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Abstract
The aim of this study was to compare bone mineral densities (BMDs) and body composition between Southeast Asia college
students and Chinese college students, in order to provide a certain reference enhancing college students’ physical fitness.
A total of 1694 Chinese college students (294men and 1400 women, aged 18–22 years) and 250 Southeast Asia college students

(148 men and 102 women, aged 19–22 years) were included in the study. Weight, height, and body mass index were measured
anthropometrically. BMD values were determined by ultrasound bone densitometer and body composition was determined by body
composition analyzer.
Southeast Asia college students were overweight than Chinese college students (250 vs 1694) (P<0.05). Chinese college

students had a significantly lower body weight, fat mass, lean tissue mass, lean body weight, estimation of bone mass, protein, and
metabolic rate but higher BMD at the calcaneus compared with Southeast Asia college students (P<0.05 for all parameters).
However, body water, intracellular fluid, and extracellular fluid were not significantly different between Chinese college students and
Southeast Asia college students (P>0.01 for all parameters).
The results of this cross-sectional study suggest that Chinese college students had a higher BMDbut lower body composition than

Southeast Asia college students, which may be associated with genes, diet, exercise, and other factors.

Abbreviations: BMD = bone mineral density, BMI = body mass index.
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1. Introduction of life and increases the financial burden. A study has
Recently, a study pointed out that approximately 60% of the
adult population in the world is clinically defined as overweight
or obese,[1] and the number of individuals clinically defined as
obese (BMI 30kg/m2) has increased by 50% over the past
decade.[2] As we all know, being overweight and obesity are
important risk factors for many chronic diseases, such as
diabetes, cardiovascular disease, and so on. Further, it is a
global public health problem which seriously affects the quality
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pointed out that the heavier the weight, the more chances of
having high blood pressure, and researchers found that
because of too many fat cells there is a need to secrete too
much insulin in the pancreas, in order to convert the blood
sugar into energy. When the pancreas is overloaded, the
function is weakened, so sugar in the blood increases, which
cannot be fully utilized and is discharged in vitro. Obese
women are 4 times more likely to develop diabetes than normal
women, and 70% of patients with diabetes are obese. In
patients with diabetes due to obesity, after weight loss, the
condition improves and the metabolic function of sugar returns
to normal.
At the same time, studies evaluating self-reported data to

calculate BMI suggest that approximately 27%[3] to 35%[4] of
college students are overweight or obese (BMI 25.0kg/m2).
Huang had reported that overweight students were almost 3
times more likely to suffer at least one component of metabolic
syndrome than students with normal weight.[5] It is difficult to
reverse once obesity is established. Therefore, the development of
effective strategies for the prevention of obesity arises out of
extreme clinical importance.[2] Studies had pointed out that
people in a university are more likely to gain weight throughout
the life cycle.[2–7]Meanwhile, research points out that the trend of
College Students’ physical fitness is declining,[8–12] which has
attracted the attention of the majority of clinical workers. The
present study was conducted to measure the bone mineral density
(BMD) and body composition of Chinese college students and
Southeast Asia college students, and to establish a reference
database of BMD in different regions, and to explore the
difference of BMD and body composition among different
college students.

mailto:1115196377@qq.com
http://dx.doi.org/10.1097/MD.0000000000004724


Table 1

Age, height, weight, and body mass index (BMI) between Southeast Asia college students and Chinese college students (average±
standard deviation).

Male (N=442) Female (N=1502)

Southeast Asia (N=148) China (N=294) Southeast Asia (N=102) China (N=1400)

Age, y 22.57±3.160 21.22±1.706
∗

21.73±1.976 20.74±1.394†

Height, cm 172.52±6.763 169.37±5.848
∗

159.31±6.359 157.55±4.848†

Weight, kg 68.06±13.142 59.73±9.332
∗

53.94±9.738 47.60±5.612†

BMI, kg/m2 22.81±3.948 20.78±2.831
∗

21.20±3.400 19.15±1.957†

∗
P<0.05 versus male college students of Southeast Asia.

