
Progress in Nutrition 2020; Vol. 22, N. 3: e2020031	 DOI: 10.23751/pn.v22i3.9315	 © Mattioli 1885

O r i g i n a l  a r t i c l e

Dual X-ray Absorbtiometry Can Predict Total and Regional 
Body Fat Percentage: A Comparative Study With Skinfold 
Thickness and Body Mass Index For Adult Women
Nigar Küçükkubaş1*, Feza Korkusuz2

1Recreation Department, Faculty of Sport Sciences, Yalova University, Yalova, Turkey - *E-mail: nigar.kucukkubas@hotmail.com; 
2Hacettepe University Medical Faculty, Department of Sports Medicine, Ankara, Turkey

Summary. Background and Purpose: Distribution and volume of total and regional fat and fat percentage is 
important to monitor diet and exercise in adult women. A prediction formula for adult women by examining 
Body Mass Index (BMI), quotas obtained from Skinfold Thickness (ST) sites and body composition com-
partments determined by using Dual X-ray Absorptiometry (DXA) was aimed. Participants and Method: Six-
ty female participants (average age 46.4  ±  3.2 years; Range 40 – 55 years) were assessed by using DXA (Lunar 
Model DPX) to determine body fat percentage (%BFDXA), Fat Mass (FMDXA), and Lean Body Mass (LBM-
DXA). Skinfold thickness sites were measured by using Skinfold Caliper (Holtain Caliper, UK). Results: A low 
positive correlation coefficients were found between %BF obtained from DXA and quota of suprailium ST 
(r=0.30 p<0.05). The highest correlation coefficient was between %BFDXA and BMI: r = 0.83 (p<0.001). Three 
different Regression Equations were derived to predict %BF: BMI Model %BF = 7.162 + 0.23 * BMI (R2=0.68 
and SEE=2.892); Anthropometric 1, %BF = 7.346 + 0.835 * BMI + 0.169 * LEST (R2 = 0.80 and SEE = 2.341); 
Anthropometric 2, %BF = 8.179 + 0.714 * BMI + 0.167 * LEST + 0.114 * Chest ST (R2 = 0.80 and SEE = 2.341). 
Analysis of variance and confidence intervals and Bland & Altman Analysis were used to determine the valid-
ity. Intra Class Correlation (ICC) was used to determine reliability of the prediction equation. Discussion: The 
%BFDXA findings of the present study was 38.29  ±  5.09 and %BF by Generalized Equation was 35.69  ±  4.79, 
are like in underestimating those in the previous scientific studies. Anthropometry Model 1, has predictors of 
BMI, is more advantegous having the least ST sites (mid-thigh and medial calf ) than anthropometry Model 
2. Otherwise BMI model is recommended. Conclusion: BMI, LEST (sum of the medial calf and mid-thigh) 
and chest ST values but not other ST quotas were good predictors for prediction equations. Derived models 
in predicting %BF using DXA of BMI model, Anthropometric 1, Anthropometric 2 were moreover valid and 
reliable. While the Generalized Equation was valid, it is not reliable for the adult women population. 
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Introduction

The physiological changes bring differentiation in 
the body composition compartments (1-5) and body 
topology (6) during advancing years of life for wom-
en. This differentiation in and the effects of the body 
composition compartments become more important 

for women due to health considerations such as car-
diovascular diseases (7, 8), endocrine deficiency related 
health problems (9), risk of diabetes mellitus (10), 
bone health (1, 11-13) and menopause related fac-
tors with hormonal alterations (5, 12, 14-17) and de-
terioration of balance, flexibility, and muscle strength 
due to aging and inactive lifestyle (12, 18). Moreover, 
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mortality and morbidity rates have been identified 
and reported by using Body Mass Index (BMI) as an 
indicator for diseases (8, 9). Recently, as endocrine 
system, the effects of fat mass (9, 19, 20) and muscle 
mass (21) on metabolism and vice versa have gained 
importance. The denominator of the percent of body 
composition compartments specifically of body fat and 
lean mass depend on each other by cell content and 
volume of each type of bone, muscle or adipose tis-
sue (4, 22-25). Besides, the effect of the increase in fat 
mass and body weight as a body load and the decrease 
in muscle mass as a muscle pull effect and strength 
producer (4, 12) becomes more important in health 
considerations during advancing period of women 
life (1,17). Of the many regression formulas specific 
to adult population, Generalized Equation is the most 
commonly used one for adult women (26-28) however, 
adult women population spesific formula were derived 
mostly for young population (29, 30) and older women 
(30, 31). In addition, earlier studies on compression of 
skinfolds analyzed comparisons between the obtained 
values by skinfold calipers and the thickness of skin 
plus-fat measured on soft-tissue roentgenograms (32). 
However, during skinfold measurement compression, 
the resulting data for body composition compartments 
might result in an inaccurate estimation due to the 
differences in-adipose tissue content when examining 
advancing ages and adulthood. All the findings stated 
above suggested the following statement: Due to the 
lack of studies analyzing the validity and reliability of 
the Generalized Equations and the absence of a spe-
cific formula to be used for women during their transi-
tion period from young adulthood to older adulthood, 
the existence of useful, precise, and valid body compo-
sition assessment techniques was imperative for health 
care, nutritionists, sport, and exercise sciences. 

