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Introduction 
 

In recent decades, the number of obese or over-
weight people has been rising gradually all around 

the world (1). The statistics represent that there 
are more than 2 billion people (30% of the world 

Abstract 
Background: Estimating Fat-Free Mass (FFM) is an integral part of Body composition measurements, so ob-
taining an accurate estimation for evaluating FFM is critical for researchers and specialists. We aimed to devel-
op and validate a simple equation for predicting FFM in the adult population. 
Methods: Participants were 1996 adults (1085 men and 911 women), and 18 to 69 years old from Ahvaz City, 
southern Iran. They were randomly divided into the derivation (n=1396) and the validation (n=600) groups 
with no significant differences from Jan 2018 to Feb 2020. FFM was measured by Bioelectrical Impedance 
Analyzer (BIA) (InBody 770©; Biospace, Seoul, South Korea). Based on the demographic variables retrieved 
from the Derivation group, 8 FFM predictive equations were developed using multiple regression; finally, the 
most accurate model (using the coefficient of determination (R2)) was chosen and then validated on the Valida-
tion group for more evaluation. 
Results: The best equation derived from demographic characteristics was: " FFM= 0.28 × Weight (kg) + 
0.57×Height (cm)+7.35×Sex (M=1, F=0)+0.03×Age (years)-70.61"; where sex = 1 for male and 0 for female. 
R=0.94, R2=0.89, standard error of the estimate=4.04 kg. 
Conclusion: Our developed and cross-validated anthropometric prediction equation for fat-free mass estima-
tion using BIA attained a high coefficient of determination, a low standard error of the estimate, and the low-
ermost coefficient of variation. Predictive equations may be reliable and valuable alternative methods for the 
clinical evaluation of fat-free mass in the adult population. 
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population) in the world suffering from obesity 
(2), while the WHO's plan is to abate obesity 
rates by 2025 (3). This disorder can lead to sever-
al problems such as heart disease, stroke, and 
cancers. Since obesity is a significant risk factor 
for many chronic diseases, there is an increasing 
demand for accurate body composition assess-
ments (1). 
Body composition assessments estimate the pro-
portions of fat mass (FM) and fat-free mass 
(FFM). Fat mass includes fat from brain tissue, 
the skeleton, and adipose tissue; while FFM 
comprises the body's water, protein, and mineral 
components. Body composition assessments also 
measure the fat distribution and body water (in-
tracellular and extra-cellular) (4). Body composi-
tion measurements help monitor the risk of de-
veloping chronic diseases since the proportion 
and distribution of body fat is a significant com-
ponent of the metabolic load (5). Obesity is often 
measured using body mass index (BMI), but this 
method does not distinguish between FM and 
FFM and cannot measure changes in body com-
position (6). 
Several methods and instruments have been de-
signed for body composition assessment, such as 
Magnetic Resonance Imaging (MRI), Deuterium 
Oxide dilution (D2O), Computed Tomography 
(CT), and Dual-energy X-ray Absorptiometry 
(DXA), sophisticated, expensive, and time-
consuming (4, 5). In addition, Bioimpedance 
analysis (BIA) is an accurate method that has 
been studied in various Reliability and Agreement 
studies with gold standard methods such as 
DXA, D2O for FFM evaluation (7-9). 
Many studies have developed anthropometric 
prediction equations to estimate FFM and FM in 
adults in the past years. The advantages of using 
equations are their accessibility and convenience. 
Different studies have used BIA as a reference 
method for the development and validation of 
equations (10-12). 
Due to the importance of body composition as-
sessment and considering that to date, little study 
has been conducted to develop simple equations 
for the adult population. This study was conduct-

ed to develop and validate a simple equation for 
predicting FFM in the adult population. 

 

Materials and Methods  
 
Subjects 
From Jan 2018 to Feb 2020, this cross-sectional 
study was conducted. Overall, 2015 adults (1095 
men and 916 women) from a wider area of Ah-
vaz City in Iran were asked to participate in the 
survey. Any factor that disturbed the hydration 
status was considered as an exclusion criterion, 
such as hypertension, renal disease, oedema, 
pregnancy, lactation, and diuretics. Twelve sub-
jects (seven men and five women) were excluded 
from the study based on the exclusion criteria. 
Study subjects were randomly divided into two 
subgroups of derivation and validation; the deri-
vation group included two-thirds of the total 
samples, and the validation group included one-
third of the total (10, 11). Afterward, the FFM 
predictive equation was derived from the deriva-
tion group and then validated in the second 
group. The equation was validated on all data to 
ensure the correctness of the predictive equation. 
 
