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Abstract

Özet

Objective: The estimation of fat mass with indirect techniques is beneficial in daily clinical practice. This study aimed
to compare new and old body shape indices using bioimpedance analysis for the assessment of body fat mass in obese
and morbid obese Turkish females. Material and Methods:
Four hundred thirty-eight obese and morbid obese females
were enrolled in the study. Anthropometric measurements
of the study participants were completed using standard
techniques. Body mass index (BMI), body adiposity index
(BAI), a body shape index, waist to hip ratio and body roundness index (BRI) were calculated. The body fat ratio was
evaluated using TANITA-48M. Results: All the anthropometric indices except waist circumference, waist-to-hip
ratio, and ABSI correlated with body fat (%). BMI and BAI
were the best predictors of body fat ratio derived from bioimpedance analysis for all participants. Only for obese females, BAI alone as well as BAI and BMI together were the
best predictive methods of body fat (%). In the morbid
obese group, BAI alone proved to be the best predictive
method for body fat (%) estimation. Conclusion: In clinical practice, the determination of body fat ratio with indirect
techniques may help physicians estimate the risk of diseases in obese and morbid obese patients. BAI can help estimate body fat ratio easily.

Amaç: Günlük klinik uygulamada vücut yağ oranının direkt
ölçümü maliyetli ve zor olduğundan, vücut kompozisyon indeksleri gibi pratik yöntemler kullanılmaktadır. Bu çalışmanın
amacı, obez ve morbid obez Türk kadınlarında vücut yağ oranının değerlendirilmesinde yeni ve eski vücut kompozisyon
indekslerinin biyolojik empedans analizi ölçümüyle saptanan
vücut yağ oranı ile karşılaştırılmasıdır. Gereç ve Yöntemler:
Çalışmaya 438 obez ve morbid obez kadın alındı. Kadınların
antropometrik ölçümleri uygun yöntemlerle yapıldı. Beden
kitle indeksi (BKİ), beden adiposite indeksi (BAI), beden şekil
indeksi, bel-kalça oranı ve beden yuvarlaklık indeksi hesaplandı. Vücut yağ oranı TANITA-48M ile değerlendirildi. Bulgular: Bel çevresi, bel-kalça oranı ve beden şekil indeksi
hariç tüm antropometrik ölçümler vücut yağ oranı ile koreledir. Tüm katılımcılar için BKİ ve BAİ biyoelektrik empedans
analizinden elde edilen vücut yağ oranını en iyi öngören yöntemlerdi. Obez kadınlar için tek başına BAİ ve BAİ-BKİ vücut
yağ oranını en iyi tahmin eden yöntemlerdi. Morbid obez
grupta tek başına BAİ, vücut yağ oranı tayini için en iyi öngörücü yöntemdi. Sonuç: Klinik pratikte, vücut yağ oranının
antropometrik ölçümlerle tahmin edilebilmesi; hekimlerin
obezite tanısı koyabilmesi, morbidite riskini değerlendirmesi
ve tedavi planlaması için önemlidir. BAİ, obez kadınlarda
vücut yağ oranının öngörülmesinde kolay ve etkili bir yöntemdir.
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Introduction
Obese and overweight individuals pose a
significant and widespread health problem
all over the world. Nearly 1.9 billion adults
throughout the world are overweight or
obese (1). According to the national statistics, 1 in every 3 adults is obese and this
ratio reaches up to 35.8-44.0% in females
(2). Body fat amounting to more than 25%
of body weight in males and more than 35%
in females is classified as obesity in adults.
Many in-vivo techniques for the determination of body fat and diagnosis of obesity
exist and many new indices are still being
developed to obtain results that are more
accurate. The most common and popularly
used index is body mass index [BMI=weight
(kg)/height (m2)]. World Health Organization defines overweight as a BMI ≥25 and
obesity ≥30 (kg/m2) (3).
The body fat percentage and distribution are
important because of their relationship with
chronic diseases, especially cardiac diseases
and diabetes. The techniques determining
body fat percentage may be studied as direct and indirect ones. Several direct techniques are employed for the evaluation of
body fat percentage and distribution including bioimpedance analysis (BIA), air displacement plethysmography (ADP) and
dual-energy X-ray absorptiometry (DEXA)
(4). DEXA and magnetic resonance imaging
(MRI) are considered the gold standard for
determining body fat; yet, the requirement
of equipment, trained personnel, and the involved cost limits the use of these techniques. For that reason, bioimpedance
analysis is more convenient and is employed
more often.
Indirect techniques of determination of body
fat percentage are easy to use, involve low
cost and do not require auxiliary staff;
thereby becoming the most recommended
and widely used. The most popular indirect
technique for body fat measurement that
has been accepted as a tool for defining
obesity is Body Mass Index (BMI). Although
BMI is very easy to calculate and use, the
limitations of this index are well documented; it includes the inability to distinguish the level of fat-free mass and scarce
information about fat distribution (5). In
order to overcome these limitations, new indices have been developed. Waist circum-
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ference (WC) and waist to hip ratio (WtHR)
have been introduced as an alternative to
BMI, and many studies have confirmed that
these indices are superior to BMI in indicating cardio-metabolic diseases (6). In 2011,
Body Adiposity Index (BAI) was developed,
which use hip circumference and height as
the basic anthropometric measures and estimates the body adipose tissue in percentage (7). BAI has been reported to be useful
in both genders and in all ethnicities and is
strongly correlated with adiposity, in contrast to BMI (4). In 2012, A Body Shape
Index (ABSI) was developed in which waist
circumference, body weight and height are
used as basic measures (8). Although ABSI
measurements correlate positively with abdominal adipose tissue deposition, but it is
weaker in estimating cardiovascular diseases as compared to BMI (9).
In 2013, a new geometric model, Body
Roundness Index (BRI) was developed (5).
It is based on the assumption that the body
is an ellipse which has two lengths; body
height is accepted as major and the diameter of hip or waist circumference as minor
axes. The degree of body roundness is characterized by a non-dimensional value called
as “eccentricity”. BRI ranges between 1 and
16; a larger value is associated with rounder
individuals whereas a value closer to 1 is related to more narrowly shaped individuals
(5). It was shown that BRI can predict cardiovascular risk and diabetes mellitus, although it is not superior to BMI and WC
(10,11).
Accurate estimation of body fat percentage
and its distribution through a numerical
value proves very advantageous for clinical
practice. Therefore, the aim of this study
was to assess the concordance of indirect
techniques (BMI, BAI, ABSI, BRI, WC and
WtHR) via measured body fat (%) using
bioimpedance analysis in obese and morbid
obese Turkish women to determine the best
indicator index for body fat (%).

