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Purpose: This study aimed to establish equations for estimating muscle mass through anthropometric parameters or together with 
physical function parameters in the community-dwelling older adults, providing a simple way of muscle mass assessment.
Methods: In this cross-sectional descriptive study, a total of 1537 older adults were recruited from the community and accepted the 
measurements of height, weight, upper arm and calf circumferences, grip strength, and walking speed. Body composition including 
appendicular skeletal muscle mass (ASM) was measured using bioelectrical impedance analysis (BIA). Participants were randomly 
divided into the development or validation group. Stepwise multiple linear regression was applied to develop equations in the 
development group. Thereafter, Pearson correlation coefficients, Bland-Altman plots, paired t-test, intraclass correlation coefficient 
(ICC) and paired-samples t-tests were used to assess the validity of the equations.
Results: All parameters were significantly correlated with ASM (r = 0.195~0.795, P < 0.001) except for the age in the validation 
group (P = 0.746). The most optimal anthropometric equation was: ASM ¼ � 5:142 � 4:346� sex men ¼ 1;women ¼ 2ð Þþ

0:136� weight kgð Þ þ 9:009� height mð Þ þ 0:283� calfcircumference cmð Þ � 0:034� age yearsð Þ [adjusted R2 = 0.911, standard 
error of the estimate (SEE) = 1.311, P < 0.001]. Comparatively speaking, this equation showed high correlation coefficient 
(r = 0.951, P < 0.001) and ICC (ICC = 0.950, P < 0.001). No significant differences were found between BIA-measured ASM 
and the estimated ASM. The Bland-Altman plot showed that the mean difference between the estimated ASM and BIA-measured 
ASM was 0 kg and the limits of agreement of ASM was −2.70~2.60 kg. Furthermore, inclusion of physical function did not 
significantly improve the adjusted R2 and SEE.
Conclusion: The anthropometric equation offers a practical alternative simple and dependable method for estimating ASM in 
community-dwelling older adults.
Keywords: appendicular muscle mass, anthropometry, physical function, estimation equation, older adults

Introduction
Muscles are the foundation of human physiological activities, and muscle mass is closely associated with physical function, 
quality of life, and overall health.1 Research has shown that muscle mass reaches its peak around the age of 25 and gradually 
declines after the age of 35.2 After the age of 50, muscle mass loss ranges from 1% to 2% per year, with even more pronounced 
decline in older adults.2 Insufficient muscle mass hinders the normal movement of joints, leading to functional impairments 
such as falls3 and fragility fractures4 in older adults, triggering a series of adverse health events. The reduction in muscle mass 
is also one of the diagnosis criteria for sarcopenia,5 which is known to be more prevalent in older populations6 and associated 
with a wide range of adverse outcomes including heart failure,7 increased risk of falls8 and mortality.9 Therefore, timely and 
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convenient assessment of muscle mass in the older adults is crucial. Although there is currently no global consensus on 
diagnostic criteria for sarcopenia,10–13 assessment of muscle mass is mainly achieved through bioelectrical impedance 
analysis (BIA) and dual-energy x-ray absorptiometry (DXA).6 However, the instruments required for these methods are 
expensive and bulky, and the operating procedures require strict training, which limits their application in community settings. 
Therefore, exploring simple and inexpensive methods for assessing muscle mass will help community healthcare workers and 
residents quickly assess their health status. Appendicular skeletal muscle mass (ASM) which refers to the skeletal muscle mass 
of the limbs is the main parameter included in body composition measurement,14 muscle health assessment,15 and disease 
research.16

Calf circumference is an easy, low-cost, and universally accessible anthropometric measure, which has been 
previously reported to have a high to moderate correlation with ASM.17–19 Considering individual differences in body 
shape, the accuracy of using calf circumference alone for ASM estimation may be challenged, at least in some 
individuals. Other anthropometric measurements, including height, weight, and arm circumference, are commonly 
involved in health examinations. Taking multiple-anthropometric indicators of both the upper and lower bodies into 
account is expected to produce more accurate estimation.

