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Purpose: We hypothesize the association between sleep duration and cardiovascular disease (CVD) risk varies with age category;
however, evidence for the relationship between sleep duration and CVD risk among young and middle-aged adults remains scarce.
This research aims to assess the association between night sleep duration and cardiovascular risk by sex among young and middle-
aged Chinese adults.

Patients and Methods: We used the baseline data of a cohort of adults for physical examination by stratified cluster sampling. The
Framingham risk score and the Pittsburgh Sleep Quality Index were used to measure CVD risk and sleep duration, respectively.
Demographic characteristics, lifestyle factors, height, weight, total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C)
were collected. We performed multiple logistic regressions to examine the association between night sleep duration and the predicted
cardiovascular risk.

Results: We included 27,547 participants aged 18—64 years free of CVD, cerebral stroke, and not taking lipid-lowering agents.
Overall, 12.7%, and 20.4% were at medium and high predicted CVD risk, respectively; 11.9% and 12.3% reported short and long
sleep, respectively. Short sleep was independently associated with 23% (95% CI: 1.08-1.40) increased odds of medium-to-high CVD
risk and 26% (95% CI: 1.11-1.45) increased odds of high CVD risk among females. Whereas long sleep was independently associated
with 17% (95% CI: 0.71-0.98) decreased odds of medium-to-high CVD risk among males.

Conclusion: Among young and middle-aged adults, long sleep was associated with decreased odds of CVD risk in males, whereas
short sleep was associated with increased odds of cardiovascular risk in females.

Keywords: predicted 10-year CVD risk, sleep duration, Framingham risk score, young and middle-aged population

Introduction

Normal sleep is essential for maintaining human health. Seven to nine hours of sleep per day is recommended for young
and middle-aged adults by the American National Sleep Foundation.' In modern society, sleep deprivation has become an
important but widely ignored health problem. More than one-third of Chinese people have sleep problems, with the
majority having less than seven hours of sleep per night.”
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Previous studies have suggested that both short sleep and long sleep increases BMI, decrease insulin sensitivity, and
induce the production of various inflammatory cytokines, thus affecting the body’s glucose and lipid metabolic home-
ostasis, therefore induces or accelerates the onset and development of disease.” > To data, numerous prospective studies
have demonstrated a U-shaped relationship between sleep duration and all-cause mortality and mortality from CVD, with
the lowest point at approximately 7-9 hours of sleep per night.>” A systematic review of prospective cohort studies
showed that the risk of CVD increased by 6% (RR=1.06; 95% CI: 1.03—1.08) for each hour of sleep reduction when sleep
duration was <7 hours per day and by 12% (RR=1.12; 95% CI: 1.08-1.16) for each hour of sleep increase when sleep
duration was >7 hours per day.” Although the current evidence consistently suggests that both short and long sleep can
elevate the risk of CVD, the studies from which this evidence derived all included older people over 65 years of age.
However, factors influencing sleep and CVD risk may differ between older and young and middle-aged people. Chronic
comorbidity, infirmity and poor general health may be contributors to adverse impact on sleep and CVD among the
elderly. Whereas the sleep patterns of the young and middle-aged population have been particularly changed by the rapid
development of science, technology and economy in modern society.'®'" A growing number of young and middle-aged
people are shortening their sleep duration in response to prolonged working hours and the introduction of the Internet and
smart phone, which enable living “around the clock” and resulting in an elevated CVD risk among this sub-population.
Young and middle-aged adults, accounting for the largest proportion of the total population, have a lower prevalence of
CVD than their old counterparts, suggesting that predicting cardiovascular risk and exploring the association between
sleep duration and the predicted CVD risk in this population may yield great public health and clinical benefit.

Cardiovascular disease risk prediction can be used to estimate cardiovascular risk of individuals without CVD, which
not only contributes to early identification of high-risk individuals but also prompts the formulation of public health
strategies and the optimization of health resources. Previous studies on the impact of sleep duration on cardiovascular
disease were mostly based on cohort data, research on sleep duration and predicted cardiovascular disease risk is still
lacking.

Due to the impact of specific culture and region, sleep patterns vary in different countries,'? and sleep duration varies
across race and age,'>'* both of which have impact on the association between sleep duration and the predicted 10-year
CVD risk. Previous research on the association of sleep duration with the predicted CVD risk has only been conducted in
the United States, Korea, Iran, Japan, and Chinese menopausal women.">'® The studies mentioned above were all
conducted in populations including older populations. Though there is considerable evidence of the association between
sleep duration and CVD among middle-aged and old populations, the relationship between sleep duration and the
predicted 10-year CVD risk among young and middle-aged adults has been rarely explored. The present research aims to
examine the relationship between sleep duration and the predicted 10-year cardiovascular risk by sex among a large
sample of Chinese young and middle-aged adults free of CVD, cerebral stroke, and not taking lipid-lowering agents.

