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Abstract
Study objectives This study aims to explore the association
between osteoporosis and nightly sleep duration among
adult outpatients.
Design This is a large-scale, retrospective cross-sectional
study.
Setting The setting was in a preventive medicine health
center at a general community hospital in Tokyo, Japan.
Participants There were 19,321 healthy individuals
(≥50 years old) who underwent annual general health
checkup between January and December 2008.
Measurements The participants were divided into four
groups according to their self-reported average nightly
sleep duration (<6, 6–6.9, 7–7.9, and >8 h). Radial bone

mineral density was measured using dual-energy X-ray
absorptiometry, and T-score was compared to young adult
mean to diagnose osteoporosis. Multivariate logistic regres-
sion was used to explore the association between sleep
duration and osteoporosis.
Results The mean age of the participants was 60.9 years
(standard deviation [SD], 7.9) and 48.0% were female. The
prevalence of osteoporosis was 8.0% (95% confidence
interval [CI]=7.6–8.4%). Those with sleep duration of >8 h
were more likely to have osteoporosis (odds ratio [OR]=
1.35; 95% CI=1.06–1.73) than those with short sleep
duration (<6 h).
Conclusion Those individuals with self-reported sleep
duration of more than 8 h (long sleepers) appear to have
higher odds of osteoporosis compared to the progressively
shorter sleepers.
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Preventive medicine

Introduction

An estimated 200 million people suffer from osteoporosis
worldwide [1], with approximately 10 million patients,
most frequently postmenopausal women, in Japan [2]. Due
to Japan’s rapidly aging population, the prevalence of this
disease is increasing [3] and has garnered more attention to
research and prevention.

Bone mineral density (BMD) reaches a peak at approx-
imately 40 years of age and then gradually decreases [4]
with a sharper drop-off after menopause. Once BMD begins
to decline, recovery is difficult. Osteoporosis may be
associated with significant morbidity, with sequelae includ-
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ing not only fractures of the vertebrae and hip [5] but also
decreases in patients’ activities of daily living (ADL) and
quality of life (QOL) [6]. Although both pharmacological
and non-pharmacological therapies are available, osteopo-
rosis treatment is often prolonged, during which time the
patients continue to be at risk [7]. Thus, the prevention of
osteoporosis is important in terms of QOL and ADL as well
as cost of medical care.

A previous study by Stone et al. reported an association
between sleep duration, falls, and fractures in the elderly
[8]. Although the results were not statistically significant,
they found that those who slept longer than 10 h tended to
have more falls (OR=1.23; 95%, CI=0.86–1.75) and frac-
tures (OR=1.43 95%CI=0.95–2.15) than the 8–9-h sleepers.
However, it remains unclear whether long sleep duration is
an independent risk factor for low BMD and osteoporosis
given that many other factors may also be related to
fractures. We hypothesize that long sleep duration may be
an independent risk factor for osteoporosis after adjustment
for comorbidities, lifestyle, and physiologic factors, likely
through multiple mechanisms involving weight loading and
sleep-associated hormonal changes.

In this study, we explored the relationship between
BMD, osteoporosis, and sleep duration using a large sample
of Japanese outpatients. Recognition of any salient associ-
ation may facilitate both early disease identification and
osteoporosis prevention.

Methods

Study participants

All participants who underwent annual health checkup at
the Center for Preventive Medicine at St. Luke’s Interna-
tional Hospital in Tokyo, Japan, from January through
December 2008 were included in this study. Attracting a
large number of apparently healthy individuals, the purpose
of the health checkup program is to promote health through
the early detection of chronic diseases and their risk factors.
In Japan, the Industrial Safety and Health Law requires all
workers and their families to undergo an annual, employer-
sponsored health checkup. Around 80% of those who
participate in our program are employees of various
companies and local governmental organizations in Tokyo
and their dependents; 20% are independently registered
participants.

