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 Background: Osteoporosis is a chronic skeletal disease characterized by a reduction in bone density, resulting in high death 
rates and high costs among patients worldwide. This study investigated the associations among age, anthro-
pometric parameters and bone mineral density (BMD) in southeast Chinese adults and evaluated the charac-
teristics of southeast Chinese adults at high risk of osteoporosis.

 Material/Methods: This study enrolled 424 female and 265 male volunteers. Height, weight and BMD were measured, and body 
mass index (BMI) was calculated. Based on their BMD T-scores, female and male participants were divided into 
groups with osteoporosis (OG1) and osteopenia (OG2) and a normal group (NG).

 Results: The findings revealed no significant correlations between BMD and anthropometric parameters in either gen-
der. However, a significant negative correlation was noted between BMD and age in the female participants, 
and a significant positive correlation was observed between BMD and age in the male participants. Multiple 
comparisons between groups revealed that women in the OG1 and OG2 groups were significantly older than 
those in the NG group.

 Conclusions: Age, anthropometric parameters and BMD correlate differently between groups and genders in southeast 
Chinese adults.
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Background

Osteoporosis, also known as the “silent disease”, is a chronic 
skeletal disease characterized by low bone mass and deterio-
ration of bone microarchitecture [1,2]. It has become a com-
mon major public health concern, with increasing incidence in 
both developing and developed countries [3,4]. Vertebral and 
hip fractures are the most frequent complications of the dis-
ease, resulting in a high risk of morbidity and early mortali-
ty [4,5]. An estimated 9 million cases of osteoporosis-related 
fractures are reported every year worldwide [6]. In addition, os-
teoporosis and its resulting complications are associated with 
significant economic costs related to hospitalizations, surgery, 
outpatient care, long-term care and disability [4]. Therefore, 
for the purpose of prevention and control, there is an urgent 
need to conduct epidemiological research on the prevalence 
of osteoporosis and related risk factors in large populations.

Bone mineral density (BMD) is regarded clinically as a signif-
icant determinant of osteoporosis and fracture risk [2]. BMD 
can be measured by several techniques, including dual energy 
X-ray absorptiometry and ultrasonic densitometry [7]. Although 
dual energy X-ray absorptiometry has been regarded as the 
gold standard for quantitatively estimating BMD [8,9], the ap-
plication of this method is difficult because of its lack of por-
tability and the risk of exposure to ionizing radiation [10]. As 
a result, ultrasonic densitometry, which is portable with no 
risk of exposure to harmful radiation [7], has gained in popu-
larity for measuring the BMD of the peripheral skeleton [10]. 
Furthermore, this method was shown to be as sensitive as 
dual energy X-ray absorptiometry [7,10]. Therefore, ultrason-
ic densitometry may be a practical alternative measuring the 
prevalence of osteoporosis in large populations.

Because China has a very large population, many osteoporosis-
related fractures and problems will likely occur in China [2]. It 
has been estimated that, by the year 2050, half of the world’s 
hip fractures will occur in Asia, with the majority occurring in 
China [11]. Thus, identifying factors that may contribute to the 
prevalence of osteoporosis in Asia, especially in China, could 
reduce the medical burden of this disease by formulating and 
implementing rational prevention and treatment programs 
based on prevalence.

Most large-scale epidemiological studies on osteoporosis have 
been conducted on Caucasians. Less is currently known about 
the associations between BMD and anthropometric parame-
ters, such as height and weight, of Chinese adults, as a func-
tion of sex and age. Anthropometric measures differ among 
ethnic groups, suggesting the need for specific population stud-
ies in individual countries [12]. Moreover, most recent studies 
on osteoporosis prevalence in Chinese populations have fo-
cused on postmenopausal women [13–15], the elderly [2,16,17] 

and osteoporosis-related patients [18,19]. Less is available on 
Chinese participants over large age ranges, and the age ranges 
previously studied may be insufficient to characterize the prev-
alence of osteoporosis in this population. Therefore, the pur-
pose of this study was to investigate the associations among 
age, anthropometric parameters and BMD in southeast Chinese 
adults and to evaluate the characteristics of southeast Chinese 
adults who are at high risk of osteoporosis.

