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Abstract This study sought to investigate the prevalence
of osteoporosis and the role of sex hormone levels in the
determination of bone mineral density (BMD) and osteopo-
rosis in a Vietnamese population of women and men. The
cross-sectional study involved 269 women and 222 men
aged 13-83 years, who were randomly selected from urban
and rural areas in northern Vietnam. Serum concentrations
of estradiol and testosterone were analyzed, and BMD was
measured by dual X-ray absorptiometry. We found that the
prevalence of osteoporosis in postmenopausal women was
18, 17, and 37 % for the femoral neck, total hip, and lum-
bar spine, respectively. For men aged 50 years or older, the
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corresponding values were 8, 7, and 12 %. In men, the most
important predictors of BMD for the femoral neck and total
hip were age, body mass index, and serum levels of estra-
diol. For the BMD of the lumbar spine, testosterone also
had a significant influence. Determinants of osteoporosis in
men for the total hip and lumbar spine were age, weight, and
serum concentrations of estradiol and testosterone. In post-
menopausal women, age, weight, and residence (urban vs
rural) were the most important predictors of BMD and osteo-
porosis. For all women (including those of reproductive age),
serum levels of estradiol were also significant. These data
suggest that the prevalence of osteoporosis in the Vietnamese
population is high also in men, and that estradiol levels are
essential for bone mass in both men and women. The results
should have clinical implications and increase awareness of
an important health issue within Vietnamese society.

Keywords Bone mineral density - Osteoporosis -
Estrogen - Testosterone - Vietnamese women and men

Introduction

Osteoporosis and resulting fracture is a global public health
problem, associated with increased mortality, concomitant
morbidity, and reduced quality of life [1]. Most research
on osteoporosis has focused on women, but this disorder
is a serious problem also in men [2]. Bone mineral density
(BMD) in men is decreased by age and is also a major deter-
minant of fracture risk [3, 4]. We previously reported a prev-
alence of osteoporosis in Vietnamese women of similar mag-
nitude as in Caucasian women [5]. In a recent cross-sectional
study, we found a high prevalence of vitamin D deficiency
not only in women but also in men from northern Vietnam
[6]. Vitamin D has an important role in the regulation of
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calcium and bone metabolism [7], and low levels have been
linked to low BMD in both women and men [6, 8].

Sex steroids, e.g., estrogen and testosterone, are other
important factors for bone metabolism in both women and
men [9]. In vitro and in vivo studies indicate estrogens and
androgens act via different cellular mechanisms [10]. The
bone-sparing effect of estrogen is antiresorption by inhibi-
tion of osteoclast activity. The skeletal effect of androgens
may be partly mediated by local aromatization to estrogen.
However, there are also data that support a direct androgen
action on bone. The presence of specific androgen receptors
in cultured osteoblasts has been reported [11]. Androgens
were shown to stimulate proliferation and differentiation of
osteoblasts and to inhibit apoptosis. In animal studies, treat-
ment with dihydrotestosterone, which cannot be aromatized
to estrogen, stimulated bone formation and thus supported a
direct stimulatory effect of androgens on bone [12].

In women, reduced estrogen levels, e.g., following
oophorectomy or natural menopause, are well known to
increase bone loss, reduce bone mass, and increase the
risk of osteoporosis and fracture [13]. In men, the relation
between sex hormone levels, bone loss, and risk of osteopo-
rosis is more uncertain. Also, the relative importance of tes-
tosterone versus estrogen for the maintenance of BMD in
men is unclear. Men with gonadal insufficiency have lower
BMD than healthy subjects of the same age, and testoster-
one replacement therapy has been suggested to reverse this
condition [14]. However, the role of testosterone in BMD
in men has also been questioned [15].

Risk factors for low BMD and for osteoporosis in Asian
populations have not been well documented, particularly
with respect to men. Genetic variations between Asian and
Caucasian populations in sex steroid hormone metabolism
regulating bone mass have been demonstrated [16]. Fur-
thermore, there may be ethnic differences in gene polymor-
phisms involved in bone metabolism [17].

