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Multiple poor sleep characteristics 
and metabolic abnormalities consistent 
with metabolic syndrome among white, black, 
and Hispanic/Latina women: modification 
by menopausal status
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Abstract 

Background: Poor sleep is a potential risk factor for metabolic syndrome (MetS), and its relationship with MetS may 
vary by race/ethnicity and menopausal status among women.

Methods: We used Sister Study enrollment data from 2003 to 2009 to investigate the cross‑sectional associations 
between multiple subjective sleep characteristics and having ≥ 3 prevalent metabolic abnormalities consistent with 
MetS among white, black, and Hispanic/Latina women. Self‑reported sleep characteristics included average sleep 
duration (short [< 7 h] vs. recommended [7–9 h]), sleep debt (≥ 2‑h difference between shortest and longest sleep 
duration, napping ≥ 3 times/week, and insomnia symptoms (difficulty falling or staying asleep). We used Poisson 
regression with robust variance to estimate adjusted prevalence ratios (PRs) and 95% confidence intervals (CIs) to 
compare MetS prevalence between women with poor sleep (e.g., short sleep, sleep debt, frequent napping, or insom‑
nia symptoms [all yes vs. no]) and non‑poor sleep within menopausal status categories (premenopausal or postmen‑
opausal). We adjusted for sociodemographic characteristics, mental health, and health behaviors.

Results: Among 38,007 eligible women (13,988 premenopausal, 24,019 postmenopausal), mean age was 
55 ± 8.8 years, racial/ethnic composition was 86.63% white, 8.53% black, and 4.84% Hispanic/Latina, and 12% had 
MetS. Associations between certain poor sleep characteristics [i.e., short sleep  (PRpremenopausal = 1.23 [95% CI 1.06–
1.42],  PRpostmenopausal = 1.09 [1.02–1.16],  pshort sleep*menopause = 0.0070) and insomnia symptoms  (PRpremenopausal = 1.21 
[1.05–1.41],  PRpostmenopausal = 1.11 [1.05–1.18],  pinsomnia symptoms*menopause = 0.035)] and prevalent MetS were stronger 
among premenopausal compared to postmenopausal women, but did not vary by race/ethnicity. Associations 
between concurrent short sleep/insomnia symptoms and MetS were stronger among white and Hispanic/Latina 
postmenopausal women compared to their black counterparts. Menopausal status and race/ethnicity did not modify 
positive associations for other poor sleep characteristics.

Conclusions: Poor sleep was positively associated with MetS prevalence. Associations between individual poor sleep 
characteristics (i.e., short sleep, insomnia symptoms) were stronger among premenopausal compared to postmeno‑
pausal women but did not vary by race/ethnicity.
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Background
Metabolic syndrome (MetS) is a cluster of cardiometa-
bolic risk factors [e.g., elevated blood pressure (BP), 
elevated fasting blood glucose, dyslipidemia, abdominal 
obesity] that is associated with a twofold higher risk of 
cardiovascular disease as well as a 50% higher risk of all-
cause mortality [1, 2]. In the United States (US), the prev-
alence of MetS appears to have increased over the past 
two decades with a recent estimate of 34% among adults 
(33% [men] and 35% [women]) [3, 4]. Among women, 
MetS prevalence for non-Hispanic white and non-His-
panic black (hereafter referred to as white and black) 
women, increased by 44% and 41% from 1988 to 2012 [3]. 
Although MetS prevalence increased by only 2% among 
Mexican women, black and Mexican women were 20% 
more likely than white women to have MetS in this same 
period [3]. Primary and secondary prevention of MetS is 
warranted, especially among women, given the associ-
ated health sequelae, increasing prevalence, and observed 
racial/ethnic disparities.

Meta-analyses suggest that poor sleep duration is a 
potential risk factor for MetS [5–7]; however, observa-
tional studies measuring sleep quality have had mixed 
results [8–17]. Nonetheless, experimental studies sup-
port associations between short-term sleep deprivation 
and physiological changes related to individual MetS 
components like weight gain, insulin resistance, and ele-
vated nocturnal BP [18–20]. Overall, one-third of Ameri-
cans do not get the 7–9 h of quality, uninterrupted sleep 
recommended by the National Sleep Foundation [21, 22]. 
Furthermore, blacks and Hispanics/Latinos are two-to-
four times more likely to report inadequate sleep com-
pared to whites, and racial/ethnic disparities in sleep are 
likely contributors to racial/ethnic disparities in poor car-
diometabolic health outcomes like frequently observed 
higher obesity prevalence among these racial/ethnic 
groups [3, 4, 23–26].

Among women, menopausal status may affect relation-
ships between sleep characteristics and MetS. Postmeno-
pausal women have been shown to have shorter sleep 
duration, worse sleep quality, and increased MetS risk 
compared to premenopausal women, independent of age 
(e.g., among younger women with surgical menopause) 
and likely due to declines in sex hormones (e.g., estrogen) 
[27–30]. Although poor sleep and higher MetS risk may 
be due to menopause-related physiologic changes among 
menopausal women, poor sleep may act more as a risk 
factor for MetS among premenopausal women. Despite 
commonly-observed racial/ethnic and menopausal status 
differences in sleep and cardiometabolic health, few stud-
ies have investigated these characteristics as modifiers 
of sleep-MetS relationships [3, 4, 23, 24, 27–29, 31–33]. 
To address this important gap, the objective of our study 

was to investigate the relationship between multiple sleep 
characteristics and prevalent metabolic abnormalities 
consistent with MetS among a multi-ethnic cohort of US 
women, and to determine whether these relationships 
vary by menopausal status and race/ethnicity.