However, the accuracy of these easily measured anthropometric parameters in estimation of ASM could be influenced 
by fat mass and other tissue mass. Since muscle mass is closely related to muscle function, which in turn impacts overall 
physical function,1 indicators of physical function may be able to improve the accuracy of the estimation. Grip strength 
and walking speed are the most commonly used indicators to assess muscle function.13,20 Whether multiple simple 
anthropometric parameters together with these commonly used physical function parameters are able to produce more 
accurate estimation of ASM also wait to be determined.

Previous studies have tried to use simple anthropometric parameters and physical function parameters to estimate muscle 
function and muscle mass, providing a faster and more comprehensive assessment of current muscle and overall physical 
health.14 Similar studies have been conducted in the population from United States,17 Japan,21 England,22 Korea23 and other 
countries.14 The results have shown that these equations have good estimating power, but there are differences in the estimating 
models across different nations. Furthermore, the inclusion of physical function in different studies has varying influence on the 
predictive accuracy of the model.20,24 The estimating models of ASM were also developed in Chinese populations, but the 
studies had small sample sizes,20,25 limited populations,24,26 or lack of the validation of the evaluation method.27

In this study, we aimed to develop and validate simple equation for ASM estimation with anthropometric parameters 
and physical function parameters in community-dwelling older adults. The results are expected to provide a simple and 
inexpensive method to assess muscle mass which meet the needs of the institutions with limited medical care resources.

Materials and Methods
Study Design and Participants
This is a cross-sectional, correlational research project. The participants were recruited from the communities in Suzhou, 
China, from Nov. 2019 to Oct. 2020. The inclusion criteria included the patients who (1) were ≥60 years old; (2) could 
stand independently without the use of any assistive devices or help from others; (3) were willing to participate and 
provided informed consent. The exclusion criteria included the participants who (1) had presence of cardiac stents, 
pacemakers, steel plates, steel nails, etc. in the body and therefore not suitable for BIA measurement; (2) suffered from 
severe heart, liver, kidney dysfunction, respiratory failure, or in the acute phase, such as acute myocardial infarction, and 
therefore not suitable for physical function test; (3) had mental illness, comprehension difficulties, or communication 
barriers; (4) had conditions that may affect the accuracy of body composition testing, such as edema. All participants 
were fully informed about the research purpose and characteristics before they provided signed consent.

Subjects underwent measurements of height, weight, upper arm circumference, calf circumference, and physical function, 
including grip strength assessments and walking speed measurements. For estimation model development and validation, 
participants were randomly allocated with 70% to development group (n = 1076) and 30% to validation group (n = 461), 
respectively. Many investigations on the optimality of data splitting ratio currently have not led to any consensus.28 However, 
extensive numerical studies have indicated that a value of around 30% to be a reasonable choice.28 The 7:3 ratio assignment 
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was also used in previous similar studies.19,29 The specific procedure for randomization was as follows. The research subjects 
were assigned numbers according to their inclusion order. Random numbers were generated for each research subject using 
IBM.SPSS 26.0 software, ensuring that each subject corresponds to a unique random number. Subsequently, the random 
numbers were arranged in ascending order. Finally, the research subjects were divided into a development group (70%) and 
a validation group (30%) according to a ratio of 7:3.

Anthropometric Parameters
Upper Arm Circumference
The circumference of the upper arm was measured using an inelastic tape. The subjects were instructed to expose the 
non-dominant side of their body and relax their arm. The circumference of the midpoint between the acromion and 
olecranon of the arm30 was measured in centimeters (cm) with a precision of 0.1, and the average of the two 
measurements was used as the final result in this study.

