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Study Objectives: We examined the individual association between
sleep duration and a high serum triglyceride, low HDL cholesterol, or
high LDL cholesterol level.

Design and Setting: The present study analyzed data from the Nation-
al Health and Nutrition Survey that was conducted in November 2003
by the Japanese Ministry of Health, Labour and Welfare. This survey
was conducted on residents in the districts selected randomly from all
over Japan.

Participants: The subjects included in the statistical analysis were
1,666 men and 2,329 women aged 20 years or older.

Intervention: N/A

Measurements and Results: Among women, both short and long
sleep durations are associated with a high serum triglyceride level or
a low HDL cholesterol level. Compared with women sleeping 6 to 7
h, the relative risk of a high triglyceride level among women sleeping
<5 h was 1.51 (95% CI, 0.96-2.35), and among women sleeping =8 h

was 1.45 (95% Cl, 1.00-2.11); the relative risk of a low HDL cholesterol
level among women sleeping <5 h was 5.85 (95% Cl, 2.29-14.94), and
among women sleeping 28 h was 4.27 (95% CI, 1.88-9.72). On the
other hand, it was observed that the risk of a high LDL cholesterol level
was lower among men sleeping 28 h. These analyses were adjusted
for the following items: age, blood pressure, body mass index, plasma
glucose level, smoking habit, alcohol consumption, dietary habits, psy-
chological stress, and taking cholesterol-lowering medications.
Conclusions: Usual sleep duration is closely associated with serum
lipid and lipoprotein levels.
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IN THE LATE 1960S, IT WAS REVEALED THAT SHORT-
ER OR LONGER SLEEP DURATION RESULTED IN AN
INCREASED RISK OF MORTALITY IN HUMANS, AND
that there was a U-shaped association between sleep duration
and mortality risk." Subsequently, several large-scale studies
demonstrated similar findings.>* In recent years, U-shaped as-
sociations have been demonstrated between sleep duration and
morbidity risk for diabetes mellitus,’” obesity,® hypertension,’
coronary heart disease (CHD)," and atherosclerosis.!' It has
been increasingly recognized that sleep habits, along with other
lifestyle habits, such as eating, exercising, smoking, and drink-
ing, are potential risk factors for diabetes mellitus, obesity, hy-
pertension, and cardiovascular disease (CVD).

Dyslipidemia, such as an increase in the level of triglyceride,
a decrease in the level of high-density-lipoprotein (HDL) cho-
lesterol, and an increase in the level of low-density-lipoprotein
(LDL) cholesterol, increases the risk of CVD morbidity.'*'* In
order to prevent CVD, it is important to identify and change
lifestyles that are associated with serum triglyceride, HDL cho-
lesterol or LDL cholesterol level. It is well known that these
serum lipid and lipoprotein levels are strongly influenced by
lifestyles. Smoking decreases the level of HDL cholesterol and
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increases the level of triglyceride in blood, whereas alcohol
consumption increases the levels of both."” Exercise increases
the HDL cholesterol level and decreases the triglyceride level
in blood."” In addition, alcohol consumption is reported to de-
crease the level of LDL cholesterol.'®!”

In 1999, Nakanishi et al. indicated that there was no signifi-
cant association between sleep duration and serum lipid and
lipoprotein levels among men.'* However, their sample was
comprised of male office workers from a single company and
these findings cannot reasonably be extrapolated to the general
Japanese population. To clarify this issue, the present study ex-
amined the individual associations of sleep duration with the
levels of serum triglyceride, HDL cholesterol and LDL cho-
lesterol.

METHODS
Study Subjects and Data Collection

The present study was performed using data collected by
the National Health and Nutrition Survey that was conducted
in November 2003 by the Japanese Ministry of Health, La-
bour and Welfare. The National Health and Nutrition Survey
is a cross-sectional survey that is conducted annually in order
to obtain epidemiological data for national health promotion."
The subjects of this national survey comprised approximately
15,000 residents aged 1 year or more in the 300 districts ran-
domly selected from the national census unit districts.