Materials and Methods

Study Design and Population

We analyzed part of the baseline data of Medical Examination-based Cohort in the Beijing-Tianjin-Hebei Region (MEC-
BTH), a National Key R&D Program of China. A multi-stage stratified cluster sampling among attendees at medical
examination centers was used in Beijing, and its two neighboring areas-Tianjin municipality and Hebei province, China
from July 2017 to December 2020. (For details of the sampling method, see Supplementary Material) Individuals aged 18

years or older and voluntarily participated in the survey and signed the informed consent were included. Individuals who
were pregnant, had serious physical and mental illnesses, or were in a state of physical infection such as fever or diarrhea
were excluded. Individuals were additionally excluded from the current analyses if they 1) aged 65 years or older; 2)
were ever diagnosed with cardiovascular diseases or stroke; 3) were taking lipid-lowering agents.

Measurement of Sleep Duration
We used the Pittsburgh Sleep Quality Index (PSQI)'® and extracted items related to sleep duration, sleep quality, sleep
latency, habitual sleep efficiency, sleep disturbance and use of sleep medication. The PSQI has shown to have high
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validity and reliability with adult respondents.’*?' Subjects were asked, “During the past month, what time have you
usually gone to bed at night?”, “During the past month, how long has it usually taken you to fall asleep each night?”” and
“During the past month, what time have you usually gotten up in the morning?”. Based on the answers, we calculated the
subjects’ average daily night sleep duration, then categorized it into short (< 6 hours per night), optimal (7-8 hours per
night), and long sleep duration (> 9 hours per night).*?

Clinical and Biochemical Measurements

Clinical and biochemical measurements were performed by professional medical staff of the selected centers. Participants
were instructed to fast for > 12 hours before blood sampling the following morning. Sampled blood was immediately sent
to the medical testing center, and TC and HDL-C were measured using the Hitachi 7600 automated analyzer (Hitachi,
Inc., Tokyo, Japan). Blood pressure was measured using a sphygmomanometer (Kenz-AC OSC, Japan) in a sitting
position for the right arm after resting for at least 5 minutes. Two readings were taken, 2 minutes apart, and a third
measurement was made if the first two differed by more than 5 mm Hg. The average of the two or three readings was
recorded. Hypertension was defined as systolic blood pressure (SBP) > 140 mmHg and/or diastolic blood pressure (DBP)
> 90 mmHg or self-reported previous diagnosis of hypertension.”® Height (0.1 cm precision), and weight (0.1 kg
precision) was measured using the same device (GL-310, Seoul, Korea). Body mass index (BMI) was expressed as
body weight (kg) divided by squared body height (m?). Obesity was defined as BMI > 28 kg/m>>*

Predicted 10-Year Cardiovascular Risk by Framingham Risk Score

We assessed the participants’ 10-year CVD risk using Framingham Risk Score (FRS),”> which was calculated based on
the participants’ age, sex, TC, HDL-C, smoking, treated/untreated systolic blood pressure, and diabetic status. The
Framingham risk groups were defined as low risk (FRS < 10%), medium risk (FRS = 10-20%), and high risk (FRS >
20%).2°

Collection and Definition of Other Variables

Trained investigators conducted a standard questionnaire interview to collect data on sociodemographic characteristics
(age, sex, education level, marital status, and occupation), personal history of chronic diseases (hypertension, diabetes,
CVD, stroke, hyperlipidaemia, and the respective medication), and lifestyle factors. Participants who reported had been
smoking for more than half a year were defined as smokers. Those who consumed alcohol at least once a week were
considered as alcohol drinkers. Sitting, reclining or lying down longer than 6 hours per day while awake was defined as
being sedentary. Definitions of other lifestyle factors were described in the Supplementary File. If a positive chronic

disease history was reported, data on the time of diagnosis and respective medication were further collected. We assessed
each participant’s psychological health using The Kessler Psychological Distress Scale (K10).

Statistical Analysis

Continuous variables distributed normally were presented as mean =+ standard deviation (SD) and compared using #-test
for two groups, one-way analysis of variance (ANOVA) for more than two groups when homogeneity of variances was
met. We used Brown and Forsythe’s test where the homogeneity of variances was violated. Non-normally distributed
continuous variables were described using median and quartile and compared using the rank-sum test. Rates or
percentages were used to describe categorical variables. We used chi-square test, Fisher’s exact test and rank-based
test to compare the differences between groups in terms of rates or percentages. Principal component analysis and
maximum variance method were used to perform multivariate logistic regression after rotation. Potential confounding
factors adjusted in the regression models included age, sex, education, BMI, SBP, smoking status, alcohol consumption,
previous diagnosis of diabetes and hypertension, TC, HDL-C, usage of antihypertensive agents, physical exercise,
sedentary time, sleep quality and usage of sleep medication. Odds ratio (OR) and 95% confidence interval (CI) were
estimated for predicted 10-year CVD risk by sleep duration. Two-sided p <0.05 was considered statistically significant.
The Epidata 3.0 and SPSS 23.0 software for Windows (IBM, Armonk, NY, USA) were used to input and clean and
analyze the data.
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Results

A total of 35,176 adults completed the interview and medical examination. After excluding 3588 aged 65 years or older,
1962 with cardiovascular disease, 679 for currently taking cholesterol-lowering agents, 323 for missing biochemical
measurements, 463 for missing blood pressure measurement, 5 for missing sleep duration, 609 for missing other needed
variables, 1962 with CVD and 679 for currently taking cholesterol-lowering agents, 27,547 participants aged 18—64 years
were included in the analysis (Figure 1). The median age of the subjects was 41 (IQR: 34-51) years, and more than half
(52.6%) of the participants were males. The vast majority of participants were of Han ethnicity (95.9%) and 84.7% were
in a current marriage. Almost eighty percent (79.1%) had college or above education, and 69.1% were professionals. The
proportion of participants who smoked and drank were 20.5% and 26.0%, respectively. Almost seventy percent (66.7%)
exercised, and 49.1% reported more than 6 hours of sedentary time per day. In addition, the proportion of the participants
with positive family history of CVD was 14.6%, and the prevalence of obesity, hypertension and diabetes was 16.0%,
10.7%, and 3.4%, respectively. The majority (89.3%) of participants reported excellent or good sleep quality, and 97.6%
were assessed with good mental health (Table 1).

