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Background and Objectives: To develop and validate the prediction equations for lean body mass (LBM) and 
appendicular skeletal muscle mass (ASM) using body circumference measurements of community-dwelling 
adults older than 50 years old. Methods and Study Design: Four hundred and ninety-eight community-dwelling 
adults older than 50 years old were recruited for this study. Participants were randomly assigned to a development 
group (DG, n=332) and validation group (VG, n=166). Lean body mass and ASM were assessed using dual-
energy x-ray absorptiometry along with the anthropometric parameters. The Pearson correlation coefficient was 
used to examine the associations between ASM, LBM and anthropometric parameters in the DG. Prediction 
equations for LBM and ASM were established from DG data using multiple regression analyses. Paired t-test and 
Bland-Altman test were used to validate the equations in the VG. Results: Forearm circumference had the high-
est correlation with LBM and ASM. The developed prediction models were: LBM (kg) = 27.479 + 0.726 * 
weight (kg) - 3.383 * gender (male = 1, female = 2) - 0.672 * BMI + 0.514 * forearm circumference (cm) - 0.245 
* hip circumference (cm)(r2=0.90); ASM (kg) = -4.287 + 0.202 * weight (kg) - 0.166 * hip circumference (cm) - 
1.484 * gender (male = 1, female = 2) + 0.173 * calf circumference (cm) + 0.096 * height + 0.243 * forearm cir-
cumference (cm)(r2=0.85). Conclusions: Prediction equations using only a measuring tape provide accurate, in-
expensive, practical methods to assess LBM and ASM in Asians older than 50 years old. 
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INTRODUCTION 
Lean body mass (LBM) decreases and fat mass increases 
with ageing after middle-age.1 Studies indicated that the 
decrease in muscle mass becomes pronounced at about 50 
years old2 and progresses faster at about 60 years old.3 
Lean body mass is the total body mass minus fat mass, 
and thus includes the combined weight of the muscles, 
bone, organs, skin and blood. While increased fat mass is 
associated with many chronic diseases, the decrease in 
LBM results in sarcopenia,2,4-6 metabolic dysfunction, 
loss of physical function, disability, decreased quality of 
life and increased mortality.7-10 In the age-related de-
crease in LBM, changes in skeletal muscles are the key 
contributor. Lean body mass is commonly used to reflect 
the level of whole body skeletal muscle mass in individu-
als. Appendicular skeletal mass (ASM) accounts for ap- 

 
 

proximately 75% of the total skeletal muscle mass,11,12 
and receives more attention because it determines the 
ability of an individual to perform daily physical activi 
ties.13 ASM declines 1 to 2% per year14 and has been used 
in the definition of sarcopenia.7,15 Taken together, LBM 
and ASM are two common indicators that reflect the 
amount of muscle mass in both research and in clinics.6,16-
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Dual-energy X-ray absorptiometry (DXA), computed 
tomography (CT) and magnetic resonance imaging (MRI) 
are accurate methods for measuring body composition. 
The cost, required techniques and environmental settings 
are high for these assessment tools, which limit their ap-
plication in the wider community. Bioelectrical imped-
ance analysis (BIA), compared to the DXA, CT and MRI, 
is a convenient tool for assessing body composition be-
cause it is portable. However, its measurement accuracy 
is affected by the level of hydration, ambient temperature 
and the equation used to convert resistance to body densi-
ty.19,20 Additionally, BIA equipment is still too expensive 
for most elderly activity centers.  

Anthropometric measurement requires minimal equip-
ment and is a practical way to evaluate body composition. 
For example, waist circumference (WC) was shown to be 
correlated with the visceral fat content. Anthropometric 
parameters have been used to assess nutrition status for a 
long time.21 The commonly used parameters in nutritional 
status assessment include upper arm circumference 
(UAC), skinfold thickness, and upper arm muscle circum-
ference (UAMC).22-25 With sarcopenia gaining more at-
tention, the feasibility of using anthropometric measure-
ments to represent muscle mass is examined. To date, 
several prediction equations for LBM or ASM have been 
proposed. However, these proposed prediction equations 
often require limb length,15 grip strength18,26 and skinfold 
thickness15,27 measurements. The grip strength measure-
ment limitation is the dynamometry device skinfold 
thickness measurement, often associated with large meas-
urement errors that interfere with the correct interpreta-
tion.21 

In order to promote the practical epidemiological inter-
ventional studies on sarcopenia in resource-poor commu-
nities, this study developed simple, easily applicable 
equations, with measures obtained using a measuring tape 
for LBM and ASM estimation for community-dwelling 
Asian elderly. 
 
