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Obesity in young-adult Nigerians: variations in
prevalence determined by anthropometry and
bioelectrical impedance analysis, and the
development of % body fat prediction equations
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Abstract

Background: Overweight/obesity is a growing global public health concern. The variations in the prevalence of
overweight/obesity, defined by Body Mass Index (BMI), Waist Circumference (WC), Waist-to-Height Ratio (WHtR),
Waist-to-Hip Ratio (WHpR) and Bioelectrical Impedance Analysis (BIA), were studied and a prediction equation for %
body fat (%BF) developed.

Methods: A total of 1584 subjects (56.4% males) were recruited for the study. Data on age, gender, height, weight,
hip circumference and WC were collected from the subjects using standard protocols. BMI, WHtR and WHpR were
derived using standard equations. %BF was measured using a BIA device (Omron BF-400). Appropriate statistical
tools were used for the data analysis.

Results: The prevalence of overweight/obesity in the population was 28.4% (36.3% for males; 22.6% for females)
(BIA); 20.7% (17.5% for males; 24.8% for females) (BMI); 7.5% (1.3% for males; 16.1% for females) (WC); 2.9% (4.3% for
males; 1.2% for females) (WHpR); and 15.4% (14.8% for males; 16.2% females) (WHtR). Taking BIA as the reference
point, WC misclassified overweight/obesity the most for males (35%), while for the females, WHpR misclassified
both disorders the most (21.4%). Correlation studies showed that only BMI correlated significantly, albeit weakly,
with %BF among the males, whereas all the anthropometric measures, but WHpR correlated significantly with %
body fat in females. Two prediction equations for %BF were generated, and %BF predicted with the two equations
correlated significantly (P< 0.001) with that measured by BIA.

Conclusion: The prevalence of overweight/obesity in this population vary widely depending on the definition
used. The developed prediction equations could be useful in resource-poor settings, but require validation.
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Background
The prevalence of obesity has increased tremendously
globally in both adults and children. In fact the World
Health Organization (WHO) estimates that at least 1 bil-
lion people are overweight, and three hundred million of
these are obese [1]. Overweight and obesity prevalence
are reported to be increasing in developing countries,
and mean Body Mass Index (BMI) levels are highest in
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middle income countries [2]. In Nigeria, a 2008 WHO
report puts the prevalence of overweight and obesity at
26.8% and 6.5% respectively [3].
Young adults are reportedly prone to obesity in the tran-

sition from childhood/adolescence to adulthood [4,5]. The
periods of strong oscillation and transition of body adipos-
ity which occur in childhood and adolescence are thought
to be the critical stages for the development of obesity [6].
In fact from age six, approximately half of obese children
become obese adults, while only one tenth of non-obese
children grow to be obese adults [7]. The prevalence of
obesity in semi-urban dwelling adolescents in Nigeria is as
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high as 13.2% [8] and this does not bode well for any
developing country, especially since obesity tracks into
adult life with its co-morbid conditions [9] and affects
productivity negatively.
The rising prevalence of obesity warrants the need for

accurate methods of assessing adiposity. There are cur-
rently, however, many measures of obesity (anthropomet-
ric and otherwise). BMI despite its limitations, has
become the most common indicator of overweight and
obesity. It is used to reflect body fat, however, waist cir-
cumference (WC), waist-to-hip ratio (WHpR) and waist-
to-height ratio (WHtR) are used as surrogates for visceral
adiposity and predict obesity-related health risks better
than BMI [10,11]. Accurate methods of estimating adipos-
ity include underwater weighing, dual-energy X-ray ab-
sorptiometry (DXA), total body water, total body electrical
conductivity/bioelectrical impedance analysis (BIA), total
body potassium and computed tomography. The com-
plexity and cost of these methods however limit their wide
applicability in epidemiological studies [12]. Interestingly,
non-invasive devices for the direct estimation of visceral
fat area by BIA have been developed. In fact, a multi-
frequency BIA device has been shown recently to be useful
in assessing fat mass in healthy adults [13] and can be
used in clinical and epidemiological research.
Given the dearth of information on overweight and

obesity in young adults in Nigeria, and the palpable im-
pact of the disorders on the health systems and economy
of any nation, this study was designed to fill that vacuum
by assessing the prevalence of overweight and obesity in
an undergraduate population in Nigeria, using different
anthropometric methods and the BIA method. Further-
more, given the cost and technicalities involved in the
use of BIA in epidemiological studies, especially in
resource-poor countries (typically in sub-Saharan Af-
rica), this study also attempts to develop a % body fat
prediction equation from easily assessable parameters.

