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Abstract
Background: This study assessed changes in actigraphy-estimated sleep and glycemic outcomes after initiating automated
insulin delivery (AID).

Methods: Ten adults with long-standing type | diabetes and impaired awareness of hypoglycemia (IAH) participated in an
I8-month clinical trial assessing an AID intervention on hypoglycemia and counter-regulatory mechanisms. Data from eight
participants (median age = 58 years) with concurrent wrist actigraph and continuous glucose monitoring (CGM) data were
used in the present analyses. Actigraphs and CGM measured sleep and glycemic control at baseline (one week) and months
3,6,9, 12, 15, and 18 (three weeks) following AID initiation. HypoCount software integrated actigraphy with CGM data to
separate wake and sleep-associated glycemic measures. Paired sample t-tests and Cohen’s d effect sizes modeled changes and
their magnitude in sleep, glycemic control, IAH (Clarke score), hypoglycemia severity (HYPO score), hypoglycemia exposure
(CGM), and glycemic variability (lability index [LI]; CGM coefficient-of-variation [CV]) from baseline to 18 months.

Results: Sleep improved from baseline to 18 months (shorter sleep latency [P < .05, d = |.74], later sleep offset [P <
.05, d = 0.90], less wake after sleep onset [P < .01, d = 1.43]). Later sleep onset (d = 0.74) and sleep midpoint (d = 0.77)
showed medium effect sizes. Sleep improvements were evident from 12 to |5 months after AID initiation and were preceded
by improved hypoglycemia awareness (Clarke score [d = 1.18]), reduced hypoglycemia severity (HYPO score [d = 2.13]),
reduced sleep-associated hypoglycemia (percent time glucose was < 54 mg/dL, < 60 mg/dL,< 70 mg/dL; d = 0.66-0.81), and
reduced glucose variability (LI, d = 0.86; CV, d = 0.62).

Conclusion: AID improved sleep initiation and maintenance. Improved awareness of hypoglycemia, reduced hypoglycemia
severity, hypoglycemia exposure, and glucose variability preceded sleep improvements.

This trial is registered with ClinicalTrials.gov NCT03215914 https://clinicaltrials.gov/ct2/show/NCT03215914.
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Introduction

Improved glycemic outcomes are a driving force for the
increased use of diabetes therapeutic technology in individu-
als with type 1 diabetes.'** Recurrent exposure to hypoglyce-
mia experienced in the context of periods of therapeutic
insulin excess impairs epinephrine and autonomic symptom
responses to hypoglycemia leading to defective glucose
counter-regulation and impaired awareness of hypoglycemia
(IAH), collectively recognized as the syndrome of hypogly-
cemia-associated autonomic failure (HAAF).>® Nocturnal
hypoglycemia is implicated in the development of HAAF as
sympathetic nervous system responses to hypoglycemia are
further diminished during sleep’ that itself may impair symp-
tom and wakening responses.®’ Technologies that mitigate
nocturnal hypoglycemia are important for adults with long-
standing type 1 diabetes complicated by IAH because miti-
gating nocturnal hypoglycemia is critical to break the cycle
of HAAF that leads to life-threatening hypoglycemia.®!%!!
Improved overnight glycemic control is a reported benefit of
automated insulin delivery (AID) with integrated continuous
glucose monitoring (CGM).'?!3 AID adjusts insulin delivery
using a predictive low glucose suspension of insulin delivery
for anticipated hypoglycemia and a hybrid closed-loop
(HCL) increase of basal and/or bolus insulin delivery for
hyperglycemia.'* However, the glycemic improvements
achieved using AID are juxtaposed with high rates of discon-
tinuation. Up to 50% of AID users discontinue device use
three to six months after initiation,'>'® and 31% of adult AID
users never initiate the HCL feature.!” Drawing from the
CGM literature, only about one-third of adults with long-
standing type 1 diabetes complicated by IAH continued
using CGM one year later, despite glycemic
improvements.?

Myriad reasons have been identified for discontinuing
AID and other diabetes technologies, including disrupted
sleep.'®21"25 Unsolicited sleep disruption themes emerge in
qualitative studies among adolescents and adults with type 1
diabetes suggesting the relevance of sleep disruption across
the lifespan.?! Disrupted sleep may be of particular concern
for older adults with type 1 diabetes due to age-related
declines in stage N3 sleep and associated increases in noctur-
nal arousals.?® Disrupted sleep has also been reported by
caretakers and bed partners of persons with type 1 diabetes.?’
All told, disrupted sleep may dampen enthusiasm for AID
and other diabetes technology use.

