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INTRODUCTION

The prevalence of severe obesity has increased in western coun-
tries(1). Excess adipose tissue accumulation culminates in enlarged 
waist circumference(2), which is a consequence of any weight gain. 
Indeed, Wang et al.(3) reported that fat accumulates mainly in the 
trunk, regardless of the body mass index (BMI). There are many 
methods to evaluate the body composition, but it is challenging in 
the obese people(4). The bioelectrical impedance analysis method 
for body composition assessment in the severely obese people is 
limited by the lack of population specific equations; it gives a rough 
estimate of total body adipose tissue share(5). Underwater weigh-
ing, which is based on the different densities of adipose tissue and 
lean tissue, is assumed to be the gold standard for determination 
of percent body fat(5). Discomfort, apprehension about being tested 
in the water tank, inability to perform the maneuvers required for 
satisfactory testing are common problems with this test in obese 
people(4). Imaging techniques used to quantify adipose tissue are 
magnetic resonance imaging, computerized tomography and dual 
energy X-ray absorptiometry (DXA)(5). Magnetic resonance imag-
ing is useful for severely obese people, because the radio frequency 
used can penetrate large amount of adipose tissue(4). However, a 
limitation of magnetic resonance for examination of obese subjects 
is the relatively small open bore of the imagers, which is about 60 
cm for most of  the devices(5). Computerized tomography also is 
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used to determine body fat distribution in the visceral and subcu-
taneous depots(4). Exposure to ionizing radiation and high cost of 
computerized tomography scanning to assess body fat make this 
approach infeasible(6). Measuring the waist circumference (WC) 
is a convenient, simple and inexpensive means to evaluate this 
enlargement. To obtain WC, it is necessary to place an inextensible 
measuring tape all around the abdomen, midway between the top 
of the hip bone and the bottom of the ribs, after expiration(7). This 
measurement aids assessment of  body composition by indirect 
determination of abdominal fat(8) and it offers advantages in terms 
of its ease, precision and execution of the method(9).

However, anthropometric assessments are often very difficult 
to perform in obese individuals(4). The WC is usually performed 
at the level of the umbilicus, because to identify the top of the hip 
bone and the bottom of the ribs may be very difficult. In addition, 
the drooping abdominal fat may also make it difficult to measure 
WC. The present study aimed to investigate the sensitivity and 
applicability of additional measurements in the abdominal region 
to evaluate the body composition of obese women.

METHODS

Participants
This cross-sectional study included 30 obese women with mean 

age 39.4±6.3 years; mean educational level 9.5±3.7 years; mean 
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number of children 2.2±1.3; mean height 157.2±4.96 cm and mean 
BMI 37.3±4.4 kg/m², inpatients of the Clinical Hospital, Ribeirão 
Preto Medical School, University of São Paulo (HCFMRP-USP). 
Based on their BMI, 11, 12, and 7 (37, 40, and 23%, respectively) 
those women exhibited obesity levels I, II, and III, respectively; 
one of them presented with BMI higher than 50 kg/m2. The ex-
clusion criteria included: weight above 130 kg, which would limit 
DXA performance; pregnant women or women with suspected 
pregnancy; cardiovascular, lung, kidney, liver, or gastrointestinal 
diseases; diabetes mellitus; women on birth control pills; or who 
had undergone examinations of the digestive and urinary systems 
involving contrast agents during the previous two weeks. These 
exclusion criteria were adopted because, under such conditions, 
changes in body composition influencing bioimpedance results 
could occur.

This investigation was approved by the Research Ethics Com-
mittee of the Hospital of Ribeirão Preto Medical School. 