METHODS 
Participants 
Community-dwelling people aged 50 and older were re-
cruited from the Taiwan community. The inclusion crite-
ria were as follows: (1) participants were community-
dwelling citizens, and not hospitalised; (2) participants 
did not suffer from any major injury or disease that might 
affect investigations: as examples, those with severe car-
diovascular or central nervous system disease were ex-
cluded; and (3) participants were able to walk unaided, 
but assistive devices, such as canes, were permitted when 
necessary. Four hundred and ninety-eight people partici-
pated in this study including 166 males and 332 females. 
Participants were randomly allocated into the equation 
development group (DG) (n=332, mean age 68.6±9.30 
years old, 109 males, 223 females) and the validation 
group (VG) (n=166, mean age 68.2±9.27 years old, 57 
males, 109 females). This study was approved by the In-
stitutional Review Board of Fu Jen Catholic University 
(Approval Number: C102050) and Landseed hospital, 
Taiwan (Approval Number: 14-012-B1). The purpose and 
procedures of this study were explained to all participants, 
with formal consents collected.  

Anthropometric measurements 
Body weight (BW) and standing body height (Ht) were 
collected to the nearest 0.1 kg and 0.1 cm while wearing 
thin clothes and no shoes. BMI was calculated as weight 
(kg) divided by square of height (m2). Circumferences of 
the upper arm, forearm, waist, hip, thigh and calf were 
performed using an inelastic plastic tape to the nearest 0.1 
cm. Upper arm circumference (UAC) was measured at 
the midpoint between the acromion and the olecranon. 
Forearm circumference (FAC) was measured at one-third 
point between the radial head and radial styloid process 
with the forearm in the supination position. Waist circum-
ference (WC) was measured at the midline between the 
iliac crest and last rib margin. Hip circumference (HC) 
was measured at the widest part of the buttock in standing 
position with feet together. Thigh circumference (TC) 
was measured at midpoint between the anterior superior 
iliac spine and the patella. Calf circumference (CC) was 
measured at proximal one-third point between the fibular 
head and lateral malleolus with calf muscles relaxed. 
Limb circumferences were measured twice on the right-
hand side of the body. A third measurement was made if 
the difference between the first two measurements ex-
ceeded 0.5 cm. The average of the two closest values was 
used for analysis. Anthropometric measurements were 
performed by two well-trained researchers. Our prelimi-
nary study with 90 participants showed an excellent inter-
rater reliability (ICC=0.82) for the anthropometric meas-
urements.  

 
Dual-energy X-ray absorptiometry measurements 
Lean body mass (LBM) and appendicular skeletal muscle 
mass (ASM) were measured using DXA (Lunar DPX, 
lunar corporation, Madison, USA) according to the manu-
facturer’s directions.  

 
Statistical analysis  
Data were expressed as mean ± standard deviation. Inde-
pendent sample t-test was used to determine the differ-
ence in outcome variables between the DG and the VG. 
Pearson correlation coefficient was used to examine the 
associations between ASM, LBM and anthropometric 
parameters in the DG group. Backward regression analy-
sis was used to generate LBM and ASM prediction equa-
tions from the full models where gender, Ht, BW, BMI, 
UAC, FAC, WC, HC, TC, and CC were possible predic-
tors. The predictor with the largest p value was dropped 
and the model was refitted. Paired t-test was used to de-
termine the differences in ASM and LBM between the 
values derived from the prediction equations and from the 
DXA measurement in VG. Bland-Altman plots and Lin’s 
concordance correlation coefficient were used to deter-
mine the agreement between circumference-predicted 
LBM/ASM and DXA-measured LBM/ASM. All analyses 
were performed using SPSS version 20.0 (IBM, Chicago, 
IL) and statistical significance was set at α=0.05 (p<0.05). 
 