Vietnam is located in Southeast Asia, and owing to recent
economic development the country has undergone rapid
urbanization, in which there is a clear separation between
urban and rural areas. The present study was designed to
explore blood levels of estradiol and testosterone and the
association of these hormones with BMD and osteoporosis
in a representative sample of men and women of different
ages from urban and rural areas in northern Vietnam.

Materials and methods
Study design
The study was designed as a cross-sectional investigation

with a multistage sampling scheme. Within the setting of
northern Vietnam (latitude 21°N), two districts (Dong Da in

Hanoi and Kim Bang in Hanam) were selected to represent
urban and rural areas, respectively. From each of these dis-
tricts, four communes were randomly selected, and a full
list of all inhabitants was obtained from the local govern-
ment authority, and this served as the sampling frame. The
list of inhabitants was then sorted by age in 10-year groups.
For each age group, a total of 140 individuals (70 women,
70 men) were randomly selected by computer-generated
numbers and invited for a screening interview.

On the basis of published literature [18], where the prev-
alence of osteoporosis in men ranged between 10 and 20 %,
we estimated that a sample size of 170 individuals would
be adequate to calculate the prevalence within six percent-
age points of the true proportion with a 95 % confidence
interval. In a subsample of at least 100 individuals (men
aged 50 years or older) the corresponding figure was eight
percentage points. To estimate the prevalence in both men
and women, we aimed to recruit at least 400 individuals.

The research protocol and procedures were approved by
the ethics councils of Hanoi Medical University and Karo-
linska Institutet, Stockholm, Sweden (no. 05/IRB and no.
97/HMU IRB). All participants were provided with ade-
quate information about the objectives of the study and had
given their oral informed consent to participate, accord-
ing to the principles of medical ethics of the World Health
Organization.

Data collection

A letter of invitation was sent to 980 individuals, among
whom 823 came for the screening. Screening interviews
were performed at the local health care center by health
professionals from Hanoi Medical University, and partici-
pants were offered a free health checkup. Exclusion crite-
ria were chronic diseases and disorders which affect bone
metabolism, such as cancer, malabsorption syndrome,
hepatic and renal disease, diabetes, ongoing pregnancy or
lactation, use of medications influencing bone metabolism
within the last 4 weeks, and a history of skeletal disease or
immobility for more than 1 month. Women were excluded
if they had undergone hysterectomy/oophorectomy.

After screening, 604 individuals fulfilled the inclusion
criteria, and among them 559 ultimately participated in
the study. A structured questionnaire was administered
to each participant by health professionals from Hanoi
Medical University. The questionnaire covered data on
anthropometric variables, clinical history, lifestyle, and
dietary habits. Height (in centimeters) without shoes was
measured by a wall-mounted stadiometer. Weight (in kil-
ograms), without shoes or clothing, was measured on an
electronic scale. Body mass index (BMI) was then derived
as the ratio of weight in kilograms divided by height in
meters squared.
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BMD was measured for the lumbar spine, left and right
femoral neck, and total hip in all participants. The meas-
urement was done with a dual-energy X-ray absorptiometry
densitometer (Hologic Explorer 4500). The precision error
(coefficient of variation as a percentage) in our laboratory
was 1.75 % for lumbar spine and 1.50 % for hips. The den-
sitometry was standardized by a phantom every time before
measurement. In this analysis, BMD at the lumbar spine
was estimated from L1 to L4. The femoral neck BMD
and the total hip BMD used in the analysis were estimated
from the right side. Estimates of peak BMD were based on
bootstrap analysis of BMD in 118 women and 116 men in
the age group 13-49 years [5]. From the peak BMD, the T
score, which is the number of standard deviations from the
peak BMD, was calculated for each individual in the study
sample. The prevalence of osteoporosis was estimated for
men aged 50 years or older and for postmenopausal women
(more than 1 year since last menstruation). An individual
was classified as having osteoporosis if the BMD T score
was equal to or lower than —2.5 [19].