Undisrupted sleep is important for normoglycemia and
vice versa. Disrupted sleep (eg, nighttime awakenings) has
been linked to greater glucose variability, hyperglycemia,
and hypoglycemia.?®3% Difficulty returning to sleep and
daytime napping are common following nocturnal hypo-
glycemia.3! This body of evidence highlights the impor-
tance of targeting normoglycemia overnight to reduce
sleep disruptions. Thus, it is reasonable to predict that AID
will improve sleep given improved glycemic outcomes,

particularly nocturnal glycemia. Yet, evidence is mixed for
improvements in sleep after initiating AID.32* One expla-
nation for this mixed evidence is that prolonged adjust-
ment periods, perhaps longer than one year, may be needed
for individuals with type 1 diabetes to acclimate and to
trust the new technology before sleep improvements can
be realized.’ Few, if any studies have followed sleep out-
comes in adults with type 1 diabetes for longer than three
months after initiating AID. This study addresses these
shortcomings by evaluating the impact of initiating an AID
paired with CGM on actigraphy-estimated sleep over an
18-month period. We hypothesized that a prolonged adjust-
ment period to AID, perhaps longer than one year, may be
needed prior to detecting robust, significant improvements
in sleep.

Methods
Study Participants

Participants were recruited between 2017 and 2020 for a par-
ent study that determined whether intervention with AID
could achieve clinically important hypoglycemia avoidance
hypothesized to reverse defective glucose counter-regulation
and improve hypoglycemia symptom recognition in long-
standing type 1 diabetes complicated by IAH.* Recruitment
strategies have been described previously."* Adults (25-70
years) were eligible if they met the following inclusion crite-
ria: C-peptide negative type 1 diabetes diagnosed prior to 40
years of age, present for a > 10-year duration, and maintain-
ing intensive diabetes management (multiple-dose insulin
injections or continuous subcutaneous insulin infusion with
> 3 times/day self-blood glucose monitoring with or without
CGM and =3 clinic evaluations with an endocrinologist or
diabetes nurse practitioner during the previous 12 months),
IAH as determined by a Clarke score = 4, and hypoglycemia
severity (HYPO score) =90th percentile or both a HYPO
score = 75th percentile and a glycemic lability index (LI)
=75th, confirmed hypoglycemia exposure that was deter-
mined by sensor glucose levels <60 mg/dL >5% and at least
one episode of nocturnal hypoglycemia during seven days of
CGM. Exclusion criteria and additional details are available
at ClinicalTrials.gov (NCT03215914).

Study Procedures

Participants provided written informed consent prior to any
study procedures and underwent a multistage screening pro-
cess to determine eligibility for the single arm intervention
study. Participants wore a blinded CGM (iPro 2) or their cur-
rent CGM for eligibility determination. Retained participants
were required to demonstrate tolerability and compliance
with using AID (MiniMed 670G, Medtronic Diabetes,
Northridge, CA; t:slimX2, Tandem Diabetes, San Diego,
CA) prior to the intervention during a two-week run-in
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monitoring period while using a wrist actigraph (Actigraph
GT3X)and the CGM without automated features. Participants
meeting all eligibility criteria and confirming tolerability and
compliance were trained on using the automated features of
either the MiniMed 670G (n = 7) or the Tandem t-slim sys-
tem (n = 1). The participant using the Tandem t-slim used
the sleep mode program the majority of the nights through-
out the study period. Participants transitioned to the interven-
tion phase after one week during which the insulin pump was
placed in automated mode. Participants returned for monthly
visits during the first six months of the intervention and
every three months thereafter (months 9, 12, 15, and 18) to
review the CGM and insulin delivery data. Participants wore
a wrist actigraph for at least one week during the baseline
screening period and for at least two weeks every three
months after initiating AID (months 3, 6, 9, 12, 15, and 18).
Glucose levels were measured concurrently using a CGM
system.

Data Collection and Measures

Sleep. Sleep was estimated from data collected using a well-
validated wrist actigraph (Actigraph wGT3X-BT).!33¢ Wrist
movements were recorded at a sample rate of 30 Hz and data
were downloaded using the ActiLife software (version
6.13.3). Several sleep dimensions were estimated, including
duration, onset, midpoint, efficiency, and regularity. Actig-
raphy has been demonstrated to be robustly stable within
people over time.?’