Methods
The Sister Study Cohort
In 2018, we analyzed baseline data from data release 5.0.2 
of the Sister Study, a prospective cohort study of 50,884 
US women designed to investigate environmental and 
genetic risk factors for breast cancer among women aged 
35–74 years. To be eligible for the study, participants had 
to live in the US, meet age criteria, have a sister diag-
nosed with breast cancer, and be without breast cancer. 
Methods and recruitment strategies are described in 
detail elsewhere [34]. Briefly, women were recruited from 
the 50 US states and Puerto Rico. Recruitment strate-
gies included word-of-mouth and flyer distribution at 
breast cancer support and advocacy groups and events; 
outreach at hospitals, medical centers, and other institu-
tions the target population would visit; direct mailings; 
and mass media. Special recruitment efforts were made 
to ensure inclusion of typically underrepresented women 
including non-whites, older women, and women of lower 
socioeconomic status. Baseline data collection occurred 
from 2003 to 2009 and included self-administered ques-
tionnaires, a two-part computer-assisted telephone inter-
view, and a home visit that included anthropometric 
measurements, biologic specimen collection, and home 
environmental samples. The National Institute of Envi-
ronmental Health Sciences Institutional Review Board 
and the Copernicus Group Independent Review Board 
approved the Sister Study protocol, and all participants 
provided informed consent.

Study participants
Women were excluded in a stepwise manner if they self-
identified as any race/ethnicity other than white, black, 
or Hispanic/Latina (e.g., non-Hispanic Asian) due to low 
sample size (n = 1334); were currently pregnant, breast-
feeding, or with pre-existing medical conditions (i.e., 
cancer, diabetes diagnosis before age 20 years or between 
ages 20 and 34 years along with continuous insulin usage, 
cardiovascular/cerebrovascular disease, n = 5529); were 
current shift workers (n = 288); or were missing values 
or had unknown timing of excluded medical conditions 
(n = 1230). Of the eligible participants, we excluded from 
analyses those with missing or implausible values for 
MetS components or potential confounders (n = 4147) 
or who self-reported long (> 9 h) sleep duration (due to 
small sample size, n = 349) (Additional file 1: Figure S1).
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Measures
Sleep characteristics
Detailed questionnaires used to ascertain sleep charac-
teristics are publicly available at https ://siste rstud y.niehs 
.nih.gov/Engli sh/enrol l-data.htm. Participants reported 
hours and minutes of habitual sleep duration by respond-
ing to ‘About how many hours and/or minutes of sleep 
per (night/day) do you get on average?’. We rounded 
responses to the nearest tenth of an hour and applied 
National Sleep Foundation recommendations, categoriz-
ing average sleep duration as short (< 7.0  h) and recom-
mended (7.0–9.0  h) [22]. We determined inconsistent 
weekly sleep patterns (yes vs. no) based on whether par-
ticipants reported consistent (could vary day-by-day but 
were stable from week-to-week) or inconsistent wake-up 
times and bedtimes during the prior 6  weeks. Partici-
pants with consistent weekly sleep patterns reported daily 
bedtimes and wake-up times from which we directly cal-
culated longest and shortest sleep duration. Participants 
with inconsistent weekly sleep patterns reported their 
longest and shortest average  sleep duration. Among all 
participants, we defined sleep debt as a ≥ 2-h vs. < 2-h 
difference between longest and shortest sleep dura-
tion. Participants reported napping frequency, and we 
dichotomized frequent napping as ≥ 3 naps per week vs. 
< 3 naps per week. Participants also reported the average 
time taken to fall asleep and frequency of night awaken-
ings. Insomnia symptoms included either difficulty fall-
ing asleep (taking ≥ 30 min vs. < 30 min to fall asleep on 
average) or difficulty staying asleep (awakening ≥ 3 times 
per night/day, ≥ 3 nights/days per week vs. awakening < 3 
times per night/day and/or < 3 nights/days per week) vs. 
neither, which were also individually assessed. We exam-
ined the combination of short sleep duration and insom-
nia symptoms. Lastly, we calculated a cumulative sleep 
score which was the sum of yes responses to the main 
sleep characteristics (short sleep duration, inconsistent 
weekly sleep patterns, sleep debt, frequent napping, and 
insomnia symptoms [range: 0–5]).