The survey comprised three parts: (1) examination of physi-
cal status, (2) dietary intake survey, and (3) questionnaire on
lifestyles. Actual data collection was performed by the staff of
the local public health centers that exercised jurisdiction over
the selected districts.
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For the physical status examination, the subjects were in-
vited to public facilities within the districts. The heights and
weights of all the participants aged 1 year or older, abdominal
circumference, and blood pressure of all participants aged 15
years or older were measured. In addition, participants aged 20
years or older were interviewed with regard to any medications
taken on a regular basis, and blood samples were taken from
each subject for subsequent analysis.

For dietary assessment, the staff of the public health cen-
ters visited the subjects’ households, distributed the recording
sheets, and explained how to complete them. The subjects were
requested to record the name and amount of all food consumed
by each household member aged 1 year or older on a selected
weekday.

The lifestyle questionnaire, which was self-administered,
was issued to all participants older than 15 years of age, with in-
structions on how to complete it. The lifestyle questionnaire in-
cluded items related to diet, smoking, drinking, exercise, sleep,
and dental hygiene. When the staff of the public health centers
visited the subjects’ households, the subjects were informed of
the due consideration given to confidentiality of all personal
data based on the Health Promotion Law.

Measures and Definitions

According to criteria determined by the Japan Society for
the Study of Obesity, a BMI of 25 kg/m? or higher was consid-
ered to indicate overweight.?’ Before recording the blood pres-
sure, activities that might potentially affect the blood pressure
readings (blood sampling, exercise, eating, and smoking) were
prohibited. Each participant was instructed to urinate prior to
recording the blood pressure. After 5 min of rest, blood pressure
was measured in the right upper arm with the participant seated
on a chair. Blood pressure was measured twice with an interval
of 1 minute between the 2 measurements, and the 2 measure-
ments were used for statistical analyses.

In accordance with criteria determined by the World Health
Organization, International Society of Hypertension, and Japa-
nese Society of Hypertension, a mean systolic blood pressure of
140 mm Hg or higher or a mean diastolic blood pressure of 90
mm Hg or higher was considered to indicate hypertension.

Blood tests included the following items: white blood cell
count, red blood cell count, platelet count, hemoglobin con-
centration, ferritin level, total protein level, albumin level, total
cholesterol level, HDL cholesterol level, triglyceride level, glu-
cose level, and hemoglobin Alc level. The serum triglyceride
and HDL cholesterol levels were measured using the enzyme
and direct methods, respectively. In the participants whose se-
rum triglyceride level was lower than 400 mg/dL, the level of
LDL cholesterol was calculated from total cholesterol, HDL
cholesterol and triglyceride levels using Friedewald’s formu-
la.*! The serum triglyceride level was 400 mg/dL or more in 93
participants (2.3%), and we excluded cases showing this value
from statistical analysis involving LDL cholesterol. In accor-
dance with the criteria determined by the Japan Atherosclerosis
Society, a serum triglyceride level >150 mg/dL was considered
to be high, an HDL cholesterol level <40 mg/dL was defined as
low, and an LDL cholesterol level >140 mg/dL was considered
to be high. Furthermore, in accordance with the criteria deter-
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mined by the Japan Diabetes Society, a fasting glucose level
>126 mg/dL was considered to represent hyperglycemia.

The questionnaire on lifestyles included the question: “What
was your daily average sleep duration during the past month?”
The 6 options provided as responses to this question were: (a)
less than 5 h, (b) 5 h or more but less than 6 h, (¢) 6 h or more
but less than 7 h, (d) 7 h or more but less than 8 h, () 8 h or
more but less than 9 h, and (f) 9 h or more. Categories (¢) and (f)
were integrated for the purpose of statistical analysis. Subjects
who answered “every day” and “sometimes” to the question
“Do you smoke currently? (within one month)” were catego-
rized as current smokers. Those who answered “3 days or more
per week” to the question “How many days per week do you
consume alcoholic beverages?” were categorized as habitual
drinkers. Those who had exercised twice or more per week for
>30 min over the past one year or more were categorized as ha-
bitual exercisers. Questions regarding the frequencies of skip-
ping meals, eating between meals, and eating out were asked
separately. If the frequency of any of the above eating patterns
was once or more per week, it was considered to be a habit.
The questionnaire also included a question on psychological
stress levels. To the question “Have you felt stress caused by
dissatisfaction, worries, or troubles during the past month?” the
following 4 options were provided: definitely, occasionally, not
much, and never. The participants who selected “definitely” as
the answer to this question were regarded as those “Definitely
feeling psychological stress.”

