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Abstract

This multicenter study aimed to elucidate the association between sleep duration and
various lifestyle-related disorders in healthy adults in Japan. A total of 62,056 healthy
participants (age: 49.4 + 10.9 years) who received medical checkups from 2010 to
2020 were analyzed cross-sectionally and longitudinally. The mean sleep duration was
6.2+ 1.0h in men and 6.1 + 1.0h in women. The distribution of sleep duration showed
that older people tended to sleep longer, which was clearly observed in men but not

in women. Univariate analyses showed that older age, lower body mass index (BMI),
habitual drinking, and habitual exercise were significantly associated with longer sleep
duration. Multivariate analyses in men showed that sleep duration was positively associ-
ated with age, habitual exercise, serum triglyceride (TG), systolic blood pressure (SBP),
and habitual drinking and negatively associated with BMI and hemoglobin A1c (HbA1c).
Alternatively, in women, sleep duration was positively associated with habitual exercise
and TG and negatively associated with BMI, high-density lipoprotein-cholesterol, HbA1c,
and current smoking. During the follow-up period, 3,360 of 31,004 individuals (10.8%)
developed obesity. The Cox proportional hazards model showed that shorter sleep
duration was a significantly higher risk of obesity, and longer sleep duration might be a
lower risk of obesity. On the other hand, 1,732 of 39,048 participants (4.4%) developed
impaired glucose tolerance, and 6,405 of 33,537 participants (19.1%) developed hyper-
triglyceridemia. However, the Cox proportional hazards model did not show significant
association between sleep duration and impaired glucose tolerance or hypertriglyceri-
demia. In conclusion, our large-scale cross-sectional study showed that sleep duration
was positively associated with habitual exercise and TG and negatively associated with
BMI and HbA1c, regardless of sex. Longitudinal analysis revealed that shorter sleep
duration is a significant risk factor for obesity.
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Introduction

The relationship between sleep disorders, mortality rates, and various systemic diseases has
been currently gaining attention. Since the report of Wingard et al. [1] on the association
between sleep patterns and mortality risk, many epidemiological studies showed that short
sleep duration is significantly associated with various systemic disorders, such as obesity
[2-9], diabetes [3,4,10-12], hypertension [4,13-15], dyslipidemia [16,17], cardiovascular
diseases [18-20], cerebrovascular diseases [21-23], and dementia [24-26]. Moreover, not only
cross-sectional studies but also several intervention trials have been recently conducted in the
Western countries [27,28]. Based on epidemiological evidence indicating the adverse influence
of sleep deficiency, sleep debt or the risk of short sleep duration has become an important
health-related issue. Consensus statements or recommendations from Europe and the United
States proposed an appropriate sleep duration for adults of at least 7h per night, 7-9h for
young people and adults, and 7-8 h for older individuals [29,30].

Although it is widely believed that promoting healthy sleep duration continuously can
prevent various lifestyle-related diseases [29-31], data and research in this field are currently
inadequate in Asia. Precise data concerning the effect of sleep duration on health problems
are important, especially in Asia, because of the short sleep duration in many Asian countries,
such as Japan, South Korea, Philippines, Malaysia, India, Taiwan, Vietnam, and Indonesia
[32]. An investigation by the Organization for Economic Development and Cooperation
(OECD) also showed that sleep duration was shortest in Japan and South Korea (Gender Data
Portal 2021; https://www.oecd.org/gender/data). In the context of these circumstances, we
used multicenter large-scale data from healthy people in Japan to perform both cross-sectional
and longitudinal analyses to evaluate the effects of sleep on health disorders, such as obesity,
hypertension, impaired glucose tolerance, dyslipidemia, and hyperuricemia. By analyzing
these lifestyle-related disorders along with age, sex, smoking, drinking, and habitual exercise,
we aimed to elucidate the risk of sleep deficiency in various lifestyle-related diseases. Consid-
ering the differences in genetics and ethnicity between Asian and Western countries, we hope
that sleep health guidance from Japan may also provide insights for other Asian countries.

Methods
Study participants

In Japan, those with some disease usually receive medical treatment at hospitals or clinics,
which was covered by health insurance. On the contrary, other generally healthy people who
do not take medications usually go to medical institute for body health checkup. In this study,
we analyzed the generally healthy people (without apparent diseases) who underwent a com-
prehensive health checkup in all the participating medical institutions in Japan.

