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Abstract
Background—Previous studies have shown an inconsistent association between sleep duration
and hypercholesterolaemia. This study examined the association between sleep duration and
hypercholesterolaemia in a nationally representative sample of US adults.

Methods—A cross-sectional study of 16,652 participants in the 2008 National Health Interview
Survey (aged ≥18 years, 52.5% women) was conducted. Sleep duration was categorized as ≤5, 6,
7, 8 or ≥9 h. Hypercholesterolaemia (n=5578) was assessed by questionnaire.

Results—A significant gender difference was found in the association between sleep duration
and hypercholesterolaemia (P interaction=0.0003). Among women, sleep duration ≤5 h was
positively associated with hypercholesterolaemia after adjusting for potential confounders and
mediators including physical activity, psychological distress, body mass index, diabetes mellitus
and hypertension. Compared with a sleep duration of 7 h (referent), the multivariate odds ratio
(OR) of hypercholesterolaemia was 1.27 [95% confidence interval (CI) 1.04–1.54] for sleep
duration ≤5 h. In contrast, among men, sleep duration ≥8 h was inversely associated with
hypercholesterolaemia. Compared with a sleep duration of 7 h (referent), the multivariate OR of
hypercholesterolaemia was 0.80 (95% CI 0.69–0.94) and 0.78 (95% CI 0.60–1.00) for sleep
durations of 8 and ≥9 h, respectively. In subgroup analyses, the positive association between sleep
duration ≤5 h and hypercholesterolaemia in women, and the inverse association between sleep
duration ≤8 h and hypercholesterolaemia in men were more pronounced among those aged <60
years and race/ethnic groups other than non-Hispanic Whites.

Conclusion—Sleep duration ≤5 h was positively associated with hypercholesterolaemia in
women, whereas sleep duration ≥8 h was inversely associated with hypercholesterolaemia in men.
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1. Introduction
Recent epidemiological studies suggest that sleep duration is a risk factor for cardiovascular
disease (CVD) [1–3]. Both short and long durations of sleep are linked to major CVD risk
factors including diabetes [4,5], hypertension [6] and obesity [7,8]. Hypercholesterolaemia
is an established risk factor for CVD [9]. Experimental studies have shown that sleep
restriction and fragmentation have an adverse effect on the lipid profile in healthy volunteers
[10,11]. However, previous population-based studies that examined the association between
sleep duration and hypercholesterolaemia have not found a consistent pattern of association
[12–17]. While some studies reported a positive association between hypercholesterolaemia
and short [13] or long [16] sleep duration or both [14,17], one study found an inverse
association between hypercholesterolaemia and long sleep duration [14], and two studies
reported no association between hypercholesterolaemia and sleep duration [12,15]. Further,
most of these studies were conducted in specific population groups including adolescents
[13], elderly people [16], men [15] or people with diabetes [17]. In addition, some studies
reported a gender difference in the association between sleep duration and
hypercholesterolaemia [13,14]. Gangwisch et al. reported an association between short sleep
duration and hypercholesterolaemia in adolescent females but not in males [13]. Kaneita et
al. reported a U-shaped association between sleep duration and hypercholesterolaemia in
women, and a protective association between long sleep duration and hypercholesterolaemia
in men in Japan [14]. The current study tested the hypothesis that, compared with sleep
duration of 7 h, shorter and longer sleep durations are associated with
hypercholesterolaemia, independent of confounding factors, and there are gender differences
in this association.

2. Methods
The data for this study were derived from the 2008 National Health Interview Survey
(NHIS), and details of the study design, questionnaire and methods are available online [18].
In brief, the NHIS is a multistage probability sample of the civilian, non-institutionalized
population of US adults. Blacks, Hispanics and Asians were oversampled to provide stable
estimates for these groups. The current study is based on the sample adult core component
of the NHIS, administered by in-person interviews with civilian adults (aged ≥18 years)
selected at random. Of the 29,370 adults eligible for the sample adult questionnaire, 21,781
adults completed the interviews (response rate 62.6%). The question on cholesterol was
introduced as a supplemental question to the core hypertension and heart disease questions
in the 2008 NHIS. Of the 21,781 adults interviewed, 17,111 had information on
hypercholesterolaemia. After excluding participants who were pregnant (n=150), those with
missing information on sleep duration (n=243) and other variables included in the
multivariable analysis (n=66), 16,652 individuals were included in the current analysis.
Written informed consent was obtained from all participants, and the study was approved by
the West Virginia University Institutional Review Board.

