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Abstract
This study assessed the accuracy of a selected formula
used to estimate the appendicular muscle mass (AMM)
which is linked with many clinical outcomes. A group of
community-dwelling adult women (n=80) had their AMM
measured using dual energy x-ray absorptiometry (DXA).
The same was estimated using a formula already
published {Skeletal muscle mass = (0.244 × BW in kg) +
(7.80 × Ht in meters) + (6.6 × Sex) - (0.098 × Age) + race 3.3} (sex=0 for female and 1 for male, race =-1.2 for Asian,
1.4 for African American and 0 for White and Hispanic).The
two datasets were compared for accuracy and precision.
Mean AMM measured by DXA and estimated by the formula
were very close (14.8 and 14.5 kg) and the difference
ranged from -1.2 to 3.6 kg. Correlation between the two
datasets was high (r=0.92) and the Bland-Altman plot
showed an acceptable measurement agreement
between the two methods. Results were independent of
age and BMI. The formula used in this analysis gave an
accurate estimation of the absolute AMM in women
included in this study.
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Introduction
Low lean muscle mass (MM) is connected with
cachexia, muscle atrophy and sarcopenia, three conditions
broadly similar but have own characteristics [1]. Cachexia
is a complex metabolic syndrome associated with an
underlying illness while muscle atrophy is generally a result
of physical inactivity [2]. Reduced MM is an essential
criterion to define sarcopenia which refers to the loss of
MM and function seen in older people [2].
Reduced MM is associated with many health
consequences such as functional impairment and physical
disability, reduced cardiovascular fitness and increased
arterial stiffness [3-5]. Most of these studies have been
done among older subjects and sarcopenia is now
considered a modifiable risk factor [6].

MM can be measured by many techniques including
CT, MRI, dual energy x-ray absorptiometry (DXA) and
bio-impedance analysis [1]. The use of MM in clinical
decision making is greatly limited and apart from BMI and
calf circumference which are surrogates of MM, absolute
MM is not used either in clinical decision making or
monitoring disease progression.
Lee et al. in 2000 introduced two formulae to estimate
AMM in adults [7]. They are based on anthropometric
measures such as weight, height and calf circumference
and other variables such as sex and ethnicity. These
formulae showed a high correlation and accuracy between
the estimated AMM and the measured AMM by MRI [7].
While these formulae would provide clinicians and
researchers an easy and practical way of estimating the
absolute AMM in human subjects, they need to be
validated when applied to different populations. In this
study we examined the measurement accuracy of a selected
formula published by Lee et al. in a group of adult women
who were participants of a previous study [7].

Methods
This study included females aged between 27-87 years
selected from the field study area of the Faculty of
Medicine, University of Ruhuna, using a stratified random
method. These women were selected by Family Health
Workers using the most recent voters’ register after
stratifying them to different age groups. They had an initial
interview during which health related information was
gathered and weight and height were measured using a
digital platform weigh scale (Weigh Master International;
model no BW-110 H).
All participants underwent whole body DXA
scanning (Discovery by Hologic Inc, Bedford, USA)
adhering to the manufacturer’s protocol and the whole
body images were analysed using the whole body analysis
software. All scans were performed and analysed by the
same technician to avoid inter-operator variability. AMM
was calculated by adding the lean mass content of four
limbs (Measured AMM). AMM was estimated (Estimated
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AMM) by the anthropometric prediction model described
below [7]. This model was selected as the information it
uses can be easily obtained in any clinical setting.

Upper threshold (3.95)

Skeletal muscle mass = (0.244 × body weight in Kg)
+ (7.80 × height in meters) + (6.6 × sex) – (0.098 × age)
+ race -3.3.
(sex=0 for female and 1 for male, race =-1.2 for Asian,
1.4 for African American and 0 for White and Hispanic)

Lower threshold (-0.75)

