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Abstract

Background: Poor sleep quality has previously been shown to be related to insulin resistance in apparently
healthy adults. However, it is unclear whether an association between sleep quality and insulin resistance exists
among adults with metabolic syndrome (MetS).

Methods: Participants included 347 overweight/obese postmenopausal women without type 2 diabetes (age:
57.5+6.5 years; body mass index [BMI]: 31.7+3.7 kg/m?; 54% with MetS). Sleep quality was assessed with
the six-item Medical Outcomes Study Sleep Scale; values were categorized into quartiles. Insulin resistance was
calculated from fasting glucose and insulin with the homeostasis model assessment of insulin resistance
(HOMAZ2-IR) method. Analysis of covariance models were used to examine the association between sleep
quality and HOMAZ2-IR after accounting for MetS and covariates (e.g., BMI, cardiorespiratory fitness, and
energy intake).

Results: Women with the worst sleep quality had significantly higher HOMA2-IR values than women in all
other quartiles (P <0.05 for each), and women with MetS had significantly higher HOMA2-IR values than
women without MetS (P <0.0001), but the relationship between sleep quality and HOMA2-IR did not differ
between those with or without MetS (P=0.26). Women with MetS in the worst quartile of sleep quality had
higher HOMAZ2-IR values than all other women (P <0.02). Taking >30min to fall asleep, frequent restless
sleep, and frequent daytime drowsiness were each related to higher HOMAZ2-IR values (each P<0.04).
Conclusions: Sleep quality is an important correlate of insulin resistance in postmenopausal women with and
without MetS. Intervention studies are needed to determine whether improving sleep improves insulin resis-
tance in populations at elevated cardiometabolic risk.
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Introduction

INSULIN RESISTANCE IS a key component in the pathogen-
esis of type 2 diabetes (T2D) and a potent risk factor for
cardiovascular disease (CVD).I’2 Insulin resistance is also
closely associated with metabolic syndrome (MetS), defined
by a cluster of cardiometabolic conditions, including ab-
dominal obesity, hypercholesterolemia, elevated blood pres-
sure, impaired fasting glucose, and/or elevated triglycerides.’

Insulin resistance and MetS independently increase risk for
T2D and CVDA’S; among those with MetS, higher levels of
insulin reswtance are predictive of adverse cardiometabolic
outcomes.®’ Thus, identifying factors associated with insulin
resistance—especially in those with high cardiometabolic risk
(e.g., MetS)—has significant public health importance.
There is now ample evidence hnkmg poor sleep with i 1n-
sulin resistance.® Sleep complaints,’ Varlable sleep timing,'®
short or long habitual sleep duration,”'! and obstructive sleep
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apnea (OSA)'? have each been associated with insulin re-
sistance in otherwise healthy adults. Moreover, experimental
manipulations of sleep quality and duration have reduced
insulin sensitivity in young adults."*'* Accordingly, poor
sleep is increasingly recognized as a behavioral risk factor for
insulin resistance among otherwise healthy adults.'?

Whether poor sleep is associated with insulin resistance in
populations with elevated cardiometabolic risk or overt
metabolic dysfunction is less clear.'®!'” Among adults with
T2D, excessively short or long sleep durations have been
associated with worse glycemic control,'® of which insulin
resistance is a key determinant; a similar (although less
consistent) relationship has been observed between sleep
quality and glycemic control.'® Additional studies involving
adults with T2D have found that sleep debt and OSA are
each associated with greater insulin resistance.'®?® Others
have found the relationship between sleep and metabolic
function to differ according to the presence of T2D.*""** In
contrast, whether poor sleep is associated with worse insulin
resistance among adults with MetS is unknown. Identifying
whether poor sleep is a risk factor for insulin resistance in
those with MetS could lead to targeted sleep interventions
for this population, potentially reducing its high risk for
adverse cardiometabolic outcomes.>

The possible influence of poor sleep on insulin resistance may
be especially applicable to postmenopausal women, among
whom poor sleep quality and MetS are each prevalent***> and
cardiometabolic risk is heightened relative to before the meno-
pausal transition.”*?” The purpose of this study was to examine
the association between sleep quality and insulin resistance in a
sample of postmenopausal women with a high MetS preva-
lence. We hypothesized that sleep quality would be associated
with insulin resistance and that this relationship would be
similar among women with and without MetS.

