
ORIGINAL ARTICLE

Determinants of bone mineral density in Chinese men

E.Y.N. Cheung Æ A.Y.Y. Ho Æ K.F. Lam Æ S. Tam
A.W.C. Kung

Received: 3 October 2004 / Accepted: 28 October 2004 / Published online: 27 August 2005
� International Osteoporosis Foundation and National Osteoporosis Foundation 2005

Abstract Osteoporotic fractures are increasing among
Asian populations in both genders, but the risk factors
for low bone mineral density (BMD) in Asian men is
unclear. To determine the hormonal and lifestyle risk
factors for low BMD in Asian men, we studied 407
community-dwelling southern Chinese men aged 50
years and above. Medical history and lifestyle habits
were obtained with a structured questionnaire. Dietary
calcium and phytoestrogen intake were assessed by a
semi-quantitative questionnaire. BMD at the spine and
hip were measured by dual-energy X-ray absorptiometry
(DXA). Fasting blood was analyzed for 25(OH)D,
parathyroid hormone (PTH), total and bioavailable
estradiol (bio-E) and testosterone (bio-T). The mean age
of the cohort was 68.42±10.4 (50–96) years. In the lin-
ear regression model, weight, age, body mass index
(BMI), bio-E, PTH, cigarette smoking and weight-
bearing exercise were significant determinants of total
hip BMD. Together they explained 55% of the total
variance of hip BMD, with body weight being the most
important determining factor. With age and weight
adjustment, height, bio-T and flavonoid intake were
identified as additional determinants of total hip BMD.
Strategies to prevent bone loss and osteoporosis in Asian
men should include lifestyle modification and mainte-
nance of hormonal sufficiency.
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Introduction

Osteoporotic fractures are on the increase among both
Asian men and Asian women [1]. Among the southern
Chinese in Hong Kong, the age-adjusted hip fracture
rate had increased by more than two fold during the past
two decades [2]. From 1988 to 1992, hip fractures in
northern China increased by 33% in men and 34% in
women [3]. In Singapore, the incidence increased by
0.7% per year in men and 1.2% per year in women from
1991 to 1998 [4]. The problem of osteoporosis in men
has been overlooked in the past [5]. Although not as
common as in women, hip and spine fractures in men are
associated with higher morbidity and mortality than in
women [6]. It has been estimated that up to one-third of
all fractures occur in men [7], and the prevalence of
vertebral fractures in men is similar to, or even higher
than, that in women [8, 9]. With progressive aging of the
Asian populations, there will be a vast increase in the
number of osteoporotic fractures in Asian men and
women [1]. On the basis of population expansion, aging
of the people, and estimation of lifetime risk of osteo-
porotic fractures, it was projected that, by 2050, half of
the world’s hip fractures would occur in Asia, with the
majority happening in China [10]. The understanding of
the pathogenesis of osteoporotic fractures in Asian men
will help in the formulation of rational prevention and
treatment programs.

Although large-scale epidemiological studies have
been conducted in Caucasian men, data on determinants
of bone mineral density (BMD) in Asian men are scanty.
BMD is an important risk factor for fracture, and it is
widely believed that BMD acts as an intermediary
variable on the biological pathways linking various
anthropometric, lifestyle, dietary and hormonal
risk factors with fractures. In view of the paucity of
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information on BMD and fracture in Asian men, this
study aimed to evaluate the relationship of lifestyle and
hormonal factors with BMD in a cohort of community-
dwelling Chinese men.

Materials and methods

Subjects

Community dwelling southern Chinese men aged above
50 years were recruited during health talks and health
fairs held in various districts of Hong Kong between
1998 and 2002. Similarly, healthy young men aged 20 to
39 years were recruited in the same setting for determi-
nation of peak BMD values of the population. Subjects
with known history of metabolic bone disease or taking
any form of medication for the treatment of osteopo-
rosis were excluded from the study. After exclusion, 407
volunteers aged above 50 years and 124 young men were
invited to the Osteoporosis Center at Queen Mary
Hospital for assessment.

