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Abstract
Background  Osteoporosis is a considerable public health challenge in Moyu County, Xinjiang. Here, we evaluated 
the influencing factors of osteoporosis in this region.

Methods  We recruited 7,761 participants and randomized them into normal and osteoporotic populations based on 
T-score. The effects of general conditions, body composition, calcium sources and exercise, respiratory exposure, and 
daily diet on osteoporosis were analyzed. Furthermore, a structural equation model was constructed to uncover the 
direct and indirect influencing factors of osteoporosis.

Results  Among the participants, 1,803 (23.23%) had normal bone mass while 1,496 (19.28%) had osteoporosis. 
The univariate analysis showed significant differences in the general conditions, body composition, calcium sources 
and exercise, respiratory exposure, and daily diet. Stratification based on age (45 years) and body mass index 
(BMI) (18.5 kg/m2) showed variations in the body composition between the two groups; however, the visceral fat 
differed significantly. Logistic regression analysis affirmed the association of visceral fat index as it was included in all 
equations, except for age and female menopause. The structural equation exhibited that the general conditions, body 
composition, and, calcium sources, and exercise were direct factors of osteoporosis, while respiratory exposure and 
daily diet were indirect factors. The standardized path coefficient was highest in general conditions, followed by body 
composition, and lastly, calcium sources and exercise.

Conclusion  Obesity, besides age and female menopause, is also an influencing factor of osteoporosis. The visceral 
fat index plays a vital role in osteoporosis. Our findings may provide experimental evidence for early prevention and 
treatment of osteoporosis.
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Background
Osteoporosis is a prevalent bone disease that is charac-
terized by low bone mass, deterioration of bone tissue, 
and destruction of bone structure [1]. The etiology and 
influencing factors of osteoporosis have been the sub-
ject of extensive research [2]. The factors known to affect 
this disease include age [3], female menopause smoking, 
drinking, dietary supplements [4], (such as calcium and 
vitamin D), exercise, and obesity [5].

The relationship between obesity and osteoporosis is 
complex, and no clear conclusion has been reached yet. 
On the one hand, obesity may act as a protective factor 
against osteoporosis and fractures. One previous study 
[6] has indicated a direct relationship between body mass 
index (BMI) and bone mineral density (BMD). A subse-
quent study [7] in postmenopausal women has linked 
higher BMI to a lesser likelihood of hip fracture. On the 
other hand, several studies, including meta-analyses, 
have reported various fractures in women and elderly 
men after adjusting for BMD [8, 9]. Obesity can be both 
a risk and a protective factor, and a high BMI is also con-
sidered a risk factor for osteoporosis. Research [10] has 
shown that women who are not obese after menopause 
tend to have lower bone density and higher rates of 
osteoporosis. Additionally, obesity may increase the risk 
of osteoporosis, as adipose tissue can release hormones 
and cytokines that promote the development of osteopo-
rosis .

The uncertainty regarding the relationship between 
obesity and osteoporosis may stem from the fact that 
previous studies used BMI as the primary measure of 
obesity. Recent studies [11, 12] that focused on the rela-
tionship between body composition and health, par-
ticularly cardiovascular health, have resolved many of 
the paradoxes related to obesity and identified excessive 
body fat as a risk factor. Body composition is composed 
mostly of fat and non-fat mass, and the fat includes vis-
ceral fat and subcutaneous fat. Evidence has shown that 
non-fat mass is positively correlated with bone density in 
all skeletal sites and is a protective factor for osteoporosis 
[13]. Nevertheless, there is an ongoing debate about the 
relationship between fat mass, different BMI values and 
standards, and osteoporosis [14, 15]. Furthermore, lim-
ited research has focused on visceral fat, which is closely 
linked to obesity [16].