Among the total 272,318 generally healthy individuals who underwent a comprehensive
health checkup from 2010 to 2020, 67,347 who underwent a health checkup for the first time
were selected. All the data concerning laboratory measurements or life-style related factors
were derived from the participated medical institutes respectively and merged. After exclud-
ing 5,291 individuals with missing data for laboratory test items and/or lifestyle-related
questions, 62,056 eligible participants were included in the cross-sectional (retrospective)
analysis (Fig 1A).

For the longitudinal (prospective) analysis, 23,350 individuals who have never undergone
health checkups until 2020 and 3,259 individuals with insufficient data for analyses were
excluded from the above-mentioned 67,347 people (Fig 1B). Consequently, 40,738 baseline
participants were included in the longitudinal analysis. All the data were assessed for research
purpose in March 2021.

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0319085 March 5, 2025

2/16



https://www.oecd.org/gender/data
mailto:nobutakeyamamichi@gmail.com
mailto:nobutakeyamamichi@gmail.com
mailto:dock@h.u-tokyo.ac.jp

PLOS ONE

Short sleep duration is a significant risk factor of obesity based on a multicenter observation study in Japan

A. 272,318 participants (period: 2010-2020)

204,971 individuals who underwent health checkup for the
2nd or more time were excluded.

\ 4

5,291 individuals with insufficient data for analysis were excluded.

62,056 eligible participants (34,239 men and 27,817 women) I

67,347 people who underwent health checkup for the 1st time
from 272,318 participants (period: 2010-2020)

23,350 individuals who have not undergone health checkup again

were excluded.

N

y

v
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Fig 1. Study recruitment flowchart.
https://doi.org/10.1371/journal.pone.0319085.9001

Self-administered questionnaire

A self-administered questionnaire containing questions on sleep duration, smoking habits,
alcohol consumption, and habitual exercise was prospectively mailed to the participants a
month before the health checkup as a part of our study (from 01/12/2009 to 30/11/2020).
Sleep duration was categorized into five groups: < 5, 5-6, 6-7, 7-8, and > 8h sleep. Other
three factors were categorized according to the presence or absence of current smoking, habit-
ual drinking, and habitual exercise.

Observation items as explanatory or objective variables

The explanatory variables were age, general laboratory test results, and lifestyle factors as
follows: 1) age (< 30, 30-39, 40-49, 50-59, 60-69, or > 70 years), 2) body mass index (BMI;
< 18.5kg/m? [underweight], 18.5-25kg/m? [normal range], or > 25 kg/m? [overweight]),
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3) systolic blood pressure (SBP; > 140 mmHg or < 140 mmHg), 4) diastolic blood pres-

sure (DBP; > 90 mmHg or < 90 mmHg), 5) fasting plasma glucose (FPG; > 126 mg/dL or

< 126 mg/dL), 6) hemoglobin Alc (HbAlc; 2 6.5% or < 6.5%), 7) low-density lipoprotein
cholesterol (LDL-C; > 140mg/dL or < 140mg/dL), 8) high-density lipoprotein cholesterol
(HDL-C; < 40mg/dL or > 40 mmHg), 9) triglycerides (TG; > 150 mg/dL or < 150 mg/dL), 10)
uric acid (UA; > 7.0mg/dL or < 7.0mg/dL), 11) current smoking (current smoker or not), 12)
habitual drinking (“drinking three or more days per week” or not), and 13) habitual exercise
(“at least 30 min at once and at least three times a week” or not). The above 1)-10) factors were
quantitative data and shown as mean + standard deviation (SD) in the table. As for the objec-
tive variable, sleep duration was classified into the following five groups: <5h, 5-6h, 6-7h,
7-8h, or > 8h.

Statistical analysis

Cross-sectional analysis. The 62,056 study participants were classified into six age groups
(<30, 30s, 40s, 50s, 60s, and >70s). The distribution of sleeping hours in each age group and
comparison of average sleeping hours among the age groups were evaluated using one-way
analysis of variance (ANOVA).

Univariate analyses were performed to evaluate whether there were differences in the 13
background factors (age, BMI, SBP, DBP, FPG, HbAlc, LDL-C, HDL-C, TG, UA, smoking,
drinking, and habitual exercise) between the five sleep duration groups. ANOVA was applied
to the quantitative data, and the x* test was applied to the qualitative data. The Cochran-
Armitage test for trends was also used to evaluate the associations between sleep duration and
several background factors.