Sleep duration was assessed by asking participants the following question: ‘On average, how
many hours of sleep do you get in a 24-h period?’ Responses were categorized into five
groups for the current analysis: ≤5, 6, 7, 8 and ≥9 h. Fractional hour responses were rounded
to the nearest hour.

Information on demographic, socio-economic and lifestyle characteristics, and health status
was collected using a questionnaire. Age was included as a continuous variable. Education
was categorized into less than high school, high school and more than high school. Cigarette
smoking was classified into never, former and current smoker. Alcohol consumption was
categorized into never, former and current drinker. Body mass index (BMI) was calculated
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with self-reported height and weight (weight in kg divided by height in m2). Physical
activity was defined based on the 2008 Physical Activity Guidelines for Americans
published by the Centers for Disease Control and Prevention [19] as engaging in 150 (≥30
min for ≥5 days/week) min of moderate-intensity aerobic activity and muscle-strengthening
activities ≥2 days/week, or 75 (≥25 min for ≥3 days/week) min of vigorous-intensity
aerobic activity and muscle-strengthening activities ≥2 days/week, or a combination of
moderate- or vigorous-intensity aerobic activity and muscle-strengthening activities ≥2
days/week. Participants were considered to be inactive if they failed to meet either of these
requirements. Diabetes was defined as a ‘yes’ response to the question: ‘Have you ever been
told by a doctor or health professional that you have diabetes or sugar diabetes?’
Hypertension was defined as self-reported hypertension or high blood pressure.
Psychological distress was assessed using the K6 scale [20], including whether the
participant experienced feelings of sadness, nervousness, restlessness, hopelessness,
worthlessness or that everything was an effort in the past 30 days. Based on the possible
responses, a scoring of 0–4 (0=none of the time, 4=all of the time) was assigned, yielding a
total score of 0–24. Participants with a K6 score ≥13 were classified to have psychological
distress. Hypercholesterolaemia was ascertained by an affirmative response to the question,
‘Have you ever been told by a doctor or health professional that your blood cholesterol level
was high?’

2.1. Statistical analysis
As previous studies have documented gender differences in the association between sleep
duration and hypercholesterolaemia [13,14], and the present authors observed an interaction
in this association with gender in preliminary analyses (Pinteraction=0.0003), all analyses
were performed separately for men and women. The characteristics of the study participants
were compared by gender using Chi-squared test or analysis of variance, as appropriate.
Odds ratios (OR) and 95% confidence intervals (CI) of hypercholesterolaemia associated
with various sleep durations were calculated using 7 h of sleep as the referent category in
three logistic regression models with progressive levels of adjustment. Seven hours of sleep
was chosen as the referent category as previous studies have documented lower risks of
CVD [1,2] and mortality [21,22] among those with sleep duration of 7 h. The first model
adjusted for age (years). Multivariable model 1 also adjusted for potential confounders,
including race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican American,
other), education (less than high school, high school, more than high school), smoking
(never, former, current), alcohol intake (never, former, current), physical inactivity (absent,
present) and psychological distress (absent, present). Multivariable model 2 further adjusted
for potential mediators of the association between sleep duration and hypercholesterolaemia,
including overweight/obesity (absent, present), diabetes (absent, present) and hypertension
(absent, present). In order to examine the consistency of the association between sleep
duration and hypercholesterolaemia, stratified analyses were performed by age and race/
ethnicity. Interactions were formally evaluated by the inclusion of cross-product interaction
terms in the corresponding multivariable models. All analyses were weighted to account for
the complex survey design and survey non-response using SAS-callable SUDAAN Version
9.0 (Research Triangle Institute, Research Triangle Park, NC, USA).

3. Results
Table 1 shows the characteristics of the study participants by hypercholesterolaemic status.
Participants with hypercholesterolaemia were more likely to be older, non-Hispanic Whites,
less than high school education, former smokers, former drinkers, physically inactive and
overweight/obese, and to have a higher prevalence of psychological distress, diabetes and
hypertension. Table 2 shows the characteristics of the study participants by sleep duration.
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Compared with those with sleep duration of 7 h, those with a longer or shorter sleep
durations were more likely to be older, female, less than high school education and current
smokers; to have a higher prevalence of obesity, psychological distress, diabetes and
hypertension; and were less likely to be non-Hispanic Whites and current drinkers.