All subjects were instructed by a trained technician to
complete a detailed questionnaire on demographic
information, various aspects of lifestyle habits, including
smoking, alcohol consumption and physical activity,
personal and family history of fracture, medical history
including that of gastrointestinal, thyroid or parathyroid
disease, diabetes mellitus, Parkinsonism, stroke, psy-
chiatric illness; and consumption of medication such as
oral and inhaled steroid, diuretics and hypnotics. Frac-
ture history was confirmed by retrieval of X-ray reports
and hospital discharge summaries. Calcium and phyto-
estrogen intake were assessed by a semi-quantitative
questionnaire [11]. The standard portion size was spec-
ified in commonly used units or portions, as judged by a
registered dietitian. Physical activity was assessed as the
average number of hours per day each individual spent
on walking and other weight bearing exercise such as tai
chi, jogging, and calisthenics. Handgrip strength was
determined by a hand-held dynamometer. Body weight
was measured, with the subject wearing light indoor
clothing, by an electronic scales, and height was deter-
mined by a wall-mounted stadiometer. The study was
approved by the ethics committee of the University of
Hong Kong and conducted according to the declaration
of Helsinki.

Dual-energy X-ray absorptiometry

BMD was measured at the lumbar spine (L1–L4), fem-
oral neck, trochanter, Ward’s triangle and total hip by
dual-energy X-ray absorptiometry (Hologic QDR 2000
Plus, Hologic, Waltham, Mass., USA). The in vivo
precision of the machine for lumbar spine, femoral neck
and total hip measurement was 1.2%, 1.5% and 1.5%,
respectively [12]. The BMD data of the young subjects
revealed peak young mean (SD) value at the spine,

femoral neck and total hip of 0.837 (0.117) g/cm2, 0.941
(0.115) g/cm2 and 0.969 (0.102) g/cm2, respectively.
Those results were used to determine the BMD T scores
of the older men.

Hormone assays

Fasting blood was taken for biochemistry and hormone
assessment. Both serum total estradiol (E) and testos-
terone (T) were measured by competitive chemilumi-
nescent immunoassays (Ortho-Clinical Diagnostics,
Rochester, New York, USA). Total E assay had an
analytical sensitivity of 10 pmol/l, with intra-assay
coefficient of variation (CV) of 13.4% at 21 pmol/l,
7.3% at 85 pmol/l, and 6.1% at 236 pmol/l, and inter-
assay CV of 16.5% at 23 pmol/l, 8.8% at 87 pmol/l and
9.6% at 232 pmol/l. Total T assay had an analytical
sensitivity of 0.03 nmol/l, with intra-assay CV of 8.1%
at 1.68 pmol/l, 3.2% at 22.1 nmol/l and 4.2% at
54.9 nmol/l, and inter-assay CV of 8.5% at 1.64 nmol/l,
3.4% at 22.4 pmol/l and 4.5% at 55.7 nmol/l.

Bioavailable E and T (bio-E and bio-T) were mea-
sured after ammonium sulfate precipitation. Serum was
treated with 50% ammonium sulfate. After centrifuga-
tion, the supernatant was assayed by radioimmunoassay
(RIA) (T: DSL-4100, E: DSL-4400, Diagnostic Systems
Laboratories, Tex., USA). The lowest detection limit for
the T assay was 0.05 ng/ml, with intra-assay and inter-
assay CV of 7.7% and 10.5% at concentrations of
0.52 ng/ml and 0.57 ng/ml, 8.1% and 5.7% at concen-
trations of 5.05 ng/ml and 6 ng/ml, and 6.7% and 8.1%
at concentrations of 13.77 ng/ml and 13.62 ng/ml,
respectively. E assay had an analytical sensitivity of
4.7 pg/ml, and intra-assay CV of 5.3% at 67 pmol/l,
5.3% at 156.4 pmol/l, and 3.2% at 392.5 pmol/l, and
inter-assay CV of 8.1% at 68.3 pmol/l, 9.3% at
143.3 pmol/l and 8.1% at 409.2 pmol/l.

Serum parathyroid hormone (PTH) was measured by
two-site sandwich chemiluminometric assay with a
mouse monoclonal anti-human PTH antibody measur-
ing intact PTH (Chiron Diagnostic Corporation, East
Walpole, Mass., USA). Intra-assay CV was 8.5% at
13.4 pg/ml, 7.4% at 43.6 pg/ml and 5.7% at 161.3 pg/
ml, while inter-assay CV was 11.8% at 14.1 pg/ml, 9.6%
at 46.5 pg/ml and 7.2% at 159.6 pg/ml. 25(OH)D was
measured by RIA (DiaSorin, Minn., USA) after
extraction with acetonitrile. The sensitivity of the assay
was 1.5 ng/ml, with an intra-assay CV of 11.7% at
8.6 ng/ml, 10.5% at 22.7 ng/ml, 8.6% at 33 ng/ml and
12.5% at 49 ng/ml.