Prevalent metabolic abnormalities consistent with metabolic 
syndrome
To be classified as having prevalent metabolic abnor-
malities consistent with MetS (hereafter, referred to as 
MetS), participants had to meet at least three criteria 
related to hypertension, abdominal obesity, dyslipidemia, 
and prediabetes/type 2 diabetes mellitus (T2DM). We 
adapted the harmonized definition for MetS as outlined 
by Alberti et al. [35] by using self-reported measures for 
dyslipidemia and prediabetes/T2DM. During the base-
line examination, technicians measured waist circumfer-
ence (WC) and took three BP measurements, if possible. 
Participants met criteria for abdominal obesity if their 

measured WC averaged ≥ 88 cm. BP measurements were 
taken between 1 and 2  min apart, and we averaged the 
latter two BP measurements. If either of the latter two 
measurements was unavailable, we included the first 
BP measurement (3.8%). We classified participants with 
a systolic BP ≥ 130  mmHg, a diastolic BP ≥ 85  mmHg, 
or report of a physician’s diagnosis of hypertension and 
antihypertensive medication use in the past 12  months 
as having hypertension. We considered participants as 
having dyslipidemia if they self-reported a physician or 
healthcare provider diagnosis of high cholesterol, high 
triglycerides, or current use (within the past 12 months) 
of medications to lower triglycerides or raise high density 
lipoprotein cholesterol (i.e., fibrates, niacin, long-chain 
omega-3 fatty acids, statins). T2DM was defined as self-
report of physician-diagnosed diabetes or diabetes medi-
cation (including insulin) usage in the past 12  months. 
Prediabetes was based on self-reported physician-diag-
nosed borderline diabetes.

Covariates
We considered self-reported (unless otherwise 
stated) potential confounders including sociodemo-
graphic, health behavior, and clinical characteristics 
[3, 8, 14]. Sociodemographic factors included age (in 
years), educational attainment (≤ high school, asso-
ciate’s/technical degree or some college, ≥ college 
graduate), current employment (yes vs. no), annual 
household income (< $20,000, $20,000–$49,999, $50,000–
$99,999, ≥ $100,000), household size, whether children 
(aged ≤ 18  years) were in the household (yes vs. no), 
and marital status (married/living as married, divorced/
separated/widowed, never married). Health behaviors 
included smoking status (current, former, never), alcohol 
consumption (never/former [0 drinks/week], light/mod-
erate [1 to ≤ 7 drinks/week], heavy [> 7 drinks/week]), the 
sum of average total metabolic equivalent (METs) hours 
per week of self-reported ‘leisure-time, occupational, and 
daily activities’ physical activity in the past 12  months 
calculated using the Compendium of Physical Activities 
[36, 37], diet quality (Healthy Eating Index [HEI] score 
[38] and daily glycemic load [glucose scale] [39, 40]) cal-
culated from responses to a modified Block 1998 Food 
Frequency Questionnaire, and reported sleep medication 
use to fall or stay asleep in the past 6 weeks (yes vs. no). 
Clinical characteristics included body mass index (BMI) 
calculated from objectively-measured height and weight 
(kg/m2) and categorized as underweight (< 18.5  kg/m2), 
normal weight (18.5–24.9  kg/m2), overweight (25.0–
29.9  kg/m2), obese (≥ 30.0  kg/m2) [41]; reported physi-
cian-diagnosis of clinical depression or bipolar disorder 
(yes vs. no); and hormone replacement therapy use (yes 
vs. no).

https://sisterstudy.niehs.nih.gov/English/enroll-data.htm
https://sisterstudy.niehs.nih.gov/English/enroll-data.htm
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Potential modifiers: menopausal status and race/ethnicity
We considered menopausal status and race/ethnicity 
as potential moderators of relationships between poor 
sleep and an MetS based on prior literature [3, 26, 27, 
29, 42]. Self-reported menopausal status was dichoto-
mized as premenopausal and postmenopausal (whether 
natural or non-natural [i.e., surgical or due to treatments] 
that caused cessation of menstruation). We categorized 
participants as white, black, or Hispanic/Latina if they 
reported only non-Hispanic white race/ethnicity, only 
non-Hispanic black race/ethnicity, or Hispanic/Latina 
ethnicity and any race, respectively. We used white as the 
reference category because whites represented the largest 
sample size and had the highest likelihood of both non-
poor sleep and lowest prevalence of MetS [3, 26].

Statistical analysis
We used Poisson regression with robust variance estima-
tion [43] to calculate adjusted prevalence ratios (PRs) and 
95% confidence intervals (CIs) to compare MetS preva-
lence between women with poor sleep to women with 
recommended sleep (yes vs. no for short sleep, inconsist-
ent weekly sleep patterns, sleep debt, frequent napping, 
insomnia symptoms, difficulty falling asleep, or difficulty 
staying asleep) for premenopausal and postmenopausal 
women, separately. A two-sided p-value of 0.05 was used 
to determine statistical significance in all models. Based 
on directed acyclic graphs [44] and the prior literature, 
all adjusted models included age, educational attainment, 
annual household income, smoking status, alcohol con-
sumption, healthy eating index score, log-transformed 
metabolic equivalents, hormone replacement therapy 
use, clinical depression/bipolar disorder, and sleep 
medication use. Models for sleep debt were addition-
ally adjusted for consistent weekly sleep patterns. Mod-
els including all participants were additionally adjusted 
for race/ethnicity. We determined statistical significance 
for a menopausal status-by-sleep characteristic interac-
tion term in models that included all participants. Within 
each menopausal status category, we also included a 
sleep parameter-by-race/ethnicity interaction term and 
then stratified models by race/ethnicity. All analyses were 
performed using SAS software, version 9.4 of the SAS 
System for Windows (Cary, NC).

