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Abstract
Obesity is complex, multi-factorial chronic disease, which defined as excess adipose tissue, and it is associated
with numerous chronic health conditions, such as cardio and cerebrovascular disease.The purpose of this study
was to investigate the prevalence of global and abdominal obesity according to obesity indexes in general adult
populations living to Libreville. We conducted a population-based, cross-sectional study with a sample of 957
active adult subjects, men and women (mean age 37.47 ± 7.66 years old, 19-66 years old) from Libreville.
Anthropometric and biological variables were evaluated by standard methods.The prevalence of abdominal
obesity was about 35.05% in women and 8.18% in men as evaluated by WC, and about 37.01% in women and
27.64% in men as evaluated by WHR1. Anthropometrics variables were increased in men, contrary to body
indices that increased in women, excepted WHR1 that decreased in women. According to BAI, the global obesity
was 33.09% versus 16.51% for BMI. BAI and WC were appropriate to estimate both global and abdominal
obesity. BAI was more important in women (35.22±4.50) compared to men (31.81±3.12) according to increasing
WC (>102cm). All global obesity and abdominal obesity indices increased with old age. The prevalence of
abdominal obesity was twice as much (35.05%) the prevalence of global obesity in this study. We propose that
BAI be used to estimate global obesity in complementarily of BMI. WC remains now the specific index to
evaluate abdominal obesity, if absence of technical instruments such as DXA.
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Introduction

The objective of this study is to assess the prevalence

For years, obesity, considered as excess body fat, has

of global obesity and abdominal obesity from the use

become a real public health problem worldwide. Its

of different obesity indexes in healthy Gabonese

prevalence and mortality are constantly increasing.

adult’s populations living in Libreville.

There are two essential forms of obesity, global
obesity and abdominal obesity. These two forms are

Material and methods

largely associated with the different risks of chronic

Study profile and population characteristics

metabolic

diabetes,

We did a cross-sectional study with a sample of 957

cardiovascular problems (Lindstrom M and et al.,

active adult subjects, men and women (mean age

2003; Mokdad AH, 2003), Yusuf and et al., 2005, Hu

37.47 ± 7.66 years old, from 19 to 66 years) from

and et al., 2007). Several indicators of body fat are

Libreville. Population was composed by teachers,

thus used to characterize the risks of pathologies.

students

Besides these calculated indicators, there are other

institutions. All active subjects were free of chronic

more complex and more expensive techniques such as

metabolic disorders at time of inclusion. Therefore

DXA and hydrostatic densitometry for broader and

the subject not belong universities institutions was

more

excluded from this study. The study was approved by

diseases,

accessible

such

as

analyzes

of

cancer,

adipose

tissue

(Pateyjohns and et al., 2006). Obesity is usually
assessed using the body mass index (BMI) since it is
this parameter which is unanimous for the time being
in the characterization of individual obesity (Must
and al., 1999; Wang and et al., 2002; Chin J, 2014).
But it must be recognized that the BMI has some
limits on the qualitative level of fat. Indeed, it does
not take into account the distribution of fat or the
discrimination of lean mass from fatty mass (Keys
and et al., 1972; Bouchard, 2007). It includes bone
mass and muscle mass, expressed in individual
weight without the possibility of targeting fat, which
poses more problems linked to obesity (GarridoChamarro and al., 2009; Camhi and et al., 2011;
Jackson and et al., 2002) Failing to use the BMI
which hardly takes abdominal obesity into account,
the waist measurement and the waist-to-hip ratio
seem more appropriate to link the risks of excess
metabolic dysfunction local fat (Segal et al ,. 1987, Hu
and et al., 2007), Wei and al ,. 1997; Must and et al.,
1999; Yusuf and et al., 2005). Some studies
recommend the use of these latter indexes for the

and

staff

members

of

universities

the ethical comity. All subjects signed an informed
consent for the study. Each participant signed an
informed consent to participate in this study.
Anthropometrical measurements
All subjects were evaluated individually in the
morning at time beginning classes inside institution
(08h 30am). Successively, body weight was evaluated
with a manual balance scale, height with a stadiometer without shoes. The waist circumference was
measured on bare skin at the narrowest indentation
between the 10th rib and the iliac crest at midrespiration, according to U.S. Third National Health
and Nutrition Examination Survey recommendation.
The hip circumference was measured with a tape at
the widest point over the greater trochanters. BMI
was calculated as the weight in kilograms divided by
the square of the height in meters (kg/m2), and body
adiposity index (BAI) was calculated as [(hip
circumference) / (height)1.5)] -18))[7]. We calculated
others parameters as waist-hip-size ratio (WHR1),
waist-height ratio (WHR2). SBP/DBP ratio was
calculated as the SBP divided by the DBP.

