose goal, testing >5 times daily (>2 hr apart),
on 1 day more than the prior week, up to 5 days per week.
Weekly incentives escalated $5 per week from $10 to $30
plus a weekly $5 bonus for exceeding the weekly goal.
In weeks 8-25, the target was set at meeting the daily
goal 5 days per week. Incentives were awarded weekly
in weeks 1-11, and then each payment was delayed by
1 more week, resulting in payments in weeks 13, 16, 20,
and 25.

Parents earned incentives for making a daily report
regarding their adolescent’s daily self-monitoring of
blood glucose frequency to encourage parents to review
the adolescent’s glucometer daily. Parents were asked to
call, text, or email the number of times the previous day
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their adolescent had checked their glucose level, and the
reward or consequence delivered. Parent reporting goals
were always set at 5 days per week, with the same incen-
tive schedule as adolescents. To encourage independent
weekly family review of self-monitoring of blood glu-
cose throughout the maintenance phase, adolescents and
parents each earned $5 per weekly meter upload during
weeks 12-25.

As described in Stanger et al. [29] and Lansing
et al. [30], in weeks 1-11, adolescents also received
weekly 20-min web-delivered manualized motivational
enhancement therapy/cognitive behavioral therapy ses-
sions, which coincided with awarding of incentives.
Motivational enhancement therapy included a menu
of intervention components [25]. Therapists reviewed
self-monitoring of blood glucose and other self-care
behaviors using motivational exercises designed to build
awareness of costs and benefits of change, identify and
weigh alternatives, choose alternative behaviors, and set
goals while avoiding confrontation. Cognitive behavioral
therapy components (adapted from Webb et al. [32])
included functional analysis (identify antecedents/con-
sequences of missed/skipped glucose checks and other
self-care behaviors), increasing social support, effective
communication, problem-solving, mood management,
and anger management. Adolescents were asked to
practice skills and complete assignments between ses-
sions. Self-monitoring of blood glucose was reviewed at
each session in the context of the incentive intervention.
Adolescents also selected diabetes management or other
goals that might impact diabetes management (e.g., stress
reduction or mood management). In general, self-mon-
itoring of blood glucose was discussed by therapists as
a foundation upon which other aspects of self-manage-
ment could be added.

Additional sessions were held during weeks 13, 16, 20,
and 25 to review and problem solve as necessary. Parents
participated in 20-min sessions focused on developing
and implementing a contingency contract that identified
a daily home reward for meeting the daily self-monitor-
ing of blood glucose goal (=5 checks per day, spaced at
least 2 hr apart) and a small daily consequence for failing
to meet the goal. Parents and teens also received instruc-
tion in problem-solving in week 11 and were encour-
aged to complete a review of the teen’s meter data in a
weekly family meeting during the maintenance phase,
identifying diabetes management concerns (e.g., periods
with infrequent self-monitoring of blood glucose such as
during or after school, times of persistently high glucose
readings such as early morning or after meals), selecting
a target management behavior to work on, brainstorm-
ing possible solutions or strategies to try, evaluating the
pros and cons of each solution, and selecting a solution,
then implementing that solution and following up in sub-
sequent weeks to assess the outcome, based on the meter

review. Therapists assessed family meeting compliance
and outcomes, providing support and feedback in each
maintenance session.

Beginning in week 3 of WebRx, adolescents com-
pleted 25 sessions of working memory training (five
sessions per week; eight training tasks per session), via
Cogmed-RM v. 2. Adolescents earned $5 for completing
a session in a single day and a $5 bonus for improving
or maintaining performance on three of eight training
tasks. Weekly coaching calls from research staff provided
feedback and motivational support.

The maximum incentive earnings for adolescents and
parents across the 25-week intervention were $845 each,
plus adolescents could earn an additional $245 for work-
ing memory training. Incentives were remotely loaded
onto a study-provided debit card. The study protocol is
available from the first author.