Ethics Approval 
The study was performed according to the Hel-
sinki Declaration; the conditions and manner of 
conducting the study were fully explained to the 
participants then all of them signed the Informed 
consent form. The Ethical Committee of Ahvaz 
Jundishapur University of Medical Sciences ap-
proved this descriptive-analytical study (Ethics 
Code: IR.AJUMS.REC.1399.422). 
 
Anthropometric measurements 
Anthropometric assessments were performed 
based on international recommendations by a 
trained nutritionist (13). Participants were 
weighed in light clothing and barefoot by a me-
chanical scale (Seca, Hamburg, Germany) at the 
nearest 0.1 kg, height was measured to the near-
est 0.1 cm using a stadiometer portable scale (Se-
ca, Hamburg, Germany). BMI was calculated by 
the Quetelet formula (body weight (kg) divided 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 52, No.2, Feb 2023, pp.389-398  

391                                                                                                       Available at:    http://ijph.tums.ac.ir 

by the square of the height (m2)) (14). All meas-
urements were taken during the morning and in a 
fasting status, then repeated by another nutrition-
ist. 
 
FFM assessment 
Body composition and FFM were measured by a 
segmental multifrequency bioelectrical impedance 
analyzer (InBody 770©; Biospace, Seoul, South 
Korea). Body composition was measured based 
on three different frequencies with high accuracy 
and reliability.  
All instructions for accurate measurement of BIA 
(Bioelectrical Impedance Analysis) were followed 
carefully. Instructions included the following: at 
least 8 h of fasting status before measurement, no 
strenuous exercise for 12 h before measurement, 
no walking at least 3 h beforehand, empty blad-
der, no alcohol or energy drinks or caffeine be-
forehand, absence of menstruation for women 
and freedom of any metal subjects (15). 
DXA is the reference method for measuring 
FFM. There were significant correlations in FM 
and FFM measurements between BIA and DXA 
in adults (7-9). 

 
Statistical analysis  
Descriptive statistics were presented as mean and 
standard deviation (SD) for continuous variables 
and proportions for categorical variables. The 
Kolmogorov–Smirnov test was used to assess the 
normality distribution of variables. An independ-
ent sample t-test was used to compare the results 
between the derivation and validation groups. 
Pearson's correlation was calculated between the 
dependent variable and weight, height, BMI, sex, 
and age. 
 Simple linear regression of each variable against 
fat-free mass estimation by BIA was performed 
to select the most appropriate variables for the 
multivariate analysis. The previous step was 
based on the strength of each association. Multi-
ple linear regressions were used to generate equa-
tions to predict fat-free mass based on the FFM 
calculated by BIA. Considering the clinical and 
routine practice, the following variables: age, 
weight, height, sex, BMI considered relevant. 

Additionally, we searched for the highest R and 
R2 value and the lowest standard error of the es-
timate (SEE) values of each set of stepwise re-
gression. 
The degree of concordance regressions with the 
reference method (BIA) was analyzed quantita-
tively by calculating the Pearson's correlation co-
efficient (r) and Lin's concordance correlation 
coefficient (CCC), and graphically, with the 
Bland-Altman method. Lin's concordance corre-
lation coefficient was computed with a 95% con-
fidence interval calculated using Fisher's z-
transformation (16).  
Bland Altman plots (17) were used to explore the 
distributions of systematic and random errors 
and determine agreement levels between the pre-
dicted and observed fat-free mass. The most 
straightforward derived predictive equation was 
validated in the Validation group. The standard 
error of the estimate was used to define the accu-
racy of predictive equations. Further, we investi-
gated the limits of agreement between the BIA 
measurement and predictive equation. We adopt-
ed a confidence interval of 95.0%. Scatter plots 
were created to evaluate the correlation coeffi-
cient between observed and predicted fat-free 
mass. The coefficient of variation was calculated 
to explore the predicting dispersion. We analyzed 
the difference between the BIA-estimated and 
predicted fat-free mass by one-sample t-tests. 
Paired-samples t-tests were used to investigate 
the agreement between the BIA-estimated and 
predicted fat-free mass. Moreover, the mean dif-
ference and Limits of Agreement (LOA) calculat-
ed between the predicted and observed fat-free 
mass. In addition, 95% LOA were calculated as 
the mean difference ± 1.96 standard deviations. 
The IBM SPSS Statistics 25.0 (IBM Corp., Ar-
monk, NY, USA) was used for the statistical 
analysis. 
 

