
Journal of Biosciences and Medicines, 2022, 10, 87-97 
https://www.scirp.org/journal/jbm 

ISSN Online: 2327-509X 
ISSN Print: 2327-5081 

 

DOI: 10.4236/jbm.2022.102009  Feb. 14, 2022 87 Journal of Biosciences and Medicines 
 

 
 
 

Relationship between Muscle Strength, Muscle 
Mass and BMD in Postmenopausal Female of 
Zhuang in Guangxi Province of China 

Peizhao Shi1,2, Songyi Mo1, Jiahui Li1, Qingxiu Feng1,3, Yuanxin Huang4, Xinling Ma5, Biao Li1, 
Ziyang Fang1, Huiling Liu1, Guangwu Huang1, Ling Tang1, Jinhua Wang1,6*, Xiaoyan Fang1* 

1School of Basic Medical Sciences, Youjiang Medical University for Nationalities, Baise, China 
2Department of Orthopedics, Affiliated Hospital of Hebei University of Engineering, Handan, China 
3Department of Clinical Medicine, Medical School of Nanjing University, Nanjing, China 
4Affiliated Hospital of Youjiang Medical University for Nationalities, Baise, China 
5School of Nursing, Youjiang Medical University for Nationalities, Baise, China 
6West China School of Basic Medical Sciences & Forensic Medicine, Sichuan University, Chengdu, China 

 
 
 

Abstract 
Objective: To explore the correlation between muscle strength, muscle mass 
and bone mineral density (BMD) in Zhuang female population, body compo-
sition analysis and grip strength, and to analyze the possible influencing fac-
tors of BMD. Methods: 182 postmenopausal women were selected from Gu-
angxi Province of China. Broadband ultrasound attenuation (BUA) was used 
to evaluate BMD. Grip dynamometer to assess muscle strength. Height, weight 
and muscle mass of each part were measured by body composition measuring 
instrument. Body mass index (BMI), skeletal muscle mass index (SMI) and 
limb skeletal muscle mass (SM) were calculated according to the measure-
ment results. Results: BUA, grip strength and SMI in postmenopausal wom-
en of Zhuang nationality showed a decreasing trend with age (p < 0.001). Af-
ter normalization (Z value/SD), BUA and SMI decay at a similar rate (p < 
0.001), and both decay more rapidly than grip strength (p < 0.001). After ad-
justing for age, partial correlation analysis showed that there was a high cor-
relation between SM and BUA (r = 0.305, p < 0.001) Multiple linear regres-
sion analysis showed that lower limb muscle mass (LSM) and age were inde-
pendent factors of BUA (R2 = 0.350). Only when age was not considered, the 
combination of grip strength and LSM was the optimal solution to reflect the 
calcaneal bone density of Zhuang women (R2 = 0.306). Conclusion: With the 
increase of age, the decline rate of muscle strength of postmenopausal Zhuang 
women in Guangxi is slower than that of BMD and muscle mass. SM can 
better reflect the BMD level of the body than SMI, and the LSM is the main 
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influencing factor of BMD. 
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1. Introduction 

Osteoporosis (OP) is a kind of systemic bone disease characterized by bone mass 
loss, damage to fine bone structure and brittle fracture (World Health Organiza-
tion, WHO). Middle-aged and elderly females due to the accelerated bone loss 
caused by decreased postmenopausal estrogen levels caused by osteoporosis, 
called postmenopausal osteoporosis (postmenopausal osteoporosis, PMO) [1]. Re-
lated studies show that PMO has become an important health problem for fe-
males over 50 years old in China [2]. Epidemiological survey shows that the 
prevalence rate of OP in Chinese people over 50 years old is 14.4% for men and 
20.7% for females, and the prevalence difference over 60 years old is more ob-
vious [3]. 

Double-energy X-ray (DXA) bone density (BMD) examination is considered 
the “standard” for early-stage examination and diagnosis of OP. Quantitative ul-
trasound BMD examination technique, mainly calcaneus broadband ultrasound 
attenuation (BUA), evaluates the BMD by examining the ultrasonic amplitude of 
different bone mass and frequency of bone tissue. OP screening is an important 
measure for its prevention and control and clinical diagnosis and treatment. At 
present, BMD screening technology has corresponded defects. Although BUA is 
questioning the reliability of OP diagnosis than DXA, it is still considered a sim-
ple, economical and practical technology from the perspective of OP screening 
effectiveness of epidemiological research [4]. 

