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Abstract
Summary We investigated bone mineral density (BMD)
and analyzed the changes in peak bone mass and BMD in
Chinese Han population. The main results are as follows:
(1) The peak BMD in males (0.625±0.109) and females
(0.506±0.058) was observed at the age of 30–34 years; (2)
osteoporosis prevalence was 7.7% vs. 6.97% in males and
females aged 50–59 years; 18.13% vs. 35.97% in males and
females aged 60–69 years; 36.41% vs. 59.55% in males and
females aged 70–79 years; and 57.53% vs. 75.56% in males
and females aged >80 years; (3) BMD differed significantly
between genders, and among age groups studied; and (4)
peak BMD of Han Chinese was greater than that of
Japanese and Danish, as well as ethnicities in China.
Purpose The reference data on BMD and osteoporosis
among Chinese people are lacking. We, therefore, investi-
gated the BMD and analyzed the changes in peak bone
mass and BMD in Han population.
Methods BMD at the one third of distal radius and ulna of
non-dominant forearm was measured by DTX-200 BMD
detector in 16,019 Han individuals in Changchun divided
into different groups based on age and gender. The mean
BMD, T-score, and bone loss rate were analyzed using
SPSS 13.0 statistical software.
Results The peak BMD in males and females was 0.625±
0.109 and 0.506±0.058, respectively, which was observed
in the age group of 30–34 years. BMD decreased gradually
after 40 years. The prevalence of osteoporosis was as
follows: 7.7% in males and 6.97% in females in the age
group of 50–59 years; 18.13% in males and 35.97% in

females aged 60–69 years; 36.41% in males and 59.55% in
females aged 70–79 years; and 57.53% in males and
75.56% in females aged over 80 years.
Conclusions There was a significant difference (P<0.01) in
BMD in different age groups and between genders within
the same age group. In different age groups, the prevalence
of osteoporosis was significantly higher in females than in
males (P<0.01). The peak BMD in this region was higher
than that reported in Japan and Denmark, and was
comparable to that in Beijing. Furthermore, differences
were significant (P<0.01) as Han population of Changchun
was compared with Dai population of Xishuangbanna,
Tibet, and Dongxiang population of Gansu province.

Keywords Bone mineral density . Peak bone mineral
density . Osteoporosis . Bone loss rate

Introduction

Osteoporosis (OP) is a multifactorial disease associated
with an increased risk of fracture and is caused by low
bone mass, destruction of bone structure, and decline in
bone strength. The differences exist in bone mineral
density (BMD) among people with the same gender and
similar age, as well as due to variable hereditary,
nutrition, physical activity, age, gender, and environmental
factors. Previously, a number of BMD studies were
conducted in individuals from different nationalities and/or
geographical regions, such as Han and Uygur nationalities
(2,297 individuals) from Urumqi, China [1], normal
individuals (546) living in coastal areas of Guangdong
province of China [2] as well as in Japanese [3] and Danish
[4] populations.

Studying the patterns of BMD variation among people of
different regions, nationalities, ages, and genders is important
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not only for early detection of the disease but also for devising
effective preventive and treatment strategies. At present, the
data regarding comparison of the peak BMD values and OP
prevalence among large ethnic groups from different regions
of China are lacking. We, therefore, analyzed the peak bone
mass and BMD profile of 16,019 people of Han nationality
from Changchun province of China and compared the data
with those of other groups with respect to age, gender, race,
and geographical region.

Here, we present the evidence that BMD differed
significantly (P<0.01) between different age groups, as
well as between genders within the same age group. Our
data show that the prevalence of osteoporosis was signif-
icantly higher in females than in males (P<0.01). The peak
BMD in Changchun province was comparable to that in
Beijing, but higher than that in Japan and Denmark. As
well, there were significant differences (P<0.01) observed
as the Han population of Changchun was compared with
Dai population of Xishuangbanna, Tibet, and Dongxiang
population from Gansu province.

Methods

Study population

In this study, 16,019 individuals of Han nationality, aged
20–89 years, were recruited fromChangchun city, China. This
population represented different social settings such as
government, industry, school, business, and retired people.
The data collected included life history, ancestral history,

family history, medical history, sports, special medication,
etc., and in case of females, it also included menstrual history,
childbearing history, and breastfeeding history. Acute or
chronic hepatic, renal, and endocrine diseases were excluded.