Results 
 
General characteristics 
Overall, 1996 participants (1085 men and 911 
women) entered the study. No significant differ-
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ences were observed between the derivation and 
validation group, in terms of all variables such as 

sex distribution, age, height, weight, BMI, and 
FFM (Table 1). 

 
Table 1: General characteristics and FFM values in all participants, Derivation and Validation groups 

 

Variables ALL 
(n=1996) 

Derivation 
group 

(n=1396) 

Validation 
group 

(n=600) 

P-value* 

Mean (SD) or n (%) 

SEX    0.21 
Males (%) 1085(54.4) 771(55.2) 314(52.3) 
Females (%) 911(45.6) 625(44.8) 286(47.7) 
Age (years) 35.19(8.93) 35.00(8.97) 35.63(8.84) 0.22 
<30 yr (%) 503(25.2) 342(24.5) 161(26.8) 0.07 
30–40 yr (%) 998(50.0) 684(49.0) 314(52.3) 
40–50 yr (%) 332(16.6) 242(17.3) 90(15.0) 
> 50 yr (%) 163(8.2) 128(9.2) 35(5.8) 
Height (cm) 170.07(9.78) 170.21(9.83) 169.73(9.67) 0.32 
Weight (kg) 84.15(17.62) 84.03(17.69) 84.44(17.45) 0.63 
BMI (kg/m2) 29.06(5.40) 28.95(5.29) 29.32(5.64) 0.14 
Underweight 
(%) 

19(1.0) 10(0.7) 9(1.5) 0.06 

Normal weight 
(%) 

407(20.4) 227(19.8) 130(21.7) 

Overweight 
(%) 

860(43.1) 590(42.3) 270(45.0) 

Obesity (%) 710(35.6) 519(37.2) 191(31.8) 
FFM (kg) 56.16(12.43) 56.44(12.50) 55.50(12.29) 0.12 

Abbreviations: n, number of participants; SD, standard deviation, FFM, Fat Free Mass measured by BIA; BMI: Body 
Mass Index. *t-Test between derivation and validation group, P<0.05 were set as significant. 

 
Check the correlations of variables 
The correlation between FFM measured by BIA 
and affecting variables such as weight, height, 

BMI, sex, and age was calculated using bivariate 
correlation in both derivation and validation 
groups and all subjects (Table 2). 

 
Table 2: Correlation between variables and Fat Free Mass (FFM) in all participants, Derivation and Validation 

Groups 

 

Variable ALL Derivation 
Group 

Validation Group 

Weight 
(kg) 

0.72** 0.71** 0.73* 

Height 
(cm) 

0.84** 0.85** 0.83* 

BMI 
(kg/m2) 

0.27** 0.25** 0.30* 

Sex 0.76** 0.77* 0.73* 
Age -0.10** -0.11* -0.06 

Abbreviations: FFM, fat-free mass (kg); BMI, body mass index. **Significant correlation of P<0.001(2-tailed). 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 52, No.2, Feb 2023, pp.389-398  

393                                                                                                       Available at:    http://ijph.tums.ac.ir 

 
Based on the retrieved data, the correlation be-
tween all variables and FFM was significant 
(P<0.001, 2-tailed), except for the age variable in 
the validation group. Among the variables, the 
highest coefficient correlation with FFM was re-
lated to height (0.84), sex (0.76), weight (0.72), 
and then age (- 0.10), respectively. 
 
Derivation of equation 
Linear regressions of each variable against fat-
free mass were evaluated based on descriptive 
characteristics and then equation for estimating 
FFM was designed, using BMI, weight, height, 
sex, and age in the derivation group. This equa-
tion was: " FFM= 0.28 × Weight (kg) + 0.57 × 
Height (cm) + 7.35 × Sex (M=1, F=0) + 0.03 × 
Age (years) – 70.61" 
 
