
Improvements in Parental Sleep,
Fear of Hypoglycemia, and
Diabetes Distress With Use of an
Advanced Hybrid Closed-Loop
System
Diabetes Care 2022;45:1292–1295 | https://doi.org/10.2337/dc21-1778

Erin C. Cobry,1 Alessandro Bisio,2

R. Paul Wadwa,1 and Marc D. Breton2

OBJECTIVE

Parental sleep quality may contribute to glycemic control in youth with type 1
diabetes. In this article we present sleep analysis from a multicenter, randomized
trial of children ages 6–13 years with type 1 diabetes evaluating the Tandem Con-
trol-IQ (CIQ) hybrid closed-loop (HCL) system.

RESEARCH DESIGN AND METHODS

Pittsburgh Sleep Quality Index (PSQI) scores were assessed at baseline to identify
parents as “poor” sleepers (PSQI >5). Glycemic and psycho-behavioral outcomes
before and after CIQ use were analyzed in poor sleepers (n 5 49) and their
children.

RESULTS

Nocturnal time in range (P < 0.001) and time hyperglycemic (P < 0.001), Hypogly-
cemia Fear Survey for Parents score (P < 0.001), Problem Areas in Diabetes scale
score (P < 0.001), PSQI score (P < 0.001), and Hypoglycemia Fear Survey for Chil-
dren score (P 5 0.025) significantly improved. Of poor sleepers, 27 became good
sleepers (PSQI score <5).

CONCLUSIONS

Use of CIQ in youth with type 1 diabetes ages 6–13 years significantly improved
sleep and psychosocial measures in parent poor sleepers, coinciding with
improvements in child nocturnal glycemia, highlighting the relationship between
HCL systems and parent sleep quality.

Type 1 diabetes is complex, requiring frequent glucose monitoring and insulin
administration. Quality sleep is important for physical and mental health (1), with
sleep duration recommendations of 9–12 h for children 6–12 years old and 7–9 h
for adults (2). In type 1 diabetes, insufficient sleep is associated with hyperglyce-
mia, insulin resistance, elevated hemoglobin A1c (HbA1c), and decreased self-man-
agement (3,4). Type 1 diabetes causes unique nocturnal disruptors, and parents of
children with type 1 diabetes are especially prone to sleep disruptions (5).

Novel therapeutics for diabetes management, including insulin pumps, continuous
glucose monitors (CGM), and hybrid closed-loop (HCL) systems, have significantly
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impacted diabetes care (6,7). HCL systems
improve time in range (TIR) (70–180
mg/dL), often with achievement of
the recommendations ($70%) (7). TIR
improvement is most notable during
the nighttime (7,8). Use of HCL sys-
tems also reduces time spent in a
state of hypoglycemia (<70 mg/dL) (7)
and reduces fear of hypoglycemia (8),
contributors of insufficient sleep for
youth with type 1 diabetes and
parents (9).
The impact of HCL on sleep in youth

with type 1 diabetes and their families
is still being evaluated and may be sys-
tem dependent, with some reporting
improvement and others reporting mini-
mal change (8,10,11). Previously pub-
lished data from this study showed
improving subjective sleep in parents
after child HCL use compared with the
control group, though statistical signifi-
cance was not reached (12). This report
describes the association between sub-
jective sleep in parents of youth using
the Tandem Control-IQ (CIQ) HCL sys-
tem and nocturnal glycemic and psycho-
social outcomes, focusing on parents
with baseline poor sleep quality.

RESEARCH DESIGN AND METHODS

This multicenter, randomized trial was
conducted at four U.S. pediatric diabetes
centers. A central institutional review
board (JAEB Center for Health Research,
Tampa, FL) approved the protocol. Infor-
med consent and assent were obtained
from parents and children. Eligibility cri-
teria included ages 6–13 years, type 1
diabetes duration $1 year, and total
daily insulin $10 units/day. Parent par-
ticipants were self-selected. An Investiga-
tional Device Exemption was approved
for CIQ use, as the study was conducted
prior to U.S. Food and Drug Administra-
tion approval.

Overall Study Design
The study design has previously been
described in more detail (7). In brief, chil-
dren with type 1 diabetes randomized to
the CIQ group (treatment) were trained
on the t:slim X2 insulin pump with CIQ
(Tandem Diabetes Care, San Diego CA)
and a G6 CGM (Dexcom, San Diego, CA).
Control group participants used the G6
CGM with an insulin pump (sensor-aug-
mented pump [SAP]). The study included

a 16-week randomized period followed
by a 12-week extension, where the SAP
group transitioned to CIQ and the treat-
ment group remained on CIQ.

