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Abstract

The increase in the prevalence of over-
weight and obesity in both developed and
developing countries is associated with mus-
culoskeletal and other non-communicable dis-
eases. To address this, an accurate measure of
body adiposity, bearing in mind several short-
comings of body mass index (BMI), should be
used. This study determined the relationship
between BMI and body fat (BF)% among adult
Nigerians of different ethnic groups residing
in an urban setting. Using multistage cluster
sampling technique were recruited 1571 sub-
jects (>18 years; male=51.2%) in a cross-sec-
tional study. Body adiposity indices were
assessed using BMI and BF%. Using BF%, the
result shows that a total number of 156 (9.9%)
had low BF% while 291 (18.5%) had very high
BF%, while the BMI classifications of body adi-
posity, 68 (4.3%) were underweight while 271
(17.3%) were obese. There was a strong and
positive statistical relationship between BF%
and BMI when both were paired without con-
trolling for gender and age (r=0.81, P<0.01).
The results show that there is a strong positive
association between BMI and BF%, and age
and sex are predictors of this association.

Introduction 

The prevalence of overweight and obesity
has been on the increase in many countries
irrespective of their economic. Overweight and
obesity are usually defined as the abnormal or
excessive fat accumulation that may impair
health. Globally there are 1.9 billion over-
weight adults out of which almost 600 million
of them are obese.1 In the sub-Saharan African
urban population, it has been estimated that
20-50% of the urban population are either

overweight or obese2,3 and the World Health
Organisation (WHO) projected that by the year
2025, 75% of the global obese population would
be in low income countries including sub-
Saharan Africa belong.4

There are multiple methods to measure adi-
posity such as body mass index (BMI), skin-
folds calliper measurement, waist circumfer-
ence (WC), waist to hip ratio (WHR), under-
water weighing (densitometry), bio-electrical
impedance analysis (BIA), near infrared reac-
tance (NIR), dual-energy X-ray absorptiometry
(DEXA), and magnetic resonance imaging
(MRI). BMI is relatively easy to calculate, inex-
pensive, and hence is widely used in the epi-
demiological studies. However, it does not dis-
tinguish between fat and lean body mass. On
the other hand, densitometry, DEXA, and MRI
provide more accurate measures of obesity but
are unsuitable for epidemiological studies
since they require specialized equipment and
skilled manpower; and they are expensive.5

BIA and NIR are alternative field methods for
measuring body fat; they both use portable
machines, and their results are reproducible.
Both methods have shown good correlation
with DEXA, but NIR has several advantages
over the BIA. NIR is not subject to variation by
ethnicity, consumption of food and beverages,
or exercise and it does not require pre-test cal-
ibration. 

There are an increasing number of studies
showing that the correlation between BMI and
body fat percentage (BF%) is quite different
among populations and there are uncertainty
and divergent findings as to whether this rela-
tionship is linear or curvilinear. For instance,
it was reported that there was no difference in
the relationship between BMI and BF%
between whites and blacks residing in New
York6 while that the relationship between BMI
and BF% between the black population resid-
ing in Nigeria, Jamaica and the United States
is the same.7 Furthermore, a non-linear rela-
tionship between American black and white
adults and that showed that the non-linear
association are not independent of age and
gender.8 There is even more uncertainty as to
whether the age-dependent change in BF%
relationship at a given BMT is affected by gen-
der.9 Furthermore, it has been documented
that the relationship between BF% and other
anthropometric measures depends on ethnici-
ty, age and gender.10-12

The availability of a valid index of body com-
position is important for health professionals
so that persons at risk for developing obesity-
related diseases can be successfully
screened.13 Percentage body fat is strongly
associated with risk of chronic diseases such
as hypertension, dyslipidaemia, diabetes melli-
tus and coronary heart disease.14 BMI, WC,
waist-hip ratio and skin fold thickness have
been used extensively to measure body fatness

in epidemiological and clinical studies. BMI
has been used to determine overweight and
obesity because it is simple, inexpensive and
non-invasive. It is a surrogate measure of body
fatness since it measures excess weight rather
than excess body fat. However, these tech-
niques do not accurately and precisely charac-
terize persons by body compositions (percent-
age body fat or muscle mass).15

