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Abstract

Background: This study aimed to describe the development and psychometric evaluation of novel youth and
parent measures of self-efficacy related to continuous glucose monitoring (CGM) in pediatric patients with type
1 diabetes. This evaluation also assessed the predictive validity of the CGM Self-Efficacy (CGM-SE) surveys
on CGM use and hemoglobin Alc (HbAlc) levels.

Subjects and Methods: Study participants included 120 youth with type 1 diabetes for =1 year enrolled in a
2-year randomized clinical trial comparing CGM use with and without the addition of a family-focused CGM
behavioral intervention. Youth and parents completed the CGM-SE surveys at randomization after a 1-week
run-in to assess CGM tolerability. Analyses of predictive validity excluded the intervention group and included
61 youth in the control group in order to assess CGM use and HbAlc outcomes 3 and 6 months after
randomization.

Results: At study entry, youth were 12.7+2.7 years old with a diabetes duration of 6.1+3.6 years and an
HbAlc level of 8.0+ 0.8% (64 =9 mmol/mol); blood glucose monitoring frequency was 6.8 +2.4 times/day, and
84% received pump therapy. CGM-SE surveys had acceptable internal consistency (Cronbach’s o=0.80 for
youth and 0.82 for parents). Youth reporting higher baseline CGM self-efficacy (CGM-SE score of >80) had
significantly greater CGM use and lower HbAlc level after 3 and 6 months compared with youth reporting
lower baseline CGM self-efficacy (CGM-SE score of <80).

Conclusions: The CGM-SE surveys appear to have strong psychometric properties. CGM self-efficacy may
offer an opportunity to assess the likelihood of CGM adherence and glycemic improvement in youth with type 1
diabetes in clinical and research settings.

Introduction severe hypoglycemia in adults; however, children and ado-

lescents only demonstrated improved glycemic control with

T HE CURRENT ERA OF INTENSIVE INSULIN therapy places
substantial demands on children and adolescents with
type 1 diabetes along with their parents. Intensive insulin
therapy requires numerous self-care behaviors, which are
particularly evident in the use of continuous glucose moni-
toring (CGM) technologies, in order to maintain glycemic
control. The JDRF CGM randomized clinical trial (RCT)
yielded significantly improved glycemic outcomes without

consistent CGM use.'? T hus, there has been substantial in-
terest in uncovering approaches to encourage consistent CGM
use in the pediatric population. As such, we were interested in
understanding perceived self-efficacy related to CGM in
children and teens with type 1 diabetes and their parents.
Self-efficacy, a central part of the Social Cognitive Theory
of Bandura,” is an individual’s perceived ability to carry out a
certain behavior.* Self-efficacy can augment one’s motivation
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to perform certain tasks and can be an important indicator of
health behavior change.”® Measuring self-efficacy is an inte-
gral part of the predictive evaluation of whether an individual
will carry out a specific task and the level of perseverance he or
she will exert when faced with challenges or barriers. Self-
efficacy also influences outcome expectations or the result an
individual anticipates that his or her actions will generate;
higher levels of self-efficacy often parallel more positive
outcome expectations.’

High self-efficacy, or strong perceived ability to make
positive health behavior change despite challenges, may fa-
cilitate complex behaviors like CGM use in youth with type 1
diabetes. Given the challenges of consistent CGM use in
youth with type 1 diabetes, it is important to determine whe-
ther self-efficacy specific to CGM is a factor in consistent
CGM use and whether the level of self-efficacy predicts CGM
use and, in turn, glycemic outcomes. Evaluating CGM self-
efficacy in both youth and parents is particularly important
considering the level of support and family involvement that
are necessary for diabetes self-care tasks with intensive insulin
therapy and advanced diabetes technologies. The ability to
measure self-efficacy related to CGM use may help the pe-
diatric multidisciplinary team to identify those youth and
parents who may benefit from additional education and sup-
port. However, there is a paucity of published research in the
area of assessing self-efficacy related to CGM in youth and
adults with type 1 diabetes.