Calf Circumference
The circumference of the calf was measured using an inelastic tape. The subjects were instructed to sit upright with their 
torso straight, legs apart, calves relaxed, feet flat on the ground, thighs and calves forming a 90-degree angle. The 
circumference of the thickest part of the non-dominant calf31 was measured in centimeters (cm) with a precision of 0.1, 
and the average of the two measurements was used as the final result in this study.

Physical Function Parameters
Grip Strength
The grip strength was measured using a Jamar hand dynamometer (model 563213, USA), which is widely recognized as 
the “gold standard” for grip strength testing in scientific research.32 The testing method recommended by the American 
Society of Hand Therapists in 1992 was used: after resting for 5 minutes, the subjects sat in front of the instrument with 
their torso upright, shoulder joint in a neutral position, and elbow joint at 90 degrees, with the forearm and hip joint in 
a neutral position.33 During the test, the subjects squeezed the dynamometer with maximum effort and held it for 3 
seconds. Three trials were conducted for each hand with a 30-second interval between each trial, and a 1-minute rest was 
given between each set. If the coefficient of variation (CV%) of the three sets was greater than 10%, the test was repeated 
after a 20-minute rest. The average grip strength of both hands was used as the test result in this study.

Walking Speed
The 6-meter usual walking speed was measured. Prior to the test, a 10-meter straight line was marked using a meter ruler, 
with the middle 6 meters selected and red cones placed at both ends. The subjects were instructed to walk the entire 10 
meters at their usual walking speed and the time taken to walk the 6 meters was recorded. Two trials were conducted with 
a 30-second interval between each trial. Before the test, the researchers explained and demonstrated the testing procedure 
to ensure that the subjects fully understood the instructions. The average of the two walking speeds was used as the test 
result in this study.

Muscle Mass
The body composition was measured using a body composition analyzer (TANITA, MC-180, Japan). TANITA MC-180 
measures ASM through multi-frequency 8-electrode BIA. The subjects were instructed to keep fast for 8 hours and avoid 
vigorous exercise 1 hour prior to the test, and remove items that may affect the measurement, such as mobile phones and 
metal jewelry, and take off their shoes, socks, and heavy clothing. During the test, the subjects stood upright with their 
whole body relaxed, hands and feet in close contact with the electrode points, shoulder joints slightly abducted, and trunk 
and upper limbs at a 15-degree angle. This posture was maintained until the end of the test and subjects should avoid 
talking or laughing during the test.
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Statistical Analysis
The data of the development group was used to develop estimating equations, and of the validation group served as 
a validation dataset. The Kolmogorov–Smirnov test was used for verifying the normal distribution of data. Mean values 
of the two groups were compared using independent samples t-test. The correlation between anthropometric/physical 
function measures and BIA-measured ASM was calculated using Pearson’s correlation coefficient.

To develop the estimating equations, stepwise linear regression analyses were performed with BIA-measured ASM as 
dependent variable and anthropometric parameters (age, sex, height, weight, upper arm circumference and calf circum-
ference) and physical function parameters (grip strength, and walking speed) as independent variables. The collinearity 
between variables was verified by the variance inflation factors and tolerance values. The independence of residual error 
was tested by the Durbin–Watson method. One independent variable was included or excluded at each step of stepwise 
method based on the P value of probability of F: P < 0.05 to include and P > 0.10 to exclude. The process iterates until 
none improves the model to a statistically significant extent.34

To assess the validity of the equations, we calculated the estimated ASMs by applying the data of the validation group 
to the formulated estimation equations. Pearson correlation coefficients were used to evaluate the correlations between 
BIA-measured and estimated ASMs, and paired t-test was applied to assess their differences. Bland-Altman plots were 
performed to assess the distributions of random and systematic errors.35 The x-axis represented the mean estimated and 
BIA-measured ASMs, whereas the y-axis represented the difference (estimated ASMs - BIA-measured ASM). 
Agreements between the BIA-measured and estimated ASMs were assessed using intraclass correlation coeffi-
cient (ICC).

The significance level was set at P < 0.05. Data were analyzed using SPSS 26.0 (IBM, Armonk, NY, USA).

