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Abstract

Background: Despite advancements in diabetes technologies, disparities remain with respect to diabetes device use in
youth with type | diabetes (T1D). We compared sociodemographic, diabetes, and psychosocial characteristics associated
with device (pump and continuous glucose monitor [CGM]) use in |3- to |7-year-old teens with TID.
Materials/Methods: Data were derived from a multicenter clinical trial to optimize self-care and glycemic control in teens
with T1D. We categorized teens as pump users versus non-users and CGM users versus non-users based on their diabetes
device usage. Chi-square and t-tests compared characteristics according to device use.

Results: The sample comprised 301 teens (50% female) with baseline mean = SD age 15.0 £ 1.3 years, TID duration 6.5 =
3.7 years, and HbAIc 8.5 = |.1% (69 = 12 mmol/mol). Two-thirds (65%) were pump users, and 27% were CGM users. Pump
users and CGM users (vs. non-users) were more likely to have a family annual household income =$150,000, private health
insurance, and a parent with a college education (all P < .001). Pump users and CGM users (vs. non-users) also performed
more frequent daily blood glucose (BG) checks (both P < .001) and reported more diabetes self-care behaviors (both P <
.05). Pump users were less likely to have baseline HbAlc =9% (75 mmol/mol) (P = .005) and to report fewer depressive
symptoms (P = .02) than pump non-users. Parents of both CGM and pump users reported a higher quality of life in their
youth (P < .05).

Conclusion: There were many sociodemographic, diabetes-specific, and psychosocial factors associated with device use.
Modifiable factors can serve as the target for clinical interventions; youth with non-modifiable factors can receive extra
support to overcome potential barriers to device use.
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Introduction associated with reduced device uptake and durability, espe-
cially in vulnerable adolescents with T1D.

Previously published studies have identified characteris-
tics related to the underuse of advanced diabetes technolo-
gies in youth. Socioeconomic status (SES) remains a
significant contributor to disparities in device uptake.’'?
However, a study by Willi et al. found that disparities con-
tinue to exist in diabetes device uptake despite adjusting for
SES.!'” While these studies provide insights into potential

Type 1 diabetes (T1D) is a chronic illness that requires daily
management to prevent complications.! It is well-docu-
mented that adolescents with T1D are vulnerable to sub-opti-
mal TID self-management and sub-optimal glycemic
outcomes.?? Insulin pumps and continuous glucose monitors
(CGMs) can help adolescents with T1D achieve better glyce-
mic control. CGM use has also been associated with
improved quality of life, and insulin pumps can decrease
rates of both diabetic ketoacidosis (DKA) and severe hypo-
glycemia.*° Given the recognized benefits of diabetes tech- 5 stes - i
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health disparities, there remains a need to address other pos-
sible causes of treatment inequalities, especially those that
are modifiable and can be addressed on an individual level.
Few studies to date have identified modifiable barriers to
diabetes device use that can be mitigated via clinical inter-
vention, such as psychosocial factors and family dynam-
ics.!’*! In addition, existing evidence on psychosocial
predictors of diabetes device uptake and use is scarce.

Given that adolescents with T1D are at high risk for chal-
lenges with diabetes self-care and suboptimal glycemic con-
trol, due in part to the impact of puberty, as well as changes
in peer and family relationships,'® it is essential to under-
stand factors that may be associated with diabetes technol-
ogy uptake in this population. Furthermore, the choice to
adopt diabetes technologies likely requires shared decision-
making between adolescents and their parents/guardians
(referred to as parents going forward). Therefore, it is impor-
tant to investigate adolescent and parent attitudes regarding
diabetes technology uptake. The purpose of this study was to
identify characteristics associated with the use of insulin
pumps and CGM devices in a diverse sample of adolescents
with T1D.

Methods

The present study is a secondary analysis of a randomized
controlled trial conducted at Joslin Diabetes Center and
Texas Children’s Hospital to optimize self-care behaviors
and glycemic control in teens with T1D through behavioral
and text messaging invention.'”!'® In the primary analysis,
neither the behavioral intervention, the text messaging inter-
vention, nor the combination of the 2 significantly improved
HbAlc from baseline.!”!® Thus, in the current analyses, the
data from all intervention groups are analyzed together.

