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Abstract

Aims—To date, studies on sleep disturbances in type 1 diabetes (T1D) have been limited to youth
and/or small samples. We therefore assessed the prevalence of subjective sleep disturbances and
their associations with glycemia and estimated insulin sensitivity in individuals with longstanding
T1D.

Methods—We conducted a cross-sectional study including 222 participants of the Epidemiology
of Diabetes Complications study of childhood-onset T1D attending the 25-year examination
(mean age=52 years, diabetes duration=43 years). The Berlin Questionnaire (risk of obstructive
sleep apnea, OSA), the Epworth Sleepiness Scale (daytime sleepiness), and the Pittsburgh Sleep
Quality Index (sleep quality, bad dreams presence, and sleep duration) were completed.
Associations between sleep disturbances and poor glycemic control (HbA1; 27.5%/58 mmol/mol),
log-transformed HbA;, and estimated insulin sensitivity (estimated glucose disposal rate, eGDR,
squared) were assessed in multivariable regression.

Results—The prevalences of high OSA risk, excessive daytime sleepiness, poor sleep quality,
and bad dreams were 23%, 13%, 41%, and 26%, respectively, with more women (51%) reporting
poor sleep quality than men (30%, p=0.004). Participants under poor glycemic control were twice
as likely to report bad dreams (p=0.03), but not independently (p=0.07) of depressive
symptomatology. Sleep duration was directly associated with Hb A, among individuals with poor
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glycemic control, but inversely in their counterparts (interaction p=0.002), and inversely associated
with eGDR (p=0.002).

Conclusions—These findings suggest important interrelationships between sleep, gender,
depressive symptomatology, and glycemic control, which may have important clinical
implications. Further research is warranted to examine the mechanism of the interaction between
sleep duration and glycemic control.
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1. Introduction

Two related chronic conditions, diabetes and sleep disorders, have increased over the past
few decades [1-3]. Disturbed sleep is associated with burdensome public health conditions
including incident hypertension [4], coronary heart disease [5, 6], stroke [5, 7], and even all-
cause mortality [5]. Importantly, the association between sleep disturbance and diabetes
appears to be bidirectional, e.g. poor sleep quality can worsen diabetes control, while
diabetes complications can impair sleep quality [8]. The majority of studies linking sleep
disturbances and diabetes have focused on type 2 diabetes [9-11] and obesity risk factors.
Sleep disturbances in type 1 diabetes (T1D) have been studied, however, most research has
been limited to youth [12-14] and/or samples of less than 50 individuals [12-15]. As obesity
has been increasing among persons with T1D [16], studying the role of disturbed sleep in
this population has now become even more relevant.

The prevalence of sleep-disordered breathing in T1D [17-20] appears somewhat similar to
that in the general population, however, without a male preponderance [21]. For instance,
polysomnography-measured moderate-to-severe obstructive sleep apnea (OSA, apnea
hypopnea index (AHI) >10 events/hour) in a T1D study by Manin et al. was present among
46%, while the prevalence of severe OSA (AHI+30 events/hour) was 19% [20]. No gender
difference was present in this study [20]. In another T1D cohort, Schober and colleagues
observed a lower moderate-to-severe OSA prevalence (10.3%), although defined as AHI =15
events/hour, but did not find differences by gender [19]. In a small T1D pilot study (n=40),
Borel et al. observed a high prevalence of OSA (40%) defined as AHI >15 events/per hour
or OSA treatment, but did not assess gender differences [18]. In contrast to the T1D studies
by Manin et al. [20] and Schober et al. [19], a profound gender difference in moderate-to-
severe sleep-disordered breathing defined by the current 2012 American Academy of Sleep
Medicine criterion [22] (AHI = 15 events/hour) has been recently reported in the general
population (i.e. 23.4% in women; 49.7% in men) [21].

The variability in the prevalence of OSA/sleep-disordered breathing in T1D mainly stems
from differences in methodologies and definitions used to characterize disturbed sleep [18-
20]. Although polysomnography is the gold standard for diagnosing sleep disorders, it is
rarely feasible to implement in large epidemiological studies. Additionally, screening tools
for different sleep disturbances are widely available and easy to implement. However, to the
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best of our knowledge, only one previous study measured various sleep disturbances in T1D
adults using several validated sleep questionnaires, but did not assess gender differences
[17].