RESULTS 
The mean age of all participants was 69.2±0.8 years 
(range 63 to 79 years), BMI was 25.0±0.5 kg/m2, and WC 
was 88.6±1.6 cm for men and 85.3±1.3 cm for women. 
Participant characteristics were similar between the DG 
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and the VG (Table 1). Both LBM and ASM were posi-
tively correlated with the body height, BW, BMI, and all 
body circumference measurements. Specifically, circum-
ferences of distal limbs (e.g. forearm and calf) had mod-
erate to high correlation with LBM and ASM (coefficient 
values were between 0.60~0.72) whereas trunk and prox-
imal limb circumferences had low to moderate correlation 
with LBM and ASM (coefficient values were between 
0.30~0.43) (Table 2). Based on the data from the DG, five 
predictors gender, BW, BMI, FAC and HC were identi-
fied for LBM. The prediction model is presented in Table 
3 with high adjusted R2 (0.90) and low standard error of 
the estimate (SEE) (0.31 kg). For the ASM prediction six 
predictors gender, BW, Ht, FAC, CC and HC were identi-
fied. The prediction model is presented in Table 3 with 
high adjusted R2 (0.85) and low SEE (0.37 kg).  

Data from the VG were applied to cross-validate the 
prediction equations and we found no difference between 
the DXA-measured LBM/ASM and the circumference-
predicted LBM/ASM (Table 4). Bland and Altman plots 
from the VG group showed high agreement between 
DXA-measured LBM/ASM and circumference-predicted 
LBM/ASM (Figure 1 and Figure 2). There was no signif-
icant association between the difference in DXA-
measured and circumference-predicted LBM and the av-
erage LBM of two methods (r=0.04, p=0.63). Similarly, 
there was no significant association between the differ-
ence in DXA-measured and circumference-predicted 
ASM and the average ASM of two methods (r=0.12, 
p=0.14). The mean difference between the measured and 
prediction values for LBM and ASM were -0.20±2.27 
and 0.03±1.536 kg, respectively. 
 
DISCUSSION 
The sarcopenia is the centrum of frailty and an independ-
ent risk factor for functional limitation, falls and loss of 
independence for the elderly. To overcome LBM and 
ASM assessment barriers in the community setting due to 
lack of instrumentation, we aimed to develop valid pre-
diction models to predict LBM and ASM from anthropo-
metric measurements that are easily and correctly collect-

ed. Using DXA-measured LBM and ASM as references, 
we developed equations with satisfactory prediction qual-
ities to predict LBM and ASM by gender, Ht, BW, BMI, 
HC, FAC, and CC. The predictors identified in this study 
are easily measured and can be performed in the setting 
with limited resources and only with trained volunteers.   

The strength of the equations developed in this study is 
that with only a body weight and height scale and a 
measuring tape, the LBM/ASM of Asian community-
dwelling people aged 50 and older can be estimated with 
good predictive quality. Several prediction equations for 
LBM or ASM based on anthropometric measures have 
been proposed.15,18,26-28 However, some limitations 
existed in the practical application of these equations. 
First, these proposed prediction equations often required 
limb length,15 grip strength18,26 and skinfold thickness15,27 
measurements. For example, predictors identified by Wen 
et al. for ASM of Asian adults included limb length and 
skinfold thickness in addition to limb circumferences.15 
Predictors identified by Furushima et al for ASM of 
Asian adults included handgrip strength in addition to 
BW and waist circumference.18 Dynamometry is not 
available for most community settings and reliable 
skinfold thickness measurements are hard to obtain using 
community volunteers. We developed appropriate 
equations using only minimal equipment. While the 
equations developed by Wen et al showed high 
correlation (adjusted R2=0.93) and the equations 
developed by Furushima et al showed moderate to high 
correlation (adjusted R2=0.88 for men and 0.74 for 
women), the equations developed in this study show 
comparable predictive value (adjusted R2 is 0.9 for LBM 
and 0.85 for ASM) without limb length, grip strength and 
skinfold thickness in our prediction models. Another 
limitation of the existing LMB or ASM prediction models 
for Asians were developed based on a wide age range 
population. For example, anthropometric equations for 
ASM in Chinese adults and Japanese adults were 
developed from a Chinese population aged 18-69 years 
old (mean age of women was 41.1  years old and mean 
age of men was 39.3 years old). The Japanese population 

 
Table 1. Comparisons of anthropometric measurements between DG and VG 
 

 

Development group 
(n=332) 

(male=32.8%, female=67.2%) 

 Validation group 
(n=166) 