Statistical Analyses

After seeking permission from the Ministry of Health, La-
bour and Welfare, we performed statistical analysis of the ano-
nymized dataset obtained from the National Health and Nutri-
tion Survey.

A total of 11,630 individuals participated in at least one of
the three parts of the National Health and Nutrition Survey, and
the response rate was approximately 77.5%. Of these partici-
pants, the following were sequentially excluded from the data-
set; those aged 20 years or younger (2,199); those who did not
participate in a blood test (4,124); pregnant women or women
who had given birth in the last 6 months (43); those from whom
blood was collected within 4 h after a meal (1,234); those for
whom the serum triglyceride and HDL cholesterol levels could
not be measured due to technical errors such as an insufficient
quantity of collected blood (8); and those who did not answer
the question on sleep duration (27). The data for the remaining
3,995 cases (men: 1,666, women: 2,329) were used for statisti-
cal analyses.

All statistical analyses were conducted separately by gender.
Unadjusted differences in continuous and categorical variables
across sleep duration categories were assessed for significance
using single-factor analysis of variance or contingency table
analysis, as appropriate. Logistic regression analyses were con-
ducted to assess the relation of usual sleep duration to a high
triglyceride, low HDL cholesterol or high LDL cholesterol lev-
el, adjusting for relevant covariates. Covariates included in the
model were age, blood pressure, BMI, fasting plasma glucose
level, smoking habit, alcohol consumption, dietary habits, psy-
chological stress, and taking cholesterol-lowering medications.
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Table 1—Characteristics of the Male Participants According to Reported Usual Sleep Duration
Characteristic Reported Usual Sleep Duration, h/night P value
<5 5to <6 6 to <7 7 to <8 >8
No. of participants 70 318 596 455 227
Age,y 52.7(19.9) 52.4(16.8) 53.6(15.6) 56.3(16.1) 64.1(15.2)  <0.001
BMI 2293.2) 23.9(3.5) 23.6 (3.1) 232(3.2) 23.1(3.4) 0.008
Systolic blood pressure, mm Hg 133.4(17.1) 134.0(21.3) 1343 (19.6) 136.4(19.1) 136.7 (18.1) 0.181
Diastolic blood pressure, mm Hg 78.5(10.4)  81.3(13.0) 82.2(11.5) 82.7(11.0) 80.6 (11.2) 0.015
Drinking alcohol >3 days/week, % 443 50.8 57.0 61.3 59.5 0.009
Current smoking, % 433 47.9 42.5 46.9 459 0.515
Exercising at least twice per week, % 40.0 28.6 29.8 293 29.2 0.433
Skipping meal >1 time/day, % 21.4 5.4 7.9 7.7 35 <0.001
Eating between meals >1 time/day, % 28.6 31.6 27.7 28.1 34.8 0.273
Eating out >1 time/day, % 22.9 12.6 9.7 5.5 2.6 <0.001
Definitely feeling psychological stress, % 37.1 18.6 9.2 7.0 4.0 <0.001
Fasting plasma glucose, mg/dL 101.6 (26.6) 104.8 (32.3) 104.5(29.5) 108.8(43.9) 112.6(44.8) 0.021
Hemoglobin Alc, % 5.41(097) 533(0.78)  5.40(0.86) 5.47(1.07) 5.55(1.03)  0.069
Triglyceride, mg/dL 134.5(70.9) 159.0 (110.3) 1553 (120.6) 157.7 (115.4) 141.7 (94.1) 0.198
HDL cholesterol, mg/dL 57.8(16.2) 56.1(14.6) 56.1(144) 56.5(15.7) 56.1 (15.6) 0.915
LDL cholesterol, mg/dL 109.0 (29.0) 113.1(31.7) 116.4(32.3) 112.7(31.1) 107.2(29.6) 0.004
Total cholesterol, mg/dL 193.7(33.9) 199.5(34.2) 202.1(37.0) 199.3(33.4) 191.8(35.2) 0.003
Data are presented as mean (SD) or percentages.
Significance tests for the unadjusted difference across categories of sleep duration are based on the contingency table analysis for categorical
variables and single-factor analysis of variance for continuous variables.