Excessive body fat deposit in the body can be
measured using WC, WHR, BAI, BMI and
DEXA. DEXA is a direct method of measuring
body adiposity but it is expensive and cannot
be used in epidemiological studies because of
the time and financial implications. The WHO
recommends the use of BMI for assessment
and measurement of body adiposity. However,
BMI, as compared to weight and height, is just
an index of weight excess, rather than body
fatness compositions16 and does not differenti-
ate between excess fat, muscle, or bone mass,
nor does it provide any indications for the dis-
tribution of fat among individuals.17 The
inability of BMI to accurately detect and esti-
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mate body fat led to the call for new ways of
assessing and measuring body fat that would
be easy, cheap and be able to use in resource
limited areas as well as epidemiological stud-
ies. BIA has been shown to measure body fat
accurately in both resource limited areas and
epidemiological studies. It is based on the
principle that lean tissue, which contains large
amount of water and electrolytes, is a good
electrical conductor and fat, which is anhy-
drous, is a poor conductor. Studies have been
carried out on the use of BIA to assess body
compositions: children,18 Anglo Celtic popula-
tion,19 Nigerian tribes20 and clinical settings.21

Despite the popularity of BIA in estimating
body composition, there appear to be different
levels of agreement between different BIA
models and other reference methods.22

It was recently reported that 21% of the
world deaths related to non-communicable dis-
eases in individuals between the ages of 30
and 70 to be from Africa.23 This can be reduced
if an accurate measurement of body fat is
available. Most epidemiological studies use
BMI as the method of estimation for over-
weight and obesity. There is a need to compare
BMI to other field methods because of its limi-
tations; and a field method, such as BIA, may
be more appropriate because it distinguishes
between fat and lean body mass. There is a
need to assess the relationship between BMI
and BF% by gauging the strength of the corre-
lation, testing hypotheses concerning, for
example, the functional form of the relation-
ship, and using the fitted model for prediction.
This study was carried out to determine the
relationship between BMI and BF% as meas-
ured by TANITA BIA 549-plus among Nigerian
adults of diverse ethnic affiliations in urban
settings. This study also examined the nature
of the relationship (i.e. whether it is linear or
curvilinear), and the effects of age and gender
on this relationship. 

Materials and Methods 

Participants and design
This was a cross-sectional survey design of

a household-based sample of adults 18 years
and older using a multi-stage cluster sampling

technique to recruit subjects. The research
setting was the Alimosho local government
area of Lagos State, Nigeria, with a population
of 1,277,714.24 There are 11 political wards in
Alimosho local government. Using the WHO25

guidelines for conducting community surveys,
five out of eleven political wards into which
Alimosho area is divided were randomly cho-
sen and three census enumeration areas
(EAs) were randomly selected in each of the
five chosen political wards. Permissions and
ethical clearances were obtained from the
University of the Western Cape Research
Ethics Committee (12/9/15) and Lagos State
University Health Research and Ethics
Committee (LREC/10/06/261). Informed writ-
ten consent was provided by the participants
after the details of the study were thoroughly
explained. Confidentiality and anonymity were
ensured and results of each of the subjects
were presented to them. Participants with high
blood pressure and BMI were advised to seek
medical interventions. Houses with odd num-
bers were selected for participation in the
study. Subjects within the age range of 18
years and older in each of the houses with odd
numbers were recruited for this study.
Therefore, a total of 1571 adults consented to
participate in the study. Data with regards to
non-communicable diseases were collected
with the WHO STEPS instrument.26 The WHO
STEPS instrument is a standardized method of
collecting, analysing and disseminating data
in WHO member countries for non-communi-
cable diseases. 

Measurements
Physical measurements taken included

height, weight, hip and WC, and body compo-
sition. Body composition measurement was
carried out using Tanita BC-549 plus Ironman
body composition monitor (Tanita BC-549
plus, Tanita Corp, Illinois, USA) by asking sub-
jects with minimal clothing and dry feet to
step on the measuring platform after the sub-
ject gender, age and height might were
entered/keyed into the machine. Guest mode
was used throughout the period of this study
since it allows the researcher to programme
the unit for a one-time use without resetting a
Personal data number. Every participant was
instructed not to step on the measuring plat-

form until 0.0 was displayed. The participant
was asked to step onto the measurement plat-
form within about 30 seconds after 0.0
appeared. After the measurement was taken,
readings were automatically displayed in this
order: body weight, BF%, body water and mus-
cle mass, physique rating, basal metabolic
rate (BMR), metabolic age, bone mass and
visceral fat rating. Readings were recorded for
each subject. 

