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Abstract
Summary We compared the relationship between physical activity (PA) and bone mineral density (BMD) in men and women
aged over 50 years. Only moderate-to-vigorous PAwas positively associated with hip BMD in men. There was no association
between PA and BMD at any site in women.
Introduction Physical activity (PA) is widely recommended for osteoporosis. However, epidemiological data regarding the
intensity or volume of PA required for bone health are lacking. We aimed to investigate and compare the relationship between
PA and bone mineral density (BMD) in men and women.
Methods This population-based cross-sectional study used data from the 4th and 5th Korea National Health and Nutrition
Examination Surveys and included 2767 men and 2753 women aged > 50 years. The intensity, frequency, and duration of PA
were assessed using a questionnaire, and the participants were divided into the no activity, walking-only, moderate PA, and
vigorous PA groups. BMDwas measured at the lumbar spine (LS), femur neck (FN), and total hip (TH) using dual-energy X-ray
absorptiometry.
Results Adjusted-BMDs of the hip were higher in men and women in the moderate and vigorous PA groups than those in men
and women in the walking-only and no activity groups, while frequency and duration of PAwere not associated with BMD at any
site. The odds ratios for osteoporosis were the lowest at the FN and TH in men in the vigorous PA group (0.354, 95% confidence
interval (CI) 0.139–0.901, P < 0.002, and 0.072, 95% CI 0.007–0.766, P < 0.003, respectively), while it was not significant in
women.
Conclusion Only moderate-to-vigorous PA was positively associated with the hip BMD in men. There was no association
between PA and BMD at any site in women. It is necessary to assess the PA intensity for bone health based on the site and sex.
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Introduction

Osteoporosis is a metabolic bone disease that is characterized
by reduced bone strength with an increased risk of fragility
fractures [1]. With increasing life expectancy, the prevalence
of osteoporosis has increased, with an estimated global prev-
alence of 200 million [2]. In South Korea, the reported

prevalence of osteoporosis is 7.3% for men and 38.0%women
aged over 50 years [3]. The mechanisms through which bone
mineral density (BMD) reduces following peak bone mass are
multifaceted and complex—changes in sex hormones, nutri-
tion, and bone-loading, which contribute to bone loss across
the lifespan of men and women—but there is an essential
difference between the sexes [4]. Previous studies have dem-
onstrated that the effects of exercise and sedentary behaviors
on bones were different in women and men [5–7].

Regular physical activity (PA) is recommended as a safe
strategy to counter the loss of bone mass that accompanies
aging. It has been long established that to improve bone den-
sity, bone tissue must be subjected to more mechanical load-
ing than that experienced during daily activities [8]. The ef-
fects of exercise on osteoporosis in women are controversial
[9–12]. The results of exercise on the skeleton have been
examined predominantly in pre- and post-menopausal women
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due to the high rate of osteoporosis in women [13, 14].
Furthermore, few epidemiological studies have reported a
conflicting relationship between PA and BMD in the elderly
population over the age of 50 years. Consequently, it is note-
worthy to evaluate the relationship between PA and BMD in
elderly men and women using a nationally representative co-
hort. Therefore, the purpose of this study was to investigate
the association between PA and BMD using the data from the
Korea National Health and Nutrition Examination Survey
(KNHANES 2008–2011).

Methods

The study was a cross-sectional investigation that was per-
formed using the data from KNHANES IV–V performed in
2008–2011 by the Korea Centers for Disease Control and
Prevention. KNHANES is an annual nationwide survey that
evaluates the health and nutritional status of the Korean pop-
ulation and is a nationally representative cross-sectional sur-
vey that consists of medical history, physical examination,
health behavior survey, and anthropometric and biochemical
measurements.

We analyzed data of 4010 men and 5377 women over
50 years of age who underwent BMD evaluations during the
survey period. The exclusion criteria were as follows: missing
exercise data (n = 107), diseases that affect osteoporosis [rheu-
matoid arthritis (n = 412), malignancy (n = 374), chronic liver
diseases (n = 25), chronic kidney disease (n = 96), and thyroid
disease (n = 109)], medications affecting BMD [estrogen (n =
664), vitamin D and/or calcium (n = 673), and osteoporosis
medications (n = 317)]. Overall, 6610 subjects (3357 men,
3253 women) were included in our analysis. If there was a
missing PA-related variable or unknown weighted value cal-
culated in the composite sample design (n = 1090), it was
excluded from this study. Finally, 2767 men and 2753 women
were included in the analyses.