Statistical modeling

BMD measurements at the spine, femoral neck and total
hip region were analyzed as dependent variables. Cor-
relations between the numerical independent variables
and BMD were evaluated with Pearson’s correlation
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coefficients, while categorical variables were evaluated
by independent-samples t-test. For continuous inde-
pendent variables, they were dichotomized into two
groups, using the upper or lower limit of the normal
range for young healthy men as the cutoff value. All the
significant predictors of BMD were entered into the
linear regression model so that their contribution to the
total variance in BMD could be determined. All analyses
were performed with SPSS for Windows software ver-
sion 10.0 (SPSS, Chicago, Ill., USA).

Results

Characteristics of the 407 subjects are summarized in
Table 1. The mean age of the subjects was 68.4±10.4
(50–96) years. There were 124 (30.4%) subjects that re-
ported at least one low-trauma fracture after the age of
50 years. The mean age at fracture for the whole cohort
was 77.5±9.4 (53–95) years. There was a total of 93 hip
fractures, 24 symptomatic spine fractures, two distal
forearm fractures, two fractures at the clavicles, and
three fractures of the humerus. Only 58% of these sub-
jects reported weight-bearing activity for more than 1 h
per day. The mean calcium intake was 675±289 mg/
day, while the mean isoflavone and flavonoid intakes
were 25±30 mg/day and 33±17 mg/day, respectively.

Table 2 shows the BMD and biochemical data of
these subjects. The BMD at the spine, femoral neck and
total hip was 0.92±0.17 g/cm2, 0.68±0.12 g/cm2, and
0.82±0.14 g/cm2, respectively, and the corresponding T
score values were )0.55±1.31, )1.04±0.86, and
)0.82±0.14, respectively. The hormone data revealed a
mean 25(OH)D level of 22.7±6.6 ng/ml, with 11.5% of
the subjects having serum 25(OH)D levels below 15 ng/
ml. Serum PTH was negatively correlated with serum
25(OH)D levels (r=)0.155, P=0.03). Of the subjects,

6.6% had PTH levels above the upper normal cutoff
value of 54 pg/ml, and among them, 30% had 25 (OH)D
levels below 15 ng/ml.

With respect to the sex hormones, 34% had serum
total T levels below 10 nmol/l, while 50% had bio-T
levels below 6 nmol/l. As for serum total E and bio-E,
92% and 20.4%, respectively, of the subjects had levels
below 114 pmol/l and 40 pmol/l, respectively, Only bio-
E was associated with urinary calcium excretion
(r=)0.167, P<0.02).

Age, weight, height, body mass index (BMI), history
of smoking, current drinking, weight-bearing exercise,
handgrip strength, intakes of calcium and flavonoids,
serum albumin, PTH, bio-T and bio-E all correlated
with BMD. Tables 3 and 4 show the simple correlation
coefficients between BMD and various risk factors,
while Tables 5 and 6 show the partial correlation coef-
ficients between age and weight-adjusted BMD and
these factors.

In the multiple regression analysis, weight (P=0.04),
age (P=0.008), BMI (P<0.004), PTH (P=0.003), bio-E
(P=0.02), smoking history (P=0.03) and weight-bear-
ing exercise (P<0.001) were important determinants for
total hip BMD (Table 7). Together, they explained 55%
of the total variance of hip BMD. However, body weight
alone explained 42% of the variance. For lumbar spine
BMD, the significant determinants were weight
(P<0.0001), bio-E (P=0.002), PTH (P=0.006) and
exercise (P=0.046) (Table 8). Together, they explained
25% of the total variance in lumbar spine BMD.

Discussion

Our data revealed that, apart from age and weight, the
independent risk factors associated with BMD in Chi-
nese men were BMI, smoking, weight-bearing exercise,
PTH and serum bio-E. To the best of our knowledge,

Table 1 Demographic information (mean ± SD) of the studied
subjects (n=407)

Parameter

Age (years) 68±10
Weight (kg) 63±11
Height (m) 1.64±0.06
BMI (kg/m2) 23.5±3.5
Smoker 45.2%
Drinker 28.3%
Exercise (>1 h/day) 52.4%
Secondary education or above (Yes) 55.5%
Live with spouse 84.3%
Shorter than in adulthood 27.2%
Difficulty bending forward 17.3%
Became kyphotic 7.5%
Fall in past 1 year 41.3%
Calcium intake (mg/day) 652±263
Isoflavone intake (mg/day) 26.2±34.5
Flavonoid intake (mg/day) 32±71
Hand grip (kg) 32±11
Long-term corticosteroid use <1%

Table 2 BMD and biochemical data (Ca calcium, Cr creatinine)