The 10-year CVD risk score ranged from 0% to 31%, with a median of 3.9% (IQR: 2.0-8.6%). Participants at low,
medium, and high predicted 10-year CVD risk were 66.9%, 12.7%, and 20.4%, respectively.

Compared with the low predicted 10-year CVD risk, the high predicted 10-year CVD risk was associated with older
age, female sex, lower education, smoking, alcohol consumption, doing no exercise, shorter sedentary duration, higher
SBP, TC, HDL-C and BMI, hypertension, diabetes and positive family history of CVD; the medium predicted 10-year
CVD risk was associated with older age, male sex, lower education, smoking, alcohol consumption, shorter sedentary
duration, higher SBP, TC and BMI, lower HDL-C, obesity, hypertension, and diabetes (Table 2).

Subjects reported short, optimal and long sleep duration accounted for 11.9%, 75.8%, and 12.3%, respectively
(Table 3). Compared with optimal sleep duration, short sleep was positively associated with CVD risk factors including
age, male sex, lower education, smoking, alcohol consumption, doing no exercise, being sedentary > 6 h, bad sleep
quality, usage of sleep medicine, higher SBP and TC, lower HDL-C, higher BMI, previous diagnosis of hypertension or
diabetes, obesity, positive family history of CVD and higher FRS; long sleep duration was positively associated with
female sex and good sleep quality, but negatively associated with age, education level, smoking alcohol consumption,

[ A total of 35176 individuals for ‘]

medical examination were interviewed

{ Excluding individuals aged > 65 years (n=3588) }

A 4

[ 31588 participants aged 18-64 years }

Excluding individuals with cardiovascular diseases

(n=1962) or currently taking lipid-lowering agents
v (n=679)
[ 28947 participants free of CVD and not }

currently taking lipid-lowering agents

(n=323), blood pressure (n=463), sleep duration (n=5)
or other variables required for the study (n=609)

(Excluding individuals missing metabolic indicators

A 4

[ A total of 27547 individuals were }

included in the analysis

Figure | Flowchart of study population selection.
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Table | Baseline Characteristics of the Participants (n = 27,547)

Median/Number IQR/(%)

Age (years) 41 34-51
Male 14,497 526
Han ethnicity 26,406 95.9

Marital status

Unmarried 3846 14.0
In a current marriage 23,338 84.7
Divorced and Widowed 363 1.3

Highest finished education

Senior school or below 5764 20.9
College or undergraduate 16,321 59.3
Postgraduate or above 5462 19.8
Occupation
Worker 3412 12.4
Professionals 19,023 69.1
Service seller 2948 10.7
Others 2164 7.8

Lifestyle and behavior

Smoking 5649 20.5
Drinking 7163 26.0
Exercise 18,371 66.7

Sedentary duration

4-6h 7717 28.0
<4h 6313 229
>6h 13,517 49.1

Sleep duration

7-8h 20,890 758

<é6h 3268 1.9

29h 3389 12.3
Good sleep quality 24,586 89.3
Usage of sleep medicine 582 2.1
Hypertension 2956 10.7
Diabetes 926 34
Obesity 4405 16.0
Family history of CVD 4026 14.6

long sedentary time, TC, BMI, previous diagnosis of hypertension or diabetes, positive family history of CVD and lower
FRS. Short sleepers had the highest mean of SBP, TC and BMI, and the lowest mean of HDL-C. Prevalence of
hypertension, diabetes and obesity was higher in short sleepers than in optimal sleepers and long sleepers (p < 0.001).
But among participants reported long sleep duration, the prevalence of hypertension and diabetes was lower than that of
optimal sleepers, while the difference in the prevalence of obesity between long sleepers and optimal sleepers was not
statistically significant. The proportion of both medium-to-high and high CVD risk was higher among short sleepers than
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Table 2 Mean (Standard Deviation) or Number (Percentage) of Selected Variables Among