Sensitivity analysis
We performed six independent sensitivity analyses. 
First, we adjusted for use of medication for dyslipi-
demia because of the potential for adverse sleep-related 
side effects related to medication use. Second, among 
menopausal women, we stratified by natural meno-
pause (yes vs. no) due to the higher risk of MetS asso-
ciated with surgical compared to natural menopause 

[29]. Third, we recategorized participants with dias-
tolic BP ≥ 80  mmHg as hypertensive based on recent 
recommendations of the American College of Cardiol-
ogy/American Heart Association Task Force and reran 
adjusted models [45]. Fourth, we additionally stratified 
the analytic sample by sleep medication use. Fifth, we 
mutually adjusted for all individual sleep characteris-
tics to determine which associations were robust after 
adjustment for other sleep characteristics. Lastly, to 
determine whether associations between poor sleep 
and individual MetS components varied by subgroup, 
we investigated individual metabolic abnormalities as 
outcomes.

Results
Study population
Our analytic sample consisted of 38,007 partici-
pants (Additional file  1: Figure  S1). Mean age was 
55 ± 8.8 years and racial/ethnic composition was 86.6% 
white, 8.5% black, and 4.8% Hispanic/Latina (Table 1). 
Black women were the most likely to have at least a 
bachelor’s degree and be currently employed com-
pared to white and Hispanic/Latina women. Blacks 
and Hispanics/Latinas had lower annual household 
income, on average, compared to whites. Most of the 
participants were postmenopausal (63%). Overall, 
postmenopausal women were generally more likely to 
have poor sleep characteristics compared to premeno-
pausal women. The most notable racial/ethnic differ-
ences in sleep characteristics were for sleep duration: 
black women had the highest prevalence of short sleep 
duration (53% premenopausal and 53% postmenopau-
sal for blacks vs. 24% premenopausal and 26% post-
menopausal for whites and 33% premenopausal and 
41% postmenopausal for Hispanics/Latinas). Among 
both premenopausal and postmenopausal participants, 
black and Hispanic/Latina women had similarly higher 
prevalence of inconsistent weekly sleep patterns, sleep 
debt, frequent napping, insomnia symptoms, and both 
short sleep and insomnia symptoms compared to white 
women. Compared to premenopausal women, post-
menopausal women also had higher prevalence of MetS 
(white—14% vs. 4.6%, black—28% vs. 12%, and His-
panic/Latina—21% vs. 8.7%).

Poor sleep and MetS by menopausal status and race/
ethnicity
Women with prevalent MetS generally had a higher prev-
alence of poor sleep characteristics regardless of race/
ethnicity compared to women without MetS; however, 
the differences in MetS prevalence among postmeno-
pausal women were often smaller than those observed 
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among premenopausal women, particularly among 
blacks (Fig.  1). After adjusting for potential confound-
ers, associations between certain poor sleep characteris-
tics, including short sleep duration, insomnia symptoms, 
difficulty staying asleep, concurrent short sleep duration 
and insomnia symptoms, and MetS were stronger among 
premenopausal compared to postmenopausal women; 
however, positive associations were similar regardless of 
menopausal status for inconsistent weekly sleep patterns, 
sleep debt, napping, difficulty falling asleep, and sleep score 
(Table  2). Premenopausal women reporting short sleep 
duration had 23% higher prevalence of MetS (PR = 1.23 
[95% CI 1.06–1.42]) compared to their counterparts 
reporting recommended sleep duration, but there was 
9% higher prevalence of MetS among postmenopausal 
women who reported short sleep (PR = 1.09 [1.02–1.16], 
 pshort sleep*menopause = 0.0070). Compared to counterparts 
without insomnia symptoms, premenopausal women with 
insomnia symptoms had a 21% higher prevalence of MetS 
(PR = 1.21 [1.05–1.41]) and postmenopausal women with 
insomnia symptoms had a 11% higher prevalence of MetS 
(PR = 1.11 [1.05–1.18],  pinsomnia symptoms*menopause = 0.035). 
Although relationships between difficulty falling asleep 
and MetS did not vary by menopausal status, difficulty 
staying asleep varied by menopausal status: difficulty 
staying asleep  was associated with a 33% higher preva-
lence of MetS among premenopausal women (PR = 1.33 
[1.11–1.59]) but was not associated with MetS among 
postmenopausal women (PR = 1.07 [0.99–1.16],  pdifficulty 

staying asleep*menopause = 0.0074). Only relationships for 
short sleep duration and insomnia symptoms varied by 
menopausal status  (PRpremenopausal = 1.25 [1.04–1.50], 
 PRpostmenopausal = 1.12 [1.03–1.21],  pshort sleep duration/insom-

nia symptoms*menopause = 0.027) and race/ethnicity  (pshort sleep 

duration/insomnia symptoms*race/ethnicity < 0.05). White and His-
panic/Latina women who reported concurrent short sleep 
duration and insomnia symptoms had higher prevalence 
of MetS compared to their within-race counterparts; 
however, there was no association among black meno-
pausal women. 

