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Differences in the frequency of overweight and obesity
measured by means of body adiposity index (BAI)
or body fat percentage (BF%) in 18-year-old students

from southeastern Poland

Réznice w czestosci rozpoznawania nadwagi i otytosci przy zastosowaniu
wskaznika ottuszczenia ciata (BAl) oraz odsetka tkanki ttuszczowej (BF%)
u 18-letnich uczniéw z potudniowo-wschodniej Polski
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Wstep. Zawartosc tkanki ttuszczowej jest podstawa dla rozpoznawania
otytosci i jest uwazana za czynnik ryzyka zdrowotnego. Wiele wskaznikow
antropometrycznych znalazto dotad zastosowanie w okreslaniu stopnia
ottuszczenia ciata. Jednym z najczesciej uzywanych w codziennej praktyce
jest wskaznik masy ciata (BMI), jednakze nie pozwala on na doktadne
okreslenie zawartosci i rozmieszczenia tkanki ttuszczowej. Deurenberg
i wsp. zaproponowali wzory dla oceny odsetka tkanki ttuszczowej (BF%)
ustalanego w oparciu o BMI. Natomiast Bergman i wsp. zdefiniowali
wskaznik ottuszczenia ciata (BAI), ktéry okresla odsetek tkanki
ttuszczowej w oparciu o wzrost i obwad bioder.

Cel pracy. Ustalenie réznic w czestosci wystepowania nadwagi i otytosci
okreslanych w oparciu o odsetek tkanki ttuszczowej w zaleznosci od
zastosowanego wskaznika w grupie 18-latkdw.

Materiat. Badana grupa obejmowata 631 uczniéw (377 K i 254 M)
z potudniowo-wschodniej Polski.

Wyniki. Czestos¢ rozpoznawania otytosci oceniana za pomocg BAI i
BF% w catej badanej grupie wynosita odpowiednio 12% (K-0,7; M-28,7)
and 2,2% (K-1,6; M-3,1). Nadwaga rozpoznana za pomoca BAI stanowita
21,2% (K-3,6; M-44,5) i 2,2% (K-2,4; M-2,0) za pomoca BF% w catej
grupie. Prawidtowe ottuszczenie ciata charakteryzowato 66,7 % (K-93,6;
M-26,8) ucznidéw (w ocenie za pomocg BAI) i 95,6% (K-96; M-93,7)
(na podstawie BF%).

Whiosek. Czestos¢ otytosci i nadwagi w badanej grupie uczniéw oceniana
za pomoca BAI byfa istotnie wyzsza niz w ocenie z zastosowaniem BF%,
a réznice te byty stwierdzane gtownie w grupie chtopcow.

Stowa kluczowe: otytos¢, nadwaga, wskaznik ottuszczenia ciata (BAl),
odsetek tkanki ttuszczowej (BF%)

Introduction. The assessment of body fat is fundamental in the diagnosis
of obesity and used as an indicator of health risk. Several anthropometric
indices are applicable in determining body fat content. The most popular
—body mass index (BMI) - fails in determining the amount and distribution
of body fat. Deurenberg et al. proposed formulas for an assessment of
body fat percentage (BF%) calculated from BMI. However Bergman etal.
defined the body adiposity index (BAI) which estimates the percentage
of adipose tissue from a given height and hip circumference.

Aim. To determine the differences in the frequency of overweight and
obesity diagnosed with an assessment of the percentage of body fat
depending on the used index in a group 18-year-olds.

Material. The material covered 631 students (377 females and 254
males) from southeastern Poland.

Results. The prevalence of obesity in the whole group assessed by
means of BAland BF% was 12% (F-0.7; M-28.7)and 2.2% (F-1.6; M-3.1)
respectively. Overweight was diagnosed by means of BAIl in 21.2%
(F-3.6; M-44.5) of all the students and in 2.2% (F-2.4; M-2.0) by means
of BF%. Normal fat content characterized 66.7 % (F-93.6; M-26.8) of the
students (on the basis of the BAl evaluation) and 95.6% (F-96; M-93.7)
(on the basis of the BF% evaluation).