Table 3 shows the association between sleep duration and hypercholesterolaemia for men
and women. The prevalence of hypercholesterolaemia did not differ by gender (P=0.9).
Among women, there was a positive association between sleep duration ≤5 h and ≥9 h and
hypercholesterolaemia in the age-adjusted model. Additional adjustment for covariates in
multivariable model 1 and mediators in multivariable model 2 attenuated the association
between sleep duration ≤5 h and hypercholesterolaemia, but it still remained significant;
however, the association between sleep duration ≥9 h and hypercholesterolaemia lost
significance after adjusting for potential confounders in multivariable model 1. Conversely,
among men, there was a non-significant inverse association between sleep duration ≥8 h and
hypercholesterolaemia in the age-adjusted model. This inverse association became
significant and accentuated after adjusting for covariates in multivariable model 1, and
additional adjustment for mediators in multivariable model 2 (P interaction by
gender=0.003).

Table 4 shows the association between sleep duration and hypercholesterolaemia for men
and women by age. In women, there was a significant positive association between sleep
durations ≤5 and ≥9 h and hypercholesterolaemia among those aged <60 years. In men,
there was a significant positive association between sleep durations of 6 and 8 h and
hypercholesterolaemia among those aged <60 years. However, there were no significant
interactions by age among men, women or the entire sample (P interaction by age=0.1 in
men, 0.2 in women and 0.8 in the entire sample).

Table 5 shows the association between sleep duration and hypercholesterolaemia for men
and women by race/ethnic group. The positive association between sleep duration ≤5 h and
hypercholesterolaemia in women, and the inverse association between sleep duration ≥8 h
and hypercholesterolaemia in men appeared to be stronger in race/ethnic groups other than
non-Hispanic Whites. However, no significant interactions were observed in the association
between sleep duration and hypercholesterolaemia by race/ethnicity in men, women or the
entire sample (P interaction by race=0.1 in men, 0.2 in women and 0.06 in the entire
sample).

In a supplementary analysis, the authors explored the association between sleep duration and
overweight/obesity, a potential mediating factor of hypercholesterolaemia. Women who
reported sleep duration ≤5 h had a higher prevalence of overweight/obesity (68.9%)
compared with women who reported sleep duration of 7 h (56.9%). On the other hand, in
men, the prevalence of overweight/obesity was lower among those who reported sleep
duration ≥8 h (67.0%) compared with those who reported sleep duration of 7 h (72.8%).
Compared with those who reported sleep duration of 7 h/night, the multivariable OR of
overweight/obesity was 1.32 (95% CI 1.06–1.65) among women with sleep duration ≤5 h,
and 0.72 (95% CI 0.61–0.86) and 0.66 (95% CI 0.50–0.86) among men with sleep durations
of 8 and ≥9 h. No significant association was found between sleep durations of 6, 8 and ≥9
h and overweight/obesity in women, and sleep durations of ≤5 and 6 h and overweight/
obesity in men.

4. Discussion
In a nationally representative sample of US adults, sleep duration ≤5 h was found to be
positively associated with hypercholesterolaemia in women. In contrast, sleep duration ≥8 h

Charumathi and Shankar Page 4

Sleep Med. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



was inversely associated with hypercholesterolaemia in men. These associations in men and
women were independent of age, race/ethnicity, smoking, alcohol intake, physical activity,
psychological distress, BMI, diabetes mellitus and hypertension. In subgroup analyses, the
positive association between sleep duration ≤5 h and hypercholesterolaemia in women, and
the inverse association between sleep duration ≥8 h and hypercholesterolaemia in men were
found to be stronger in adults aged <60 years and race/ethnic groups other than non-
Hispanic Whites.

The mean sleep duration reported in the current study (7.1 h in men and 7.2 h in women) is
similar to that reported in the National Health and Nutrition Examination Survey 2005/06
(6.8 h in men and 7.0 h in women) [23]. The prevalence of self-reported
hypercholesterolaemia in the current study (30.4 in men and 30.6% in women) is similar to
that reported by the SHIELD screening survey (26.9 in men and 24.8% in women)
conducted in 2004 in the USA [24]. However, this is significantly lower than that reported in
NHANES 1999/2002 (60.2 in men and 45.8% in women) [24].