Results of the sensitivity analyses are presented in 
Additional file  1: Tables  S1–S9. Although prevalence 
ratios were slightly attenuated, overall findings were 
consistent after adjustment for use of lipid-regulating 
medications (Additional file 1: Table S1). Among all post-
menopausal women, associations between sleep char-
acteristics and MetS were similar between women who 
reported natural and non-natural menopause (Addi-
tional file 1: Table S2). After application of an 80 mmHg 
cut-point for hypertension, associations between sleep 
characteristics and MetS prevalence were consistent 
with results for original BP cut-points (Additional file 1: 
Table S3). Among premenopausal women, PR’s for most 

poor sleep characteristics were higher when the analysis 
was restricted to participants with no sleep medication 
use; however, among all postmenopausal women, PR’s 
were comparable irrespective of sleep medication use 
(Additional file 1: Table S4). Nonetheless, data suggested 
some variation by sleep medication use among blacks 
and Hispanics/Latinas. After mutual adjustment for indi-
vidual sleep characteristics in models, results for short 
sleep duration were robust for short sleep duration and 
insomnia symptoms: each was more strongly associated 
with MetS among premenopausal women (Additional 
file 1: Table S5). Consistently, associations between short 
sleep duration, insomnia-related symptoms, and most 
individual MetS components (hypertension, abdominal 
obesity, and dyslipidemia) were stronger among pre-
menopausal compared to postmenopausal women (Addi-
tional file 1: Tables S6–S9). Notably, associations between 
poor sleep and abdominal obesity were often strongest 
for whites among premenopausal women and strongest 
for Hispanics/Latinas among postmenopausal women 
(Additional file 1: Table S7).

Discussion
In this large study of white, black, and Hispanic/Latina 
women aged 35–74  years, short sleep duration and 
insomnia symptoms were positively associated with 
prevalent MetS. These associations were stronger among 
premenopausal compared to postmenopausal women. 
Furthermore, among postmenopausal women, relation-
ships between concurrent short sleep and insomnia 
symptoms and MetS were stronger among Hispanics/
Latinas and whites. We observed no other racial/ethnic 
differences in the relationship between sleep and MetS. 
Pre- and post-menopausal women who reported no con-
sistent weekly sleep pattern, sleep debt, frequent nap-
ping, and difficulty falling asleep had similarly higher 
prevalence of MetS. Our findings were robust after sen-
sitivity analyses.

Our finding that poor sleep characteristics were associ-
ated with greater MetS prevalence is consistent with prior 
studies. Meta-analyses and a prospective study reported 
positive associations between short sleep duration and 
MetS as well as a dose–response relationship where 
odds of MetS increased with decreases in sleep duration 
[6, 7, 17, 31, 32]. Similarly, several cross-sectional stud-
ies across geographically and ethnically diverse popula-
tions observed positive relationships between poor sleep, 
including sleep disturbances and difficulty staying asleep, 
and prevalent MetS [9–11, 13]. These prior studies often 
adjusted for menopausal status, but none explicitly inves-
tigated menopausal status as a potential modifier or pre-
sented results for premenopausal and postmenopausal 
participants, separately. Counter to our observations, 
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cross-sectional studies of participants in Spain, Japan, 
and China as well as a prospective study among black and 
white men and women aged 45–74  years in Pittsburgh 
observed relationships between difficulty falling asleep 

and MetS [11–14]. The conflicting results could be due 
to differences in population characteristics and measure-
ment of sleep and MetS. However, our results remain 
biologically plausible.
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Short sleep and insomnia symptoms (yes)

Difficulty staying asleep (yes)

Difficulty falling asleep (yes)

Insomnia symptoms (yes)

Napping ≥3 times/ week (yes) 

Sleep debt (yes)

Inconsistent weekly sleep patterns (yes)

Recommended Sleep Duration (7-9 h)

Short Sleep Duration (<7 h)
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a Premenopausal Women (n=13,988)
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Fig. 1 Prevalence of sleep characteristics by race/ethnicity and metabolic abnormalities consistent with metabolic syndrome (MetS) among a 
premenopausal and b postmenopausal participants, Sister Study (2003–2009), N = 38,007. h hours. Data presented as percentages of participants 
reporting each sleep characteristics and mean (of cumulative sleep score) within each race/ethnicity/MetS category. Inconsistent weekly sleep 
patterns indicated whether participants reported consistent (could vary day‑by‑day but were stable from week‑to‑week) or inconsistent wake‑up 
times and bedtimes during the prior 6 weeks. Sleep debt was defined as ≥ 2‑h difference between average longest and shortest sleep duration. 
Insomnia symptoms included difficulty falling asleep, defined as taking > 30 min vs. ≤ 30 min to fall asleep on average, or difficulty staying asleep, 
defined as waking up ≥ 3 times per night ≥ 3 nights/week vs. < 3 times per night < 3 nights/week vs. neither. Cumulative sleep score was the sum 
of yes responses to the main sleep characteristics (short sleep duration, inconsistent weekly sleep patterns, sleep debt, frequent napping, and 
insomnia symptoms [range: 0–5]). < 0.2% missingness for sleep medication use, habitual sleep duration category, consistent sleep pattern, sleep 
debt, napping, insomnia symptoms, difficulty falling asleep, difficulty staying asleep, cumulative sleep score
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Poor sleep is hypothesized to affect each individual 
component of MetS through several distinct biologi-
cal pathways [18, 24]. For instance, lack of adequate 
sleep can alter homeostatic functioning, result in greater 
caloric intake by increasing appetite through dysregula-
tion of hormones that increase hunger and decrease sati-
ety, and lead to lower physical activity due to fatigue [18, 