Conclusion. The percentage of overweight and obesity in the tested
group determined with BAI was significantly higher than the one
determined with BF% and these differences were observed mainly in
the male group.

Key words: adiposity, overweight, body adiposity index (BAl), body fat
percentage (BF%)
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Introduction

Obesity is a chronic multifactorial disease, defined
as an excess of body fat. Overweight and obesity are
a growing epidemic in the world adult population and
also an increasingly frequent health problem in chil-
dren and adolescents [ 1-5]. The content of body fat is
fundamental in the diagnosis of obesity and overweight
and used as an indicator of health risk. A type of body
fat which is closely connected with an increased risk of
metabolic and cardiovascular disorders is considered
the visceral adipose tissue [ 1-5]. Excessive fat content
is a risk factor of many chronic diseases including type
2 diabetes mellitus, cardiovascular diseases, hyperten-
sion, stroke, dyslipidemia, liver and gallbladder diseases,
sleep apnea and respiratory problems, osteoarthrosis,
abnormal menses, infertility and cancer [2, 3, 5].

An assessment of a body composition is an
important procedure in the investigation of nutritional
status. An accurate quantification of visceral fat
compartment can be obtained by magnetic resonance
imaging or computed tomography, dual-energy X-ray
absorbtiometry (DXA), bioelectrical impedance
analysis (BIA), but their economic costs and complexity
make them too expensive in daily clinical practice or
epidemiological studies [ 5-7 ]. Because of this limitation,
it is suggested to use anthropometric measures in the
estimation of body fat content [5-10].

Actually; several anthropometric indexes are appli-
cable in the assessment of body adiposity [1, 5, 7-10].
For a long time, the one of the most frequently used,
both in epidemiologic studies and in clinical practice,
was BMI (Quetelet, 1869). Although BMI has been
proved to closely correlate with body fat irrespective of
age and gender, it does not identify gender and ethnic
differences in body adiposity and fails to measure fat
distribution [ 5, 7-10].

In 1991 Deurenberg and et al. [10] proposed
formulas for an assessment of body fat percentage
(BF%) calculated by means of BMI. They concluded
that BMI is the most appropriate for an assessment
of body fat percentage, because of its high correlation
with body fat and low with body height. They found
that proposed formulas gave a valid estimation of
body fat in males and females at all ages and that their
prediction error is comparable with an error of other
ways used in the assessment of body adiposity [ 10].

In 2011 Bergman et al. [11] defined a new, al-
ternative parameter — the body adiposity index (BAI)
— which can be calculated only from a hip circumfer-
ence and height. In the authors’ opinion [11], it
directly estimates a percentage of adipose tissue, is
more available than BMI (it does not request a weight
account) and may become a new international stan-
dard for determining body adiposity.

Aim

To determine the differences in the frequency
of overweight and obesity diagnosed with the use of
a percentage of body fat, depending on the implemen-

tation of a newly proposed index BAI or an old BF%, in
the group of 18-year-olds from southeastern Poland.

Material and Methods

The tested group comprised 631 subjects, 18-year-
old students (377 females and 254 males) from three
randomly selected secondary schools from southeast-
ern Poland (e.g. Lublin, Stalowa Wola and Opatéw).
The tests were performed in September 2007. Basic
anthropometric parameters such as body mass, height
and hip circumference of every student were tested
using standard medical scales and measuring tape. On
the basis of these measurements BMI, BAI and BF%
were calculated.

BMI was determined by means of the following
formula: weight in kg / [height in m]*

BAI was determined by means of the following
formula [11]:

_ hip circumference (in cm)
height (in m) x \ height (in m)

The percentage of body fat (BF%) was calculated
from Deurenberg and et al. [ 10] formula for adults.
Deurenberg’s population of adults included individu-
als from the age of 16 years.

BF% = 1.2 X BMI+0.23 X age-10.8 X sex-5.4
Male =1; female O

In order to identify overweight the authors deter-
mined the values of BMI, BAI and BF% between the
85-95th centile and to identify obesity the values of
BMI, BAI and BF% were >95 centile adequately to
gender and age. According to McCarthy et al. [12],
the percentage of body fat was calculated upon tabu-
lated body fat centile values with relation to an exact
age. In order to determine the adopted values of BMI
centile scales, Polish growth references for school-aged
children and adolescents according to Kutaga et al.
[13] were used (tab. I).