Results
Characteristics of the Participants
A total of 1537 participants accepted the tests. The mean ages of the men and women were 72.57 ± 5.59 (60.00–91.00) and 
72.24 ± 5.66 (60.00–97.00) years old, respectively. The mean BMI of the men and women were 23.75 ± 2.95 (14.50–37.10) 
and 23.61 ± 3.33 (15.50–35.00) kg/m², respectively. The mean BIA-measured ASM of men and women was 21.98 ± 3.17 
(13.00–34.40) and 14.89 ± 1.98 (9.60–24.10) kg, respectively.

The characteristics of the participants in the development and validation groups were shown in Table 1. No significant 
differences were found in the characteristics between the two groups in both men and women except for age and walking 
speed.

Table 1 Characteristics of Participants in the Development and Validation Groups

Total  
Men/Women

Development Group Validation Group

Men Women Men Women

n 690/847 489 587 201 260
Age, years 72.39 ± 5.63 72.22±5.53* 72.56 ± 5.87* 73.43 ± 5.65 71.52 ± 5.09

Height, m 1.60 ± 0.08 1.66±0.06 1.55 ± 0.06 1.67 ± 0.06 1.55 ± 0.05

Weight, kg 60.76 ± 10.23 65.73±9.60 56.77 ± 9.19 66.31 ± 8.83 56.15 ± 8.19
BMI, kg/m² 23.67 ± 3.17 23.68±2.96 23.66 ± 3.46 23.91 ± 2.92 23.48 ± 3.01

Upper arm circumference, cm 27.47 ± 2.65 27.48±2.45 27.30 ± 2.85 27.79 ± 2.25 27.58 ± 2.82

Calf circumference, cm 34.37 ± 2.74 35.21±2.59 33.72 ± 2.78 35.13 ± 2.44 33.70 ± 2.62
Handgrip strength, kg 24.81 ± 7.97 31.07 ± 6.83 19.75 ± 4.45 31.59 ± 6.16 19.31 ± 4.16

Walk speed, m/s 1.01 ± 0.20 1.03 ± 0.20* 0.95 ± 0.20* 1.09 ± 0.18 1.04 ± 0.19

ASM by BIA, kg 18.07 ± 4.37 21.95 ± 3.24 14.91 ± 2.00 22.04 ± 3.00 14.85 ± 1.92

Note: *P<0.05 vs men/women in the validation group. 
Abbreviation: BMI, body mass index.
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Development of the Estimating Equations for ASM
Pearson correlation coefficients of anthropometric parameters and physical function parameters with BIA-measured 
ASM were shown in Table 2. All parameters were significantly correlated with ASM except for the age in the validation 
group (P = 0.746). Among the parameters, weight (r = 0.792 and 0.808, respectively), height (r = 0.791 and 0.792, 
respectively) and handgrip strength (r = 0.753 and 0.754, respectively) were strongly correlated with BIA-measured 
ASM in both development group and validation group.

The BIA-measured ASM estimating equations were yielded by stepwise multiple linear regression firstly through 
using anthropometric parameters (Table 3). The equations No. 4 and 5 in Table 3 which were based on the parameters of 
age, sex, weight, height, calf circumference with or without arm circumference had the largest adjusted R2 (0.911) and 
the smallest standard error of the estimate (SEE) (1.3110 and 1.3050 respectively).

Secondly, physical function parameters of handgrip strength and walking speed were added in the regression analysis 
and the equations of No. 8 and No. 9 (in Table 3) had the largest adjusted R2 (0.914) and the smallest SEE (1.2826 and 
1.2793 respectively).

The subsequent validation was performed with the equations of No. 4, 5, 8, 9 in Table 3.