24]. Poor sleep can also affect glucose homeostasis and 
experimental evidence has shown that sleep restriction 
can induce insulin resistance likely through inflamma-
tory pathways and epigenetic changes to the expression 
of circadian clock genes that regulate biological processes 
[18, 24]. Furthermore, sleep restriction raises blood pres-
sure through multiple potential mechanisms like higher 

Table 2 Adjusted prevalence ratios for metabolic abnormalities consistent with metabolic syndrome for pre- and post-
menopausal women with poor sleep compared to women with recommended sleep, sister study (2003–2009), N = 38,007

Pshort sleep*menopausal status = 0.0070; Pconsistent sleep*menopausal status = 0.71; Psleep debt*menopausal status = 0.27; Pnapping*menopausal status = 0.38; Pinsomnia symptoms*menopausal status = 0.035; 
Pdifficulty falling asleep*menopausal status = 0.32; Pdifficulty staying asleep*menopausal status = 0.0074; Pshort sleep and insomnia symptoms*menopausal status = 0.027; Psleep score *menopausal status = 0.15

Adjusted for age at baseline (years), educational attainment (≤ high school graduate/graduation equivalent degree, some college/technical school/associate’s degree, 
≥ college graduate), annual household income (< $20,000, $20,000–$49,999, $50,000–$99,999, ≥ $100,000), diet quality (Healthy Eating Index score [38]), physical 
activity (METs [metabolic equivalent] hours per week), use of hormone replacement therapy (yes vs. no), alcohol consumption (nondrinker [former/never], light/
moderate [≤ 7 drinks/week], heavy [> 7 drinks/week]), smoking status (never, former, current), clinical depression or bipolar disorder (yes vs. no), and sleep medication 
use (yes vs. no). Models for sleep debt are also adjusted for consistent weekly sleep patterns (no vs. yes)

Inconsistent weekly sleep patterns indicated whether participants reported consistent (could vary day-by-day but were stable from week-to-week) or inconsistent 
wake-up times and bedtimes during the prior 6 weeks. Sleep debt was defined as ≥ 2-h difference between average longest and shortest sleep duration. Insomnia 
symptoms included difficulty falling asleep, defined as taking > 30 min vs. ≤ 30 min to fall asleep on average, or difficulty staying asleep, defined as waking 
up ≥ 3 times per night ≥ 3 nights/week vs. < 3 times per night < 3 nights/week vs. neither. Cumulative sleep score was the sum of yes responses to the main sleep 
characteristics (short sleep duration, inconsistent weekly sleep patterns, sleep debt, frequent napping, and insomnia symptoms [range: 0–5])

< 0.2% missingness for sleep medication use, habitual sleep duration category, consistent sleep pattern, sleep debt, napping, insomnia symptoms, difficulty falling 
asleep, difficulty staying asleep, cumulative sleep score

MetS metabolic syndrome, PR prevalence ratio, CI confidence interval, h hours, NE not estimable

Italic values indicate statistical significance at two-sided p = 0.05
A p < 0.05 for interaction term (sleep variable by race/ethnicity)
B p < 0.10 for interaction term (sleep variable by race/ethnicity)

Total White Black Hispanic

Premenopausal women

Sample size N = 13,988 n = 11,757 n = 1417 n = 814

n (%) with prevalent abnormalities consistent with MetS 787 (5.63) 541 (4.60) 175 (12.4) 71 (8.72)

PR (95% CI)

Short sleep duration (< 7 h vs. recommended [7–9 h]) 1.23 (1.06–1.42) 1.26 (1.06–1.50) 1.18 (0.89–1.57) NE

Inconsistent weekly sleep patterns (yes vs. no) 1.05 (0.87–1.26) 1.14 (0.90–1.43) 0.98 (0.68–1.40) NE

Sleep debt (yes vs. no) 1.16 (0.99–1.35) 1.16 (0.95–1.42) 0.91 (0.67–1.24) NE

Napping ≥ 3 times/week (yes vs. no) 1.25 (1.01–1.56) 1.18 (0.90–1.56) 1.35 (0.91–1.98) NE

Insomnia symptoms (yes vs. no) 1.21 (1.05–1.41) 1.10 (0.91–1.33) 1.32 (0.99–1.75) NE

 Difficulty falling asleep (yes vs. no) 1.11 (0.93–1.32) 1.05 (0.83–1.32) 1.13 (0.82–1.56) NE