BAI 18

Table I. BMI ranges {Kutaga et al. [13]} and percentage of body fat {accor-
ding to McCarthy et al. [12]} [BAI; BF%] used in determination of obesity,
overweight and normal fat content in the group of 18-year-old students

Category of body fat Gender  BAI and BF% (percenta- BMI kg/m?
content (centile) ge of body fat) ranges ranges
Obesity girls >34.8 >26.6
>95¢ boys >23.6 >28.2
Overweight girls 30.8-34.8 23.9-26.6
>85¢- <95¢ boys 20.1-23.6 25.3-28.2
Normal fatness girls >14.7-30.8 17.3-23.9
>5¢-85¢ < boys >9.6-20.1 18.0-25.3
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The frequency of the occurrence of particular
body adiposity categories and the percentage values
of adipose tissue among 18-year-olds was indepen-
dently assessed by means of BMI and BAI (group 1)
and BF% (group 2) separately for females and males.
The percentage of adipose tissue in every student was
assessed by means of the second index (group 1 -BF%
and group 2 — BAI) in the determined body adipos-
ity categories, then they were compared. Finally, the
percentage of the adipose tissue in the students in
particular body adiposity categories determined by
BAI'was compared with the percentage of adipose tis-
sue in particular body adiposity categories determined
by BF% separately for females and males.

Statistical distribution of variables was evaluated
by Shapiro-Wilk testing. Because of the non-Gaussian
distribution we used the non-parametric Spearman’s
R correlation to check the statistical dependences be-
tween variables and U-Mann-Whitney test to check
differences between the groups. Pearson’s chi-squared
test was used to check differences in the distribution
of obesity, overweight and normal weight between the
BF% and BAI measurements. Statistica 10.0.PL was
used for statistical analysis and P values <0.05 were
counted as significant.

Results

The results of our studies are illustrated in fig. 1,
2 and 3 and tables II-V. Obesity measured with BMI
was diagnosed in about 4%, overweight in 5.2% and
normal body mass in 87.9% of the whole group of stu-
dents. Comparatively, with BAI implementation, obe-
sity was found in 12% of the whole group, overweight
in 21.2% and normal fat content in 66.7%. This high
prevalence of excessive body adiposity determined
with BAI was a result of a manifold higher frequency
of obesity and overweight in the male students.

The frequency of obesity assessed with BF%
amounted to 2.2% and overweight constituted 2.2%
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Fig. 1. Comparison of frequency of obesity, overweight and normal
body adiposity in whole group of students

of the whole group of students. Normal adiposity was
confirmed in 95.6% of all the students (fig. 1).

The frequencies of excessive and normal body
fat content in female and male subgroups which de-
pended on the used adiposity indexes are presented
in table II.

In the groups who were assessed with BAI, sig-
nificant differences in the prevalence of obesity and
overweight between the female and male subgroups
were observed (tab. II). Obesity was forty times more
frequent in males than in females and overweight
was about eight times more frequent in males than in
females. Normal fat content characterized only about
Y4 boys.

In the group assessed with BAI, the majority of
females had a normal percentage of body adipose
tissue. The prevalence of obesity determined with
BAI was very low in females. When BF% was used,
the obesity in the female group was two times more
frequent than when BAI was implemented. On the
other hand, the frequency of overweight was over two
times lower than in the female group diagnosed with
BAI. The frequency of normal body fat content did
not depend on the implemented index and did not
differ significantly in the tested subgroups of females.
These results can suggest that BAI underestimated
the percentage of body fat in females and tended to
overestimate fat percentage in males.

In contrast, obesity and overweight in the male
group was over seven times more frequent than when
it was determined with BAI. Normal fat content was

over 3 times more rare than when it was determined
with BMI.

Statistical analysis with chi square test of BAI
and BF% values shows significant differences in both
genders (p<0.05; r=0.47 for males and r=0.58 for
females) (tab. II1, fig. 2A, fig. 3A).