Anthropometry, Dual X-Ray Absorbtiometry 
(DXA), hydrostatic weighing, bioelectrical impedance 
analysis, ultrasound, and magnetic resonance imaging 
were used to measure body composition compartments 
and to compare with each other for different popula-
tions (14, 15, 24, 33) As a criteria method, DXA gives 
detailed information about three body composition 
compartments of bone, fat, and lean body mass; there-
fore, it has been attractive recently due to easiness and 
convenience. On the other hand, BMI alone does not 

provide information on body composition compart-
ments to qualify muscle mass, lean body mass and/
or fat mass. Therefore, knowing the differences in the 
distribution and volume of regional fat and lean body 
tissues for the specific sites (14, 24, 25) would make 
scientific findings more interpretable. However, for the 
above-mentioned reasons, distribution of body fat per-
centage and/or total lean body mass of adult women 
population needed detailed investigation to evaluate 
the existing status for the women population at ad-
vancing ages by a timely nutrition intervention. Fur-
thermore, regression models were intended to predict 
body composition compartments, but not to examine 
the regional skinfold thicknesses and BMI separately 
and/or together to provide detailed information. We 
hypothysed that there are correlations between % body 
fat obtained from DXA (%BFDXA) and anthropomet-
ric variables of body weight (BW), height (H), BMI, 
skinfold thickness (ST). Additionally, Percent BF ob-
tained from DXA, which is the criterion method can 
be predicted by using the anthropometric variables of 
for adult women. 

2. Methods 

2.1. Design 

The study was designed to analyze and derive 
prediction equation models for body composition 
compartments by the dependent (%BFDXA) and inde-
pendent  variables (BW, H, BMI, ST, quotas of ST, 
commonly used Σ of ST, sum of regional ST, quotas for 
each ST sites to the 7 ST, FMDXA (kg), LBMDXA (kg)). 

2.2. Participants

Sixty female subjects (46.4  ±  3.2 years) partici-
pated voluntarily in the present study.

2.3. Materials

Data collection: All measurements were ap-
plied to standardize the assessments between 08.00—
10.00am on the same day. The study complied with 
the Ethical Guidelines of Helsinki Declaration. Data 
collection lasted for three months.
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2.4. Procedure

2.4.1. Anthropometric Measurements:

A wall-stadiometer (Holtain Ltd. U.K.) was used 
to measure height (H) of the subjects with barefoot to 
the nearest  ±  0.1 cm with reference to the Frankfort 
plane horizontal. Body weight (BW) was measured by 
using  ±  0.1 kg sensitive scale. Participants were bare-
foot and wore light shorts and t-shirts during weigh-
ing. Body mass index (BMI) was calculated as BW 
in kilogram divided by H in meters squared (kg/m2). 
Skinfold Thickness sites of chest, midaxilla, supraili-
um, suprailiac, abdomen, subscapula, triceps, biceps, 
mid-thigh, and calf were measured by using Skinfold 
Caliper (Holtain Caliper, UK) as described in Eston 
and Reilly, (2013) (34). The quota for each ST site de-
termined by multiplying the value of each ST site with 
100 to equalize with Σ7ST assumed as total predictor. 
To determine the contribution of the distribution of 
ST sites, quotas for each of the ST site were named 
as Q-Biceps, Q-Triceps, Q-Subscapula, Q-Medial 
Calf, Q-Abdomen, Q-Mid-thigh, and Q-Suprailium. 
Sum of three (Σ3ST: thigh, suprailiac, triceps), sum of 
four (Σ4ST: triceps, suprailium, thigh, abdomen), and 
sum of seven ST (Σ7ST: biceps, triceps, subscapula, 
calf, abdomen, mid-thigh, and suprailium) were used 
to compare and analyze. ST distribution for lower 
and upper extremities were summed as proportion-
al part of a  total body. Regional ST was determined 
by sum of the pre-decided ST were as follows; Lower 
extremity (LEST): by sum of medial calf and mid-thigh; 
Upper extremity (UEST): by sum of biceps and triceps; 
Trunk1 (T1ST): by sum of chest, abdomen, suprailium, 
midaxilla, and subscapula; Trunk2 (T2ST): by sum of 
abdomen, suprailium, midaxilla, and subscapula. Body 
density (Db) and %BF were calculated by using Gen-
eralized (26) and Siri (35) Equations.

2.4.2. Dual Energy X-Ray Absorptiometry (DXA)

DXA (Lunar, DPX Dual X-Ray Absorptiom-
etry) allows to assess the total and regional body com-
position compartments using medium mode software 
with whole body scan. Trained technician performed 
the assessments with proper position and placement 

of markers. The DXA scanner was calibrated prior to 
whole body scan. Body Fat Percentage (%BFDXA), Fat 
Mass (FMDXA) and Lean Body Mass (LBMDXA) were 
obtained from whole body scan by DXA. 