Assessments of bonemineral density and biochemical
parameters

BMD was measured in the lumbar spine (LS), femur neck
(FN), and total hip (TH) using dual-energy X-ray absorptiom-
etry (DXA; QDR4500A; Hologic Inc., Bedford, MA). The
left hip was scanned routinely; however, in cases of left hip
fractures, the right hip was scanned. Osteoporosis was defined
as T-score < − 2.5 at each skeletal site. The participants fasted
for 8 h, and blood samples were collected and directly
transported to the Central Testing Institute in Seoul, Korea
(NeoDin Medical Institute, Seoul, Korea). Serum 25-
hydroxyvitamin D [25(OH)D] levels were measured using a
radioimmunoassay kit (DiaSorin Inc., Stillwater, MN, USA).

Serum parathyroid (PTH) level was analyzed using a chemi-
luminescence assay (DiaSorin Inc.).

Assessment of physical activity: intensity, frequency,
and duration

PA was evaluated using the International Physical Activity
Questionnaire. The questionnaires were classified according
to the intensity as we reported previously [15]. In brief, sub-
jects were asked if they had exercised for at least 10 min
during the last week in the form of different types of PA, such
as walking only, moderate PA (slow swimming, playing tennis
doubles/volleyball/badminton, and transporting light objects),
and vigorous PA (running, mountain climbing, soccer/basket-
ball/squash/tennis singles, fast cycling, fast swimming, skip-
ping rope, and transporting heavy objects). A majority of
questions were related to the intensity of PA, followed by
questions related to the frequency and duration.

Since it was a questionnaire-based analysis, it was neces-
sary to properly define a group to reflect, both, the structure of
the questionnaire and the actual characteristics of the popula-
tion. The frequency and duration for each PA intensity over-
lapped in those who indulged in walking, moderate PA, and
vigorous PA, while they were limited in those who never
performed PA. There was a group with no PA, including walk-
ing. Overall, the subjects were divided into four groups: “no
activity,” “walking-only,” moderate PA, and vigorous PA
groups. The “walking-only” group was defined separately be-
cause the “walking-only” group demonstrated a different pat-
tern from those of the moderate PA and vigorous PA groups,
which demonstrated similar volumes of walking, in addition
to moderate-to-vigorous intensity.

Data analyses

To analyze the baseline characteristics of the participants ac-
cording to the exercise activity, data were expressed as means
and standard deviations for continuous variables after one-
way analysis of variance and after a Rao–Scott chi-square test
for categorical variables. Subgroup comparisons were per-
formed using Bonferroni’s correction after t test as the post
hoc test since KNHANES dataset included a complex sam-
pling design. Regression models were sequentially adjusted
for the following variables: unadjusted, adjusted by bodymass
index (BMI) and age (model 1), and adjusted by age, BMI,
smoking, alcohol intake, household income, total energy in-
take, and serum 25(OH)D (model 2). To further analyze BMD
according to the physical activity groups, trend analysis and
linear trend analysis were used. Statistical analyses were per-
formed using R software version 3.5.1 (R Foundation, Vienna,
Austria). Statistical significance was set at P < 0.05.
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Results

Characteristics of the study participants

The clinical characteristics of the study participants according
to PA are summarized in Table 1. In both men and women, the
mean age was lower in the vigorous PA group than that in the
“no activity” group (all P < 0.001). Furthermore, the monthly
household income was different according to PA in both men
and women (all P < 0.001). Smoking status was not different
but alcohol consumption was different in men and women
(P = 0.0051 and P < 0.001, respectively). The total energy in-
take in the vigorous PA group was higher than that in the no
activity group following adjustments for age in men
(P < 0.001), while it was marginally different in women
(P = 0.069). Similarly, the dietary calcium intake in the vigor-
ous exercise group was higher than that in “no activity” group
following adjustments for age in men (P = 0.017), while it was
marginally different in women (P = 0.095). Serum 25(OH)D
level was significantly higher in both men and women of the
vigorous PA group (P = 0.023 and P = 0.009, respectively).
Serum PTH levels were lower in only women with vigorous
PA (P < 0.001), while there was no difference in men (P =
0.410). Differences in the frequency and duration of exercis-
ing were observed between groups according to PA in both
men and women, except for walking in women. The frequen-
cy of PA tended to be proportional to PA intensity. Moderate
PA and vigorous PA had comparable walking parameters
when compared with those in the “walking-only” group.
The vigorous PA group had the most abundant PA time, when
compared with PA time in groups of walking-only and mod-
erate PA.