 Difficulty staying asleep (yes vs. no) 1.33 (1.11–1.59) 1.21 (0.97–1.51) 1.52 (1.06–2.18) NE

Short sleep and insomnia symptoms (yes vs. no) 1.25 (1.04–1.50) 1.17 (0.91–1.50) 1.28 (0.94–1.75) NE

Cumulative sleep score 1.10 (1.04–1.16) 1.10 (1.03–1.17) 1.08 (0.96–1.20) NE

Postmenopausal women

Sample size N = 24,019 n = 21,168 n = 1826 n = 1025

n (%) with prevalent abnormalities consistent with MetS 3725 (15.5) 2998 (14.2) 514 (28.2) 213 (20.8)

PR (95% CI)

Short sleep duration (< 7 h vs. recommended [7–9 h]) 1.09 (1.02–1.16) 1.09 (1.01–1.17) 1.05 (0.91–1.22) 1.23 (0.97–1.55)

Inconsistent weekly sleep patterns (yes vs. no)B 1.23 (1.15–1.31) 1.26 (1.17–1.36) 1.11 (0.94–1.30) 1.17 (0.89–1.53)

Sleep debt (yes vs. no) 1.24 (1.14–1.35) 1.25 (1.13–1.38) 1.15 (0.96–1.39) 1.21 (0.91–1.62)

Napping ≥ 3 times/week (yes vs. no) 1.27 (1.18–1.37) 1.27 (1.16–1.39) 1.34 (1.13–1.58) 1.17 (0.88–1.55)

Insomnia symptoms (yes vs. no) 1.11 (1.05–1.18) 1.12 (1.05–1.21) 1.00 (0.86–1.16) 1.25 (0.97–1.61)

 Difficulty falling asleep (yes vs. no) 1.11 (1.04–1.19) 1.14 (1.05–1.23) 1.02 (0.87–1.20) 1.10 (0.84–1.42)

 Difficulty staying asleep (yes vs. no)B 1.07 (0.99–1.16) 1.08 (0.99–1.17) 0.91 (0.73–1.13) 1.38 (1.06–1.81)

Short sleep and insomnia symptoms (yes vs. no)A 1.12 (1.03–1.21) 1.17 (1.07–1.28) 0.92 (0.77–1.10) 1.20 (0.91–1.59)

Cumulative sleep  scoreB 1.11 (1.08–1.13) 1.11 (1.08–1.14) 1.07 (1.01–1.13) 1.14 (1.04–1.25)
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catecholamine production and hyperactivity of the sym-
pathetic nervous system [18]. Subjective sleep character-
istics are likely reflective of inadequate sleep and sleep 
deprivation, and these pathways could explain our obser-
vations. Nonetheless, objective measures of sleep and 
MetS coupled with biomarkers of physiological function-
ing are necessary.

Our finding that poor sleep was more strongly asso-
ciated with MetS among premenopausal compared to 
postmenopausal women may be due to biological dif-
ferences between premenopausal and postmenopausal 
women. The menopausal transition negatively affects 
sleep and leads to increased insomnia, which tends to 
continue post-transition [28]. Additionally, postmeno-
pausal women have greater cardiovascular disease risk 
compared to premenopausal women likely due to the 
decline of sex hormones, namely estrogen [29, 30]. Prior 
studies have also shown higher prevalence of sleep-dis-
ordered breathing (SDB) among postmenopausal women 
compared to premenopausal women [33, 46]. Preva-
lent SDB among postmenopausal women could explain 
higher prevalence of both poor sleep and MetS observed 
in this group in our cross-sectional study. It is possible 
that the greater likelihood of both poor sleep and MetS 
among postmenopausal women results in weaker relative 
associations compared to premenopausal women.

Among postmenopausal women, our findings that 
associations between concurrent short sleep duration/
insomnia symptoms and MetS were stronger among His-
panic/Latina and white postmenopausal women com-
pared to their black counterparts, require additional 
investigation. Data suggested that associations between 
concurrent short sleep/insomnia symptoms and the MetS 
component abdominal obesity were strongest among 
Hispanics/Latinas. Our MetS findings may have captured 
racial/ethnic differences in associations between sleep 
and abdominal obesity. Recent prior studies consisting of 
similarly aged US women lacked Hispanic/Latina partici-
pants [8, 14]. More racially/ethnically diverse prospective 
studies are warranted.