The percentages of body fat measured with BF%
index in female groups with obesity and overweight

Table 11. Comparison of frequency of excessive and normal body fat content
in 18-year-old females and males depending on applied index

Cate- 377 Girls 254 Boys

gory of

body fat  BMIN# BAIN BF% N  BMIN BAI'N BF% N

content

obesity 15 3 6 10 73 8
[3.9%] [0.7%] [1.6%] [3.9%] [28.7%] [3.1%]

over- 18 21 9 15 113 5

weight  [4.8%] [5.6%] [2.4%] [5.9%] [44.5%] [2.0%)]

normal 331 353 362 224 68 238

[87.8%]* [93.6%] [96.0%] [88.2%]** [26.8%] [93.7%]***

#N = number of students
*3.5% underweight females
** 2% underweight males
*** 0.7% underweight males
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were subtly higher in group 2, but without statisti-
cal significance. In turn, we have found statistically
significant differences between the BAI and BF%
values in females with normal fat content from group
2 (p<0.05, r=0.53) and group 1 (p<0.05, r=0.51)
and for the whole female group (p<0.05, r=0.58)
(tab. II1, fig. 3B,C). In conclusion, BAI and BF% have
a comparable value in assessment of body fat percent-
age in obese and overweight female students.

In contrast, the male students from group 2 were
characterized with higher BAI index than in group 1
(tab. IV). The mean values of BAI in obese and over-
weight boys from group 2 were included in the obesity
range, and students with normal fat content had a level
of BAI corresponding with overweight (over 20.1%).
In turn, BF% mean values in male group 1 were un-
derestimated, and account in all fat content categories
below 20.1%, fit into the interval for male normal
body adiposity (tab. IV). These results suggest that
adiposity and overweight calculated in boys with the
BAI application included students with normal body
adiposity if we implemented BF% . These data indicate
that BAI overestimates the fat mass percentage and
therefore the frequency of obesity and overweight in
males.

In table V we compared mean values of BAI
and BF% in female and male students with obesity,
overweight and normal fat content. The statistically
significant differences were observed only in groups
with normal fat mass. In the female group BAI was sta-

tistically significantly lower than BF% (p<0.001), and
in the male group BAI was statistically significantly
higher than BF% (p<0.001) (fig. 2A, 3A), which
can suggest that BAI underestimated the percentage
of body fat in females and tended to overestimate fat
percentage in male students.

The statistically significant differences between
BAI and BF% values were observed in the whole male
group (p<0.05, r=0.47) and the one with obesity
(p<0.05, r= 0.63) and a very strong correlation in
overweight (p<0.05, r=0,9) assessed with BAI
(tab. IV, fig. 2). Important correlation was also found
in the male group with normal fat content assessed
by BF% (p<0.5, r=0,47) (tab. IV, fig. 2B). While as-
sessing monotonic relationships between the assessed
parameters (BAl and BF%) in the group of males with
overweight diagnosed with BAI (group 1 — body fat
content assessed with BAI), a significantly positive
Spearman’s correlation rank was observed (r=0.99
for p<0.05) between the BAI values and the corre-
sponding BF% values. It indicates that among the male
population with overweight from group 1 the value of
BF% was increasing in proportion to BAI (tab. IV).

Discussion

There has been a persistent search for the perfect
anthropometric index which would allow a simultane-
ous evaluation of adipose tissue mass, its localisation
and the risk of its frequent occurrence connected with
metabolic disorders [5,7-11, 14-17]. Body mass index

Table 111. Comparison of BAl and BF% results in female groups with excessive and normal body fat content