Data collection

Data were collected from adults (>20 years old) undergoing
annual health checkup at our center in 2008. Patients aged
50 years and older were enrolled in our osteoporosis

analysis according to previously published screening
recommendations [9].

Two investigators independently extracted and recorded
information using a structured data form. A consensus was
reached by discussing any points of disagreement. St.
Luke’s International Hospital Ethical Committee Institu-
tional Review Board approved all aspects of this study. To
preserve patient confidentiality, direct patient identifiers
were not collected as part of the dataset.

Measurements

The annual checkup program consisted of self-reported
demographic and lifestyle information (pre-exam question-
naire), medical history, initial evaluation (vital signs and
laboratory data), information on comorbidity (diabetes
mellitus, hypertension, dyslipidemia), past medical history
(myocardial infarction, cerebral infarction), current medi-
cations, and treatments. Regular alcohol consumption was
defined as drinking any amount of alcohol once or more per
week.

In the questionnaire, the participants reported their
average duration of sleep per night, which was classified
into four categories (<6, 6–6.9, 7–7.9, and ≧8 h) based
on a previous study [10]. The frequency of exercise per
week was also classified into four categories (none per
week, 1–2 days per week, 3–5 days per week, and almost
daily).

Radial BMD was measured using dual-energy X-ray
absorptiometry (DEXA) DCS-6EX-3 by ALOKA (Tokyo
Japan), and the T-score was compared to the young adult
mean (YAM). Diagnosis of osteoporosis was made if T-
score was less than 70% of YAM per Japanese criteria
[11] and is comparable to the World Health Organization
(WHO) criteria of T-score=−2.5 SD [12]. The participants
with a prior diagnosis of osteoporosis or those whose
BMD T-score was less than 70% at baseline were
excluded.

Statistical methods

All analyses were conducted using SPSS 15.0J statistical
software (SPSS Japan, Tokyo, Japan). The responses were
analyzed using descriptive statistics, including mean,
variance, SD, and percents. The chi-square or Fisher’s
exact tests were used for cross-tabulated data, and t-test
was used to compare the means of continuous data. The
95% confidence intervals (95% CI) were calculated using
normal approximation methods. We subsequently con-
structed multivariate logistic regression models to evaluate
the adjusted association between osteoporosis and sleep
duration, reported as adjusted odds ratios (ORs) with 95%
CI.
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Results

A total of 19,321 individuals (>50 years old) were included
in this study. The mean age of the participants was
60.9 years old (SD 7.9), 48.0% of them were female, and
the mean body mass index (BMI) was 22.6 kg/m2. Of the
participants, 20.3% had hypertension, 6.5% diabetes,
14.6% dyslipidemia, 55.8% drank alcohol regularly, and
11.6% were current smokers. Other relevant characteristics
are summarized in Table 1.

A total of 1,545 people (8.0%; 95% CI=7.6–8.4%) were
diagnosed with osteoporosis. There were 18.4% of partic-
ipants who slept for less than 6 h per night while 12.3%
slept for 8 h and more.

In total, 12,589 participants were included in the
multivariate logistic regression as shown in Table 2.
Surprisingly, no significant association regarding gender in
relation to osteoporosis and sleep duration was found (P=
0.27). The multivariate logistic regression model indicated
that the subjects who slept more than 8 h per night, on
average, were significantly more likely to have osteoporosis
compared to those sleeping less than 6 h (OR=1.35; 95%
CI=1.06–1.73). Sleep duration of 6–6.9 and 7–7.9 h per
night were similarly associated with progressively higher
odds of osteoperosis, though these did not reach statistical

significance. Moreover, while older age (>60 years old
compared with 50–59 years old) was associated with
osteoporosis (OR=7.78; 95% CI=6.44–9.34), as well as
were women (OR=8.78; 95%CI=7.03–11.0), BMI was not
(OR=0.86; 95%CI=0.84–0.89). Regular alcohol consump-
tion was also negatively associated with osteoporosis (OR=
0.61; 95%CI=0.52–0.72). Among comorbidities, hyperten-
sion was associated with osteoporosis (OR=1.45; 95%CI=
1.22–1.72) while diabetes was not. People with healthier
exercise habits tended to have osteoporosis less frequently.
No association was found between history of myocardial
infarction and osteoporosis.