Glycemic control changes over time. Hemoglobin Alc (HbAlc)
provided a two- to three-month average of pre- and postpran-
dial glucose levels®® and were measured at the 3, 6, 9, 12, 15,
and 18-month visits from whole blood samples using high-
performance liquid chromatography (Primus CLC330;
Tosoh Alc 2.2 Plus).

CGM estimated interstitial glucose every ten seconds
using an electrochemical subcutaneous sensor. Interstitial
glucose estimates were averaged every five minutes. CGM
data were used to calculate mean sensor glucose, glucose
coefficient-of-variation (CV), and the percentage of time
sensor glucose was below range (< 54 mg/dL,< 60 mg/
dL,< 70 mg/dL), in range (70-180 mg/dL), and above range
(> 180, > 250 mg/dL) using HypoCount software (version
2.0; PRECISE Center, University of Pennsylvania,
Philadelphia, PA). This software enabled integration of wrist
actigraphy and CGM data to objectively separate wake and
sleep-associated periods based on sleep onset and offset.
CGM sensor accuracy was assessed at each study visit.*

IAH, hypoglycemia severity, and glycemic lability. IAH was
assessed using the Clarke score that was derived from a reli-
able and valid eight-item survey.*’ This survey queries par-
ticipants about the frequency of hypoglycemic episodes in
the past month and year and participants symptomatic

responses to hypoglycemia.*’ The Clarke score has been val-
idated as an accurate predictor of hypoglycemia symptom
recognition during hypoglycemic clamp testing.*!

The frequency and severity of clinically important hypo-
glycemia was assessed using hypoglycemia severity (HYPO
score). The HYPO score was calculated by combining par-
ticipants’ recollection of hypoglycemic episodes requiring
assistance to recognize or treat the episode over the previous
year with prospective data of symptoms and assistance asso-
ciated with clinically important hypoglycemia (< 54 mg/dL)
events from four-week blood glucose records. HYPO scores
= 1047 indicate severe hypoglycemic problems; HYPO
scores between 423 and 1046 indicate moderate hypoglyce-
mia problems; HYPO scores = 423 indicate no hypoglyce-
mia problems.*

Changes in glucose over time were estimated using the
LL* The LI was calculated from glucose records using
the formula described by Ryan et al.*> Higher LI scores indi-
cate less stable glucose levels with LI > 433 indicating
severe glycemic lability.*? Consistency of repeated measures
of HYPO score and LI for use in longitudinal studies has
previously been established.*’

Statistical Analyses

Ten participants with long-standing type 1 diabetes and IAH
participated in this 18-month clinical trial. Two participants
were excluded from the present analyses because they did
not wear the wrist actigraph at month 18. Data from eight
participants providing complete data from concurrently worn
wrist actigraphs and CGM were included in the present anal-
yses. Data are presented as means * standard deviations
(SDs) or medians and interquartile ranges (IQRs). Paired
sample ¢-tests were used to assess changes in means for sleep
metrics from baseline to 18 months within each individual.
Cohen’s d effect sizes were used to estimate the magnitude of
change from baseline to 18 months using the following
ranges: = 0.2 small, = 0.5 medium, and = 0.8 large.**

Results

Participants were a median age of 57.5 (IQR = 38-63) years.
Most participants were non-Hispanic (n = 7, 87.5%), White
(n=1,87.5%), females (n = 5, 62.5%) with a median dura-
tion of type 1 diabetes of 41.0 (IQR = 24.5-47.5) years. The
mean body mass index was in the healthy range (23.95 =
1.19 kg/m?).

There were statistically significant changes in several
actigraphy-estimated sleep characteristics from baseline to
18 months. Statistically significant shorter sleep onset
latency indicated improved sleep initiation (P < .05; d =
1.74, Figure 1a) and statistically significant later sleep offset
and less wake after sleep onset (WASO) indicated improved
sleep maintenance (P < .05; d = 0.90, Figure 1b; P < .01; d
= 1.43, Figure lc, respectively). There was a moderate
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Figure |. Changes from baseline to 18 months for actigraphy-estimated (n = 8): (a) Sleep onset latency (t = =4.93, P < .05, d = 1.74),
(b) sleep offset (t = —2.58, P < .05, d = 0.90), (c) wake after sleep onset (WASO; t = 4.05, P < .0l, d = 1.43), (d) sleep onset (t =2.10,
d = 0.47), (e) sleep midpoint (t = 2.17, d = 0.77), (f) total sleep time (t = —0.43, d = 0.15), (g) sleep efficiency (t = 0.97, d = 0.34), (h)
sleep fragmentation index (t = 0.73, d = 0.26), (i) social jet lag (t = —0.62, d = 0.22), and (j) nighttime awakenings (t = 0.13, d = 0.05).