The first aim of this study was to design surveys to assess
self-efficacy in children and adolescents with type 1 diabetes
and their parents and to evaluate the psychometric properties
of the new CGM Self-Efficacy (CGM-SE) surveys. The
second aim of the study was to assess the predictive validity
of the CGM-SE survey in a subset of participants in order to
determine whether CGM self-efficacy predicts CGM use and
subsequent glycemic control.

Research Design and Methods
Study population

Study participants were 120 youth with type 1 diabetes and
their parents who participated in a 2-year RCT comparing
CGM use with and without the addition of a family-focused
CGM behavioral intervention. Eligibility criteria included
youth ages 817 years old with type 1 diabetes for >1 year,
established use of intensive insulin therapy (pump or multiple
daily injections), insulin dose of =>0.5 units/kg/day, blood
glucose (BG) monitoring frequency of four or more times
per day, hemoglobin Alc (HbAlc) level of 6.5-10% (48—
86 mmol/mol), no consistent CGM use (defined as 6+ days/
week) in the previous 6 months, and anticipation for ongoing
care at the diabetes center. Parents/youth provided written in-
formed consent/assent prior to initiating any study procedures;
the Institutional Review Board approved the study protocol.

The current report utilizes the entire sample of 120 youth at
baseline to evaluate the CGM-SE surveys (Aim 1) and the 61
participants randomized to the control group to assess pre-
dictive validity (Aim 2).

Data collection

The electronic medical record, parent—youth interviews,
and BG meter downloads provided clinical and diabetes
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management data at baseline. Youth and parents completed
multiple validated questionnaires (see below) at baseline.
Immediately following the baseline study visit, youth wore
the CGM device for a 1-week run-in period to assess CGM
tolerability. At the end of the 1-week run-in period, partici-
pants were randomized, and youth and parents completed the
CGM-SE survey developed for the 2-year RCT. CGM data
were obtained at the 3- and 6-month visits by downloading
the CGM device.

Measures

Development of the CGM-SE surveys. A pediatric mul-
tidisciplinary diabetes team, experienced in clinical research
and CGM use, developed the self-efficacy survey items fol-
lowing a literature review. Item refinement occurred through
pretesting and cognitive interviewing in youth and parents
prior to the 2-year RCT. Survey items assess the confidence
of youth and parents to manage the technical and behavioral
aspects of CGM use. The stem of the survey items states,
“I am sure that I can....”” There are two versions of youth
surveys based on age (8—12 years of age, 11 items; 13+ years
of age, 15 items) and one version for parents (14 items). The
additional four items on the youth version for 13+ years of
age address performance of more complex tasks, such as
downloading CGM data and making insulin adjustments
based on CGM data. Response options are based on a 7-point
Likert scale (from 0 =strongly disagree to 6 =strongly agree).
Scores can range from 0 to 100, with higher scores reflecting
higher self-efficacy. The total score is obtained by computing
the mean of all items, multiplying the mean by 100, and then
dividing by 6. The survey requires <5 min for completion.

Pediatric Quality of Life Inventory Generic Core Scales
and Type 1 Diabetes Module.®® The Pediatric Quality of
Life Inventory (PedsQL) Generic Core Scales (23 items) and
the PedsQL Type | Diabetes Module (28 items) assess ge-
neric and diabetes-specific youth quality of life over the past
month; higher scores reflect higher quality of life. The youth
survey is a self-report of youth quality of life; the parent
survey is a proxy report of youth quality of life.

Diabetes Management Questionnaire.’® The Diabetes
Management Questionnaire (DMQ) (20 items) assesses ad-
herence to daily diabetes self-management tasks; higher
scores indicate greater adherence to diabetes management.
Items are applicable to both injection-based therapy and in-
sulin pump therapy. The youth survey is a self-report of ad-
herence; the parent survey is a proxy report of adherence.