Skeletal muscle and skeleton are the basic structures for human beings to 
realize life activities. The structure and function of musculoskeletal is interde-
pendent and crosstalk. More and more attention has been paid to the correlation 
between muscle mass, strength and bone mineral density (BMD) [5]. A positive 
correlation between muscle mass and BMD has been shown [6]. Low muscle 
mass and grip strength can predict the risk of brittle fracture [7]. Like BMD, 
muscle mass and strength in menopausal females may decline at all anatomical 
levels as estrogen levels decline, and individual menopausal status is an impor-
tant predictor of muscle mass and function. It may be influenced by many fac-
tors such as nationality, region, cultural customs, economy and lifestyle [8]. In 
this study, postmenopausal females in regional villages and towns were selected 
to explore the changes of muscle strength, muscle mass and BMD with age after 
menopause, to study the correlation between muscle strength, limb muscle mass 
(SM) and calcaneal BMD, and to analyze the possible factors affecting calcaneal 
BMD. 
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2. Materials and Methods 
2.1. Subjects 

This is a cross-sectional study performed in Guangxi Province of China. Post-
menopausal women of Zhuang nationality of China were included via the ran-
dom cluster sampling from four counties (Debao, Tiandeng, Daxin, and Wu-
min) and one city (Yizhou) of Guangxi Province. The inclusion criteria were: 1) 
healthy women aged 45 years or above; 2) of Zhuang nationality for at least of 
three generations; and 3) after natural menopausing for at least five years. Wom-
en with either of the following clinical conditions were excluded: 1) with con-
current medications that may affect skeletal muscle or bone metabolism; 2) pa-
tients with any chronic illnesses, recent trauma, acute diseases, or surgeries; 3) 
with psychological stress or conditions that may affect physical health, especially 
those with abnormal muscle and bone metabolism caused by abnormal men-
strual cycle and early menopause. 182 eligible subjects were included in the 
study. The protocol of the study was approved by the Youjiang Medical Univer-
sity for Nationalities, and all of the included participants signed the consents 
before they were enrolled into this study. 

2.2. Anthropometrics 

Weight was measured (with shoes and bulky clothing removed) by using a single 
pair of electronic scales which was calibrated using a known weight at the begin-
ning. Height was measured by using a stadiometer. Body mass index (BMI) was 
calculated [weight (kg)/height (m)2]. Bioelectrical impedance analyzer (TANITA, 
MC-180, Japan) was used to measure the lean body weight (LBW), body fat rate 
(BF%), muscle mass of upper, lower limbs and trunk, and the unit of measure-
ment was kilogram. All fours skeletal muscle mass (ASM) is the sum of all fours 
skeletal muscle mass, measured in kilograms. Skeletal muscle mass index (ske-
letal muscle mass index, SMI) is ASM divided by the square of height, measured 
in kilograms per square meter (kg/m2). 

2.3. BUA Measurement 

The calcaneus BUA was selected to evaluate the BMD level according to relevant 
studies [9]. The subject’s right calcaneus BUA value (dB/MHz) was measured 
using a calcaneus ultrasound bone densitometer (OSTEOSPACE, France). Stan-
dard calibration was performed before each measurement, and the operation 
was performed by fixed professionals. 

2.4. Muscle Strength Measurement  

The muscle strength of the subject was assessed using the grip test: WCS-10000 
grip meter (Wanqing Electronics, Shanghai) in unit of kg. Before testing the grip 
strength was adjusted within the appropriate range, the subject’s test arm was 
slightly extended, but not more than 30˚, the upper arm and forearm sat at 90˚ 
seated, pulled the handle of the instrument with maximum strength, held both 
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hands two times, and took the maximum value for statistical analysis. 

2.5. Statistical Analysis 

The data of normal distribution was expressed as mean ± standard deviation, and 
a comparison between multiple groups was made by using Welch’s ANOVA. The 
linear relationship, Pearson’s correlation and multiple logistic regression were 
used. p value < 0.05 (two-tailed) or a 95% confidence interval (CI) not including 
the null point was regarded as statistically significant. All statistical analyses were 
performed using SPSS 26.0 for Windows (SPSS, Chicago, IL, USA). 

3. Results 

182 Zhuang female subjects average age was 60.61 ± 8.94 years (Table 1). The 
average height was 149.47 ± 6.26 cm, and the average body weight was 52.43 ± 
8.60 kg. Height (p < 0.001), body weight (p = 0.02) and LBW (p < 0.001) de-
creased with age. Grip strength, BUA, muscle strength, upper limb muscle mass, 
lower limb muscle mass, SM and SMI varied between groups among age groups, 
generally associated with increased age and showed a downward trend (Table 
1). However, the BMI, BF% and the trunk muscle mass showed no statistical 
difference between the age groups (p > 0.05). 