All figures show mean = SD.

magnitude of change for the time of sleep onset and sleep
midpoint, a proxy of circadian phase, indicating a shift
toward later sleep times (d = 0.74, Figure 1d; d = 0.77,
Figure le, respectively). There were no statistically signifi-
cant changes in other actigraphy-estimated sleep characteris-
tics, including total sleep time, sleep efficiency, sleep
fragmentation index, and social jet lag (the difference in
sleep midpoints between free and work days),* or in the
number of nighttime awakenings from baseline to 18 months
(Figure 1£-)).

As already reported,*” there were improvements in aware-
ness of hypoglycemia and glucose control from baseline to
18 months. In the current study analysis, lower Clarke scores
reflected improved awareness of hypoglycemia (d = 1.18).
Lower HYPO scores indicated reduced hypoglycemia sever-
ity (d = 2.13), and lower LI reflected more stable glucose
levels (d = 0.86). There were also several changes in glucose
control from baseline to end-of-treatment that were of mod-
erate and large effect sizes. There was a large magnitude of
change for the percentage of time glucose was < 70 mg/dL
during the sleep-associated period (d = 0.79). There was a
moderate magnitude of change for the percentage of time
glucose was in target range (d = 0.57), for the percentage
of time glucose was < 70 mg/dL during the wake period

(d = 0.46), for the percentage of time glucose was < 70 mg/
dL during the sleep and wake period (d = 0.72), and for the
CV (d = 0.65). These changes indicated less overall and in
particular less sleep-associated hypoglycemia, as well as
lower glucose variability. Moreover, AID led to an improved
epinephrine response and partial recovery of glucose coun-
ter-regulation as evidenced by reduced peripheral glucose
utilization during the hyperinsulinemic hypoglycemic clamp
experiments, as well as an improved autonomic symptom
response evidencing improved hypoglycemia symptom rec-
ognition.** There were no statistically significant changes in
HbA Ic, nor in mean or time-in-range sensor glucose levels
from baseline to 18 months (Table 1).

Discussion

This study evaluated the impact of initiating an AID system
on actigraphy-estimated sleep over an 18-month period in
adults with long-standing type 1 diabetes complicated by
IAH, a group at increased risk for severe, life-threatening
hypoglycemia. Actigraphy-estimated improvements in sleep
initiation and maintenance, included a shorter sleep onset
latency, later sleep offset, and less WASO 18 months after
AID system initiation. These changes were first evident 12 to
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Table 1. Glycemic Characteristics at Baseline and at |18 Months After Initiating a Hybrid Closed Loop Insulin Delivery System and the

Change in Values From Baseline to 18 Months (n = 8).

t-test (df),
18 months, baseline to Effect size

Glycemic characteristic ~ Baseline, mean (SD) Baseline, median (IQR) mean (SD) 18 months, median (IQR) 18 months (d)?
HbAlc (%) 7.05 (1.21) 7.00 (6.40-7.25) 7.21 (0.78) 7.20 (6.90-7.85) -0.44 (7) 0.16
Mean sensor glucose 147.69 (21.60) 114.82 (129.45-165.18) 151.64 (26.44) 145.90 (136.69—165.58) -0.64 (7) 0.23
(mg/dL)
Percentage of time sensor glucose was in range

70-180 mg/dL 55.89 (18.9) 57.59 (47.95-64.67) 65.27 (21.95) 70.73 (51.37-83.17) -1.60 (7) 0.57
Percentage of time sensor glucose was below and above range (daytime and nighttime) as defined by accelerometry estimated sleep-wake period

< 54 mg/dL 2.38 (2.62) 1.70 (0.32-3.81) 0.55 (0.75) 0.24 (0.15-0.70) 1.79 (7) 0.63

< 60 mg/dL 3.30 (3.13) 2.82 (0.48-5.93) 1.05 (1.27) 0.41 (0.35-1.58) 1.83 (7) 0.65

< 70 mg/dL 6.22 (5.22) 6.12 (1.08-11.28) 2.26 (2.27) 1.17 (0.87-3.55) 2.05 (7) 0.72

> 180 mg/dL 26.19 (13.52) 27.22 (14.02-36.09) 25.82 (18.08) 22.80 (13.73-34.03) 0.11 (7) 0.04