Material and Methods
This study was conducted in Kartal Dr. Lutfi
Kirdar Education and Training Hospital obesity outpatient clinic between 1 January and
30 June 2016 retrospectively. Women with
a BMI of 30 or above were included in the
study. Pregnancy, age <18 years, secondary
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obesity, thyroid and adrenal diseases were
the exclusion criteria. The study was approved by the local Ethics Committee of Kartal Dr. Lutfi Kirdar Training and Research
Hospital (No: 2016/514/83/6).
Anthropometric measurements of the study
participants were performed. Weight was
measured in light clothing using calibrated
electronic scales to the nearest 0.1 kg.
Height was measured barefoot using a stadiometer to the nearest 0.1 cm. Waist circumference was measured over bare skin,
midway between the lower rib margin and
the iliac crest at the end of expiration while
hip circumference was measured as the
maximum circumference over the buttocks
to the nearest 0.1 cm using a fiberglass
measuring tapes. Using these dimensions,
BMI, BAI, ABSI, WtHR and BRI were calculated using the formulas summarized in
Table 1.
The body composition of the study participants was assessed after overnight fasting.
BIA was used for the estimation of the body
fat ratio. Bioimpedance measurements of all
participants were performed using a
TANITA-48M device. The whole body impedance measurements were made using standard positions of outer and inner electrodes
on the right hand and right foot. Body fat
percentage was obtained according to algorithms developed by the producer (TANITA).
Statistical analyses were performed using
the Software Statistical Package Sciences
(SPSS) for Windows version 17.0. The data
were presented as percentages and frequencies, mean±standard deviation. Pearson’s correlation or Spearman’s correlation

test was used to find out the correlation between the variables. Significant indices in
correlation tests were assessed via the stepwise linear regression to determine the best
index/indices. Statistical analyses were twosided and a p-value <0.05 was considered
significant.