Subjects and methods
Subjects
Participants in this cross-sectional study were under-
graduate students of the Michael Okpara University of
Agriculture, Umudike, Abia State, Nigeria (age range:
18–29 years) who were randomly recruited. Only those
who gave an informed verbal consent, and who had no
overt sign of ill-health nor reported present use of thera-
peutic medication or ‘substance’ use, were allowed to
participate in the study. Pregnant women were also
excluded. Data from 1584 subjects (56.4% males) were
included in the analyses for this study.

Methods
Self-reported age at last birthday was recorded per sub-
ject. Heights of the subjects were measured with an
inelastic tape fastened to a vertical rod, to the nearest
0.1 cm, with the subject standing on bare feet. For
weight measurements, the subjects were required to be
on bare feet and wearing light clothing, while an elec-
tronic scale was used. Weight measurements were made
to the nearest 0.1 kg. The waist circumference (WC) and
hip circumference (HC) of each participant was mea-
sured using a non-elastic measuring tape, to the nearest
0.1 cm. WC was measured midway between the lowest
rib and the superior border of the iliac crest at the end
of normal expiration while HC was measured at the wid-
est circumference over the buttocks. From these mea-
surements WHpR was calculated as WC/HC; WHtR
was calculated as WC/Height; and BMI was calculated
as Weight (Kg)/[Height (m)2].
Body fat % was measured with a BIA device (Omron

BF-400, Omron Healthcare Europe BV, Hoofddorp, The
Netherlands) following the manufacturer’s instructions.
The device sends an extremely weak electrical current of
50 kHz and less than 500 μA through the subject’s body
and combines the electrical resistance with the distance
of electricity conducted and the pre-entered particulars
of the subject (age, sex, weight and height) to give the
body fat %. The in-built formula used by the device was
not disclosed by the manufacturer.

Definitions
Overweight and obesity were defined by multiple defini-
tions viz: (1) BMI≥ 25 but< 30 and BMI≥ 30 respectively
[14]; (2) WC≥ 80 for women and≥ 94 for men [15]; (3)
WHpR≥ 1 [16]; (4) WHtR≥ 0.5 [17] and (5) % body fat≥
32.0 (overweight) and≥ 37.1 (obese) in black females and≥
21.7 (overweight) and≥28.3 (obese) in black males [18].

Statistical analysis
Descriptive statistics were carried out on the data gener-
ated. Continuous data are reported as means ± standard
deviations, while categorical data are presented as per-
centages. Differences between means were separated by
One Way ANOVA for continuous variables and by Chi
Square test for categorical variables. Multiple regression
analysis was used to test the association between % body
fat on the one hand and BMI and other relevant vari-
ables on the other hand, and thus generate a prediction
equation for % body fat in 50% of the subjects. For that
analysis, gender was coded as 0 for females and 1 for
males (as has been used by earlier authors). The correl-
ation between the measured % body fat values and those
obtained by the developed prediction equations were
assessed (in the other 50% of the population) using the
Pearson’s Product Moment Correlation Coefficients. The
significant threshold was fixed at P< 0.05. Data analyses
were done using SPSS version 18.0 (SPSS Inc. Chicago,
IL). The results are presented in Tables.



Table 2 Prevalence of abnormal body composition in the
population, defined by different criteria

Males (893) Females (691) P All (1584)

% Body Fat

Thin (%) 18.7 28.1 0.133 22.8

Overweight (%) 26.0 15.5 0.077 19.5

Obese (%) 10.3 7.1 0.447 8.9

Body Mass Index

Thin (%) 3.9 6.1 0.527 4.9

Overweight (%) 17.1 22.3 0.205 19.4

Obese (%) 0.4 2.5 0.082 1.3

Waist Circumference

Overweight/Obese (%) 1.3 16.1 <0.001 7.5

Waist-to-Hip Ratio

Overweight/Obese (%) 4.3 1.2 0.174 2.9

Waist-to-Height Ratio

Overweight/Obese (%) 14.8 16.2 0.845 15.4

P values are for Chi-square tests between the sexes.
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Results
The mean age of the participants was 21.8± 2.1 years, and
males were significantly (P <0.05) younger than the
females. All the obesity-related indices, except HC and
WHtR, were significantly (P <0.05) different between the
sexes (Table 1).
Based on BIA-determined body fat percentages, more

males had more body fat than was ideal (36.3% as against
22.6% for females). Conversely, more females were over-
weight and/or obese based on BMI criteria. A total of 4.9%
(3.9% for males and 6.1% for females) were thin; whereas
1.3% (0.4% for males and 2.5% for females) were obese. The
prevalence of thinness, overweight and obesity were how-
ever similar (P >0.05) between the sexes. Significantly (P
<0.05) more females had excessive waist circumference,
relative to males. Males had a higher [albeit insignificantly
so (P >0.05)] prevalence of elevated WHpR compared to
females. Conversely, more females were found to have
WHtR above the cut-off point, though this difference was
not statistically significant (P >0.05) (Table 2).
The percentage discrepancy between overweight/obesity