The relationship between disturbed sleep and glycemic control among adults with T1D is
inconsistent. While some studies observed non-significant associations [17, 18, 20] between
sleep disturbances (e.g. poor sleep quality, excessive daytime sleepiness, high-risk OSA) and
hemoglobin A (HbA1c), positive associations have also been reported (i.e. with excessive
daytime sleepiness, shorter sleep duration, and shorter deep sleep time) [19, 23, 24]. The
effect of disturbed sleep on insulin resistance/sensitivity in T1D is also unclear.
Nevertheless, a previous T1D study demonstrated a decrease in peripheral insulin sensitivity
in seven participants after only one night of restricting sleep duration to four hours [15].

The objectives of our study were therefore to determine the overall and gender-specific
prevalence of subjective sleep disturbances using three validated sleep questionnaires and to
assess cross-sectional relationships between sleep disturbances and both glycemic control
and estimated insulin sensitivity in a well-characterized cohort of adults with long-standing,
childhood-onset T1D.

2. Materials and Methods

The study population comprised participants from the Pittsburgh Epidemiology of Diabetes
Complications (EDC) study - an ongoing, 25-year prospective cohort of childhood-onset
(<17 years) T1D [25, 26]. The EDC was based on individuals diagnosed with incident T1D,
or seen within one year of diagnosis, at Children’s Hospital of Pittsburgh between 1950 and
1980. In order to participate in EDC, participants had to reside within a two hours’ drive or
100 miles from the EDC clinic. This cohort was previously shown to be representative of the
T1D population in Allegheny County, Pennsylvania [27]. At baseline (1986-1988),
participants (n=658) were on average 28 years old and had a mean diabetes duration of 19
years. They were re-examined or surveyed every two years post baseline. The study protocol
was approved by the University of Pittsburgh Institutional Review Board and a written
informed consent was provided prior to any study procedure.

During the most recent, 25-year clinical examination (2011-2014), three validated sleep
questionnaires, the Pittsburgh Sleep Quality Index [28] (PSQI), the Epworth Sleepiness
Scale [29] (ESS), and the Berlin Questionnaire [30] (BQ), were used for the first time to
assess sleep quality, excessive daytime sleepiness, and OSA risk, respectively. The PSQI
was self-administered prior to the clinical examination. During the clinical exam, the BQ
and ESS were administered by a trained research specialist who also inquired about a history
of diagnosed OSA. Out of 376 in-area, exam-eligible participants, 222 (59%) completed the
BQ and the ESS, while 196 (52%) fully completed the PSQI. One participant attended the
exam but did not complete the sleep questionnaires.

2.1. Subjective sleep disturbances

The PSQI assesses sleep quality and disturbance during the past month [28]. It consists of 19
self-rated questions and five questions rated by a roommate or bed partner which are not
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calculated into the total score. The 19 questions are grouped into seven component scores
(i.e. sleep quality, latency, duration, efficiency, disturbances, sleep medication use, and
daytime dysfunctions), weighted equally from 0 to 3. Higher scores indicate worse sleep
quality. A global PSQI score is a sum of all component scores (range, 0-21). We used the
standard cut-off point to define poor sleep quality (PSQI global score >5). As a proxy for
disturbed rapid eye movement (REM) sleep, which has been linked to poor glycemic control
in individuals with T1D [24] and type 2 diabetes [31], we defined the presence of bad
dreams (any versus none) by utilizing the following PSQI item: “During the past month,
how often have you had trouble sleeping because you had bad dreams?” Sleep duration in
hours was quantified from PSQI, where participants reported self-perceived duration of
actual sleep per night. We also categorized sleep duration by tertiles and by the National
Sleep Foundation’s (NSF) [32] adult sleep guidelines (<7 hours=short sleep, 7-9
hours=normal sleep, and >9 hours=long sleep).

The ESS is a widely used and validated method [33, 34] of assessing one’s average level of
daytime sleepiness during different daily life situations like sitting, reading, or watching
television [29]. Participants are asked to rate eight daily situations on a scale from 0, no
chance of dozing, to 3, high chance of dozing. We defined excessive daytime sleepiness
using the standard cut-off point (ESS score >10) [35].

The BQ is a validated [30] screening instrument used for classifying individuals as being at
high or low OSA risk. The questionnaire is divided into three categories, 1) snoring and
breathing cessation during sleep, 2) tiredness and fatigue, and 3) hypertension history and/or
body mass index (BM1) >30 kg/m?, for a total of 10 questions. Individuals screening
positively on two or more categories are considered to be at high-risk for OSA. We classified
our participants as being at high risk for OSA if they screened positively on the BQ and/or
self-reported previous OSA diagnosis.