analysis of abdominal obesity and as good predictors

As different populations may have different optimal

of cardiovascular risks (Esmaillzadeh and et al.,

cutoff points for anthropometric measurements in

2004, Pouliot and et al., 1994. However, new, more

determining obesity, we used cutoff points for WC

specific indexes are used to the example of BAI or BFI

and WHR that have previously suggested (Wang et

which have been used for the characterization of

al., 2002; Chin J,. 2014; Keys et al,. 1972). The WC

obesity instead of BMI (Hu and et al., 2007).

categories are as follows: (i) normal WC, <80cm for
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women and <90cm for men; (ii) mild abdominal

All hypothesis tests used two-sided tests, and p-values

obesity, 80–88cm for women and 90–102cm for

of

men; and (iii) severe abdominal obesity, ≥88cm for

statistically significant.

less

than

0.05

(p<0.05)

were

considered

women and ≥102cm for men. The WHR1 categories
are as follows: (i) normal WHR, <0.85 for women and

Results

<0.90 for men; and (ii) abdominal obesity, ≥0.85 for

We conducted a population-based, cross-sectional

women and ≥0.90 for men. We propose the following

study with a sample of 957 active adult subjects, men

BAI categories: (i) normal BAI, <25; (ii) middle BAI,

and women with a mean age of 37.47 ± 7.66 years old

25-30; and (iii) severe BAI >30.

(19-66 years old) from Libreville.

Para-clinical and biological measurements

Table 1 show that all variables were significantly

Blood Pressure (systolic and diastolic) and heart rate

different between women and men, excepted for

were measured one time on the non- predominant

glycaemia. Anthropometrics variables were increased

arm of the seated position after five minutes of

in men, contrary to body indices that increased in

recuperation, using an automated recording device

women, excepted WHR1 that decreased in women.

(Automatic Blood Pressure Monitor OMRON M3).

Clinical parameters significantly increased in women

Fasting glycaemia was evaluated in the morning by

compared

portative system, Accu Chek performa.

decreased in women. Table 2 presents the prevalence

to

men.

Only

SDBPR

significantly

of abdominal obesity and global obesity among all
Statistical analysis

participants. Their prevalence differed according to

The data were analyzed using Statistical Analysis

cut-off values. Global obesity was twice more

System Statview software 5. Results are presented as

important according to BAI (33.09%) than global

means ± standard deviation (SD) for quantitative

obesity defined by BMI (16.51%).

variables

and

percentage/

proportions

in

qualitative/nominal values (%). As the cut points of

The prevalence of abdominal obesity was more

anthropometric measures were different between

important according to both indices, WC (35.05%)

women and men, analyses were conducted separately

and WHR1 (37.05%) in women compared to men. BAI

for women and men. Significance of differences

represented the body fat percentage. The data in

between means from two compared groups were

Table 3 shows the means value of BMI categories

determined by Student’s Unpaired t-test or by one

according to physical and bio-clinical parameters. All

way analysis of variances (ANOVA) with post-hoc

physical

Fisher’s for detailed multiple comparisons (more than

excepted for height and glycaemia that decreased in

two groups). Bivariate correlations were evaluated

obese group (BMI>30kg/m2). Age, weight, SBP, DBP

with Pearson’s coefficient to estimate the correlation

and HR were significantly different according global

between variables from comparative groups.

obese group compared to other BMI categories.

and

bio-clinical

parameters

increased,

Table 1. Anthropometric, clinical and biological parameters according to gender.
Variables
Age (years)
Weight (kg)
Height (m)
BMI (kg/m2)
WC (cm)
HS (cm)
SBP (mm Hg)
DBP (mm Hg)
Glycaemia (g/L)
HR (bpm)