Validation of the equation 
The derived equation was tested and validated on 
other groups (Validation and all subjects). The 
correlation and Lin's concordance correlation 
coefficient were analyzed between FFM estimat-
ed by equation and referenced FFM (measured 
by BIA) (Table 3); Scatter plots were also drawn 
from all three groups for further evaluation (Fig. 
1). According to gender, BMI classification, and 

age category, the linear correlations showed a 
high degree of correlation in all categories 
(R=0.94 in all participants). Lin's concordance 
coefficient was also calculated (CCC=0.94 in all 
participants). Therefore, there was a strong corre-
lation between FFM derived from the equation 
and the reference (Table 3). 
For more reliability and increased accuracy, the 
equation was evaluated by other statistical tests. 
According to Table 4, mean differences and lim-
its of agreement between FFM derived from the 
equation and referenced FFM were calculated in 
all three groups and subgroups according to gen-
der, BMI classification, and age groups. Bland 
and Altman plots between FFM prediction equa-
tion and referenced FFM in validation group, 
derivation group, and all participants are given in 
Fig. 2a-c; the distributions of systematic and ran-
dom errors and limits of agreements were evalu-
ated in all three groups. Totally, the outcome was 
satisfactory; the low value of the mean difference 
(- 0.04 in all subjects) and narrow range of limit 
of agreement (7.97, -8.05 in all subjects) showed 
that the estimated equation works to a highly ac-
curate degree; it also confirmed the results of 
previous Validations (Tables 5,6). 

 
Table 3: Models for estimating FFM based on Descriptive characteristics 

 
 β  (Constant) R R2 SEE 
 BMI Weight Height Sex Age     

MODLE 1 0.58** - - - -  39.22 0.25 0.06 12.08 
MODLE 2 0.64** - - - - 0.21**  45.33 0.30 0.09 11.92 
MODLE 3 0.71** - - 19.94**   24.56 0.83 0.69 6.93 
MODLE 4 0.74** - - 19.77** - 0.14**  28.90 0.83 0.70 6.80 
MODLE 5 - 0.28** 0.83** - -  -110.22 0.92 0.85 4.76 
MODLE 6 - 0.28** 0.86** - 0.08**  -117.10 0.92 0.85 4.70 
MODLE 7 - 0.28** 0.55** 7.53** -  -66.65 0.94 0.89 4.05 
MODLE 8 - 0.28** 0.57** 7.35** 0.03*  -70.61 0.94 0.89 4.04 

Abbreviations: BMI, body mass index; Sex, male=1, female=0; β, beta coefficient; R2, adjusted coefficient of deter-
mination; SEE, standard error of the estimate. 
*Significant correlation of P<0·05 (2-tailed). 
**Significant correlation of P<0·001(2-tailed) 
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Table 4: Determination of equation accuracy in participants using linear correlation and Lin's concordance correla-
tion coefficient 

 

Variable All participants  Derivation Group  Validation Group 
 R CCC  R CCC  R CCC 

Total 0.94 0.94  0.94 0.94  0.94 0.94 

Male 0.86 0.84  0.86 0.84  0.86 0.84 

Female 0.86 0.86  0.87 0.86  0.86 0.85 

Underweight 0.90 0.84  0.93 0.84  0.90 0.91 

Normal 0.93 0.92  0.92 0.92  0.93 0.94 

Overweight 0.94 0.93  0.94 0.93  0.94 0.91 

Obese 0.94 0.94  0.95 0.94  0.94 0.94 

<30 yr 0.95 0.95  0.95 0.95  0.95 0.95 

30–40 yr 0.93 0.93  0.93 0.93  0.93 0.92 

40–50 yr 0.94 0.94  0.94 0.94  0.94 0.94 

> 50 yr 0.95 0.95  0.94 0.95  0.95 0.96 

Abbreviations: R, Pearson linear correlation coefficient; CCC, Lin's concordance correlation coefficient 
 

Table 5: validation of FFM derived from the equation on the all participants and subgroups 
 

Varia-
bles 

Derivation group Validation group All participants 

Mean ± 

SD BIA¹ 

Mean ± 
SD 

Equation 
² 

*P-
Value 

Mean ± 

SD BIA¹ 

Mean ± 
SD Equa-

tion ² 

*P-
Value 

Mean ± 

SD BIA¹ 

Mean ± 
SD 

Equa-
tion² 

*P-
Value 

Total 56.44 ± 
12.50 

56.47 ± 
11.83 

0.79 55.50 ± 
12.29) 

55.58 ± 
11.58 

0.63 56.16 ± 
12.44 

56.20 ± 
11.76 

0.63 

Male 65.14 ± 
9.15 

65.16 ± 
0.27 

0.86 64.13 ± 
9.50 

64.54 ± 
7.35) 