Bone mineral density according to physical activity

In both men and women, BMD at LS varied according to the
physical activity, but there were no statistical differences after
adjusting for age and BMI (P = 0.578 and P = 0.101,
respectively, Table 2). However, BMD at both FN and TH
demonstrated differences in PA even after adjusting for age
and BMI in men (P < 0.001 and P < 0.001, respectively).
Similarly, in women, BMD at FN and TH demonstrated sig-
nificant differences (P = 0.021 and P = 0.004, respectively).
Linear trend analysis in both men and women revealed that
PA intensity was related to BMD at FN (P < 0.001 and P =
0.019, respectively; Fig. 1) and TH (P = 0.001 and P = 0.004,
respectively) but not to BMD at LS (P = 0.964 and P = 0.224,
respectively).

The BMD data according to the frequency or duration of
PA in both men and women following adjustments are
summarized in Table 3. Although statistically significant
findings were not observed, the frequency of walking ac-
tivity was related with BMD at LS in men (P = 0.007), theTa
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duration of walking was related with BMD at TH in men
(P = 0.034), and the duration of vigorous PA was related
with BMD at FN in women (P = 0.039). In men, trend
analysis demonstrated that exercise frequency was signifi-
cantly correlated with BMD at LS (P for trend = 0.012;
Fig. 2), and exercise duration was marginally related to
BMD at FN and TH (P for trend = 0.072 and 0.071, respec-
tively). In women, trend analysis revealed that the exercise
duration was related to BMD at FN and TH (P for trend =
0.032 and 0.037, respectively; Fig. 2).

In the vigorous PA group in men, the odds ratio (OR) of
osteoporosis defined by T-score < − 2.5 at FN and TH
were 0.345 (95% confidence interval (CI) 0.145–0.817)
and 0.078 (95% CI 0.009–0.662) in model 1 and 0.354
(95% CI 0.139–0.901) and 0.072 (95% CI 0.007–0.766) in
model 2, respectively (Table 4). Men with moderate PA
also demonstrated a lower risk of osteoporosis at FN
(0.450, 95% CI 0.206–0.984 and 0.397, 95% CI 0.158–
0.994, respectively) in models 1 and 2, at TH (0.146, 95%
CI 0.028–0.745 and 0.127, 95% CI 0.018–0.876, respec-
tively) in models 1 and 2, while there was no risk reduc-
tion in the “walking-only” group. In women, the ORs of
osteoporosis were low in LS, FN, and TH with vigorous
PA and in FN and TH with moderate physical activity;
however, the significance disappeared in adjusted models
1 and 2.

Discussion

This cross-sectional study demonstrated that PA intensity was
positively correlated with BMD at FN and TH in men and
women aged > 50 years, whereas it was not associated with
BMD at LS. The frequency and duration of physical activity,
however, did not demonstrate a consistent association with
BMD at any site in, both, men and women. The risk of oste-
oporosis was lower in men with moderate-to-vigorous PA
when compared with those who only walked or had no activ-
ity, although there was no similar risk reduction with PA in
women.

Our findings are consistent with those of a systematic re-
view that suggested regular resistance training and impact-
loading activities other than walking as a strategy to prevent
osteoporosis among middle-aged and older men [16]. The
meta-analyses showed that walking was less effective in in-
creasing BMD in older adults [17, 18]. A randomized con-
trolled trial that investigated the effects of a multi-component
exercise program and vitamin D3-milk demonstrated that ex-
ercise was effective on BMD at FN in older men; however,
additional vitamin D3 did not enhance the osteogenic re-
sponse [19]. In a subsequent study, they demonstrated that
high-impact loading exercise resulted in a net gain of 2.1%
and 2.2% in BMD of FN and LS, respectively [20], which is
different from the negligible association with LS BMD in our

Fig. 1 Mean bone mineral density at the lumbar spine, femur neck, and
total hip according to the intensity of physical activities in men and
women aged over 50 years using linear trend analysis. P for linear trend

by linear regression model after adjusting for age, body mass index,
serum 25-hydroxyvitamin D concentration, smoking, monthly income,
and total energy intake
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study. The effect of PA is not consistent in population studies
due to the heterogeneity of the type of exercises and the com-
position of the study population. Recent studies have empha-
sized the effects of sedentary behavior on bone health and
compositional analyses of habitual PA with sex specificity
have been undertaken [5, 7, 21]. Interestingly, these studies
consistently demonstrated a positive correlation between
moderate-to-vigorous PA and hip bone in men, while the re-
sults were inconsistent in women.