Odds ratios were calculated from logistic regression analyses
with 95% confidence intervals. Finally, participants who were
taking cholesterol-lowering medications were excluded, and the
same analyses as described above were performed. All analyses
were performed using SPSS 12.0 for Windows.

RESULTS

Among men, the percentages of subjects who slept <6 h and
>8 h per night were 23.3% and 13.6%, respectively. Among
women, the corresponding percentages were 31.2% and 8.2%,
respectively. The number of subjects with shorter sleep dura-
tion was greater for women than for men, and the number of
subjects with longer sleep duration was smaller for women than
for men (P <0.001). The mean (standard deviation [SD]) serum
triglyceride level was 153.9 (112.2) mg/dL for men and 123.2
(86.5) mg/dL for women, and was thus significantly higher
among men (P <0.001). The mean (SD) serum HDL cholesterol
level was 56.3 (15.0) mg/dL for men and 64.8 (15.6) mg/dL
for women, and was thus significantly lower among men (P <
0.001). The mean (SD) serum LDL cholesterol level was 113.2
(31.5) mg/dL for men and 118.6 (32.0) mg/dL for women, and
was thus significantly higher among women (P < 0.001). The
prevalence of a high triglyceride level was 36.5% among men
and 24.0% among women, and was thus significantly higher
among men (P < 0.001). The prevalence of a low HDL choles-
terol level was 12.1% among men and 3.4% among women,
and was thus significantly higher among men (P < 0.001). The
prevalence of a high LDL cholesterol level was 17.6% among
men and 23.9% among women, and was thus significantly high-
er among women (P < 0.001).

Among men with shorter sleep duration, the number of men
who answered that they skipped meals or ate out once or more
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per day was observed to be high (Table 1). Additionally, a high
number of men in this group answered that they experienced
high levels of psychological stress. A significant association
was observed between serum LDL cholesterol levels and sleep
duration among men. The mean serum LDL cholesterol level of
those who slept >8 h was approximately 9.2 mg/dL lower than
that of those who slept for 6 to 7 h. Among men, there were
no evident significant associations between sleep duration and
serum triglyceride or serum HDL cholesterol level.

