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Abstract

Background and objective: There is dearth of studies on the validation of equations for predicting Percent 
Body Fat (PBF) in sub-Saharan Africa.  This study compared Bio-electrical Impedance Analysis (BIA) estima-
ted PBF and PBF predicted from equations. 
Materials and Methods:  1,350 volunteers whose ages ranged between 18 and 65 years participated in this study.  
Anthropometric parameters and indices were assessed following standardized procedures. BIA was used to esti-
mate PBF based on standard formulae. Deurenberg -#1, Deurenberg-#2, Gallagher and Jackson-Pollock equations 
were used to compute PBF. Data was analyzed using descriptive and inferential statistics. Alpha was set at 0.05. 
Results: The mean values for PBF obtained from BIA, Deurenberg #1, Deurenberg #2, Gallagher, Jackson-Pol-
lock and the present study’s equations were 21.5±9.3, 11.5±6.76, 9.3±7.09, 9.4±7.38, and 7.9±7.87. BIA estima-
ted PBF was significantly higher than predictive PBF (p= 0.001). BIA estimated PBF was significantly correlated 
with each of Deurenberg #1 (r = 0.122; p = 0.001); Deurenberg-#2 (r=0.102; p=0.001); Gallagher (r=0.080; 
p=0.001); Jackson-Pollock (r=0.060; p=0.016) and the present study’s (r=0.997; p=0.001) equations. Socio-de-
mographic and anthropometric variable except WHR were significantly correlated with BIA estimated PBF 
(p<0.05). Age, sex and BMI could significantly predict PBF at 68.3% level of variability. 
Conclusion: There were significant inverse but weak relationships between BIA estimated PBF and each of 
Deurenberg-#1, Deurenberg-#2, Jackson-Pollock and Gallagher prediction equation. The BIA estimated PBF 
was significantly higher than predicted PBF. Socio-demographic and anthropometrical variables were signifi-
cantly determinants of BIA estimated PBF. The prediction equation derived from this study provides an easy 
method of estimating PBF but not without significant error as indicated by level of variability in the standard 
error of measurement.   
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Introduction

 Literature is replete with a range of options 
including anthropometric, physical, chemical, and 
electrical means to evaluate body composition. 
Some of the body composition assessment me-
thods include underwater weighing, dual-energy 
X-ray absorptiometry, magnetic resonance ima-
ging, air-displacement plethysmography and skin-
fold thickness measurement [1-4].  A number of 
these methods have limited applicability and clini-
cal usability as they are often difficult to administer, 
complex, costly, time consuming and requires spe-
cialized training and skills [1, 5, 6].  
 Accurate assessment of the presence of 
excessive body fat is believed to be the first step in 

initiating correct preventive and treatment pro-
grammes [3, 5]. Although, there is no ubiquitous 
method for the assessment of excessive body fat 
[1,3, 5], however, the classical variables of anthro-
pometry such BMI is extensively used as simple 
index of body adiposity and surrogate measure of 
obesity in both clinical and research settings [6-
10]. The drawbacks of this classical anthropometry 
approach included its inability to take into acco-
unt factors such as frame size, muscular mass and 
distribution of body fat [8, 9, 11] and it does not ful-
ly adjust for the effects of morphological variations 
across ethnic and racial divides [12].
  Consequently, other anthropometric me-
asures of central adiposity such as waist circumfe-
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rence, waist-to–hip ratio, and waist-height-ratio; 
and the Bioelectrical Impedance Analysis (BIA) are 
the most preferred indicators of total body fatness 
in clinical practice and research [4, 5, 13-15]. The 
BIA is the method of body fat assessment that take 
advantage of the principle of body tissue conducti-
vity of electricity based on the water and dissolved 
electrolyte content by using a small, alternating, 
single-frequency current that passes through elec-
trodes applied to extremities of the body or contact 
sensors to measure impedance or opposition to the 
flow of the electric current through body tissues 
which can then be used to calculate an estimate of 
total body water [16, 17].  There is increasing stu-
dies on the psychometric properties of BIA in the 
assessment of body fat in health and disease across 
different population [18, 19]. 
 Other than the anthropometrical and elec-
trical methods, studies to develop and validate pre-
dictive models from the anthropometric [20, 21] 
and BIA [22-24] equations to predict body com-
position are populating [20-24]. Most of these equ-
ations are reported to have excellent psychometric 
properties and are recommended for use as indirect 
method of determining body composition in epi-
demiologic and clinical studies [20-24]. However, 
most of the equations have been shown to be de-
pendent on factors not limited to age [25], gender 
[25] and ethnicity [26, 27]. Unfortunately, most of 
these prediction equations originated among Eu-
ropeans, Caucasians and Asians who differ signi-
ficantly in anthropometric and morphologic cha-
racteristics from sub-Saharan Africans. Despite, 
recommendations for validation of body compo-
sition estimates by BIA compared with the indirect 
method involving predictive formulae in order to 
establish the universality of their application [28], 
these equations have not been widely validated in 
sub-Saharan Africa. The objectives of this study was 
to compared BIA estimated Percent Body Fat (PBF) 
and PBF predicted from equations involving Deu-
renberg -#1, Deurenberg -#2, Gallagher and Jack-
son-Pollock. In addition, this study investigated the 
influence of demographic and anthropometric va-
riables on BIA estimated PBF.