Results
The study sample comprised 438 obese and
morbid obese females, out of which 272
(62.1%) were obese and 166 (37.9%) were
morbid obese. Mean BMI and mean age of
the study participants were 38.84±6.19
kg/m2 and 42.92±10.78 years, respectively.
Nearly 1 in 5 females had diabetes (n=87)
and 97 (22.1%) females had hypertension.
Anthropometric measures of the participants
are presented in Table 2.
The correlation of different body fat (%)
measurements were analyzed in all the
study participants and the results have been
depicted in Table 3. All the anthropometric
indices except WC, WtHR and ABSI correlated with body fat (%) as assessed by BIA.
Body Roundness Index showed a significant
correlation with all the other indices (Table
2).
Stepwise linear regression analysis showed
that BMI and BAI were the best predictors
of body fat ratio derived from BIA for all the
participants (R2=0.385; p=0.000 for model
1 and R2=0.412; p=0.000 for model 2)
(Table 4).
The participants were divided into two
groups: obese and morbid obese according
to BMI. In the obese group, waist circumference (r=0.349; p=0.000), BRI (r=0.437;

Table 1. Anthropometric formulas used in the study.
Name

Abbreviation

Formula

Body Mass Index

BMI

weight (kg)/height

Body Adiposity Index

BAI

Hip circumference (cm)
height χ

A Body Shape Index

ABSI

Reference

WtHR

(3)
-18

1

2

BRI=364,2-(365,5×Ɛ)

፴ ൌ ඨͳ െ
Waist to Hip Ratio

(m)

Waist circumference (cm)
2

BRI

2

√ height

BMI 3 × height
Body Roundness Index

3

(8)
(10)

ୟ୧ୱ୲ୡ୧୰ୡ୳୫ୣ୰ୣ୬ୡୣ ଶ
ሻ
ଶగ

ሺͲǡͷ ൈ ݄݄݁݅݃ݐሻଶ

ሺ

waist circumference (cm)/hip circumference (cm)

3

(7)

(3)
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significantly correlated with body fat (%).
The stepwise linear regression analysis in
the morbid obese group showed that BAI
alone (r2=0.72) was the best predictive
method for body fat (%).

Table 2. Anthropometric measures of the participants.
Minimum Maximum Mean±SD
Weight (kg)

63.6

156.5

95.8±15.9

Height (m)

1.38

1.77

1.57±0.6

Waist circumference (cm)

84

150

110.8±12.2

Hip circumference (cm)

98

203

124.6±12.4

0.71

1.23

0.89±0.06

30

65.1

38.8±6.1

BAI (fat%)

30.4

77.7

45.4±7.15

ABSI

0.06

0.10

0.07±0.005

BRI

3.92

17.7

8.17±2.25

Body fat (%)

13.7

50.0

41.5±3.99

WtHR
BMI (kg/m2)
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Discussion
It is well known that higher body fat ratio
(%) is associated with coronary artery diseases, cardiovascular events and mortality
(12). The amount of adipose tissue forms an
important part of the body weight and includes a large quantity of fluid in its interstitial space which plays a critical role in heart
failure. The stroke volume, cardiac output
and left ventricular mass are related to fatfree mass. Furthermore, fat tissue acts as
an endocrine organ that synthesizes and releases a variety of peptidases and non-peptides playing a role in cardiovascular
homeostasis (13). Recent studies have also
established the relationship between insulin
resistance, diabetes and body fat ratio
(14,15). Lipolysis of adipose tissue produces
free fatty acids which in turn increases lipid
synthesis and gluconeogenesis, resulting in
peripheral insulin resistance. This process
ends with hyperlipidemia, glucose intoler-