2.4.3. Statistical analysis of data: 

All the descriptive statistics were presented as 
means (x-)  ±  standard deviations (SD) on the tables. 
Pearson Product Moment Correlation coefficients was 
run between body composition parameters between 
%BF and LBM obtained from DXA and ST’es to 
establish the relationships. Bland & Altman analy-
sis was applied to determine the agreement between 
DXA parameters, BMI, Generalized Equations, and 
the Antropometric Models. A confidence level at 95% 
(p ≤ 0.05) was considered as significant. Therefore, the 
95% limits of the agreement were calculated as the 
mean difference ±1.96 SD of the differences between 
methods. Heteroscedasticity in between the methods 
of DXA and ST differences were systematically exam-
ined by plotting the absolute differences against the 
means and calculating correlation coefficients (36).

4. Results

The mean of BW values was found to be 
66.13  ±  7.22 kg and the mean of the height val-
ues was 162.04  ±  7.22cm. ST sites with the high-
est contribution to Σ7ST quotas for mid-thigh was 
21.02  ±  4.11mm (Range = 13.49 – 30.17mm) (Table 1).  
The results of the %BF of derived models were named 
according to the parameters used in the formula as 
“BMI Model”, “Anthropometry 1”, and “Anthro-
pometry 2”. Of the several Generalised Equations 
used in the study by Jackson, Pollock and Ward (26), 
“Generalised Equation” derived by the sum of three 
skinfold sites thicknesses was referenced in the present 
study to predict %BF.

As shown in the Table 2, there were moderate-to-
high significant positive relationships between %BFDXA 
and ST sites (r = 0.54 – 0,74 p<0.01). The highest sig-
nificant correlation coefficient value between %BFDXA 
and anthropometric variable was the BMI (r = 0.83  
p >0.01). In addition, there were high significant 
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Table 1. Physical Characteristics of Adult Women (n=60)

Physical Parameters x̄  ±  SD Range
Age (Years) 46.48  ±  3.17 40 – 55

Height (cm) 162.04  ±  7.22 143 – 176

BW (kg) 66.35  ±  8.77 46.0 – 85.0

BMI (kg/m2) 25.32  ±  3.42 19.02 – 35.09

%BFDXA 38.29  ±  5.09 25.5 – 51.3

%BF-predicted by 
BMI Model
Anthropometry 1
Anthropometry 2
Generalized Equation 

 
38.30  ±  4.21
38.30  ±  4.54
38.27  ±  4.60
35.69  ±  4.79

 
30.56 – 50.32
26.86 – 48.86
26.52 – 47.98
21.99 – 45.14

FM DXA (kg) 25.04  ±  5.87 11.54 – 39.59

LBM DXA (kg) 39.67  ±  4.75 31.12 – 56.61

Biceps (mm) 13.51  ±  6.02 4.93 – 35.20

Triceps (mm) 27.38  ±  6.50 12.80 – 41.00

Subscapula (mm) 20.14  ±  8.70 8.73 – 43.47

Medial Calf (mm) 22.10  ±  7.33 6.53 – 38.27

Mid-Axilla (mm) 19.10  ±  7.49 4.87 – 38.60

Abdomen (mm) 35.15  ±  6.21 16.40 – 43.60

Chest (mm) 20.37  ±  7.61 4.80 – 33.60

Mid-thigh (mm) 35.95  ±  6.31 14.93 – 45.00

Suprailium (mm) 17.21  ±  7.48 5.40 – 41.00

Suprailiac (mm) 14.11  ±  6.40 3.93 – 32.20 

Q-Biceps 7.54  ±  2.37 3.60 – 12.82

Q-Triceps 15.64  ±  1.94 12.49 – 21.21

Q-Subscapula 11.65  ±  2.47 7.51-16.28

Q-Medial Calf 12.71  ±  3.85 4.97 – 20.53

Q-Abdomen 20.36  ±  2.76 14.18 – 26.81

Q-Mid-thigh 21.02  ±  4.11 13.49 – 30.17

Q-Suprailium 9.44  ±  2.25 5.0 – 14.93

Σ3ST (mm) 86.95  ±  17.66 40.53 – 123.00

Σ4ST (mm) 115.70  ±  22.26 52.67 – 164.00

Σ7ST (mm) 176.31  ±  42.05 82.13 – 274.60

ΣUEST (mm) 40.89  ±  11.55 19.73 – 76.20

ΣLEST (mm) 58.05  ±  12.90 21.47 – 83.27

ΣT1ST (mm) 112.98  ±  32.91 50.47 – 192.60

ΣT2ST (mm) 92.61  ±  26.90 41.60 – 161.60

Table 2. Pearson Product Moment Correlation Coefficients 
between Σ7ST, %BFDXA, FMDXA (kg), LBMDXA (kg), ΣST sites 
(mm), ST sites (mm), and Quotas of Σ7ST.