Previous studies of the association between sleep duration and hypercholesterolaemia have
reported mixed results [12,15,16]. In a cross-sectional study of 8860 adults aged 40–45
years in the USA, Bjorvatn et al. found that self-reported sleep duration was not associated
with hypercholesterolaemia after adjusting for gender, BMI and smoking [12]. In a cross-
sectional study of 1580 middle-aged Japanese male office workers, Nakanishi et al. found no
association between self-reported sleep duration and hypercholesterolaemia [15]. In a
sample of 768 elderly adults aged 57–95 years in the Netherlands, van den Berg et al. found
that actigraphy-assessed longer sleep duration was positively associated with
hypercholesterolaemia [16]. Experimental studies found that sleep restriction [11] and total
sleep time [10] were associated with hypercholesterolaemia in healthy volunteers.

The current study found gender differences in the association between sleep duration and
hypercholesterolaemia, with a positive association found between sleep duration ≤5 h and
hypercholesterolaemia in women, and an inverse association found between sleep duration
≥8 h and hypercholesterolaemia in men. Few other studies have reported gender differences
in the association between sleep duration and hypercholesterolaemia. In a prospective study
of 14,257 adolescents aged 7–12 years at baseline, Gangwisch et al. reported that short sleep
duration was associated with self-reported hypercholesterolaemia after a follow-up period of
7 years [13]. However, the association was only significant in females. In a cross-sectional
study of 1666 men and 2329 women aged ≥20 years in Japan, Kaneita et al. found that both
short and long sleep durations were positively associated with dyslipidaemia in women; in
contrast, sleep duration ≥8 h was found to be inversely associated with dyslipidaemia in
men [14]. The present findings in women extend the positive association between short
sleep duration and hypercholesterolaemia reported by Gangwisch et al. among adolescents
to adults in the USA [13]. The present findings in men and women are consistent, at least in
part, with those reported by Kaneita et al. [14]; however, the present study did not observe
an association between long sleep duration and hypercholesterolaemia in women aged ≥60
years.

The effect of short sleep duration on lipid metabolism is likely to be mediated by a
combination of hormonal and metabolic alterations, including upregulation of appetite and
reduced insulin sensitivity [25] and inflammation [26]. Based on the data from the
population-based Wisconsin Sleep Cohort Study, Taheri et al. reported that total sleep time
was inversely associated with ghrelin and positively associated with leptin, an appetite-
inhibiting hormone [7]. In a small experimental study involving 10 healthy postmenopausal
women, sleep restriction for 3 days increased inflammatory cells and cholesterol levels [11].
Several studies have shown that short sleep duration is associated with risk factors of
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hypercholesterolaemia including weight gain [27], obesity [28] and diabetes [5]. Studies
have shown that long sleep duration is inversely associated with obesity in children [29],
adolescents [30] and adults [31]. In the current study, the higher prevalence of overweight/
obesity among women with sleep duration ≤5 h and the lower prevalence of overweight/
obesity among men with sleep duration ≥8 h suggest that at least part of the association
between sleep duration and hypercholesterolaemia is mediated by overweight/obesity in
both men and women.

The reason for the observed gender difference in the association between sleep duration and
hypercholesterolaemia is not clear. It could be due to sex-related differences in the sleep
pattern [32], differential self-reporting of sleep [33] or hormonal influences [34]. Studies
have reported that women are more likely to be affected by short sleep duration than men
[34]. Knutson et al. reported that longer sleep duration was associated with a lower risk of
obesity in adolescent males but not females [35]. It is possible that men with long sleep
duration may have less job stress [36] or spend less time watching television or surfing the
Internet [31]. In the CARDIA study, watching television was shown to be associated with
several cardiovascular risk factors including smoking, obesity and physical inactivity [31].

The major strengths of the current study include its large sample size and the availability of
information on potential confounders and mediators. However, this study has some
limitations. First, the cross-sectional nature of the study limits the drawing of causal
inferences. Second, assessment of self-reported sleep duration could have resulted in non-
differential misclassification of exposure, which may have attenuated the effect estimates.
Further, a single question to assess hypercholesterolaemia may have under- or overestimated
cholesterol status. In the third National Health and Nutrition Examination Survey (NHANES
III), self-reported hypercholesterolaemia indicated a prevalence of 32% whereas the true
prevalence was 59%, thus underestimating approximately 46% of the true prevalence [37]. It
is also possible that individuals who have been told that they have hypercholesterolaemia by
a health professional may have made subsequent lifestyle changes to reverse the problem,
thus overestimating the true prevalence. However, in NHANES III, the inclusion of
individuals who had made lifestyle changes in the diagnosis only had a minimal effect on
prevalence [37]. Third, although this study accounted for several confounders, the
possibility of residual confounding due to unmeasured variables (e.g. job stress, sleep
quality, daytime sleepiness, diagnosed sleep disorders and obstructive sleep apnoea) or
incompletely adjusted covariates (e.g. self-reported physical activity, smoking,
psychological distress) cannot be excluded.