Osteoporosis in men is increasingly recognized as a hetero-
geneous condition with diverse etiologies [22, 23]. Three pre-
dominant factors contribute to bone fragility in men:

alterations in sex hormone levels, genetic factors, and second-
ary modifiable factors such as alcohol abuse and glucocorti-
coid use [23, 24]. In men of 50–70 years of age, born turnover
andmicroarchitectural parameters weremore stable than those
in men aged < 50 or > 70 years [25]. PA is considered an
essential stimulus for bone osteogenesis and its protective ac-
tion might reduce the effects of bone resorption owing to other
factors [26]. According to the Wolff’s law of describing bone
formation on mechanical loading, which emphasized the con-
cept of coupled association of muscles on bone remodeling
[26], there may be differences between the sexes due to the
higher muscle mass in men.

Table 3 Adjusted mean values of bone mineral density according to the frequency or duration of physical activities in men and women

Men Women

Lumbar spine Femur neck Total hip Lumbar spine Femur neck Total hip

Walking group n = 1090 n = 1106

Frequency

1–3 0.92 ± 0.01 0.73 ± 0.007 0.9 ± 0.008 0.8 ± 0.014 0.61 ± 0.009 0.76 ± 0.01

4–6 0.96 ± 0.014 0.74 ± 0.01 0.92 ± 0.01 0.82 ± 0.015 0.62 ± 0.009 0.77 ± 0.011

Everyday 0.95 ± 0.009 0.74 ± 0.006 0.92 ± 0.006 0.79 ± 0.013 0.62 ± 0.009 0.76 ± 0.009

P 0.007 0.248 0.214 0.089 0.322 0.731

Duration

< 3 0.94 ± 0.007 0.73 ± 0.005 0.91 ± 0.005 0.8 ± 0.012 0.62 ± 0.008 0.77 ± 0.009

3–7 0.95 ± 0.017 0.74 ± 0.01 0.91 ± 0.012 0.8 ± 0.018 0.61 ± 0.012 0.76 ± 0.013

≥ 7 0.99 ± 0.029 0.78 ± 0.022 0.96 ± 0.019 0.8 ± 0.042 0.61 ± 0.02 0.74 ± 0.019

P 0.237 0.070 0.034 0.951 0.511 0.358

Moderate PA group n = 574 n = 669

Frequency

1–3 0.93 ± 0.011 0.74 ± 0.007 0.91 ± 0.007 0.81 ± 0.025 0.63 ± 0.016 0.78 ± 0.018

4–6 0.91 ± 0.015 0.75 ± 0.011 0.92 ± 0.012 0.82 ± 0.025 0.64 ± 0.017 0.79 ± 0.02

Everyday 0.94 ± 0.014 0.73 ± 0.01 0.91 ± 0.01 0.8 ± 0.026 0.63 ± 0.015 0.79 ± 0.017

P 0.392 0.404 0.791 0.680 0.674 0.885

Duration

< 3 0.93 ± 0.009 0.74 ± 0.006 0.91 ± 0.007 0.8 ± 0.024 0.63 ± 0.015 0.78 ± 0.017

3–7 0.93 ± 0.014 0.75 ± 0.01 0.92 ± 0.01 0.81 ± 0.029 0.65 ± 0.019 0.8 ± 0.02

≥ 7 0.95 ± 0.023 0.77 ± 0.019 0.94 ± 0.016 0.82 ± 0.035 0.65 ± 0.02 0.79 ± 0.022

P 0.738 0.151 0.156 0.780 0.091 0.290

Vigorous PA group n = 839 n = 533

Frequency

1–3 0.96 ± 0.007 0.78 ± 0.006 0.95 ± 0.006 0.86 ± 0.021 0.68 ± 0.015 0.83 ± 0.014

4–6 0.95 ± 0.013 0.77 ± 0.009 0.94 ± 0.01 0.83 ± 0.024 0.66 ± 0.02 0.81 ± 0.019

Everyday 0.95 ± 0.016 0.77 ± 0.011 0.95 ± 0.01 0.85 ± 0.027 0.66 ± 0.017 0.82 ± 0.015