The structural equation model provides a clear analysis 
of how individual indicators affect the overall situation 
and their relationship with each other. In comparison to 
traditional multivariate regression analysis, it can simul-
taneously consider the relationships between multiple 
variables, providing a more comprehensive and accu-
rate analysis for identifying influencing factors. Previ-
ous studies [17, 18] have analyzed the influencing factors 
of osteoporosis in elderly and postmenopausal women 

using the structural equation model. However, studies 
on the effects of obesity, abdominal obesity, and visceral 
fat on osteoporosis are limited. Furthermore, the effect 
of visceral fat on young adults and male youth has been 
largely unreported.

Herein, this article investigated the direct and indi-
rect influencing factors of osteoporosis in the rural resi-
dents of Moyu, Xinjiang. Data were collected by detailed 
questionnaires and dietary surveys. The body compo-
sition was tested. The structural equation model was 
constructed to evaluate the influencing factors of osteo-
porosis. The findings may provide a theoretical basis for 
the prevention and treatment of osteoporosis.

Methods
Sample size calculation
The villages were selected according to the principle of 
regional representativeness and operability. A multi-stage 
random cluster sampling method was used to determine 
the appropriate sample size, estimating a disease preva-
lence of 15% with a relative error rate of 5‰. The sample 
size was calculated with the formula n = uα

2p(1−p)
δ2 . Finally, 

we calculated a sample size of 7,056 individuals.

Study participants
We enrolled participants from the Xinjiang Multi-Ethnic 
Cohort [19]. In detail, between May and November of 
2018, a survey of 102 natural villages in seven townships 
covering 75% of the area in Moyu County, Hotan Prefec-
ture, Xinjiang was conducted. A total of 7,872 individu-
als were recruited, 7,761 of whom received both bone 
density and body composition tests. Inclusion criteria: 
(1) Age between 20 and 75 years old; (2) Individuals will-
ing to participate in the questionnaire survey and physi-
cal measurement. Exclusion Criteria: (1) Individuals who 
cannot cooperate with bone density testing; (2) Pregnant 
women; (3) Individuals with severe internal or surgical 
diseases. All participants provided written informed con-
sent. This study was conducted according to the Declara-
tion of Helsinki and approved by the Ethics Committee of 
Xinjiang Uygur Autonomous Region Traditional Chinese 
Medicine Hospital (approval no. 2018XE0108).

Questionnaire survey
The baseline data of participants were collected using 
the unified questionnaire from the “Northwest Region 
Natural Population Cohort Construction” project. The 
collected data included demographic characteristics, 
lifestyle factors (such as smoking, drinking, tea drink-
ing, and physical activity), disease history (health status, 
history of chronic diseases, and female reproductive his-
tory), dietary conditions, etc.
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Body composition
The body composition was measured using the bioelectri-
cal impedance analyzer (TANITA DC-430MA; TANITA 
Corporation, Tokyo, Japan). The readings for height and 
weight were accurate at 0.1 cm and 0.1 kg, respectively. 
Waist circumference was measured from the midpoint 
between the upper edges of the hips to the lower edge of 
the ribcage during quiet exhalation, with a reading accu-
racy of 0.1  cm. The test results included body weight, 
body fat percentage, non-fat mass, muscle mass fraction, 
muscle mass, obesity level, visceral fat index (VFI), body 
water percentage, and basal metabolism.

BMD T-score measurement and osteoporosis diagnosis
BMD T-score was measured at the left calcaneus using 
SONOST-2000 (OsteoSys, Korea) [20, 21]. This equip-
ment was linked to a computer with analysis software 
based on Asian standards. The broadband ultrasound 
attenuation (decibels/MHz) and speed of sound (m/s) 
were measured. The stiffness index was calculated using 
the formula: stiffness index = 0.67 × (broadband ultra-
sound attenuation) + 0.28 × (speed of sound) − 420. The 
measurement results were compared to the Asian stan-
dards equipped on the computer to generate a BMD 
T-score for further evaluation. The BMD T-score was 
determined as the tested value = (estimated value – aver-
age value for individuals of the same gender) / standard 
deviation. According to the diagnosis standard of the 
World Health Organization, a BMD T-score ≥ − 1.0 was 
considered normal, -1.0 > BMD T-score >-2.5 was consid-
ered osteopenia, and a BMD T-score ≤-2.5 was consid-
ered osteoporosis.