0.12 64.85 ± 
9.26 

64.98 ± 
7.47 

0.33 

Female 45.72 ± 
6.11 

45.75 ± 
5.89 

0.82 46.03 ± 
6.80 

45.75 ± 
6.0 

0.17 45.82 ± 
6.33 

45.73 ± 
5.95 

0.51 

Under- 
weight 

40.78 ± 
6.94 

43.10 ± 
8.41 

0.14 40.54 ± 
6.63 

42.93 ± 
8.11 

0.004 40.66 ± 
6.61 

43.02 ± 
8.04 

0.009 

Normal 52.22 ± 
10.28 

53.03 ± 
10.26 

0.06 51.80 ± 
11.26 

52.68 ± 
11.37 

0.09 52.08 ± 
10.59 

52.92 ± 
10.61 

0.07 

Over-
weight 

55.98 ± 
12.20 

55.59 ± 
11.07 

0.10 55.46 ± 
11.23 

55.40 ± 
10.34 

0.83 55.82 ± 
11.90 

55.53 ± 
10.84 

0.42 

Obese 59.34 ± 
13.04 

59.56 ± 
12.65 

0.84 58.79 ± 
13.37 

58.41 ± 
12.62 

0.22 59.33 ± 
13.13 

59.26 ± 
12.64 

0.62 

<30 yr 56.44 ± 
13.59 

56.83 ± 
13.03) 

0.06 55.06 ± 
13.80 

54.95 ± 
12.36 

0.73 56.00 ± 
13.66 

56.23 ± 
12.87 

0.19 

30–40 yr 57.97 ± 
12.04 

57.83 ± 
11.0 

0.37 56.56 ± 
11.68 

56.98 ± 
10.78 

0.10 57.53 ± 
11.94 

57.56 ± 
10.97 

0.80 

40–50 yr 55.45 ± 
12.39 

55.01 ± 
12.14 

0.09 54.15 ± 
11.14 

53.55 ± 
12.27 

0.13 55.09 ± 
12.06 

54.61 ± 
12.17 

0.29 

> 50 yr 50.17 ± 
9.69 

51.01 ± 
9.81 

0.30 51.47 ± 
12.27 

51.23 ± 
11.42 

0.65 50.45 ± 
10.27 

51.05 ± 
10.14 

0.15 

Abbreviations: FFM, Fat free Mass (kg); BIA, bioelectrical impedance analysis. ¹mean ± standard deviation of Fat 
Free Mass measured by BIA (kg); ² mean ± standard deviation of Fat Free Mass estimated by the equation (kg). 
*Mean measured-predicted value (significance at 0.05 level) 
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Table 6: Mean difference and Limits of agreement between FFM derived from equation and referenced FFM* 

 

Variables Derivation group Validation group All participants 
Mean Differ-
ence ± SD 

(kg) 

Limits of 
Agreement 
(kg) (Lower, 

Upper) 

Mean Differ-
ence ± SD 

(kg) 

Limits of 
Agreement 
(kg) (Lower, 

Upper) 

Mean Differ-
ence ± SD 

(kg) 

Limits of 
Agreement 
(kg) (Lower, 

Upper) 

Total -0.02 ± 4.03 7.88, -7.93 -0.08 ± 4.21 8.18, -8.34 -0.04 ± 4.08 7.97, -8.05 
Male 0.02 ± 4.69 9.16, -9.22 0.27 ± 3.49 8.92, -9.74 -0.13 ± 4.71 9.09, -9.37 
Female -0.02 ± 3.03 5.93, -5.98 -0.41 ± 4.76 7.12, -6.57 0.06 ± 3.19 6.32, -6.18 
Under- 
weight 

-2.32 ± 4.61 6.71, -11.37 -2.39 ± 1.80 1.15, -5.93 -2.35 ± 3.48 4.46, -9.18 

Normal -0.81 ± 4.03 7.09, -8.72 -0.87 ± 3.73 6.44, -8.20 -0.83 ± 3.93 6.88, -8.55 
Overweight 0.38 ± 3.90 8.04, -7.26 0.05 ± 4.40 8.68, -8.57 0.28 ± 4.06 8.25, -7.69 
Obese -0.03 ± 4.10 8.00, -8.07 0.37 ± 4.24 8.69, -7.64 0.07 ± 4.14 8.19, -8.04 
<30 yr -0.39 ± 3.96 7.37, -8.16 0.10 ± 4.09 8.14, -7.92 -0.23 ± 4.01 7.62, -8.09 
30–40 yr 0.14 ± 4.15 8.29, -8.01 -0.41 ± 4.47 8.36, -9.18 -0.03 ± 4.26 8.33, -8.39 
40–50 yr 0.44 ± 4.11 8.50, -7.62 0.59 ± 3.77 7.99, -6.79 0.48 ± 4.02 8.36, -7.39 
> 50 yr -0.83 ± 3.13 5.29, -6.97 0.24 ± 3.11 6.34, -5.86 -0.60 ± 3.14 5.56, -6.78 