Similarly, among women with shorter sleep duration, the
number of subjects who skipped meals, ate out, or experienced
heavy psychological stress was large (Table 2). The mean serum
triglyceride level was lowest in women who slept 6 to 7 h and
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Figure 1—The relationship between serum triglyceride level and
sleep duration. The mean value (point) and standard error (bar)
of the serum triglyceride level for different sleep duration groups
are shown. A U-shaped association is observed between serum
triglyceride level and sleep duration.
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Table 2—Characteristics of the Female Participants According to Reported Usual Sleep Duration
Characteristic Reported Usual Sleep Duration, h/night P value
<5 5to <6 6 to <7 7 to <8 >8
No. of participants 125 601 919 493 191
Age,y 56.6 (16.7) 53.2(15.1) 53.2(153) 57.1(17.2)  65.0(16.9) <0.001
BMI 23342 22.8 (3.6) 22.7(3.4) 22.8 (3.3) 22.6 (3.6) 0.457
Systolic blood pressure, mm Hg 133.9 (21.7) 128.4(20.7) 128.6(20.6) 131.0(22.0) 134.9(19.3) <0.001
Diastolic blood pressure, mm Hg 779 (11.6) 76.8(11.4) 77.5(11.2) 77.2 (12.1) 77.9 (12.0) 0.691
Drinking alcohol >3 days/week, % 8.0 15.5 153 12.4 13.1 0.127
Current smoking, % 12.8 12.5 10.2 6.9 7.9 0.023
Exercising at least twice per week, % 21.8 26.1 25.5 25.3 20.6 0.535
Skipping meal >1 time/day, % 11.2 3.7 4.0 43 6.8 0.002
Eating between meals >1 time/day, % 40.8 52.8 49.0 47.6 529 0.086
Eating out >1 time/day, % 5.6 43 2.1 1.6 0.5 0.001
Definitely feeling psychological stress, % 29.6 18.1 11.6 7.3 4.7 <0.001
Fasting plasma glucose, mg/dL 105.0 (35.0) 103.3(25.3) 102.2(26.3) 104.7(25.7) 110.9 (36.9) 0.002
Hemoglobin Alc, % 539(0.72) 534(0.77) 5.30(0.74)  534(0.68)  5.39(0.83) 0427
Triglyceride, mg/dL 143.9 (100.0) 128.1 (115.7) 113.4 (66.0) 125.8 (77.2) 135.0(74.1)  <0.001
HDL cholesterol, mg/dL 63.2(17.4) 653(16.2) 66.3(14.8) 63.4(155) 60.2(154) <0.001
LDL cholesterol, mg/dL 117.4 (31.4) 116.7(31.8) 118.1(32.3) 120.7(31.4) 122.6(32.9) 0.114
Total cholesterol, mg/dL 209.6 (38.4) 207.0 (37.1) 207.1(35.9) 208.8(34.8) 209.5(34.5) 0.770
Data are presented as mean (SD) or percentages.
Significance tests for the unadjusted difference across categories of sleep duration are based on the contingency table analysis for categorical
variables and single-factor analysis of variance for continuous variables.

became higher as the sleep duration became shorter than 6 h or
longer than 7 h. Compared with those who slept for 6 to 7 h, the
mean serum triglyceride level in those who slept <5 h, and in
those who slept >8 h, was approximately 30.5 mg/dL and 21.6
mg/dL higher, respectively. Thus, a U-shaped association was
observed between sleep duration and serum triglyceride level
(Figure 1). In contrast, the mean serum HDL cholesterol level
was highest for sleep durations of 6 to 7 h, and became lower
as the sleep duration became shorter than 6 h or longer than 7
h. Compared with those who slept for 6 to 7 h, the mean serum
HDL cholesterol level in those who slept <5 h, and in those
who slept >8 h was approximately 3.1 mg/dL and 6.1 mg/dL
lower, respectively. Thus, an inverted U-shaped association was
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Figure 2—The relationship between serum HDL cholesterol lev-
el and sleep duration. The mean value (point) and standard error
(bar) of serum HDL cholesterol level for different sleep duration
groups are shown. An inverted U-shaped association is observed
between serum HDL cholesterol level and sleep duration.
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observed (Figure 2). Furthermore, U-shaped associations were
observed between sleep duration and systolic blood pressure,
and sleep duration and fasting plasma glucose. Among women,
there was no significant association between sleep duration and
serum LDL cholesterol level.

Among women, both univariate and multivariate logistic
models showed statistically significant associations between
sleep duration and a high triglyceride level and sleep duration
and a low HDL cholesterol level (Table 3). Both the associa-
tions were U-shaped. The ORs for a high triglyceride and a low
HDL cholesterol levels were the lowest for sleep durations of 6
to 7 h and became higher as the sleep duration became shorter
or longer than 6 to 7 h. Among men, no statistically significant
association was observed between sleep duration and a high
triglyceride level, or sleep duration and a low HDL cholesterol
level.

A significant association was observed among men with re-
gard to LDL cholesterol level and sleep duration. Specifically,
the OR with regard to a high LDL cholesterol level among
those who slept >8 h was significantly lower than for those who
slept for 6 to 7 h. On the other hand, there was no significant
association between sleep duration and LDL cholesterol level
among women.