diagnosed by BIA, on the one hand, and the anthropomet-
ric determinants, on the other hand, are shown in Table 3.
The proportion of overweight/obese males (by BIA)
missed out was highest with the WC classification (35%).
For the females, the WHpR missed out more overweight/
obese subjects (21.4%) relative to the other anthropomet-
ric classifications. Overall, BMI had the least percentage
discrepancy from the BIA data.
Correlation studies showed that only BMI correlated

significantly, albeit weakly, with % body fat among the
males, whereas all the anthropometric measures, but
WHpR, correlated significantly with % body fat in females
(Table 4).
From the results of the regression analysis, two predic-

tion equations for % body fat were generated, viz:

1. 19.524 + 0.174(BMI) + 0.110(Age) – 0.440(Sex); and
Table 1 Age and obesity-related clinical characteristics of
the subjects

Male
(893)

Female
(691)

P Total
(1584)

Age (Yrs) 22.1 ± 2.1 21.5 ± 2.2 <0.001 21.8 ± 2.1

Height (cm) 171.8 ± 11.4 162.1 ± 6.4 <0.001 167.6 ± 10.7

Weight (kg) 66.7 ± 9.4 61.0 ± 9.1 <0.001 64.2 ± 9.7

Waist Circumference (cm) 77.3 ± 7.6 73.5 ± 7.8 <0.001 75.7 ± 7.9

Hip Circumference (cm) 89.9 ± 8.4 90.1 ± 8.7 0.566 90.0 ± 8.5

Body Mass Index (kg/m2) 22.4 ± 2.9 23.1 ± 3.3 <0.001 22.7 ± 3.1

Waist-to-Hip Ratio 0.86 ± 0.07 0.82 ± 0.07 <0.001 0.84 ± 0.07

Waist-to-Height Ratio 0.45 ± 0.04 0.45 ± 0.04 0.229 0.45 ± 0.04

% Fat Mass (%) 19.0 ± 6.5 28.2 ± 5.7 <0.001 23.1 ± 7.7
2. 8.870 + 0.186(WC) + 0.158(BMI) + 0.098(Age) – 0.488
(Sex).

Table 5 shows that % body fat predicted with the two
equations correlated significantly (P< 0.001) with that
measured by BIA.

Discussion
Obesity is a metabolic disorder that is typified by an in-
crease in body fat and body weight. It is however the de-
gree of increase in body fatness, not excess weight that
is the predictor of health risk, yet body fat is not easily
measured [19]. The measurement of BMI as a universal
criterion of overweight (≥25) and obesity (≥30) is recom-
mended by the WHO [16]. The primary assumption of
BMI guidelines is that BMI is linked with body fatness
and its associated morbidity and mortality [20]. How-
ever, it is possible for an individual to be obese yet lack-
ing in the metabolic markers of adverse health risk. In
fact, BMI-metabolic risk sub-phenotypes have been
reported, and the proportion of the adult Nigerian popu-
lation who are “metabolically obese normal weight”
Table 3 Discrepancy between overweight/obesity
diagnosed by BIA and by the other anthropometric
methods

% Discrepancy

BMI WC WHpR WHtR

% Body Fat Male −18.8 −35.0 −32.0 −21.5

Female 2.2 −6.6 −21.4 −6.4

% Discrepancy is calculated as % of population diagnosed as overweight/
obese by anthropometric definitions – % of population diagnosed as
overweight/obese by BIA.



Table 4 Correlation between % body fat and other anthropometric measures of obesity

BMI WC WHpR WHtR

% Body Fat Male r (P) +0.094 (0.004) −0.010 (0.758) −0.008 (0.858) +0.002 (0.946)

Female r (P) +0.834 (<0.001) +0.422 (<0.001) +0.067 (0.078) +0.362 (<0.001)
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(MONW) and/or “metabolically healthy obese” (MHO)
is arguably high [21,22]. These raise questions about the
validity of BMI as a universal indicator of excess body
fat. Other measures of obesity such as WC [23], WHpR
[24] and WHtR [17] which define abdominal fat distri-
bution have been suggested to be superior to BMI in
predicting CVD risk [25]. These indices are not without
limitations and criticisms. The direct measurement of
body fat is now possible [13] and healthy % body fat
ranges have been suggested [18]. This study therefore
investigated the prevalence of overweight/obesity in a
young-adult population in Nigeria.