Statistical analysis
Quantitative data of normal distribution are described 
by mean and standard deviation and were tested using 
an F-test followed by LSD. Qualitative data, which are 
described using absolute numbers and composition 
ratios, were analyzed using a chi-square test.

The stratified analysis was conducted based on the Chi-
nese adult BMI classification standard. A BMI greater 
than or equal to 18.5 Kg/m2 was categorized as under-
weight, 18.5 Kg/m2< BMI<24.0 Kg/m2 was considered 
normal, 24.0 Kg/m2< BMI<28.0 Kg/m2 was classified as 
overweight, and BMI ≥ 28.0 Kg/m2 was defined as obese. 
The classification for young adults was set at 45 years of 
age, considering factors such as the World Health Orga-
nization’s classification for young adults and menopausal 
status in females.

A multivariate logistic regression analysis was con-
ducted to analyze the factors affecting osteoporosis, using 
the normal group as the control and osteoporosis as the 
event. The influencing factors were stratified according 
to the entire population, people with BMI > 18.5 Kg/m2, 

males with BMI > 18.5 Kg/m2, females with BMI > 18.5 
Kg/m2, males under the age of 45 with BMI > 18.5 Kg/m2, 
and females under the age of 45 with BMI > 18.5 Kg/m2. 
A two-sided P value less than 0.05 was considered signifi-
cant. R4.1.1 was used for statistical analysis and graphical 
plotting.

Structural equation modeling
The structural equation model was constructed using 
SPSS AMOS 26.0, according to the following three steps. 
(1) Theoretical model establishment: This step involved 
proposing theoretical models based on literature review, 
data collection, and work experience. (2) Exploratory 
factor analysis: The collected data variables underwent 
factor analysis, wherein variables that were not reason-
ably classified were removed to reduce dimensionality 
and achieve maximum cumulated explained variance. 
The final variables were then selected. (3) Confirmatory 
factor analysis: This step involved identifying the model, 
sample size, parameter estimation, and fitting param-
eters, and standardizing model path coefficients and fac-
tor loads. Model modification followed standardization. 
The measurement reliability of the model was assessed by 
the degree to which measured indicators could accurately 
reflect the connotation of latent variables, measured by 
the squared multiple correlation coefficient (R2) of the 
measured variables. Generally, R2 > 0.5 was considered 
reliable.

Results
Baseline data and univariate analysis
In this study, 7761 participants were surveyed and Fig. 1 
shows the participant selection and the number of par-
ticipants during different statistical analyses. The partici-
pants were classified into three groups based on the BMD 
T-score: normal (23.23%; 1,803), osteoporosis (19.28%; 
1,496), and osteopenia (57.49%; 4,462). Univariate analy-
sis revealed that age, height, gender, menopause, occu-
pation, education level, previous diseases, rheumatoid 
arthritis, fractures, calcium sources and exercise (calcium 
or vitamin D supplements, Labor, and dairy product 
intake), daily diet (carbonated drinks, meat, and tea con-
sumption), and respiratory exposure (heating or cooking 
fuel, secondhand smoke exposure, and smoking) showed 
statistically significant differences among the three 
groups (P < 0.05), as presented in Table 1.

Differences in body composition of age subgroups
Because being underweight is a known factor affecting 
osteoporosis, only those with a BMI greater than 18.5 
Kg/m2 were included in the analysis of body composi-
tion. We found differences in body composition among 
three groups: normal, osteoporosis, and osteopenia. 
Further analysis of the body composition indicators of 
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the groups aged < 45 and ≥ 45 revealed differences in 
body fat percentage, non-fat mass, muscle mass fraction, 
muscle mass, obesity level, VFI, body water percentage, 
and basal metabolism in both males and females (supple-
mentary Table S1). However, in the population under the 
age of 45, there were not many differences in the various 
body composition indicators (such as body fat percent-
age, non-fat mass, muscle mass, obesity level, and VFI), 
except that visceral fat showed variations between osteo-
porosis and normal group in females (Table 2).