Fidelity

Therapists were two female master’s level clinicians.
Therapists were trained and supervised weekly by the
first author, and trainings included watching videos
of the intervention delivery from the in-person pilot
study, readings, and role-plays. Structured checklists
were used during each session. In addition, the rand-
omized controlled trial therapists treated the pilot par-
ticipants before the randomized controlled trial. Fidelity
was assessed using two measures: the Contingency
Management Competence Scale[33]and the Contingency
Management/Cognitive Behavioral Therapy Therapist
Adherence Measure [34]. Bachelor level raters, who were
trained to 280% agreement with doctoral level staff,
rated two randomly selected videotaped sessions for each
family (100% of families had at least one rated session
and 93% had two). Approximately 25% of sessions were
rated by two raters with 290% agreement. Mean fidelity
scores were 5.51 (SD = 0.46) for adolescent incentives
and 5.31 (SD = 0.35) for parent contingency contracting
on a seven-point scale, reflecting scores in the “good” to
“very good” range. Mean fidelity scores for adolescent
motivational interviewing/cognitive behavioral therapy
were 3.33 (SD = 0.31) on a five-point scale, indicating
fidelity between “some” and “pretty much.” These rat-
ings for incentives and cognitive behavioral therapy/
motivational enhancement therapy fidelity are compar-
able to or slightly higher than other published reports
[33, 35, 36].

Measures

Primary outcome

To assess self-monitoring of blood glucose frequency, the
target behavior of the adolescent incentive program, the
total number of times a day teens monitored their blood
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glucose during the 14 days before each assessment point
was recorded from all glucometers used by the adoles-
cent and used to calculate an average daily frequency.
At each assessment, participants were asked to bring all
meters to the assessment. If meters were forgotten, assis-
tants collected information after the visit via a remote
download or over the phone (teen or parent reading the
information to the staff member) after the visit.

Other intervention targets

To assess parental review of their child’s glucometer,
the target behavior of the parent incentive program, a
single five-point Likert scaled item indexing this behav-
ior was used. The item read “How often did you look at
the readings in your child’s blood glucose meter?” and
was drawn from the Revised Parental Monitoring of
Diabetes Care questionnaire [37]. To assess visual spatial
working memory, the primary target of working memory
training, a computerized task based on Rapport et al.
[38] was administered. This task involved three condi-
tions (24-trial sequences of three-, four-, and six-dots).
Participants were asked to replicate the sequence of dots
ona9 %9 egrid. A ceiling effect was observed on three-
and four-dot trials; therefore, the proportion of correctly
replicated sequences on the six-dot task was used in
analyses.

Family conflict, inhibitory control, and glycemic con-
trol were also assessed, as they were potential secondary
benefits not directly targeted by the intervention com-
ponents. Family conflict was measured via the Revised-
Diabetes Family Conflict Scale [39] completed by parents.
The 19 items are rated on a three-point Likert scale,
with total scores ranging from 19 to 57. This measure
showed good reliability in the current sample at baseline
and all follow-up assessments (alpha > 0.84). To assess
inhibitory control, an untrained executive function, a
computerized Stroop Color-Word test was administered.
The color-word interference task measures inhibitory
processes involved in suppressing an automatic, prepo-
tent response (putatively reflecting executive function
that plays a role in adherence). It also has demonstrated
sensitivity to working memory training in adolescents
[14]. The color-word interference score was used as the
dependent variable. Glycemic control (HbAlc) was
obtained for research purposes and assessed via a blood
draw and laboratory test (Roche immunoassay), all ana-
lyzed in the same laboratory.

Sample size

This study was designed to detect differences between
arms at 6 months adjusting for baseline value. Enrollment
of 60 participants was planned anticipating a 10% drop-
out rate by 6 months. With this sample size, there is 80%
power to detect a difference between arms that is 0.78

times a SD. Using prior study estimates for SDs and
within-individual correlations, this standardized effect
size is equivalent to mean differences of 1.5 for self-mon-
itoring of blood glucose and 1.4% for HbAlc.

Statistical Analyses

Descriptive analyses were conducted to characterize
treatment completion in the WebRx condition. Intent-
to-treat longitudinal mixed-effects models were used to
model the primary and secondary outcomes at 6 and
12 months. These models included fixed effects for time
point (6 or 12 months), treatment condition (WebRx
vs. usual care), and a treatment condition by time point
interaction. These models also included as adjusting
covariates the baseline level of each outcome, duration
of diabetes diagnosis, and whether the participant used
an insulin pump. Random individual-level intercepts
were also included to account for repeated assessments
within individual. The primary effects of interest in these
analyses were the main effects of treatment condition, as
these effects reflect between-condition differences at the
6-month assessment, adjusting for baseline values. The
treatment X time interaction term tested between-con-
dition differences in changes from the end of treatment
(6 months) to the 12-month follow-up assessment.
Interactions were not expected to be statistically signifi-
cant, as we hypothesized maintenance of between-condi-
tion differences from 6 to 12 months.