BAI % X+SD BF% X+SD
Category of body fat content
Group 1* Group 2** p-value R Spearman Group 1 Group 2 p-value R Spearman
Obesity >34.8 35.9+1.2 34.1+2,2 0,804 0,15 36.845.6 37.9+2.5 0,208 0,6
Overweight 30.8-34.8 32.3%1.2 33.6+3.7 0,097 0,36 29.7+4.5 31.9+1.0 0,715 -0,14
Normal 14.7-30.8 25.4+2.7 25.6+2.9 p<0,0000 0,59 23.4%2.5 23.4+2.4 p<0,0000 0,59
*Group 1 - body fat content assessed with BAI
**Group 2 — body fat content assessed with BF%
Table V. Comparison of BAI and BF% results in male groups with excessive and normal body fat content
Category of body fat content BAI% X+SD BF% X+SD
Group 1 Group 2 p-value R Sperman Group 1 Group 2 p-value R Spearman
Obesity >23.6 259+2.4 29.8+3.7 p<0,000 0,635 17.1+£3.9 25.6+1.8 0,49 0,285
Overweight 20.1-23.6 21.8+1.1 28.4+2.7 p<0,000 0,999 14.0+2.3 21.9+1.1 0,188 -0,7
Normal 9.6-20.1 18.3+1.5 21.8+2.7 0,194 0,16 12.9+42.2 14.1+2.4 p<0,000 0,47
*Group 1 - body fat content assessed with BAI
**Group 2 — body fat content assessed with BF%
Table V. Comparison of mean body fat percentage assessed with BAl and BF% in female and male groups
Females Males
Category of body fat content
BAI% X+SD BF% X+SD p-value BAI% X+SD BF% X+SD p-value
obesity 35.9+1.2 37.942.5 p=0.24 25.9+2.4 25.8+1.8 p=0.38
overweight 32.3+1.2 32.1+1.0 p=0.59 21.8+1.0 21.9+41.1 p=0.26
normal 20.5+2.1 23.4+2.4 p<0.001 18.4+1.5 14.1+£2.4 p<0.001
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(BMI) was introduced as a method to assess human
nutritional status and body fat content. Easy to calcu-
late, it is one of the most frequently used anthropo-
metric parameters, both in epidemiologic studies and
in clinical practice. The underlying assumption to use
BMI to define obesity is that increased weight is as-
sociated with increased body fat mass [9, 11, 15, 17].
BMI was limited as far as adiposity measure and an
identification of differences of body composition and
fat distribution are concerned. A linear relationship
was observed between BMI and body fat mass, but not
with BMI and the percentage of body fat [ 11, 15, 17].
Therefore, BMI should be used as an indicator of body
adipose tissue mass, but not as a tool to measure body
fat percentage [15]. Therefore about 20 years ago,
Deurenberg et al. [ 10] determined formulas for as-
sessing body fat percentage from BMI.

BAI, introduced by Bergman et al. [11], involves
height and hip circumference and may reflect male-fe-
male differences in adiposity better and more properly
than BMI. The authors found that BAI shows a higher
than BMI positive correlation with DXA evaluated body
fat percentage and assumed an important conceptual
advantage of BAI over BMI. For two years, a validation
of accuracy of BAl in the determination of a percentage
of body fat in several studies and various populations has
been conducted [18-30]. Lopez et al. [ 18] concluded
that BAI demonstrated similar limitations to those of
BMI. They observed different results of the BAI mea-
suring method in men and women while identifying
individuals with a higher or lower percentage of fat.
Freedman et al. [ 22] claimed that the use of BAI as an
indicator of adiposity is likely to produce biased esti-
mates of the percentage of body fat, errors which varied
according to gender and the level of body fat content and
that the evaluations based on BAI are not more accurate
than those based on BMI, waist circumference, or hip
circumference. Barreira et al. [20] investigated the
gender-specific relationship between BAI and BMI and
body fat in black and white adults. They also believed
that both indices similarly estimated body fat content,
but gender and race differences in relation to BAI, BMI
and fat percentage made the interpretation difficult.
Godoy-Matos et al. [21] used BAI as a means to evalu-
ate obesity in women with familiar partial dystrophy
and compared it with the BMI results. The authors
concluded that the BAI measuring method was able to
determine the differences in adiposity in patients with
familial partial dystrophy and may become a more re-
liable indicator of fat mass content than the currently
available measuring methods.

Adolescents and young adults are an object of spe-
cial interest to many studies concerning the prevalence
of excessive body fat and are characterised as the most
likely to undergo preventive treatment in combating

the obesity pandemic [4, 5, 12, 13, 15, 16]. They
have been also chosen as the subject of the tests as this
age group was the youngest one who underwent tests
conducted by Bergman etal. [11].