Patient-Reported Outcomes
Patient-reported outcomes (PROs) were
assessed at three time points (baseline
and 16 and 28 weeks) with the Pitts-
burgh Sleep Quality Index (PSQI) (for
parents) and the Hypoglycemia Fear
Survey (HFS)-II and Problem Areas in
Diabetes (PAID) survey (parents and
children). The PSQI (validated for adults;
10 questions, with rating 0 to 3) is for-
mulated to assess sleep quality and dis-
turbance over the previous month.
Higher scores indicate worse sleep qual-
ity and total score >5 indicates poor
sleep. The HFS (validated for parent
[Hypoglycemia Fear Survey for Parents
(HFS-P)] and children age $6 years
[Hypoglycemia Fear Survey for Children
(HFS-C)], with 26 and 25 items, respec-
tively) has a 0 to 4 scale (then scaled to
0 to 100) with higher scores indicating
more fear. A total score and two sub-
scales (behavior and worry) are gener-
ated. The PAID survey (validated for
parent and children age $8 years, with
16 and 11 items) has a 0 to 6 scale
(then scaled to 0 to 100) with higher
scores reflecting more diabetes distress.

Outcomes
The primary safety and efficacy out-
comes have previously been published
(7). The current report represents a
secondary analysis focused on out-
comes in parents with baseline subop-
timal sleep. Parents with a baseline
PSQI score >5, regardless of the study
arm, were identified as poor sleepers,
while those with PSQI scores #5 were
identified as good sleepers. Postinter-
vention outcomes were obtained after
16 (treatment group) or 12 (control
group) weeks. Glycemic measures
reported represent nocturnal glycemic
outcomes between midnight and 6:00
A.M. to ensure capture of data during
sleep.

Child nocturnal glycemic data and
parent and child PROs for poor sleepers
were compared from pre-HCL to post-
HCL with t test or Wilcoxon signed-rank
test, according to the variable distribu-
tion. Mixed ANOVA, with HCL as a

covariate, was performed for assessment
of PSQI changes after use of the HCL
system.

RESULTS

A total of 101 parent-child dyads were
enrolled. Participants were randomly
assigned in a 3:1 ratio to CIQ (n 5 78) or
SAP (n 5 23). Child age ranged from 6.5
to 13.9 years (mean ± SD 11.2 ± 2.1
years), diabetes duration ranged from 1
to 12 years (5.2 ± 2.8 years), 50% were
female, and baseline HbA1c ranged from
5.5 to 11.0% (7.7 ± 1.0%). A total of 49
parents met criteria for poor sleep and
50 met criteria for good sleep; two did
not complete the questionnaire and were
excluded.

Parent and Child PROs
In analyses of parent poor sleeper PSQI
score, changes showed improvement
after CIQ use (P < 0.001). All parent
PROs had significant improvements
(Table 1). Twenty-seven of the 49 poor
sleepers became good sleepers. Signifi-
cant reduction in total HFS-C score
occurred.

Child Glycemic Outcomes
Child nocturnal glycemic data showed
significant improvements in mean sen-
sor glucose, sensor glucose SD, TIR, and
time with glucose level >180 mg/dL
(P < 0.05). Time <70 mg/dL was not
significant (P 5 0.703). Time <54 mg/
dL increased (from 0.0 to 0.1%; P 5
0.04).

Parent Poor Sleepers Versus Good
Sleepers
At baseline, median PSQI score for parents
who were classified as poor sleepers was
7 (interquartile range 6–10) and for good
sleepers 4 (2–4). Good sleeper scores did
not significantly change over time. Poor
sleepers had higher diabetes-related dis-
tress at baseline compared with good
sleepers (P 5 0.002); however, there was
no longer a significant difference after
use of CIQ (P 5 0.221). Child PAID
score was higher among children of
parent poor sleepers compared with
children of good sleepers (P 5 0.015),
a difference that continued after CIQ
use (P 5 0.038). Other glycemic out-
comes and PROs scores were not
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significantly different between poor
and good sleepers.

CONCLUSIONS

Poor sleep in children with type 1 dia-
betes and their parents is associated
with hyperglycemia, increased HbA1c,
and decreased diabetes self-manage-
ment (3,4,13), as well as depression and
anxiety (14). Use of the CIQ system is
associated with improved sleep after
only 12–16 weeks of use in parents of
children with type 1 diabetes who met
criteria for inadequate sleep. Fear of
hypoglycemia and diabetes distress, com-
mon sleep disruptors for parents (9), was
reduced. Children of poor sleepers had
significant improvement in nocturnal TIR
and time hyperglycemic after using CIQ.
There was a statistically significant inc-
rease in nocturnal time spent with glu-
cose level <54 mg/dL (from 0.0 to 0.1%);
however, it is not clinically relevant and
the time was within the recommenda-
tions for time in a state of hypoglycemia
(<4%) (15).

This study was limited to self-report
of sleep measures, and further research
is needed to determine whether the
same findings exist with objective
sleep data, including actigraphy. In
addition, child sleep was not assessed.
The child age was limited to 6–13
years, and therefore findings may not

be generalizable to a younger or older
population.

Use of HCL systems significantly
improves PROs in parents of children
with type 1 diabetes classified as poor
sleepers while simultaneously improv-
ing glycemic control. This represents
an exciting potential for HCL systems
to not only manage glycemia but also
improve sleep.
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