> 250 mg/dL 6.02 (5.75) 4.43 (2.00-9.13) 5.05 (5.13) 3.33 (0.83-9.12) 0.67 (7) 0.24
Percentage of time sensor glucose was below and above range during the wake period as defined by accelerometry estimated sleep-wake period

< 54 mg/dL 1.46 (1.13) 1.56 (0.49-2.18) 0.79 (1.07) 0.35 (0.17-1.13) 1.24 (7) 0.44

< 60 mg/dL 2.35(1.89) 2.31 (0.76-3.61) 1.48 (1.75) 0.62 (0.14-2.47) 1.15(7) 0.41

< 70 mg/dL 4.88 (4.12) 3.52 (1.51-8.28) 3.09 3.11) 1.54 (1.14-5.45) 1.29 (7) 0.46

> 180 mg/dL 26.73 (15.57) 23.75 (13.57-36.91) 29.46 (18.28) 27.35 (14.85-42.09) -1.09 (7) 0.38

> 250 mg/dL 5.59 (5.18) 4.47 (1.44-9.25) 7.07 (7.50) 4.21 (1.23-11.77) -1.06 (7) 0.37
Percentage of time sensor glucose was below and above range during the sleep-associated period as defined by accelerometry estimated sleep-wake
period

< 54 mg/dL 4.12 (6.15) 1.05 (0-7.03) 0.09 (0.19) 0 (0-0.09) 1.85 (7) 0.65

< 60 mg/dL 5.03 (6.2) 2.43 (0-9.06) 0.25 (0.55) 0 (0-0.19) 2.01 (7) 0.71

< 70 mg/dL 8.41 (9.80) 4.35 (0.38-16.04) 0.68 (1.29) 0.09 (0.03-0.75) 222 (7) 0.79

> 180 mg/dL 25.45 (14.06) 26.36 (16.44-34.69) 19.06 (19.84) 13.13 (5.76-25.88) 0.99 (7) 0.35

> 250 mg/dL 6.99 (8.52) 4.69 (0-12.49) 3.68 (6.01) .11 (0-4.97) 091 (7) 0.32
Coefficient-of-variation 0.37 (0.09) 0.36 (0.29-0.42) 0.31 (0.04) 0.30 (0.28-0.33) 1.84 (7) 0.65
Clarke score 5.38 (1.19) 5.00 (4.50-6.05) 3.38 (2.39) 4.00 (1.00-5.50) 3.35%(7) 1.18
HYPO score® 1288.13 (642.73) 1300.50 (901.00-1628.00) 94.63 (126.72)  126.72 (0-184.00) 6.01%* (7) 2.13
Lability index 362.48 (205.47) 396.40 (198.00-463.30) 178.83 (43.63) 170.90 (141.00-215.30) 2.43%(7) 0.86

Abbreviations: SD, standard deviation; IQR, interquartile range.
3Cohen’s d, *P < .05, **P < .001.
®Hypoglycemia severity score.

15 months after AID system initiation. This evidence sup-
ports the hypothesis that a prolonged adjustment period to
AID may be needed prior to observing robust improvements
in sleep and may explain the mixed evidence for sleep
improvements following AID system initiation reported by
others.** There were also several improvements in glycemic
control, including improved awareness of hypoglycemia
symptoms, less severe hypoglycemia, and more stable glu-
cose levels. A large effect size for reduced sleep-associated
hypoglycemia was also found. Glycemic improvements were
already evident within the first three to six months of AID
system initiation and preceded improvements in sleep.
Reduced nocturnal awakenings are expected in individu-
als with IAH because of even further diminished counter-
regulatory hormone and symptom responses to hypoglycemia
during sleep interfering with arousal by hypoglycemia
symptoms; these contribute to maintenance of HAAF and its
associated defects in glucose counter-regulation and hypo-
glycemia symptom recognition.”® However, reduced noctur-
nal awakenings in the current study occurred in the context