Methods

The present cross-sectional analyses utilized baseline
data from the Dose—Response to Exercise in Women study
(DREW; ClinicalTrials.gov identifier: NCT00011193).2%*
A complete description of the study’s recruitment and screen-
ing procedures is published elsewhere.?® The study was ap-
proved annually by the Cooper Institute Institutional Review
Board (Dallas, TX), and written informed consent was ob-
tained from all participants before study involvement.

Participants

Participants were women who were aged 45-75 years,
postmenopausal, physically inactive (<20 min of exercise
on <3 days/week and <8000 steps/day, averaged over 1
week), overweight or obese (body mass index [BMI] of
25-43 kg/m?), and had normal to mildly elevated resting
blood pressure (systolic blood pressure of 120-159 mm Hg
and diastolic blood pressure <99 mm Hg). Exclusion cri-
teria included diagnosed T2D, known CVD, recent hospi-
talization for mental illness or significant symptoms of
depression (score =10 on the Center for Epidemiologic
Studies-Depression Scale), or any other health condition
that would contraindicate exercise participation.

Of 4545 women screened for eligibility, 464 women be-
gan the trial. From the initial sample of 464, participants
were excluded from these analyses for missing data related to
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MetS categorization or insulin resistance calculation (n=388),
missing sleep quality data (n=13), missing covariate data
(n=13), or having glucose or insulin data outside normal
physiologic ranges (glucose: <3.5 or >25 mmol/L, insulin: <20
or >400pmol/L; n=3), leaving 347 available for analysis.
Excluded participants did not differ from those included in
analyses on insulin resistance, sleep quality, or any covariates.

Study measures

Sleep quality. Subjective sleep quality was assessed with
an abbreviated Medical Outcomes Study (MOS) Sleep
Scale,®® in which participants were asked to respond to six
sleep-related questions based on the previous 4 weeks. One
question addressed the length of time to fall asleep, with five
response options ranging from 0-15 min to >60 min. For the
remaining five questions (i.e., restless sleep, daytime drows-
iness, difficulty falling asleep, difficulty returning to sleep
following awakening, and staying awake during the day),
participants were asked to indicate the frequency they expe-
rienced each symptom on a five-point scale, ranging from
none of the time to all of the time.

Item responses were assigned scores using conventional
scoring rules.*® Using all six items, a modified sleep problems
index (SPI) provided a measure of overall sleep quality (range:
0-100)," with higher scores indicating worse sleep quality. The
MOS Sleep Scale has been used to characterize sleep in healthy
adults as well as those with significant sleep disturbance (e.g.,
insomnia, restless legs syndrome, and chronic pain).**

Insulin resistance. Venous blood samples were obtained
in the morning following a 12-hr fast. Samples were ana-
lyzed for glucose and insulin using a Dimension RXL an-
alyzer (Oxford, CT) in a laboratory that was certified by the
College of American Pathologists and met the quality con-
trol standards of the CDC Lipid Standardization Program.
Insulin resistance was calculated from fasting glucose and
insulin based upon the homeostasis model assessment of
insulin resistance (HOMA2-IR; v.2.2.2) method.>? Higher
HOMAQ2-IR values indicate higher insulin resistance.**

Metabolic syndrome. MetS was assessed using the har-
monized criteria from the 2009 Joint Interim Statement,’
requiring =3 of 5 components: waist circumference 288 cm,
high-density lipoprotein <50 mg/dL, triglycerides =150 mg/dL,
blood pressure =130/85 mmHg or antihypertensive medication
use, and plasma glucose 2100 mg/dL.

Covariates

A variety of health indices, behaviors, and sociodemogra-
phic factors were included as covariates due to their possible
relationship with insulin resistance and/or sleep. As a measure
of cardiorespiratory fitness, the peak rate of oxygen con-
sumption (VOypea) Was assessed with a maximal exercise test
on a cycle ergometer and averaged across two assessments
conducted on separate days.”® Energy intake, expressed in keal,
was assessed by the Food Intake and Analysis System semi-
quantitative food frequency questionnaire.>> Height and weight
were measured with a calibrated stadiometer and electronic
scale, respectively; BMI was calculated as kg/m?.