Least-square means from the adjusted models are
also presented for each treatment and time point. To test
whether outcomes were better for WebRx than usual
care at the end of treatment and whether improvements
were sustained after treatment ended, between-condi-
tion parameter estimate contrasts were performed at
6 and 12 months. Analyses were completed using SAS
(version 9.4). Follow-up rates were as follows: 61 and
58 participants provided self-monitoring of blood glu-
cose data at 6 and 12 months, respectively, and 56 and
54 adolescents completed cognitive assessments at 6
and 12 months, respectively. At both 6 and 12 months,
60 provided HbAlcs (three were point of care values),
and 57 parents completed measures. Two participants
were removed from the longitudinal models for specific
outcomes because of improbable baseline values on
variables that were adjusting covariates in the models.
One participant had scores below chance on the Stroop,
and one participant had no correct responses for the
visual spatial working memory task for any number
of dots. One additional participant was excluded from
the 6-month Stroop analysis because of no correct
responses on the Stroop at 6 months, but this partici-
pant was included in the 12-month Stroop analysis. No
missing data were estimated, and all available data were
used in analyses.
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Results
Baseline Comparisons

Table 1 shows comparisons between the usual care and
WebRx participants on demographic variables, baseline
diabetes duration and insulin pump usage, and baseline
scores on outcome variables. There were no significant
differences between the conditions on any of these var-
iables. On average, participants were of middle-class
socioeconomic status (M = 5.4 on the nine-point
Hollingshead scale for parental occupation), and 38%

had Medicaid insurance. On average, youth were about
15 years old, and 43% were female, and almost all were
White, non-Hispanic. They had had type 1 diabetes for
about 6 years, with mean HbA1c of about 9.1%. Baseline
self-monitoring of blood glucose was between 4 and 5
times per day, higher than might be expected based on
the literature [40]; however, these data were collected at
a scheduled intake assessment after a recent clinic visit,
possibly resulting in increased testing in the days before
the assessment. Participating parents were mostly female,
with one third having a high school education or less.
The only between-condition difference in demographic

Table 1 Baseline characteristics of usual care and web intervention condition participants

Usual care (n = 31)

WebRx (n = 30) Test statistic (df)

Measures Mean (SD) N (%) t value or X*
Demographics
Youth age 14.9 (1.5) 15.2(1.4) =0.76 (59)
SES 5424 5.4(2.6) —0.02 (59)
Duration of diabetes in years 6.5(3.9) 59(3.2) 0.69 (59)
Use of insulin pump 17 (55%) 23 (78%) 3.21(1)
Youth sex (female) 15 (48%) 11 (37%) 0.86 (1)
Race and ethnicity
Non-white or Hispanic 1 (3%) 1 (3%) 0.0006 (1)
White and non-Hispanic 30 (98%) 29 (97%)
Insurance 2.54 (1)
Medicaid 7 (27%) 13 (48%)
Private 19 (73%) 14 (52%)
Parent age® 47.6 (8.0) 46.0 (6.0) 0.83 (54)
Parent sex (female)® 22 (79%) 28 (97%) 4.28 (1)°
Parent education 0.60 (2)
High school or less 10 (32%) 11 (37%)
Some college 11 (35%) 12 (40%)
Bachelor’s degree or higher 10 (32%) 7 (23%)
Parent married 23 (74%) 21 (70%) 0.13(1)
Outcome measures
SMBG mean times per day (past 14 days) 4.5(2.1) 4.8 (2.8) —0.46 (59)
Parent monitoring 3.04 (0.60) 2.97 (0.63) 0.42 (59)
VSWM percentage correct? 46.1% (23.4%) 47.4% (21.1%) —0.22 (58)
HbAlc 9.2% (0.9%) 9.1% (1.0%) 0.55(59)
DFCS total score 27.1(5.5) 28.4 (5.6) —0.92 (59)
Stroop color-word interference time (msec)® 2.2(2.8) 1.10 (2.3) 1.62 (58)

Note: All comparisons were nonsignificant except sex of participating parent. Parent monitoring is a single item scored 1-5 reflecting fre-

quency of parent reviewing adolescent’s glucometer.
“Missing parent age for five participants, n = 56.
"Missing parent sex for four participants, n = 57.