Prevalence of obesity determined by BMI standards
The 19.4% (17.1% for males and 22.3% for females)
prevalence of overweight and the 1.3% (0.4% for males
and 2.5% for females) prevalence of obesity reported in
this study are lower than the 2008 WHO report on Ni-
geria which gave 26.8% and 6.5% for overweight and
obesity, respectively [3] and the 20% (overweight) and
5% (obesity) reported in two villages in South-Western
Nigeria [26]. Our figures are also lower those recently
reported in a city in Northern Nigeria where overweight
and obesity prevalence were as high as 53.3% and 21%
respectively [27]. Obesity figures from other African
countries are also higher than those reported here. In
Ghana, obesity prevalence is reported to be 13.6% [28]
while the figure is 18% for the Republic of Benin [29].
An obesity prevalence of 19.2% was recently reported in
Dar es Salam, Tanzania [30]. Beyond Africa, in Portugal,
the figures are as high as 36.4% (overweight) and 15.1%
(obesity) [31] while in Spain they are 34.2% (overweight)
and 13.6% (obesity) [32]. In the US, the prevalence of
obesity has risen from 22.9% in the late 1980s and early
1990s to 30.5% between 1999 and 2000 [33]. However, a
study of young adults (18–27 years old) in Hong Kong
reported a prevalence of 13.2% and 26.7% in males and
females respectively, for overweight/obesity [34]. Clearly
the figures presented in this report are one of the smal-
lest in the literature. This may be due to the younger age
Table 5 Correlation between measured and predicted %
body fat values

Predicted % Body Fat

Equation 1 Equation 2

Measured % Body Fat r +0.203 +0.208

P <0.001 <0.001
group of the subjects in this study, especially as obesity
is known to increase with age [35]. Furthermore, we
studied an undergraduate population who due to a high
literacy level may be aware of the disadvantages of ex-
cess weight and may be working hard at maintaining a
healthy weight. This is even more so in females who
have more “body shape dissatisfaction” [34]. It is import-
ant to note, however, that the rigors of undergraduate
work in Nigeria is often stressful on the students, the
majority of whom are often poor. This, coupled with the
active lifestyle of an average undergraduate student, may
be responsible (at least in part) for the low prevalence of
obesity in this population. Though overweight and obes-
ity are known to affect more females than males, and
more females than males were so-affected in this popu-
lation, the differences between the sexes for both disor-
ders were not statistically significant (P< 0.05). The low
figures reported in this study for those who have
exceeded the recommended threshold for a healthy body
habitus are encouraging and efforts need to be intensi-
fied to encourage these (and other) young adults to
strive for, and maintain, healthy weights as they grow
into full adulthood.

Differences between obesity diagnosed by BIA and by
the anthropometric indices
One of the major findings of this study is the wide dis-
crepancy in the prevalence of overweight/obesity as
diagnosed by BIA and by anthropometric indices. The
variations in prevalence exist even between different an-
thropometric definitions of overweight/obesity. Over-
weight/obesity diagnosed by BMI standards for example
missed out as much as 18.8% of the male population
who were detected by BIA. Conversely, 2.2% of the
females diagnosed as overweight/obese had normal %
body fat as determined by BIA. This poses a lot of health
concern in affected individuals and at the population
level as the opportunity to intervene and reduce the
health risks associated with obesity is lost in such cases
of misclassifications. Overall, BMI had the least % dis-
crepancy. This is contrary to the reports of Kennedy
et al. [36] who reported that BMI had the poorest ability
to predict true adiposity.
Though anthropometry is accepted as a universal cri-

terion for the diagnosis of overweight/obesity, its ability
to define adiposity status has been constantly queried
[37]. Previous reports have shown that BMI is not accur-
ate in predicting adiposity status in subjects of all weight
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classifications [38] even when adiposity is determined by
BIA [39]. Furthermore, a significant number of people
with a BMI< 30 kg/m2 were actually obese when classi-
fied by BIA [40]. The problem with BMI in relation to
adiposity is largely its inability to identify differences in
body composition and body fat distribution.
Waist circumference has been proposed to be a better

measure of obesity, relative to BMI [41]. However, WC
captures abdominal obesity but does not reflect fat mass
that may be distributed in non-abdominal tissues be-
cause it does not take height into cognizance. This is a
major demerit of using the WC and may be responsible
for the observed wide discrepancy in the prevalence of
obesity diagnosed by BIA and by WC.It may also be re-
sponsible for the absence of a significant correlation be-
tween WC and % body fat in the male subjects (though
the correlation was modest and significant in the
females). The sex-specific differences may be a pointer
to differences in sites of fat storage as the correlations
seem to suggest that probably the bulk of the fatness in
the females was around the waist. The higher prevalence
of overweight/obesity (defined by WC) among the
females appears to lend credence to this view.
The WHtR apparently corrects for height and is known