Age, race, marital status, hormone therapy use, and sleep
medication use were self-reported by participants. Race was
dichotomized into white and black/other due to the small
proportion of races other than white or black (<7%); marital



SLEEP QUALITY AND INSULIN RESISTANCE 185
TABLE 1. PARTICIPANT CHARACTERISTICS
MOS sleep problems index quartiles

Ql1:<I12.5 Q2: >12.5-25 03: >25-45 Q4: >45
Characteristic All (N=347) (n=101) (n=83) (n=92) (n=71)
Age, years 57.5 (6.5) 58.5 (6.5) 57.1 (6.1) 57.4 (6.4) 56.5 (6.8)
White race, n (%) 232 (66.9) 67 (66.3) 60 (72.3) 62 (67.4) 43 (60.6)
Currently married, n (%2) 318 (91.6) 93 (92.1) 77 (92.8) 82 (89.1) 66 (93.0)
Body mass index, kg/m 31.7 3.7) 31.9 (3.6) 31.5 (3.8) 31.8 (3.8) 31.6 (3.8)
VOspear, mL/kg/min 154 (2.8) 14.9 (2.7) 16.4 (3.2)* 15.3 (2.4) 15.3 (2.9)
Daily energy intake, kcal 2306.0 (981.5) 2216.9 (980.5) 2357.7 (861.6) 2367.8 (1085.5) 2292.1 (983.5)
Hormone therapy use, n (%) 168 (48.4) 56 (55.4) 42 (50.6) 42 (45.7) 28 (39.4)
Sleep medication use, n (%) 7 (2.0) 2 (2.0) 0 (0.0) 2 (2.2) 34.2)
MetS, n (%) 188 (54.2) 55 (54.5) 43 (51.8) 51 (55.4) 39 (54.9)

Data are expressed as mean (standard deviation) or n (%), as appropriate.

“Significantly different from all other quartiles of sleep quality (P <

0.05).

MetS, metabolic syndrome; MOS, Medical Outcomes Study; VOopeak, peak rate of oxygen consumption.

status was dichotomized into currently married and not
currently married.

Statistical analyses

Before analyses, HOMA2-IR underwent natural loga-
rithm transformation due to a skewed distribution. For our
primary analysis, analysis of covariance (ANCOVA) was
used to examine the relationship between sleep quality (SPI)
and insulin resistance (HOMAZ2-IR) following classification
of SPI values into quartiles (Q1: SPI <12.5; Q2: SPI >12.5—
25; Q3: SPI >25-45; and Q4: SPI >45); Q4 represented the
quartile of worst sleep quality. MetS status was included as
a factor to determine whether sleep quality was related to
insulin resistance independent of MetS, and an interaction
term was added to determine whether the relationship be-
tween sleep quality and insulin resistance differed according
to MetS status.

Stratified analyses examined the relationship between
sleep quality and insulin resistance in models restricted to
those with or without MetS. Additional covariates in these
ANCOVA models included age, race, marital status, hor-
mone therapy use, sleep medication use, cardiorespiratory
fitness, energy intake, and BMI.

ANCOVA models were also used to examine whether
specific sleep complaints were related to insulin resistance
following classification of each of the six MOS Sleep Scale
item responses according to clinically significant thresholds.
Responses for the item assessing time to fall asleep were
dichotomized into >30min or <30min; responses for each
of the remaining five items were dichotomized into none/
infrequent (none, a little, some of the time) or frequent (most
of the time, all of the time). Models examining individual
MOS Sleep Scale items included the covariates noted above.

Analyses were performed using SAS, version 9.4 (SAS
Institute, Cary, NC). All tests were two-tailed, with statis-

the sample met criteria for MetS. Women in the second
highest quartile of sleep quality had significantly higher
cardiorespiratory fitness than all other women, but no other
participant characteristics significantly differed across SPI
quartiles.

Mean HOMAZ2-IR value of the sample was 1.37+0.79.
As depicted in Fig. 1, HOMA2-IR values differed signifi-
cantly according to MetS status (F; 331 =41.60, P <0.0001)
and SPI quartile (F333;=4.32, P<0.01), but the interaction
term was not significant (F33;=1.36, P=0.26). Women
with MetS had significantly higher HOMA2-IR values than
women without MetS (P <0.0001). Women with the worst
sleep quality (i.e., Q4) had significantly higher HOMA2-IR
values than all other SPI quartiles (quartile 1: P=0.050;
quartile 2: P=0.002; and quartile 3: P<0.01), with no other
differences in HOMAZ2-IR values across SPI quartiles.
When examining the combination of SPI quartiles and MetS
status, women with the worst sleep quality and MetS had
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tical significance set at P <0.05.