°p <0.05.

YExcludes one participant with 0% correct on all VSWM task blocks (three, four, and six dots).

“Excludes one participant with <25% correct (worse than chance responding).

DFCS = Diabetes Family Conflict Scale, SES = socioeconomic status (Hollingshead [45] nine-step parental occupation scale),
SMBG = self-monitoring of blood glucose, VSWM = visual spatial working memory scale (six-dot condition).
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or outcome variables was found for sex of participating
parent, with more female primary parents in the WebRx
than usual care conditions (97% vs. 79%, p < 0.05).

Treatment Adherence and Incentive Earnings

Among participants assigned to WebRx, almost all (28
of 30) adolescents and parents completed at least 12 of
15 of the incentives + motivational enhancement ther-
apy/cognitive behavioral therapy/parent sessions (ado-
lescent M = 14.1 [SD =2.4]; parent M = 14.0 [SD = 2.4]).
For working memory training, 25 of 30 participants
completed at least 20 of 25 sessions. Adolescents trained
an average of 3.35 times per week (SD = 1.45) and
improved an average of 62% of tasks relative to prior
performance on the same task. On average, adolescents
met their self-monitoring of blood glucose goal on 16.0
(SD = 7.8) of the possible 23 weeks. On average, ado-
lescents earned $507 (SD = $286) of $845 possible from
incentives and $197 (SD = $63) of $245 possible from
working memory training. Parents met their self-mon-
itoring of blood glucose and contract reporting goal
on 18.3 (SD = 5.7) weeks, and families held the meter
review meeting on 7.3 (SD = 4.0) weeks of the possible
14 weeks. Parents earned on average $587 (SD = $223) of
the $845 maximum.

Between-Condition Outcome Comparisons
In mixed models, we examined effects of treatment con-

dition. All outcomes showed a significant main effect
of treatment condition adjusting for baseline value

(Table 2). Table 3 shows the least-square means adjust-
ing for baseline and all model terms, plus the contrasts
comparing the two treatment conditions (usual care vs.
WebRx) at 6 and 12 months. In terms of the primary
outcome, there was a significant difference at 6 months,
adjusting for baseline value, favoring the WebRx con-
dition on self-monitoring of blood glucose frequency
(d = 0.58, mean difference [95% CI] = 1.54 [0.61, 2.46]).
Between-condition differences were also observed for
parent monitoring of the adolescent’s glucometer use
(d = 1.30, mean difference [95% CI] = 1.50 [0.88, 2.12])
and visual spatial working memory (4 = 0.48, mean dif-
ference [95% CI] = 13.3% [1.9%, 24.8%]). At 12 months,
consistent with the lack of significant treatment X time
interactions, between-condition differences, adjust-
ing for baseline value, were found on self-monitoring
of blood glucose frequency (d = 0.42, mean difference
[95% CI] = 1.19 [0.25, 2.13]) and visual spatial working
memory (d = 0.76, mean difference [95% CI] = 18.2%
[6.6%, 29.7%]). Consistent with the significant treatment
X time interactions, differences were not significant at
12 months for parent monitoring.

In terms of the more distal outcomes, there were sig-
nificant differences favoring WebRx at 6 months, adjust-
ing for baseline, on HbAlc (d = 0.45, mean difference
[95% CI] = —0.52% [—1.14%, —0.01%]), family conflict
(d = 0.56, mean difference [95% CI] = —3.34 [-6.45,
—0.22]), and Stroop color-word interference (d = 0.98,
mean difference [95% CI] = -2.00 [-3.05, —0.95]). At
12 months adjusting for baseline, significant differences
were maintained on HbAlc (d = 0.44, mean differ-
ence [95% CI] = —0.56% [-1.07%, —0.05%]) and family

Table 2 Mixed model results for effects of time (end-of-treatment and 12-month follow-up), treatment condition, and treatment X time
on each outcome, controlling for pump status, duration of diagnosis, and baseline value of each outcome