Parameter Mean ± standard
deviation

L1–L4 BMD (g/cm2) 0.92±0.17
T score L1–L4 )0.5±1.3
L1–L4 area (cm2) 62.18±6.73
Femoral neck BMD (g/cm2) 0.68±0.12
T score femoral neck )1.0±0.8
Femoral neck area (cm2) 5.4±0.35
Total hip BMD (g/cm2) 0.82±0.14
T score total hip )0.8±2.0
Total hip area (cm2) 37.9±3.69
Serum albumin (g/l) 43.1±3.3
Serum calcium (mmol/l) 2.4±0.1
Urine Ca/Cr (mmol/mmol) 0.3±0.2
Serum PTH (pg/ml) 26.8±17.2
Serum 25(OH)D (ng/ml) 22.7±6.6
Serum total T (nmol/l) 12.9±5.6
Bioavailable T (nmol/l) 6.3±2.9
Serum total E (pmol/l) 72.0±28.4
Bioavailable E (pmol/l) 78.4±49.8
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this present report is the first observational study doc-
umenting the association between sex hormones and
BMD in Asian men. In accordance with the proposed
concept that estrogen deficiency is a major cause for the
continuous phase of bone loss in elderly men [13], our
data demonstrated that serum bio-E was an important
predictor for BMD in elderly Chinese men. Apart from
age and weight, bio-E was the most important deter-
minants of the variance in total hip BMD in this cohort.

It is interesting to note that serum bio-E was inversely
related to urinary calcium excretion in our men, sug-
gesting that estrogen is important in regulating renal

calcium conservation in men, as in postmenopausal
women [14]. These results confirmed the findings of
other observational studies of Caucasian populations
that E [15, 16, 17, 18] and bio-E [15, 16, 19, 20], rather
than T or bio-T, were the main determinants of BMD in
men. Although hypogonadism is one of the major causes
for osteoporosis in men, the association of total T and
free or bio-T with BMD in elderly men is controversial
[21, 22, 23, 24, 25]. It seems that there is a level of T
below which there is an increased risk of osteoporosis,
and the beneficial effect of T replacement on BMD is
also evident only below a certain level of T [26]. Our

Table 6 Age and weight-adjusted partial correlation coefficients between BMD and risk factors PTH, 25(OH)D, testosterone, estradiol
and handgrip strength

Measurement site PTH 25(OH)D T Bio-T E2 Bio-E2 Handgrip

Spine )0.12 0.01 0.002 0.08 0.17 0.17 )0.17
P 0.02 0.81 0.96 0.19 0.002 0.002 0.37
Femoral hip )0.08 0.002 0.07 0.09 0.18 0.14 0.26
P 0.14 0.96 0.17 0.09 0.002 0.01 0.17
Total hip )0.05 )0.04 0.04 0.08 0.16 0.15 0.07
P 0.31 0.52 0.43 0.16 0.005 0.007 0.7

Table 4 Simple correlations of BMD with risk factors PTH, 25(OH)D, testosterone, estradiol and handgrip strength

Measurement
site

PTH 25(OH)D Total T Bio-T Total E Bio-E Handgrip

Spine )0.15 0.03 )0.05 0.26 0.13 0.29 )0.01
P 0.0007 0.66 0.37 <0.0001 0.03 <0.0001 0.94
Femoral neck )0.16 0.001 0.01 0.35 0.08 0.35 0.51
P 0.005 0.99 0.83 <0.0001 0.16 <0.0001 0.003
Total hip )0.13 )0.29 )0.02 0.34 0.06 0.36 0.43
P 0.02 0.68 0.65 <0.0001 0.29 <0.0001 0.01

Table 3 Simple correlations of various risk factors with BMD

Measurement
site

Age Weight Height BMI Exercise Calcium
intake

Flavonoid
intake

Serum
albumin

Spine )0.19 0.41 0.14 0.39 0.12 0.03 0.01 0.13
P 0.001 <0.0001 0.01 <0.0001 0.03 0.51 0.88 0.01
Femoral neck )0.42 0.58 0.26 0.53 0.2 0.14 0.09 0.23
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 0.1 <0.0001
Total hip )0.41 0.62 0.23 0.6 0.17 0.11 0.12 0.19
P <0.0001 <0.0001 <0.0001 <0.0001 0.002 0.03 0.03 0.001

Table 5 Age and weight-adjusted partial correlation coefficients between BMD and various risk factors

Measurement
site

Height BMI Exercise
walk time

Calcium intake Flavonoid
intake

Serum
albumin

Serum
calcium

Spine )0.08 0.04 0.13 )0.01 )0.05 0.03 0.03
P 0.11 0.47 0.01 0.74 0.37 0.59 0.59
Femoral neck )0.09 0.04 0.14 0.07 0.0005 0.03 )0.04
P 0.09 0.43 0.01 0.16 0.99 0.54 0.47
Total hip )0.17 0.08 0.11 0.04 0.03 )0.02 )0.04
P 0.002 0.15 0.04 0.47 0.53 0.66 0.39
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data also confirmed that the use of the total T mea-
surement alone may under-diagnose hypogonadism in
elderly men [27].