Validation of the ASM Estimating Equations
The developed equations (No. 4, 5, 8 and 9) were applied to the validation group to produce the estimated ASMs (ASM4, 
5, 8 and 9). The mean BIA-measured ASM in the validation group was 17.99±4.33 (10.0~30.5) kg. No significant 
differences were found between the BIA-measured ASM and the estimated ASMs except for ASM9 (P = 0.027) 
(Table 4). The ICC between the BIA-measured ASM and the estimated ASMs were greater than 0.940 (P < 0.001). 
The estimated ASMs were strongly correlated with BIA-measured ASM (r = 0.951, P < 0.001; Figure 1).

The Bland-Altman plot showed that the mean difference between the estimated ASMs (ASM4, 5, 8 and 9) and BIA- 
measured ASM were 0, −0.10, 0, 0.1kg respectively, and the limits of agreement (mean ± 1.96 SD) of ASM were 
(−2.70~2.60), (−2.70~2.50), (−2.60~2.60), (−2.70~2.50) respectively (Table 5 and Figure 2). Based on Figure 2, it can be 
observed that the majority of scatter points (438–439 cases) fall within the 95% limits of agreement (LoA), indicating 
a high agreement rate of 95% between the estimated ASMs and BIA-measured ASM.

Discussion
In the current study, anthropometric and/or physical function indicators were used as independent variables, and 
a stepwise multiple linear regression analysis was conducted to establish equations for estimating ASM and validate 
them. The established equations provide a convenient, simple, and inexpensive method for assessing ASM in commu-
nity-dwelling older adults.

Table 2 Pearson’s Correlation Coefficients of Anthropometric and Physical Function Parameters 
with BIA-Measured ASM

ASM, kg

Development Group (n = 1076) Validation Group (n = 461)

r P value r P value

Age, years −0.197 <0.001 −0.015 0.746

Height, cm 0.791 <0.001 0.792 <0.001
Weight, kg 0.792 <0.001 0.808 <0.001

BMI, kg/m² 0.368 <0.001 0.386 <0.001

Upper arm circumference, cm 0.401 <0.001 0.389 <0.001
Calf circumference, cm 0.651 <0.001 0.599 <0.001

Handgrip strength, kg 0.753 <0.001 0.754 <0.001

Walk speed, m/s 0.269 <0.001 0.160 <0.001

Abbreviations: BMI, body mass index; ASM, appendicular skeletal muscle mass; BIA, bioelectrical impedance analysis.
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Table 3 BIA-Measured ASM Estimating Equations Deduced from Age, Anthropometric and Physical Function Parameters (n = 1076)

Equation r Adjusted R² SEE (kg) P value

No. 1 ASM ¼ 11:637 � 4:964� sex ðmen ¼ 1;women ¼ 2Þ þ 0:232�weight kgð Þ 0.941 0.885 1.4855 <0.001

No. 2 ASM ¼ � 2:106 � 4:176� sex ðmen ¼ 1;women ¼ 2Þ þ 0:205�weight kgð Þþ 8:866� height mð Þ 0.947 0.897 1.4072 <0.001

No. 3 ASM ¼ � 9:812 � 4:244� sex ðmen ¼ 1;women ¼ 2Þ þ 0:132�weight kgð Þþ 10:036� height mð Þþ 0:302� calf circumference cmð Þ 0.954 0.909 1.3227 <0.001

No. 4 ASM ¼ � 5:142 � 4:346� sex ðmen ¼ 1;women ¼ 2Þ þ 0:136�weight kgð Þþ9:009� height mð Þþ0:283� calf circumference cmð Þ� 0:034� age yearsð Þ 0.954 0.911 1.3110 <0.001

No. 5 ASM ¼ � 2:831 � 4:261� sex men ¼ 1;women ¼ 2ð Þ þ 0:157�weight kgð Þ þ 8:096� height mð Þ þ 0:291� calf circumference cmð Þ � 0:035� age yearsð Þ � 0:091 
� upper arm circumference cmð Þ