Eligibility criteria included ages 13 to 17 years, diabetes
duration of =6 months, daily insulin dose =0.5 unit/kg,
HbAlc 6.5% to 11.0% (48-97 mmol/mol), and fluency in
English. Exclusion criteria included any significant develop-
mental, cognitive, or medical conditions that would interfere
with study participation. Institutional review boards at both
sites approved the study protocol. Eligible teens/parents pro-
vided written informed assent/consent, respectively, before
beginning any study procedures.

The majority of data, including sociodemographic and
psychosocial characteristics, were collected at baseline using
survey information completed by teens and parents. Diabetes
device use was derived from chart review and parent-youth
interview every 3 months for 18 months. Blood glucose (BG)
monitoring frequency was determined from meter/pump
downloads quarterly. This study predated U.S. Food and
Drug Administration (FDA) labeling for nonadjunctive
CGM use; therefore, participants used BG results for insulin
dosing. Blood samples for HbAlc were analyzed centrally
(Roche Cobas™, Indianapolis, Indiana) at the Joslin Diabetes
Center every 6 months and obtained at each site at the

intervening 3-month visit. The results were standardized to
the central laboratory. For participants with missing HbAlc
values at 18 months (n = 26), the most recent HbAlc value
was carried forward for 20 participants, and 6 participants
were missing final HbAlc values.

Measures

Youth and parents completed validated psychosocial surveys
at baseline. Depressive symptoms were assessed with the
validated Center for Epidemiologic Studies Depression Scale
(CES-D)." Higher scores indicate more depressive symp-
toms, with scores >15 indicating risk for clinical depression.
Diabetes family conflict was measured using the Diabetes
Family Conflict Scale.?’ Higher scores indicate more diabe-
tes-specific family conflict. Parent involvement in diabetes
management was measured using the Diabetes Family
Responsibility Questionnaire.?! Higher scores indicate more
parent involvement in diabetes care. Treatment adherence
and diabetes self-care were measured with the Diabetes
Management Questionnaire.?? Higher scores indicate greater
adherence. Youth and parent perceived diabetes burden was
measured using the pediatric and parent versions of the
Problem Areas in Diabetes (PAID) Survey, PAID-Peds® and
PAID-Parents Revised,* respectively. Higher scores indicate
more perceived diabetes burden. Youth and parent percep-
tion of the youth’s health-related quality of life was mea-
sured using the Pediatric Quality of Life Inventory—Generic
Core Scales (PedsQL), which incorporates physical and psy-
chosocial functioning.?> Higher scores indicate the better
perceived health-related quality of life.

Participants were categorized based on patterns of insulin
pump usage from the initial visit to the final study visit at 18
months (Figure 1):

1. Always pump use: Participants who used an insulin
pump throughout the study.

2. Started pump use: Participants who used injection
therapy at initial visit but transitioned to pump ther-
apy during follow-up.

3. Never pump use: Participants who did not use an
insulin pump at all during the study

4. Stopped pump use: Participants who reported pump
therapy at the initial visit but stopped pump use dur-
ing follow-up.

Participants were categorized based on patterns of CGM
usage from the initial visit to the final study visit at 18 months
(Figure 2):

1. Always CGM use: Participants who used a CGM
throughout the study.

2. Started CGM use: Participants who initially did
not use CGM but transitioned to CGM during
follow-up.
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Figure |. Grouping of participants based on insulin pump usage.
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Figure 2. Grouping of participants based on continuous glucose
monitor usage.

3. Never CGM use: Participants who did not use CGM
at all during the study.

4. Stopped CGM use: Participants who used CGM at
the initial visit but stopped CGM use during
follow-up.

Statistical analyses were performed using SAS 9.4 (SAS
Institute, Cary, North Carolina). Descriptive data are pre-
sented as means * standard deviation for continuous vari-
ables and frequencies or proportions for categorical variables.
Statistical analyses included #-tests and chi-square tests. For
sociodemographic and diabetes characteristics, P < .01 were
considered statistically significant to adjust for multiple
comparisons. Given the exploratory nature of the psychoso-
cial characteristics, significance was defined as P < .05 for
these comparisons.