For the multivariate analysis, quantitative variables were normalized, and qualitative
variables were changed to 0/1 type dummy variables. Subsequently, after eliminating multicol-
linearity, multiple regression analysis was conducted, and the standard partial regression coef-
ficient () was calculated (sleep duration as the dependent variable and the above-mentioned
background factors as independent variables) with a 95% confidence interval (CI).

Longitudinal analysis. After excluding those who already had lifestyle-related diseases
(obesity, impaired glucose tolerance, or hypertriglyceridemia) at baseline, Cox proportional
hazards analyses were performed to evaluate likelihood ratio tests and calculate hazard ratios
(HRs) with 95% CI. Based on the results of the cross-sectional analyses and previous studies
[33-36], sleep duration, age, BMI, current smoking, habitual drinking, and habitual exercise at
baseline were selected as explanatory variables. The references were: 6-7h for sleep duration,
no current smoking, no habitual drinking, no habitual exercise, and BMI < 25.0kg/m? The
object variables were the onsets of three life-related diseases, which were defined when BMI
> 25.0kg/m?’ for obesity, HbAlc > 6.5% for impaired glucose tolerance, and TG > 150 mg/dL
for hypertriglyceridemia during the follow-up period.

All statistical analyses were performed using JMP® 16 software (SAS Institute Inc., Cary,
NC, USA) with a significance level of 5%. All analyses were performed separately for males
and females because of the significant influence of sex-related genetic background on the
onset of lifestyle-related diseases.

Ethical considerations. This study was approved by the Ethics Committee of the
University of Tokyo School of Medicine and the Clinical Research Review Committee of
the University of Tokyo (No. 2498) and Kameda Medical Center (No. 17-075). All methods
were carried out in accordance with the Declaration of Helsinki and other relevant
guidelines and regulations. All the data were fully anonymized before being accessed by
the researchers.
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Results
Sleep duration of the 62,056 generally healthy participants in Japan

The 62,056 participants comprised 34,239 men and 27,817 women (49.4 + 10.9 years; range,
18-98 years) (Fig 1A). The mean sleep duration of the study population were 6.2 + 1.0h in
men and 6.1 + 1.0h in women (Table 1). Focusing on the sleep duration, the participants were
classified into the following five groups: 2,157 (3.5%) in the < 5h group, 12,920 (20.8%) in the
5-6h group, 25,999 (41.9%) in the 6-7h group, 15,775 (25.4%) in the 7-8 h group, and 5,205
(8.4%) in the > 8h group. The detailed distributions of sleep duration in men and women are
shown in Fig 2 and Table 2. The sleep duration of most participants (87.8% of men and 88.6%
of women) ranged from 5 to 8 h.

Fig 2 indicates that older people tend to sleep longer, and an inverse association between
sleep duration and age is more apparent in men than in women. Among the five sleep dura-
tion groups, the “6-7h sleep” was the highest in both men (42.2%) and women (41.5%). The
proportion of short sleepers (less than 6 h) was higher in women (26.3%) than in men (22.7%).
In men, the proportion of short sleepers was the highest in their 30s (26.3%) and 40s (28.5%),
whereas it was the highest in their 40s (29.5%) and 50s (30.3%) in women.

Characteristics of the study participants based on sleep duration and
various background factors

The characteristics of the 62,056 participants are presented in Table 2. Univariate analysis
showed that most background factors were significantly associated with sleep duration. Sleep
duration was significantly associated with age, BMI, SBP, DBP, HbAlc, LDL-C, HDL-C, TG,
UA levels, current smoking status, habitual drinking, and habitual exercise in both sexes. Only
the FPG level showed a significant association with sleep duration in men, but not in women.
Among the 13 analyzed factors, age, BMI, habitual drinking, and habitual exercise showed
clear associations with sleep duration (Table 2). Older men tended to sleep longer, but this
relationship was not observed in women. Those with a higher BMI tended to be short sleepers,
regardless of sex. For alcohol consumption, both sexes with habitual drinking tended to sleep
longer. For habitual exercise, both men and women who were accustomed to physical exercise
tended to sleep longer. In contrast, associations between sleep duration and the other nine

Table 1. Distribution of sleep duration in the 62,056 study participants.