(male=34.3%, female=65.7%) p value 

Mean SD  Mean SD 
Age (yrs) 68.6 9.30  68.2 9.27 0.708 
Ht (cm)  157 7.87  158 7.99 0.448 
BW (kg) 61.0 10.3  61.6 11.2 0.548 
BMI (kg/m2) 24.6 3.32  24.7 3.96 0.843 
UAC (cm) 28.4 2.98  28.5 3.49 0.595 
FAC (cm) 22.9 2.35  22.9 2.33 0.851 
WC (cm) 86.7 10.0  86.5 11.1 0.843 
HC (cm) 94.4 6.67  95.1 7.61 0.305 
TC (cm) 48.5 4.70  48.8 5.07 0.512 
CC (cm) 34.1 2.99  34.1 3.22 0.947 
LBM (kg) 38.3 7.33  38.4 7.28 0.953 
ASM (kg) 16.4 3.56  16.4 3.56 0.579 

 
DG: development group; VG: validation group; Ht: body height; BW: body weight; BMI: body mass index; UAC: upper arm circumfer-
ence; FAC: forearm circumference; WC: waist circumference; HC: hip circumference; TC: thigh circumference; CC: calf circumference; 
LBM: lean body mass; ASM: appendicular skeletal muscle mass. 
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Table 2. Correlations between ASM, LBM and anthropometric parameters 
 

 Age 
(yrs) 

Ht 
(cm) 

BW 
(kg) 

BMI 
(kg/m2) 

UAC 
(cm) 

FAC 
(cm) 

WC 
(cm) 

HC 
(cm) 

TC 
(cm) 

CC 
(cm) 

LBM 
(kg) 

ASM 
(kg) 

Age (yrs) 1.000 -0.117* 0.009 0.098 -0.091 -0.017 0.296* 0.011 -0.215* -0.195* 0.011 -0.014 
Ht (cm)  1.000 0.565* - 0.026 0.207* 0.449* 0.186* 0.125* 0.237* 0.404* 0.765* 0.742* 
BW (kg)   1.000 0.805* 0.695* 0.762* 0.744* 0.739* 0.645* 0.728* 0.803* 0.767* 
BMI (kg/m2)    1.000 0.690* 0.599* 0.775* 0.820* 0.608* 0.585* 0.423* 0.397* 
UAC (cm)     1.000 0.737* 0.597* 0.664* 0.677* 0.638* 0.430* 0.410* 
FAC (cm)      1.000 0.585* 0.520* 0.597* 0.682* 0.720* 0.704* 
WC (cm)       1.000 0.706* 0.445* 0.448* 0.477* 0.426* 
HC (cm)        1.000 0.667* 0.589* 0.333* 0.302* 
TC (cm)         1.000 0.707* 0.418* 0.413* 
CC (cm)          1.000 0.597* 0.615* 
LBM (kg)           1.000 0.961* 
ASM (kg)            1.000 

 
Ht: body height; BW: body weight; BMI: body mass index; UAC: upper arm circumference; FAC: forearm circumference; WC: waist circumference; HC: hip circumference; TC: thigh circumference; CC: calf 
circumference; LBM: lean body mass; ASM: appendicular skeletal muscle mass. 
*Significant at an α value of <0 .01. 
 
 
Table 3. Prediction models for LBM and ASM based on data from the Development Group 
 

Parameters Adjusted R2 SEE Equation 
LBM (kg) 0.90 0.31 27.479 + 0.726*BW (kg) - 3.383*gender (male = 1, female = 2) - 0.672*BMI + 0.514*FAC (cm) - 0.245*HC (cm) 

 

ASM (kg) 0.85 0.37 -4.287 + 0.202*BW (kg) - 0.166*HC (cm) - 1.484* gender (male = 1, female = 2) + 0.173*CC (cm) + 0.096*Ht (cm) + 0.243*FAC (cm) 
 
LBM: lean body mass; ASM: appendicular skeletal muscle mass; BW: body weight; BMI: body mass index; CC: calf circumference; FAC: forearm circumference; HC: hip circumference; Ht: body height; SEE: 
standard error of the estimate 
 
 
Table 4. Comparisons between the circumference-predicted LBM/ASM and DXA-measured LBM/ASM in the Validation Group 
 

 
DXA-measured values  circumference-predicted values p value Lin’s CCC n Mean  SD  n Mean  SD 