 
Table 1. Characteristics of participants (split by age group). 

Subjects, n 
Total 45 - 54 55 - 64 65 - 74 75+ p value 

182 53 70 44 15  

Age, yrs 60.61 ± 8.94 50.23 ± 2.93 59.46 ± 2.57** 69.61 ± 3.34** 76.27 ± 1.39** <0.001 

Height, cm 149.47 ± 6.26 151.71 ± 5.15 150.26 ± 5.55 147.72 ± 6.20 143.12 ± 7.98 <0.001 

Weight, kg 52.43 ± 8.60 54.50 ± 7.90 53.29 ± 7.99 50.08 ± 9.53 48.05 ± 8.51 0.020 

LBW, kg 36.78 ± 3.70 38.59 ± 2.97 37.12 ± 3.05* 35.04 ± 3.74 33.88 ± 4.91 <0.001 

BF%,% 28.95 ± 6.91 28.37 ± 6.74 29.53 ± 6.63 28.78 ± 8.03 28.81 ± 5.57 0.828 

BMI, kg/m2 23.38 ± 3.07 23.61 ± 3.05 23.57 ± 2.85 22.85 ± 3.57 23.27 ± 2.67 0.673 

Grip Strength, kg 17.55 ± 5.70 20.12 ± 5.25 18.12 ± 5.00 15.16 ± 5.99* 13.25 ± 4.47 <0.001 

BUA, dB/MHz 54.17 ± 7.50 60.11 ± 6.88 53.46 ± 5.89** 50.35 ± 6.17** 47.64 ± 6.00 <0.001 

Muscle Mass, kg       

Total body 34.72 ± 3.38 36.37 ± 2.71 35.03 ± 2.80** 33.13 ± 3.41** 32.08 ± 4.48 <0.001 

Trunk 19.73 ± 1.81 19.90 ± 1.41 19.96 ± 1.79 19.21 ± 1.75 19.57 ± 2.91 0.146 

Upper Limb 3.43 ± 0.62 3.62 ± 0.46 3.45 ± 0.39 3.32 ± 0.89 3.05 ± 0.83 0.020 

Lower Limb 11.66 ± 1.57 12.94 ± 1.22 11.72 ± 1.01** 10.71 ± 1.38** 9.58 ± 1.33** <0.001 

SM, kg 15.09 ± 2.01 16.56 ± 1.63 15.17 ± 1.33* 14.03 ± 1.97** 12.63 ± 1.97 <0.001 

SMI, kg/m2 6.74 ± 0.66 7.19 ± 0.59 6.72 ± 0.48* 6.42 ± 0.69 6.12 ± 0.49 <0.001 

*Compared with the previous age group, it was statistically significant (p < 0.05), **P < 0.01. Data in shaded cells statistically sig-
nificant results. LBW: Lean Body Weight. BF%: Body Fat Rate. BMI: Body Mass Index. BUA: Broadband Ultrasound Attenuation. 
SM: Skeletal Muscle Mass. SMI: Skeletal Muscle Mass Index. 
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The grip strength, SMI and calcaneal BUA were converted to the correspond-
ing Z values for simple linear regression analysis. As shown in Figure 1(a) and 
Figure 1(b), the Z values of grip strength and SMI decreased with age (p < 
0.001). When the age increased by 10 years, the grip strength and SMI decreased 
by 0.4 SD and 0.6 SD, respectively. As shown in Figure 1(c), the BUA decreased 
with age (p < 0.001), and the BUA decreased by 0.6 SD for every 10 years of 
age.Normalized BUA decreased more rapidly with age than grip strength (p < 
0.001), it was not significantly different from SMI (p = 0.713). 

Partial correlation analysis after adjusted age showed that grip strength, SMI, 
muscle mass, muscle mass of each part and ASM were positively correlated with 
BUA of calcaneus (Table 2). Among them, ASM (r = 0.305, p < 0.001), lower 
limb muscle mass (r = 0.302, p < 0.001) have strong correlation with BUA. 
However, grip strength (r = 0.138, p = 0.032), trunk muscle mass (r = 0.163, p = 
0.014) are weakly correlated with BUA. 

 
Table 2. Correlation analysis of grip strength, SMI, ASM, muscle strength in various 
parts and calcaneal BUA after adjusted age. 

 
BUA 

r p 

Grip Strength 0.138 0.032 

SMI 0.234 0.001 

SM 0.305 <0.001 

Muscle Mass   

Upper Limb 0.231 0.001 

Lower Limb 0.302 <0.001 

Trunk 0.163 0.014 

SM: Skeletal Muscle Mass. SMI: Skeletal Muscle Mass Index. 
 