Sleep duration

All participants Men Women
Age groups N Mean + SD N Mean + SD N Mean + SD
<30 1,127 6.2+ 1.0 696 6.1+ 0.9 431 6.3+ 1.1
30-39 11,173 6.2+ 1.0 5,828 6.1+ 1.0 5,345 63+ 11
40-49 20,092 6.0+ 1.0 10,788 6.0+ 1.0 9,304 6.1+ 1.0
50-59 18,058 6.1+ 0.9 10,085 6.2+ 1.0 7,973 6.0+ 0.9
60-69 9,139 6.5+ 1.0 5,441 6.6+ 1.0 3,698 6.3+ 1.0
>=70 2,467 6.7+ 1.1 1,401 6.8+ 1.1 1,066 6.5+ 1.1
Total 62,056 6.2+ 1.0 34,239 6.2+ 1.0 27,817 6.1+ 1.0
P-value <0.0001*** <0.0001*** <0.0001%***

One-way analysis of variance (ANOVA) was used to evaluate the difference in sleep duration between age groups. P-value less than 0.05 was considered statistically
significant (***p < 0.001).

https://doi.org/10.1371/journal.pone.0319085.t1001
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Fig 2. Distribution of sleep duration by age group.

https://doi.org/10.1371/journal.pone.0319085.g002

factors were not as strong, although most of them were statistically significant in the univari-
ate analysis (Table 2).

Subsequently, the Cochran-Armitage test for trend was performed to evaluate the associ-
ations between sleep duration and the 13 background factors. As shown in Fig 3A, all factors
other than LDL-C levels were significantly associated with sleep duration in men. However,
only 5 of the 13 factors (BMI, HbAlc, current smoking, habitual drinking, and habitual exer-
cise) were significantly associated with sleep duration in women. Fig 3B presents the associa-
tion of the six background factors with sleep duration. An inverse association between sleep
duration and age was clearly observed in men but not in women. Furthermore, we observed
an apparent relationship of sleep duration with BMI and habitual exercise, regardless of sex.
On the contrary, other factors, such as TG, HbAlc, and HDL-C, did not appear to be linearly
associated with sleep duration, although they were statistically significant, at least in men
(Fig 3B).

BMI, body mass index; TG, serum triglyceride; HDL-C, high-density lipoprotein cho-
lesterol; HbA1c, hemoglobin Alc; SBP, systolic blood pressure; UA, uric acid; LDL-C, low-
density lipoprotein cholesterol; DBP, diastolic blood pressure; FPG, fasting plasma glucose.
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a.

Factors Men Women Factors (serum) Men Women
Age (years) <0.0001*** 0.2597 FPG (mg/dL)  <0.0001*** 0.0681
BMI (kg/m?) <0.0001*** <0.0001*** HbAlc (%) <0.0001*** 0.0462*
SBP (mmHg) <0.0001*** 0.4547 LDL-C (mg/dL) 0.0905 0.1178
DBP (mmHg) 0.0108* 0.1421 HDL-C (mg/dL) 0.0275* 0.4437
Current smoking 0.0028** 0.0068** TG (mg/dL) 0.0018** 0.4304
Habitual drinking <0.0001*** 0.0019%** UA (mg/dL) 0.0148* 0.4208

Habitual exercise <0.0001 *** <0.0001***

— ]
60 69 ]

Habitual exercise

Men
40-49 185
-25.0
- [—— - (-
o e |
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Fig 3. Relationship between the five groups of sleep duration and background factors analyzed by Cochran-Armitage
trend test. a) All the p values for one-tailed test of 13 factors calculated by Cochran-Armitage trend test (*p <0.05, ¥*p
<0.01, ***p <0.001). b) Graphic demonstration of the relation between sleep duration and six background factors (age,

BMI, habitual exercise, TG, HbAlc, and HDL-C).
https://doi.org/10.1371/journal.pone.0319085.g003
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Multivariate analysis

After considering multicollinearity, two variables (DBP and FPG) were omitted, and multiple
regression analysis was performed (Table 3). In men, age, habitual exercise, TG level, SBP,
and habitual drinking were significantly associated with longer sleep duration. By contrast,
BMI and HbA1c levels were negatively associated with sleep duration. In women, habitual
exercise and TG level were significantly associated with longer sleep duration. Whereas, BMI,
HDL-C and HbA1c levels, and current smoking status were negatively associated with sleep
duration.

Regarding age, a remarkable difference was observed between the sexes: age had the stron-
gest association with sleep duration in men, whereas such an association was not observed in
women. For BMI, Table 3 as well as Table 2 shows that short sleep duration was significantly
associated with higher BMI regardless of sex, indicating that short sleep duration is a sub-
stantial risk factor for obesity. By contrast, habitual exercise was significantly associated with
longer sleep duration in both men and women, indicating that appropriate physical exercise
may exert a favorable effect on sleep.