Serum analyses

Blood samples were drawn in the morning after fasting,
and were centrifuged within 30 min after collection. Serum
samples were then frozen at —80 °C until analysis. Serum
concentrations of 17f-estradiol and testosterone were
measured by electrochemiluminescence immunoassay
(Roche Diagnostics). The intra-assay coefficient of vari-
ation was 5.2 % for estradiol and 5.7 % for testosterone.
The interassay coefficients of variation were 9.2 and 9.9 %,
respectively.

Statistical analysis

Characteristics of the participants are presented as the mean
and standard deviation or median and range. For categori-
cal data, frequency counts and percentages are presented.
In comparisons between men and women, with respect to
the characteristics of the participants, the ¢ test for inde-
pendent samples was used for continuous data and the chi
square test was used for data measured on a nominal scale.
All regression analyses were done separately for men,
women of reproductive age, and postmenopausal women.
Univariate and forward stepwise multiple linear regression
analysis was used to evaluate to what extent the variation
in different BMD measures could be explained by estradiol
level, testosterone level, age, height, weight, BMI, resi-
dency, smoking, alcohol drinking, and coffee drinking. The
results from the stepwise regression models are presented
as the unstandardized regression coefficient, 95 % confi-
dence interval, and R2. To find the most important factors
predicting the outcome of osteoporosis (7 score less than

@ Springer

or equal to —2.5), both univariate and stepwise multinomial
logistic regression analyses were performed (osteoporosis
vs normal). The predictors were age, height, weight, BMI,
residency, smoking, alcohol drinking, coffee drinking, and
the levels of estradiol and testosterone. The results from the
logistic regression are presented as the odds ratio and the
95 % confidence interval. We considered p < 0.05 as statis-
tically significant.

Results

The study involved 222 men and 269 women, aged between
13 and 83 years (Table 1). There were no differences
between all women and men in terms of age and BMI. As
expected, men had greater height and weight than women.
The prevalence of smoking, alcohol consumption, and cof-
fee consumption was several times higher in men than in
women.

In men, serum levels of testosterone averaged 6.2 ng/
mL, and no apparent change by age was recorded (Fig. 1).
Average estradiol levels were similar to those of postmeno-
pausal women, and there was a positive association with
increasing age (r, = 0.26; p < 0.001) (Fig. 1). The BMD
values for the femoral neck, total hip, and lumbar spine in
men were similar to those quantified in women at reproduc-
tive age but were higher than in postmenopausal women
(Table 1). The prevalence of osteoporosis among men
aged 50 years or older was 7-12 % for the different sites
(Table 1). There was no significant difference in osteoporo-
sis frequency between those living in urban areas and those
living in rural areas (data not shown).

Among predictors of BMD in men, multiple regression
analysis revealed age, BMI, and blood levels of estradiol
to be the most important factors, and were estimated to
explain 41 % of BMD at the femoral neck and 27 % for
the total hip (Table 2). For BMD of the lumbar spine, age,
BMLI, and testosterone levels were the most important pre-
dictors. Similarly, age, weight, BMI, and the levels of estra-
diol and testosterone predicted osteoporosis at the different
sites in men (Table 2).

As expected, sex hormone levels and BMD were lower
in postmenopausal women than in women of reproductive
age (Table 1). For the postmenopausal women, BMD val-
ues for the femoral neck and total hip were significantly
higher in rural residents than in urban residents (p < 0.01)
(Fig. 2). Furthermore, mean serum estradiol levels were
higher (52 pg/mL vs 32 pg/mL, p < 0.05) in rural postmen-
opausal women than in urban postmenopausal women. A
similar difference in BMD between rural and urban resi-
dence was not found in men. The prevalence of osteoporo-
sis in postmenopausal women ranged between 17 and 37 %
for the different sites measured.
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Table 1 Demographic characteristics, sex hormone levels, bone mineral density (BMD), and osteoporosis of women of reproductive age and