† P<0.05 versus female college students of Southeast Asia.
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2. Materials and methods

Two hundred fifty Southeast Asia college students (148 men and
102 women) and 1694 Chinese college students (294 men and
1400 women) were studied (mean age±SD: 18.42±4.52 years,
range 18–22 years). Inclusion criteria: all subjects were excluded
if having bone metabolism and calcium metabolism-related
diseases; hormone drugs were not used in the past 3 months;
without taking anti osteoporosis drugs nearly a year, etc.; all
subjects were voluntarily participated and signed the consent
form. Exclusion criteria for all subjects consisted of medical
history of disorders that affect skeletal metabolism. The
following conditions were reasons for exclusion from the study:
smoking, excessive alcohol use, corticosteroids, eating disorders,
diabetes mellitus, hyperparathyroidism, thyroid dysfunction,
liver disease, and renal disorders. The retrospective study was
approved by Guangxi Medical University Ethics Committee and
informed written consent was obtained prior to all testing.
ByusingUltrasonicbonedensity instrument toassess theBMDof

left calcaneal. The main indicators are SI (bone stiffness index),
calculated by BUA (ultrasonic frequency attenuation) and SOS
(ultrasonic velocity) according to the following formula: SI=
0167� (BUA)+0128� (SOS)�420. Ultrasonic bone density in-
strument was conducted quality testing after test every day,the
whole operation process is carried out by professional researchers.
Using human body composition analyzer Inbody 3.0 (Bio-

space, Korea) to measure body composition, the subject take off
shoes and socks, and place the foot on the foot electrode,
properly, his hands holding the hand electrode. After using the
keyboard to enter the age, height, sex of the subjects, the body fat
percentage, total body water, intracellular, liquid, protein
content, mineral content, lean body weight, and muscle weight
of the test subjects were measured.
Height of the subjects was measured artificially. Height was

measured 3 times, and the average was taken.
Data were analyzed using the SPSS mainframe statistical

programs and statistical significance was set at P<0.05. Results
were presented as means±SD. Group differences in BMD were
Table 2

The comparison of bone mineral densities among Southeast Asia co
deviation).

Male (N=442)

Southeast Asia (N=148) China (N=294)

BQI 102.76±18.087 111.18±20.310
∗

T �0.2 (1.8) 0.3 (1.9)
∗

Z �0.1 (1.9) 0.4 (1.9)
∗

∗
P<0.05 versus male college students of Southeast Asia.

† P<0.05 versus female college students of Southeast Asia.
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evaluated using analysis of variance (ANOVA) with follow-up
Tukey multi comparison test. Due to significant differences
among groups in height and weight, subsequent covariance
analysis (ANCOVA) was employed, using both height and
weight as covariates.

3. Results

Some characteristics of Southeast Asia college students and
Chinese college students are shown in Table 1. The body weight
and height of Southeast Asia college students were significantly
higher than that of Chinese college students. In addition, body
mass index (BMI) was significantly higher in Southeast Asia
college students compared with Chinese college students (P<
0.05 for all parameters).
BMD results among Southeast Asia college students and

Chinese college students are shown in Table 2. BQI (bone index),
T, and Z were significantly higher in Chinese college students
compared with Southeast Asia college students (P<0.05 for all
parameters).
Body composition results among Southeast Asia college students

and Chinese college students are shown in Table 3. Fat free mass,
muscle mass, protein, body water, extracellular fluid, estimation of
bone mass, basal metabolism, total energy metabolism, fat mass,
visceral fat rating, visceral fat area, visceral fat content, subcutaneous
fat content, upper limbs muscle mass, lower limbs muscle mass,
trunk fat, trunk fat percentage, upper limbs fatmass, upper limbs fat
percentage, lower limbs fat mass, and lower extremity fat ratio were
significantlyhigher inSoutheastAsia college students comparedwith
Chinese college students (P<0.05 for all parameters). However,
torso muscle mass and upper limbs muscle mass were not
significantly different in Southeast Asia college students compared
with Chinese college students (P>0.05 for all parameters).