2.2. Glycemic control and estimated insulin sensitivity

All participants had HbA4. measured via the DCA 2000 Analyzer (Bayer, Tarrytown, NY,
USA) during the 25-year clinic visit. Poor glycemic control was defined as HbA; =7.5%/58
mmol/mol for consistency with van Dijk et al. [17]. Insulin sensitivity was determined by a
previously validated estimated glucose disposal rate (eGDR) regression equation [36].

2.3. Covariates

Demographic and lifestyle factors (i.e. age, gender, race, education, smoking status, alcohol
intake, and current medication use) were assessed through self-administered questionnaires
prior to the clinic visit. Depressive symptomatology was measured using the self-
administered Beck Depression Inventory (BDI) [37].

Clinical and laboratory assessments were performed by a study physician and trained
research specialists, as previously described [25, 26], and included weight, height, waist
circumference, and hip circumference. BMI was defined as weight in kilograms divided by
height in meters squared. Waist to hip ratio (WHR) was calculated by dividing waist by hip
circumference. Blood pressure was measured after a five-minute rest according to the
Hypertension Detection and Follow-up Program Protocol [38]. Hypertension was defined as
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blood pressure =2140/90 mm Hg or antihypertensive medication use. Cholesterol and
triglycerides were measured enzymatically by the Cholestech LDX System (Alere,
Hayward, CA, USA). Low-density lipoprotein (LDL) cholesterol was calculated using the
Friedewald equation [39].

2.4. Statistical analysis

3. Results

Participant characteristics were described displaying means (SD) for normally-distributed
variables (age, WHR, LDL), medians (IQR) for non-normally distributed variables (alcohol
intake, BMI, diabetes duration, HbA1, eGDR, systolic blood pressure, diastolic blood
pressure, high-density lipoprotein (HDL) cholesterol, triglycerides, and BDI score), and
number (percentage) for categorical variables. We assessed normality using the Shapiro-
Wilk test. Two-sided, nonparametric Wilcoxon Rank-Sum tests were used to test the
differences in continuous variables by the categories of three sleep questionnaires and
glycemic control, while two-sided XZ or Fisher’s Exact tests, where appropriate, were used
for categorical variables. Relationships between continuous variables were assessed through
Spearman’s correlations.

Logistic regression assessed the relationships between each subjective sleep characteristic/
disturbance (i.e. poor sleep quality, excessive daytime sleepiness, high risk for OSA, bad
dreams presence, continuous sleep duration, sleep duration tertiles and the NSF categories)
and poor glycemic control (i.e. HbA;. =7.5%/58 mmol/mol) separately. Variables which
were univariately associated with the exposure and the outcome at the conservative p-value
of <0.2, but were not considered to be in the causal pathway between the two, were selected
as potential confounders. Simple and multivariable logistic regression analyses, adjusting for
all potential confounders, were performed. Linear regression models were constructed in the
same fashion using natural log-transformed HbA¢ (INHbA1;) as the outcome. The
associations between each separate sleep exposure and estimated insulin sensitivity were
also modeled via linear regression with eGDR-squared as the outcome. Traditional
confounders (i.e. gender and diabetes duration) were also considered in all multivariable
regression analyses. We assessed multicollinearity in regression models using the criterion
of variance inflation factor <10 as acceptable. In a sensitivity analysis, each significant
association between a sleep exposure and poor glycemic control/eGDR-squared was re-
assessed, excluding individuals who reported taking sleep medications regularly or as
needed.

Statistical analyses were completed in SAS version 9.3 (SAS Institute, Cary, NC). A p-value
of less than 0.05 was considered significant.

Eligible participants who attended the 25-year EDC exam and completed the sleep
questionnaires (n=222) were compared to the exam non-attendees (n=153) with respect to
their baseline characteristics. Attendees had lower baseline median HbA 1 (8.4%/68
mmol/mol versus 8.7%/72 mmol/mol, p=0.04) and systolic blood pressure (108 mmHg
versus 110 mmHg, p=0.03), though no further differences were observed.
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Table 1 displays participant overall characteristics. At the 25-year follow-up, when mean
participant age was 51.8 years and median diabetes duration was 42.5 years, about half
(45.5%) were male and the majority were non-Hispanic white (98.2%). Median HbA 1. was
7.5% and 51.8% of the participants had poor glycemic control. Only 6.3% reported taking
sleep medications.