Multivariate logistics regression analysis
Multivariate logistics regression analysis found that age, 
BMI, VFI, menopause, tea, and environmental tobacco 
smoke (ETS) were influential factors for osteoporosis in 
the overall population, as shown in Fig. 2A. After strati-
fying by BMI > 18.5, BMI was no longer a significant fac-
tor. Instead, age, VFI, menopause, tea, ETS, and Labor 
were identified as influential factors for osteoporosis in 
those with BMI > 18.5 (Fig.  2B). By further dividing the 

population by gender and BMI > 18.5, the regression 
analysis showed that age, VFI, tea, and ETS were influen-
tial factors for osteoporosis in men (Fig. 2C), while age, 
VFI, and menopause were influential factors for women 
(Fig. 2D). After stratifying by age, the analysis found that 
VFI, Labor, and fracture were influential factors for men 
with BMI > 18.5 and age < 45 years old (Fig.  2E), while 
VFI and fracture were influential factors for women with 
BMI > 18.5 and age < 45 years old (Fig. 2F).

Structural equation model
Owing to the diverse influential factors and the hazy cor-
relation among the variables, we established the struc-
tural equation model to further explore the influential 
factors. In the theoretical model, we initially categorized 
the influential factors into five aspects, including general 
situations, body fat, daily diet, exercise, calcium supple-
mentation, and respiratory exposure by conducting sin-
gle-factor and multiple-factor analyses of osteoporosis. 
Additionally, exploratory factor analysis revealed that 

Fig. 1  The participant selection and the number of participants during different statistical analyses
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Variables Normal (n = 1803) Osteoporosis 
(n = 1496)

Osteopenia 
(n = 4462)

t/χ2 P

General condition
Age 49.47 ± 9.47 57.7 ± 9.66*# 52.99 ± 9.87 292.48 < 0.001
Height (cm) 158.19 ± 7.88 155.19 ± 9.09*# 156.69 ± 8.51 9.591 < 0.001
Sex Male 734(40.71) 525(35.09) * 1682(37.7) 11.134 0.004

Female 1069(59.29) 971(64.91) * 2780(62.3)
Menopause No 774(42.93) 236(15.78) *# 1339(30.01) 482.756 < 0.001

Yes 295(16.36) 735(49.13) 1441(32.29)
Not applicable 734(40.71) 525(35.09) 1682(37.7)

Occupation Farmer 1725(99.02) 1447(99.18) 4288(99.21) 0.54 0.7633
Others 17(0.98) 12(0.82) 34(0.79)

Education level No schooling 19(1.08) 26(1.8) *# 51(1.18) 64.783 < 0.001
Elementary school 1482(84.59) 1099(76.11) 3483(80.29)
Junior high School 134(7.65) 100(6.93) 321(7.4)
High school/vocational 
school

117(6.68) 219(15.17) 483(11.13)

Previous illness No 1513(85.87) 995(67.83) *# 3356(76.99) 148.913 < 0.001
Yes 249(14.13) 472(32.17) 1003(23.01)

Rheumatic arthritis No 1551(86.02) 1219(81.48) * 3745(83.93) 12.502 0.002
Yes 252(13.98) 277(18.52) 717(16.07)

Fracture No 1711(94.90) 1378(92.11) * 4174(93.55) 10.61 < 0.001
Yes 92(5.10) 118(7.89) 288(6.45)

Calcium sources and exercise
Calcium or vitamin D 
supplements

Both are absent 501(29.98) 303(21.6) *# 1113(26.83) 34.48 < 0.001
Only one supplement 781(46.74) 785(55.95) 2060(49.66)
Both are present 389(23.28) 315(22.45) 975(23.51)

Labor Rarely 271(15.35) 314(21.42) *# 656(15.02) 40.33 < 0.001
3–5 times a week 630(35.69) 537(36.63) 1676(38.38)
Every day 864(48.95) 615(41.95) 2035(46.6)