to identify individuals at risk of health consequences of ex-
cess weight. It is believed to be better than WC as a global
clinical screening tool [42]. The index is reported to be an
excellent predictor of such adiposity-related disorders as
the metabolic syndrome [43]. Yet it misdiagnosed as much
as 21.5% of males and 6.4% of females, who were obese by
BIA standards. A limitation of the WHtR may be that the
WC measurement assesses only visceral adiposity such
that dividing it by the subject’s height wrongly distributes
the fatness localized around the abdomen to the entire
body. This may explain the discordance between WHtR
and % body fat in the diagnosis of obesity.
The WHpR is thought to be better than BMI, WC and

WHtR as a measure of adiposity because of the distinct
physiologic characteristics of different fat depots. Vis-
ceral fat has a lower threshold for lipolysis relative to
subcutaneous fat, and free-fatty acids released by lipoly-
sis have direct access to the liver. In this way, their meta-
bolic consequences could be accentuated [10].
Expansion of visceral fat is also reported to alter the pro-
duction of bioactive peptides with numerous local and
systemic effects [44]. Conversely, subcutaneous fat
appears to act as a sink for free-fatty acids [10], and
higher subcutaneous fat has been associated with meta-
bolic benefits in older persons [45]. The WHpR there-
fore serves as a superior composite factor subsuming the
harmful effects of visceral fat and the beneficial qualities
of subcutaneous fat [10]. However, % body fat estimates
the body fat content of the entire body and not just
those localized around the waist and hip. This may
explain the degree of discordance observed between %
body fat and WHpR.
The high degree of discordance between overweight/

obesity diagnosed by BIA and that determined by the
studied anthropometric variables suggests that the an-
thropometric variables under-diagnose obesity in the
studied population. The implications of this on public
health are enormous especially as many people thought
to be of “normal weight” by anthropometric standards
may have more % body fat than is required. This obser-
vation may account for the MONW phenotype observed
in populations in Nigeria [21,22].

Prediction of % body fat from other relevant factors
The anthropometric indices – BMI, WC, WHtR, WHpR –
are known surrogate markers of excess adiposity, however,
it is more ideal to use actual measures of fatness rather
than surrogates [20]. BIA is considered by many as a more
accurate method for estimating % body fat [40,46]. The de-
velopment of machines that use the BIA method has made
the assessment of % body fat easier [13], yet the machines
are relatively costly especially in rural communities and
often require skilled manipulation. The development of
prediction equations that use indices derived from easy-to-
use and affordable techniques is therefore desirable. The
equations we developed use BMI, age and sex in one case,
and WC added in another case. The other studied variables
did not enter the regression models. Many cross-sectional
and longitudinal studies show that % body fat increases
with age in both males and females [47,48] and that under-
scores the importance of age in any prediction equation for
% body fat. Similarly, % body fat was significantly higher in
the females relative to the males in this study, a result that
is corroborated by earlier studies [18,20] and which justifies
the inclusion of a gender factor in the equation. The inclu-
sion of BMI and WC is justified since both are widely used
measures of adiposity and contain variables found in the
anthropometric indices excluded by our models. Though
BMI could be transformed to improve the linearity of its
relationship with % body fat, Zhu et al. [18] report an iden-
tical coefficient of determination for regressions modeled
by BMI, BMI2 or 1/BMI, thus making our use of BMI ac-
ceptable. The very significant correlation between the %
body fat generated using both equations and the measured
% body fat lends weight to the usefulness of the equations
as alternatives in places where the BIA equipment is un-
available. Our equations form a preliminary model that
should be validated by further studies.

Limitations and strengths
This study may be limited by our choice of sample. Our
subjects necessarily were a convenient sample and may
not represent that age bracket in the general population.
Furthermore, we did not include older adults in this
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study, even though morbidity from adiposity-related dis-
orders is more prevalent in older adults. Our sample size
is also not large enough to allow for robust statistical
deductions to be made without equivocation. However,
in the light of our peculiar clime, it is enough starting
point for future studies. The assumption that % body fat
is an improved phenotypic indicator of morbidity and
mortality over BMI, WC etc. is still debatable and more
studies are needed to clarify the issues surrounding body
composition. This is compounded by our inability to
measure biochemical markers of adiposity. The discord-
ance reported in the prevalence of overweight/obesity in
the studied population should therefore be interpreted
with caution. Though the BIA technique is known to be
problematic in cases of morbid obesity where an
increased amount of total body water and extracellular
water could lead to an under-estimation of % body fat,
we feel that our results may not have been affected by
that, since the prevalence of obesity in this population
was low and we did not recruit morbidly obese subjects.
The strength of our study lies in its novelty and its re-