Adults Aged 18 to 65 Years by Predicted 0-Year Cardiovascular Disease Risk

Predicted 10-Year Cardiovascular Disease Risk p-value
Low Medium High

n= 18,421 n=3510 n =5616
Age (years) 38.1 £ 9.1° 524 £ 7.0° 514+75 | <000l
Men 9402 (51.0)* 2856 (81.4)° 2239 (39.9)° < 0.001
College or above education 15711 (85.3)* 2178 (62.1)° 3894 (69.3)° < 0.001
Smoking 2594 (14.1)* 1361 (38.8)° 1694 (30.2)° < 0.001
Drinking 4255 (23.1)° 1431 (40.8)° 1477(26.3)° | < 0.001
Exercise 12,378 (67.2) 2393 (68.2) 3600 (64.1)° | < 0.001
Sedentary duration > 6 h 9364 (50.8)° 1496 (42.6)° 2657 (47.3)° | < 0.001
Good sleep quality 16,460 (89.4)" 3125 (89.0)* 5001 (89.00° | 0.773
Usage of sleep medicine 370 (2.0)° 77 2.2)* 135 (2.4)° 0.185
SBP (mm Hg) 117.5 + 14.6* 1369 £ 16.3° 125.3 + 19.7° < 0.001
TC (mg/dl) 844 t l6.1° 90.8 + 17.4° 88.7 £ 17.1° 0.001
HDL-C (mg/dl) 239+ 5.7° 227 £53° 242 + 5.8° 0.001
BMI (kg/m?) 241 £38° 25.9 £ 3.5° 247 £35° | <0.00l
Hypertension 756 (4.1)* 974 (27.7)° 1226 (21.8)° < 0.001
Diabetes 130 (0.7) 257 (7.3)° 539 (9.6)° < 0.001
Obesity 2692 (14.6)* 834 (23.8)° 879(15.7) <0.001
Family history of CVD 2576 (14.0)* 500 (14.2)% 950 (17.0)° <0.001

Notes: P-values were presented as the results of ANOVA and rank-based test. *>“Designated for post hoc analysis. The
same letter indicates that the difference between the two groups is not statistically significant, while different letters
indicate that the difference is statistically significant.

Abbreviations: BMI|, body mass index; FRS, Framingham Risk Score; HDL-C, high density lipoprotein cholesterol; SBP,
systolic blood pressure; TC, total cholesterol.

among optimal and long sleepers. Among long sleepers, the proportion of medium and medium-to-high CVD risk was
lower than that of optimal and short sleepers.

As shown in Tables 4 and 5, among the total population, short sleep was significantly associated with increased odds
of medium-to-high and high predicted 10-year CVD risk (OR=1.19; 95% CI: 1.08-1.30; OR=1.21; 95% CI: 1.10-1.34)
in the fully adjusted regression model (adjusted for age, sex, education level, SBP, TC, HDL-C, smoking, alcohol
consumption, sedentary time, physical exercise, BMI, sleep quality, hypertension, diabetes and family history of CVD),
while the associations of long sleep with the medium-to-high and high-predicted 10-year CVD risk were not statistically
significant in the fully adjusted model, though both odds were less than 1.00 (Figure 2).

Sex subgroup analysis demonstrated that short sleep was associated with elevated odds of medium-to-high and
high predicted 10-year CVD risk among females (OR=1.23; 95% CI: 1.08-1.40; OR=1.26; 95% CI: 1.11-1.45) and
was not associated with predicted 10-year CVD risk among males in the fully adjusted regression models (see in
Figures 3 and 4). Though the fully adjusted associations (Model 4) between short sleep and medium-to-high and high
cardiovascular risk were not statistically significant among males, the odds were greater than 1.00 and numerically
consistent with that among females. In the fully adjusted regression models, long sleep was associated with decreased
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Table 3 Mean (Standard Deviation) or Number (Percentage) of Conventional Risk Factors for
Cardiovascular Disease Among Adults Aged 18 to 65 Years by Sleep Duration

Sleep Duration p-value
<éh 7-8 h 29h
n = 3268 n = 20,890 n = 3389

Age (years) 44.7 £ 10.3° 426 109° 412 £ 10.9° < 0.001
Men 2010 (61.5)* 10,977 (52.5)° 1510 (44.6)° < 0.001
College or above education 2436 (74.5)* 16,703 (80.0)° 2644 (78.0)° < 0.001
Smoking 996 (30.5)* 4173 (20.0)° 516 (15.2)° < 0.001
Drinking 1055 (32.3)* 5373 (25.7)° 735 (21.7)° < 0.001
Exercise 2042 (62.5) 14,083 (67.4)° 2246 (66.3)° | < 0.00I
Being sedentary > 6 h 1822 (55.8)* 10,180 (48.7)° 1515(44.7)° < 0.001
Good sleep quality 2734 (83.7)° 18,743 (89.7)° 3109 (91.7)° < 0.001
Usage of sleep medicine 104 (3.2)° 406 (1.9)° 72(2.1)° < 0.001
SBP (mm Hg) 123.1 £ 17.3% 120.9 + 16.8° 120.0 + 16.8° | < 0.00I
TC (mg/dl) 873+ 17.0° 86.1 + 16.5° 852 £ |7.4° 0.001
HDL-C (mg/dl) 235 +5.8° 238+ 57° 24.1 £ 59° 0.001
BMI (kg/m?) 25.1 +3.9° 248 + 38" 24.1 + 3.8° < 0.001
Hypertension 436 (13.3)* 2251 (10.8)° 269 (7.9)° < 0.001
Diabetes 152 (4.7) 696 (3.3)° 78 (2.3)° < 0.001
Obesity 692 (21.2)° 3207 (15.4)° 506 (14.9)° <0.00|
Family history of CVD 547 (16.7)° 3046 (14.6)° 433(12.8)° <0.001
FRS 210% and <20% 539 (16.5)° 2629 (12.6)° 342 (l0.1)¢ <0.001
FRS 210% 1337 (40.9)* 6811 (32.6)° 978 (28.9)° <0.001
FRS=20% 798 (24.4)° 4182 (20.0)° 636 (18.8)° <0.001

Notes: P-values were reported as the results of ANOVA and rank sum test. **“Designated according to post hoc analysis.
The same letter indicates that the difference between the two groups is not statistically significant, while different letters
indicate that the difference is statistically significant.