Apart from sex steroids, the calcitropic hormones
also play an important role in affecting age-related bone
loss. The association of secondary hyperparathyroidism
with high bone turnover, bone loss, and falls and frac-
tures is well appreciated in postmenopausal women. In
this study, we found that elevated PTH was present in
6.6% of the subjects and that PTH was also predictive of
both total hip BMD and spine BMD. Among those with
elevated PTH, 30% had 25(OH)D levels below 15 ng/
ml. Within the whole cohort, 11.5% of the subjects had
25(OH)D levels below 15 ng/ml. This is an important
observation, as it has always been thought that vita-
min D deficiency is not a problem in subtropical areas
where sunshine is adequate [2]. It is difficult to delineate
sharp diagnostic criteria for mild vitamin D deficiency
or insufficiency. Indeed, there are recent data that sug-
gest that the cutoff value for sufficiency of 25(OH)D may
be even higher to maintain positive calcium balance
[28, 29].

Our findings confirmed that body weight, body mass
index, weight-bearing activity and muscle strength were
important determinants of BMD. In this present study,
we noted that the most commonly reported physical
activity of the Chinese men was walking rather than any
other forms of strenuous exercise or sports. In spite of
the mild nature of this exercise, it remained an important
contributor to the variance in BMD, independent of
muscle strength. A recent animal study demonstrated
that lower intensity but continued exercise was associ-
ated with more bone formation and higher mineral
apposition rate than in animals randomized to more
vigorous training followed by cessation of exercise [30].

As in other studies, we documented the association of
smoking with BMD in men [31]. However, unlike in
Caucasian populations, alcohol consumption was found
not to be an important determinant in Chinese men,
probably because the amount of alcohol consumed was
small. The relation between calcium intake and fracture
risk in men is less clear. We noted a positive relation
between calcium intake and total hip BMD in the uni-
variate analysis but not in the multivariate analysis. It
was observed that only subjects with very low calcium
intake had lower hip BMD, whereas no difference in
BMD was observed between those with moderate intake
and those with high intake [32]. Low calcium intake is
usually associated with low protein and energy intake,
which may also contribute partly to the decrease in
BMD. Although the serum albumin levels fell with age,
our subjects were, on the whole, well nourished, with a
mean serum albumin concentration of 43 g/l and a mean
calcium intake of 652 mg/day. However, only 4% of the
subjects had a daily calcium intake that reached
1,200 mg, as recommended by the National Academy of
Science for US men [33].

Our study was limited in that, although the subjects
were recruited from the community, they were derived
from a convenient sample and not randomly recruited
from the population. The number of subjects with
osteoporotic fractures in this cohort is high, probably
due to self-selection bias. However, the characteristics of
the subjects were similar to those in most epidemiology
studies performed in the same community, and we be-
lieve that the result of this study is applicable to the
general population of this community.

In conclusion, this study demonstrated that aging,
low body weight and body mass index, hypogonadism,
smoking and physical inactivity were the major risk

Table 7 Predictors of total hip BMD in Chinese men

Model R2 cumulative Standard
error

b estimate Test
statistic

P

Weight 0.42 0.001 0.26 2.02 0.04
Age 0.45 0.091 )0.25 )2.68 0.008
BMI 0.47 0.005 0.013 2.93 0.004
PTH 0.48 0.057 )0.169 )2.98 0.003
Free estradiol 0.50 0.025 0.057 2.33 0.02
Serum albumin 0.51 0.286 0.482 1.69 0.09
Exercise 0.53 0.009 0.305 3.40 0.0008
Smoking 0.55 0.015 )0.032 )2.13 0.03

Table 8 Predictors of lumbar spine BMD in Chinese men

Model R2 cumulative Standard
error

b estimate Test
statistic

P

Weight 0.16 0.001 0.005 6.64 <0.0001
Bio-E 0.21 0.00 0.0006 3.06 0.002
PTH 0.23 0.001 )0.001 )2.77 0.006
Exercise 0.25 0.01 0.02 2.00 0.04
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factors for low BMD. Strategies to prevent bone loss
and osteoporosis in Asian men should include lifestyle
modification and maintenance of hormone sufficiency.
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