of improved awareness of hypoglycemia, as assessed by both
questionnaires and hypoglycemic clamp testing. This may be
explained by the near elimination of exposure to hypoglyce-
mia in the sleep-associated period during intervention with
AID that suspends insulin delivery for predicted hypoglyce-
mia, and perhaps as well by some protection from develop-
ing low blood glucose imparted by the modest improvements
in physiologic counter-regulation,® although the latter was
not tested during periods of sleep. Another factor that may
contribute to the observed reduction in nocturnal awakenings
may be the reduction in glucose variability. Brandt et al
reported that reduced glucose variability was associated with
nights of good sleep quality, hence suggestive of reduced
nocturnal awakenings in adults with type 1 diabetes.*®
These sleep-associated hypoglycemia reductions and gly-
cemic variability improvements would have also led to fewer
nocturnal alarms (percent time < 70 mg/dL = 7.24% base-
line], 1.33% [18 months]; CV = 35% [baseline], 31% [18
months], respectively). It is also possible that participants
experienced a feeling of safety using the AID system and
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experienced less hypoglycemia fear, particularly during
sleep.*’ Findings from the current study thus support that
improvements in hypoglycemia avoidance, as well as in glu-
cose variability may be needed before improvements in sleep
can be observed in adults with long-standing type 1 diabetes
initiating AID.

The improvements in sleep initiation and maintenance in
the current study reflect improvements in sleep quality (eg,
fewer sleep disruptions). These improvements in sleep onset,
sleep offset, and nocturnal awakenings are in line with
some,** but not all3*3**° evidence that self-reported sleep
quality is improved in insulin pump and/or AID system
users. A potential reason for the disparate findings is that the
current study did not rely on self-reported sleep quality,
which can be inaccurate, but rather actigraphy-estimated
measures of sleep initiation and sleep maintenance.

Finally, there were no statistically significant changes in
several actigraphy-estimated sleep dimensions, such as sleep
duration and efficiency. However, it is important to note that
participants in this sample had adequate total sleep time (>7
hours), a high sleep efficiency (>90.5%), and <1 hour of
social jet lag at baseline (Figure 1). This suggests that there
was little room or need for improvement in these dimensions
of sleep for this study cohort.

Improvements in Clarke score, HYPO score, LI, and CV
were found in this current study and reported previously®
indicating improved awareness of hypoglycemia, less prob-
lematic hypoglycemia, and reduced glucose variability. We
have previously reported a moderate effect size for improved
IAH, reduced hypoglycemia severity and more stable glu-
cose levels using Clarke scores, HYPO scores and LI, respec-
tively, nine months after AID initiation.'* The now completed
study supports these earlier findings by reporting continued
improvements in these measures after the nine-month time
point and reaching statistically significant improvements 18
months after AID system initiation.*> These findings are clin-
ically relevant because IAH is a limiting factor for achieving
glycemic goals for many individuals with type 1 diabetes.
Improvements in awareness of hypoglycemia open the pos-
sibility for achieving glycemic goals without increasing life-
threatening hypoglycemia risk.

The large effect size for reduced sleep-associated hypo-
glycemia 18 months after AID initiation is clinically rele-
vant. This finding is consistent with other reports for
decreases in nocturnal hypoglycemia following AID initia-
tion,**52 and our earlier report of reduced sleep-associated
hypoglycemia nine months after AID initiation.'> A particu-
larly unique contribution of this current study is that the CGM
data were integrated with each participant’s actigraphy-esti-
mated sleep data to more precisely separate wake and sleep-
associated periods rather than relying on a generic a priori
defined nighttime period (eg, 00:00-6:00), which can be mis-
representative due to differences in sleep parameters between
individuals as well as night to night variability within
individuals.”* Reducing sleep-associated hypoglycemia is

clinically relevant for contributing to the reversal of HAAF
because nocturnal hypoglycemia is particularly associated
with severe, life-threatening hypoglycemia.>

The strengths of this study include the 18-month longitu-
dinal design and concurrently estimated objective sleep, gly-
cemic control, and glucose counter-regulatory outcome
measures. This study is limited by the small sample size and
narrow demographic characteristics of the participants. In
addition, diet and exercise can influence glucose fluctuations
and these were not systematically controlled for in this
study.>® Future analyses should aim to evaluate sleep quality
subjectively and the extent to which daily variations in sleep
characteristics predict next-day variations in glucose charac-
teristics and vice versa,*® as well as the coupling between
sleep-wake states with glucose metrics using approaches,
such as wavelet coherence analysis.>®

Conclusion

Sleep disruptions are a common barrier for individuals with type 1
diabetes initiating new diabetes technology devices. Insulin pumps,
CGMs, and mobile phones are new bed partners for individuals ini-
tiating AID therapy and may be a contributing factor for discontinu-
ing AID therapy. The current study’s findings suggest that glycemic
improvements precede sleep improvements and that prolonged
adjustment periods, perhaps longer than one year, may be needed
for individuals with type 1 diabetes to acclimate to the new technol-
ogy before sleep improvements can be realized.
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