cruitment of subjects who were considerably young
(though adults) and apparently healthy. This allowed for
the exclusion of other chronic (and communicable) dis-
eases that may have confounding effects on the analyses.
The development of % body fat prediction equations
would, no doubts, positively improve epidemiologic stud-
ies and health care monitoring and delivery especially in
resource-poor settings.
Conclusion
The prevalence of overweight/obesity in this young adult
Nigerian population varied (depending on the definition
of obesity) from 2.9% to 28.4%. Generally females were
more overweight/obese than males. The % discrepancy
between diagnosis made using BIA and the anthropo-
metric variables were widest when WC was used in
males and when WHpR was used in females. Two %
body fat prediction equations were developed and each
correlated significantly with the measured values. There
is a need to harmonize what each measure of adiposity
should be used for (diagnostically). Further studies are
also warranted to investigate human body compositions
further and develop robust equations for predicting %
body fat from simple anthropometric variables.

Competing interests
The authors declare that they have no real or potential conflict of interests.

Author contributions
CECCE was responsible for the conception and design of the study,
supervision of data collection, data analysis and writing of the manuscript. III
contributed to the design of the study, supervised data collection and
vetted the draft manuscript for intellectual content. Both authors read and
approved the final version of the manuscript.
Acknowledgements
We thank Attah PC and Ijewereme-Pius A for their invaluable contributions
in data collection.

Received: 19 March 2012 Accepted: 20 July 2012
Published: 20 July 2012
References
1. Haslam DW, James WPT: Obes Lancet 2005, 366(9492):1197–1209.
2. Ezzati M, Vander Hoorn S, Lawes CM, Leach R, James WP, Lopez AD,

Rodgers A, Murray CJ: Rethinking the "Diseases of Affluence"Paradigm:
Global Patterns of Nutritional Risks in Relation to Economic
Development. PLoS Med 2005, 2(5):e133.

3. World Health Organization (WHO): Non-Communicable Diseases Country
Profile (Nigeria) 2011., . Available online at http://www.who.int/nmh/
countries/nga_en.pdf.

4. Gordon-Larsen P, The NS, Adair LS: Longitudinal Trends in Obesity in the
United States From Adolescence to the Third Decade of Life. Obesity
2009, 18(9):1801–1804.

5. Singh AS, Mulder C, Twisk JWR, Van Mechelen W, Chinapaw MJM: Tracking
of childhood overweight into adulthood: a systematic review of the
literature. Obes Rev 2008, 9(5):474–488.

6. Dietz W: Critical periods in childhood for the development of obesity.
Am J Clin Nutr 1994, 59(5):955–959.

7. Guo SS, Wu W, Chumlea WC, Roche AF: Predicting overweight and
obesity in adulthood from body mass index values in childhood and
adolescence. Am J Clin Nutr 2002, 76(3):653.

8. Ejike CECC, Ugwu CE, Ezeanyika LUS: Physical growth and nutritional
status of a cohort of semi-urban Nigeria adolescents. Pak J Nutr 2010,
9:392–397.

9. Nader PR, O’Brien M, Houts R, Bradley R, Belsky J, Crosnoe R, Friedman S,
Mei Z, Susman EJ: National Institute of Child Health and Human
Development Early Child Care Research Network. Identifying risk for
obesity in early childhood. Pediatrics 2006, 118:e594–601.

10. van Snijder MB, Dam RM, Visser M, Seidell JC: What aspects of body fat are
particularly hazardous and how do we measure them? Int J Epidemiol
2006, 35:83–92.

11. Gharakhanlou R, Farzad B, Agha-Alinejad H, Steffen LM, Bayati M:
Anthropometric measures as predictors of cardiovascular diseases risk
factors in the urban population of Iran. Arq Bras Cardiol 2011. doi:http://dx.
doi.org/10.1590/S0066-782X2012005000007. E-pub ahead of print.

12. Mei Z, Grummer-Strawm LM, Pietrobelli A, Goulding A, Goran MI, Dietz WH:
Validity of body mass index compared with other body-composition
screening indexes for the assessment of body fatness in children and
adolescents. Am J Clin Nutr 2002, 75:978–985.

13. Malavoti M, Mussi C, Poli M, Fantuzzi AL, Salvioli G, Battistini N, Bedogni G:
Cross-calibration of eight-polar bioelectrical impedance analysis versus
dual-energy X-ray absorptometry for the assessment of total and
appendicular body composition in healthy adults aged 21–82 years. Ann
Hum Biol 2003, 30:380–391.