Material and Methods

Study design and participants

This cross-sectional study was performed in November 
2018 in Ningbo, southeast China, and was approved by the 
Ethics Committee of Research Academy of Grand Health 
Interdisciplinary at Ningbo University (RAGH 20181013). The 
study population included volunteers who received test bro-
chures from a health management research center affiliated 
with the University, during the period from November 2018 to 
December 2018. To maximize participation, the health staff ful-
ly explained the study and reminded participants of the time 
and date of the test when distributing the test brochures. A 
total of 689 participants were included. All participants were 
free from diseases that may have hindered them from par-
ticipating in the test. Informed written consent was obtained 
from all participants prior to measurements and data collection.

Anthropometric measurements

Anthropometric parameters included height, weight and body 
mass index (BMI). The measurements were recorded by trained 
technicians following international guidelines [3]. Height and 
weight were measured while participants were in a standing 
position, wearing light clothing, with no shoes, using a tape 
meter stadiometer with 1 mm accuracy. Weight was measured 
using a calibrated digital electronic weighing scale with an ac-
curacy of ±100 grams. BMI was calculated as the ratio of weight 
(in kilograms) to height (in meters) squared.

Bone mineral density (BMD) measurement

BMD was assessed at the calcaneus of the non-dominant leg 
using ultrasonic densitometry (OsteoPro UBD 2002A, B. M. Tech 
Co., Ltd., Korea) by the same trained medical technician over the 
entire experimental period. Each instrument was standardized 
and calibrated before the first measurement on each test day in 
accordance with the manufacturer’s recommendations. BMD is a 
clinical determinant of osteopenia or osteoporosis and is calculat-
ed using each individual’s T-score according to the criteria estab-
lished by the World Health Organization (WHO), in which a score 
of greater than –1 indicated normal bone density, a score from 

e923603-2
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Xuan R. et al.: 
Bone mineral density of Southeast Chinese adults

© Med Sci Monit, 2020; 26: e923603
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



–1 to –2.5 indicated low bone mass or osteopenia, and a score 
of less than –2.5 indicated osteoporosis [20]. Following ultrason-
ic densitometry, female and male participants were divided into 
three groups, an osteoporosis group (OG1, n=29 and n=54, re-
spectively), an osteopenia group (OG2, n=191 and n=138, respec-
tively), and a normal group (NG, n=203 and n=72, respectively).

Statistical analyses

All data were presented as mean±standard deviation (SD). 
Spearman’s rank-order correlation coefficient was applied to 
assess the linear correlations between age, anthropometric pa-
rameters and BMD in each gender. One-way analysis of vari-
ance with post hoc Tukey tests were used for multiple compar-
isons of age and anthropometric parameters between groups. 
All statistical analyses were performed using SPSS software, 
version 17.0 (SPSS Inc., Chicago, IL, USA), with p<0.05 indicat-
ing statistical significance. The statistical power of the analy-
sis was calculated using GPower 3.1 software.

Results

Complete data sets were available for 689 participants, includ-
ing 424 females (61.5%) and 265 males (38.5%). Characteristics 
of these participants are summarized in Table 1.

Correlation analysis (Table 2, Figures 1, 2) showed that, ex-
cept for age, there were no significant correlations between 
BMD and height, weight and body mass index (BMI) in both 
genders. In contrast, age was found to be negatively corre-
lated with BMD in female participants (r –0.24, p<0.001) and 
positively correlated in male participants (r=0.24, p<0.001).

When comparing the means of age and anthropometric pa-
rameters and BMD categories, there were significant differ-
ences between groups (Table 3). Multiple comparisons using 
post-hoc analysis showed that age was significantly higher in 
the OG2 (p=0.03) and OG1 (p<0.001) groups than in the NG 
group in female, but not in male, participants. Moreover, age 
was significantly higher in the OG1 (p=0.003) than in the OG2 
group in females. Although no significant differences in height, 
weight, and BMI were found between groups in both genders, 
there was a downward trend in these parameters from the NG 
group to the OG1 group.