BMD measurement

BMD at the one third of distal radius and ulna of non-
dominant forearm was measured by using DTX-200 BMD
detector (American Osteometer MediTech Inc.). The data
were used to calculate mean BMD, T-score, and bone loss
rates. BMD values of 16,019 individuals of Han nationality
from Changchun were compared with those reported by
other studies using similar measurements among individu-
als of both genders and similar age groups from Beijing
(Han), Xishuangbanna (Dai), Tibet (Tibetan), Gansu
(Dongxiang), Japan, and Denmark.

Statistical analysis

The data collected were analyzed using SPSS 13.0
software, and the results were expressed as mean±SD

(X ± S) values. Different groups were compared using
t test, and all P values <0.05 were considered significant.

Results

Regarding the BMD data of 16,019 Han nationality
individuals from Changchun, the peak bone mass in male
and female population was detected in the age group of 30–

Table 1 Bone mineral density (BMD) and incidence of osteoporosis (OP) in 16,019 Han nationality individuals from Changchun

Age (years) Female Male

N BMD (X ± S) (g/cm2) OP incidence (%) N BMD (X ± S) (g/cm2) OP incidence (%)

20–24 11 0.468±0.052 0 15 0.571±0.078 0

25–29 163 0.500±0.058 0 99 0.618±0.086 0

30–34 224 0.506±0.058 0 141 0.625±0.109 0

35–39 175 0.505±0.068 0 153 0.622±0.079 0

40–44 337 0.494±0.056 0 159 0.610±0.078 0

45–49 610 0.491±0.048 1.429 164 0.600±0.089 3.659

50–54 973 0.491±0.082 3.238 196 0.592±0.084 5.612

55–59 977 0.447±0.082 9.918 453 0.588±0.087 8.389

60–64 746 0.412±0.085 23.221 737 0.559±0.092 15.739

65–69 2,170 0.374±0.086 40.369 2,165 0.542±0.090 18.938

70–74 1,847 0.340±0.079 57.305 2,205 0.505±0.09 34.120

75–79 410 0.317±0.088 69.853 613 0.479±0.088 44.698

80–84 69 0.305±0.079 71.429 149 0.468±0.083 51.678

85–89 21 0.285±0.046 90 37 0.402±0.069 81.081
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39 years. BMD started to decrease with the advancing age.
BMD of females aged over 50 years and males aged over
60 years was significantly lower (P<0.01) compared with
peak BMD. Of note, there was a significant difference
(P<0.01) of BMD between male and female individuals
within the same age group. Regarding the BMD and OP
morbidity data of 16,019 individuals tested in this study
(Table 1), OP prevalence in the age group 20–44 years
was 0, while the prevalence gradually increased in the age
groups over 50 years.Moreover, OP prevalence of the females
aged over 55 years was significantly higher (P<0.01) than
that of age-matched males. The BMD comparisons of Han
nationality males from Changchun with Han males from
Beijing, Dai males from Xishuangbanna, Tibetan males from
Tibet, and Dongxiang males from Gansu are summarized in
Table 2. Likewise, the BMD comparisons of Han nationality
females from Changchun with the Han females from Beijing,
Dai females from Xishuangbanna, Tibetan females from
Tibet, and Dongxiang females from Gansu are summarized
in Table 3. Furthermore, the BMD comparison of Han
nationality males and females from Changchun with the age-
matched male and female population from Japan is given in
Table 4. Similarly, the BMD comparison of Han nationality
males and females from Changchun with the age-matched
male and female population from Denmark is shown in
Tables 5. In addition, the comparisons of OP prevalence
(percentage) between Changchun (Han) and Urumqi (gender-/
age-matched, Han, and Uygur) populations are summarized in
Tables 6. These data indicate that the OP prevalence in
Changchun Han population was comparable to Urumqi
(gender-/age-matched) Han population; however, OP preva-
lence of Changchun males in the age group 60–90 years was
significantly lower than that of age-matched Urumqi males.
The OP prevalence in Changchun Han females of the age
group over 70 years was significantly higher than that of
age-matched Uygur females from Urumqi.