In conclusion, this study investigated the association between sleep duration and
hypercholesterolaemia in a nationally representative sample of US men and women. If
confirmed by future prospective studies, these findings may have implications for the
evaluation of sleep habits in cholesterol screening programmes, and tailoring gender-specific
interventions to lower the cholesterol level.
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Table 1

Baseline characteristics of the study population by hypercholesterolaemic status.

Characteristic With
hypercholesterolemia

absent
(n=11,074)

Without
hypercholesterolemia

(n=5578)

P-value

Age ≥60 years (%) 21.5 42.0 <0.0001

Female (%) 52.8 51.9 0.4

Race/ethnicity (%) <0.0001

    Non-Hispanic White 67.6 75.7

    Non-Hispanic Black 12.5 9.1

    Mexican American 13.0 10.1

    Other 6.9 5.1

Education (%) <0.0001

    Less than high school 15.6 18.6

    High school 32.3 33.8

    More than high school 52.1 47.6

Smoking (%) <0.0001

    Never smoker 60.0 51.4

    Former smoker 21.0 31.2

    Current smoker 19.0 17.4

Drinking (%) <0.0001

    Never drinker 20.9 18.2

    Former drinker 13.5 20.0

    Current drinker 65.6 61.8

Body mass index (%) <0.0001

  Underweight (<18.5 kg/m2) 2.2 0.6

  Normal (18.5–24.9 kg/m2) 37.0 24.8

  Overweight (25–29.9 kg/m2) 32.9 37.7

  Obese (≥30 kg/m2) 28.0 36.9

No regular exercise (%) 73.4 77.8 <0.0001

Psychological distress (%) 9.8 12.5 <0.0001

Diabetes mellitus (%) 6.7 16.6 <0.0001

Hypertension (%) 25.3 54.0 <0.0001

Data presented are row percentages or mean values ± standard error.

The P-value represents difference in characteristics by gender based on analysis of variance or Chi-squared test, as appropriate.
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Table 3

Association between sleep duration and hypercholesterolaemia by gender.

Sleep duration (h)
No. at risk

(cases)a
Age-adjusted
OR (95% CI)

Multivariable-adjusted
OR (95% CI)

Model 1b

Multivariable-adjusted
OR (95% CI)

Model 2c

Men (n=7103)

≤5 547 (180) 0.92 (0.73–1.15) 0.88 (0.69–1.12) 0.84 (0.66–1.06)

6 1528 (501) 0.92 (0.78–1.08) 0.86 (0.75–1.05) 0.85 (0.72–1.01)

7 2274 (746) 1 (referent) 1 (referent) 1 (referent)

8 2166 (719) 0.80 (0.69–0.93) 0.82 (0.71–0.96) 0.80 (0.69–0.94)

≥9 588 (225) 0.86 (0.68–1.09) 0.80 (0.61–1.00) 0.78 (0.60–1.00)

Women (n=9549)

≤5 856 (352) 1.47 (1.22–1.78) 1.39 (1.15–1.68) 1.27 (1.04–1.54)

6 1943 (652) 1.16 (1.01–1.34) 1.13 (0.98–1.32) 1.11 (0.95–1.30)

7 2827 (863) 1 (referent) 1 (referent) 1 (referent)

8 3018 (969) 0.99 (0.87–1.13) 0.98 (0.86–1.12) 0.99 (0.87–1.14)

≥9 905 (371) 1.30 (1.08–1.57) 1.20 (0.98–1.45) 1.14 (0.94–1.39)

OR, odds ratio; CI, confidence interval.

a
No. at risk represents the total number of subjects in each category (i.e. the denominator), and cases indicates the number of cases in each category

(i.e. the numerator).

b
Adjusted for age (years), race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic-American, other), education (less than high school,

high school, more than high school), smoking (never, former, current), alcohol intake (never, former, current), physical inactivity (absent, present)
and psychological distress (absent, present).

c
Adjusted for variables in model 1 plus diabetes mellitus (absent, present), hypertension (absent, present) and overweight (absent, present).