Discussion

The main purpose of this study was to identify whether there 
were any associations among age, anthropometric parameters 
and BMD in southeast Chinese adults. Our results demonstrat-
ed that there were no significant correlations between BMD 

Table 1. Characteristics of the study population.

Variable
Female (n=424) Male (n=265)

Mean±SD Minimum Maximum Mean±SD Minimum Maximum

Age (yr) 41.20±8.76 22 60 41.45±9.35 25 62

Height (m) 1.60±0.05 1.46 1.74 1.71±0.06 1.54 1.89

Weight (kg) 56.53±7.19 41.0 85.8 71.24±9.49 46 105.9

BMI (kg/m2) 22.04±2.60 15.4 32.3 24.44±2.91 16.5 36.0

T-score –1.01±1.13 –6 2.83 –0.96±1.26 –3.39 4.33

BMI – body mass index.

Table 2. Correlations between age, anthropometric parameters and BMD in female and male participants.

Variable
Female (n=424) Male (n=265)

r p-value r p-value

Age (yr) –0.24 <0.001* 0.24 <0.001*

Height (m) 0.01 0.92 0.03 0.61

Weight (kg) 0.07 0.17 0.10 0.1

BMI (kg/m2) 0.08 0.13 0.08 0.19

BMI – body mass index, BMD – bone mineral density; * indicates statistical significance (p<0.05).
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and anthropometric parameters, including height, weight, and 
BMI, in either gender. However, BMD and age were significant-
ly correlated in both males and females, with the correlations 
being positive in male but negative in female participants.

Recently, ultrasonic densitometry measurements of BMD at 
the calcaneus site have been proposed for identifying individ-
uals at risk of osteoporotic fracture in large populations. This 
technique has been demonstrated to be an ideal experimental 
tool because of its portability and lack of the risk of radiation 
[7,10,21,22]. However, if a T-score less than –2.5 is defined as 
osteoporosis, the prevalence of osteoporosis may be underes-
timated when BMD of the heel is measured by ultrasonic den-
sitometry [23]. This finding may partially explain why the corre-
lations between anthropometric parameters and BMD observed 
in this study differed from those in previous studies, which 
have found that, in addition to age, BMD significantly correlat-
ed with height, weight, and BMI [1,7,24,25]. Because few stud-
ies have assessed correlations among age, anthropometric pa-
rameters and BMD in Asian populations, especially in Chinese, 
other factors may have contributed to the differences observed.

Results from this study also revealed that associations be-
tween age and BMD differed in females and males. In females, 

increased age was associated with a significantly increased risk 
of osteoporosis, a finding consistent with those observed pre-
viously [10,26,27]. Our results indicated that age was positive-
ly associated with BMD in males, suggesting that increased 
age may result in a decreased tendency toward osteoporosis. 
To our knowledge, this finding has not been observed in oth-
er populations, including Asian populations.

Several possible reasons could explain these differences. First, 
because of increasing social pressures from both family and 
work, young Chinese men are becoming more dependent on 
alcohol, with total per capita alcohol consumption of Chinese 
men being 17.0 liters in 2016, which is much higher than the 
world average [28]. Alcohol dependence would lead to sever-
al medical problems, such as liver dysfunction and vitamin D 
deficiency, which could increase the risk of osteoporosis [29]. 
In addition, alcohol itself can disturb bone remodeling and en-
hance bone fragility, which increase bone loss [30]. Fractures 
have been reported to be over four times more frequent in 
subjects with chronic alcoholism than in age-matched con-
trols [31]. Second, a large proportion of the young participants 
recruited in this study were office workers, who tended to have 
sedentary lifestyles. In contrast, older participants are becom-
ing more and more health-conscious and participate in more 

Figure 1.  Correlations among age, anthropometric parameters and BMD of female participants. Correlations between (A) age and 
BMD; (B) height and BMD; (C) weight and BMD; and (D) BMI and BMD. BMD, bone mineral density; * p<0.05.
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Table 3. Comparisons of age and anthropometric parameters between different groups of female and male participants.