0.955 0.911 1.3050 <0.001

No. 6 ASM ¼ � 7:962 � 3:962� sex ðmen ¼ 1;women ¼ 2Þ þ 0:133�weight kgð Þþ8:314� height mð Þþ0:282� calf circumference cmð Þþ0:045� handgrip strength kgð Þ 0.955 0.912 1.2973 <0.001

No. 7 ASM ¼ � 5:395 � 3:841� sex men ¼ 1;women ¼ 2ð Þ þ 0:157�weight kgð Þ þ 7:182� height mð Þ þ 0:291� calf circumference cmð Þ þ 0:048� handgrip strength kgð Þ � 0:103 
� upper arm circumference cmð Þ

0.956 0.913 1.2894 <0.001

No. 8 ASM ¼ � 1:970 � 3:971� sex men ¼ 1;women ¼ 2ð Þ þ 0:161�weight kgð Þ þ 6:645� height mð Þ þ 0:281� calf circumference cmð Þ þ 0:040� handgrip strength kgð Þ � 0:106 
� upper arm circumference cmð Þ � 0:027� age yearsð Þ

0.956 0.914 1.2826 <0.001

No. 9 ASM ¼ � 1:977 � 3:932� sex men ¼ 1;women ¼ 2ð Þþ 0:156� weight kgð Þþ 7:040� height mð Þþ 0:290� calf circumference cmð Þþ 0:046� handgrip strength kgð Þ � 0:104 
� upper arm circumference cmð Þ � 0:032� age yearsð Þ � 0:594�Walk speedðm=sÞ

0.956 0.914 1.2793 <0.001

Abbreviations: ASM, appendicular skeletal muscle mass; BIA, bioelectrical impedance analysis; r, correlation coefficient; R2, coefficient of determination; SEE, standard error of the estimate.
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Previous Research
In previous studies, some researchers have explored the correlation between anthropometric and/or physical function 
indicators and ASM. Researchers from several countries14 like America,17 Japan,21 England,22 Korea23 have used 
anthropometric indicators and physical function parameters to estimate ASM, and the developed equations have good 
estimating power. Hwang et al27 explored the estimating equation through 1839 community-dwelling participants aged 
50 years and over, but the equation has not been validated. Due to regional and ethnic differences, the existed ASM 
estimating equations may not be applicable to the older people in China. There are a few scholars who have established 
ASM equations in China. Wen et al26 and Shi et al36 developed and validated anthropometric equations for the estimation 
of ASM in Chinese adults. However, no older people over 70 years old are involved in these studies. The equation 
developed by Wu et al24 was based on older people with knee osteoarthritis. The equations proposed by Liu,1 Chien,25 

Hsiao20 et al were generalized from small sample size (140~510).

Table 4 Comparison of the Estimated ASMs with BIA- 
Measured ASM (n = 461)

Mean ± SD ta P ICC

ASM4, kg 17.95±4.11 0.568 0.570 0.950

ASM5, kg 17.89±4.10 1.503 0.133 0.949

ASM8, kg 17.91±4.12 0.617 0.537 0.955
ASM9, kg 17.83±4.12 2.217 0.027 0.950

Note: aPaired-samples t-test. 
Abbreviations: SD, standard deviation; ICC, intraclass correlation coefficient; 
ASM4, 5, 8, 9: the results deduced from the equations of No. 4, 5, 8, 9 in Table 3 
respectively.