Currently, in the representative sample of Polish
children and adolescents presented in the study of
Kutaga et al. [13], the prevalence of overweight and
obesity in 2007-2009 in Poland was 7.1% and 2.1%
respectively in 18-year-old females; where in 18-year-
old males 3.9% obesity and 14.1% overweight was
found [13]. Our results achieved with the use of the
BMI implementation are similar to the ones reported
by Kutaga et al. [13]. In the group of 18-year-old
students, there were 3.9% of obese females and males.
Overweight was lower and affected 4.8% females and
5.9% males.

Achieved with the use of the BAI measuring
method, the prevalence of obesity and overweight
was respectively 3 and 4 times higher in the whole
our group than the one determined by means of BMI.
We assumed that these results were related to the
observed, dependent on the use of BAI, higher preva-
lence of obesity and overweight in males. It is difficult
to compare our results with the reports available in
the literature since there are only few investigations
concerning similar problems in adults and there are
no studies presenting the implementation of the BAI
measuring method in the population of adolescents.
Moreover, other authors [ 18-20] observed a similar
overestimation of fat percentage in males and under-
estimation of fat percentage in females. We can agree
with Lopez et al. [18] that BAI overestimated the
percentage of fat in men with normal body fat and cat-
egorized them as the ones with excessive body adipose
tissue. The authors suggest that in order to improve the
specificity and sensitivity of BAI, the cut-off points for
males and females should be changed. In Johnson et
al. [19] research, the authors affirm high differences
in values of mean fat tissue percentages obtained by
the use of the BAI calculation in relation to the results
gathered with the use of DXA. Those differences were
especially visible in the group of people with less ad-
vanced adiposity. Schulze et al. [ 23] also certified that
BAI overestimated the percentage of body fat among
men. Moreover Vinknes et al. [ 30| showed that BAI
tended to overestimate fat percentage in lean subjects
and to underestimate it in those with higher contents
of body fat, but accurately predicted the percentage of
body fat in persons with BMI in a normal range.

Conclusion

The prevalence of overweight and obesity deter-
mined with BAI was significantly higher than with
BF% and these differences were observed mainly in
the group of male adolescents.



314

Hygeia Public Health 2013, 48(3): 308-314

Pismiennictwo / References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Szymocha M, Bryta M, Maniecka-Bryta I. Epidemia otytosci
w XXI wieku. Zdr Publ 2009, 119: 207-212.

Jarosz M, Rychlik E. Epidemia otytosci —jaka przysztosé nas
czeka? Gastroenterol Pol 2010, 17(1): 47-52.
Klosiewicz-Latoszek L. Otytos¢ jako problem spoteczny,
zdrowotny i leczniczy. Probl Hig Epidemiol 2010, 91(3):
339-343.

Mazur A. Epidemiologia nadwagi i otytosci u dzieci na
$wiecie, w Europie i w Polsce. Prz Med Uniw Rzeszow i NIL
Warszawie 2011, 2: 158-163.

Przybylska D, Kurowska M, Przybylski P. Otylo$¢ i nadwaga
w populacji rozwojowej. Hygeia Public Health 2012, 47(1):
28-35.

Baracos V, Caserotti P, Earthman CD, et al. Advances in the
science and application of body composition measurement.
JPEN ] Parenter Enteral Nutr. 2012, 36(1): 96-107.

Bolanowski M, Zadrozna-Sliwka B, Zatoriska K. Badanie
sktadu ciata — metody i mozliwosci zastosowania
w zaburzeniach hormonalnych. Endokrynol Otytos¢ Zaburz
Przem Materii 2005, 1(1): 20-25.

Camhi SM, Bray GA, Bouchard C, et al. The relationship
of waist circumference and BMI to visceral, subcutaneous,
and total body fat: sex and race differences. Obesity (Silver
Spring) 2011, 19(2): 402-408.

Pasco JA, Nicholson GC, Brennan SL, et al. Prevalence of
obesity and the relationship between the body mass index

and body fat: cross-sectional, population-based data. PLoS
One 2012, 7(1): e29580.

Deurenberg P, Weststrate JA, Seidel JC. Body mass index
as measure of body fatness: age- and sex- specific formulas.
British J of Nutrition 1991, 65: 105-114.