Finally, 370 participants (9.3%) who took cholesterol-lower-
ing medications were excluded, and the same analyses as those
described above were performed. There were no substantial dif-
ferences between the results of those analyses and the above-
mentioned analyses.

DISCUSSION

In the present study, we found U-shaped associations be-
tween sleep duration and a high triglyceride or a low HDL cho-
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Table 3—Odds Ratios for Dyslipidemia by Reported Sleep Duration
Reported Usual Sleep High triglyceride
Duration, h/night Crude odds ratio 95% Cl1 P value Adjusted odds ratio* 95% Cl1 P value
Male 0.364 0.229
<5 1.02 0.61-1.71 1.52 0.85-2.70
5t0<6 1.25 0.95-1.66 1.36 1.00-1.84
6to <7 1.00 referent 1.00 referent
7to <8 1.10 0.85-1.41 1.24 0.94-1.63
>8 0.89 0.64-1.23 1.09 0.76-1.56
Female <0.001 0.048
<5 1.82 1.21-2.75 1.51 0.96-2.35
5t0<6 1.41 1.10-1.80 1.42 1.09-1.84
6to <7 1.00 referent 1.00 referent
7to <8 1.28 0.98-1.66 1.15 0.87-1.53
>8 1.98 1.41-2.79 1.45 1.00-2.11
Reported Usual Sleep
Duration, h/night Low HDL cholesterol
Male 0.951 0.694
<5 1.15 0.54-2.41 1.35 0.60-3.03
5t0<6 1.02 0.67-1.57 0.95 0.60-1.50
6to <7 1.00 referent 1.00 referent
7to <8 1.16 0.80-1.68 1.19 0.80-1.77
>8 1.09 0.68-1.75 0.87 0.51-1.46
Female <0.001 0.001
<5 6.40 2.60-15.78 5.85 2.29-14.94
5t0<6 3.14 1.51-6.52 3.25 1.55-6.85
6to <7 1.00 referent 1.00 referent
7to <8 3.86 1.85-8.02 3.15 1.49-6.65
>8 7.04 3.18-15.57 4.27 1.88-9.72
Reported Usual Sleep
Duration, h/night High LDL cholesterol
Male 0.005 0.048
<5 0.49 0.23-1.06 0.66 0.29-1.48
5t0<6 0.90 0.64-1.28 0.91 0.62-1.31
6to <7 1.00 referent 1.00 referent
7to <8 0.80 0.59-1.11 0.80 0.57-1.13
>8 0.42 0.26-0.68 0.45 0.27-0.76
Female 0.333 0.515
<5 1.28 0.84-1.96 1.24 0.78-1.97
5to <6 0.87 0.68-1.12 0.88 0.67-1.14
6to <7 1.00 referent 1.00 referent
7to <8 1.10 0.85-1.42 1.10 0.84-1.45
>8 1.11 0.78-1.59 0.98 0.66-1.45
*Multivariate logistic regression analyses were conducted with adjustment for age, blood pressure, body mass index, fasting plasma glucose
level, smoking habit, alcohol consumption, dining habits, psychological stress, and using anti-cholesterol medicine.

lesterol level among women. Using the data of a cohort study
conducted on 71,617 women in the USA, Ayas et al. examined
the associations between sleep duration and CHD.'® They re-
ported that the relative risk of CHD was significantly higher
among those with shorter or longer sleep durations, and that
the association was U-shaped.!® Recently, in a study compris-
ing 2,437 participants from the general population in Germany,
Wolff et al. reported that the carotid intima-media thickness
was greater among those with short and long sleep durations."
From these study results, it is suggested that both short and
long sleep durations can be regarded as individual risk factors
of CVDs such as CHD and atherosclerosis. Since an increase in
the triglyceride level or a decrease in the HDL cholesterol level
in blood are risk factors for the onset of CVD,'*' the present re-
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sults are important for explaining the association between sleep
duration and CVD. It is logical to consider that the incidence or
prevalence of a high triglyceride or a low HDL cholesterol level
are high among individuals with short and long sleep durations,
predisposing them to a higher relative risk of CVD. There are
associations between two of the three elements (sleep duration,
dyslipidemia, and CVD) and each element can produce a con-
founding effect on the association between the other two ele-
ments. These associations must be examined individually in the
future using a study design that can account for the confound-
ing effects of all the above elements.