Anthropometric and body composition analysis
Weight, BMI, WC at three different points; total and trunk 

segmental bioelectric impedance (BIA)(10); and dual X-ray absorp-
tiometry (DXA) were measured. The weight was measured on a 
300 kg capacity electronic scale in the morning, after fasting and 
voiding of the bladder; participants wore light clothes. A two-meter 
metallic inextensible measuring tape was employed to measure WC. 
Three WC measurements were standardized: WC1, WC2, and WC3, 
were measured at the umbilical scar and at 8 and 16 cm above the 
umbilical scar, respectively, with the measuring tape placed around 
the waist. Measures were taken in standing position.

The golden standard method DXA was employed to assess 
body composition (fat mass, free fat mass, body fat percentage, and 
trunk fat percentage; the Hologic 4500W apparatus was used in this 
case (Waltham, MA, USA). For this examination, participants wore 
a hospital gown and laid in the supine position, in the absence of 
metals, to have their whole body area scanned. Total and trunk bio-
electric impedance analysis were conducted using the Biodynamics 
BIA 450 apparatus, after 12-h fasting. In this case, the participants 
also lied in the supine position, with legs spread apart and both 
arms positioned in parallel, away from the trunk; participants wore 
light clothes, but no shoes or socks. Trunk segmental BIA analysis 
involved the positioning of a receptor electrode in the medial line 
of the proximal thigh, in the same plane as the intergluteal cleft; the 
source electrode was placed 5 cm away from the receptor electrode. 
The other receptor electrode was positioned on the manubrium, 
while the source electrode was placed on the anterior median line 
of the neck, 5 cm away from the skull. The trunk length was also 
measured, as described by Baumgartner et al.(10). To determine 
the compartments in the trunk segment, the equations reported 
in Baumgartner et al.(10) were employed (TABLE 1).

Statistical analysis
Pearson correlation (r) was calculated using the software 

SAS® 9.2(11). The significance level was set at 95% (P<0.05). To 
interpret the Pearson correlation, the following “r” values were 
considered: 0.10<r≤0.39, poor correlation; 0.4<r≤0.69, moderate 
correlation; 0.70<r≤0.89, strong correlation; and 0.9<r≤10, very 
strong correlation(12).

RESULTS

TABLE 2 shows the characteristics of the study population. 
Anthropometric measures of body weight, BMI, total and segmen-
tal bioelectric impedance of the trunk, abdominal circumference 
(WC, WC1, WC2) and determination of percentage of fat by DXA 
were performed.

TABLE 1. Equations for calculating fat mass (%) and fat-free mass (kg) 
for females.

Parameter Equation

Fat mass (%) 17.26 + [7.39 x (body weight x trunk 
strength / trunk length2)]

Fat-free mass (Kg) 15.9 + 0.153 x trunk length2 / impedance 
index *

* Impedance index = height (cm) 2 / total resistance.

TABLE 2. Characteristics of the study population.

Parameter Average ± SD
Age (years) 39.4 ± 6.3
Weight (kg) 92.17 ± 11.75
Stature (m) 1.57 ± 0.05
BMI (kg/m2) 37.31 ± 4.37

Abdominal 
Circumference

WC (cm) 111.83 ± 11.85
WC 1 (cm) 104.16 ± 12.11
WC 2 (cm) 98.67 ± 8.7

Total BIA
FM (kg) 37.17 ± 7.45
FFM (kg) 55.00 ± 5.03

%GC 40.03 ± 3.27

Total DXA
FM (kg) 40.50 ± 7.71
FFM (kg) 51.67 ± 6.22

%BF 43.73± 4.44

Trunk BIA
FM (kg) 23.13 ± 0.84
FFM (kg) 44.08 ± 3.28

%TF 25.40 ± 2.61

Trunk DXA
FM (kg) 18.69 ± 3.43
FFM (kg) 24.79 ± 3.18

%TF 42.81 ± 4.78
WC: waist circumference measured at the umbilical scar; WC1: waist circumference 8 cm 
above WC; WC2: waist circumference 16 cm above WC; FM: fat mass; FFM: free fat mass; 
%BF: body fat percentage; %TF: trunk fat percentage.