Problem Areas in Diabetes Survey—Parent Revised'" and
—Pediatric'® versions. The Problem Areas in Diabetes
Survey—Parent Revised (PAID-PR) (18 items) and — Pediatric
(PAID-Peds) (20 items) assess diabetes burden over the past
month; higher scores indicate more burden related to diabetes
management. The PAID-PR is a self-report of parent burden; the
PAID-Peds is a self-report of youth burden.

State-Trait Anxiety Inventory'® and State-Trait Anxiety
Inventory for Children.' The State-Trait Anxiety Inventory
(STAI) (40 items) and the State-Trait Anxiety Inventory for
Children (STAIC) (40 items) assess feelings of anxiety “‘right
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now’’ (state anxiety) and in general (trait anxiety); higher
scores indicate more anxiety. The STAI is a self-report of
parent anxiety; the STAIC is a self-report of youth anxiety.

Center for Epidemiologic Studies Depression Scale'® and
Center for Epidemiologic Studies Depression Scale for
Children."® The Center for Epidemiologic Studies Depres-
sion Scale (CES-D) (20 items) and the Center for Epide-
miologic Studies Depression Scale for Children (CES-DC)
(20 items) assess symptoms of depression in the past week;
higher scores reflect more depressive symptoms. The CES-D
is a self-report of parent depressive symptoms; the CES-DC
is a self-report of youth depressive symptoms.

Glycemic control. HbAlc was measured uniformly at
baseline and 3 and 6 months after randomization using an
assay standardized to the Diabetes Control and Complica-
tions Trial (reference range, 4.0-6.0% [20-42 mmol/mol])
(Roche Diagnostics, Indianapolis, IN).

CGM use. CGM data were downloaded at study visits
using DexCom™ (San Diego, CA) proprietary software. We
calculated the amount of weekly CGM use by averaging the
total hours of wear during the 4 weeks preceding the 3-month
and 6-month study visits. CGM use could range from 0 to
168 h/week. We also created a categorical variable of CGM
use for the 3-month and 6-month visits with three categories:
0-2 days (<48h), 3-5 days (>48-120 h), and 6-7 days
(>120-168h), based on previously identified amounts of
CGM use associated with glycemic outcomes.'!’

Statistical analysis

Data were analyzed using SAS version 9.2 for Windows
software (SAS Institute, Cary, NC). Demographic and clin-
ical characteristics are presented as mean* SD, median, or
percentage.

Cronbach’s o was used to assess internal consistency.
Item-to-total correlations for each of the items in youth and
parent instruments were calculated and analyzed to deter-
mine the interrelatedness of the items.'® To evaluate the
psychometric properties of the CGM-SE survey across the
sample age range and given the two different youth surveys
based on age, we performed separate analyses by age. We
did not assess test—retest reliability because we did not an-
ticipate that self-efficacy would be a stable construct in
youth initiating CGM. We assessed criterion validity of the
CGM-SE surveys for all youth and parent participants at
baseline. Pearson correlations with the PedsQL (general
and diabetes-specific) and the DMQ assessed convergent
validity, and correlations with the PAID-PR/PAID-Peds,
STAI/STAIC, and CES-D/CES-DC assessed discriminant
validity.

To assess predictive validity, we included the 61 partici-
pants in the control group as CGM self-efficacy was expected
to change among intervention subjects. In analyses of the
predictive validity of the CGM-SE surveys, we exam-
ined CGM use and HbAlc outcomes 3 and 6 months after
randomization.

Paired r tests assessed differences between baseline, 3-
month, and 6-month variables in the control group; unpaired ¢
tests compared 3-month and 6-month CGM use and HbAlc
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outcomes according to baseline CGM-SE scores grouped in
two categories. As there is no a priori dose of adequate CGM-
SE to impact CGM use, we explored the distributions of
youth and parent CGM-SE scores according to the three
recognized categories of CGM use. Based on these obser-
vations, we identified a self-efficacy score of 80 as a threshold
and then categorized youth and parent baseline self-efficacy
scores in groups of <80 and >80. Analysis of variance as-
sessed differences in CGM-SE scores at baseline and HbAlc
levels at 3 and 6 months according to the categorical variable
for CGM use (<2 days, 3-5 days, 6+ days) at 3 and 6
months. Spearman’s correlations determined predictive va-
lidity of the youth and parent baseline CGM-SE score with
HbAlc level and CGM use at 3 and 6 months for the 61
control participants.