 
Figure 1. Scatter plot for associations between age and grip strength, SMI and BUA with multivariable analyses. The Z 
value ((X − µ)/σ) of grip strength (a), SMI (b) and BUA (c) showed an inverse relationship with age. BUA: Broadband 
Ultrasound Attenuation. SMI: Skeletal Muscle Mass Index.  
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The results in Table 3 show that there is a positive correlation between lower 
limb muscle mass and BUA, and it can be used as an index representing muscle 
mass to independently evaluate BUA level (Table 3, Model 1). Without consi-
dering the influence of age, grip strength can be used together with lower limb 
muscle strength to evaluate calcaneal bone mineral density (Table 3, Model 2). 
As the grip strength is greatly influenced by age. When the age variable is in-
cluded, age can replace grip strength and lower limb muscle mass to evaluate 
BUA (Table 3, Model 3). 

4. Discussion 

This study shows that the change of BMD of the calcaneus of postmenopausal 
females of Zhuang is faster than that of muscle strength, and there are significant 
differences in many indexes (p < 0.01). It is considered that with the increase of 
age, the strength of human bones gradually decreases and the brittleness gradu-
ally increases, until it is not enough to resist the external force and brittle frac-
ture occurs, which has a serious impact on the quality of life and natural life of 
the elderly [1]. After menopause, females’ aging is accelerated, and bone loss is 
accelerated. Bone loss can occur in both cancellous bone and cortical bone, 
among which cancellous bone loss shows sparse bone texture. The loss of cortic-
al bone is accompanied by the decrease of bone mass and bone strength, which 
together reduce the bone density [10]. Because of the unique physiological change 
of menopause, the prevalence of osteoporosis in middle-aged and elderly females 
is much higher than that in males [2]. More than 90% of limb bone mass loss 
occurs during and after menopause, and more than 80% is cortical bone, which 
may explain that 80% of fractures are the causes of limb fractures [11]. The BMD 
of the calcaneus of postmenopausal females of Zhuang nationality tends to de-
cline with age (Figure 1), and its regularity is consistent with these reports. Re-
search on the correlation between muscle mass, strength and bone mass shows 
that muscle strength is positively correlated with BMD, but there was no signifi-
cant correlation with muscle mass [12]. This is related to the decrease of sensi-
tivity of osteoblast dendrites to mechanical stimulation caused by muscle con-
traction due to the decrease of estrogen [13]. In our study, the grip strength of 
the postmenopausal females of Zhuang nationality is positively correlated with 
BUA, it is not significantly correlated with SMI, and the bone density declines 
faster than the muscle strength. Related reports show that muscle strength is re-
lated to age, fat mass and BMI. Multi-factor research and observation are needed 
[14]. 

The muscle mass and muscle strength of postmenopausal Zhuang females 
show a declining and accelerating trend with the increase of age. The statistical 
results of this paper show that the muscle mass decays faster than the muscle 
strength. Existing data shows that the difference between different evaluation 
criteria of muscle quality and muscle strength mainly lies in different evaluation 
indexes and different critical values. At present, most evaluation systems use  
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Table 3. Optimal solutions of multiple linear regression based on calcaneal BUA. 

 
BUA 

R2 residual 
β p 

Model 1  

Lower Limb Muscle Mass 0.546 <0.0001 0.298 7150.92 

Model 21)  

Lower Limb Muscle Mass 0.495 <0.0001 
0.306 6991.12 

Grip Strength 0.135 0.045 

Model 32)  

Lower Limb Muscle Mass 0.336 <0.0001 
0.350 6544.75 

Age −0.322 <0.0001 

1) Optimal solution without considering the effect of age. 2) Optimal solution consider-
ing the effect of age. 