Results

Study Sample and Group Allocations

The sample was comprised of 301 teens (50% female) with a
mean (* SD) age of 15.0 = 1.3 years, T1D duration of 6.5 *
3.7 years, and HbAlc of 8.5 * 1.1% (69 mmol/mol) at base-
line. Only 5% of the sample achieved the recommended
HbA ¢ goal of <7% (53 mmol/mol).?®

The majority of youth (57%, n = 170) utilized insulin
pump therapy for the entire study period, while 8% (n = 25)
transitioned to pump therapy. Given the similarities between
these 2 groups, they were combined, yielding 195 pump
users (65%). About one-third (31%, n = 94) never used
pump, while 4% (n = 12) transitioned from pump to injec-
tion therapy during the study period. Therefore, these 2
groups were combined to form the pump non-users group
(35%, n = 106).

CGM users comprised 6% (n = 18) of the participants,
while 21% (n = 63) started CGM use during the study
period. These 2 groups were similar across all characteristics
and were therefore combined to form the CGM users group
(n = 81, 27% of the sample). The majority (n = 201, 67%)
of participants never used CGM during the study, while 6%
(n = 19) stopped using CGM during the study period; the
combination of these 2 groups was 73% (n = 220) of the
sample. There were no differences in demographic, diabetes,
or psychosocial characteristics between never CGM group
and stopped CGM group.

Comparisons of Pump Users vs. Pump Non-Users

Demographic and clinical characteristics of pump users
versus pump non-users are shown in Table 1. When com-
pared with the pump non-users, pump users were more
likely to be non-Hispanic white (83% vs. 61%, P = .0001),
have an annual family household income =$150,000 (34%
vs. 19%, P = .0003), utilize private health insurance (92%
vs. 75%, P < .0001), and have a parent with a college edu-
cation or higher (75% vs. 58%, P = .002). In addition,
pump users performed more daily BG monitoring (4.8 *
1.8 vs. 3.9 = 2.0, P < .001), had lower percent daily basal
insulin (46% vs. 50%, P = .008), and were less likely to
have HbAlc =9% (75 mmol/mol) at initial study visit
(25% vs. 43%, P = .005).

Figure 3 shows the difference between the psychosocial
surveys scores of pump users versus pump non-users as
well as their parents. Pump users were more likely to self-
report higher levels of diabetes self-management (71.4 =
11.9 vs. 68.0 = 13.3, P = .03) compared with pump non-
users. Pump users compared with pump non-users were
less likely to score above 15 on the CESD (12.3% vs.
22.6%, P = .02), reflecting a lower likelihood of having
elevated depressive symptomatology. Parents of pump
users reported lower levels of diabetes-specific family con-
flict (14.9 = 134 vs. 19.6 = 18.2, P = .01), higher
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Table I. Demographic and Clinical Characteristics of Pump Users vs. Pump Non-Users.
Pump users Pump non-users

(n = 195, 65%) (n = 106, 35%) P-value
Age (years) 149 = 1.3 151 = 1.3 4
Diabetes duration (years) 6.6 =38 64 + 35 8
Sex (% female) 51% 49% 7
Race/ethnicity (% non-Hispanic white) 83% 61% .0001
Family structure (% 2-parent) 88% 78% .03
Annual household income =$150,000 (%) 34% 19% .0003
Parental employment status (% full-time) 63% 68% 7
Health insurance (% private) 92% 75% <.0001
Parental education (% college or higher) 75% 58% .002
Presence of co-morbid conditions (%) 44% 59% .0l
Body mass index z-score (Standard Deviation Score) 0.73 £ 0.8 097 = 0.8 .01
Percent basal insulin (% of total daily dose) 46% 50% .008
Blood glucose monitoring (times/day) 48 = 1.8 39x20 <.0001
HbA I c at initial visit (=9%) 25% 43% .005
HbA ¢ at final visit (=9%) 32% 49% .0l
Change in HbA | c from initial visit to final visit (%) 0.15 = 1.1 032 = 1.1 2

Bold font indicates statistical significance (P < 0.01).