Statistical analysis
Descriptive statistics of mean, median and

standard deviation were used for normally dis-
tributed data while and interquartile range
was used for not normally distributed data.
Earlier on, the participants were grouped into
three age categories (<39, 40-59 and >60) as
well as into male and female based on their
gender. Differences between the means were
determined using Kruskal-Wallis test.
Spearman rho correlation coefficient (r) was
used to calculate the relationship between
BMI and BF% in relation to age and gender.
Multiple regression analysis was carried out
to determine the effects of gender and age on
the relationship between BMI and BF% using
BF% as dependent variable and BMI and gen-
der as independent variables. Body adiposity
was categorized into underweight
(BMI<18.5), normal weight (BMI=18.5-24.9),
overweight (BMI=25-29.9) and obese
(BMI>30). For BF% categorisation, Tanita
549-plus manufacturer guide for interpreting
BF% result was used using the minimum age
for this study as shown in Table 1.27 IBM SPSS
Statistical package version 22 was used in
analysing the data. Level of significance was
set at 0.05. 

Results

A total of 1571 individuals participated in
this study of which 51.2% (805) were females
while 48.2% (706) were males. Table 2 sum-
marises the participants’ age, BF% and BMI.

Analysis of prevalence of body adiposity
using BF% shows that a total number of 156
(9.9%) had low BF% while 291 (18.5%) had
very high BF%. Regarding the BMI classifica-

                             Article

Table 1. Interpreting the body fat percentage result 

Gender                         Age                            − (low)                           0 (normal)                              + (high)                     ++ (very high)

Female                                  20-39                                       <21.0                                          21.0-32.9                                            33.0-38.9                                        ≥39.0
                                                40-59                                       <23.0                                          23.0-33.9                                            34.0-39.9                                        ≥40.0
                                                60-79                                       <24.0                                          24.0-35.9                                            36.0-41.9                                        ≥42.0
Male                                       20-39                                        <8.0                                            8.0-19.9                                             20.0-24.9                                        ≥25.0
                                                40-59                                       <11.0                                          11.0-21.9                                            22.0-27.9                                        ≥28.0
                                                60-79                                       <13.0                                          13.0-24.9                                            25.0-29.9                                        ≥30.0
Based on NIH/WHO guidelines for body mass index and Based on Gallagher et al.27
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tion of body adiposity, 68 (4.3%) were under-
weight while 271 (17.3%) were obese as
shown in Table 3.

Relationship between body fat
percentage and body mass index

There was a strong and positive statistical
relationship between BF% and BMI when both
were paired without controlling for gender
and age (r=.81, P<0.01). A positive and strong
correlation between BF% and BMI in males
(r=0.83, P<0.01) and females (r=0.89,
P<0.01) was found using Spearman rho rank
since the variables were not normally distrib-
uted. 

Differences between body fat per-
centage and body mass index
means

Differences between the means for the
whole sample and between male and female
were determined using Kruskal-Wallis test. In
the whole sample, there were statistical sig-
nificant differences between the categories of
a BF%. In addition, there were statistical sig-
nificant differences between male and female
in the categories of a BF% was found. These
are summarised in Table 4 below. To examine
the effect of gender and age on the relation-
ship between BF% and BMI, the P-value of the
regression model is 0.001 which shows that
the model is a good fit. The adjusted R2 is
81.9% which shows that 81.9% of the variance
of BF% can be explained by age, gender and
weight. The linear regression model /equation
as follows: 
Total group=BF%=0.583×BMI+0.456×gen-
der+ 0.152×age.
Females=BF%=0.756×BMI+0.177×age+con-
stant
Males=BF%=0.708×BMI+0.235×age+con-
stant

Effects of age and gender on the
relationship between body fat 
percentage and body mass index

Table 5 below shows that age and gender are
significant predictors of the relationship
between BF% and BMI. But gender contributes
more effects on the relationship.

Relationships between body fat
percentage and body mass index
using age groups

There were statistical significant relation-
ships between BMI and BF% in all the three age
groups with r=0.767 (P<0.01) for <39 years age
group, r=0.812 (P<0.01) for 40-59 years age
group and r=0.871 (P<0.01) for>60 years age
group as shown in Table 6 and Figure 1. 