3.1. Subjective sleep disturbances

More than one-fourth of participants (26.6%) were at high risk for OSA, with 22.7%
screening positively on the BQ and 9.5% reporting past OSA diagnosis (Table 2). While
OSA risk and positive BQ screening did not differ by gender, men had a significantly higher
prevalence of self-reported OSA diagnosis (14.9% men, 5.0% women, p=0.01). Excessive
daytime sleepiness (12.6% prevalence) did not significantly differ by gender. The overall
prevalence (41.3%) of poor sleep quality (PSQI >5) was higher in women (51%) than men
(30.4%), p=0.004. The prevalence of poor sleep quality was two times higher in women
regardless of BDI score, antidepressant use, and sleep medication use (OR=2.11, 95% ClI:
1.07-4.17, p=0.03). In addition, women also had higher PSQI component scores measuring
sleep disturbance, latency, and efficiency. The presence of bad dreams (26.3% prevalence)
did not significantly differ by gender. One hundred (52.1%) participants fell in the NSF’s
category of normal sleep, while three individuals (1.6%) reported sleeping longer than nine
hours. Only 5 (2.5 %) participants experienced poor sleep quality, high risk for OSA, and
excessive daytime sleepiness.

3.2. Subjective sleep disturbances and glycemic control

Table 3 depicts participant characteristics by their level of glycemic control. In comparison
to participants with good glycemic control, those in poor glycemic control were slightly
younger, had shorter diabetes duration, worse insulin sensitivity, slightly lower systolic
blood pressure, slightly higher LDL cholesterol, triglycerides, and continuous BDI score,
and were slightly more likely to use antidepressants. Results from the logistic regression
analysis with poor glycemic control as the outcome are displayed in Table 4. Poor sleep
quality, high risk for OSA, excessive daytime sleepiness and sleep duration were not
associated with poor glycemic control. Conversely, the presence of bad dreams was twice as
likely to be present among individuals with poor glycemic control as in those with better
control (OR=2.08, 95% CI: 1.08, 4.01, p=0.03). This association was attenuated after
adjustment for continuous BDI score and antidepressant use (OR=1.88, 95% Cl: 0.95, 3.71,
p=0.07). In the sensitivity analysis, the crude relationship between the presence of bad
dreams and poor glycemic control remained after excluding participants who reported taking
sleep medications (OR=2.08, 95% CI: 1.06, 4.12, p=0.03). Traditional risk factors such as
diabetes duration and gender were allowed in the models as potential confounders, but the
results were not altered (data not shown). None of the models showed multicollinearity (all
variance inflation factors <3).

In the linear regression analysis, none of the sleep characteristics were significantly
associated with InHbA; (data not shown). However, the relationship between sleep duration
and InHbA . was modified by the level of glycemic control (interaction p=0.002, Figure 1).
While sleep duration was directly associated with InHbA . in individuals with poor
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glycemic control (=0.022, 95% CI: 0.006, 0.038, p=0.007) regardless of age, systolic blood
pressure, LDL cholesterol, and bad dreams presence, an inverse association was observed
among well-controlled individuals independent of the same confounders (B= -0.020, 95%
Cl: -0.036, —0.005, p=0.01). The interaction between continuous sleep duration and
glycemic control persisted upon exclusion of three individuals who reported sleeping longer
than nine hours (p=0.02). The relationships between sleep duration tertiles and InHbA and
the NSF’s categories of sleep duration and InHbA 1. were also modified by the level of
glycemic control (interaction p-values 0.02 and 0.05, respectively).