To confirm the predictive value of baseline CGM self-
efficacy on both CGM use and HbAlc outcomes at 3 and 6
months, multiple regression analyses were used, controlling
for youth age and diabetes duration. A P value of <0.05
defined significance.

Results
Participant characteristics

Overall, youth were 12.7£2.7 years of age, 49% were
female, and 89% lived within two-parent households. Youth
had a mean duration of diabetes of 6.1+3.6 years and
checked BG levels 6.8t2.4 times/day, and the majority
(84%) received insulin pump therapy. Eighty-three percent of
participating parents were mothers. The younger group was
composed of 68 youth <13 years old, and the older group was
composed of 52 youth; HbAlc level was similar in both age
groups, with a mean value of 7.9+0.8% (63 +9 mmol/mol)
for youth <13 years old and 8.0+ 0.8% (64 +9 mmol/mmol)
for youth >13 years old. Participant characteristics are pre-
sented in Table 1.

CGM-SE survey scores

Mean baseline CGM-SE scores were 87 £ 10 for youth (8-
12 years of age, 87+ 11; 213 years of age, 88+9) and 84 £ 10
for parents (Fig. 1). In additional analyses, youth scores were
combined because of their similar distributions. As parental
responses on the CGM-SE were essentially identical when
comparing responses of parents of youth <13 years of age
and responses of parents of youth >13 years of age by dis-
tribution, mean, and median, all parent scores are presented
together. Although youth and parent CGM-SE scores were
not correlated (r=0.13, P=0.15), youth and parent scores
were each significantly correlated with several demographic
and diabetes management variables. Youth CGM-SE scores
were inversely correlated with the mean glucose level de-
rived from 2 weeks of downloaded BG meter data (all youth,
r=-0.30, P=0.0009; 8-12 years of age, r=-0.27,
P=0.03; =13 years of age, r=—-0.35, P=0.01). Parent
CGM-SE scores were inversely correlated with age at diag-
nosis of diabetes in their children (r=-0.22, P=0.01),
whereas parent CGM-SE scores were directly correlated with
youth HbAlc levels (r=0.27, P=0.003). Neither youth or
parent CGM-SE scores differed according to family structure
or insulin regimen; scores were not related to youth age,
diabetes duration, or frequency of BG monitoring.
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TABLE 1. BASELINE PARTICIPANT CHARACTERISTICS

All youth Youth <13 years Youth >13 years
(n=120) (n=68) (n=52)

Age (years) 12.7£2.7 10.8+1.4 153%+1.5
Sex (% female) 49 51 46
Race/ethnicity (% white) 95 94 96
Sex of participating parent (% female) 83 87 79
Family structure (% two-parent home) 89 87 92
Highest level parent education (%)

High school/GED 11 13 8

Junior/technical college or associate’s degree 26 24 29

College degree 34 34 35

Graduate degree 29 29 29
Health insurance (%)

Private or military 88 88 87

Public 13 12 13
Age (years) at type 1 diabetes diagnosis 6.6+3.6 5.9+2.8" 7.5+4.3"
Type 1 diabetes duration (years) 6.1+£3.6 49+2.6° 7.7+4.0°
Insulin dose (U/kg/day) 0.9+£0.3 0.9+0.3 0.9+£0.2
Blood glucose monitoring (times/day) 6.8+£2.4 7.5%2.1¢ 5.9+2.5°
Insulin regimen (%)

Pump 84 85 83

Basal/bolus injections 16 15 17
HbAlc

% 8.0x0.8 7.9%0.8 8.0x0.8

mmol/mol 64+9 6319 6419

Data are mean*SD (range) values or percentages.