Outcomes
SMBG Monitoring VSWM HBAIlc
Model results B(SE) B(SE) B(SE) B(SE) DFCS B(SE) Stroop B(SE)
Intercept 0.21 (0.56) 1.40 (0.39)** 0.15(0.07)* 1.32(1.27) 13.64 (3.49)** 1.28 (0.55)*
Main effect of —0.41(0.33) 0.20 (0.24) 0.04 (0.04) 0.19 (0.17) 0.36 (1.13) —0.73 (0.42)
time
Main effect of 1.54 (0.46)** 1.50 (0.31)** 0.13 (0.06)* —0.52 (0.26)* —3.34 (1.55)* —2.00 (0.52)**
treatment
Treatment X —0.35(0.47) —1.18 (0.34)** 0.05 (0.06) —0.04 (0.25) —0.08 (1.59) 1.42 (0.60)*
time
Pump 0.23 (0.46) 0.05(0.29) 0.01 (0.06) 0.02 (0.27) 0.24 (1.49) 0.53 (0.47)
Diabetes —0.04 (0.06) 0.02 (0.04) 0.003 (0.007) 0.0007 (0.03) —-0.17 (0.20) 0.05 (0.06)
duration
Baseline value 0.83 (0.08)** 0.33 (0.09)** 0.66 (0.11)** 0.85 (0.13)** 0.53 (0.11)** 0.23 (0.08)**

Parent monitoring is a single item scored 1-5 reflecting frequency of parent reviewing adolescent’s glucometer.

DFCS = Diabetes Family Conflict Scale, SMBG = self-monitoring of blood glucose, VSWM = visual spatial working memory scale, six-

dot condition.
*p <0.05, ¥*p < 0.01.
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Table 3 Least-square means for each treatment condition at each time point, adjusting for baseline and between-condition comparisons

at 6 and 12 months after baseline

6 months 12 months
LSMeans LSMeans 1(df) LSMeans LSMeans 1df)
Measures Usual care WebRx Usual care WebRx
Primary (targeted) outcomes
SMBG mean times per 3.97(0.32) 5.51(0.32) —3.34 (56)** 3.56 (0.33) 4.75(0.33) —2.55 (56)*
day (past 14 days)
Parent monitoring 2.28 (0.21) 3.78 (0.22) —4.84 (53)** 2.48 (0.21) 2.80(0.21) —1.04 (53)
VSWM percentage 48.77 (3.87) 62.10 (4.00) —2.34 (49)* 52.82 (3.91) 70.96 (4.01) —3.16 (49)**
correct
Secondary outcomes
HbAlc 9.10 (0.18) 8.57 (0.18) 2.05 (57)* 9.29 (0.18) 8.73 (0.18) 2.19 (57)*
DFCS total score 27.39 (1.07) 24.06 (1.08) 2.15 (53)* 27.75 (1.08) 24.34 (1.07) 2.21 (53)*
Stroop color-word 2.30(0.35) 0.30 (0.36) 3.38 (50)** 1.57 (0.36) 0.99 (0.36) 1.10 (50)

interference (msec)

Parent monitoring is a single item scored 1-5 reflecting frequency of parent reviewing adolescent’s glucometer.

DFCS = Diabetes Family Conflict Scale, SMBG = self-monitoring of blood glucose, VSWM = visual spatial working memory scale, six-

dot condition.
*p <0.05, **p < 0.01.

conflict (d = 0.50, mean difference [95% CI] = —3.42
[-6.52, —0.31]). Consistent with the significant treatment
X time interactions, differences were not significant at
12 months for inhibition.

Discussion

Results from this initial randomized controlled trial
indicated that this web-delivered intervention showed
significant impacts on self-monitoring of blood glucose
frequency, parent review of the adolescent’s glucome-
ter, and visual spatial working memory after treatment.
These improvements in self-monitoring of blood glucose
and working memory were maintained at the 12-month
follow-up. More distal to targeted outcomes, but impor-
tant benefits were observed at the end of the interven-
tion on HbAlc, family conflict, and inhibitory control
(Stroop color-word interference time), and effects on
both HbAIc and family conflict remained significant at
the 12-month follow-up. All effects sizes were larger than
d = 0.40 at all time points on all measures and highly
similar at the end of treatment and at the 12-month
follow-up, reflecting good maintenance of interven-
tion effects on multiple outcomes. Overall, compliance
was excellent with this complex intervention, evidenced
through high rates of completion of web counseling ses-
sions as well as working memory training. These results
suggest that this multicomponent intervention was
acceptable for the families and provides initial support
for the acceptability of utilizing working memory train-
ing in conjunction with individual and parent counseling
in adolescents with poorly controlled type | diabetes.