Results

Table 1 summarizes the participant characteristics. Women
were, on average (fstandard deviation), 57.5+6.5 years
of age and had a BMI of 31.7+3.7kg/m”. The majority of
women were married (92%) and Caucasian (67%); 54% of

FIG. 1. Insulin resistance values across quartiles of sleep
quality among women with and without MetS. Data shown are
mean (tstandard deviation) values before analyses. *Signi-
ficantly different from Q2 and Q3 among women without
MetS; “Significantly different from Q1, Q2, and Q3 among
women with MetS. HOMA2-IR, homeostasis model assess-
ment of insulin resistance; MetS, metabolic syndrome; SPI,
sleep problems index.
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FIG. 2. Insulin resistance values according to specific sleep symptoms. Data shown are mean (tstandard deviation)

values before analyses. (A) Sleep onset latency; (B) restless sleep; (C) daytime drowsiness. *Significantly different from

other categories.

significantly higher HOMAZ2-IR values than any of the other
combinations (P <0.02; Fig. 1).

In stratified analyses, sleep quality was a significant
predictor of HOMAZ2-IR in women without MetS (n=159;
F3’147:2.79, P:004) and with MetS (n= 188, F3!176:3.14,
P=0.03). Among those without MetS, women with the
worst sleep quality had significantly higher HOMA2-IR
values than women in Q2 and Q3 (P <0.05 for each); among
those with MetS, women with the worst sleep quality had
significantly higher HOMA2-IR values than all other women
(each P<0.02).

Individual MOS Sleep Scale items that were significantly
associated with higher HOMA2-IR values are depicted in
Fig. 2. Women who reported taking >30 min to fall asleep
(n=76) had significantly higher HOMA2-IR values than
women who reported <30 min (F; 337=4.58, P<0.04), and
women who reported frequent restless sleep or frequent
daytime drowsiness (n=58 and n=39, respectively) had
higher HOMAZ2-IR values than women who reported these
complaints less frequently (F;337=4.36 [P<0.04] and
F1337=9.98 [P<0.01], respectively). HOMA2-IR values
did not significantly differ for any other individual item
(each P>0.43).

Discussion

The present study evaluated the relationship between sleep
quality and insulin resistance in a sample of postmenopausal
women with a high prevalence of MetS. Poor sleep quality
was associated with insulin resistance, and this relationship
was similar for women with and without MetS; however, the
highest insulin resistance was observed among women with
the worst sleep quality and MetS. In addition, taking >30 min
to fall asleep, frequent restless sleep, and frequent daytime
drowsiness were each significantly related to greater insulin
resistance.

Our finding that poor sleep quality was significantly re-
lated to insulin resistance is consistent with most previous
research on this topic.”**° These results also align with a
large body of evidence demonstrating a link between poor
sleep quality and the development of T2D,'® of which in-
sulin resistance is a key precursor. We also found that al-
though women with MetS had worse insulin resistance than

women without MetS, the relationship between poor sleep
quality and insulin resistance was similar between women
with and without MetS. Moreover, our results indicate that
poor sleep quality has an additive influence on insulin re-
sistance beyond the presence of MetS.

To our knowledge, this is the first study to examine
whether the relationship between sleep quality and insulin
resistance differed among those with and without MetS.
Other cross-sectional studies have found the association
between sleep quality and metabolic function to differ ac-
cording to T2D diagnosis. Engeda et al. found that the re-
lationship between sleep quality and hyperglycemia was
more apparent among those with clinically identified pre-
diabetes than those with T2D.?! In contrast, Knutson et al.
reported an association between insomnia symptoms and
worse insulin resistance, but only among adults with T2D; in
fact, among adults without T2D, insomnia symptoms were
associated with lower insulin resistance.”” Although our
findings are not directly comparable with these studies since
none of our participants were diagnosed with T2D, our re-
sults do not suggest that the relationship between sleep
quality and insulin resistance differs based upon the pres-
ence of clustered cardiometabolic risk factors (i.e., MetS).