Statistically significant differences: *P=0.02, °P <0.0001, *P=0.0002.

HbAlc, hemoglobin Alc.

Psychometric properties of the CGM-SE survey (Aim 1)

The 11-item survey for youth <13 years of age, the 15-
item survey for youth =13 years of age, and the 14-item
parent survey demonstrated high internal consistency
(Cronbach’s 2=0.80, 0.80, and 0.82, respectively). The
surveys demonstrated good item-to-total correlations, with
almost all items falling in the range of 0.40-0.80 for scale
development (Table 2). Items <0.40 (two items for youth
8-12 years of age, four items for youth >13 years of age, and
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FIG. 1. Baseline continuous glucose monitoring (CGM)

Self-Efficacy survey score distribution for youth and parents.

one item for parents) were retained because of their clinical
relevance (Table 2).

Convergent validity was established for the older youth
CGM-SE survey by significant positive correlations with the
PedsQL Generic Core Scales score (r=0.32, P=0.02). Si-
milarly, convergent validity was established for the parent
CGM-SE survey by positive correlations with the PedsQL
Type 1 Diabetes Module (r=0.25, P=0.007) and the DMQ
(r=0.19, P=0.04). As these correlations were weak, their
clinical relevance requires further evaluation. There were no
significant correlations between the youth and parent CGM-
SE surveys with the PAID-PR/PAID-Peds, STAI/STAIC, or
CES-D/CES-DC supporting discriminant validity.

Predictive validity of the CGM-SE surveys (Aim 2)

Participant characteristics. Control group participants
(48% female) included in the predictive validity analyses
consisted of 61 youth with type 1 diabetes. Their mean age
was 12.7£2.9 years old, and they had a diabetes duration of
6.31£3.8 years, daily insulin dose of 0.9£0.3 units/kg, and
BG monitoring frequency of 7.0+2.6 times daily. The ma-
jority (80%) received pump therapy. Characteristics of these
control group participants were similar to the intervention
participants.

CGM use. After 3 months, mean CGM use was 99.6
49.0 h/week (range, 0-157.3 h/week); after 6 months, mean
CGM use was 82.5+55.6 h/week (range, 0-156.8 h/week).
CGM use data were unavailable for only one participant
because of multiple missed visits. It was not unexpected that
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TABLE 2. INTERNAL CONSISTENCY FOR CONTINUOUS GLUCOSE MONITORING SELF-EFFICACY SURVEY:
ITEM-TO-TOTAL CORRELATIONS AND CRONBACH’S o
Youth <13 years Youth 213 years
Survey items: “I am sure I can ...” of age of age Parents
Insert sensor 0.28 0.28 0.34
Calibrate sensor 0.58 0.62 0.51
Keep the receiver 0.32 0.41 0.58
Look at the receiver 0.48 0.59 0.53
Respond to CGM alarms 0.42 0.48 0.50
Charge the receiver 0.61 0.54 0.51
Ask for help with CGM 0.49 0.55 —
Wear/work with child to wear CGM at least 6 days a week 0.61 0.26 0.45
Talk to my parents if having a hard time using CGM 0.43 0.38 —
Respond to CGM alarms at school 0.55 0.55 —
Respond to CGM alarms when with friends 0.51 0.63 —
Download CGM data — 0.17 0.53
Problem-solve technical difficulties with device — 0.60 0.53
Adjust insulin dose based on real-time data — 0.55 0.52
Adjust insulin dose based on downloaded CGM data — 0.46 0.52
Speak with medical team if needing help with CGM — — 0.50
Share CGM responsibilities with child — — 0.42
Be encouraging and supportive working with child on CGM — — 0.41
Cronbach’s o 0.80 0.80 0.82

Items are shortened for ease of presentation.
CGM, continuous glucose monitoring.

the mean hours/week of CGM use decreased from 3 to 6
months (P=0.0013).