For total DXA, the present study found strong to moderate 
correlation between the three WC measurements and fat mass 
(FM), free fat mass (FFM), and percentage of fat mass (%BF). The 
exception was the correlation between WC3 and %FM (TABLE 
3). As for total BIA, FM, FFM, and %BF they correlated strongly 
and moderately with WC1, WC2, WC3, and their sum (TABLE 3). 

With regard to correlations between measurements and meth-
ods to evaluate trunk segmental body composition, all the WC 
measurements and their sum correlated strongly and moderately 
with FM, FFM, and %TF measured by trunk DXA. The excep-
tion was a weak correlation between WC3 and FFM measured by 
DXA (TABLE 4). WC measurements and their sum correlated 
moderately with FM measured by BIA. With respect to FFM and 
%TF measured by trunk BIA, they correlated inversely with WC 
measurements (TABLE 4). 
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Correlation analysis between the methods total BIA and total 
DXA revealed very strong correlation (r=0.90, P<0.001), strong 
correlation (r=0.84, P<0.001), and moderate correlation (r=0.54, 
P=0.002) for FM, FFM, and %BF, respectively. In the case of the 
correlations between trunk BIA and trunk DXA, results evidenced 
strong correlation for FM (r=0.70, P<0.001), and inverse, weak corre-
lation for both FFM (r= -0.22, P=0.24) and %TF (r= -0.08; P=0.65).

DISCUSSION

Weight gain and excess adipose tissue accumulation modify 
the body shape, which hampers the measurement of parameters 
that help evaluate the nutritional status of obese individuals(13). In 
this connection, the present cross-sectional study aimed to verify 
accuracy of the waist measurements proposed. The main result of 
this investigation was that WC1, WC2, WC3, and their sum cor-
related strongly and moderately with the parameters FM, FFM, 
%BF, and %TF obtained by total and trunk DXA. Therefore, 
anthropometric measurements, especially waist circumference 
(WC1, WC2, and WC3), may constitute a sensitive tool to estimate 
body composition in obese subjects. Wang et al.(3), Tian et al.(13) and 
Matsushita et al.(14) also reported that waist circumference corre-
sponds to adipose tissue accumulation in severely obese subjects. 
Hence, WC represents an inexpensive and easily available tool in 
the clinical setting, as opposed to BIA (a method with intermediate 
costs)(15) and DXA (which is not easily available and is expensive, 
despite being the golden standard to assess body composition)(16). 

A study(17) that investigated different anthropometric indicators 
to identify areas of  high visceral fat in postmenopausal women 
has shown that these indicators can replace more sophisticated 

exams. A recently developed populational study(18) to investigate 
the effect of body weight, waist circumference and their changes 
in cardiovascular mortality (among other causes) has shown that 
weight loss and waist reduction are significantly associated with 
long-term mortality risk.

Bearing in mind that excess adipose tissue accumulation hinders 
(i) identification of the anatomical points and (ii) stabilization of 
the measuring tape around the waist(19), alternative measurements 
in this region can help reduce the possible errors underlying the 
nutritional assessment of obese individuals. In the present study, 
WC1, WC2, WC3, and their sum correlated strongly and moderately 
with total and trunk DXA. Thus, these measurements constitute 
an alternative approach in situations where excess abdominal fat 
prevents measurements of anthropometric parameters. 

Different waist measurements and their relationship with trunk 
or total body adipose tissue have long been explored. Wang et al.(20) 
used four waist measurements, all recommended by international 
guidelines, to study a population of men and women with different 
ethnic backgrounds. All the four measurements started at a certain 
anatomical bone point in the abdominal region(20). Nonetheless, 
these reference bone points are not easily accessible in the case of 
obese subjects. In this work, we proposed using metric reference 
points to obtain WC2 and WC3, measured from the less complex 
umbilical scar for WC1. This helped to overcome the aforemen-
tioned difficulties and facilitated assessment of obese individuals. 
Measurements are also age dependent. In the case of older patients, 
abdominal mass tends to concentrate in lower positions, below the 
umbilical scar. Measurements above the umbilical scar are intended 
to provide other measures that can detect variations of abdominal 
mass in lower positions.