P 0.807 0.373 0.542 0.231 0.105 0.375

Duration

< 3 0.95 ± 0.007 0.77 ± 0.006 0.95 ± 0.006 0.86 ± 0.02 0.67 ± 0.014 0.82 ± 0.014

3–7 0.95 ± 0.011 0.79 ± 0.009 0.96 ± 0.009 0.83 ± 0.023 0.66 ± 0.016 0.82 ± 0.015

≥ 7 1 ± 0.031 0.79 ± 0.027 0.95 ± 0.025 0.86 ± 0.032 0.72 ± 0.025 0.86 ± 0.025

P 0.345 0.230 0.383 0.147 0.039 0.189

Regression analysis adjusted with age, BMI, smoking, drinking, total energy intake, monthly income, serum 25-hydroxylvitamin D concentration
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On the other hand, age-related reduction in BMD is
generally accelerated in women after menopause [27].
However, the type of PA that would be better in stimulating
bone metabolism and enhancing the physical function in
postmenopausal women is unclear. Only a few studies have
reported on the effects of exercise on BMD in postmeno-
pausal women with exercise periods of 5 years or more
[28–30]. Although the findings of these studies were not
consistent, there is increasing evidence that physical exer-
cise can prevent BMD changes in postmenopausal women
[31]. Kemmler et al. demonstrated that BMD reduction in
LS was significantly lower in the exercise group, while the
same in TH was not significant [11]. This is a significant
study with a long observation period; however, the small
number of subjects was one of its limitations. According to
another study [12], exercise did not affect bone loss at any

site in postmenopausal women; however, the study suggested
interaction effects of calcium supplements and exercise at the
femoral site. Rapid bone loss owing to menopause makes it
more difficult for women to respond to increases in BMD, and
older women may need osteoporosis medications in addition
to PA to increase BMD. In this study, we excluded people who
took medications affecting BMD (n = 664 for estrogen, n =
673 for vitamin and/or calcium, n = 317 for osteoporosis med-
ications), while other studies showed that combining struc-
tured PA and osteoporosis medications is important to in-
crease bone density among older women [32–34]. Thus, it
may be one of the reasons that women in our study did not
show significant increase in BMD as those who were on med-
ications for osteoporosis were excluded. Future research
should investigate if patients on medications for osteoporosis
showed increase in BMD.

Fig. 2 Mean bone mineral density at lumbar spine, femur neck, and total
hip according to the frequency and duration by physical activities in men
and women aged over 50 years using trend analysis. P for trend by linear
regression model after adjusting for age, body mass index, serum 25-

hydroxyvitamin D concentration, smoking, monthly income, and total
energy intake. In case of P for trend is less than 0.1 is indicated on the
graph
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It is necessary to analyze whether intensive PAwas associ-
atedwith increase in BMD at the FN and TH, and not at the LS
for men. Recent systematic review reported significant effects
of exercise on BMD of the femur, but not for LS among older
men [9]. The reason for the effect of the site-specific exercise
might be related to trabecular bone loss in femur and hip bone,
which is more susceptible to mechanical unloading and might
be resistant to age-related changes [32, 33]. According to a
study of long-duration spaceflight, trabecular bone loss was
greater in the hip compared with that in the spine (2.2–2.7%
per month vs. 0.7% per month) [35]. Another spaceflight
study reported that exercise interventions attenuated bone loss
at the hip and the integrated muscle loss [36]. Although the
effect of PA on LS BMD has not been identified in our study,
other studies that showed increased LS BMD through PA
among older men incorporated a structured weightlifting pro-
gram with specific resistance training exercises that load the
LS [18, 20]. Many studies showed that structured exercise
programs with weight-bearing activity among older women

were also effective in increasing the BMD [11, 12, 31]. In
our study, PA was measured using the International Physical
Activity Questionnaire short form (IPAQ-SF), which reflects
“recreational and daily PA” and not structured exercise. These
findings may suggest that recreational and daily PA can be
beneficial in improving BMD at the FN and TH among older
men, but older adults, including postmenopausal women
should be recommended to undergo a structured exercise pro-
gram to increase BMDwith exercise designed to produce site-
specific effects [37].