Abbreviations: BMI, body mass index; FRS, Framingham Risk Score; HDL-C, high density lipoprotein cholesterol; SBP,
systolic blood pressure; TC, total cholesterol.

odds of medium-to-high predicted 10-year cardiovascular risk among males (OR=0.83; 95% CI: 0.71-0.98). Though
long sleep was associated with decreased odds of high cardiovascular risk among females in the unadjusted model, the

associations became statistically non-significant after adjusting for age (Model 2) and all selected potential confoun-
ders (Model 4).

Discussion

To the best of our knowledge, the current study is the first to identify the protective effect of long sleep on cardiovascular
health among young and middle-aged adults. Previous research on this topic has focused on older adults or populations
that include older adults. However, compared with the elderly, young and middle-aged adults have sleep patterns more
dramatically changed by modern work and lifestyle (long work time and extensive use of social media), resulting in
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Table 4 Odds Ratios of Sleep Duration for Predicted 10-Year Cardiovascular Risk Among Adults
Aged 18-65 Years

Sleep Medium-to-High Risk High Risk
Duration
OR 95% CI p-value OR 95% CI p-value

Total n=9126 n=5616
Model |

7-8h | [

<6h 1.43 1.33-1.54 < 0.0l 1.39 1.27-1.52 <0.01

2%h 0.84 0.77-0.91 < 0.0l 0.88 0.81-0.98 0.01
Model 2

7-8h | [

<6h 1.22 I.11-1.34 < 0.0l 1.24 1.12-1.38 <0.01

29h 0.98 0.89-1.08 0.63 1.00 0.89-1.12 0.94
Model 3

7-8h | [

<6h 1.20 1.10-1.31 < 0.0l 1.23 I.11-1.36 <0.01

2%h 0.92 0.83-1.01 0.07 0.94 0.85-1.05 0.28
Model 4

7-8h | [

<6h I.19 1.08-1.30 < 0.0l 1.21 1.10-1.34 0.0l

2%h 0.92 0.83-1.01 0.07 0.94 0.85-1.05 0.27

Notes: Model | was not adjusted. Model 2 was adjusted for age and sex. Model 3 was additionally adjusted for education,
smoking, alcohol consumption, sedentary time, exercise, systolic blood pressure, total cholesterol, high density lipoprotein
cholesterol, body mass index, previous diagnosis of hypertension or diabetes and family history of cardiovascular disease based
on Model 2. Model 4 was additionally adjusted for sleep quality, usage of sleep agents based on Model 3.

a relatively lower prevalence but a higher risk of CVD. Therefore, predicting cardiovascular risk and examining the
association between sleep duration and predicted CVD risk among young and middle-aged adults helps to highlight the
need for early interventions on sleep to improve their cardiovascular health. We found 12.7% and 20.4% of the subjects
were at medium and high predicted CVD risk, respectively. Compared with optimal sleep duration, short sleep was
independently associated with 23% (95% CI: 1.08-1.40) increased odds of medium-to-high CVD risk and 26% (95% CI:
1.11-1.45) increased odds of high CVD risk among females. Whereas long sleep was independently associated with 17%
(95% CI: 0.71-0.98) decreased odds of medium-to-high CVD risk among males.

In the present study, long sleep was associated with decreased odds of cardiovascular risk in the total population,
males and females in the unadjusted model, but the association was significant only among males after fully adjusting for
age and all selected potential confounders. Nevertheless, the odds ratios were all numerically lower than the reference
level, suggesting long sleep duration may be associated with decreased cardiovascular risk. The current findings are
inconsistent with those of research conducted among populations including the elderly in other countries. Kim et al found
that excessive sleep was associated with elevated risk of mortality from CVD in both males (HR: 1.22, 95% CI: 1.09—
1.35) and females (HR: 1.29, 95% CI: 1.13-1.47) in a cohort with participants aged 4575 years.” Eui Im et al analyzed
data of 23,878 people aged 18 and older in the Korean National Health and Nutrition Examination Survey and found that
long sleep (= 9h) was also associated with both medium-to-high (OR: 1.142, 95% CI: 1.011-1.322) and high
Framingham Cardiovascular Risk Score (OR: 1.276, 95% CI: 1.118-1.457)."” Long sleep duration was found to increase
mortality from CVD in both men (HR: 1.58, 95% CI: 1.19-2.12) and women (HR: 2.37, 95% CI: 1.70-3.32) in a cohort
of people aged 40 to 79 years.® All the research mentioned above included participants older than 65 years, whereas we
only enrolled adults younger than 65 years. We speculated that the different age span of the study populations might be
a key contributor to the inconsistency between their findings and ours. Nevertheless, a cohort conducted in the
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Table 5 Odds Ratios of Sleep Duration for Predicted 10-Year Cardiovascular Risk by Sex Among
Adults Aged 18-65 Years