Discussion

In our study, those with more than 8 h of sleep per night
had osteoporosis more frequently compared to those with
less than 6 h of sleep after adjusting for all other variables.

A previous study showed that longer sleep duration was
associated with increased BMD in college women [13].
However, our study showed that middle-aged and elderly
subjects, ostensibly a more relevant target population for
discussions of osteoporosis, tended to have more osteopo-
rosis with longer nightly sleep duration. This difference

Variables Osteoporosis (+)
(n=1,545)

Osteoporosis (−)
(n=17,776)

Total
(n=19,321)

P-value

Age, mean, years (SD) 68.5 (8.0) 60.4 (7.6) 60.9 (7.9) <0.01

Female, n (%) 1,378 (89.2) 7,898 (44.4) 9,276 (48.0) <0.01

Body mass index (SD) 21.0 (3.1) 22.8 (3.1) 22.6 (3.1) <0.01

Exercise, n (%) <0.01

None per week 343 (22.2) 4,224 (23.8) 4,567 (23.6)

1–2 days per week 522 (33.8) 6,468 (36.4) 6,990 (36.2)

3–5 days per week 389 (25.2) 4,164 (23.4) 4,553 (23.6)

Almost daily 291 (18.8) 2,920 (16.4) 3,211 (16.6)

Alcohol drinker, n (%) 412 (26.7) 10,369 (58.3) 10,781 (55.8) <0.01

Current smoker, n (%) 76 (4.9) 2,163 (12.2) 2,239 (11.6) <0.01

Sleep duration, n (%) <0.01

<6 h 177 (15.9) 2,145 (18.6) 2,322 (18.4)

6–6.9 h 370 (33.3) 4,523 (39.3) 4,893 (38.7)

7–7.9 h 387 (34.8) 3,475 (30.2) 3,862 (30.6)

≧8 h 177 (15.9) 1,379 (12.0) 1,556 (12.3)

Comorbidity

Hypertension 375 (24.3) 3,552 (20.0) 3,927 (20.3) <0.01

Diabetes 112 (7.2) 1,142 (3.3) 1,254 (6.5) 0.21

Dyslipidemia 321 (20.8) 2,498 (14.1) 2,819 (14.6) <0.01

Past medical history

Myocardial infarction 3 (0.2) 9 (0.1) 12 (0.1) 0.03

Cerebral infarction 1 (0.1) 36 (0.2) 37 (0.2) 0.24

Table 1 Baseline characteristics
of participants (n=19,321)
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between populations in terms of the effect of sleep on
osteoporosis may be age-related. For younger individuals,
growth hormone is important for increasing BMD [4], with
shorter sleep duration being associated with less growth
hormone production [14]. Adequate sleep is vital for young
people to maintain an appropriately high BMD.

In contrast, integrated growth hormone secretion has
been demonstrated to be negatively associated with BMD
in the elderly [15]. Once peak BMD is reached at
approximately 40 years old, BMD gradually begins to
decrease [4]. Therefore, substantial differences in endocrine
physiology between age groups warrant a separate inter-
pretation of the association between sleep duration and
BMD.

We propose two hypotheses regarding how longer sleep
durations may lead to osteoporosis. First, increased activity
prevents osteoporosis, with previous studies reporting that
exercise had beneficial effects on BMD [16, 17]. Specifi-
cally, mechanical load weight is an important factor in the
prevention of osteoporosis [18]. Lengthened periods of
sleep, by definition, shorten wake time and may effectively
lessen daily mechanical loading, thus negatively affecting
BMD. Although we adjusted for frequency of exercise
using multivariate logistic regression, non-exercise activity
time was not taken into consideration.