Regarding lipid-related blood tests, higher TG (in both men and women) and lower
HDL-C (in women only) levels were significantly associated with longer sleep duration
(Table 3), suggesting that impaired lipid metabolism may be related to sleep deficits. SBP in
men, non-current smoking in women, and habitual drinking in men also showed a significant
but weak association with longer sleep duration. No significant associations with sleep dura-
tion were observed for UA and LDL-C levels (Table 3).

Longitudinal analysis

The 40,738 study participants who were selected for the longitudinal analysis (Figure 1B) con-
sisted of 22,984 men (56.4%) and 17,754 women (43.6%), with a mean age of 49.2 + 10.2 years
and a mean sleep duration of 6.2 + 1.0h. The total observation period was 11 years (from 2010
to 2020). The mean and median of the observation period are 2,005.3 + 1,153.6 days and 1,891

Table 3. Relationship between sleep duration and background factors according to the multiple regression analysis.

Men (n = 34,239) P-value ‘Women (n = 27,817) P-value
Factors standard partial regression | 95%C.I. standard partial regression | 95%C.1.

coefficient (b) coefficient (b)
Age 0.1826 [0.1715, 0.1936] <0.0001*** 0.0123 [-0.0021, 0.0268] 0.0942
BMI -0.1025 [-0.1154, -0.0896] <0.0001*** -0.1022 [-0.1168, -0.0875] <0.0001***
Habitual exercise 0.0631 [0.0531, 0.0731] <0.0001%** 0.0546 [0.0417, 0.0675] <0.0001***
TG 0.0320 [0.0221, 0.0419] <0.0001*** 0.0539 [0.0308, 0.0769] <0.0001***
HDL-C -0.0079 [-0.0217, 0.0059] 0.2626 -0.0448 [-0.0590, -0.0306] <0.0001***
HbAlc -0.0163 [-0.0261, -0.0064] 0.0012%* -0.0260 [-0.0421, -0.0099] 0.0015%*
SBP 0.0427 [0.0309, 0.0546] <0.0001*** 0.0107 [-0.0026, 0.0241] 0.1155
Current smoking 0.0063 [0.0028, 0.0154] 0.1758 -0.0310 [-0.0492, -0.0128] 0.0009***
Habitual drinking 0.0251 [0.0139, 0.0363] <0.0001%** 0.0098 [-0.0027, 0.0223] 0.1253
UA -0.0045 [-0.0169, 0.0079] 0.4762 -0.0078 [-0.0258, 0.0103] 0.3995
LDL-C -0.0033 [-0.0141, 0.0075] 0.5484 -0.0041 [-0.0172, 0.0090] 0.5380

After excluding DBP and FPG due to multicollinearity, multivariate correlations between sleep duration and each background factor were evaluated. Examined factors
were arranged in order of their absolute value of standard partial regression coefficients. P-value less than 0.05 was considered statistically significant (**p < 0.01, ***p
< 0.001). BMI, body mass index; TG, serum triglyceride; HDL-C, high-density lipoprotein cholesterol; HbAlc, hemoglobin Alc; SBP, systolic blood pressure; UA, uric
acid; LDL-C, low-density lipoprotein cholesterol; DBP, diastolic blood pressure; FPG, fasting plasma glucose.

https://doi.org/10.1371/journal.pone.0319085.t003
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days respectively. Among the 40,738 participants at baseline, 9,734 showed abnormally high
BMI (= 25.0kg/m?), 1,690 showed abnormally high HbA1c levels (> 6.5%), and 7,201 showed
abnormally high TG levels (> 150 mg/dL). Therefore, we performed longitudinal analyses of
the remaining 31,004 participants for the development of obesity, 39,048 participants for the
development of impaired glucose tolerance, and 33,537 participants for the development of
hypertriglyceridemia.

During the follow-up period, 3,360 individuals (10.8%) developed obesity (BMI > 25.0).
After adjusting for age, smoking, drinking, and habitual exercise, hazard ratios (HR) were
calculated using the Cox proportional hazards model. For the five sleep duration groups, the
6-7h sleep duration group was used as a reference. As shown in Table 4, the shorter sleep
duration group had a significantly higher risk of obesity (HR = 1.53 for men and HR = 1.63
for women in the < 5h group; HR = 1.17 for men and HR = 1.24 for women in the 5-6h
group). Moreover, a longer sleep duration resulted in a lower risk of obesity (HR = 0.86 for
men and HR = 0.95 for women in the 7-8h group; HR = 0.89 for men and HR = 0.98 for
women in the > 8h group). In addition to shorter sleep duration, current smoking (HR = 1.33
for men and HR = 1.35 for women) showed a significantly higher risk of obesity. In contrast,
habitual drinking (HR = 0.83 for men and HR = 0.87 for women) and habitual exercise in
women (HR = 0.80) were associated with a significantly lower risk of obesity.