Σ7ST %BFDXA FMDXA LBMDXA 

BW 0.57** 0.58** 0.87** 0.78**

BMI 0.77** 0.83** 0.90** 0.33*

Arm Span -0.11 -0.19 0.13 0.72**

Biceps 0.70** 0.59** 0.66** 0.27*

Triceps 0.87** 0.69** 0.72** 0.22

Subscapula 0.91** 0.62** 0.67** 0.23

Medial Calf 0.51** 0,74** 0.66** -0.03

Abdomen 0.80** 0.60** 0.59** 0.21

Chest 0.80** 0.54** 0.48** -0.01

Mid-thigh 0.64** 0.73** 0.63** -0.03

Suprailium 0.88** 0.67** 0.68** 0.16

Suprailiac 0.81** 0.62** 0.69** 0.24

Q-Biceps 0.21 0.26* 0.35** 0.23

Q-Triceps -0.25* -0.15 -0.09 0.08

Q-Subscapula 0.59** 0.31* 0.42* 0.22

Q-Medial 
Calf

-0.20 0.25 0.16 -0.09

Q-Abdomen -0.65** -0.55** -0.52** -0.04

Q-Mid-thigh -0.65** -0.27 -0.35** -0.19

Q-Suprailium -0.60** 0.49** 0.50** 0.13

Σ3ST 0.93** 0.80** 0.78** 0.17

Σ4ST 0.96** 0.79** 0.78** 0.19

Σ7ST XXX 0.75** 0.76** 0.18

ΣUEST 0.85** 0.70** 0.75** 0.26*

ΣLEST 0.60** 0.77** 0.68** -0.03

ΣT1ST 0.98** 0.69** 0.70** 0.18

ΣT2ST 0.98** 0.70** 0.72** 0.22
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positive correlations between %BFDXA and commonly 
used ΣST values of Σ3ST, Σ4ST, and Σ7ST (0.80, 
0.79, and 0.75 p<0.01, respectively). Additionally, 
the correlation coefficient values between region-
al ST sites (ΣUEST, ΣLEST, ΣT1ST, and ΣT2ST) and 
%BFDXA were 0.70, 0.77, 0.69, and 0.70, respectively 
(p<0.01). One of the highest significant relationship 
results between DXA and anthropometric parameters 
was between LBMDXA and arm span, the correlation 
coefficient being 0.72 (p<0.01).

Excellent agreements were observed between 
%BF obtained by DXA and by each of the derived 
models: BMI Model, Anthropometric 1, and Anthro-
pometric 2 (ICC = 0.90, 0.94, and 0.95 respectively  
p < 0.001). The highest ICC values were observed be-
tween derived Anthropometric 1 and Anthropometric 
2 (ICC = 0.99 p < 0.001). ICC between BMI model 
and Anthropometric 1 (ICC = 0.96 p < 0.001) and be-
tween BMI model and Anthropometric 2 (ICC = 0.95 
p  <  0.001) were resulted in excellent reliability 
(P<0.001), while %BF by DXA, DXA-derived mod-
els of BMI Model, Anhropometric 1, and Anthropo-
metric 2 and DXA-derived BMI, Anthropometric 1, 
Anthropometric 2 models and Generalized Equation 
resulted in poor reliability (ICC = 0.60, 0.64, 0.70, and 
0.72 respectively; p < 0.01). 

Discussion and Conclusion

The decrease in the amount of muscle mass quan-
tity regarding LBM with loss in strength and the in-
crease in fat mass with the results of morphological 
and physiological differenciation along advancing pe-
riod. Therefore, by examining body composition com-
partments by BMI, ST, quotas of ST sites, and DXA 
and by deriving prediction equations for adult women 
could be count as

quotas advantageous belong to nutritionist, health 
care specialists, kineanthropometrist and scientists 
with the easiest way of overcoming the limitations of 
the skinfold assessment by BMI model. Moreover, 
body composition compartments with higher R2 an-
tropometric models were derived, the reliability of the 
Generalised Equation (26) for adult women would be 
discussed in the present study. 

Anthropometric Measurements

Notwithstanding the variation in fat distribution 
and content during advancing aging, achieving optimal 
body weight by reducing body fat mass is desirable. In 
the present study, the findings and the new approach 
to the assessment of the distribution of ST the findings 
assessments demonstrated strengthened the concern-
ings in the differenciation of the body composition 
distribution and leading to a new perspective in health 
science and kineathropologists. 

The values of skinfold sites and quotas of each 
site to the Σ7ST were shown in the Table 1. High-
est skinfold thicknesses were measured in mid-thigh 
(35.95  ±  6.31mm; R = 14.93 – 45.00, second highest 
were abdomen (35.15  ±  6.21mm; R = 16.40 – 43.60), and 
third highest skinfold site was triceps (27.38  ±  6.50mm; 
R = 12.80 – 41.00). The ST results of the present study 
were subscapula 20.14  ±  8.70mm R = 8.73 – 43.47); 
medial calf (22.10mm  ±  7.33; 6.53 – 38.27); mid-
axilla (19.10  ±  7.49mm; R = 4.87 – 38.60); chest 
20.37 mm  ±  7.61; R = 4.80 – 33.60; mid-thigh 
35.95  ±  6.31mm; R = 14.93 – 45.00). The findings sug-
gest that subcutaneous fat distribution between the 
ages 40-55 years old women are different in anatomi-
cal pattern should be evaluated spesifically. Compara-
tively, such as %BFDXA of 29.39  ±  5.52 years old young 
women (20 to 40years) had lower %BF than the results 
of the present study (26.25  ±  5.87; 14.60 to 39.60) (37). 
In addition to the results in the Battaro study (2002) 
(37) young women had the findings of lower Σ3ST 
(58.34  ±  11.82mm R = 36.50 to 88.00mm) and Σ7ST 
(119.85  ±  24.05 (mm) (73.00 to 167.50) (37) than in 
the present study results (Σ3ST = 86.95  ±  17.66mm 
R = 40.53 – 123.00mm and Σ7ST;176.31  ±  42.05mm; 
R = 82.13 – 274.60mm respectively). 