 
muscle quality and/or muscle strength as the main evaluation indexes. It is con-
sidered that the aging of muscle is related to the decline of muscle strength and 
muscle mass [14]. Studies have shown that the relationship between muscle 
strength and muscle mass is not linear, and this nonlinear relationship is related 
to the degree of local or systemic aseptic inflammation [15]. PMO is definitely 
caused by the aging of musculoskeletal cells induced by estrogen decline and the 
steady-state imbalance of inflammatory response, which leads to local or sys-
temic inflammation leading to the imbalance of musculoskeletal remodeling 
[16]. Myoskeletal pain, especially chronic musculoskeletal pain, induced by the 
stimulation of musculoskeletal inflammation can affect physical activities, espe-
cially exercise, leading to the decrease of muscle strength. If musculoskeletal 
pain cannot be alleviated or eliminated, lack of continuous exercise leads to a 
decline in muscle mass. In this paper, there are significant differences in muscle 
mass and strength among female workers with different physical strength in the 
same group, which may affect the differences in muscle mass and strength 
among different age groups. Mechanical stimulation generated by muscle activi-
ties of different intensities directly regulates the metabolism of muscle protein or 
immune factors. And it is related to individual nutrition, psychology and envi-
ronmental factors. Single exercise intensity has no clear correlation with muscle 
quality or strength, but is directly related to age and sex hormone decline, which 
is the mechanism of differences among different age groups [8]. 

SMI, as the most commonly used indicator of muscle mass, is highly corre-
lated with BMD in different population studies [15] [17] [18]. In our study, the 
correlation between SM and calcaneal BMD is stronger than SMI. The reason 
may be that SMI removes the influence of height, but there is a correlation be-
tween height and bone mineral density [13] [19]. It is generally believed that the 
height of adults is more constant than the weight. In the process of studying 
myopathy, the influence of different body shapes can be eliminated to the great-
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est extent by adjusting the height. However, in the research of analyzing the cor-
relation between postmenopausal females and BMD, the rapid decline of BMD, 
the loss of trabecular bone in the spine and the decrease of the integrity of the 
three-dimensional structure led to the significant reduction of the weight-bearing 
capacity of the vertebral body. Furthermore, the collapse and morphological 
changes of vertebral body leads to the decrease of the overall height of the spine, 
while the simultaneous pathological curvature of the spine aggravates the de-
crease of the overall height, which in turn leads to the overall decrease of the 
height. In this study, the correlation between the height of subjects and BUA of 
calcaneus was statistically significant (r = 0.160, p = 0.031), which was the main 
reason that the correlation between SM and BMD of calcaneus was stronger than 
SMI. 

There are also differences in the correlation between BMD in different parts of 
an individual and muscle quality and strength in different parts [20]. However, 
BMD of the same part has the strongest correlation with muscle mass [21]. Mus-
cle imaging is a common technique for evaluating muscle mass and bone density 
at present. Digital X-ray, CT, MRI and quantitative ultrasound (QUS) have their 
own advantages and disadvantages. Among them, measurement of calcaneal BUA 
by QUS combined with analysis of human composition is an independent cor-
relation technique for predicting fragile fractures of femoral neck, distal radius 
and lumbar spine [22]. In our study, the correlation between lower limb muscle 
mass and BUA (r = 0.302) is second only to limb SM. In the regression model 
constructed by step-by-step method (Table 3, Model 3), lower limb muscle mass 
(β = 0.336) and age (β = −0.322) constitute the optimal solution. This result 
shows that the lower limb muscle mass is an independent and age-dependent in-
fluencing factor of calcaneal BMD. When age is not included in the regression 
model (Table 3, Model 2). At the same time, females with higher grip strength 
and lower limb muscle mass have higher BMD, among which the lower limb 
muscle mass has greater influence on bone mineral density than muscle strength, 
and its mechanism is related to the crosstalk between musculoskeletal.  

5. Limitations of This Study 

In our study, the selection of subjects, factors such as regional cultural economy, 
customs and habits, past and current diseases that may affect musculoskeletal 
metabolism were considered, which made the sample size less. Considering the 
practicability and convenience of on-site screening equipment technology in vil-
lages and towns. Moreover, it can reduce the economic burden and choose sim-
ple and practical BUA, bioelectric body composition analysis and grip measure-
ment inspection technology, which is different from the scientificity and reliabil-
ity of the current OP inspection mainstream technology. Muscle strength test 
and bone density test in different parts should be added to better evaluate the 
relationship between muscle and bone. We will further investigate the influence 
of different nationalities, different lifestyles and customs on musculoskeletal de-
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generation, especially the pathophysiology of PMO, and provide reference for 
regional PMO prevention and control. 

6. Conclusion 

The calcaneal BUA, muscle mass and the decline rate with age were faster than 
the muscle strength in postmenopausal women of Zhuang nationality in Gua-
ngxi. SM can reflect the BMD level better than SMI, and the lower limb muscle 
mass is the main influencing factor of calcaneal BMD. Compared with muscle 
mass, muscle strength was less affected by menopause, and the effect of muscle 
strength on bone mineral density was weakened by menopause. It is more mea-
ningful for us to use SM instead of SMI to study the correlation between muscle 
mass and bone mineral density in future studies. 
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