The intervention showed sustained positive effects
on self-monitoring of blood glucose. At the end of the
6-month intervention period, which included a 3-month
period of fading incentive delivery and clinical contact
(with the gap between the final two sessions lasting 5
weeks), adolescents in the WebRx condition were con-
ducting self-monitoring of blood glucose almost six times
per day on average, compared with about four times
per day in usual care. Although for WebRx participants
the self-monitoring of blood glucose means at baseline
(Table 1) does not appear different from 12-month least-
square means in Table 3, those in usual care were check-
ing less at 12 months than they were at baseline (4.5 vs.
3.6 times per day). Those in the WebRx condition had
lower self-monitoring of blood glucose at 12 months
than 6 months, similar to baseline. This combination
of between-condition differences at 12 months similar
in magnitude to those at 6 months, combined with the
observed means, might result from a baseline self-mon-
itoring of blood glucose level that is not reflective of
typical checking (“white coat adherence” [41]). Inflated
baseline self-monitoring of blood glucose might indicate
that 12-month self-monitoring of blood glucose for usual
care participants actually reflected a return to baseline
(not deterioration) and that 12-month self-monitoring of
blood glucose for WebRx reflected maintenance of some
(but not all) of their improved self-monitoring of blood
glucose. Or, the observed pattern might reflect an actual
worsening in self-monitoring of blood glucose in the usual
care condition that is ameliorated in the WebRx condition.

Overall, improved self-monitoring of blood glucose as
aresult of the intervention may not only help adolescents
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more effectively manage their daily blood glucose levels
but provide endocrinologists and diabetes educators
with sufficient data to assist families in making appro-
priate changes, if needed, to their insulin dosing. Not all
studies targeting adherence among adolescents with type
1 diabetes report effects on self-monitoring of blood glu-
cose, but when such effects are reported, they have gener-
ally been small and nonsignificant [7]. Two recent studies
[8, 9] using a single-component incentive intervention
solely targeting self-monitoring of blood glucose, among
samples restricted to youth with low levels of glucose
checking at baseline (<4 times per day on average), have
shown significant pre—post positive effects of incentives,
similar to this study. An intensive multisystemic fami-
ly-based intervention for diabetes management has also
shown a significant effect on self-monitoring of blood
glucose at the end of the intervention; however it was not
maintained at a 12-month follow-up [27].

There are no other studies that reported effects on
the specific parental meter review behavior targeted in
our intervention. Effects on this behavior were the larg-
est across the assessed outcomes at the end of treatment
but were no longer significant at the 12-month follow-up.
The secondary family conflict outcome showed smaller
effects at the end of treatment, but those effects were
well maintained at the follow-up. Similar results show-
ing improved family conflict at the end of treatment
were obtained with behavioral systems family therapy;
however those effects were not sustained at the 12-month
follow-up [42]. These results suggest that family conflict
improvements may result from the broader set of inter-
vention components and not simply improved parental
supervision. Furthermore, they suggest that maintained
improvements in parental supervision may not be neces-
sary for stable improvement in adolescent self-monitor-
ing of blood glucose and HbAc.

This is the first randomized controlled trial to our
knowledge to utilize cognitive training in youth with type
1 diabetes. The results showing sustained improvements
in visual spatial working memory in the WebRx condi-
tion relative to the usual care condition suggest that the
Cogmed intervention succeeded in improving working
memory among these adolescents with type 1 diabetes.
Better performance on Stroop color-word interference
after treatment indicates improvements in inhibition that
were not directly trained in the working memory train-
ing tasks. Such improvements are consistent with a near
transfer of executive skill to domains other than working
memory [17] and provide support for the possible util-
ity of delivering working memory training to address
executive functioning and self-regulation in adolescents
with poorly controlled type 1 diabetes. Also, because the
improvements in inhibition were not maintained at the
12-month follow-up, this suggests that improving inhibi-
tion may not have been the critical mechanism related to

sustained improvements in self-monitoring of blood glu-
cose or HbAlc. This study was not designed to test the
unique impact of working memory training on adher-
ence or glycemic outcomes, and thus it is not possible
to assess the specific role such training played in the
positive outcomes observed for the WebRx condition.
However, supplemental correlational analyses found
that there was no significant correlation between change
in visual spatial working memory and change in either
self-monitoring of blood glucose or HbAlc, suggesting
that working memory improvement may not have been a
key intervention mechanism.