Total
(n=957)
30.47 ± 7.66
70.98 ± 14.33
1.67 ± 0.08
25.39 ± 4.66
84.69 ± 11.47
98.98 ± 10.05
126.47 ± 17.15
78.03 ± 11.09
0.93 ± 0.17
76.92 ± 11.40
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Women
(n=463)
29.23 ± 7.36
67.51 ± 14.50
1.62 ± 0.06
25.73 ± 5.26
83.51 ± 11.75
99.66 ± 10.93
120.26 ± 14.81
76.39 ± 10.11
0.93 ± 0.20
79.92 ± 11.05

Men
(n=493)
31.64 ± 7.76
74.22 ± 13.39
1.71 ± 0.07
25.07 ± 3.99
85.81 ± 11.09
98.34 ± 9.12
132.28 ± 17.16
79.57 ± 11.74
0.94 ± 0.14
74.11 ± 11.01

p-value
<0.0001
<0.0001
<0.0001
0.03
0.002
0.04
<0.0001
<0.0001
ns
<0.0001
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Variables

Total
(n=957)
WHR1
0.86 ± 0.09
WHR2
0.51 ± 0.07
BAI
28.01 ± 5.39
SDBPR
1.63 ± 0.09
Data are mean ± Standard Deviation.

Women
(n=463)
0.84 ± 0.08
0.52 ± 0.07
30.44 ± 5.48
1.58 ± 0.13

Men
(n=493)
0.87 ± 0.09
0.50 ± 0.07
25.73 ± 4.17
1.67 ± 0.17

p-value
<0.0001
0.0004
<0.0001
<0.0001

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; H: height; Gly: glycaemia; BMI: body
mass index; BAI: body adiposity index; WC: waist circumference; HS: hip size; WHR 1: waist-hip-size ratio;
WHR2: waist height ratio; bpm: bits by minute. Comparisons performed by Unpaired t-Test, p-value<0.05.
Table 2. Prevalence of obesity and abdominal obesity according to different index, BMI, BAI, WC, WHR1 and WHR2.
Index thresholds
BMI (kg/m2)
18-25
25-30
>30
BAI
<25
25-30
>30
WC (cm)
Women
<80
80-88
>88
Men
<90
90-102
>102
WHR1
Women
<0.85
>0.85
Men
<0.90
>0.90
WHR2
<0.46

Normal

Abdominal obesity

Global Obesity

(n=475) 49.63%
(n=304) 31.77%*
(n=158) 16.51%
(n=313) 32.78%
(n=326) 34.14%*
(n=316) 33.09%
(n=215) 46.24%
(n=87) 18.71%
(n=163) 35.05%
(n=343) 70.14%
(n=106) 21.68%
(n=40) 8.18%
(n=291) 62.99%
(n=171) 37.01%
(n=356) 72.36%
(n=136) 27.64%
(n=306) 31.98%

>0.46<0.62
>.62
Data are percentage.

(n=593) 61.96%
(n=58) 6.06%

BMI: body mass index; BAI: body adiposity index; WC: waist circumference; HS: waist size; WHR1: waist-hip-size
ratio; WHR2: waist to height ratio.
*middle BMI and BAI: no specific obesity
Table 3. Anthropometric, clinical and biological parameters according to BMI categories.
Physical parameters
Age (years)
Weight (kg)***
Height (m)
BMI***
WC (cm)***
BAI***
HS (cm)***
WHR1***
WHR2
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<18a (n=20)
25.95 ± 3.28
46.6 ± 3.66
1.64 ± 0.05ab*
17.45 ± 0.69
67.55 ± 3.35
22.72 ± 1.51
85.15 ± 3.17
0.44 ± 0.07
0.84 ± 0.12

BMI
>18<25b (n=475)
28.77 ± 6.59bc†
62.27 ± 7.99
1.67 ± 0.08
22.16 ± 1.91
77.41 ± 6.28
25.03 ± 3.58
92.89 ± 6.20
0.47 ± 0.05
0.85 ± 0.08bc**

>25-30c (n=304)
31.77 ± 7.60ac†
75.59 ± 8.81
1.68 ± 0.08ac*
26.88 ± 1.87
88.71 ± 6.71
29.26 ± 3.97
102.09 ± 6.63
0.53 ± 0.05
0.87 ± 0.08