This study has limitations as well as important 
strengths. This study was limited by its cross-sectional 
study design, which precluded our ability to infer causal 
relationships between poor sleep and MetS. Secondly, 
we relied on self-reported measures for sleep character-
istics, dyslipidemia, and borderline/T2DM; however, all 
women were of higher SES and racial/ethnic differences 
in health care access and utilization necessary for diag-
noses would be it is less likely. Self-reported sleep dura-
tion has been shown to be overestimated compared to 
objectively-measured sleep duration through wrist actig-
raphy and polysomnography [47]. Although measure-
ment error could vary by race/ethnicity, it is generally 

non-differential and likely leads to underestimation of 
relationships between poor sleep and MetS among all 
participants [48]. Furthermore, sleep characteristics 
were not assessed using standardized questionnaires; as 
a result, our assessment of sleep characteristics may be 
limited due to lack of psychometric validation. We also 
lacked data on SDB and sleep apnea, a sleep disorder that 
could affect measured sleep characteristics and MetS as 
well as partially explain observed associations, particu-
larly between difficulty staying asleep and MetS [8, 14]. 
Therefore, future studies inclusive of clinical diagnoses of 
MetS and objective sleep measures including sleep apnea 
are necessary. Thirdly, we did not study perimenopause; 
but, future studies should consider perimenopause [29]. 
Fourth, the lower sample size among premenopausal 
women and non-whites resulted in limited power to esti-
mate relationships and to test effect modification. Future 
research with greater diversity and consideration of eth-
nic subgroups is needed as sleep characteristics have 
been shown to differ by ethnic group [26]. Lastly, due to 
the testing of multiple associations, results could be due 
to chance. Despite these limitations, we used data from 
a large cohort of US women, which allowed for stratifi-
cation by menopausal status and race/ethnicity. We also 
investigated multiple sleep characteristics beyond sleep 
duration, included objective measures for abdominal 
obesity and hypertension, and adjusted for many poten-
tial confounders. Furthermore, our results were robust as 
demonstrated by the consistent relationships observed in 
sensitivity analysis.

Conclusions
In this study of a multi-ethnic population of middle-aged 
white, black, and Hispanic/Latina women, we found 
that multiple poor sleep characteristics were associated 
with higher prevalence of MetS. Beyond a weaker asso-
ciation between combined short sleep duration/insomnia 
symptoms and MetS among black women, relationships 
between poor sleep and MetS did not vary by race/eth-
nicity. Nonetheless, relationships between short sleep 
duration as well as insomnia symptoms and MetS were 
stronger among premenopausal compared to postmeno-
pausal women. Our results have public health and clini-
cal significance, especially in the context of primary and 
secondary prevention of MetS. Promotion of good sleep 
hygiene like acquiring the recommended amount of sleep 
and addressing insomnia symptoms throughout the life-
course may be a worthwhile approach to the prevention 
of poor cardiometabolic health among women, especially 
prior to the menopausal transition. Nonetheless, future 
research with sufficient representation of racial/eth-
nic minorities, longitudinal study designs, and objective 
measures are warranted to corroborate our findings.
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Additional file 1: Figure S1. Composition of Analytic Sample. Table S1. 
Additionally Adjusted (for Use of Medication for Dyslipidemia) Prevalence 
Ratios for Metabolic Abnormalities Consistent with Metabolic Syndrome 
for Pre‑ and Post‑Menopausal Women with Poor Sleep Compared to 
Women with Recommended Sleep, Sister Study (2003‑2009), N = 38,007. 
Table S2. Adjusted Prevalence Ratios of Metabolic Abnormalities Consist‑
ent with Metabolic Syndrome for Poor Sleep Compared to Recommended 
Sleep among Postmenopausal Women, Stratified by Type of Menopause, 
Sister Study (2003‑2009), N = 24,019. Table S3. Adjusted Prevalence Ratios 
of Metabolic Abnormalities Consistent with Metabolic Syndrome for Pre‑ 
and Post‑Menopausal Women with Poor Sleep Compared to Women with 
Recommended Sleep using Elevated Diastolic Blood Pressure Cut Point 
of ≥ 80 mmHg, Sister Study (2003‑2009), N = 38,007. Table S4. Adjusted 
Prevalence Ratios of Metabolic Abnormalities Consistent with Metabolic 
Syndrome for Pre‑ and Post‑Menopausal Women with Poor Sleep Com‑
pared to Women with Recommended Sleep Stratified by Sleep Medica‑
tion Use, Sister Study (2003‑2009), N = 38,007. Table S5. Additionally 
Adjusted (for other sleep characteristics) Prevalence Ratios of Metabolic 
Abnormalities Consistent with Metabolic Syndrome for Pre‑ and Post‑
Menopausal Women with Poor Sleep Compared to Women with Recom‑
mended Sleep, Sister Study (2003‑2009), N = 38,007. Table S6. Adjusted 
Prevalence Ratios of Hypertension for Pre‑ and Post‑Menopausal Women 
with Poor Sleep Compared to Women with Recommended Sleep, Sister 
Study (2003‑2009), N = 38,007. Table S7. Adjusted Prevalence Ratios of 
Abdominal Obesity for Pre‑ and Post‑Menopausal Women with Poor Sleep 
Compared to Women with Recommended Sleep, Sister Study (2003‑2009), 
N = 38,007. Table S8. Adjusted Prevalence Ratios of Dyslipidemia for 
Pre‑ and Post‑Menopausal Women with Poor Sleep Compared to Women 
with Recommended Sleep, Sister Study (2003‑2009), N = 38,007. Table S9. 
Adjusted Prevalence Ratios of Prediabetes/Type 2 Diabetes Mellitus 
(T2DM) for Pre‑ and Post‑Menopausal Women with Poor Sleep Compared 
to Women with Recommended Sleep, Sister Study (2003‑2009), N=38,007.
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