Figure 1 Correlation between Estimated ASMs by the Equations and BIA-measured ASM in the Validation Group. (A) Correlation between ASM4 and BIA-measured ASM. 
(B) Correlation between ASM5 and BIA-measured ASM. (C) Correlation between ASM8 and BIA-measured ASM. (D) Correlation between ASM9 and BIA-measured ASM. 
Abbreviations: ASM, appendicular skeletal muscle mass; BIA, bioelectrical impedance analysis; r, correlation coefficient; ASM4, 5, 8, 9, the results deduced from the 
equations of No. 4, 5, 8, 9 in Table 3 respectively.
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Correlation Analysis
This study found that both upper arm and calf circumferences were positively correlated with ASM. Compared with the 
correlation coefficient between upper arm circumference and ASM (~0.41), the one between calf circumference and ASM was 
larger (0.59~0.66) in our study. Although most studies have found that upper arm circumference and calf circumference are 
related to ASM, the strength of the correlation varies. Similar to the results we found, Kawakami et al19 found that the correlation 
coefficient between calf circumference and ASM was 0.76 for men, 0.80 for women, and 0.82 for the overall population 
involving 526 middle-aged and older Japanese people (aged 40–87 years). Santos et al17 investigated 4267 older people (aged 
≥60 years) in the UK and found that the correlation coefficient between calf circumference and ASM was 0.79 for men, 0.74 for 
women, and that between upper arm circumference and ASM was 0.77 for men, 0.71 for women. Santana et al37 investigated 63 
older people (aged ≥ 65 years) in Brazil and found that the correlation coefficient between upper arm circumference and ASM 
was 0.688. Bai et al38 investigated 401 older people (aged ≥ 60 years) in Shanghai and found that the correlation coefficients 
between calf circumference and ASM was 0.291 (P < 0.001), indicating a weak correlation. In their study, men and women 
showed remarkable difference. Men but not women showed significant correlation between calf circumference and appendicular 

Figure 2 Bland-Altman plots of estimated ASMs and BIA-measured ASM in the validation group. (A) Bland-Altman plots of ASM4 and BIA-measured ASM. (B) Bland-Altman 
plots of ASM5 and BIA-measured ASM. (C) Bland-Altman plots of ASM8 and BIA-measured ASM. (D) Bland-Altman plots of ASM9 and BIA-measured ASM. 
Note: Dotted horizontal lines represent the mean difference and limits of agreement defined as the mean difference ± 1.96SD. 
Abbreviations: ASM, appendicular skeletal muscle mass; BIA, bioelectrical impedance analysis; SD, standard deviation; ASM4, 5, 8, 9, the results deduced from the 
equations of No. 4, 5, 8, 9 in Table 3 respectively.

Table 5 The Bland-Altman Plot of the Estimated 
ASMs with Different Equations (n=461)

Mean Difference 95%LoA

ASM4, kg 0 −2.70~2.60

ASM5, kg −0.10 −2.70~2.50

ASM8, kg 0 −2.60~2.60
ASM9, kg −0.10 −2.70~2.50

Abbreviations: LOA, limits of agreement; ASM, appendi-
cular skeletal muscle mass; ASM4, 5, 8, 9, the results 
deduced from the equations of No. 4, 5, 8, 9 in Table 3 
respectively.
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skeletal muscle index (kg/m2). Previous study also found that the assessment of muscle mass using calf circumference is also 
influenced by sex and BMI.39 Future study may pay attention to these aspects for accurate estimation of muscle mass using calf 
circumference.

In this study, we also found significant correlations between ASM and both grip strength and walking speed. The 
correlation with grip strength (r > 0.750) is much stronger compared with the one with walking speed (0.160 
< r < 0.270). Similar to our study, Liu et al1 found that the correlation coefficient between grip strength and ASM 
was 0.660~0.720 in a study involving 140 older Chinese people (aged 60~80 years), and Yang et al40 found that the 
correlation coefficient between walking speed and ASM was 0.411 in sarcopenia. The stronger correlation with ASM 
in grip strength than in walking speed may be related to the fact that the grip strength mainly reflects muscle strength 
and mass whereas walking speed may be influenced by other conditions apart from muscle strength and mass such as 
neurological function and physical activity habits.41