Dairy product intake Extremely rare 31(1.76) 24(1.65) * 99(2.27) 15.234 0.004
Every week 187(10.59) 207(14.2) 483(11.08)
Every day 1548(87.66) 1227(84.16) 3776(86.65)

Daily diet
Carbonated drinks 1–3 times per week 34(1.94) 26(1.8) *# 88(2.03) 32.552 < 0.001

4–6 times per week 60(3.43) 46(3.18) 106(2.45)
4–6 times per week 12(0.69) 14(0.97) 34(0.79)
Every day 1645(93.95) 1361(94.06) 4099(94.73)

Meat 1–3 times per week 319(18.2) 343(23.67) *# 963(22.24) 32.58 < 0.001
4–6 times per week 852(48.6) 593(40.92) 1851(42.74)
4–6 times per week 26(1.48) 39(2.69) 87(2.01)
Every day 556(31.72) 474(32.71) 1430(33.02)

Tea consumption Never/seldom 923(51.77) 673(45.44) *# 2122(48.09) 38.511 < 0.001
Drink monthly 127(7.12) 105(7.09) 288(6.53)
Drink weekly 497(27.87) 550(37.14) 1408(31.91)
Drink occasionally on 
special occasions

236(13.24) 153(10.33) 595(13.48)

Respiratory exposure
Heating or cooking 
fuel exposure

Both 773(43.23) 712(48.11) *# 1896(42.97) 13.66 0.008
Coal 896(50.11) 674(45.54) 2242(50.82)
Wood/Charcoal 119(6.66) 94(6.35) 274(6.21)

Secondhand smoke 
exposure

Every day 53(2.97) 31(2.1) *# 110(2.49) 24.254 < 0.001
Never 473(26.47) 293(19.82) 1056(23.95)
1–5 times per week 1261(70.57) 1154(78.08) 3244(73.56)

Table 1  Univariate analysis of osteoporosis and osteopenia (n = 7761)
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after dimension reduction, a total of 13 relevant factors 
were obtained, and the matrix of the relevant factors is 
shown in Table 3.

In confirmatory factor analysis, there were 13 exog-
enous measurement variables (p) and 5 measurement 
variables (q), with a total of 171 data points and 55 free 
parameters (t). As t was less than the number of data 
points, the model was identifiable. The fit indices were 
as follows: RMSEA = 0.044, NFI = 0.973, RFI = 0.962, 
IFI = 0.977, TLI = 0.967, and CFI = 0.977, all of which 
were > 0.9, indicating a good model fit. The standard-
ized path coefficients and factor loadings are presented 

in Fig.  3, and the regression weights of each factor are 
shown in Table 4, with R2 values greater than 0.5 for all 
indices except for tea and meat consumption. The struc-
tural equation model revealed that the general condi-
tion, body fat, and calcium sources and exercise directly 
affected osteoporosis, while respiratory exposure and 
daily diet indirectly affected osteoporosis through their 
mutual influence with the general condition, body fat, 
and calcium sources and exercise. The standardized path 
coefficient of the general condition (i.e., degree of influ-
ence) was the highest, followed by body composition, and 
finally, calcium sources and exercise.

Table 2  Analysis of differences in body composition indicators for participants (n = 1717) with BMI > 18.5 and age < 45
Body 
com-
posi-
tion

Male (n = 520) Female (n = 1197)
Normal 
(n = 160)

Osteoporosis 
(n = 66)

Osteopenia 
(n = 294)

F P Normal 
(n = 438)

Osteoporosis 
(n = 93)

Osteopenia 
(n = 666)

F P

Body 
weight

69.65 ± 10.54 73.78 ± 13.94*# 67.39 ± 10.7 9.430 < 0.001 61.92 ± 10.9 62.90 ± 11.77*# 59.96 ± 10.60 6.04 0.003

BMI 25.74 ± 3.63 27.07 ± 4.24*# 24.82 ± 3.36 11.741 < 0.001 25.94 ± 4.21 26.67 ± 4.84*# 25.39 ± 4.11 5.033 0.007
Waist 
cir-
cum-
ference