While we were preparing the present report, a study on the
associations between sleep duration and dyslipidemia was pub-
lished by another group.”? Williams et al. examined the asso-
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ciations between sleep duration and biomarkers that could be
risk factors for CVDs in 935 women with type 2 diabetes. They
indicated that among the subjects whose blood pressure was
within the normal range, the serum HDL cholesterol level was
low among those with both short and long sleep durations. They
stated that the result partially explained how sleep habit could
become a risk factor for CVDs. A simple comparison between
their study and ours is not warranted because in their study the
subjects were limited to women with type 2 diabetes. Howev-
er, the data are helpful for clarifying the associations between
dyslipidemia and sleep duration, i.e., an inverted U-shaped as-
sociation was observed between serum HDL cholesterol levels
and sleep duration in both studies.

Recently, it has become increasingly clear that sleep has a
strong influence on the metabolic hormones that regulate ener-
gy balance. Sleep restriction lowers the blood concentration of
leptin, which acts to suppress appetite, and increases the blood
concentration of ghrelin, which promotes appetite.®** In addi-
tion, it is known that administration of leptin decreases serum
triglyceride level.**?” In addition, it was recently reported that
short sleep duration was associated with a reduced leptin level
and being overweight.”® Mechanisms such as a decrease in the
blood concentration of leptin or an increase in the blood con-
centration of ghrelin due to sleep restriction may be involved in
the biological mechanisms responsible for the associations be-
tween short sleep duration and dyslipidemia: associations that
were observed among women.

Meanwhile, it is not easy to explain the biological mecha-
nism responsible for the association between long sleep dura-
tion and a high triglyceride or a low HDL cholesterol level.
Existing knowledge of metabolic hormones and sleep dura-
tion cannot explain this association. Certain metabolic endo-
crinological changes caused by long sleep duration may result
in increased triglyceride level and decreased HDL cholesterol
level. However, because it is difficult to experimentally induce
individuals to sleep for long periods, data related to this field
are sparse. Meanwhile, there is a possibility that a specific fac-
tor may be associated separately with long sleep duration and
a high triglyceride or a low HDL cholesterol level, and that
through this unidentified confounding factor, an apparent asso-
ciation between long sleep duration and these dyslipidemia be-
comes evident. In this study, as age, overweight, hypertension,
and glucose intolerance could have been potential confounding
elements, various covariates, including the above factors, were
fed into multivariate logistic models to study the association
between long sleep duration and serum lipid and lipoprotein
levels. However, the associations were independent of these
factors, and could not be justified using them. Several previ-
ous studies have reported that various pathologic features such
as obesity, hypertension, and glucose intolerance are associ-
ated with long sleep duration.>” However, in those studies, bio-
logical mechanisms responsible for such associations were not
completely elucidated. Therefore, studies on the physiological
characteristics of long sleep must be conducted in the future.

Previous studies have reported that the relative risk of death
or CHD was lowest among those who slept for 7 to 8 h.!+10%
Meanwhile, in the present study, the relative risk of a high trig-
lyceride level or a low HDL cholesterol level was lowest among
women who slept for 6 to 7 h. Thus, the optimal sleep duration
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suggested in the present study was not in accord with those in-
dicated by previous studies. However, the results of the present
and the previous studies are similar in that the relative risks
were lowest among the categories of sleep duration to which the
largest numbers of participants belonged. In an attempt to inter-
pret the optimal sleep durations for disease prevention based on
epidemiological data, it is inferred that the optimal sleep dura-
tions vary with the target population. In addition, when consid-
ering optimal sleep duration, bidirectional causal relationships
must be taken into consideration from a biological viewpoint.
In other words, sleep duration may affect physical status, but
conversely, physical status may also affect sleep duration. It
must be recognized that according to the type of disease being
examined, the optimal sleep duration may differ.