The effect of exercise on BMDwasmore prominent among
men than among women. Unlike a gradual decrease among
men, BMD changes after menopause among women were
abrupt, suggesting the limited effects of exercise without the
support of osteoporosis medications. In addition, our study
showed that intensive PA was associated with BMD at FN
and TH among older men, but not with BMD at LS, which
suggested that a more structured PA might be required to
increase BMD at LS or among postmenopausal women. A

Table 4 Odds ratio for osteoporosis according to exercise intensity

No activity Walking-only Moderate Vigorous P

Men (n = 2767) n = 264 n = 1090 n = 574 n = 839

T score < −2.5 at lumbar spine

Unadjusted 1 0.791 (0.443–1.412) 0.541 (0.285–1.029) 0.462 (0.255–0.836) 0.003

Model 1 1 0.902 (0.502–1.622) 0.661 (0.346–1.264) 0.773 (0.407–1.466) 0.330

Model 2 1 0.742 (0.396–1.390) 0.534 (0.274–1.042) 0.653 (0.335–1.275) 0.248

T score < − 2.5 at femur neck

Unadjusted 1 0.764 (0.407–1.431) 0.314 (0.144–0.685) 0.123 (0.055–0.275) 0.000

Model 1 1 0.990 (0.517–1.896) 0.450 (0.206–0.984) 0.345 (0.145–0.817) 0.001

Model 2 1 0.985 (0.457–2.125) 0.397 (0.158–0.994) 0.354 (0.139–0.901) 0.002

T score < − 2.5 at total hip

Unadjusted 1 0.439 (0.177–1.090) 0.095 (0.021–0.426) 0.021 (0.003–0.170) 0.000

Model 1 1 0.581 (0.231–1.460) 0.146 (0.028–0.745) 0.078 (0.009–0.662) 0.001

Model 2 1 0.487 (0.181–1.310) 0.127 (0.018–0.876) 0.072 (0.007–0.766) 0.003

Women (n = 2753) n = 445 n = 1106 n = 669 n = 533

T score < − 2.5 at lumbar spine

Unadjusted 1 0.824 (0.624–1.087) 0.895 (0.671–1.195) 0.485 (0.345–0.682) 0.000

Model 1 1 1.056 (0.754–1.478) 1.382 (0.974–1.962) 0.965 (0.655–1.420) 0.625

Model 2 1 0.960 (0.675–1.365) 1.174 (0.818–1.684) 0.910 (0.608–1.364) 0.947

T score < − 2.5 at femur neck

Unadjusted 1 0.640 (0.479–0.855) 0.498 (0.357–0.695) 0.330 (0.228–0.477) 0.000

Model 1 1 0.872 (0.616–1.234) 0.806 (0.513–1.266) 0.919 (0.590–1.431) 0.619

Model 2 1 0.842 (0.587–1.209) 0.849 (0.542–1.330) 0.975 (0.608–1.563) 0.991

T score < − 2.5 at total hip

Unadjusted 1 0.514 (0.323–0.816) 0.390 (0.242–0.630) 0.147 (0.066–0.326) 0.000

Model 1 1 0.801 (0.468–1.369) 0.760 (0.425–1.356) 0.453 (0.175–1.172) 0.097

Model 2 1 0.631 (0.339–1.175) 0.742 (0.381–1.446) 0.515 (0.203–1.309) 0.219

Unadjusted: no adjustment; model 1: adjusted by age; BMI, model 2: adjusted by age, BMI, smoking, alcohol intake, household income, total energy
intake, and serum 25(OH)D
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major strength of our study is the inclusion of a large repre-
sentative population with weighted data to reflect nationwide
prevalence estimates. Additionally, we did not systematically
organize the exercise programs and analyze the effects; in-
stead, we divided the exercise patterns according to the
IPAQ-SF and its validity in Koreans [38]. However, there
are a few limitations to this study. First, it was a cross-
sectional design and, therefore, our results could not identify
a causal relationship. Second, since all of the information was
based on self-reported health surveys, there may be acquies-
cence bias or recall bias, which may have resulted in misclas-
sification. Third, the relationship between exercise volume
and osteoporosis may be underestimated or overestimated in
our analyses, which were mainly based on the exercise
intensity.

Conclusion

In both men and women, there was no statistically significant
difference in BMD at LS according to the intensity of PA after
adjusting for age and BMI. However, BMD at both FN and
TH demonstrated differences based on the exercise intensity
even after adjusting for age and BMI. Logistic regression
analysis of the intensity of PA and BMD at FN and TH re-
vealed a strong relationship between them in men, which may
suggest the protectives effect of intense exercise, whereas, in
women, similar findings were not observed.
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