92.36 ± 11.07 94.68 ± 15.89 90.89 ± 10.36 3.236 0.04 90.03 ± 11.22 92.31 ± 13.13*# 89.34 ± 11.08 2.925 0.054

Body 
fat per-
cent-
age

25.35 ± 6.25 27.1 ± 5.37*# 24.06 ± 5.97 7.776 0.001 37.64 ± 6.7 38.76 ± 8.52# 36.87 ± 7.14 3.709 0.025

Non-
fat 
mass

51.63 ± 6.39 53.28 ± 7.81*# 50.79 ± 6.31 4.08 0.018 38.04 ± 4.18 37.79 ± 4.73 37.32 ± 4.52* 3.580 0.028

Muscle 
mass 
fraction

14.76 ± 3.88 15.94 ± 4.68# 13.77 ± 3.77 9.463 < 0.001 14.13 ± 3.71 14.20 ± 3.89 13.67 ± 3.71 2.358 0.095

Muscle 
mass

48.93 ± 6.09 50.51 ± 7.42*# 48.14 ± 6 4.088 0.017 35.87 ± 3.82 35.66 ± 4.39 35.23 ± 4.16* 3.437 0.033

Obe-
sity 
level

17 ± 16.95 23.73 ± 19.63*# 12.87 ± 15.25 12.766 < 0.001 18.02 ± 19.13 21.11 ± 22.16*# 15.63 ± 18.77 4.443 0.012

VFI 10.55 ± 3.52 12.77 ± 3.35* 11.24 ± 3.50 11.266 < 0.001 6.68 ± 2.43 7.24 ± 2.69* 6.95 ± 2.40 3.109 0.045
Body 
water 
per-
cent-
age

51.87 ± 3.96 50.55 ± 4.01# 52.13 ± 4.66 3.499 0.031 46.95 ± 3.7 46.24 ± 5.35 47.23 ± 3.74 2.852 0.058

Basal 
metab-
olism

1444.28 ± 180.52 1493.7 ± 239.37# 1413.68 ± 182.48 5.17 0.006 1163.03 ± 141.96 1161.03 ± 150.91# 1136.03 ± 143.27* 5.112 0.006

Note: BMI: body mass index; VFI: visceral fat index

Compared with Normal, *P < 0.05. Compared with Osteopenia, #P < 0.05

Variables Normal (n = 1803) Osteoporosis 
(n = 1496)

Osteopenia 
(n = 4462)

t/χ2 P

Smoking No 1595(91.3) 1306(90.01) 3917(90.73) 1.575 0.455
Yes 152(8.7) 145(9.99) 400(9.27)

Note: Compared with Normal, *P < 0.05. Compared with Osteopenia, #P < 0.05

Table 1  (continued) 
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Fig. 2  Factors affecting osteoporosis. VFI, visceral fat index; ETS, environmental tobacco smoke; MP, menopause. The osteoporosis was considered event 
y = 1. When analyzing the entire population, males were included as the third variable in the equation. (A) Factors affecting osteoporosis in the en-
tire population of this survey. (B) Factors affecting osteoporosis in participants with BMI > 18.5 kg/m2. (C) Factors affecting osteoporosis in males with 
BMI > 18.5 kg/m2. (D) Factors affecting osteoporosis in females with BMI > 18.5 kg/m2. (E) Factors affecting osteoporosis in males with BMI > 18.5 kg/m2 
and under 45 years of age. (F) Factors affecting osteoporosis in females with BMI > 18.5 kg/m2 and under 45 years of age
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Discussion
This study utilized various methods to explore the influ-
encing factors of osteoporosis. Some of our results, such 
as the influencing factors of age, gender, menopause, 
education level, fractures, calcium or vitamin D supple-
ments, labor, and dairy product intake, were consistent 
with previous findings [22, 23], while some results were 
revealed for the first time. Specifically, we found that 
body composition, especially visceral fat, exhibited an 
impact on osteoporosis, as shown through single-factor 
analysis, logistic regression analysis, and the structural 
equation model. The underlying mechanism deserves 
further exploration. It has been reported that in addition 
to body weight, the body composition and weight dis-
tribution of the trunk and legs have significant effects in 
preventing osteoporosis [22].