3.3. Subjective sleep disturbances and estimated insulin sensitivity

Men, current smokers and antidepressant users had lower eGDR (i.e. worse insulin
sensitivity, Table 3). eGDR was also directly associated with HDL cholesterol and inversely
associated with BMI and triglycerides (Table 3). Back transformed (square rooted) beta
estimates and 95% Cls from the linear regression models of subjective sleep disturbances
and eGDR-squared are displayed in Table 4. Individuals at high risk for OSA had 3.19 units
lower eGDR than their counterparts (95% CI: —4.42, —0.89, p=0.03). However, this
association was no longer significant after adjustment for smoking history, antidepressant
use, and excessive daytime sleepiness (Table 4) or upon exclusion of individuals taking sleep
medications (B=—2.66, 95% ClI: -4.11, 1.63, p=0.15). Participants with excessive daytime
sleepiness had marginally lower eGDR than their counterparts (B =—3.29, 95% CI: —4.84,
-1.35, p=0.09). This association attenuated after adjusting for smoking history and high risk
for OSA (Table 4). For every one hour increase in sleep duration, eGDR decreased by 2.20
units (95% CI: —-2.85, —1.23, p=0.005), even upon exclusion of those taking sleep
medications (p=-1.96, 95% CI: -2.77, -0.14, p=0.049). Compared to the second tertile of
sleep (6-7 hours) duration, those who reported sleeping less than 6 hours per night had 3.62
units higher eGDR (95% ClI: 0.73, 5.06, p=0.04). The association remained significant
independent of smoking history (Table 4), but not after excluding participants taking sleep
medications ($=3.50, 95% CI: -1.61, 5.21, p=0.10). In contrast, eGDR levels did not differ
between individuals who reported sleeping longer than 7 hours and those sleeping 6 to 7
hours. When sleep duration was categorized by the NSF’s guidelines, we were unable to
model long sleep (>9 hours) compared to normal sleep (7-9 hours) due to the small sample
size of long sleepers (n=3). However, normal sleepers did not differ from short sleepers with
regard to eGDR. We also allowed for traditional risk factors (i.e. diabetes duration and
gender) as potential confounders, but the associations between sleep disturbances and eGDR
were not altered (data not shown). None of the linear regression models showed
multicollinearity. When a sensitivity analysis was performed including 156 participants with
complete exposure, covariate, and outcome data, none of the regression results were affected
(data not shown).

4. Discussion

In this cross-sectional study of 222 middle-aged adults with long-standing T1D, we found
that approximately one-fourth were at high risk for OSA and that one-eight exhibited
excessive daytime sleepiness regardless of gender. Poor sleep quality was observed in half of
the women and in one-third of the men, and approximately one-fourth of the participants

Diabetes Res Clin Pract. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deni¢-Roberts et al.

Page 8

reported trouble sleeping due to bad dreams. Poor sleep quality, high risk for OSA, excessive
daytime sleepiness, and sleep duration were not associated with poor glycemic control.
Participants with poor glycemic control were, nonetheless, twice as likely to report having
trouble sleeping because of bad dreams, although this was not independent of depressive
symptomatology. The relationship between sleep duration and HbA . was modified by the
level of glycemic control, i.e. we observed a direct sleep duration—-HbA association in
those with poor glycemic control and an inverse association among well-controlled
individuals. To our surprise, longer, but not shorter, sleep duration was independently
associated with worse insulin sensitivity.

To our knowledge, there has only been one other study which examined the prevalences of
poor sleep quality, excessive daytime sleepiness, and high-risk OSA, through the three sleep
questionnaires, in a sample of adults with long-standing T1D (n=99, 55% men, mean
age=44 years, mean diabetes duration=27 years, mean BMI=24.5 kg/m?, and mean
HbA1.=7.8%) [17]. Van Dijk and colleagues observed a higher prevalence of excessive
daytime sleepiness (19.2% versus 12.5% in our study). However, this higher estimate was
likely attributable to the use of a lower cut-off value (ESS >10) to define excessive daytime
sleepiness in that study [17]. When we used the same cut-off value, the prevalence of
excessive daytime sleepiness in our cohort (18.5%) was very similar to that in the van Dijk’s
study (19.2%). In fact, the average total Epworth scores were similar in both studies (5.9

+ 0.4 in the van Dijk study; 6.1 + 3.9 in our study), but slightly higher than in sleepers
without any evidence of a sleep disorder (4.6 + 2.8) [40]. In comparison to the van Dijk
study, poor sleep quality and high-risk OSA were slightly higher in our cohort (41.3% versus
35.4% and 22.7% versus 17.2%, respectively), possibly due to the longer diabetes duration
and higher BMI among our participants. Unfortunately, van Dijk and colleagues did not
assess gender differences in any of the subjective sleep disturbance measures.

Compared to our study, Borel et al. [18] and Manin et al. [20] observed a higher OSA
prevalence (40% and 46%, respectively), but a similar severe OSA prevalence (27% and
19%, respectively) in adults with T1D. The differences in the OSA prevalence may have
resulted from the use of polysomnography [20] and oximetry [18] for measuring sleep in
these studies, since these methods yield higher rates of OSA than the BQ [30, 41]. Despite
the BQ being a screening, rather than a diagnostic, tool, which prohibited any conclusions
regarding the prevalence of an OSA diagnosis among EDC participants, the prevalence of
severe OSA in the two studies corresponds closely to our BQ-determined OSA-risk
prevalence. Nevertheless, it is important to recognize that a previous validation of the BQ
against polysomnography in a primary care setting yielded a specificity of 86%, a sensitivity
of 77%, and a positive predictive value of 89% [30]. Misclassification of true OSA cases for
non-OSA cases could have, therefore, occurred in our study, leading to an underestimation
of the true OSA prevalence, as previously also reported in the general population [41].