14. World Health Organization (WHO): Obesity: preventing and managing the
global epidemic. Report of a WHO consultation on obesity. Geneva: WHO;
1998. Geneva June 3–5, 1997.

15. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,
Gordon DJ, Krauss RM, Savage PJ, Smith SC Jr, Spertus JA, Costa F, American
Heart Association; National Heart, Lung, and Blood Institute: Diagnosis and
management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute Scientific
Statement. Circulation 2005, 112:2735–2752 [published corrections appear
in Circulation. 2005; 112:e297 and Circulation. 2005;112:e298].

16. World Health Organization: Obesity: Preventing and Managing the Global
Epidemic, WHO Technical report series, Volume 894. Geneva: WHO; 2000.

17. Ashwell M, Hsieh SD: Six reasons why the waist-to-height ratio is a rapid
and effective global indicator for health risks of obesity and how its use
could simplify the international public health message on obesity. Int J
Food Sci Nutr 2005, 56:303–307.

18. Zhu S, Wang Z, Shen W, Heymsfield SB, Heshka S: Percentage body fat
ranges associated with metabolic syndrome risk: results based on the
third National Health and Nutrition Examination Survey (1988–1994). Am
J Clin Nutr 2003, 78:228–235.

http://dx.doi.org/http://dx.doi.org/10.1590/S0066-782X2012005000007
http://dx.doi.org/http://dx.doi.org/10.1590/S0066-782X2012005000007


Ejike and Ijeh International Archives of Medicine 2012, 5:22 Page 7 of 7
http://www.intarchmed.com/content/5/1/22
19. He M, Tan KCB, Li ETS, Kung AWC: Body fat determination by dual energy
X-ray absorptiometry and its relation to body mass index and waist
circumference in Hong Kong Chinese. Int J Obes 2001, 25:748–752.

20. Gallagher D, Heymsfield SB, Heo M, Jebb SA, Murgatroyd PR, Sakamoto Y:
Healthy percentage body fat ranges: an approach fordeveloping
guidelines based on body mass index. Am J Clin Nutr 2000, 72:694–701.

21. Ejike CECC, Ugwu CE, Ezeanyika LUS: Nutritional status, prevalence of
some metabolic risk factors for cardiovascular disease and BMI-
metabolic-risk sub-phenotypes in an adult Nigerian population.
Biokemistri 2009, 21(1):17–24.

22. Ijeh II, Okorie U, Ejike CECC: Obesity, metabolic syndrome and BMI-
metabolic-risk sub-phenotypes: a study of an adult Nigerian population.
Journal of Medicine and Medical Sciences 2010, 1(6):254–260.

23. Welborn TA, Dhaliwal SS: Preferred clinical measures of central obesity for
predicting mortality. Eur J Clin Nutr 2007, 61:1373–1379.

24. Bigaard J, Frederiksen K, Tjonneland A, Thomsen BL, Overvad K, Heitmann
BL, Sorension TI: Waist circumference and body composition in relation
to all-cause mortality in middle-aged men and women. Int J Obes Relat
Metab Disord 2005, 29:778–784.

25. Huxley R, Mendis S, Zheleznyakov E, Reddy S, Chan J: Body mass index,
waist circumference and waist:hip ratio as predictors of cardiovascular
risk – a review of the literature. Eur J Clin Nutr 2010, 64:16–22.

26. Durazo-Arvizu RA, Luke A, Cooper RS, Cao G, Dugas L, Adeyemo A, Boyne
M, Forrester T: Rapid increases in obesity in Jamaica, compared to Nigeria
and the United States. BMC Public Health 2008, 8:133.

27. Wahab KW, Sani MU, Yusuf BO, Gbadamosi M, Gbadamosi A, Yandutse I:
Prevalence and determinants of obesity -a cross-sectional study of an
adult Northern Nigerian population. Int Arch Med 2011, 4:10.

28. Amoah AG: Obesity in adult residents of Accra, Ghana. Ethn Dis 2003, 13:
S97–S101.

29. Sodjinou R, Agueh V, Fayomi B, Delisle H: Obesity and cardio-metabolic
risk factors in urban adults of Benin: relationship with socio-economic
status, urbanization, and lifestyle patterns. BMC Public Health 2008, 8:84.

30. Shayo GA, Mugusi FM: Prevalence of obesity and associated risk factors
among adults in Kinondoni municipal district. Dar es Salaam Tanzania.
BMC Public Health 2011, 11:365.

31. Marques-Vidal P, Paccaud F, Ravasco P: Ten-year trends in overweight and
obesity in the adult Portuguese population, 1995 to 2005. BMC Public
Health 2011, 11:772.