perceived diabetes self-management by their teens (72.5 =
13.3 vs. 68.8 = 12.7, P = .02), less parental involvement in
diabetes care (50.7 £ 12.8 vs. 54.2 £ 14.5, P = .03), and
higher proxy report of their child’s general quality of life
(83.7 = 12.4 vs. 78.8 = 14.2, P = .003) compared with the
parents of pump non-users. However, there was no signifi-
cant difference in diabetes burden between pump users and
pump non-users (39.7 £ 23.6 vs. 40.5 = 24.7, P = .8) nor
between the parents of pump users and non-users (42.8 =
19.0 vs. 44.9 £ 20.0, P = .4). Similarly, self-reported qual-
ity of life did not differ between the teen pump users and
non-users (85.1 £ 12.5 vs. 82.8 = 14.3, P = .2).

Comparisons of CGM Users vs. CGM Non-Users

Demographic and clinical characteristics of CGM users ver-
sus CGM non-users are shown in Table 2. CGM users com-
pared with CGM non-users were more likely to be
non-Hispanic white (88% vs. 70%, P = .009), have a family
annual household income =$150,000 (44% vs. 23%, P =
.0001), a parent with a college education or higher (81% vs.
64%, P = .004), and private health insurance (95% vs. 82%,
P = .005). CGM users also performed more frequent daily
BG monitoring (5.2 = 1.9 vs. 4.3 £ 1.9, P = .0002). Figure
3 shows the difference between the psychosocial surveys
scores of CGM users versus CGM non-users as well as their
parents. CGM users reported higher diabetes self-manage-
ment compared with CGM non-users (72.7 = 11.0 vs. 69.3
+ 13.0, P = .03). Parents of CGM users perceived higher
quality for their youth compared with CGM non-users (84.5
* 11.9vs. 81.1 = 13.5, P = .04). There was no difference in
youth-reported diabetes family involvement (39.8 = 11.0 vs.

41.5 £ 12.2, P = .3) or diabetes burden (37.7 = 22.1 vs.
40.9 = 24.6, P = .3) between the CGM users and CGM non-
users. Parent reports of youth adherence (71.7+12.3 vs. 71.0
+ 13.5, P = .7), diabetes burden (45.5 = 20.4 vs. 42.8 =
18.8, P = 0.3), and diabetes-specific family conflict
(15.6%£13.5 vs. 17.0 £ 16.1, P = 0.5) also did not differ
between CGM users versus non-users.

Discussion

This study highlights many distinct sociodemographic, dia-
betes-specific, and psychosocial factors associated with
device use in adolescents with T1D. We identified associa-
tions of participant characteristics with diabetes device use
in order to identify future opportunities for interventions
aimed at increasing device uptake and continued use. In our
sample, about two-thirds (65%) of the teens used insulin
pump therapy, and 27% used CGM; nearly a quarter (23%)
of the sample used both devices. Our discontinuation rates
for both pump and CGM were similar to previously pub-
lished data.'>?” Among the diabetes devices in use, CGM
utilization was the lowest as our study predated FDA label-
ing for nonadjunctive CGM use. There has been a substantial
increase in CGM usage in recent years due to CGM’s ability
to replace BG monitoring with better-performing devices,
nonadjunctive claim, elimination of fingerstick calibration
on some devices, and broader insurance coverage.’®
Nonetheless, recent reports continue to highlight disparities
in CGM use among youth with T1D.!2

Consistent with other studies, adolescents from families
with higher SES status and of non-Hispanic white racial and
ethnic backgrounds were more likely to use diabetes
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Figure 3. Baseline (a) diabetes-specific family conflict, (b) teen self-care, (c) parental involvement in diabetes care, (d) diabetes burden,
(e) percentage with depressive symptoms, and (f) quality of life between device (pump, CGM) users and non-users as well as parents of

device (pump, CGM) users vs. non-users.
Abbreviation: CGM, continuous glucose monitors.

Reflects significant differences (P-values <.05) between teen users and non-users either by youth-report or parent-report for the particular psychosocial

measure.

devices.'®!2 We also saw that those utilizing diabetes
devices, especially pump users, had more optimal diabetes
self-care characteristics than non-users. Previous research has
shown that diabetes device users have more favorable HbAlc
outcomes, experience lower DKA rates, and demonstrate
more frequent self-monitoring of blood glucose.’**? The gly-
cemic profile was also more favorable among device users
compared with non-device users, consistent with the findings
from a recent study published from an international network
of pediatric diabetes centers.>* We also did not observe sig-
nificant differences in the age at onset, duration of diabetes,
or gender between device users and device non-users.