>30d (n=158)
33.63 ± 9.41ad†
91.36 ± 11.91
1.66 ± 0.08bcd*
33.23 ± 2.90
101.01 ± 9.77
35.25 ± 4.59
113.02 ± 7.72
0.59 ± 0.08
0.87 ± 0.11bd**
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Physical parameters
<18a (n=20)
Clinical and biological variables
SBP (mm Hg)
115.90 ± 13.71ac†
DBP (mm Hg)
75.25 ± 10.65ad**
Glycaemia (g/L)
0.92 ± 0.26
HR (bpm)
83.25 ± 12.15ab**
Index SBP/DBP
1.55 ± 0.11ab*
Data are mean ± Standard Deviation.

BMI
>18<25b (n=475)

>25-30c (n=304)

>30d (n=158)

122.38 ± 15.28bd†
75.09 ± 9.61bc†
0.93 ± 0.15
76.08 ± 11.37bd†
1.64 ± 0.16

129.35 ± 17.27cd**
79.70 ± 10.88cd**
0.94 ± 0.19
76.01 ± 10.95ac**
1.63 ± 0.16ac*

134.44 ± 18.48ad†
84.01 ± 12.61bd†
0.96 ± 0.19
80.42 ± 11.44cd†
1.61 ± 0.17

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; H: height; Gly: glycaemia; BMI: body
mass index; WC: waist circumference; BAI: body adiposity index; HS: waist size; WHR 1: waist-hip-size ratio;
WHR2: waist height ratio; bpm: bits by minute. Comparisons performed by Unpaired t-Test: p-Value: *p<0.05;
**p<0.01; †p<0.0001; a : <18; b: 18-25; c: 25-30; d: >30. ***significantly although groups.
Table 4. Physical, clinical and biological parameters according to waist circumference categories in women and men.

Variables
Age (years)m***
Weight (kg)w/m***
Height (m)
BMI (kg/m2)w/m***
WC (cm) w/m***
HS (cm)w/m***
SBP (mm Hg) m***
DBP (mm Hg)
Glycaemia (g/L)
HR (bpm)
WHR1
WHR2w***
SDBPR
BAI***

<80 a (n=215)

WC categories for
Women
>80<88 b (n=87)

>88 c (n=163)

27.32 ± 6.14ac***
56.10 ± 6.86
1.61 ± 0.06ac*
21.54 ± 2.47
73.32 ± 4.60
91.20 ± 6.44
116.56 ± 12.92ac***
74.04 ± 9.38ac***
0.91 ± 0.18
79.19 ± 10.53
0.83 ± 0.09ac***
0.47 ± 0.05
1.58 ± 0.13
26.59 ± 3.66

28.67 ± 5.27bc***
68.12 ± 5.05
1.62 ± 0.06
25.98 ± 2.18
83.92 ± 2.09
100.22 ± 5.13
120.43 ± 14.22ab*
76.54 ± 9.14ab*
0.94 ± 0.13
79.95 ± 11.13
0.84 ± 0.06
0.52 ± 0.03
1.58 ± 0.12
30.63 ± 3.48

32.15 ± 8.82
82.06 ± 11.54
1.63 ± 0.06
31.00 ± 4.10
96.65 ± 7.09
110.29 ± 7.99
125.31 ± 16.62bc*
79.43 ± 10.84bc*
0.95 ± 0.25
80.80 ± 11.82
0.86 ± 008bc*
0.58 ± 0.07
1.59 ± 0.15
35.22 ± 4.50

<90 a (n=343)

WC categories for
Men
>90<102 b (n=106)

>102 c (n=40)

29.38 ± 6.20
68.43 ± 8.62
1.72 ± 0.07ac*
23.22 ± 2.49
80.08 ± 5.82
94.39 ± 6.54
128.76 ± 15.37
76.97 ± 10.41ac***
0.93 ± 0.14
72.84 ± 10.89
0.86 ± 0.08ac***
0.47 ± 0.05
1.68 ± 0.16ab*
24.07 ± 3.24