WtHR: Waist to Hip Ratio; BMI: Body Mass Index; BAI: Body Adiposity
Index; ABSI: A Body Shape Index; BRI: Body Roundness Index.

p=0.000), BAI (r=0.546; p=0.000), BMI
(r=0,544; p=0,000) were correlated significantly with body fat (%). The stepwise linear regression analysis of only the obese
group revealed that BAI alone (r2=0,298),
as well as BAI and BMI together (r2=0.377),
were the best predictive methods of body fat
(%) in obese patients.
In the morbid obese group, BAI (r=0.268;
p=0.000), BMI (r=0.191; p=0.000) and hip
circumference (r=0.174; p=0.025) were

Table 3. Correlation coefficients (r*) of different anthropometric indices with each other and bioimpedance
analyses (fat%).
BRI

ABSI

BAI

BMI

WtHR

HC

WC

BIA (fat%)

BIA (fat%)

0.548

-0.052

0.621

0.610

0.009

0.551

0.493

1

WC

0.929

0.444

0.637

0.763

0.498

0.755

1

HC

0.685

-0.049

0.830

0.831

-0.188

1

WtHR

0.481

0.736

-0.142

0.042

1

BMI

0.793

-0.204

0.838

1

BAI

0.778

-0.077

1

ABSI

0.395

1

BRI

1

BIA: Bioimpedance Analyses; WC: Waist Circumference; HC: Hip Circumference; WtHR: Waist to Hip Ratio; BMI: Body Mass Index;
BAI: Body Adiposity Index; ABSI: A Body Shape Index; BRI: Body Roundness Index.
* r values with statistically significant (p<0.05) are written in bold.

Table 4. Stepwise regression analysis of the indices.
ß

Confidence interval

p-value
0.000

Model 1

BAI

0.621

0.305-0.388

Model 2

BAI

0.368

0.131-0.279

0.000

BMI

0.301

0.109-0.280

0.000
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ance, hypertension and atherosclerosis (16).
Because of these relationships between obesity, fat ratio and chronic metabolic diseases, it is important for the physicians to
determine body fat ratio. The direct methods of estimation of body fat involve higher
costs and require equipment and personnel.
Estimation of body fat ratio (%) using indirect measures is therefore feasible in daily
clinical practice. World Health Organization
recommends the use of BMI for the determination of obesity. However, as the ability
of BMI to determine body fat percentage is
debatable, new indices like WC, WtHR, BAI,
ABSI and BRI have been developed.
In this research, the anthropometric indices
were compared with body fat ratio and all
anthropometric indices except waist circumference, WtHR and ABSI showed a statistically significant correlation with body fat
ratio (%) in both, obese and morbid obese
females. The strongest correlation between
these indices and body fat ratio was observed between BAI (r=0.621) and BMI
(r=0.610). In the obese females, BAI and
BMI were almost equally effective in predicting body fat; however, in morbid obese
females, the value of BMI decreased and
BAI was the only index that could determine
body fat (%).
Bergman et al. established an easily measured anthropometric index; BAI, for determining body fat ratio. They reported a
higher correlation of BAI with body fat ratio
(r=0.790) than with BMI (r=0.569). The
conformity of BAI and body fat ratio is poor
at lower levels of adiposity. BAI predicts
body fat optimally if the body adiposity is
>20% (7). Sun et al. carried out a research
on the concordance of BAI and BMI with
DEXA. They found that BAI significantly correlated with body fat in the entire cohort
(r=0.78). According to gender, BAI was
more consistent with the body fat ratio in
the females as compared to the males and
the entire cohort (r=0.74 vs. r=0.67). Nevertheless, in obese females, such as those
in the present study, the correlations of BMI
and BAI with body fat were almost equal
(r=0.58 vs. r=0.54) (17). On the other
hand, one study showed that BAI overestimates body fat at lower levels of adiposity
(<20%) and provides 5-10% underestimates at higher adiposity (>40%) (18). In