Discussion

This study analyzed BMD profile of 16,019 males and
females of Han nationality in Changchun region of
China. The results show significant differences (P<0.01)
of BMD between different age groups, as well as between
both genders within the same age group. In different age
groups, the prevalence of osteoporosis was significantly
higher in females than in males (P<0.01). The peak BMD
in this region was relatively higher than that reported in
Japan and Denmark, and was comparable to that in
Beijing. Moreover, the differences were significant (P<0.01)
as Han population of Changchun was compared with Dai
population of Xishuangbanna, Tibetan population of Tibet,
and Dongxiang population of Gansu. T
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Peak BMD value

The peak BMD value (peak bone mass) affects the lifetime
bone mineral contents, and hence, this study provides
important reference data that may be used to evaluate the
time of appearance and extent of bone loss. Our data show
that in our study population, the peak bone mass of both
males and females was observed at the age of 30–39 years;
however, the peak bone mass of males was higher than that
of females. These findings were in accordance with the
previous studies from Urumqi, Beijing, Ningxia, and
Nanning regions [1, 5–8]. The peak BMD value was higher
than that of Dai individuals in Xishuangbanna and Tibetan
individuals in Tibet but was lower than that of Dongxiang
individuals in Gansu [2, 9]. Comparing with other studies
that used the same type of measuring instruments as we did,

Table 4 Bone mineral density (BMD; grams per square centimeter)
comparison between Changchun and Japanese population [3]

Age (years) Changchun Japan

N BMD (X ± S) N BMD (X ± S)

Males

20–24 15 0.571±0.078 9 0.554±0.048

25–29 99 0.618±0.086 19 0.580±0.080

30–34 141 0.625±0.109 15 0.590±0.052

35–39 153 0.622±0.079 63 0.582±0.058

40–44 159 0.610±0.078 112 0.580±0.056

45–49 164 0.600±0.089 152 0.571±0.061

50–54 196 0.592±0.084 137 0.565±0.071

55–59 453 0.588±0.087 155 0.552±0.076

60–64 737 0.559±0.092 225 0.522±0.070

65–69 2,165 0.542±0.090 135 0.501±0.077

70–74 2,205 0.505±0.09 29 0.484±0.073

75–79 613 0.479±0.088 6 0.408±0.088

80–84 149 0.468±0.083 – –

Females

20–24 11 0.468±0.052 123 0.462±0.051

25–29 163 0.500±0.058 325 0.466±0.049

30–34 224 0.506±0.058 580 0.465±0.048

35–39 175 0.505±0.068 433 0.473±0.050

40–44 337 0.494±0.056 515 0.484±0.050

45–49 610 0.491±0.048 668 0.479±0.054

50–54 973 0.491±0.082 598 0.455±0.063

55–59 977 0.447±0.082 750 0.412±0.065

60–64 746 0.412±0.085 779 0.376±0.065

65–69 2,170 0.374±0.086 427 0.354±0.070

70–74 1,847 0.340±0.079 50 0.321±0.066

75–79 410 0.317±0.088 13 0.287±0.052

80–84 69 0.305±0.079 2 0.228±0.040
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the age of males in Changchun at which they attained the
peak bone mass was the same as that of males in Japan and
Denmark. However, the females in Changchun attained the
peak bone mass at an earlier age as compared with females
in Japan and Denmark [3, 4]. Statistical analysis revealed
that peak bone mass of males and females in Changchun
was higher than those of counterpart populations from
Japan and Denmark.

Peak BMD value is the largest BMD value in the
lifetime and the gross value of bone tissue that the human
could reach at the mature age in life. It was reported [10]
that 60–90% of bone mass changes correlated with genetic
factors, whereas life environment, physical activity, nutri-

tion, age, and gender were also the important factors that
affected bone mass. After comparison with other studies
using the same type of instruments, in China and abroad,
our data showed that BMD had racial and regional
differences. Therefore, our results point to the significance
of establishing a Chinese population-based database of
BMD based on different nationalities, regions, and age
groups, including the measurements obtained by using
different instruments in order for early-stage prevention,
diagnosis, and treatment of OP.