34.85 ± 7.55
83.37 ± 8.10
1.72 ± 0.07
28.20 ± 2.08
95.27 ± 3.36
105.48 ± 5.86
136.50 ± 15.26
84.04 ± 11.56ab***
0.96 ± 0.02
76.45 ± 10.29
0.89 ± 0.08ab***
0.55 ± 0.04
1.64 ± 0.18
28.98 ± 3.14

42.03 ± 8.71
100.72 ± 14.02
1.74 ± 0.07
33.15 ± 3.55
110.30 ± 8.91
114.18 ± 6.75
150.75 ± 20.80
89.95 ± 13.60bc**
1.00 ± 0.14
78.45 ± 11.66
0.93 ± 0.11bc*
0.61 ± 0.08
1.69 ± 0.21
31.81 ± 3.12

Data are mean ± Standard Deviation.
SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; Gly: glycaemia; BMI: body mass
index; HS: hip size; WC: waist circumference; WHR1: waist hip ratio; WHR2: waist height ratio; SDBPR: systolic
diastolic blood pressure ratio; BAI: body adiposity index. Relative comparisons performed by Unpaired t-Test. pValue: *p<0.05; **p<0.01; ***p<0.0001; a: lower WC, b: moderate WC, c: higher WC according to men and
women, respectively; w***p<0.0001(for women); m***p<0.0001 (for men) w/m***both women and men
p<0.0001. Variables***: significantly in all groups (<0.0001).
The data in Table 4 shows the relationship between
physical, bio-clinical variables according to both WC
threshold and gender. For both genders, all variables
significantly

increased

with

elevated WC. BAI

increased significantly with high WC. BAI was more
important in women (35.22±4.50) compared to men
(31.81±3.12) according to high WC (>102cm) Fig.1.
All global obesity and abdominal obesity indices
increase with old age. Fig. 2 shows different
correlations between BAI, dependent variable and
other indices of obesity. BAI significantly associated
with three indices of obesity, nevertheless so more
with waist circumference according to coefficient
value (r=1.30, p<0.0001).

234 Assoumou et al.

Int. J. Biosci.

2020
BMI does not consider the differences between men
and women. Those reasons lead us to suggest the
utilization of a new index, the BAI, which was
calculated with the hip circumference and the height
(weight is not needed). The BAI measurement
requires very simple instrumentation, being very
useful in developing countries or remote places where
accurate measurement of weight can be difficult, or
scales are not available (Hu et al., 1987). This is an
important advantage of BAI over BMI. Keys et al
reported a high correlation between BMI and
adiposity (Keys et al., 1972). In this study we have not
evaluated fat composition.

Discussion
In this study, we evaluated the prevalence of both

In a previous study, body fat, measured by DXA, was

obesity and abdominal obesity according to some

used as the criterion for body fat (BF), and the

indices largely recognized in many studies, as body

reported correlation of BAI with body fat percentage

mass index (BMI), waist circumference (WC), body

was greater than with BMI. Our previous study had

adiposity index (BAI), waist hip size (WHR1) and

reported that BFI, a new index of global adiposity

waist to height ratio (WHR2). The principal results of

study was correlated with BMI (Ntougou Assoumou

this study are the following: (i) the prevalence of

et al., 2011). BFI was also correlated with WC and BAI

global obesity was 33.09%, 16.51% and 6.06% for BAI,

(data not shown). BAI was found to be a strong

BMI and WHR2, respectively. These indices were

predictor of BF% in Mexican-American subjects of

specific to establish the prevalence of global obesity;

widely varying adiposities, and this result was con-

(ii) the prevalence of abdominal obesity were 35.05%

firmed in a study of African-Americans (Hu et al.,

and 8.18% according to WC thresholds in women and

2007). BAI had better concordance and a significantly

men, respectively. With WHR1 we are 37.01% in

stronger correlation with BF than BMI, although BAI

women and 27.64% in men. BAI seemed to be the

was inaccurate at low levels of adiposity in European-

best to identify obese subjects compare to body mass

American adults (Johnson et al., 2012). Interestingly,

index. According to previous observations, BMI

BAI has an advantage over BMI for defining

underestimated

adiposity, but BAI overestimated BF in men and

the

composition

of

the

body

adiposity. BMI was relatively inaccurate in subjects

underestimated it in women (Johnson et al., 2012).

with high lean body mass, such as athletes, and it
cannot be generalized among different ethnic groups