TABLE 3. Correlation between each waist circumference and total body composition methods, and correlation between the sum of waist circumferences 
and total body composition methods.

Total DXA Total BIA

FM FFM %BF FM FFM %BF

r P-value r P-value R P-value r P-value r P-value r P-value

WC1 0.74 <0.001* 0.54 0.002* 0.43 0.018* 0.76 <0.001* 0.66 <0.001* 0.64 0.001*

WC2 0.70 <0.001* 0.43 0.016* 0.44 0.014* 0.71 <0.001* 0.56 0.001* 0.62 <0.001*

WC3 0.68 <0.001* 0.50 0.005* 0.36 0.053 0.73 <0.001* 0.57 0.001* 0.64 <0.001*

Sum of WC 1, 2 and 3 0.74 <0.001* 0.51 0.004* 0.43 0.020* 0.77 <0.001* 0.62 <0.001* 0.66 <0.001*

WC1: waist circumference measured at the umbilical scar; WC2: waist circumference measured 8 cm above the umbilical scar; WC3: waist circumference measured 16 cm above the umbilical 
scar; FM: fat mass; FFM: free fat mass; %BF: percentage of body fat. *Significant statistical difference (P<0.05).

TABLE 4. Correlation between each waist circumference and trunk segmental body composition methods, and correlation between the sum of waist 
circumferences and trunk segmental body composition methods.

Trunk DXA Trunk BIA

FM FFM %TF FM FFM %TF

r P-value r P-value r P-value r P-value r P-value r P-value

WC1 0.80 <0.001* 0.55 0.002* 0.42 0.02* 0.56 0.001* -0.09 0.64 -0.72 <0.001*

WC2 0.78 <0.001* 0.43 0.020* 0.47 0.01* 0.58 0.001* -0.16 0.39 -0.60 <0.001*

WC3 0.75 <0.001* 0.51 0.003* 0.37 0.04* 0.55 0.002* -0.14 0.45 -0.63 <0.001*

Sum of WC1, 2, and 3 0.81 <0.001* 0.51 0.003* 0.44 0.01* 0.59 0.001* -0.14 0.47 -0.68 <0.001*

WC1: waist circumference measured at the umbilical scar; WC2: waist circumference measured 8 cm above the umbilical scar; WC3: waist circumference measured 16 cm above the umbilical 
scar; FM: fat mass; FFM: free fat mass; %TF: percentage of trunk fat; *Significant statistical difference (P<0.05).
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The importance of  the present study is also justified by the 
need for other measures, due to the difficulties of measurements 
involving the abdomen in patients with a larger quantity of body fat. 

As to the reliability of the different methods used to evaluate 
obese subjects, the present investigation found good correlation 
between total DXA and total BIA for the parameters FM, FFM, 
and %BF. However, trunk DXA and trunk BIA did not correlate 
satisfactorily. When reviewed individually, WC1, WC2, and WC3 
strongly and moderately correlated with trunk DXA parameters, 
but FFM and TF% did not correlate with trunk BIA parameters. 
Jiménez et al.(21) developed equations to estimate total and segmen-
tal body composition in severely obese Caucasians. They used eight-
electrode mono-frequency BIA and DXA as the reference method 
to assess a sample consisting of 159 adults. Their findings revealed 
that BIA overestimated FFM as compared to DXA. In addition, 
these authors indicated that body segment FM correlated weakly 
with values determined by DXA. Other studies have used different 
BIA devices to assess total and segmental body composition. Their 
authors compared BIA with other methods of body composition 
analysis and detected discrepancies in BIA analyses(22-25). By inves-
tigating common methods of body composition assessment such 
as DXA and BIA, Tinsley, 2017(26), pointed out that the degree of 
disagreement between DXA and BIA varies substantially based 
on gender and body size.