Gender-based difference of bone mass changes

In Changchun, BMD of females aged over 40 years started
to decline slowly, and the rate of bone loss increased each
year after menopause. All the menopausal females in this
study had natural menopause, and the mean menopausal
age was 53.173±2.591 years. The longest menopausal
duration was 41 years and the shortest was 1 year. The bone
loss rate of 0–5 year after menopause was 7.58%, BMD
declined significantly with the extension of menopausal
duration, and there were significant differences of BMD
among the age groups of 65–89 years (P<0.01). The rate of
bone loss reached 11.5% in 10 years after menopause
and 33.42% in 20 years after menopause, while the
bone mass was 1/3 of the peak bone mass. Menopause
is also an important risk factor for bone loss of females
in Changchun. The females suffer from ovarian hypo-
function after menopause during which estrogen level
declines and the activity of osteoclasts increases. Thus,
the bone loss is accelerated and, as a result, bone mass
declines. BMD of males declined slowly after the age
of 60 years, and then, the bone loss rate increased
gradually with the advancing age; the bone loss rate
was 15.66% at the age of 70 years, 19.96% at 75 years,

Table 6 Comparison of osteoporosis (OP) prevalence (percentage) between Changchun and Urumqi regions [1]

Age (years) Han population in Changchun Han population in Urumqi Uygur population in Urumqi

n/N OP prevalence n/N OP prevalence n/N OP prevalence

Males

40–49 4/323 1.2 9/412 2.2 1/103 1.0

50–59 49/649 7.6 16/315 5.1 5/107 4.7

60–69 526/2,902 18.1 16/87 18.4 5/25 20.0

≥70 1,133/3,004 37.7 17/52 32.7 6/9 66.7

Females

40–49 9/947 0.9 3/653 0.5 2/132 1.5

50–59 137/1,950 7.0 17/218 7.8 5/67 7.5

60–69 1,049/2,916 36.0 21/58 36.2 10/26 38.5

≥70 1,412/2,347 60.2 13/23 56.5 4/10 40.0

Table 5 Bone mineral density (BMD; grams per square centimeter)
comparison between Changchun and Danish population [4]

Age (years) Changchun Denmark

N BMD (X ± S) N BMD (X ± S)

Males

20–29 114 0.614±0.105 21 0.58±0.06

30–39 294 0.616±0.079 40 0.59±0.06

40–49 323 0.612±0.087 48 0.56±0.06

50–59 649 0.589±0.086 50 0.57±0.07

60–69 2,902 0.546±0.091 37 0.54±0.07

70–89 3,004 0.4966±0.0933 26 0.47±0.07

Females

20–29 174 0.496±0.058 39 0.47±0.04

30–39 399 0.505±0.064 65 0.47±0.05

40–49 947 0.493±0.054 90 0.48±0.06

50–59 1,950 0.467±0.085 106 0.45±0.06

60–69 2,916 0.383±0.081 61 0.40±0.08

70–89 2,347 0.334±0.063 37 0.33±0.08
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22.78% at 80 years, and 32.93% at 85 years. The rate
of bone loss in females was significantly higher than in
males, and there was a significant difference of the rate
of bone loss between males and females (P<0.01).

OP incidence

According to WHO diagnostic criteria for primary OP, it is
diagnosed as OP if the BMD is lower than two standard
deviations of BMD peak value OP [11]. Among the 16,019
individuals tested in this study, OP prevalence was 0 in the
age group of 20–39 years. In females, the OP prevalence
increased progressively after the age of 50 years, and
significant differences (P<0.01) were found among the age
groups of 50–89 years. The female OP prevalence for each
age group was significantly higher (P<0.01) than that for
males. The male OP prevalence increased after the age of
70 years, and there were significant differences (P<0.01)
between each age group. Compared with OP prevalence
reported by other studies, OP prevalence for each age group
in Changchun males was comparable to that of Han
nationality males in Urumqi; however, OP incidence of
the age groups of 60–90 years in Changchun was
significantly lower than that of Uygur nationality males in
Urumqi. The female OP prevalence after 70 years of age in
Changchun was significantly lower than that of Uygur
nationality females in Urumqi. The female OP incidence of
the age groups of 50–79 years in Changchun was
significantly lower than that in Japan [12]. Of note, there
were differences regarding BMD and OP prevalence among
individuals with same age and gender but having different
race and geographical region.

Conclusions

In conclusion, BMD evaluation of 16,019 Han nationality
individuals from Changchun region provides the reference
data for the local peak BMD value and OP diagnosis
which can be helpful as the basis for an early diagnosis
and prevention of OP among individuals of both
genders and different age groups. Our future studies
will include the BMD evaluation across more diverse
ethnic groups, such as Manchu, Korean, and Mongolian
individuals, as well as establishment of multiethnic

BMD database, and also investigate the factors that
affect BMD at different levels.
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