Glycemic control. At baseline, the mean HbAlc level for
the 61 controls was 7.9£09% (range, 6.2-11.1%) (63*
10 mmol/mol [range, 44-98 mmol/mmol]). After 3 months,
the HbAlc level was 7.7£0.8% (range, 6.1-10.1%) (61=*
9 mmol/mol [range, 43—-87 mmol/mmol]). After 6 months, the
HbAlc level was 7.8 £ 0.8% (range, 6.0-10.6%) (62 £9 mmol/
mol [range, 42-92 mmol/mmol]). There was one missing
HbA 1c value at 3 months because of missed visits. There was
a significant difference between baseline versus 3-month and
6-month HbAlc (P=0.03 and P=0.01, respectively); the
3-month and 6-month HbAlc values did not differ.

CGM self-efficacy. At baseline, the mean CGM-SE score
for the 61 control youth was 87%11 (range, 53—100); the
mean CGM-SE score for the control parents was 84+ 10
(range, 62—100). There was a significant difference in youth
CGM-SE scores according to CGM use at 3 and 6 months
divided into three categories. At 3 months, youth who wore
the CGM device 0—<48h/week had reported significantly
lower CGM self-efficacy (80x£3) compared with youth
who wore the CGM device for >48-120h/week (88+2)
(P=0.04) or >120h/week (88 £2) (P=0.049). At 6 months,
youth who wore the CGM device 0—<48h/week had re-
ported significantly lower CGM self-efficacy (82+2) com-
pared with youth who wore the CGM device for >48-120h/
week (9012) (P=0.03) or >120h/week (88 £2) (P=0.08).
It is interesting that parent CGM-SE scores did not differ
according to youth CGM use at either 3 months or 6 months.

To assess the predictive validity of the CGM-SE surveys,
we examined CGM use and HbA 1c level after 3 and 6 months
according to baseline CGM-SE scores. Youth who reported
CGM-SE scores of >80 used CGM significantly more often

at 3 and 6 months compared with youth with scores of <80:
3-month CGM use, 110.1£41.1 versus 70.8 £58.2 h/week,
respectively (P=0.005); 6-month CGM use, 94.4+50.7
versus 48.8+56.7h/week, respectively (P=0.004). Ad-
ditionally, youth reporting higher CGM self-efficacy had
significantly lower HbAlc levels after 3 and 6 months
compared with youth reporting lower CGM self-efficacy: 3-
month HbAlc, 7.5+0.7% (58 %8 mmol/mol) versus 8.3+
0.9% (67x10mmol/mol), respectively (P=0.0004); 6-
month HbAlc, 7.6+0.7% (60=+8 mmol/mol) versus 8.2+
0.9% (66+10mmol/mol) (P=0.02), respectively. Parent-
reported CGM-SE did not predict youth CGM use or youth
HbAlc level at 3 or 6 months.

In a multivariate model (R2 =0.13, P=0.045) controlling for
youth age and diabetes duration, youth CGM-SE (P=0.006)
significantly predicted 3-month CGM use (Fig. 2a). Youth
reporting CGM-SE scores of >80 used CGM 110.1 h/week
compared with 70.7 h/week after 3 months for youth reporting
CGM-SE scores of <80 at baseline. A multivariate model
(R2:O.14, P=0.04) also demonstrated that youth CGM-SE
(P=0.004) significantly predicted 6-month CGM use. Youth
reporting CGM-SE scores of >80 used CGM 94.7 h/week
compared with 48.0 h/week after 6 months for youth reporting
CGM-SE scores of <80 at baseline.