The presence of self-reported sleep disturbances in the EDC study appears somewhat similar
to the general population, although with the opposite gender preponderance. Namely,
Hiestand et al. examined BQ-determined OSA risk among 1,506 nationally-representative,
middle-aged adults who completed the NSF’s Sleep in America 2005 Poll and found that
31% of men fell in the high-risk category compared to 21% of women (p<0.001) [42].
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Almost identical figures were recently reported in a general population sample from
Switzerland (31% in men; 19% in women) [21]. Although we did not observe a statistically
significant gender difference, the prevalence of the BQ-determined high-risk OSA in our
cohort was higher in women (26%) than in men (19%). Additionally, our participants
reported excessive daytime sleepiness at a somewhat similar rate (12.5%) than the
nationally-representative adults from the National Health and Nutrition Examination Survey
2007-2008 (15.1%) [43]. However, a single question regarding feeling excessively sleepy
during the day, and not the ESS, was used in this sample [43]. The Swiss general population
sample experienced excessive daytime sleepiness (ESS >10) at an almost identical rate as
the EDC cohort (12%) [21]. While excessive daytime sleepiness was significantly higher in
Swiss men (14%) compared to Swiss women (10%), we did not observe significantly higher
prevalence rates in EDC women (14.1%) compared to EDC men (10.9%), likely due to the
smaller sample size in our population. We further observed a strong female excess in poor
sleep quality (PSQI >5), sleep disturbance, latency, and efficiency; however, the prevalences
of these sleep disturbances were not reported in the Swiss study [21]. Nonetheless, the
global PSQI score in the Swiss general population was not as profoundly higher among
women (women: median 5 IQR (3-7); men: 4 (3-6)) as it was in our cohort (women: 9 (6—
12); men: 5 (3-8)). While Swiss men were heavier, had a bigger neck circumference, larger
WHR, and higher frequencies of smoking, drinking, snoring, hypertension, diabetes, and
metabolic syndrome [21] in comparison to Swiss women, adjusting for anthropometric
measures, smoking, drinking and hypertension status did not alter the higher prevalence of
poor sleep quality in the EDC women, who had a higher prevalence of poor sleep quality
even after accounting for depressive symptomatology and sleep medication use.

We did not observe significant relationships between sleep duration, or any of the
questionnaire-determined sleep disturbances, and poor glycemic control. These findings are
consistent with the previous study by van Dijk et al. [17]. In a study by Schober and
colleagues [19], participants with ESS-defined excessive daytime sleepiness had higher
HbA 1 values (p=0.02). However, no distinction was made on diabetes type in this
assessment and adjustment for potential confounding factors was also not performed.

Nevertheless, we did observe a significant independent relationship between sleep duration
and continuous HbA 1, but this association was modified by the level of glycemic control.
Similarly, Barone and colleagues showed that glycemic control modified the relationship
between actimeter-measured sleep duration and glycemia in a small T1D study (n=18) [44].
Specifically, among individuals with T1D and HbA,<7%/53 mmol/mol, a strong negative
correlation between glycemia and the night rest duration was observed (r= —0.90, p=0.04).
While the authors did report the overall correlation (r=0.54, p=0.07), the correlation among
individuals with HbA;.=7.0%/53 mmol/mol was not reported. The mechanisms behind the
interaction in our study and in the Barone et al. study are unclear and warrant attention of
future research. A potential explanation may be that longer sleep duration among individuals
under poor glycemic control is driven by poor sleep quality (i.e. someone who does not
sleep well seeks more sleep). However, in the present study, no differences in sleep quality
were observed by glucose control and individuals reporting poor sleep quality also reported
shorter sleep duration.
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In a recent pilot study of 17 adults with T1D, longer time in deep, REM sleep measured by a
wireless sleep monitor was associated with lower HbA levels (R2=0.42, p<0.01) [24].
Because nightmares most likely occur during REM sleep and interrupt the deep sleep cycle,
we used “trouble sleeping due to bad dreams” as the closest alternative for disturbed REM
sleep. We observed that bad dreams were, in fact, associated with poor glycemic control,
even upon exclusion of individuals who reported taking sleep medications, which may
promote or disturb REM sleep. Although this association was attenuated after adjustment for
depressive symptoms and antidepressant use, we believe that this finding merits further
investigation. Because depressive symptomatology could be in the causal pathway between
disturbed sleep and poor glycemic control, or a consequence of dysglycemia, we suggest
that the adjustment for BDI score and antidepressant use should be interpreted with caution.
To our knowledge, no previous study has examined the single PSQI item (i.e. trouble
sleeping due to bad dreams) as a proxy for disturbed REM sleep. Our findings relating to its
association with glycemic control should, therefore, be confirmed in future studies.