P interaction (sleep duration*female)=0.003

Sleep Med. Author manuscript; available in PMC 2013 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Charumathi and Shankar Page 13

Table 4

Association between sleep duration and hypercholesterolaemia by gender and age group.

Men (n=7103) Women (n=9549)

Sleep duration (h) No. at risk
cases)a

Multivariate model 2
OR (95% CI)b

N (cases) Multivariate model 2
OR (95% CI)b

Age <60 years
(n=11,270)

≤5 434 (127) 0.79 (0.60–1.04) 559 (199) 1.51 (1.17–1.95)

6 1188 (333) 0.76 (0.62–0.94) 1352 (343) 1.13 (0.92–1.38)

7 1703 (490) 1 (referent) 2025 (477) 1 (referent)

8 1366 (347) 0.79 (0.65–0.97) 1929 (453) 1.04 (0.86–1.25)

≥9 278 (78) 0.76 (0.53–1.10) 436 (146) 1.51 (1.16–1.98)

Age ≥60 years
(n=5382)

≤5 113 (53) 0.84 (0.52–1.34) 297 (153) 0.94 (0.67–1.32)

6 340 (168) 1.13 (0.82–1.55) 591 (309) 1.11 (0.86–1.45)

7 571 (256) 1 (referent) 802 (386) 1 (referent)

8 88 (372) 0.97 (0.77–1.21) 1089 (516) 0.95 (0.76–1.18)

≥9 310 (147) 1.04 (0.74–1.46) 469 (225) 0.91 (0.68–1.23)

OR, odds ratio; CI, confidence interval.

a
No. at risk represents the total number of subjects in each category (i.e. the denominator), and cases indicates the number of cases in each category

(i.e. the numerator).

b
Adjusted for race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic-American, other), education (less than high school, high school,

more than high school), smoking (never, former, current), alcohol intake (never, former, current), physical inactivity (absent, present),
psychological distress (absent, present), diabetes mellitus (absent, present), hypertension (absent, present) and overweight (absent, present).

P interaction (sleep duration*age) was 0.8 in the whole population, 0.1 in men and 0.2 in women.
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Table 5

Association between sleep duration and hypercholesterolaemia by gender and race/ethnicity.

Men (n=7103) Women (n=9549)

Sleep duration (h) No. at risk
(cases)a

Multivariate model 2
OR (95% CI)b

N (cases) Multivariate model 2
OR (95% CI)b

Non-Hispanic White
(n=10,395)

≤5 327 (120) 0.86 (0.65–1.13) 474 (199) 1.13 (0.88–1.44)

6 954 (330) 0.84 (0.69–1.02) 1023 (364) 1.19 (0.98–1.45)

7 1537 (543) 1 (referent) 1112 (417) 1 (referent)

8 1377 (518) 0.86 (0.72–1.03) 1832 (656) 1.02 (0.87–1.19)

≥9 383 (161) 0.85 (0.63–1.14) 574 (266) 1.24 (0.99–1.56)

Other race/ethnicity
(n=6257)

≤5 220 (60) 0.71 (0.47–1.08) 382 (153) 1.53 (1.11–2.12)

6 574 (171) 0.81 (0.60–1.09) 831 (235) 0.89 (0.67–1.19)

7 737 (203) 1 (referent) 1002 (263) 1 (referent)

8 789 (201) 0.65 (0.48–0.86) 1186 (313) 0.93 (0.74–1.17)

≥9 205 (64) 0.63 (0.40–0.99) 331 (105) 0.88 (0.60–1.29)

OR, odds ratio; CI, confidence interval.

a
No. at risk represents the total number of subjects in each category (i.e. the denominator), and cases indicates the number of cases in each category

(i.e. the numerator).

b
Adjusted for age (years), education (less than high school, high school, more than high school), smoking (never, former, current), alcohol intake

(never, former, current), physical inactivity (absent, present), psychological distress (absent, present), diabetes mellitus (absent, present),
hypertension (absent, present) and overweight (absent, present).

P interaction (sleep duration* race/ethnicity) was 0.06 in the whole population, 0.2 in men and 0.1 in women.
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