Sleep Medium-to-High Risk High Risk
Duration
OR 95% ClI p-value OR 95% CI p-value

Male n=5162 n=2310
Model |

7-8h | |

<6h 1.40 1.26—1.53 < 0.0l 1.45 1.30-1.62 <0.01

29h 0.89 0.79-0.99 0.04 0.89 0.76-1.17 0.12
Model 2

7-8h | |

<6h 1.31 1.15-1.48 < 0.0l 1.40 1.20-1.64 <0.01

>%h 0.94 0.80-1.10 041 0.92 0.76-1.23 0.43
Model 3

7-8h | |

<6h 1.12 0.98-1.30 0.11 1.13 0.92-1.38 0.24

>%h 0.83 0.70-0.98 0.04 0.82 0.64—1.05 0.12
Model 4

7-8h | |

<6h 1.12 0.97-1.30 0.12 1.13 0.92-1.38 0.11

>%h 0.83 0.71-0.98 0.04 0.82 0.63—1.05 0.25
Female n=4056 n=3366
Model |

7-8h | |

<6h 1.42 1.30-1.60 <0.01 1.44 1.27-1.64 <0.01

>%h 0.84 0.75-0.93 <0.0l 0.85 0.75-0.94 <0.01
Model 2

7-8h | |

<6h 1.20 1.05-1.38 <0.0l 1.23 1.07-1.42 0.04

>%h 0.98 0.87-1.11 0.75 0.98 0.86—1.11 0.74
Model 3

7-8h | |

<6h 1.24 1.08-1.41 <0.01 1.27 1.10-1.46 <0.01

>%h 091 0.80-1.02 0.11 0.90 0.80—1.02 0.10
Model 4

7-8h | |

<6h 1.23 1.08-1.40 <0.01 1.26 I.11-1.45 <0.01

>%h 091 0.81-1.04 0.11 091 0.80-1.01 0.11

Notes: Model | was not adjusted. Model 2 was adjusted for age. Model 3 was adjusted for age, education, smoking, alcohol
consumption, sedentary time, exercise, systolic blood pressure, total cholesterol, high density lipoprotein cholesterol, body mass
index, previous diagnosis of hypertension or diabetes and family history of CVD. Model 4 was additionally adjusted for sleep
quality, usage of sleep agents based on Model 3.

Netherlands, which included population in a similar age range (aged 20—65 years) to the current research, did not observe
an association between long sleep duration and increased risk of CVD,?” which was comparable to our findings.

The inconsistent findings among populations of different age categories indicate that the association between long
sleep duration and cardiovascular risk is comprehensive and varied across adults with different age profiles. The positive
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B Medium-to-high risk @ High risk

Model OR (95%Cl) P-value
Model 1
7-8h 1
<6h n 1.43 (1.33-1.54) <0.01
———i 1.39 (1.27-1.52) <0.01
29h L 0.84 (0.77-0.91) <0.01
—— 0.88 (0.81-0.98) 0.01
Model 2
7-8h 1
<6h » 1.22 (1.11-1.34) <0.01
—_—————— 1.24 (1.12-1.38) <0.01
29h L] 0.98 (0.89-1.08) 0.63
—— 1.00 (0.89-1.12) 0.94
Model 3
7-8h 1
<6h L 1.20 (1.10-1.31) <0.01
—_— 1.23 (1.11-1.36) <0.01
29h L 0.92 (0.83-1.01) 0.07
— 0.94 (0.85-1.05) 0.28
Model 4
7-8h 1
<6h ] 1.19 (1.08-1.30) <0.01
— 1 1.21 (1.10-1.34) 0.01
29h L 0.92 (0.83-1.01) 0.07
— 0.94 (0.85-1.05) 0.27
T T 1
0f7 1 1.3 1.6
OR for CVD

Figure 2 Correlations between sleep duration and predicted 10-year CVD risk among the participants aged 18-64 years. Model | was not adjusted. Model 2 was adjusted
for age and gender (except gender-specific models). Model 3 was adjusted for age, gender (except gender-specific models), education level, systolic blood pressure, total
cholesterol, high density lipoprotein cholesterol, smoking, drinking, sedentary duration, exercise, body mass index, history of hypertension, diabetes and family history of
CVD. Model 4 was adjusted for sleep quality, usage of sleep agents and all variables in Model 3.

association of excessive sleep with cardiovascular risk, derived from studies using premature death from cardiovascular
disease or the onset of cardiovascular disease as outcome, may be confounded by undiagnosed chronic conditions and
unmeasured poor general health in elderly people.”® Therefore, long sleep duration might possibly be a consequence of,
rather than a causative risk factor for, unrecognized chronic comorbidity, which could explain the higher risk of mortality,
observed in previous research.®?**® Furthermore, increased sleep fragmentation, changes in cytokine levels (eg,
C-Reactive Protein (CRP) and the cytokine IL-6),*" Insufficient physiological challenges and poor general health have
all been demonstrated to be associated with long sleep and make it challenging to specify the relationship between sleep
duration and adverse health outcomes.”®*? In addition, the associations of long sleep duration with CVD risk may be
driven by lack of physical activity as an outcome or impact of infirmity and disease.?® In fact, significant, consistent
associations were found between long sleep and age, especially among males, and poorer physical health measured by
the SF-36 physical scores in both sexes.”® Therefore, it is reasonable to speculate that the increased cardiovascular risk
among old males with long durations of sleep is due to the impact of poor general health and other chronic conditions,
which can explain the protective effect of long sleep for CVD risk among young and middle-aged males in the current
study. Compared with short or optimal sleepers, long sleepers in the current study were found with lower prevalence of
chronic disease (eg, hypertension, diabetes and obesity) and better general health (eg, lower SPB, TC and BMI), reported
better sleep quality and shorter sedentary time, which were widely known protective factors of cardiovascular health and
may contribute to decreasing the long sleepers’ risk of CVD. The different prevalence of diabetes and hypertension may
also be involved in the association between sleep duration and CVD risk. The association between long sleep and
decreased odds of high CVD risk among the young and middle-aged men indicates that a larger burden of undiagnosed
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B Medium-to-high risk @ High risk