From our results, we recommend the use of that BAI

(Segal et al., 1987; Garrido-Charmorro et al., 2009).

to establish the prevalence of global obesity but not

Such limitations might be more relevant when dealing

for abdominal obesity. With BAI, we found about 36%

with the metabolic states associated with altered body

of obese subjects, while we found 16% with BMI.

fat distribution. Somebody with a normal BMI can to

However, WC is yet the best predictor of the

be an excess fat mass, conversely.

abdominal obesity. Generally, the evidence is that
global

obesity

and

abdominal

obesity

are

Our study demonstrates that the prevalence of global

characterized

obesity depends to two indices which gave different

inflammation. The abdominal obesity or android

results. Previous studies reported that BMI was

obesity is more dangerous. Abdominal obesity is

routinely applied to estimate body fat and to classify

associated with alterations in immunity, a chronic

overweight and obesity, but had clear well known

low-grade inflammation in which there are elevated

limitations (Jackson et al., 2002). Furthermore, the

circulating pro-inflammatory cytokines.

235 Assoumou et al.

by

metabolic

disorders,

such

as
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However, it is unclear how obesity precisely triggers

Bouchard C. 2007. BMI, fat mass, abdominal

inflammation.

adiposity and visceral fat: where is the ‘beef’? Int J

Several

hypotheses

have

been

proposed [25°]. One hypothesis suggests that the

Obes (Lond) 31, 1552-53.

overloading of adipocytes with fat overwhelmingly
Camhi SM, Bray GA, Bouchard C, Greenway

increases the infiltration of macrophages.

FL, Johnson WD. 2011. The relationship of waist
These

processes

may

cause

the

subsequent

differentiation and activation of cytotoxic T cells, which
initiate

and

propagate

inflammatory

cascades

circumference and BMI to visceral, subcutaneous,
and total body fat: sex and race differences. Obesity
(Silver Spring) 19, 402-08.

(Garrido-Chamorro et al., 2009). Second hypothesis

Chin Epidemiol J. 2014. Abdominal obesity and its

suggests that as adipose tissues enlarge, tissues become

association with health-related quality of life in

relatively hypoxic. Hypoxia within adipose tissue may

adults: a population-based study in five Chinese

activate inflammatory pathways (Ntougou Assoumou

cities. Health and Quality of Life Outcomes 12, 100.

et al., 2011). The last hypothesis is that overloaded
adipocytes can themselves directly activate immune

Esmaillzadeh A, Mirmiran P, Azizi F. 2004.

pathogen-sensors that cause chronic inflammation (Shi

Waist-to-hip ratio is a better screening measure for

et al., 2006). Our study reveals that about third of this

cardiovascular risk factors than other anthropometric

population have abdominal obesity, and presents

indicators in Tehranian adult men. Int J Obes Relat

probably a risk to develop a chronic inflammation.

Metab Disord 28(10), 1325-32.
Garrido-Chamorro RP, Sirvent-Belando JE,

Conclusions
In this study, the prevalence of abdominal obesity was
too times higher than the prevalence of global obesity.
BMI underestimated the prevalence of global obesity

Gonzalez-Lorenzo M, Martin-Carratalam L,
Roche E. 2009. Correlation between body mass
index and body composition in elite athletes. J Sports
Med Phys Fitness 49, 278-84.

and inadequate or inexact the body adiposity.
However, BAI overestimates the body adiposity and

Hu D, Xie J, Fu P, Zhou J, Yu D, Whelton PK,

seemed to be appropriate to estimates global obesity.

He J, Gu D. 2007. Central rather than overall

We propose that BAI to be used to estimate global

obesity is related to diabetes in the Chinese

obesity in complementarity of BMI. WC still remains

population: the InterASIA study. Obesity (Silver

the specific index to evaluate abdominal obesity, if

Spring) 15(11), 2809-16.

technical

instruments

are

not

available.

The

limitations of this study were based on the low
participant’s number and the biological variables
were insufficient. These data could be completed by
further investigations.

Jackson

AS,

Stanforth

PR,

Gagnon

J,

Rankinen T, Leon AS. 2002. The effect of sex, age
and race on estimating percentage body fat from body
mass index: The Heritage family study. Int J Obes
Relat Metab Disord 26, 789-96.
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