Because the MOS Sleep Scale is a composite measure of
multiple sleep symptoms, we sought to identify which
specific items were associated with insulin resistance. Three
of the six items were associated with HOMAZ2-IR: taking
>30min to fall asleep, frequent restless sleep, and frequent
daytime drowsiness. Sleep latency exceeding 30min and
restless sleep are complaints commonly attributed to insom-
nia, which is prevalent among postmenopausal women.*'
Arora et al. recently demonstrated that self-reported night-
time awakenings, conceptually similar to the measure of
restless sleep used in this study, were related to HOMA2-IR
through its relationship with BMI in adults with T2D.** Some
studies have found insomnia symptoms to be associated with
worse insulin resistance”*® or increased risk for T2D."
However, other reports have found no difference in insulin
resistance between adults who met diagnostic criteria for in-
somnia disorder and healthy controls,*>~* while another study
reported lower insulin resistance in adults with insomnia-
related symptoms in combination with short sleep duration
assessed through polysomnography.*® The reason for such
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discrepant results in the latter study is unclear; however, as
that study paired objective sleep disturbance with subjective
sleep complaints, this combination could represent a unique
sleep phenotype with different pathways contributing to al-
tered metabolic function.*’

Frequent or excessive daytime drowsiness is a common
OSA symptom, and OSA is often associated with poor sleep
quality as a result of the frequent nocturnal arousals fol-
lowing apneic and hypopneic events.* Moreover, OSA is
highly prevalent among overweight and obese postmeno-
pausal women.** A number of studies have noted an asso-
ciation between OSA and insulin resistance.'? For instance,
Nock et al. previously found that a cluster of OSA-related
sleep features aggregate with insulin resistance and other
cardiometabolic features typically characterized as MetS.>°
Moreover, several trials have demonstrated that OSA
treatment reduces insulin resistance.'? Thus, the relationship
between poor sleep quality and insulin resistance observed
in this study may be partly attributable to unmeasured OSA
even though we adjusted for BMI, the strongest correlate of
OSA among postmenopausal women.*’

Although this study was not designed to examine underly-
ing mechanisms, poor sleep quality could contribute to insulin
resistance through a variety of pathways, including alterations
in daytime autonomic activity, increased inflammation, and
persistent activation of the hypothalamic—pituitary—adrenal
(HPA) axis.”' Poor sleep quality has been associated with low
heart rate variability,'® high levels of inflammatory markers,®
and high cortisol levels.’” In turn, altered autonomic function,
chronic inflammation, and HPA axis activation have each
been shown to contribute to insulin resistance.”’>> Finally,
poor sleep quality may share a common genetic background
with metabolic dysfunction. Specifically, a recent study do-
cumented a genetic correlation between insomnia symptoms
and HOMA-IR and between insomnia ssymptoms and daytime
sleepiness with measures of adiposity.”®

Strengths of this study include a sample of postmenopausal
women with a high prevalence of poor sleep quality and
MetS, which allowed for examination of whether the rela-
tionship between sleep quality and insulin resistance differed
according to the presence of MetS. We also assessed sleep
quality using a validated measure; self-reported sleep qsuality
is an important predictor of numerous health outcomes”’ and
is unable to be reliably corroborated with objective mea-
sures.”® Moreover, analyses accounted for important behav-
ioral and physiological factors (e.g., BMI, cardiorespiratory
fitness, and caloric intake), which could confound the rela-
tionship between sleep quality and insulin resistance.

However, despite its numerous strengths, limitations of
the study should be considered. The abbreviated version of
the MOS Sleep Scale used in this study did not assess sleep
duration; however, extremely short or long sleep durations
have been shown to be associated with insulin resis-
tance.”'" Although sleep quality and sleep duration are
distinct sleep parameters with weak concordance,” it
would have been informative to examine their independent
and combined associations with insulin resistance in this
sample. Lack of objective OSA assessment is another
limitation given the likely high prevalence of OSA in this
sample and the known association between OSA and in-
sulin resistance.

An additional limitation is the reliance upon fasting
samples to assess insulin resistance. Although HOMA cor-
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responds well to tests of dynamic glucose homeostasis (e.g.,
euglycemic hyperinsulinemic clamp),** other techniques
are needed to assess peripheral and whole-body insulin
resistance. Finally, because of the cross-sectional nature of
these analyses, directionality of the association between
sleep quality and insulin resistance cannot be established.
Although laboratory-based experimental research suggests
that poor sleep quality induces metabolic dysfunction,13 it
is possible that the relationship may be bidirectional.

In summary, we found that poor sleep quality was asso-
ciated with insulin resistance in a sample of postmenopausal
women, with a similar relationship among women with and
without MetS. Notably, women with poor sleep quality and
MetS had the highest insulin resistance. Although cross-
sectional, these data suggest the possibility of poor sleep
quality as a modifiable target to reduce insulin resistance
and its associated cardiometabolic risk. Future research
should address whether improving sleep quality in women—
but especially in women with MetS—Ieads to reduced car-
diometabolic risk.
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