Recently, obesity studies were reported that fat 
mass (9, 19, 20) and muscle mass (21) effect endocrine 
system regarding endocrine and metabolism related 
health problems. The effect of distribution of the fat 
mass and obesity on releasing hormons or formation 
of the adiponectins were identified and discussed (19). 
For this reason, the differences in the distribution dur-
ing advancing ages might not only related body com-
position but also related with health risk factors. In the 
present study, the data of the quota for each region to 
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a Σ7ST were given in the table 1 and the correlation of 
each body compartment given in the table 2 for future 
studies to be comparable data. Highest quotas for each 
region to a Σ7ST were Q-Mid-thigh (21.02  ±  4.11; 
R = 13.49 – 30.17) and Q-Abdomen (20.36  ±  2.76; 
R = 14.18 – 26.81) the main loadings for the popula-
tion. The values of the two quotas for each site to the 
Σ7ST make the trunk and leg fat important supported 
by Mueller and Stallones (1981) study (38).

The results demonstrated that the highest sig-
nificant correlation coefficient result between %BFDXA 

and anthropometric variable was the BMI (r = 0.83 
p < 0.01), however there were only two significant 
moderate correlations between %BFDXA and Q- sites 
of abdomen and suprailium (respectively). Returning 
to the aim of the present study, the body composition 
compartments showed significant positive correlation 
coefficients between the specific skinfold sites, its quo-
tas’, and regional sum of skinfolds sites. Such as, there 
were high significant positive correlations between 
%BFDXA and Σ3ST, Σ4ST, and Σ7ST (0.80, 0.79, and 
0.75 p<0.01, respectively). Additionally, the corre-
lation coefficient results between regional ST sites 
(ΣUEST, ΣLEST, ΣT1ST, and ΣT2ST) and %BFDXA of 
the adult were 0.70, 0.77, 0.69, and 0.70, respectively 
(p<0.01). The highest correlation between %BFDXA and 
ST sites were medial calf and mid-thigh (r = 0.74 and 
r = 0.73, respectively p<0.01) makes leg fat important 
for advanging ages. The results also supported by the 
Mueller H and Stallones (1981) (38) that leg fat is 
important for the indexes used to describe the indi-
vidual differences of adolescents and adult ages in the 
anatomical pattern of subcutaneous fat. Therefore, the 
importance for ΣLEST data as one of the most impor-
tant predictors was supported by the earlier study (38). 
The insignificant correlation coeffients except for bi-
ceps ST (r = 0.27 p<0.05) between LBMDXA (kg) and all 
the measured ST parameters are given in Table 2 were 
very low (between -0.19- +0.24 p>0.05). The findings 
demonstrated that by using subcutaneous fat mass 
couldn’t be a predictor for LBMDXA (kg) for this ad-
vanging aging women group. One of the recent studies 
with the similar age group (39) was not parallel with 
the present study that the correlation coefficients be-
tween appendicular muscle mass and anthropometric 

parameters of H, BW, BMI, triceps ST, mid-thigh ST, 
and medial calf ST were 0.55, 0.87, 0.67, 0.56, 0.38, 
and 0.43 respectively (p<0.01). The only high signifi-
cant correlation parallel with the present result of the 
study was LBMDXA (kg) and BW (0.78 p<0.01) was 
expected. Another high significant correlation was be-
tween LBMDXA (kg) and arm span (0.72 p<0.01) might 
be interpreted as bone density relation with the body 
density and arm span with H (subtracting or rating) 
relationships still not clear in scientific studies (40). 
Moreover, a very early study demonstrated that cor-
relation coefficient between age and body density were 
significantly high negative (r= -0.671 p<0.01) for the 
older women and %BF were increasing through the 
fifth decade changes as increase as fatness (41) due to 
inner, nonsubcutaneous fat. Therefore, anthropometric 
data, distribution of ST, and the data of the quota for 
each site to the Σ7ST in the present study were help-
ful in comparing and interpreting for advanging aging 
women.

Regression Models

The main aim of the present study was that DXA 
as a reference method could predict both regional 
and whole-body compartment of fat mass and lean 
mass for women. Therefore, there were three dif-
ferent regression formulas derived in this study and 
validate Generalized Equation was compared with 
the %BFDXA. The need to cross-validate was exam-
ined for Generalized Equation and models to decide 
applicability to adult women population. To com-
pare the prediction of the %BF of the four differ-
ent regression model, The Bland & Altman plots for  
%BF DXA and predicted values of the four equations of 
BMI Model, Generalized Equation Model, Anthro-
pometric 1, and Anthropometric 2 were depicted in 
Fig. 1. ICC values were interpreted between to test the 
reliability of the predicted of BMI Model, Generalized 
Equation Model, Anthropometric 1, and Anthropo-
metric 2 and DXA assessment. 
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BMI Model

One of the most important contribution of the 
study is the regression formula made using a single pa-
rameter of BMI with R2 of 0.68 and SEE of 2.892. 
BMI is the easiest to measure and calculate but do 
not provide information about body composition 
compartments: BMI alone does not provide informa-
tion on body composition compartments to qualify 
muscle mass, lean body mass and/or fat mass indica-
tive for diseases. Recently, researchers were trying to 
seek more accurate and precise results to assess and 
compare body composition compartments using dif-
ferent regression formulas, technigues and methods 