Bergman RN, Stefanowski D, Buchanan TA, et al. A better
index of body adiposity. Obesity 2011, 19(5): 1083-1089.

McCarthy HD, Cole TJ, Fry T, et al. Pediatric Highlight.
Body fat reference curves for children. Int J Obesity 2006,
30: 598-602.

Kutaga Z, Litwin M, Tkaczyk M, et al. Polish 2010 growth
references for school-aged children and adolescents. Eur
J Pediatr 2011, 170: 599-609.

Flegal KM, Shepherd JA, Looker AC, et al. Comparisons of
percentage body fat, body mass index, waist circumference,
and waist-stature ratio in adults. Am J Clin Nutr 2009,
89(2):500-508.

Kumar P. A hypothetical index for adiposity “Body mass
adiposity index” — that will predict cardiovascular disease
risk factors in children. Revista Romana de Pediatrie 2010:
LIX, 1, 33-35.

Federico B, D’Aliesio E Pane E et al. Body mass index has
a curvilinear relationship with the percentage of body
fat among children. BMC Notes 2011, 18, 4: 301. doi:
10.1186/1756-0500-4-301.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shah NR, Braverman ER. Measuring adiposity in patients:
the utility of body mass index (BMI), percent body fat, and
leptin. PLoS One 2012, 7(4): e33308.

Lépez AA, Cespedes ML, Vicente T, et al. Body adiposity
index utilization in a Spanish Mediterranean population:
comparison with the body mass index. PLoS One 2012, 7(4):
e3528]1.

Johnson W, Chumlea WC, Czerwinski SA, et al. Concordance
of the recently published body adiposity index with measured
body fat percent in European-American adults. Obesity
(Silver Spring) 2012, 20(4): 900-903.

Barreira TV, Harrington DM, Staiano AE, et al. Body
adiposity index, body mass index, and body fat in white and
black adults. JAMA 2011, 24, 306(8): 828-830.
Godoy-Matos AE Moreira RO, Valerio CM, et al. A new
method for body fat evaluation, body adiposity index, is
useful in women with familial partial lipodystrophy. Obesity
(Silver Spring) 2012, 20(2): 440-443.

Freedman DS, Thornton ], Pi-Sunyer FX, et al. The body
adiposity index (hip circumference + height(1.5)) is not
a more accurate measure of adiposity than is BMI, waist

circumference, or hip circumference. Obesity (Silver Spring).
2012,20(12): 2438-2444.

Schulze MB, Thorand B, Fritsche A, et al. Body adiposity
index, body fat content and incidence of type 2 diabetes
Diabetol 2012, 55(6): 1660-1667.

Gibson CD, Atalayer D, Flancbaum L, et al. Body adiposity
index (BAI) correlates with BMI and body fat pre- and post-
bariatric surgery but is not an adequate substitute for BMI in
severely obese women. Int ] Body Compos Res 2012, 10(1):
9-14.

Suchanek P, Kralova Lesna I, Mengerova O, et al. Which
index best correlates with body fat mass: BAI, BMI, waist or
WHR? Neuro Endocrinol Lett 2012, 33(suppl 2): 78-82.

Lemacks JL, Liu PY, Shin H, et al. Validation of body adiposity
index as a measure of obesity in overweight and obese
postmenopausal white women and its comparison with body
mass index. Menopause 2012, 19(11): 1277-1279.

Silva M, Vale B. Lemos C, Torres M, et al. Body adiposity
index assess body fat with high accuracy in nondialysed
chronickidney disease patients. Obesity (Silver Spring) 2012
Jun 22.

Geliebter A, Atalayer D, Flancbaum L, et al. Comparison of
Body Adiposity Index (BAI) and BMI with estimations of
% body fat in clinically severe obese woman. Obesity (Silver
Spring) 2012 Jun 28.

Esco MR. The accuracy of Body Adiposity Index for predicting
body fat percentage in collegiate female athletes. ] Strengh
Cond Res 2012, 27(6): 1679-1683.

. Vinknes KJ, Elshorbagy AK, Drevon CA, et al. Evaluation

of the Body Adiposity Index in a Caucasian Population: The
Hordaland Health Study. Am ] Epidemiol 2013, 177(6):
586-592.