Some of  the limiting factors of  applying BIA to evaluate 
obese and severely obese subjects are as follows: (i) the predictive 
equations usually target eutrophic individuals(27,28), (ii) obese indi-
viduals have a particular body shape, and (iii) obese individuals 
have altered body water distribution as compared to eutrophic 
subjects(27,29,30). 

In the study of  Wang et al., 2018(31), which evaluated the 
body composition accuracy by multiple frequency bioimpedance 
compared to dual energy X-ray absorptiometry (DXA) in obese 
adults, the authors found that the analysis by bioimpedance under-
estimated the percentage of body fat in men, but overestimated it 
in women. In addition, this analysis may require correction in the 
estimation of body composition in obese adults.

Therefore, BIA, especially trunk segmental BIA, is probably 
more complex to perform in obese individuals, because it requires 
electrodes repositioning(10). Moreover, compared with DXA, trunk 
BIA provides less accurate trunk composition analysis in obese 
individuals. In our study, we found that WC1, WC2, and WC3 
correlated well with trunk DXA, so we believe that these meas-
urements constitute an efficient and accurate means to obtain the 
central segmental evaluation of obese women. The measurements 
are important as they can better represent the areas of greater fat 
concentration and the shape of the body that are associated with 
the risk. These measures do not apply to the diagnosis of degrees 
of  obesity. A study investigating waist circumference (WC) and 
the visceral fat area in overweight and obese adults has shown 
that WC can be a moderate predictor of visceral fat and provides 
a feasible measure for estimating glucose metabolic risks(32). The 
difficulties in performing measurements and evaluation of body 
composition, in obesity, increase with increased body volume and 
with the specifics of body shape. The follow up of changes in body 
shape associated with weight gain that reflect body composition 
with metric tape measurements, could facilitate the monitoring 

of nutritional status. It is important to emphasize the importance 
of additional measures that can help monitor shape and weight 
gain, reflecting body composition, as shown in other studies in the 
relevant literature, such as body adiposity index(33). Another point 
to be highlighted is the concern in connection with shape, weight 
and clinical implications; these are aspects; which have been studied 
by our research group(34-37).

In the case of obese women, the present results demonstrated 
that the proposed measurements (WC2, WC3, and the sum of 
three abdominal points) strongly correlate with body composi-
tion parameters assessed by trunk and total DXA. Hence, these 
measurements are good indicators of trunk and body fat, and are 
even more satisfactory than total and segmental BIA parameters, 
because they exhibit better correlation in the golden standard 
method (DXA). These waist circumference measurements may 
provide more accurate evaluation, especially in the case of body 
shapes modified by fat accumulation in the abdominal region and 
gravity effects. The differential of the present study is to propose and 
to have available simplified and low cost measures that bring more 
information about the distribution of abdominal fat and obesity 
of these patients. This investigation may reinforce the importance 
of monitoring weight gain associated with body shape, with the 
proposed measures. The study needs to be expanded to include 
patients of different ages, heights, and BMI ranges.

Limitations of the study
The study cross-sectional design and sample size can be conside-

red as limiting factors. Another factor to be considered is the fact 
that cut-off  points were not considered in the present study so that 
the anthropometric measurements could reflect the abdominal fat 
accumulation levels. Therefore, other investigations are necessary 
in order to further explore this relationship. Another limitation is 
the fact that patients’ height was not standardized, as this criterion 
would greatly limit the study sample size.
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RESUMO – Contexto – O acúmulo de tecido adiposo excessivo no ganho de peso se dá em maior proporção no segmento do tronco, leva à alteração dos 

formatos corporais dificultando a tomada de medidas antropométricas, em especial a circunferência abdominal (CA). Objetivo – Avaliar a sensibili-
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