(14, 15, 24, 25, 33, 37) For this reason, the study fo-
cused on the relationship between body compartments 
obtained from DXA and BMI, ST, and contribution of 
the regional ST. In this study, the three derived regres-
sion models also demontrated BIA and regional ST 
results were predictors for %BF for adult women, body 
composition compartments showed the agreement  
between Regression Models and DXA results. De-
spite the consistency in upper and lower limits for four 
model to predict %BF, there were very low negative 
significant relationship %BF values from DXA and 
Model BMI (r = - 0.32, p = 0.012) Within all findings, 
there was only one positive significant correlation be-
tween the differences in DXA and BIA Model magni-

Figure 1. Bland & Altman Scatterplots of mean %BF assessed by DXA; for 3 derived models by DXA – BMI Model; Anthropometric Model 1, 
Anthropometric Model 2; – and Generalized Equation.
Abbreviations: BMI=BW(kg)/H2 (m)2 ; LEST: Σ of medial calf and mid-thigh; Chest ST: skinfold thickness of chest; Generalized 
Equation(26). X1 = Σ of triceps, suprailiac, and Mid-thigh ST, X2 = Age (years)

(a) BMI Model

-8

-6

-4

-2

0

2

4

6

8

25 30 35 40 45 50 55
Mean of %BF by DXA and %BF by BMI Model

%
BF

 b
y 

DX
A 

- %
BF

 b
y 

BM
I M

od
el

Mean

-0,0

-1.96 SD
-5,6

+1.96 SD
5,6

%BF = 7.162 + 0.23 * BMI
(R2=0.68 and SEE = 2.892); r = - 0.32 p = 0.012

(c) Anthropometric Model 1

-6

-4

-2

0

2

4

6

8

25 30 35 40 45 50 55
Mean of %BF by DXA and %BF by Anthropometric Model 1

%
BF

 b
y 

DX
A 

- %
BF

 b
y 

An
th

ro
po

m
et

ric
 M

od
el

 1

Mean

-0,0

-1.96 SD
-4,5

+1.96 SD
4,5

%BF = 7.346 + 0.835 * BMI + 0.169 * LEST 
(R2= 0.80 and SEE = 2.341); r = - 0.25 p = 0.06

(b) Generalized Equation 

-2

0

2

4

6

8

10

12

14

20 25 30 35 40 45 50
Mean of %BF by DXA and % Generalised Equation Model

%
B

F 
by

 D
X

A
 - 

%
 G

en
er

al
is

ed
 E

qu
at

io
n 

M
od

el

Mean

5,2

-1.96 SD
-0,9

+1.96 SD
11,3

Db = 1.0994921 – 0.0009929(X1) +0.0000023(X1)2

– 0.0001392(X2); %BF = [(4.95 /Db) –4.5] x 100 
(Siri, 1961) r = – 0.035 p = 0.79

(d) Anthropometric Model 2

-6

-4

-2

0

2

4

6

25 30 35 40 45 50 55
Mean of %BF by DXA and %BF by Anthropometric Model 2

%
B

F 
by

 D
X

A
 - 

%
B

F 
by

 A
nt

hr
op

om
et

ric
 M

od
el

 2

Mean

0,0

-1.96 SD
-4,2

+1.96 SD
4,3

%BF = 8.179 + 0.714 * BMI + 0.167 * LE ST + 0.114 * Chest ST 
(R2 = 0.80 and SEE = 2.341) r = - 0.23 p = 0.08



N. Küçükkubaş, F. Korkusuz8

tude of %BF (i.e. heteroscedasticity) (Fig. 1). Bland & 
Altman scatterplot of %BFDXA and %BF obtained from 
BIA Model allowed us to evaluate a very low negative 
significant (-0.32 p = 0.012) trend of differences. 

Firstly, althougth R2 was high, Bland & Altman 
Analysis, and trendline r value (r = -0.32 p = 0.012) was 
considerable in the present study. In addition to that 
finding, ICC value indicated excellent reliability be-
tween %BFDXA and Model BMI was 0.90 (p < 0.001) 
(Table 3). BMI Model can comfortably be used to as-
sess BF% for women 40 and 55 years old. The trendline 
r value demonstrated that while the mean of %BF of 
DXA and BMI model was increasing, predicted fat per-
centage was decreasing on the Bland & Altman Scat-
terplot. That means as the rate of fat increases, women 
were predicted less fatty. The bias seems to differenci-
ate %BF prediction of BMI Model, becoming lower 
when the %BF is higher. Furthermore, the differences 
between the results seem to be constant, with a slight 
enlargement of the agreement limits, with a low cor-
relation coefficient. Further on, we must consider that 
BMI parameter was an important predictor for %BF. 
The results of the present study also in line with the 
study of Korkusuz et al (42). The ages between 40-55 
years period were the transition period for the advanc-
ing aging women population. Body composition com-
partments were changing morphologically with aging 
and during this menapousal transition period between 
ongoing to menopause and onset of menopause (6). 
Due to the shortening height of the vertebral bodies 
(43), H becomes shorter during advancing ages. In ad-
dition to decrease in H, BW increases or remains stable 