During the follow-up period, 1,732 participants (4.4%) developed impaired glucose toler-
ance (HbAlc = 6.5%). After adjusting for age, BMI, smoking, drinking, and habitual exercise,
HRs were calculated in the same manner. As shown in Table 4, any significant association
between sleep duration and impaired glucose tolerance was not detected. For other factors,
higher BMI (HR = 3.46 for men and HR = 5.07 for women), current smoking (HR = 1.54
for men and HR = 1.59 for women), and age (HR = 1.05 for men and HR = 1.06 for women)
showed a significantly higher risk of impaired glucose tolerance. By contrast, habitual drink-
ing (HR = 0.81 for men and HR = 0.66 for women) showed a significantly lower risk of
impaired glucose tolerance.

During the follow-up period, 6,405 participants (19.1%) developed hypertriglyceridemia
(TG = 150mg/dL). After adjusting for age, BMI, smoking, drinking, and habitual exercise,
HRs were calculated in the same manner. As shown in Table 4, any significant association
between sleep duration and hypertriglyceridemia was not found. Regarding other factors,
higher BMI (HR = 1.68 for men and HR = 2.76 for women), current smoking (HR = 1.43 for
men and HR = 1.92 for women), habitual drinking (HR = 1.15 for men only), and age (HR =
1.03 for women only) were associated with a significantly higher risk of hypertriglyceridemia.
In contrast, habitual exercise (HR = 0.90 for men and HR = 0.85 for women) showed a sig-
nificantly lower risk of hypertriglyceridemia.

Discussion

In this multicenter study of healthy adults in Japan, we investigated the current trend of sleep
duration and analyzed the involvement of sleep duration in various lifestyle-related diseases
with multiple background factors. In our cohort, the mean sleep duration was 6.2 + 1.0h in
men and 6.1 £ 1.0h in women; the rate of short sleepers was significantly higher in women
than in men; and sleep duration was inversely associated with age. In addition, multivariate
cross-sectional analyses showed that sleep duration was positively associated with habitual
exercise and TG, and negatively associated with BMI and HbA1c in both sexes. Longitudinal
analyses revealed that shorter sleep duration was a significant risk factor for obesity.

Our results concerning sleep were consistent with the national big data from Japan
(National Health and Nutrition Examination Survey in 2019 (https://www.cdc.gov/nchs/
nhanes/index.htm) and Japan Collaborative Cohort Study (JACC Study) [37]). Most people
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Table 4. Multivariate analyses to evaluate the association of sleep duration and other several factors with an onset of obesity, impaired glucose tolerance, or