Model OR (95%Cl) P-value
Model 1
7-8h 1
<6h | 1.40 (1.26-1.53) <0.01
————— 1.45 (1.30-1.62) <0.01
29h L 0.89 (0.79-0.99) 0.04
@ 0.89 (0.76-1.17) 0.12
Model 2
7-8h 1
<6h L 1.31(1.15-1.48) <0.01
T 1.40 (1.20-1.64) <0.01
29h L 0.94 (0.80-1.10) 0.41
L 2 0.92 (0.76-1.23) 0.43
Model 3
7-8h 1
<6h L 1.12 (0.98-1.30) 0.1
@ 1.13 (0.92-1.38) 0.24
29h L 0.83 (0.70-0.98) 0.04
@ 0.82 (0.64-1.05) 0.12
Model 4
7-8h 1
<6h L 1.12 (0.97-1.30) 0.12
@ 1.13 (0.92-1.38) 0.11
20h L 0.83 (0.71-0.98) 0.04
@ 0.82 (0.63-1.05) 0.25
T T T 1
0.7 1 1.3 1.6
OR for CVD

Figure 3 Correlations between sleep duration and predicted 10-year CVD risk in men aged 18—64 years. Model | was not adjusted. Model 2 was adjusted for age. Model 3
was adjusted for age, education level, systolic blood pressure, total cholesterol, high density lipoprotein cholesterol, smoking, drinking, sedentary duration, exercise, body
mass index, history of hypertension, diabetes and family history of CVD. Model 4 was adjusted for sleep quality, usage of sleep agents and all variables in Model 3.

chronic comorbidities other than CVD, which are highly prevalent in the elderly but not in the young and middle-aged
population, may contribute to the association between long sleep and cardiovascular risk. Consequently, the association
between long sleep and CVD risk varies across population of different ages with different general health status. The
findings suggest sleep patterns and other CVD-related chronic diseases may confound the relationship between sleep and
CVD risk; therefore, experimental studies are needed to further explore the mechanisms underlying the associations of
long sleep duration and CVD risk.

Being consistent with our findings, a substantial number of studies have indicated that short sleep is independently
associated with an increased risk of CVD among adults.'®!'” Though the associations between long sleep duration and
CVD risk may be driven by the outcome or impact of infirmity and disease, short sleep duration among young and
middle-aged adults may be part of an unhealthy lifestyle, which may impair general health and predispose them to CVD.
In the current study, compared with optimal or long sleepers, young and middle-aged short sleepers reported the highest
prevalence of CVD risk behaviors, such as smoking, alcohol drinking and long sedentary duration. The short sleepers
also had the highest means of BMI and SBP, and the highest prevalence of hypertension and diabetes, indicating that
short sleepers were of the worst general health compared with optimal and long sleepers.

Overweight and obesity with comorbidities including hypertension and insulin resistance collectively contributes to the
development of CVD among short sleepers. Considerable research suggests that adipocytes may play an essential role in
overweight and obesity caused by sleep restriction. Reduction in sleep duration can affect leptin release from adipocytes,*
thereby altering the neuroendocrine regulation of hunger. Subjective hunger and appetite increase during sleep restriction,
thus altering eating behavior and contributing to the development of obesity. Although leptin levels increase with adiposity,
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B Medium-to-high risk @ High risk

Model OR (95%Cl) P-value
Model 1
7-8h 1
<6h n 1.42 (1.30-1.60) <0.01
L 1.44 (1.27-1.64) <0.01
29h L 0.84 (0.75-0.93) <0.01
—— 0.85 (0.75-0.94) <0.01
Model 2
7-8h 1
<6h » 1.20 (1.05-1.38) <0.01
® 1.23 (1.07-1.42) 0.04
29h L] 0.98 (0.87-1.11) 0.75
—— 0.98 (0.86-1.11) 0.74
Model 3
7-8h 1
<6h L 1.24 (1.08-1.41) <0.01
® 1.27 (1.10-1.46) <0.01
29h L 0.91 (0.80-1.02) 0.11
— 0.90 (0.80-1.02) 0.10
Model 4
7-8h 1
<6h » 1.23 (1.08-1.40) <0.01
@ 1.26 (1.11-1.45) <0.01
29h L 0.91 (0.81-1.04) 0.11
—— 0.91 (0.80-1.01) 0.1
1
0f7 : 1?3 1.6
OR for CVD