In a multivariate model (R*=0.22, P=0.003) controlling
for youth age and diabetes duration, youth CGM-SE (P=
0.001) also significantly predicted 3-month HbAlc level
(Fig. 2b). Youth reporting CGM-SE scores of >80 had a
3-month HbA1c value of 7.5% compared with 8.3% for those
reporting lower CGM-SE at baseline. A multivariate model
(R2=0.1 1, P=0.08) also demonstrated that youth CGM-SE
(P=0.04) significantly predicted 6-month HbAlc. Youth
reporting CGM-SE scores of >80 had a 6-month HbAlc
value of 7.6% compared with 8.1% for those reporting lower
CGM-SE at baseline.
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FIG. 2. (a) Continuous glucose monitoring (CGM) use (in hours/week) and (b) hemoglobin Alc (HbAlc) level at 3 and 6
months according to level of baseline youth CGM Self-Efficacy (CGM-SE) survey score: youth CGM-SE score of <80
(white bars) and CGM-SE score of >80 (black bars). Data are mean =+ standard error values. (a) In multivariate models
baseline youth CGM-SE score significantly ?redlcted CGM use (in hours/week) at 3 months (model yielded R*=0.13,
P=0.045) and at 6 months (model yielded R“=0.14, P=0.04). (b) In multivariate models, baseline youth CGM-SE score
significantly predicted HbAlc level at 3 months (model yielded R*=0.22, P=0.003) with a trend toward significance at

6 months (model yielded R>=0.11, P=0. 08).

Discussion

CGM technologies remain an underutilized approach to
improving glycemic control in children and adolescents with
type 1 diabetes.'”*® Although youth may initiate CGM, many
children and adolescents discontinue use because of the ad-
ditional burdens associated with current CGM devices,>' 2*
where ongoing BG monitoring is required for CGM cali-
bration as well as for confirmation of glucose levels prior to
initiating treatments for either high or low glucose readings.
Nonetheless, CGM technologies offer opportunities to im-
prove glg/cemlc control while av01d1ng severe hypogly-
cemia.'*>*® Therefore, there remains a need to identify
approaches to increase uptake and durability of CGM use,
especially in the pediatric population. The current study
identified the opportunity to utilize perceived self-efficacy
related to CGM use in both children and adolescents with
type 1 diabetes. The CGM-SE surveys demonstrated ade-
quate psychometric properties for both the youth and parent
versions, although only the youth versions, for those 8—12
years of age as well as for those 13 years of age and older, had
significant predictive value for CGM use 3 and 6 months after
initiation.

The psychometric evaluation provided support for the re-
liability and validity of the CGM-SE surveys. The surveys
had good item-to-total correlations and high internal con-
sistency for youth and parents, which established reliability.

Although baseline youth CGM-SE scores were not related
to age, diabetes duration, HbAlc, or BG monitoring fre-
quency, there was a significant inverse relationship between
self-efficacy scores and mean BG levels, suggesting that
youth with lower glucose levels seem to have greater confi-
dence in their use of CGM. Although the literature has re-
ported that greater general diabetes self-efficacy is associated
with diabetes management adherence and BG monitoring
frequency,®?’*° we found no relationships between youth-
reported CGM self-efficacy and diabetes adherence, depres-
sion symptoms, or anxiety. However, there was a significant

positive association between self-efficacy reported by teens
and general quality of life, suggesting a possible relationship
between self-confidence in diabetes management and quality
of life for teens with type 1 diabetes.

Parent CGM-SE scores had a significant direct relationship
to youth HbAlc level and an inverse relationship to youth age
at diagnosis. These findings suggest that parents of youth
with higher HbAlc levels report greater confidence in their
child’s use of CGM, possibly reflecting parental hopefulness
for improvements in their child’s glycemic control with new
advances such as CGM. It is not surprising that parent CGM-
SE scores were also significantly related to parent report of
diabetes management adherence and the parent proxy report
of their child’s diabetes-specific quality of life. Although
these correlations were statistically significant, their clinical
relevance requires ongoing exploration. It is notable that the
youth and parent CGM-SE scores were not correlated.