4. Discussion

In our sample of college students, approximately 25.2% had
BMIs at baseline that would classify them as being overweight or
llege students and Chinese college students (average±standard

Female (N=1502)

Southeast Asia (N=102) China (N=1400)

97.78±16.956 99.92±14.072†

0 (1.9) 0.3 (1.2)†

0 (1.9) 0.3 (1.2)†
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Table 3

The body composition results among Southeast Asia college students and Chinese college students.

Male (N=442) Female (N=1502)

Southeast Asia (N=148) China (N=294) Southeast Asia (N=102) China (N=1400)

FFM, kg 54.66±6.959 51.90±5.547
∗

37.66±4.364 36.72±3.020‡

Muscle mass, kg 51.83±6.612 49.20±5.270
∗

35.52±3.993 34.66±2.760‡

Protein, kg 15.66±2.711 12.98±1.878
∗

9.39±1.086 9.09±0.816‡

Body water, kg 36.29±4.855 36.27±4.369
∗

26.17±3.557 25.61±2.397‡

Intracellular fluid, kg 22.20±3.400 22.78±3.184
∗

15.67±2.201 15.91±1.600‡

Extracellular fluid, kg 14.04±1.600 13.51±1.268
∗

10.53±1.498 9.73±0.905‡

EBM, kg 2.83±0.350 2.70±0.279
∗

2.14±0.371 2.05±0.264‡

Basal metabolism, kg 1578.6±214.9 1490.5±167.3
∗

1178.7±139.8 1130.7±91.5‡

Total energy metabolism, kg 2344.1±319.2 2213.5±248.4
∗

1750.3±207.6 1679.0±136.0‡

Fat mass, kg 13.42±7.404 7.85±4.967
∗

16.30±6.441 10.90±3.450‡

Visceral fat rating, kg 6.11±4.065 3.41±2.795
∗

2.93±2.213 1.27±0.710‡

Visceral fat area, cm2 60.13±40.090 33.53±27.158
∗

28.95±21.470 12.67±6.992‡

Visceral fat content, kg 1.93±1.645 0.88±0.927
∗

1.60±1.133 0.74±0.411‡

Subcutaneous fat content, kg 11.52±5.757 6.97±4.067
∗

14.68±5.340 10.16±3.055‡

Torso muscle mass, kg 26.74±3.839 24.59±2.606† 18.62±2.677 17.65±1.621‡

Upper limbs muscle mass, kg 5.69±2.209 5.16±0.670† 3.45±1.413 3.06±0.372‡

Lower limbs muscle mass, kg 19.69±2.742 19.55±2.354
∗

13.55±1.450 14.05±1.076‡

Trunk fat, kg 7.33±4.602 4.09±2.916
∗

8.20±3.955 4.80±2.055‡

Trunk fat, % 19.21±9.071 12.74±6.984
∗

27.95±8.803 19.79±6.268‡

Upper limbs fat mass, kg 1.01±0.631 0.67±0.363
∗

1.34±0.757 0.84±0.329‡

Upper limbs fat, % 26.2±11.8 19.6±8.8
∗

50.2±15.5 37.8±10.5‡

Lower limbs fat mass, kg 5.18±2.325 3.20±1.748
∗

6.87±1.880 5.38±1.110‡

Lower extremity fat ratio, % 38.2±10.85 25.2±9.66
∗

63.5±9.53 52.3±6.78‡

Due to significant differences among groups in height and weight, subsequent covariate analysis (ANCOVA) was employed, using both height and weight as covariates.
EBM= estimation of bone mass, FFM= fat free mass.
∗
P<0.05 versus male college students of Southeast Asia.