Figure 4 Correlations between sleep duration and predicted |0-year CVD risk in women aged |18-64 years. Model | was not adjusted. Model 2 was adjusted for age. Model
3 was adjusted for age, education level, systolic blood pressure, total cholesterol, high density lipoprotein cholesterol, smoking, drinking, sedentary duration, exercise, body
mass index, history of hypertension, diabetes and family history of CVD. Model 4 was adjusted for sleep quality, usage of sleep agents and all variables in Model 3.

the ability of leptin to reduce food intake may be impaired in the obese status, possibly due to saturated transport systems,
suggesting that leptin resistance occurs in addition to insulin resistance in obesity.>* Since adipocytes are the only leptin-
producing cells, they may play a crucial role in the development of sleep-induced changes in systemic energy metabolism.
Molecular mechanisms underlying sleep curtailment-induced leptin resistance and impaired insulin action are comprehensive
and hypothetical. Potential pathways include increased exposure to elevated sympathetic nervous activity either via direct
innervation or indirectly via elevated catecholamine levels, stimulation of the stress-responsive hypothalamo-pituitary axis
with a resulting increased exposure to glucocorticoids and/or increased inflammation,>® all of which aggravate the develop-
ment of adipocyte dysfunction and obesity. Increased oxidative stress caused by obesity then leads to inflammation and
hypoxia, inducing perivascular adipose tissue (PVAT) dysfunction, which plays a critical role in the development of diseases
such as hypertension and atherosclerosis.**>* PVAT produces biologically active molecules, including cytokines, adipo-
kines, gaseous molecules, prostacyclin, angiotensin, methyl palmitate, and reactive oxygen species (ROS).**** It plays
a beneficial role by regulating vascular function and homeostasis as long as molecule levels with opposing properties remain
in equilibrium. In obesity, PVAT mass and adipocyte size are increased*' and secretes more inflammatory adipokines/
cytokines, which may further alter PVAT characteristics and secretomes, and cause dysfunction of the underlying vascular
smooth muscle cells (VSMCs) and endothelial cells (ECs),** eventually affecting vascular homeostasis.*> Dysfunction of
vascular homeostasis is an important contributing factor to the development and progression of hypertension®’ and
atherosclerosis.’®** In this study, though a higher percentage of short sleep duration was reported among men than
women, the odds of short sleep for CVD risk were statistically significant among women but not in men, indicating that

women may be more sensitive to the cardiovascular risk associated with short sleep. Evidence from experimental animals
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also supports the sex-dependent vascular function mediated by PVAT in hypertension and stroke,*>¢

suggesting the roles of
PVAT-derived adipokines in mediating sex-dependent vascular function in hypertension. The intrinsic differences in PVAT
between the sexes need to be further explored in future.*’

The strengths of the present study lie in the young and middle-aged sample. The study is the first for this topic worldwide
focusing on young and middle-aged adults, whose sleep was dramatically influenced by modern work and lifestyle. Most
studies on this issue have focused on middle-aged and older populations for the assumption that younger people have a low
or no risk of CVD. In light of the high prevalence of cardiovascular risk factors (eg, being sedentary, less physical exercise,
obesity, hyperlipidemia) found among young adults in the previous study,*® we hypothesized that factors contributing to
sleep duration and CVD risk are different in young and middle-aged and older adults, and the association of sleep duration
with CVD risk is also different in young and middle-aged and older adults. Therefore, we only included adults younger than
65 years to explore whether associations between sleep duration and 10-year CVD risk are different between young and
middle-aged adults and general adults. Second, a multi-stage stratified cluster sampling among attendees at physical
examination centers was used to obtain a more diverse population on sociodemographic characteristics, duration of sleep,
lifestyle, obesity, and metabolic status, thus guaranteeing the representativeness of the sample and the high reliability of the
findings. Third, we have collected data on sedentary behavior in addition to conventional cardiovascular risk factors, such as
smoking, drinking and lack of exercise. Sedentary behavior is highly prevalent in modern lifestyle, especially among young
and middle-aged population. Being sedentary for more than six hours per day was significantly associated with both sleep
duration and predicted 10-year cardiovascular risk in the current study, indicating that it might confound the relationship
between sleep duration and predicted cardiovascular risk. Including sedentary time into the multivariate regression model
helps to exclude its confounding effects, therefore guarantees more reliable results.

The current research has several limitations meriting consideration. First, we only analyzed the baseline data of the
cohort, which restricted our ability to make causal inferences about the relationship between durations of sleep and
predicted CVD risk. Second, the cohort was constructed by motivated individuals and the vast majority of participants
finished higher education and were in a higher socioeconomic status. Therefore, the generalizability of our findings to
other populations was uncertain. Lastly, we collect the sleep duration by self-report rather than using polysomnography
and reported information bias might be introduced into the current research. Longitudinal studies are needed to further
verify the association between durations of sleep and cardiovascular risk.

Conclusion

We have assessed the association between durations of sleep and predicted cardiovascular risk among young and middle-
aged Chinese adults. The current findings highlight the beneficial effects of long sleep and the adverse impact of short
sleep on cardiovascular health in people younger than 65 years. Given the high prevalence of CVD worldwide, the
information may be crucial to further insight into the comprehensive association between durations of sleep and the
predicted cardiovascular risk among young and middle-aged adults to guide preventive strategies.
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