Table 3. Intra Class Correlations (ICC) between predicted 
Models for %BF

Models ICC*

BMI Model – Anthropometric 1 0.96

BMI Model – Anthropometric 2 0.95

BMI Model – Generalized Equation 0.64

Anthropometric 1 – Anthropometric 2 0.99

Anthropometric 1- Generalized Equation 0.70

Anthropometric 2 – Generalized Equation 0.72

ICC= 0.75 – 0.90 indicate good reliability; ICC > 0.90 indi-
cate excellent reliability; ICC <0.75 indicate poor reliability; 
*all intraclass correlation coefficient, p < 0.001

with advanging ages makes BMI higher (44). Excep-
tionally, average of body weight tends to decrease after 
the age of 60 (45). Consequently, it is highly recom-
mendable to use BMI Model for adult women popu-
lation between the ages of 40-55. In contrast to the 
present study, It was found that BMI was not a proper 
predictor for muscle mass as a lean body mass com-
ponent for some of the adult women population (39).

Anthropometric Models (1 and 2) 

In line with the assertions of the present study 
agreement, ICC between the %BFDXA and Anthropo-
metric 1 and Anthropometric 2 were very high; 0.94 
and 0.95 (p<0.01). The results of the present study 
in line with the Duz et al. (2009) (33) study that R2 
was 0.82 and ICC between %BFDXA and derived ST 
method was 0.90 (p<0.01) for young female popula-
tion. Within all findings, there was only one positive 
significant correlation between the differences in DXA 
and Anthropometric 1 and Anthropometric 2 magni-
tude of %BF (i.e. heteroscedasticity) (Fig. 1c and d). 
Bland & Altman scatterplot of %BFDXA and %BF ob-
tained from Anthropometric 1 and Anthropometric 2 
allowed us to evaluate insignificant (r = -0.25 p = 0.06 
and r = -0.23 p=0.08 respectively) trend of differences. 
Both Anthropometric models are valid and reliable. 
Anthropometry 2 has high R2 (0.80) and very high ICC 
(0.95; p<0.01) between %BFDXA, it is probably difficult 
to measure chest ST by skinfold caliper. Therefore, if 
there is a trained and experienced kinanthropometrist 
or technician that knows how to use a skinfold cali-
per, both Anthropomery Model formulas are recom-
mended. Moreover, Anthropometry 1, has predictors 
of BMI, is more advantegous having the least ST sites 
(mid-thigh and medial calf ) than Anthropometry 2. 
Otherwise BMI model is recommended. 

It is necessary to add the following information 
and it should be considered that; skinfold compress-
ibility changes with aging (32) also differentiate the 
measurement reliability for the adult female popu-
lation. For this reason, the volume of the soft tissue 
measurement should be taken into consideration for 
the reliability and validity of the formulas. For this 
reason, BMI as a predictor is very important in de-
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termining body composition compartments. Further-
more, using total body water with anthropometric 
parameters might also be helpful for follow-up for the 
female adult population. 

Generalized Equation (26)

Although significant high correlations between 
%BFDXA and Generalized Equation, and Bland Alt-
man analysis interpretation showed useful, ICC re-
sults demonstrated poor reliability. The findings of the 
reliability might be the population differences of 40 
and 55 years %BF compared to DXA. The population 
differences in the present study might indicate poor 
the ICC result, In the present study, the sample (ages 
between 40-55 years) was not like that of Jackson and 
Pollock (1980) (26). Despite very high significant 
correlation (r = 0.95 p<0.001) between %BFDXA and 
Generalized Equation (Table 4), ICC result showed 
poor reliability (ICC = 0.60). The Figure 1 (b) scat-
terplot distribution also gives idea about the popula-
tion %BF that this aging group was mostly 25%BF 
and over. In addition to the ST results demonstrated 
that ST quotas were distributed mainly abdomen and 
mid-thigh. Brasilian young non-obese healthy women 
study (37) found similar results with the present study 
that while compared to the mean of the%BF obtained 
from the Generalized Equation (Σ3ST), was 23.43%, 
underestimated the results of the BF%DXA (26.25%). 
Similarly, Duz et al also found that Jackson Pollock 
and Ward (26) %BF results were lower than obtained 
from %BFDXA. The findings of the present study was 

parallel the %BFDXA results obtained from DXA: %BF 
was 38.29  ±  5.09 and %BF by Generalized Equation 
was 35.69  ±  4.79. Consequently, the results of this 
study are like those in the previous scientific studies 
for young female group (26, 33, 37) and elderly (46).

Due to the decrease in LBM with advancing ages 
might be 40% between the ages of 30 and 70 (47) even 
if body weight is the same as the age gets older, to-
tal body water and body density changes. Therefore, 
BMI is expected to be a predictor for %BF, but not 
expected for LBM. Because BW and H which were 
the denominators in calculating BMI which couldn’t 
be consistent. Moreover, BMI as a predictor need to 
be stardardized in the advancing ages to categorize 
as obese or non-obese. The present study findings 
also supported that significant very weak correlation 
between LBMDXA (kg) and BMI was 0.33 (p<0.05), 
but very high significant positive correlation between 
LBMDXA (kg) and BW was 0.78 (p<0.01). The other 
relationship between LBMDXA (kg) and arm span was 
0.72 (p<0.01) might be related to concerning body 
density and arm span relationship that yet it is includ-
ed in the controversial results of scientific studies (48).