Osteoporosis is a disease commonly associated with 
aging. Menopause in women has long been the focus of 
research on this disease, as a lack of estrogen is linked to 
bone loss [24]. It is generally believed that adipocytes can 
produce sex steroids including estrogen, which can pro-
mote bone differentiation, inhibit the formation of osteo-
clasts, and induce apoptosis of osteoclasts [25]. However, 
this effect requires that the adipose tissue be subcuta-
neous, as estrogens in subcutaneous adipose tissue are 
associated with higher levels of circulating estrogens 
that have a positive effect on bone mass and mineraliza-
tion [26]. Conversely, this effect is not observed in obese 
patients with high visceral fat, and instead, an increase 
in visceral adipose tissue is associated with a decrease 
in BMD [27]. Men with higher body weight due to the 
action of testosterone are subject to the same phenom-
enon [28, 29]. Furthermore, obese men tend to have 
lower levels of sex hormone-binding globulin, which 
increases levels of free sex steroids and has been associ-
ated with lower BMD [30]. Besides hormonal factors, 
inflammatory mechanisms also have a significant impact 
on the relationship between fat and osteoporosis [31]. 
Abdominal visceral adipose tissue contains higher levels 
of adipokines [32], which increase the number of inflam-
matory factors and lead to elevated bone resorption and 
decreased bone formation [33]. This accelerates the pro-
gression of osteoporosis [34]. Therefore, reducing the 
accumulation of visceral fat, maintaining a proper weight 
and fat distribution, consuming a balanced diet, and 
increasing physical activity can help prevent and delay 
the occurrence of osteoporosis [1].

This study found that previous chronic disease would 
affect osteoporosis, which is consistent with previ-
ous studies on diabetes [35], elevated thyroid hormone 
levels [36], chronic gastrointestinal diseases [37], etc. 
These previous diseases can increase the risk of osteo-
porosis. However, in addition to the related mecha-
nisms of comorbidities, obesity also has a significant Ta
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impact on these diseases. Further research is essential 
to determine whether obesity has a causal role in the 
development of osteoporosis through its complex path-
way. Smoking might elevate the risk of osteoporosis and 
fractures. Smoke exposure could potentially increase 
the level of superoxide free radicals and decrease the 
activity of intracellular glutathione reductase in mesen-
chymal stem cells, which could hinder osteogenic differ-
entiation [38]. Moreover, it has been demonstrated that 
smoking-related inflammation could induce changes in 
the expression of genes related to bone remodeling [39]. 
However, this study did not find a relationship between 
osteoporosis and smoking or alcohol consumption, pos-
sibly because the population in this area influenced by 
religious beliefs is unwilling to disclose the true situation 

to investigators. However, the study found that exposure 
to inhaled substances in the environment, such as burn-
ing fuels such as firewood/charcoal and the way of winter 
heating, is related to osteoporosis, which may be similar 
to the principle of smoking.

There are some limitations to this study. For example, 
this epidemiological survey was conducted in rural areas 
and the BMD was measured using a portable bone den-
sity meter. The diagnosis of osteoporosis was made based 
on the BMD results rather than the gold standard diag-
nosis method. Although the results are reliable, there 
may be deviations in defining population diseases. Fur-
ther studies are warranted.

Fig. 3  Structural equation model of factors affecting osteoporosis. VFI: visceral fat index; ETS: environmental tobacco smoke; MP: menopause. The osteo-
porosis was considered event y = 1. When analyzing the entire population, males were included as the third variable in the equation
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Conclusions
We demonstrated that age, female menopause, and obe-
sity were influencing factors of osteoporosis. Particularly, 
VFI has a significant impact on osteoporosis. Our find-
ings may provide experimental evidence for early preven-
tion and treatment of osteoporosis.
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