With regard to the associations between sleep duration and
mortality among Japanese, 3 cohort studies have been reported
so far, but their results were discordant.**-*° Kojima et al. re-
ported that a U-shaped association was observed among male
subjects,” whereas Tamakoshi et al. reported that a U-shaped
association was observed among women.* Conversely, Amagai
et al. reported that a U-shaped association was not observed
among either men or women.*® The reason for these gender-
based differences in the associations between sleep duration and
mortality among the studies is unclear. In the present study, a
U-shaped association between sleep duration and dyslipidemia
was recognized among women. Our data support the results of
Tamakoshi et al. Further studies will be necessary to clarify the
associations of sleep duration with dyslipidemia and mortality
among Japanese.

In this study, unlike the situation in women, no significant
associations were observed between sleep duration and serum
triglyceride or HDL cholesterol level among men. However, the
risk of a high LDL cholesterol level was lower among men who
slept >8 h. From the viewpoint of CVD prevention, it was sug-
gested that long sleep duration was not favorable for women,
whereas it was favorable for men. Many previous studies have
already reported that there is a gender-specific difference in the
prevalence of dyslipidemia because sex hormones (estrogen,
in particular) strongly affect lipoprotein metabolism.*'-** It has
also been reported that certain gender-specific differences in
sleep habits are influenced by differences in social or house-
hold roles,** or in sex hormones.* Since there are gender-based
differences in the onset of dyslipidemia and sleep habits, it is
not unusual to observe a gender-specific difference in the asso-
ciation between them. In any event, until the biological mecha-
nisms associated with the relationship between sleep duration
and dyslipidemia are elucidated, the reasons for the gender-spe-
cific difference in these associations will remain unclear. This
issue should be addressed in future epidemiological and physi-
ological investigations.

Several studies have reported U-shaped associations between
sleep duration and various diseases. On the other hand, several
studies have reported that the associations were negative linear,
and not U-shaped (i.e., the risk was higher only among those with
short sleep durations).***? In the present study, adjusted analyses
failed to detect any significant associations of BMI, blood pres-
sure, and fasting plasma glucose level with sleep duration; this
was despite the fact that significant associations were recognized
during unadjusted analyses (data not shown). Thus, the results
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of the present study did not always agree with those of previous
ones. It is inferred that these differences were due to firstly, dif-
ferences in the sampling of subjects, and secondly, differences
in adjustment factors. It is important that future epidemiologi-
cal studies regarding the associations between sleep duration and
diseases are carefully designed to minimize the selection bias and
are adjusted for confounding factors. Subsequently, the results
from such studies should be integrated through a meta-analysis,
and a consensus should be reached. Future development of stud-
ies along these lines is expected.

The present study had several limitations. First, as this was
a cross-sectional study, causal relationships could not be de-
termined, even for items between which an association was
indicated. When examining a causal relationship, a longitudi-
nal study such as a cohort study is required, and such a study
will be required in the future. Second, there may have been a
non-response bias. Since the subjects were asked to come to
public facilities in each district on a particular day during the
survey period for examination of physical status, many of them
may not have been able to participate because they had to go
to work. The percentage of subjects who did not participate in
the survey of physical status is estimated to have been approxi-
mately 37%. Among the cases analyzed, the number of subjects
in the 20 to 49-yr age group and that of male participants were
relatively small. Third, objective data could not be used for the
present evaluation of sleep habits. Lauderdale et al. showed that
the self-reported sleep duration was systematically biased along
gender and race line when compared to measured sleep dura-
tion.** Therefore, the bias due to the use of self-reported data on
sleep duration in this study remains to be resolved. Hereafter,
the advantages of using measured data, such as those obtained
with an actigraph, should be examined in a future study.

In conclusion, the results of this study indicate that both
short and long sleep durations are associated with a high se-
rum triglyceride level or a low HDL cholesterol level among
women. Conversely, it was observed that the risk of a high LDL
cholesterol level was lower among men who slept >8 h. Usual
sleep duration is closely associated with serum lipid and lipo-
protein levels.
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