postmenopausal women and men

Variables Reproductive women Postmenopausal women Men
N 118 151 222
Age (years) 34 (13-53) 59 (44-83) 49 (14-83)
Weight (kg) 48 (32-65)° 49 (34-68) 53 (35-85)
Height (cm) 155 (14-166)° 152 (134-168)4 164 (148-181)
Body mass index (kg/mz) 20 (14-26) 21 (15-30) 20 (15-31)
Smoking (ever)® 0 (0 %)° 1 (1 %)* 96 (43 %)
Alcohol drinking (ever)? 4 (3 %)° 7 (5 %)* 124 (56 %)
Coffee drinking (ever)* 14 (12 %)° 75 %) 46 (21 %)
Number of children 2 (0-5) 4.0 (0-10) NA
Breast-feeding® 81 (70 %) 142 (94 %) NA
Oral contraceptive pill use® 16 (14 %) - NA
Fragility fracture history (lifetime)* 8 (7 %) 10 (7 %) 10 (5 %)
Estradiol (pg/mL) 128.2 (95.9)>¢ 45.1 (66.9) 42.8 (12.5)
Testosterone (ng/mL) 0.45 (0.77)>¢ 0.24 (0.74)¢ 6.2 (2.25)
BMD of femoral neck (g/cm?) 0.77 (0.09)° 0.63 (0.09)¢ 0.76 (0.12)
BMD of total hip (g/cm?) 0.84 (0.09)° 0.73 (0.10)¢ 0.85 (0.12)
BMD of lumbar spine (g/cm?) 0.93 (0.10)° 0.75 (0.13)¢ 0.90 (0.14)
Osteoporosis (in menopausal women and men aged 50 years or older)*
Femoral neck NA 27 (17.9 %)* 9/106 (8.5 %)
Total hip NA 25 (16.6 %) 7/106 (6.6 %)
Lumbar spine NA 56 (37.3 %)¢ 13/106 (12.4 %)

For age, weight, height, and body mass index, values are given as the median and range (in parentheses), and for estradiol, testosterone, and
BMD, values are given as the mean and standard deviation (in parentheses)

NA not applicable

 For categorical variables, values are given as a number and a percentage (in parentheses)

b Significant difference between reproductive women and men

¢ Significant difference between reproductive women and postmenopausal women

4 Significant difference between postmenopausal women and men

When the hormonal status for women was controlled
for by splitting women into reproductive and postmeno-
pausal groups, different predictors of BMD were revealed
(Table 3). For reproductive women, weight and residence
were the most significant predictors of BMD at all three
sites, and these two variables contributed to 12-14 % of
the BMD variation. For the postmenopausal women, age,
weight, and residence explained 40-46 % of the varia-
tion (Table 3). For the whole female population, multiple
regressions revealed age, weight, residence, estradiol lev-
els, and oral contraceptive use as the most important pre-
dictors of BMD and were estimated to explain around 50 %
of the variation at the different sites (data not shown).

Discussion

This cross-sectional study was implemented to investigate
the possible associations between BMD, osteoporosis,

and the serum levels of testosterone and estradiol in Viet-
namese men and women of different age and residence.
We found that the prevalence of osteoporosis in post-
menopausal women and in men aged 50 years or older
was similar to that of Caucasian populations but was
substantially higher than that in Chinese and Japanese
populations [5, 20, 21]. In men, significant predictors of
BMD for the femoral neck and total hip were age, BMI,
and serum levels of estradiol, whereas determinants of
osteoporosis at these sites were age, weight, and serum
levels of estradiol and testosterone. For the BMD at the
lumbar spine, age, BMI, and testosterone had a signifi-
cant influence, whereas for osteoporosis BMI and estra-
diol were important factors. In postmenopausal women,
age, weight, and residence (urban vs rural) were the
most important predictors of BMD and osteoporosis. For
all women (including those of reproductive age), blood
levels of estradiol and testosterone were also significant
determinants.
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Fig. 1 Serum testosterone levels (a) and estradiol levels (b) (data
transformed into a natural logarithmic scale) as a function of age
among age-stratified samples of Vietnamese men (black lines, black
circles) and women (red lines, red circles)