In assessment of predictive validity of the CGM-SE sur-
veys, only the youth-reported CGM-SE scores were signifi-
cantly related to future CGM use and glycemic control.
Youth who reported baseline CGM-SE scores of >80 had
significantly greater CGM wear at 3 months and 6 months
compared with those youth with lower scores. Similarly,
youth with baseline CGM-SE scores of >80 had lower
HbA c levels at 3 months and 6 months compared with those
youth with lower scores. The parent CGM-SE survey did not
demonstrate the same predictive validity for pediatric CGM
use, likely because the parent survey assesses the parents’
confidence in helping their child use CGM as well as their
confidence in their child’s ability to use CGM.

It is important that this study revealed that youth CGM
self-efficacy does predict CGM wear and improvement in
glycemic control over a 6-month time period. This finding
coincides with the theoretical model of Bandura® that self-
efficacy is an important determinant of behavior and that
greater self-efficacy translates to effort expended by an in-
dividual over a duration of time in the face of challenging
circumstances. This finding is pertinent given the known
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challenges that youth with type 1 diabetes face in wearing
CGM technologies and achieving target glycemic control.
Assessing self-efficacy at the onset of CGM use may be
important for the multidisciplinary diabetes team to consider.
In particular, youth who report low self-efficacy at the start of
CGM, with CGM-SE scores of <80, likely warrant greater
education and support for CGM implementation to succeed
with durable CGM use over time. Identifying ways to de-
crease the burden of new technologies like CGM and the
artificial pancreas may enhance patients’ self-confidence in
their use. As current artificial pancreas systems require sub-
stantial patient input, their use will likely also benefit from an
understanding of self-efficacy.*

There are caveats to these analyses. First, the study in-
cluded a relatively small sample of homogeneous young
patients with type 1 diabetes. The majority of youth came
from two-parent households with educated parents. Further-
more, all patients received intensive insulin therapy, and the
overwhelming majority received insulin pump therapy. Al-
though our sample of youth using CGM was similar to the
pediatric patients using CGM in the Type 1 Diabetes Ex-
change,®' future assessments of the CGM-SE surveys should
include more diverse populations, including those with lower
literacy rates, in order to strengthen the generalizability of the
instrument’s utility.

Additionally, as the area of self-efficacy related to CGM
use is novel, future analyses in larger sample sizes are
needed to evaluate the sensitivity and specificity of the
CGM-SE score threshold. Although we evaluated the self-
efficacy score distributions according to previously estab-
lished CGM use categories to determine the threshold of 80,
further work in larger samples would help to verify the self-
efficacy cut-point related to CGM use. Additional research
in larger samples would also facilitate evaluation of the
parent instrument.

As the parent study of this evaluation was aimed at im-
plementing CGM in a pediatric sample, it is not surprising
that the patients had to demonstrate acceptance and use of
intensive insulin therapy prior to starting CGM. Nonetheless,
although the patients were all intensively treated and desired
to start CGM by virtue of their agreement to enter the 2-year
RCT, several patients in the control group had already re-
duced their use of CGM after only 6 months of implementing
the device. Additional follow-up will be needed to determine
how CGM self-efficacy affects longer-term use. Future re-
search will be needed to assess changes in self-efficacy over
time in addition to determining if and how behavioral inter-
ventions to overcome barriers to CGM use impacts CGM
self-efficacy.

Finally, evaluation of the performance of the parent CGM-
SE survey only included youth 8—17 years of age; assessment
in parents of patients under 8 years old is also needed, es-
pecially given the challenge associated with CGM use in this
pediatric population.®*??

In summary, the CGM-SE surveys for youth and parents
demonstrate adequate psychometric properties for assessing
confidence in using CGM. In addition, the youth CGM-SE
surveys demonstrate significant predictive validity for future
CGM use and glycemic control, but the parent CGM-SE
survey does not. Indeed, durable pediatric CGM use remains
dependent on the child rather than on the parent. Thus, the
youth CGM-SE surveys provide a method of assessing youth
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CGM self-efficacy in both research and clinical settings as
efforts continue to address ways to increase uptake and sus-
tained use of CGM in pediatric populations with type 1 dia-
betes. Additional assessment of the parent CGM-SE survey
appears warranted.
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