LBM (kg) 162 38.34  7.19  162 38.53  7.08 0.366 0.924 
ASM (kg) 162 16.57  3.48  162 16.54  3.30 0.798 0.898 

 
LBM: lean body mass; ASM: appendicular skeletal muscle mass; DXA: Dual-energy X-ray absorptiometry; Lin’s CCC: Lin’s concordance correlation coefficient.  
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was aged 20-90 years old (mean age of women was 54 
years old and mean age of men was 48 years old).15,26 

Considering that changes in muscle mass are not linear 
and the rapid loss in muscle mass occurs at the end of the 
fifth decade,13 the equation developed in this study based 
on participants aged from 50 to 103 years old (mean age 
68.6 years old) would be more suitable for middle-aged 
and elderly individuals. 

We found that distal limb circumferences had higher 
correlation with LBM and ASM than trunk and proximal 
limb circumferences. FAC was a positive predictor for 
both LBM and ASM. This finding is similar to a report 
where cadavers were investigated. Martin et al. found that 
forearm circumference has greater correlation with total 
skeletal muscle mass than upper arm circumference in 
male cadavers.29 The lower correlation between trunk and 
proximal limbs circumferences with LBM/ASM than 
distal limb circumferences is likely due to greater adipose 
tissue deposition in the trunk and proximal limbs than 
distal limbs (REF). Waist circumference has been used to 
define central obesity and the HC is used to indicate the 

adiposity of individuals.30 Similarly, obese individuals 
were found to have greater adipose tissue deposition in 
the thigh including subcutaneous, subfascial and inter-
muscular compartments compared to lean individuals.31 
Therefore, our data together with others suggest that trunk 
and proximal limb circumferences are better indicators 
for obesity while distal limb circumferences are better 
indicators for sarcopenia. 

An important finding of this study is that FAC was a 
positive predictor for both LBM and ASM. HC is a nega-
tive predictor for both LBM and ASM and CC was a pre-
dictor for ASM. Several studies have examined the pre-
dictive role of CC for muscle mass and identified CC as a 
predictor in the estimation model for muscle mass.26,28,29 
FAC is the anthropometric measure that few studies con-
sidered. The positive predictive role of FAC on muscle 
mass has been reported in male cadavers29 and elderly 
women.27 FAC was also found as a negative predictor of 
body fat in the adult population.22 Thus, FAC seems like a 
good indicator of body composition. This finding is excit-
ing because distal limb circumference measurement is 

 

 
 
Figure 1. Bland-Altman plot of lean body mass (LBM) measured by DXA and predicted by the prediction equation. 
 
 

 
 
Figure 2. Bland-Altman plot of appendicular skeletal muscle mass (ASM) measured by DXA and predicted by the prediction equation.  
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easier and more applicable in a community setting com-
pared to the proximal limbs measurement. It is always 
difficult to ask older people to remove heavy clothes dur-
ing winter. The reason for the negative role of HC in the 
muscle mass estimation is that HC is an indicator of adi-
posity. In fact, HC has been identified as a negative pre-
dictor for muscle mass26-28 and positive predictor for fat 
mass.22 It has been shown that excessive adipose tissue 
accumulation results in systemic chronic low-grade in-
flammation and insulin resistance, which increases pro-
tein degradation and muscle mass loss.32,33 

In our developed estimation equations male and higher 
BW are positive predictors in LBM and ASM equations. 
This finding is not surprising because muscle mass is 
greater in males than in females34 and body weight is the 
sum of all bodily components. Body weight and gender 
were included in almost every estimated muscle mass 
equation using BIA35-40 or anthropometric measure-
ments.15,18,26,35,36,38,41 

One limitation of using the ASM prediction equation 
developed in this study is peripheral edema because it 
might confound the CC measurement. Another limitation 
is that the prediction equation developed in this study 
may only be applicable for Asian individuals older than 
50 years old. 

 
Conclusions 
This study showed that LBM and ASM can be estimated 
from anthropometric measurements using only a body 
weight and height scale and an inelastic plastic measuring 
tape. LBM and ASM prediction equations were devel-
oped and cross-validated using Asians over 50 years old. 
The prediction equations have the advantage of accuracy, 
inexpensive, not invasive and easily applied and thus 
suitable in epidemiological studies and practices in the 
community. 
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