hypertriglyceridemia.
Men ‘Women
Factors HR 95%C.1. P-value HR 95%C.1. P-value
Obesity
Onset / Non-onset (n=31,004) 2,140/ 13,676 1,220/ 13,968
Sleep duration groups <5 hr 1.53 [1.23,1.91] 0.0003*** 1.63 [1.23,2.15] 0.0013**
5-6 hr 1.17 [1.04, 1.31] 0.0082** 1.24 [1.08, 1.42] 0.0028**
6-7 hr Reference Reference
7-8 hr 0.86 [0.78, 0.96] 0.0082** 0.95 [0.82,1.10] 0.4937
>=8hr 0.89 [0.75, 1.06] 0.1803 0.98 [0.77, 1.25] 0.8770
Current smoking 1.33 [1.21, 1.46] <0.0001*** 1.35 [1.09, 1.66] 0.0072%*
Habitual drinking 0.83 [0.76,0.91] <0.0001*** 0.87 [0.77,0.98] 0.0168 *
Habitual exercise 1.05 [0.96, 1.16] 0.2952 0.8 [0.69, 0.93] 0.0039**
Age, years 1.00 [0.99, 1.00] 0.7543 1.00 [0.99, 1.01] 0.9043
Model x2 test p < 0.0001*** p < 0.0001***
Impaired Glucose Tolerance
Onset / Non-onset (n=39,048) 1,276 / 20,383 456 /16,933
Sleep duration groups <5 hr 1.21 [0.90, 1.64] 0.2244 1.46 [0.96, 2.22] 0.0894
5-6 hr 1.16 [0.99, 1.34] 0.0613 0.97 [0.77,1.23] 0.8135
6-7 hr Reference Reference
7-8hr 0.91 [0.79, 1.04] 0.1785 0.98 [0.77, 1.25] 0.8847
>=8hr 0.91 [0.75,1.12] 0.3832 0.70 [0.45, 1.10] 0.1040
BMI>= 25kg/m? 3.46 [3.10, 3.87] <0.0001%*** 5.07 [4.21,6.11] <0.0001%***
Current smoking 1.54 [1.37,1.73] <0.0001%*** 1.59 [1.12,2.26] 0.0158 *
Habitual drinking 0.81 [0.72,0.91] 0.0005*** 0.66 [0.53,0.81] <0.0001***
Habitual exercise 0.97 [0.85,1.10] 0.6118 1.04 [0.83, 1.30] 0.7286
Age, years 1.05 [1.05, 1.06] <0.0001%*** 1.06 [1.05, 1.07] <0.0001***
Model x2 test p < 0.0001%** p < 0.0001***
Hypertriglyceridemia
Onset / Non-onset (n=33,537) 4,491/ 12,421 1,914 / 14,711
Sleep duration groups <5hr 1.04 [0.88, 1.23] 0.6277 1.14 [0.91, 1.44] 0.2686
5-6 hr 0.99 [0.91, 1.07] 0.7929 1.01 [0.90, 1.13] 0.8232
6-7 hr Reference Reference
7-8 hr 0.96 [0.89, 1.04] 0.2985 0.95 [0.84, 1.07] 0.3879
>=8 hr 1.07 [0.96, 1.20] 0.2228 1.00 [0.83,1.21] 0.9994
BMI>= 25kg/m? 1.68 [1.58,1.79] <0.0001%** 2.76 [2.49,3.05] <0.0001***
Current smoking 1.43 [1.34,1.53] <0.0001*** 1.92 [1.65,2.25] <0.0001%***
Habitual drinking 1.15 [1.07,1.23] <0.0001%*** 0.92 [0.84,1.01] 0.0898
Habitual exercise 0.90 [0.85, 0.97] 0.0035%* 0.85 [0.75, 0.95] 0.0055**
Age, years 1.00 [1.00, 1.00] 0.9167 1.03 [1.02, 1.03] <0.0001***
Model X2 test <0.0001*** <0.0001***

To analyze the risk of obesity, smoking, drinking, exercise, and age were adjusted. To analyze impaired glucose tolerance and hypertriglyceridemia, BMI, smoking,
drinking, exercise, and age were adjusted. P-value less than 0.05 was considered statistically significant (¥*p < 0.05, **p < 0.01, ***p < 0.001). BMI, body mass index;
TG, serum triglyceride; HbAlc, hemoglobin Alc; SBP, systolic blood pressure; HR, hazards ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0319085.t004
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sleep for less than 6-7h; sleep duration is especially shorter in the working and child-rearing
generations, and older people tend to sleep longer. Except for the short sleeping hours in
Japan, various sleep characteristics in our cohort were similar to those reported in the United
States [38]. Our results also showed that the average sleep duration was significantly shorter
in women than in men (Table 1). According to a survey by the OECD (Gender Data Portal
2021; https://www.oecd.org/gender/data), the sleep duration of women was shorter than that

of men in only seven (21.2%) of the 33 surveyed countries, including Japan. The OECD survey
also reported that the average sleep time of Japanese women was one of the shortest in several
countries and 13 min shorter than that of Japanese men. These data are comparable to ours,
indicating that our data properly represent the sleep patterns in Japan.

According to previous epidemiological studies in Europe and the United States, a U-shaped
or inverse linear relationship was observed between sleep duration and obesity in adults
[3,6,39], meaning that “both short and long” or “only short” sleep duration increase the risk of
obesity. Short sleep duration is generally considered a significant risk factor for obesity in the
Western countries based on both cross-sectional and longitudinal analyses [8,40,41]. Similarly,
our large-scale analyses showed that a short sleep duration of less than 7h is a significant risk
factor for the development of obesity. An association between short sleep duration and obesity
has been confirmed by the results of recent intervention studies on sleeping hours [27,28] and
can also be partly explained by some physiological mechanisms [42,43]. About the physio-
logical mechanisms, it was reported that short sleep duration was associated with reduction
of anorexigenic hormone leptin and elevations of orexigenic factor ghrelin, which can lead to
increased hunger and appetite [42].