† P>0.05 versus male college students of Southeast Asia.
‡ P<0.05 versus female college students of Southeast Asia.
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obese (25.0kg/m ), of which the percentage of college students in
Southeast Asian countries is 27, the percentage of Chinese college
students is 24. These findings agree well with the estimates by
Huang and colleagues.[3,5] However, they are somewhat less than
that estimated by reported heights and weights.[13] The results of
our study clearly support the notion that college students
experience significant weight gain in the university. Meanwhile,
in our study, the obesity rate of college students in Southeast
Asian countries is higher than that of Chinese college students,
and the difference is statistically significant (P<0.05). There may
be several reasons about that: different genetic gene, Mejía-
Benítez[14] pointed out that genetic differences, the incidence of
obesity are not the same, the number of AMY1 copy can reduce
obesity risk when the living environment is different, the
incidence of obesity is not the same. Papas pointed out there
has a relationship between built environment features and the
prevalence of obesity, lower SES neighborhoods are a primary
concern.[15] Different diet, Um found that the absence of S6K1
protects against age and diet-induced obesity while enhancing
insulin sensitivity. The incidence of obesity is different.[16]

BMD is influenced by many factors, such as age, sex, weight,
female menopause, heredity, etc. Many cross-sectional studies
have confirmed that BMD is positively correlated with body
weight.[17–18] Low weight is part of the risk factors for the
occurrence of osteoporosis.[19] Weight is a mechanical load
factor,the greater the weight and the BMI,the greater weight the
bone is to bear, relatively high mechanical load reduced bone
resorption and stimulates bone formation, so as to increase the
bone strength and bone mineral content, delaying the osteopo-
rosis occurrence and reducing the degree. However, in our study,
weight and BMI of college students in Southeast Asian countries
were higher than that of Chinese students, but their BMD is lower
3

than that of Chinese college students. Our result is not consistent
with the reported literature.[20–22] The reason for this may be: in a
certain period of time, Southeast Asia college students leave the
original environment, and come to a new environment, they did
not fully adapt to or accept the new environment and the new
diet, therefore, BMD changes. Our study further showed that
BMD changes with the environment and diet. Result is in good
agreement with that of Merrilees, Wood, and Sahni.[23–25]

It is believed that BMD is affected by the mechanical stress
exerted by weight.[26–30] The greater the weight, the greater the
mechanical stress on the bone, and thus the greater the stimulus.
However, body composition may be more important than
weight, and body composition is an important determinant of
BMD. Early observations indicated that the relationship between
body composition and BMD was altered between sexes.[31–35]

Lean body weight and body fat content have a distinct effect on
bone density. The relationship between bone density and lean
body mass in men is important, while in women it is just the
opposite. At present, the mechanism of body composition and
BMD is still not clear, whether the effect of bone density is caused
by the lean body weight and body fat content is still not clear.
Some researchers point out that body fat content is the decisive
factor of bone density. Some researchers think that lean body
mass has a relationship with BMD.[32,36–38] It was also found that
there was a significant correlation between body fat and lean
body mass and bone density. Such a big difference may be due to
use of different research methods to draw different conclusions.
However, in our study, the body fat content and lean body mass
were higher in Southeast Asia college students compared with
Chinese college students, but the BMD of Southeast Asia college
students is lower than that of Chinese college Students. The
reasonmay be body fat. Lean bodymass have no correlation with

http://www.md-journal.com


[16] Um SH, Frigerio F, Watanabe M, et al. Absence of S6K1 protects against
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BMD,or a different research methods may draw different
conclusions. Reid[39] pointed out that the basic mechanism of
bone density and body fat content is still not clear, and it is not
possible to be assigned to the mechanical load generated by the
soft tissue. It is an example to showed that lean body weight is
significantly associated with BMD/height, and there is no gender
difference in terms of infiuence.
In conclusion,The study found that college students’obesity rate

is higher than other groups, the rate of obesity among Southeast
Asian countries is higher than that of Chinese university students,
needing society and the country to take the necessary measures to
reduce the incidence of obesity. Our study also found that the body
composition of college students in Southeast Asian countries is
higher than that of Chinese college students, but the bone density is
lower than that of Chinese male college students. It suggested that
when environment and dietary have a change,the body weight,
lean bodyweight, fatmass, and BMDwill not positively correlated
with environment and dietary.
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