Contrary to the previous studies which observed short sleep duration impairing insulin
sensitivity in both healthy [45] and T1D individuals [15], we observed worse estimated
insulin sensitivity as the sleep time increased irrespective of confounders. While Donga and
colleagues measured insulin sensitivity objectively and after only one night of restricted
sleep [15, 45], we assessed self-perceived sleep duration during the past month. Sleep
duration may have different effects on insulin sensitivity acutely and chronically, but our
study was not suited to disentangle such effects. Further, our measure of insulin sensitivity
was calculated from an equation consisting of HbA1., WHR, and hypertension which was
derived from previous hyperinsulinemic-euglycemic clamp studies in which eGDR was
highly related to glucose disposal during the clamp (R2=0.63) [36]. It is, therefore, possible
that longer sleep duration may be associated with impaired clinical or metabolic states
captured by lower eGDR values.

Both short and long sleep duration have been associated with increased HbA 1 in type 2
diabetes, suggesting that an optimal level of sleep for glycemic control may exist [45].
However, we did not observe a U-shaped relationship between sleep duration and either
HbA . or eGDR, likely because only three of our participants reported sleeping longer than
nine hours. Nevertheless, our study is among the first to thoroughly examine the association
between subjective sleep duration and estimated insulin sensitivity in adults with long-
standing T1D. Our findings should, however, be confirmed in future studies.

The main strength of our study lies in the use of three validated sleep questionnaires to
assess sleep disturbance in a population of adults with long-standing T1D, as previous sleep
research has been mostly limited to youth and smaller sample sizes. We are also among the
first to assess gender differences in sleep disturbance in T1D.

Nevertheless, this study has several limitations. Primarily, due to the cross-sectional design
of our analyses, it is impossible to establish temporality between sleep disturbances and
glycemia. Precaution should therefore be taken when interpreting our findings as they should
be validated against future prospective data. Furthermore, since our study population has
survived T1D for over 40 years, considerable survival bias is present in the current study.
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This type of bias may have resulted in an underestimation of the estimated prevalences of
sleep disturbances. Low participation rates for the 25-year exam could have also resulted in
selection bias. Participants attending the 25-year exam were more likely to have had a better
risk factor profile compared to non-attendees at study entry, suggesting that the observed
associations between sleep disturbances and glycemic control could have been
underestimated. Further, all of our sleep disturbances were obtained through self-report.
While other objective sleep measurement tools can be more sensitive/accurate, we did utilize
widely-used, validated sleep questionnaires. Nonetheless, this study is among the first to
thoroughly evaluate relationships between subjective sleep disturbances and glycemia
beyond traditional risk factors in a well-phenotyped, relatively large T1D adult population.

In conclusion, the present study demonstrated a high burden of self-reported sleep
disturbances among adult women with long-standing T1D, indicating that this group may
represent a potential target for monitoring sleep. The overall, non-gender-specific prevalence
of sleep disturbance in T1D did not differ greatly from that of the general population.
Longer sleep duration and bad dreams were associated with reduced insulin sensitivity and
poor glycemic control, respectively. The relationship between sleep duration and HbA 1. was
modified by the level of glycemic control. Future research should focus on the mechanisms
underlying this effect modification. Should our findings be confirmed in future prospective
studies, improving sleep hygiene may have the potential to impact glycemic control, or vice
versa, in individuals with type 1 diabetes.
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Figure 1. Regression line plot with 95% confidence bands: Sleep duration versus HbA1. per level

of glycemic control

(Well controlled = HbA ¢ <7.5%/58 mmol/mol; Poorly controlled = HbA =27.5%/58 mmol/

mol)
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Table 1

Participant characteristics at the 25-year EDC follow-up

Demographic factors N %, Mean + SD or Median (IQR)
Age (years) 222 518+74
Male gender 101/222 45.5%
Non-Hispanic white race 218/222 98.2%
Education above high school ~ 170/220 77.3%