Early adopters of advanced diabetes technologies tend to
be represented by people with T1D from families with higher
education and SES.** It is notable that although insulin pump
therapy has been a highly accepted mode of insulin delivery
for decades while CGM is a more recent addition to diabetes
management, the comparisons between device users and non-
users were similar. This observation highlights a likely persis-
tent tendency for those with greater knowledge and means to
receive diabetes devices, underscoring the need for improved
educational outreach and support aimed at increasing access
of such devices to more diverse youth with T1D. Such
approaches are increasingly important as advanced diabetes
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Table 2. Demographic and Clinical Characteristics of CGM Users vs. CGM Non-Users.
CGM users CGM non-users

(n = 81,27%) (n = 220, 73%) P-value
Age (years) 149 = 1.3 150 = 1.3 4
Diabetes duration (years) 69 =39 64 * 37 3
Sex (% female) 48% 51% .6
Race/ethnicity (% non-Hispanic white) 88% 70% .009
Family structure (% 2-parent) 89% 83% 2
Annual household income =$150,000 (%) 44% 23% .0001
Parental employment status (% full-time) 53% 69% .005
Health insurance (% private) 95% 82% .005
Parental education (% college or higher) 81% 64% .004
Presence of co-morbid conditions (%) 44% 51% 3
Body Mass Index z-score (Standard Deviation Score) 0.7 = 0.7 09 +0.38 2
Percent basal insulin (% of total daily dose) 47% 48% 3
Blood glucose monitoring (times/day) 52=*19 43+ 19 .0002
HbA I c at initial visit (=9%) 23% 35% 2
HbA ¢ at final visit (=9%) 27% 42% .03
Change in HbA | c from initial visit to final visit (%) 0.1 = I.1 02 = I.1 4

Abbreviation: CGM, continuous glucose monitors.
Bold font indicates statistical significance (P < 0.01).

technologies, including automated insulin delivery systems,
are becoming critical in efforts to optimize glycemic control
in people with T1D. Ongoing research is needed to under-
stand the perspectives of multiple stakeholders in these
efforts, including prescribers, people with diabetes, families,
and payers.

Our study also offers insights into psychosocial factors
that may be associated with device use from the teens’ and
their parents’ perspectives. Our study showed fewer depres-
sive symptoms and a greater level of self-care in youth on
pump therapy. In contrast to our findings, a previous study of
adolescents did not identify any difference in depressive
symptoms between pump users and non-users.'* This may
reflect different methods used to screen for depression. Our
study used the CES-D, which includes perceived mood and
level of functioning, while the Patient Health Questionnaire-8,
used in the other study,'* includes more severe criteria for
depressive symptoms/depression. It is possible that teens
with depressive symptoms are less interested in wearing an
insulin pump; it is also possible that the healthcare team may
discourage or discontinue insulin pump use among teens
with depressive symptoms or depression.

With respect to CGM use, the only difference in psycho-
social measures between CGM users and non-users was
greater reported diabetes self-care among users. This may
reflect the smaller numbers of CGM users and the ongoing
need to perform BG monitoring in the nonadjunctive era of
these observations. This finding is consistent with a large-
scale survey done in 2013 in which 80% of adult CGM users
reported that CGM facilitated their diabetes self-manage-
ment.>> With rapid advancements in glucose monitoring

technology, we expect that the perceived benefits of CGM
use will increase, as has been demonstrated in the recently
published results from the CGM Intervention in Teens and
Young Adults with T1D (CITY) study.’

Interestingly, in this relatively large sample, we did not
observe differences in diabetes burden between device users
and non-device users by either youth or parent report. There
may likely be a trade-off with the potential for reduced dia-
betes burden in association with device use that is offset by
the potential for increased burden associated with, for exam-
ple, frequent alerts and alarms from CGM glucose values out
of range.*® It is possible that newer devices, including auto-
mated insulin delivery systems, may reduce the diabetes bur-
den; research is ongoing in this area.