Demonstrating the significant association between short sleep duration and obesity in
Asia is one of the main findings of our study. Our results are reliable and valuable such that
they were derived from large-scale data of generally healthy people in Japan, and that both
cross-sectional and longitudinal analyses yielded the same results.

Sex differences in the effects of short sleep duration on obesity remain unclear. Some reports
have shown the effect of short sleep duration on obesity in both sexes [8,44,45], whereas others
have shown it only in men [46-50] or women [41,51]. Our current study revealed a significant
association between short sleep duration and obesity in both sexes, which is similar to the
report of Xiao et al. [45] from the United States. Despite the low prevalence of obesity in Japan,
our study showed the effect of short sleep duration on obesity regardless of sex, probably due
to the large number of study participants. Similar to the largest longitudinal study of women in
the United States [52], we believe that short sleep duration is a risk factor for obesity in not only
men but also women. However, sleep-related studies from Asia remain inadequate presently;
more analyses are necessary in the future in terms of race, age, sex, study design, and confound-
ing factors (demographic, socioeconomic, lifestyle-related, etc.).

Regarding lifestyle-related diseases other than obesity, our cross-sectional study showed that
short sleep duration was negatively associated with HbAlc levels and positively associated with
TG levels. The involvement of short sleep duration in the onset of diabetes has been reported
our results are valid. On the contrary, the increase in TG levels with prolonged sleep remains
controversial, although some reports have shown an association between TG levels and sleep
duration [56,57]. Apart from obesity, our longitudinal analyses did not show a significant
association between sleep duration and impaired glucose tolerance or hypertriglyceridemia. To
resolve these issues, more large-scale prospective studies in Asia are necessary in the future.

In summary, our current study, based on the data of generally healthy people in Japan,
showed that short sleep duration was significantly associated with lifestyle-related dis-
eases, such as obesity, impaired glucose tolerance, and hypertriglyceridemia. It is especially
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noteworthy that cross-sectional multivariate and longitudinal analyses using a Cox pro-
portional hazard model both showed that a short sleep duration had a significant negative
association with BMI, regardless of sex, indicating that sleep deficiency is a definitive risk
factor for obesity. Based on these results, we plan to evaluate whether sleep education is useful
for preventing lifestyle-related diseases, including obesity. In contrast to short sleep duration,
the influence of long sleep duration on lifestyle-related diseases was not clearly observed in
our study. Although some reports have suggested that long sleep duration has an unfavorable
effect on health [11], no consensus has been reached worldwide.

In addition to several lifestyle-related disorders, our multiple regression analysis (Table 3)
showed a significant association between sleep duration and habitual exercise regardless of
sex. Although the cross-sectional analysis listed in Table 3 did not show causal relationships,

our results probably reflect the beneficial effects of exercise on sleep-related items, including
sleep duration, as indicated by several previous studies [33,58-60]. Our results suggest that
regular exercise can effectively improve sleep-related habits.

This study has some limitations. First, because of the cross-sectional or prospective observa-
tional design of the study, we were unable to perform accurate analyses of causal effects. Second,
we could not completely exclude participants with some latent disease or health problems,
including obstructive sleep apnea and narcolepsy, sleep modifier medications, thyroid dysfunc-
tions, menopausal symptoms, various chronic diseases (hypertension, diabetes, dyslipidemia,
etc.), and so on. However, the percentage of such people who had some health disorders was
quite small, because in principle, the health checkup programs were prepared and provided with
generally healthy people. Third, the influence of other confounding factors on the relationship
between sleep duration and various explanatory variables, such as income, occupation, diet, shift
work, etc. remains possible. Fourth, sleep duration was self-reported in the questionnaire. Mea-
suring sleep duration using sleep-monitoring devices may be needed to evaluate sleep duration
more objectively. Fifth, this study lacks data on ethnic groups within the population. However,
in the health checkup in Japan, almost all of them have Japanese nationality. As a result, the
results from our study certainly reflect the data of sleep in Japan and therefore in East Asia.

Conclusions

Our large-scale cross-sectional study showed that sleep duration was negatively associated
with BMI and HbA1c and positively associated with habitual exercise and serum TG levels,
regardless of sex. Longitudinal analyses revealed that short sleep duration is a significant risk
factor for obesity.
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