Development of ASM Estimating Equations
Based on the significant correlation between anthropometric/physical function indicators and ASM, ASM estimating equations 
were established in this study. Overall, all models had good fitting degrees, indicating the feasibility of calculating ASM through 
anthropometric and/or physical function indicators. Without the physical function indicators involved in the regression analysis, 
the No. 4 and 5 (Table 3) estimating equations had the same fitting degree of 91.1%, indicating that adding upper arm 
circumference (No. 5) had little influence on the fitting. Thereby, for simplicity, the estimating model without upper arm 
circumference (No. 4) could be used. When physical function indicators were included, the No. 8 and 9 estimating equations had 
the best and same fitting degree of 91.4%, indicating that walking speed had little effect on the model fitting and the estimating 
model without walking speed (No. 8) could be used. The inclusion of physical function did not significantly improve the 
predictive accuracy of the model and using anthropometric indicators alone can achieve good predictive performance.

Hwang et al27 developed the equation ASM using the same variables as the equation No. 4 but with different 
coefficients (β) [ASM ¼ � 8:734 � 3:973� sex men ¼ 1;women ¼ 2ð Þ þ 0:097� weight kgð Þ þ 14:8� height mð Þþ
0:147� calf circumference cmð Þ � 0:028� age yearsð Þ]. Participants in this study (63.90 ± 9.30; 50–92) were younger 
compared to our study (72.39 ± 5.63; 60–97) and DXA was used as gold standard, which may explain to some extent the 
inconsistent coefficients.

Validation of the ASM Estimating Equations
In this study, there was no statistically significant difference between the estimated ASMs and the BIA-measured ASM except 
for ASM deduced from the equation No. 9, which suggests a possible correlation with the lower walking speed of the 
development group compared to the validation group. The estimated ASMs and BIA-measured ASM were significantly 
correlated with r all bigger than 0.950, indicating that the regression equations established in this study had good validity.

The Bland–Altman method is a visual and convenient consistency test method that combines clinical significance, 
which can intuitively reflect the consistency and maximum difference between the estimated and measured values, and 
judge whether the maximum difference is within an acceptable range in clinical applications.42 Our results showed that 
the mean difference between the measured and estimated values of the four models was about 0, and most of the scatter 
plots in the Bland-Altman plots were distributed near the reference line of y = 0. More than 95% of the scatter plots in the 
Bland-Altman plots of the four models were within the 95% LoA. Overall, the consistency between the estimated ASMs 
and the BIA-measured ASM was good.

Limitations and Future Directions
However, several limitations exist. First, ASM was measured through BIA instead of DXA in this study. As the most 
authoritative muscle mass measurement method, DXA may present smaller error and is recommended in the future if available. 
Second, our equation was deduced from community-dwelling older adults in Suzhou, China, and further verification is needed to 
determine its applicability in populations of other regions or in hospitalized patients. For bedridden patients who are difficulty in 
measurement of height and weight, it is necessary to make adjustments and explore alternative indicators assessing muscle mass. 
Third, limited anthropometric and physical function indicators were chosen in this study to develop an estimation equation. 
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Whether the involvement of other variables, such as waist circumference, will give different result is unknown. Future studies 
could make potential adjustments to the model for different populations or exploring additional variables for better results.

Conclusion
Anthropometric indicators can dependably estimate muscle mass in community-dwelling older adults with a recommended 
estimation of ASM ¼ � 5:142 � 4:346� sex men ¼ 1;women ¼ 2ð Þ þ 0:136� weight kgð Þ þ 9:009� height mð Þ þ 0:283 
� calf circumference cmð Þ � 0:034� age yearsð Þ. The equation achieves good predictive performance and the inclusion of 
physical function does not significantly improve accuracy. It may satisfy the needs of grassroots institutions and rural area where 
muscle mass evaluation infrastructures are not available.
The proposed model is added in the Supplementary Material.

Abbreviations
ASM, appendicular skeletal muscle mass; BIA, bioelectrical impedance analysis; DXA, dual-energy x-ray absorptiome-
try; ICC, intraclass correlation coefficient; BMI, body mass index; SEE, standard error of the estimate; LOA, limits of 
agreement; SD, standard deviation.
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