Abbreviations: FFM, fat-free mass (kg), SD, standard deviation. *Fat Free Mass measured by BIA (kg) 

 

 
 

Fig. 1: Scatter plots between FFM estimated by Equation and FFM measured by BIA in Validation group (a), Deri-
vation group (b) and All participants (c), which showed a high correlation between the predictor equation and the 

reference 
 

 
 

Fig. 2: Bland and Altman plots between FFM prediction equation and FFM measured by BIA in Validation group 
(a), Derivation group (b) and All participants (c) 
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Discussion 

 
We aimed to obtain a practical and straightfor-
ward equation for the accurate estimation of 
FFM in the adult population. Our study was 
conducted on a substantial population (n=1996). 
This is the first study in this field conducted on 
the Iranian population. Participants logged in the 
study included all BMI categories (underweight to 
obese adults) and all adult age groups [18 to 60]. 
This study evaluated the designed equation with 
comprehensive and various statistical methods to 
test its precision. We tested the results of the de-
rived equation on the validation group and whole 
participants. Then, the results were compared 
with FFM measured by BIA. Lin's concordance 
and Pearson's correlation between measured 
FFM and FFM derived from the equation was 
significant (r=0.94, P<0.05, CCC=0.94). To in-
crease the accuracy and further validation, we 
also calculated the limit of agreement between 
FFM and FFM estimated by the equation; the 
results were also acceptable. 
BMI is one of the easiest methods for evaluating 
and determining the anthropometric status and 
classifying individuals as underweight, normal, 
overweight, and obese. It is easy to use, inexpen-
sive and fast (18). BMI is significantly correlated 
with %BF, but on the other hand, BMI does not 
estimate body composition and gives us only a 
general view with a weak ability to predict other 
components of body composition (19). 
Only limited studies estimate FFM based on an-
thropometric measurements without the need for 
bio-impedance values such as resistance and reac-
tance. Most studies (20-22) have used resistance 
or reactance to obtain the FFM estimation equa-
tion, which requires the use of bio-impedance to 
measure it, so these equations are sophisticated. 
They need advanced measuring tools and finally 
cannot be used as a simplified equation without 
the need for high-level tools. 
The study by Diniz et al. (10) was one of the few 
similar studies performed on 209 patients with 

chronic hepatitis C (CHC), done in Brazil to ob-
tain a simplified equation for evaluating FFM.    
Independent variables such as sex, height, weight, 
and waist circumference were used in this study, 
while the age variable was not presented in the 
predicted equation. This study was designed for 
CHC patients; so, it cannot be used in a healthy 
population. 
Lyra et al. (12) conducted a study to obtain the 
FFM predictive equation in 218 Brazilian adoles-
cents aged 10 to 16 yr with healthy weight based 
on body circumferences. The significant draw-
backs of this study were the lack of a validation 
group and the lack of using height, weight, and 
BMI variables in designing the estimation equa-
tion, although these independent variables have a 
high correlation coefficient with FFM (10, 11). It 
is also developed for normal-weight adolescents, 
so it may not be generalizable to other age 
groups. 
The main limitation of our study was the lack of 
DXA measurement as the standard gold method 
for measuring FFM. Although BIA is not consid-
ered as a gold standard for assessing FFM, sever-
al studies have shown high accuracy and reliabil-
ity of body composition measured by BIA in 
comparison with DXA (7-9), in the general popu-
lation as well as the clinical setting, and to be 
used as a reference method (10-12). 
Based on this information, our study was more 
comprehensive than previous studies; the num-
ber of participants, target population, variables 
used in the derived equation, the number, and 
variety of statistical analyses are the strengths of 
this study, which made it a comprehensive study 
of its kind; something we did not find in similar 
studies. 
 

Conclusion  
 
Our study was conducted to explore an accurate 
and easy-to-use Equation that can estimate FFM 
with a high degree of agreement. There is no 
need for expensive, time-consuming, or advanced 
tools; it can be used by health professionals (e.g., 
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medical doctors, nutritionists, dieticians), espe-
cially in clinical settings (e.g., outpatient clinics) 
where sophisticated instruments such as MRI, 
CT, DXA, and BIA are not available. 
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