Second, short sleep duration may be associated with
higher serum estrogen levels. Estrogen has been reported to
be a significant, inversely associated factor for osteoporosis
[19], even in men [20]. The physiology of bone loss in
aging women and men has been largely explained by the
effects of gonadal sex steroid deficiency [21]. In other
words, maintaining estrogen levels is important for pre-
venting osteoporosis. A previous study by Verkasalo et al.

reported that exposure to light at night increased estrogen
levels [22]; therefore, shortened sleep duration might raise
estrogen levels through increased light-induced estrogen
production.

Other results in our study were consistent with those in
previous studies. For example, osteoporosis [23] was
unsurprisingly associated with increased age, while in-
creased exercise and weight were associated with reduced
osteoporosis [17, 24]. Alcohol drinking was also related to
greater BMD. While previous studies have shown that
excessive alcohol consumption is related to osteoporosis
[25], alternate data have demonstrated that alcohol intake of
less than 75 g/week may beneficially increase BMD [26].
Although our data did not quantify alcohol consumption, it
is reasonable to assume that the amount of alcohol
consumed is an important factor in our findings.

There are some limitations in our study. First, only
12,589 of the 19,321 participants were included in the
logistic regression analysis due to incomplete data. Second,
we measured radial BMD using DEXA though WHO
guidelines recommend BMD measurement at the spine or
hip [27]. There may be differences between radial BMD
and spine or hip BMD [28] which might influence these
results. Third, all data were self-reported by participants at
the time of annual checkup and therefore subject to memory
bias. Verifying sleep duration through direct observation or
a daily sleep diary may increase the reliability of the results,
though direct observation risks a substantially smaller
sample size. Fourth, this is a cross-sectional study;
therefore, temporal relationships cannot be ascertained.
Because most of our participants are employees of large
companies in Tokyo, they may not be wholly representative
of the Japanese general population in terms of lifestyle

Variables Odds ratio 95% CI P-value

Age 7.78 6.44–9.34 <0.01

Gender, female 8.78 7.03–11.0 <0.01

Alcohol drinkera 0.61 0.52–0.72 <0.01

Current smoker 1.17 0.85–1.61 0.35

Exerciseb 0.93 0.87–1.00 0.05

Body mass index 0.86 0.84–0.89 <0.01

Sleep duration 0.01

< 6 h Reference Reference

6–6.9 h 0.98 0.80–1.20 0.81

7–7.9 h 1.14 0.93–1.40 0.20

≧8 h 1.35 1.06–1.73 0.02

Comorbidity

Hypertension 1.45 1.22–1.72 <0.01

Dyslipidemia 0.94 0.79–1.11 0.47

Past medical history

Myocardial infarction 6.57 0.91–47.6 0.06

Table 2 Results of multi-
variable logistic regression
analysis (n=12,589)

a Drinking any amount of
alcohol once or more
per week
b Excercise habits were analyzed
as categorical factors as those
in Table 1 (none per week,
1–2 days per week, 3–5 days per
week, almost daily)
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factors such as working duration, insolation, exercise
habits, and tobacco use. The inclusion of dependents of
employees and independent registries, however, mitigates
this limitation. Finally, there are many confounders for low
bone mineral density, including diet, absorption and
metabolism, duration of smoking, and sleep quality and
sleep pathology including obstructive sleep apnea syn-
drome. Our study may not include all possible confounders
for low bone mineral density, and there are opportunities for
further studies into these multiple areas.

Conclusion

Those individuals with self-reported sleep duration of more
than 8 h (long sleepers) have higher odds of osteoporosis
compared to those who are short sleepers. These data add to
the understanding of the significant impact that sleep has on
health and metabolism, and clinicians should consider
adding education on appropriate sleep duration to the
current counseling that patients receive on osteoporosis
prevention.
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