Our study supports the notion that estradiol levels have
a stronger association and are more important as a predic-
tor of BMD and osteoporosis than testosterone levels in
both men and women. The critical role of estrogen in bone
metabolism of both sexes is consistent with several previ-
ous reports [8, 22]. Whereas BMD and osteoporosis in men

were previously considered to correlate mainly with testos-
terone [23], recent findings rather indicate a direct correla-
tion between BMD and estradiol rather than between BMD
and testosterone in healthy men regardless of their age [24].
In men, estrogens are produced via conversion from andro-
gens by aromatase activity in peripheral tissues, including
bone [25]. Apart from age and BMI, we found only estra-
diol levels to be significantly predictive of BMD of the
femoral neck and total hip in men. This is in agreement
with a case report of an adult man with estrogen resist-
ance caused by a mutation in the estrogen receptor gene
[26]. Although blood levels of testosterone were within the
normal range, this man had increased bone resorption and
osteopenia [26].

Our observation that testosterone remained a significant
predictor of BMD at the lumbar spine but not at the femo-
ral neck is in agreement with previous data. Men older than
50 years gained 8—14 % of BMD at the lumbar spine but
not at the femoral neck after receiving intramuscular tes-
tosterone therapy for moderate hypogonadism [27]. Testos-
terone, like estrogen, appears to stimulate bone turnover,
acting directly or indirectly via conversion into estradiol in
human osteoblasts to increase androgen receptor expres-
sion and stimulate bone cell proliferation and mineraliza-
tion [28, 29].

We previously reported a high prevalence of osteoporo-
sis in Vietnamese women, and this finding was confirmed
in the present study of another sample [5]. The proportions
of postmenopausal women and men aged 50 years or older
who were classified as having osteoporosis were similar to
what has been reported for many Western Caucasian popu-
lations [5, 30]. We also found the prevalence of vitamin D
deficiency to be higher among women living in urban areas
[6]. Here in postmenopausal women, BMD of the femoral
neck and BMD of the total hip were significantly lower
among urban residents. Working and living indoors and

Table 2 Significant predictors of bone mineral density (BMD) and osteoporosis in men

Variables Femoral neck Total hip Lumbar spine
BMD Osteoporosis BMD Osteoporosis BMD Osteoporosis
Age (years) —0.004 (—0.005t0  1.19 (1.06-1.34) —0.003 (—0.004to NS —0.001 (-0.02to NS
—0.004) —0.002) 0.000)
Weight (kg) NS 0.76 (0.66-0.88) NS 0.7 (0.58-0.85) NS NS

Body mass index 0.015 (0.01-0.02) NS

(kg/m?)

Estradiol (pg/mL) 0.001 (0.000-0.002) NS

Testosterone (ng/ NS NS NS
mL)
R 0.41 0.27

0.018 (0.012-0.023) NS

0.002 (0.000-0.003) 0.8 (0.7-0.93) NS

0.02 (0.013-0.026)  0.66 (0.5-0.85)

0.91 (0.85-0.98)
1.74 (1.05-2.89) 0.008 (0.000-0.016) NS

0.14

BMD data are shown as unstandardized regression coefficients () and 95 % confidence intervals (in parentheses), and total adjusted R?. Osteo-
porosis values are shown as odds ratios and 95 % confidence intervals (in parentheses)

NS not significant
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In summary, the present data suggest that the preva-
lence of osteoporosis in the Vietnamese population is high
not only in women but also in men, and that estrogen lev-
els are essential for bone mass in both men and women.
The results should have clinical implications and increase
awareness of an important health issue within Vietnamese
society.
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