5

morbid obese females, BMI has been observed to be the single best predictor of
body fat (4). This difference could be due to
the BAI formula that includes hip circumference and height, which are both related to
bone structure. Turkish women are mostly
short in stature and have a smaller waist,
but larger hip circumference (19). Moreover,
in some ethnic groups weight gain is not related to increased hip circumference, but
waist circumference (20).
The authors observed that BMI is the second-best index to determine the body fat
ratio in obese women. A study including
12901 adults showed that BMI significantly
correlates with body fat, both in men and
women, although body fat does not increase
linearly with weight. Moreover, in females,
body fat percentage correlated with WC in a
better way (21). A study comparing BAI,
BMI, HC, WC and WtHR for determination of
body fat (%) revealed that the highest correlation was 0.78 (r2=0.60) for BMI and
0.67 for BAI (r2=0.45) (22). In another
study, BMI was significantly correlated with
body fat ratio in women (r=0.76) as well as
in obese women (r=0.54) (17). Ehrampous
et al. speculated that BMI showed the
strongest relation with body fat ratio
(r=0.868) (23). Similarly, Geliebter et al. reported BMI as the single best predictor of
body fat that significantly correlated with
BIA (r=0.90) in severely obese women (4).
The literature also reports studies presenting significant correlations between BMI and
body fat ratio which is similar to the results
of the present study (24,25). Lopez et al.
compared BAI and BMI in the determination
of body fat ratio and found that BAI is advantageous over BMI, as it does not use
weight; however, in general, the BAI does
not overcome the limitation of BMI (26).
Some researchers suggest that BMI is well
correlated with body fat ratio and is a powerful indicator of cardiac events. However,
the literature also quotes studies that questioned the adequacy of BMI in measuring
body fat ratio (27,28). The relationship between BMI and body fat percentage varies
according to age, sex and ethnicity (21).
Moreover, its weight dependence and inability to determine the distribution of body fat
could be the reasons for this discordance observed in the literature.
5
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ABSI is weakly correlated with height and
weight, so its correlation with BMI is poor
but on the other hand, it shows a strong correlation with mortality rates (8). In the present study, ABSI was unable to predict body
fat (r=-0.052, p>0.05). Ehrampoush et al.
found a weak correlation between body fat
and ABSI, which is in accordance with the
results of the present study (23). The height
differences between varied ethnic groups
may decrease the ability of ABSI in determining body fat.
The authors observed that after BAI and
BMI, the new index, BRI was the third-best
method that correlated with body fat ratio.
It was also strongly correlated with BAI and
BMI. BRI could determine body fat ratio
and it was possible to obtain a better correlation coefficient when hip circumference
rather than waist circumference was used
for the calculation of the eccentricity coefficient. Santos et al. reported that BRI
could be used for estimating body fat ratio
although it has a lower correlation than BMI
(29).
Waist circumference and WtHR were not
correlated with body fat ratio in the present
study. Jablonowska et al. also found that
WtHR and WC have a non-significant correlation with body fat, as assessed by BIA
(30). On the other hand, literature reports
studies indicating WC and WtHR as effective
methods for determining body fat indirectly
(21,23). The authors deliberate that variations between study groups could be the
reason for this discrepancy. The study group
in the present research includes obese and
morbidly obese, middle-aged Turkish
women. The amount and distribution of
body fat have been found to be directly related to age and ethnicity.
This study poses some limitations. A crosssectional design and small sample size are
the major limitations. The study group included only those patients who were followed up in the author’s hospital-based
outpatient clinics (only obese/morbid obese
women), thereby rendering it impossible to
use these results when evaluating the entire population. Another limitation of this
study is the non-homogenous distribution of
age in the study group. Menopause is an
important factor in body fat distribution.
Postmenopausal women have higher
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amounts of body fat and reduced muscle
mass. BAI underestimates body fat ratio
measured by DXA in white postmenopausal
women (31).

Conclusion
In clinical practice, the determination of
body fat ratio with indirect techniques could
help physicians estimate the risk of diseases in obese and morbid obese patients.
In conclusion, it was found that BAI and
BMI are the best indicators of body fat in
obese women. On the other hand, BAI is
the best predictive method for body fat estimation in morbid obese females. Body Adiposity Index can be easily used in
situations when the weight of the patient is
not known.
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