Results
Sample consisted of 80 females, their ages ranged
from 27 to 87 years (mean 58.1 years; SD 15.5). The
description of the sample is given in table 1. None of them
suffered from serious acute illness, endocrine disease,
malabsorption, immobility or chronic inflammatory
diseases. Twenty were on treatment for hypertension, high
cholesterol or coronary artery disease. None had ever
smoked or taken alcohol in the past.
Mean values of measured and estimated MM were
very close (14.8 and 14.5 kg) and the difference of MM,
measured and estimated, ranged from -1.2 to 3.6 kgs.
However, a wider SD was observed for the estimated MM.
The coefficient of variation (SD/mean ×100) of measured
and estimated MM were 19.6% and 29.7%, respectively.
Measured and estimated MM values showed a high
correlation (r=0.92, p<0.001) and estimated MM accounted
for 85% variation (R2=0.85) of the measured MM. In the
regression analysis, a strong liner relationship between
the two set of values was observed with a gradient of
0.62 (p<0.001) and an intercept of 5.8 (p<0.001) (Figure).

Table 1. Description of the sample (n=80)

Figure. Bland-Altman plot examining the measurement agreement between the measured and
estimated AMM

When the measurement agreement of the two sets of values
was tested by the Bland-Altman plot, more than 95% of
values were within the limits of agreement (±1.96 SD of
the measurement difference) indicating the accuracy of
the formula used to estimate the MM. When the data
were analyzed based on their age and BMI, no major
changes in the above results were seen. Compared to older
women, young women had a stronger correlation (r=0.92
vs 0.84, p<0.001) between the two datasets. No major
difference in results was between those with BMI below
25 and those with BMI higher (table 2).

Table 2. Subgroup analyses based on age
and BMI
Subgroup

Correlation
coefficient(r)

Range of
measurement
difference (kg)

Mean
(SD) (kg)

Age (years)
Below 65 (n=45)
0.90
65 and above (n=35) 0.83

-1.1 to 3.9
-1.2 to 3.6

1.5 (1.2)
1.9 (1.2)

BMI (kg/m 2)
Below 25 (n=37)
0.80
25 and above (n=43) 0.85

-1.1 to 3.6
-1.1 to 3.9

1.7 (1.2)
1.6 (1.1)

Measurement

Range

Mean (SD)

Age (years)

27 to 87

58.1(15.5)

Weight (kg)

34.6 to 78.0

53.6 (11.8)

Height (m)

1.37 to 1.62

1.48 (0.06)

BMI (kg/m 2)

17.2 to 35.6

24.5 (4.7)

Measured AMM (kg)

7.6 to 21.8

14.8 (2.9)

Estimated AMM (kg)

7.1 to 22.5

14.5 (4.3)

*Difference (kg)

-1.2 to 3.6

1.6 (1.2)

Medical conditions

Percentage

Discussion

Hypertension

8%

Diabetes

6%

This analysis showed a high accuracy of the formula
used for the estimation of AMM among adult women
used in this study. The absolute accuracy error ranged
from -1.2 to 3.6 kg and it did not exceed 1SD of the estimated
AMM (4.3 kg). The Bland-Altman plot showed more than
95% of observations lie between the limits of agreement
and this further supported the accuracy of the measurement. There was a fixed error (bias) of 1.6 kg and this was

Ischemic heart disease

2%

Smoking

0%

Current or past alcohol
consumption

0%

*Difference of measured and estimated AMM
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significantly different from zero when tested using
one-sample t-test (data not shown). However there was
no proportional error to be detected in the Bland-Altman
plot as the two datasets showed a uniform agreement
throughout the measurement range. Further, no significant
difference in results was seen among young and old or
those with BMI below 25 and those above. We did not,
however, include women with BMI higher than 32, hence
the validity of the formula in obese women needs to be
determined.
The precision error of the estimated AMM, however,
was higher than that of the measured AMM by DXA
technology (approximate Coefficient of variation; 30% vs
20%). Our data are compatible with the results of the
original study which indicates that the formula can be
applied to any age, gender or ethnic group [7]. Low MM
is linked to functional impairment and physical disability
of older Americans and Koreans [3,9]. Furthermore, among
patients with established cardiovascular disease, those
with low MM had lower cardiovascular fitness when
compared with those with normal MM [4].
The current study had a few limitations. We studied
only a group of relatively healthy adult females and the
findings cannot be applied to males, other female age
groups, or those with chronic diseases. We recommend
this formula to estimate the AMM of adult women.
Although it has an acceptable accuracy, the higher
precision error observed needs to be remembered when
replicate measurements are taken.
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