Gender Variable

Group

p-value
Post hoc test (p-value)

PowerNG OG2 OG1

Mean±SD Mean±SD Mean±SD NG/OG2 NG/OG1 OG2/OG1

Female

Age (yr) 39.66±8.29 41.94±8.99 47.21±8.76 <0.001 0.03* <0.001** 0.003*** 0.99

Height (m) 1.60±0.05 1.61±0.05 1.58±0.05 0.11 0.66 0.22 0.09 0.46

Weight (kg) 56.90±7.20 56.54±7.28 53.86±6.12 0.10 0.87 0.08 0.15 0.46

BMI (kg/m2) 22.21±2.56 21.96±2.71 21.45±2.08 0.28 0.61 0.31 0.59 0.28

Male

Age (yr) 40.36±8.92 41.78±9.61 42.09±9.31 0.49 0.55 0.56 0.98 0.18

Height (m) 1.72±0.06 1.70±0.06 1.70±0.05 0.10 0.09 0.33 0.94 0.42

Weight (kg) 73.06±10.19 70.66±9.18 70.26±9.13 0.15 0.19 0.23 0.96 0.34

BMI (kg/m2) 24.72±3.19 24.41±2.83 24.17±2.73 0.56 0.74 0.54 0.87 0.13

NG – normal group; OG1 – osteoporosis group; OG2 – osteopenia group; BMI – body mass index; * indicates statistical significance 
between NG and OG2 (p<0.05); ** indicates statistical significance between NG and OG1 (p<0.05); *** indicates statistical significance 
between OG2 and OG1 (p<0.05).

Figure 2.  Correlations among age, anthropometric parameters and BMD of male participants. Correlations between (A) age and BMD; 
(B) height and BMD; (C) weight and BMD; and (D) BMI and BMD. BMD, bone mineral density; * p<0.05.
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outdoor sports activities. Exercise has shown consistent ben-
efits on BMD and has been widely recommended as a primary 
preventive strategy to reduce the risk of osteoporosis [32,33]. 
Third, this trend may be misleading, as few older participants 
were involved in this study. Although a significantly positive 
association was found between age and BMD in male partic-
ipants, there were no significant differences in age when the 
three groups were compared. More interestingly, the mean 
age of the OG1 and OG2 groups was slightly greater than that 
of the NG group, indicating that the correlations observed in 
male participants may have been influenced by high leverage 
points on the extremes of the data set. Additional studies, how-
ever, are warranted to fully understand these inconsistences.

This study also attempted to summarize the characteristics 
of southeast Chinese adults who are at high risk of osteo-
porosis. Results of multiple comparisons showed that there 
were no significant differences in anthropometric parameters 
among groups of both genders. However, height, weight, and 
BMI tended to decrease from the NG to the OG1 group, indi-
cating that both male and female subjects with osteoporosis 
were shorter, lighter and had a lower BMI. This finding is con-
sistent with studies in Caucasian populations [34–36]. In ad-
dition, female osteoporosis patients in this study were older, 
as females in the OG2 and OG1 groups were significantly old-
er than those in the NG group. However, the correlation be-
tween age and BMD of male participants and the age differ-
ence among male groups differed from results of other studies.

This study had several limitations. First, it was cross-sectional 
in design, making it difficult to fully explore the time course of 
bone loss. Moreover, several other parameters, such as family 
history and lifestyle, which may affect the risk of osteoporosis, 
were not measured in this study. Lastly, although this study 
included large numbers of males and females over a wide age 
range, none of the participants was aged 70–80 years. Further 
longitudinal studies with larger sample sizes and wider age 
ranges are warranted to explore the prevalence of osteoporo-
sis and related factors in Chinese populations.

Conclusions

In conclusion, this study provides reference data for setting 
up national programs to prevent and control osteoporosis in 
China. The results showed that BMD was negatively correlat-
ed with age in females, and positively correlated with age in 
males. In addition, the anthropometric parameters of Chinese 
osteoporosis patients were consistent with those measured 
in Caucasians, except for the age of the male participants. 
Because few studies to date have focused on the onset of os-
teoporosis in China, further exploratory investigations are re-
quired to fully understand these differences and relationships.
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