32. Rodríguez-Rodríguez E, López-Plaza B, López-Sobalery AM, Ortega RM:
Overweight and obesity among Spanish adults. Nutr Hosp 2011, 26:355–363.

33. Flegal KM, Carroll MD, Ogden CL, Johnson CL: Prevalence and trends in
obesity among US adults, 1999–2000. JAMA 2002, 288:1723–1727.

34. Cheung YTD, Lee AM, Ho SY, Li ETS, Lam TH, Fan SYS, Yip PSF: Who wants
a slimmer body? The relationship between body weight status,
education level and body shape dissatisfaction among young adults in
Hong Kong. BMC Public Health 2011, 11:83.

35. Flegal KM, Graubard BI, Williamson DF, Gall MH: Cause-specific excess deaths
associated with underweight, overweight and obesity. JAMA 2007, 298:2028–
2037.

36. Kennedy AP, Shea JL, Sun G: Comparison of the classification of obesity
by BMI vs dual-energy X-ray absorptiometry in the Newfoundland
population. Obesity 2009, 17:2094–2099.

37. Prentice AM, Jebb SA: Beyond body mass index. Obes Rev 2001, 2(3):141–147.
38. Adams TD, Health EM, LaMonte MJ, Gress RE, Pendleton R, Strong M, Smith

SC, Hunt SC: The relationship between body mass index and per cent
body fat in the severely obese. Diabetes Obes Metab 2007, 9:498–505.

39. Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell
ML, Korinek J, Allison TG, Batsis JA, Sert-Kunyoshi FH, Lopez-Jimenez F:
Accuracy of body mass index in diagnosing obesity in the adult general
population. In J Obes (Lond) 2008, 32:959–966.

40. Frankenfield DC, Rowe WA, Cooney RN, Smith JS, Becker D: Limits of body
mass index to detect obesity and predict body composition. Nutrition
2001, 17:26–30.

41. Lean MEJ, Han TS, Morrison CE: Waist circumference as a measure for
indicating need for weight management. BMJ 1995, 311:1401–1405.

42. Browning LM, Hsieh SD, Ashwell M: A systematic review of waist-to-height
ratio as a screening tool for the prediction of cardiovascular disease and
diabetes: 0�5 could be a suitable global boundary value. Nutr Res Rev
2010, 23:247–269.
43. Shao J, Yu L, Shen X, Li D, Wang K: Waist-to-height ratio, an optimal
predictor for obesity and metabolic syndrome in Chinese adults. J Nutr
Health Aging 2010, 14:782–785.

44. Qatanani M, Lazar MA: Mechanisms of obesity-associated insulin
resistance: many choices on the menu. Genes Dev 2007, 21(12):1443–1455.

45. Gavi S, Feiner JJ, Melendez MM, Mynarcik DC, Gelato MC, McNurlan MA:
Limb fat to trunk fat ratio in elderly persons is a strong determinant of
insulin resistance and adiponectin levels. J Gerontol A Biol Sci Med Sci
2007, 62(9):997–1001.

46. Bolanowski M, Nilsson BE: Assessment of human body composition using
dual-energy x-ray absorptiometry and bioelectrical impedance analysis.
Med Sci Monit 2001, 7:1029–1033.

47. Sun G, French CR, Martin GR, Younghusband B, Green RC, Xie YG, Mathews
M, Baron JR, Fitzpatriv DG, Gulliver W, Zhang H: Comparison of
multifrequency bioelectrical impedance analysis with dual-energy X-ray
absorptiometry for assessment of percentage body fat in a large,
healthy population. Am J Clin Nutr 2005, 81:74–78.

48. Kyle UG, Genton L, Slosman DO, Pichard C: Fat-free and fat mass
percentiles in 5225 healthy subjects aged 15 to 98 years. Nutrition 2001,
17:534–541.

doi:10.1186/1755-7682-5-22
Cite this article as: Ejike and Ijeh: Obesity in young-adult Nigerians:
variations in prevalence determined by anthropometry and bioelectrical
impedance analysis, and the development of % body fat prediction
equations. International Archives of Medicine 2012 5:22.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Subjects and methods
	Subjects

	Methods
	Definitions
	Statistical analysis

	Results
	Discussion
	link_Tab1
	link_Tab2
	link_Tab3
	Prevalence of obesity determined by BMI standards
	Differences between obesity diagnosed by BIA and by the anthropometric indices

	link_Tab4
	link_Tab5
	Prediction of % body fat from other relevant factors
	Limitations and strengths

	Conclusion
	Competing interests
	Author contributions
	Acknowledgements
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