All Derived Methods

To obtain regression formulas with higher R2 to 
more precise %BF prediction, DXA scan should be 
calibrated relating with the body water percentage by 
using determined whole body water with bioelectrical 
impedance analysis or dueterium method to be writ-
ten to the software with the total amount of informa-
tion calibration status using suitable scan mode should 

Table 4 Prediction Equations for %BFDXA , the coefficient of determination, ICC between %BFDXA and predicted models and 
correlation coefficients.

Equation Used parameter Formula R2 SEE ICC r 

BMI Model BMI %BF = 7.162 + 0.23 * BMI 0.68 2.892 0.90 0.83*

Anthropometric 1 BMI, LEST %BF = 7.346 + 0.835 * BMI + 0.169 
* LEST

0.80 2.341
0.94

0.89*

Anthropometric 2 BMI, LEST, Chest ST, %BF = 8.179 + 0.714 * BMI + 0.167 * 
LE ST + 0.114 * Chest ST 

0.80 2.341
0.95

0.90*
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be tested contemporaneous with hydrostatic weigh-
ing. Therefore, specific formulations for the slimmy or 
fatty women population should be developed to sp-
esify population. Also, the reason for the result might 
be the rate of water used in the calibration of DXA 
measurements. Due to the body water assumed to be 
fixed in the software of DXA, R2 value could be mis-
leading. 

Knowing precise measurement and evaluation of 
the body composition compartments were become the 
needs for health consideration to nutritionists or cli-
nicians. All the criteria, have limitations, which were 
not proven by different methodologies with the gold 
standart method, or criteria to establish an even great-
er reliability in the found results. 

Decrease in muscle mass and age-related bone 
loss might occur in the advancing ages. There is a need 
to analyse anthropometric techniques to measure and 
evaluate with concerning compressiblity of the skin-
fold thickness and muscle and bone loss assessing 
muscle loss with getting older.

Different regional variation might increase depots 
on abdominal, upper or lower extremities, or trunk re-
gions even in low or very low energy diets (49). Addition-
ally, it is important to note that LE ST (sum of mid-thigh 
and medial calf ) values used in the young women popu-
lation to predict body fat from lower limb skinfolds (50). 
Moreover, higher BMI or obesity degree might differen-
tiate the results of the R2 by using only BMI as a deter-
minant for can increase the amount of error in predicting 
%BF. Total body water and impedance results might 
overestimate or under estimate the body compartments 
for the female adult population. The prediction R2 might 
be increased by using the total body water quantity in the 
the software of the DXA for each subject.

Limitations

The study was conducted in adult women and 
therefore does not predict values for young and aged 
women. It would also not be appropriate to use the 
formula for males too. 

Conclusion and Recommendation

It is difficult to determine the distribution of fat 
mass for total body fat by using easy and inexpensive 
method. Besides subcutaneous abdominal and viscer-
al fat mass can be assessed by computer tomography 
or magnetic resonance imaging, moreover DXA and 
bioimpedance analysis were expensive, not easily ac-
cessible for nutritionist, endocrinologist and kinean-
thropometrists. Knowing the quotas of each site to the 
Σ7ST might be helpful in health-related risk factors 
for the future studies. 

For female adult women, firstly, BMI and ST sites 
were good predictors. Secondly, the relationship be-
tween anthropometric parameters of BMI and ST and 
%BFDXA were used to derive prediction formula and com-
pare with generalized equation formula. It is important 
to highlight that the derived models were depicted good 
to excellent reliability ICC values proves applicable, 
valid and reliable prediction models for BF%. However, 
when comparing the antropometric models with the 
BMI Models of R2, anthropometric models were supe-
rior to the BMI Model in R2. DXA-derived %BF pre-
diction models are valid and reliable for assessing body 
composition in adult women population. However, the 
preferable anthropometric parameter, BMI, does not 
require special training and has the least measurement 
error in determining body composition compartments, 
is important for many scientists. The present study con-
tributes to the researchers, clinicians and nutritionists 
giving information about %BF by using BMI param-
eters as a BF% predictors. In the light of all findings, 
it is recommended to use BMI model which has high 
R2. Preferences to select the anthropometric formula de-
pends on the availability of anthropometric equipment 
and trained technician or kineatropometrists. 

The present study demonstrated that developed 
prediction formula as the %BF of women increases 
%BF estimation increases. This result also proved once 
again that the prediction formulas should be developed 
specific for the spesific population. Due to physiological 
and morphological changes in adult population for ad-
vancing years of life, according to BMI parameters and 
traditional surface anthropometry could be used as pa-
rameters to determine body composition compartment.
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Recommendation

It is recommendable to predict body fat for the 
female population by tracking or follow-up the change 
in the skinfold sites and sum of skinfolds together. 
Furthermore, to predict body composition of women 
ages over 40 years by using DXA, in contrast to rated 
skinfold thicknesses, traditional direct traditional sur-
face antropometry, ST values were suggested. 
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