Discussion

This study aimed to investigate the relation-
ship between BMI and BF%. A strong and posi-
tive relationship between BMI and BF% was
found. This relationship was examined using
age and gender as independent variables. The
results of our study show that the strength of
the relationship between BF% and BMI
increases with advancing age when looked at
relationship in different age groups. This can
be literarily explained that the older one
becomes the more/higher the BF% one pos-
sesses. This is in line with the previous stud-
ies carried out in different population.6,28 Few
of the reasons that can be adduced for this
include protein-energy malnutrition29 and dis-
use muscle atrophy which might arise from
inactivity or lack of inadequate physical activi-
ty.30 Findings indicate that in hypothetical
cases of 23 kg/m2 BMIs for men and women,

there is an increase in BF% of approximately
1.0- 1.1 and 0.7-1.0% per decade, respectively.6

The findings of this study are similar to that of
a study among three different black popula-
tions of African origin.7 Other researchers
have also reported that BMI strongly correlates
with BF% estimated by bioelectrical imped-
ance in a group of South Asian adults from Sri
Lanka.31 There are divergent opinions regard-
ing whether the relationship between BF% and
BMI is linear or curvilinear. Earlier on, a curvi-
linear relationship has been reported between
BF% and BMI among health conscious Sri
Lankan adults31 despite the fact that 94% of
their subjects had BMI values <30 kg/m2 and in
UK adults7 with BMI values <35 kgm2.
However, our study shows a linear relation-
ship. The curvilinear relationship is usually
seen in samples with higher BMI of >35 kg/m2

which have been reported in the literatures.9,32

However, 95.86% of our total sample had BMI
of <35 kg/m2. This is in line with previous

                                                                                                                   Article

Table 2. Physical characteristics of the subjects.

                                                             Male                                          Female                                    Total                                    P value
                                                          (n=805)                                      (n=766)                               (n=1571)                                      

Age (years)                                                     34.37±11.13                                              36.4±12.11                                        35.36±11.66                                            0.000
Height (m)                                                      170.36±7.52                                             160.31±6.67                                       165.46±8.71                                            0.000
Weight (kg)                                                     67.82±12.39                                             69.40±15.61                                       68.59±14.07                                            0.000
Body fat, %                                                        17.47±7.81                                              32.95±15.66                                       25.01±14.51                                            0.000
Body mass index, kg/m2                                 23.38±4.16                                               27.03±5.95                                         25.16±5.43                                             0.000
P values are given for comparison between male and female. Data are expressed a mean±SD.

Table 3. Prevalence of body adiposity using body fat and body mass index.

Classification (BF%)                         No.                         %                     Classification (BMI)                      No.                        %

Low                                                                        156                                9.9                                    Underweight                                         68                                4.3
Normal                                                                  798                               50.8                                        Normal                                             838                              53.3
High                                                                       323                               20.6                                     Overweight                                         394                              25.1
Very high                                                               291                               18.6                                         Obese                                              271                              17.3
BF, body fat; BMI, body mass index.

Figure 1. Linear correlation between body
mass index and body fat percentage.
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study where there was a significant linear cor-
relation between BF% and BMI in both black
and white women.6

The multiple regression analysis shows that
age and gender have significant effects on the
relationship between BF% and BMI. Previous
studies have also documented that age and
gender had significant effects on the relation-
ship between BF% and BMI and that the rela-
tionship was even stronger with gender.7,33

The clinicians and public health scientists
should always take into account the effects of
age and gender when the use of BMI in pre-
dicting BF% arises. It was also observed from
our study that the strength of the relationship
between BF% and BMI increased with increase
in age. This could be due to the replacement of
lean muscle mass with fat as ageing sets in so
as to compensate for the BMI at an older age.

Conclusions 

The results of our study demonstrate that
there is a strong relationship between BMI and
BF% measured by BIA which is influenced
mostly by gender and to a lesser extent by age
among adult Nigerians. Also, there is linear
relationship between BMI and BF% in our
study. This implies that as BMI increases there

is a corresponding increase in the BF% of our
participants. Therefore, our findings support
that age and gender should be considered
when interpreting BMI in a cross sectional
studies and trials like ours that are clinically
oriented. Either BMI or BF% can be used to
access level of adiposity among the study sam-
ple but this should be done with caution as this
study did not look into which between BMI and
BF% is better in predicting cardiovascular dis-
eases.
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