Behavioral factors

Smoking history 76/216 35.2%
Current smokers 20/214 9.3%
Alcoholic drinks per week 209 0 (0-3)

Diabetes factors

Diabetes duration (years) 222 42.5 (37.8-48.0)
HbA. (%) 222 7.5 (6.9-8.4)
HbA;, (mmol/mol) 222 58 (52-68)
HbA ;. 27.5%/58 mmol/mol 115/222 51.8%
eGDR (mg*kg*min1) 213 7.5 (5.8-9.0)

Clinical factors

BMI (kg/m?) 220 27.2 (23.8-31.6)
Waist to hip ratio 215 0.87 £ 0.09
SBP (mmHg) 221 115 (106-127)
DBP (mmHg) 219 65.5 (59-72)
Hypertension presence 69/220 31.4%
LDL cholesterol (mg/dL) 199 99.2 +30.4
HDL cholesterol (mg/dL) 222 59 (47-73)
Triglycerides (mg/dL) 221 70 (49-102)
BDI score 206 5(2-11)

Current medications

Antihypertensives 54/212 25.5%
Antidepressants 52/212 24.5%
Sleep medications 14/222 6.3%

Abbreviations: EDC = Epidemiology of Diabetes Complications study, HbA1¢ = hemoglobin A1c, eGDR=estimated glucose disposal rate, BMI =

body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, LDL = low-density lipoprotein, HDL = high-density lipoprotein,
BDI = Beck Depression Inventory.
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Table 2

Subjective sleep disturbances among the EDC participants, overall and by gender

Sleep characteristic Overall (n=222) Men (n=101) Women (n=121)

Berlin Questionnaire

Habitual snoring 128 (58.2) 64 (64.0) 64 (53.3)
Tiredness and fatigue 53 (24.1) 19 (19.0) 34 (28.3)
BMI >30 kg/m? and/or high blood pressure 44 (20.0) 16 (16.0) 28 (23.3)
Positive BQ screen (high-risk OSA) 50 (22.7) 19 (19.0) 31(25.8)
Self-reported OSA history 21 (9.5) 15 (14.9) 6 (5.0) *
High risk for OSA (positive BQ screen and/or self-report of previous OSA diagnosis) 59 (26.6) 26 (25.7) 33(27.3)

Epworth Sleepiness Scale (ESS)
Total score 6 (3-9) 5(3-8) 6 (3-9)
Excessive daytime sleepiness (ESS>10) 28 (12.6) 11 (10.9) 17 (14.1)

Pittsburgh Sleep Quality Index (PSQI)

Global score 5(3-8) 4(2-6) 9(6-12)"
Poor sleep quality (PSQI >5) 81 (41.3) 28 (30.4) 53 (51.0)7
Component scores (0-3 points)
Subjective duration 0.69+0.90 0.66+0.85 0.73+0.95
Sleep disturbance 1.23+0.57 1.10+0.54 1.35+0.59 %
Sleep latency 0.88+0.95 0.72+0.86 1.03+1.017
Daytime dysfunction 0.75+0.72 0.67+0.69 0.82+0.74
Sleep efficiency 0.61+0.93 0.42+0.79 1.02+0.867
Overall sleep quality 1.00 +0.80 0.89+0.76 1.11+0.82
Need medications to sleep 0.55+1.08 0.49+1.05 0.59+1.12
Presence of bad dreams 51 (26.3) 21 (22.8) 30 (29.4)

Sleep duration

Self-reported sleep duration (hours) 7 (6.0-7.5) 7 (6-8) 7 (6-7)
EDC tertiles of sleep duration
<6 hours 31(16.2) 14 (15.6) 17 (16.7)
6-7 hours 113 (58.9) 53 (58.9) 60 (58.8)
>7 hours 48 (25.0) 23 (25.6) 25 (24.5)
NSF categories of sleep duration
<7 hours (short sleep) 89 (46.3) 41 (45.6) 48 (47.1)
7-9 hours (normal sleep) 100 (52.1) 48 (53.3) 52 (51.0)
>9 hours (long sleep) 3(1.6) 1(1.1) 2(1.96)
Self-reported sleep medication use 14 (6.3) 5(5.0) 9(7.4)

Data are n (%), mean + SD, or median (IQR)

*
p<0.05
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7o <0.005

Abbreviations: EDC = Epidemiology of Diabetes Complications study, BMI = body mass index, BQ = Berlin Questionnaire, OSA= obstructive
sleep apnea, NSF = National Sleep Foundation.
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