In our cohort, youth, in general, scored higher in diabetes-
specific family conflict than parents. These results are con-
sistent with other studies and suggest that youth may find
these family interactions around diabetes care more stressful
compared with their parents.’’® On the other hand, parents
are more likely to provide socially desirable responses than
teens, who are more prone to display extreme responses.
Significantly, the use of pumps and/or CGM devices was
not associated with higher diabetes-specific family conflict
by teen report, while parents of pump non-users did report
higher diabetes-specific family conflict than the parents of
pump users. The latter finding may reflect the overall con-
stellation of sociodemographic and diabetes-specific fac-
tors among pump non-users, creating a more stressful
environment for such families. Several studies have shown
that parents usually report positive benefits associated with
insulin pump use, such as increased flexibility.***! Thus,
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our findings are consistent with the parents of pump users
who report both less diabetes-specific family conflict and
higher general quality of life for their youth.

Given that diabetes technology aims to decrease the dia-
betes burden of self-care for individuals with TID and
improve glycemic outcomes, it is essential to ensure acces-
sibility to these devices and to promote consistent usage. For
example, Medtronic’s hybrid closed-loop system was shown
to be safe and able to improve glycemic control in the short
term*?; however, the discontinuation rate was as high as 30%
in an observational study.*’ One strength of the present study
is that it identifies modifiable diabetes and psychosocial
characteristics, such as glucose monitoring frequency, diabe-
tes control, diabetes-specific family conflict, and depressive
symptoms, associated with device use in teens with T1D.
These modifiable barriers can be addressed individually and
serve as the foundation for the future development of tailored
interventions to increase uptake and durability of device use
in youth with T1D, including automated delivery systems.
For example, additional mental health support or the use of a
patient decision aid/decision coaching may help teens with
diabetes device uptake and use.** Other strengths of this
study include the relatively large sample size, a wide range
of sociodemographic characteristics (e.g., 22% of the partici-
pants represented racial and ethnic minorities, many teens
were from families of lower SES) and assessments of both
teen and parent psychosocial characteristics pertinent to dia-
betes care.

Limitations of this study include a timeframe that ante-
dated improvements in CGM devices and FDA designation
of CGM for nonadjunctive use. Furthermore, this study pre-
dates the availability of the newer automated insulin deliv-
ery systems, which warrant study regarding use and non-use
beyond the initial hybrid closed system noted above. Our
study does not include the perceptions of providers, which
would be an essential perspective to understand in order to
ensure the equitable dissemination of advanced diabetes
technologies. Given the exploratory nature of this study, a
univariate comparison was used, which could be a limita-
tion. Therefore, future studies should include multivariable
analyses. The cost of diabetes devices was not compensated
by the study, so it is possible that the cost played a role in the
discontinuation of diabetes devices. However, there is gen-
erally reasonable insurance reimbursement for diabetes
devices for youth with T1D across most payers in the cur-
rent era. With respect to glycemic control, our study sample
included an entry Alc value of 6.5% to 11.0%, while glyce-
mia may vary to a greater extent in the general population of
T1D. In clinical practice, there is often no HbAlc or glyce-
mic control criteria for initiating CGM devices, although
insulin pumps may be discouraged from individuals with
extremely high HbAlc levels for safety concerns. Overall,
the use of advanced diabetes technologies generally depends
on if and when the family and the teen with diabetes are
ready to use such devices, and the healthcare team deems it

is safe to do so. Future research can include broader samples
of teens with T1D with a wider range of HbAlc levels.
Nonetheless, our study provides a broad range of data about
diabetes care from both adolescents and their parents, span-
ning sociodemographic, diabetes-specific, and general psy-
chosocial characteristics.

Conclusion

Our study found many distinct modifiable and non-modifi-
able sociodemographic (e.g., higher SES), diabetes-specific
(eg, more frequent BG monitoring), and psychosocial factors
(e.g., less depressive symptoms) associated with device use
in adolescents with T1D. More research is needed to over-
come modifiable barriers by developing tailored interven-
tions, such as providing more mental health support and
designing approaches to offer additional education to those
with non-modifiable barriers.
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