With regards to improving HbAlc, this intervention
also shows promise. There was a moderate effect size
for differences between treatment conditions at both the
end of treatment and the 12-month follow-up. Similar to
the pattern observed for self-monitoring of blood glu-
cose, the trend for those in usual care was worsening in
mean HbAlc over time. This pattern is also observed in
longitudinal studies across adolescence [43]. Therefore,
although the improvement in individual HbA Ic¢ appears
to be less than 0.5% within the WebRx condition, it is
not clear that the within-condition difference in HbAlc
is the most appropriate or sole metric by which to judge
clinical significance. The between-condition effects on
HbA 1c on average are approximately 0.5% at both 6 and
12 months, a promising sustained effect relative to com-
parably intensive and expensive interventions delivered
in the home (e.g., multisystemic therapy [27]). The aver-
age effect size on HbA ¢ for active versus control condi-
tions across intervention studies completed before 2010
was 0.11 [7]. Since that 2010 review, many trials targeting
outcomes among youth with type 1 diabetes have focused
on technology-based interventions [19, 20]. These inter-
ventions have demonstrated feasibility, but have shown
nonsignificant effects on HbA Ic, or have not tested such
effects.

Our findings provide support for the use of a web-de-
livery model of a multicomponent family intervention,
which is important as web-delivery might increase access
to care among youth who must travel long distances to
receive care at regional pediatric endocrinology clinics.
Among family-based interventions for youth with type
1 diabetes, only one has been translated into a web-de-
livered format, behavioral family systems therapy for
diabetes [24]. In that study, effect sizes for changes in
adherence and glycemic control were similar to face-
to-face delivered formats, as were parent- and adoles-
cent-reported working alliance with the therapist [24].
These results suggest that web delivery of family-based
interventions holds promise for enhancing dissemination
without sacrificing intervention efficacy.

Of note, this pilot randomized controlled trial has
several important limitations. First, the sample size was
small and was powered to detect primarily medium to
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large effects. It was not powered to test mechanistic
effects of the intervention on improvements in HbAlc
via targeted primary outcomes. Adequately powered
mechanistic analyses will be critical to inform future
research on this multicomponent mechanistic model and
can help identify the impact of the distinct incentives,
counseling, and cognitive components. The sample was
largely white and middle class, and it will also be impor-
tant to test potential moderators such as age, gender, eth-
nicity, family status, or initial HbAlc. Only about one
half of those reached by research staff enrolled in the
study, suggesting additional intervention approaches
will be needed to reach the full population of youth in
need. The intervention is fairly complex and expensive,
using high magnitude incentives with both teens and par-
ents, and it will be important in the future to address the
cost-effectiveness of the intervention and the impact of
individual components and varying incentive amounts
in achieving desired clinical outcomes. Furthermore, an
attention control condition or alternative active inter-
vention was not included. In addition, the majority of
treated adolescents remained above the clinically recom-
mended HbAlc cutoffs at the end of the intervention
period. Ideally, adaptive intervention models should be
developed to provide extended interventions to adoles-
cents who fail to achieve target HbAlc levels at the end
of the initial intervention period.

In conclusion, this pilot randomized controlled trial
of WebRx provides support for the sustained efficacy
of this approach across multiple primary and second-
ary outcomes, including glycemic control. Given the
high cost of hospital admissions for hyper- and hypo-
glycemic events and the long-term costs associated
with vascular disease into adulthood, this multicompo-
nent intervention, despite its cost, may reduce overall
expenditures of care. Efficacy might be enhanced by
using incentives to target other self-care behaviors in
addition to self-monitoring of blood glucose. Potential
targets include carbohydrate counting, insulin dosing,
and increasing the percentage of blood glucose values
in a healthy range, all challenging for adolescents with
poorly controlled type 1 diabetes. Furthermore, some
emerging research suggests that domain-specific cog-
nitive training may have a greater effect on modifying
executive functioning and self-regulation for specific
health behaviors than the general working memory
training used here [44]. The development of diabe-
tes-specific cognitive training interventions where the
training tasks include stimuli that are associated with
diabetes such as meters, insulin injections, pumps, and
carbohydrate counting may help improve the efficacy
of cognitive training interventions targeting adherence.
Web-delivered intervention models that target adoles-
cent adherence and parent involvement with incentives
and counseling and that include cognitive training for

adolescents show promise for improving outcomes for
adolescents with poorly controlled type 1 diabetes.
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