Materials and methods
 
 The Ethical Review Committee of the Oba-
femi Awolowo University Teaching Hospitals Com-
plex (OAUTHC), Ile-Ife, Nigeria gave approval for 
this study. Informed consent was obtained from 
every consecutive participant after the purpose of 

the study was fully disclosed.  A total of 1,350 appa-
rently healthy volunteers (778 males and 572 females) 
who were 18 years and older participated in this study. 
 The students’ participants in this study 
were recruited randomly from the Obafemi Awo-
lowo University (OAU), Ile-Ife, Nigeria using ran-
dom sampling technique. Nine faculties including 
Administration, Basic Medical Sciences, Clinical 
Sciences, Law, Pharmacy, Sciences, Social Sciences 
and Technology were randomly selected among the 
thirteen faculties in the university using fishbowl 
technique. From the selected faculties, those that 
have only one degree awarding department were 
automatically included in the study while two de-
partments each were randomly selected from those 
faculties with more than one degree awarding de-
partments. The selected departments were Acco-
unting, Biochemistry, Economics, Electrical Engi-
neering, Law, Mechanical Engineering, Medicine, 
Medical Rehabilitation, Microbiology, Pharmacy, 
Psychology, and Sociology and Anthropology.  The 
non-students’ participants included consecutive 
academic, clinicians, administrative and support 
staffs of the OAU and OAUTHC respectively. The 
OAU academic and administrative staff that parti-
cipated in this study were recruited from same de-
partments as the students. The recruitment of staff 
from the OAUTHC was carried out separately. Staff 
were recruited from the departments of Medical 
Rehabilitation, Accounts, Maintenance and the Ad-
ministration unit. Participants for the study were 
determined for eligibility via interview to ensure 
that they satisfied the selection criteria. Exclusion 
criteria for the study were a positive history of en-
docrinologic and/or metabolic condition; being 
pregnant; participation in high-intensity regular 
exercise or elites sports; and a presence of metallic 
implant or cardiac pacemaker in situ or other con-
traindications to the use of BIA.
       Anthropometric parameters assessed in 
the study included height, weight, body mass index 
(BMI), waist circumference, hip circumference, wa-
ist-hip ratio and waist-height ratio. A height-meter 
(Seca Alpha Brand) calibrated from 0 to 200 cm was 
used to measure the height of each participant to 
the nearest 0.1 cm. The participants’ heels, back and 
occiput touched the stadiometer scale with the par-
ticipants looking straight ahead during measure-
ment. Body weight in light clothes was measured to 
the nearest 0.1 kg using a weighing scale (Inter Ikea 
systems B.V. 1999) calibrated from 0 to 120kg with 
the participant in standing position with shoes off. 
Tape measure was used to measure the waist cir-
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cumference of the participants around the body at 
the level of the umbilical cord with the participants 
asked to remove clothing materials around the 
body part. Tape measure was used to measure the 
participants’ hip circumference at the level of the 
greater trochanter with the participants in minimal 
clothing materials around the part. Waist-to-hip ra-
tios were obtained by dividing waist circumference 
by hip circumference while waist-to-height ratios 
were obtained by dividing waist circumference by 
height. Socio-demographic variables were obtained 
using a proforma.  
 Bioelectric Impedance Analysis (BIA) 
machine (Omron BF306; Model HBF-306-E CE, 
Japan) was used to estimate PBF. The participants 
were instructed to remove all metal objects, e.g. 
earrings, chains, wrist watches. They were instruc-
ted to stand erect with the two feet together and 
also to hold the machine in both hands such that 
the palms covered the metal surfaces of the instru-
ment. They were then instructed to hold the arms 
straight at 90° of shoulder flexion. Dryness of the 
palms was ensured by using a dry towel for cleaning 
if the palms were wet, and by also making sure that 
the participants did not have hyperhidrosis. The he-
ight, weight, age and sex of the participants were 
fed into the micro data processor of the instrument, 
and the start button was switched on. The partici-
pants were then asked to stand still till a new set of 
data was displayed on the meter [29]. 
 Predictive equations used to predict PBF in 
this study included.
- Deurenberg [7] -#1: (1.20 x BMI) + (0.23 x 
Age) - (10.8 x gender) - 5.4   
-  Deurenberg [8] -#2:  (1.29 x BMI) + (0.20 x Age) 
– (11.4 x gender) – 8.0    
- Gallagher [30]: (1.46 x BMI) + (0.14 x Age) - (11.6 
x gender) - 10    
-  Jackson-Pollock [31, 32]: (1.61 x BMI) + (0.13 x 
Age) - (12.1 x gender) - 13.9

Data Analysis

 The data was summarized using descriptive 
statistics of mean and standard deviation. Indepen-
dent t-test was used to compare PBF between male 
and female participants. Pearson product moment 
correlation was used to determine the correlates of 
PBF. Scatter plot with linear curve estimation was 
use to depict the agreement between BIA estima-
ted PBF and equations predicted PBF. Multiple re-
gression analysis was used to develop a predictive 
model in this study. Data was completed using Sta-

tistical Package for Social Sciences (SPSS) software 
version 16. Alpha level was set at α = 0.05.

Results
 
 The age range of the participants was be-
tween 18 and 65 years. Age and general characteri-
stics of all the participants and by gender is presen-
ted in table 1. 

Table 1: Age and general characteristics of all the participants 
and by gender

 

 
 The mean age, BMI, BIA estimated PBF, 
WC, HC, and WHR was 23.8±5.8 years, 22.3±3.48 
Kg/m2, 21.5 ± 9.35, 0.78 ± 0.88, 0.87 ± 0.98 and  0.9 
± 0.16 respectively. The independent –test compa-
rison showed that WC, HC and WHR of the male 
and female participants were comparable (p>0.05). 
However, the females had significantly higher BMI 
than the male counterparts (p<0.05). 
 Each of the scatter plots showed direct re-
lationship between the PBF and the predictive equ-
ations (figures 1, 2, 3, 4 and 5).  Scatter plots were 
used to highlight the linearity of the Cartesian co
-ordinates that formed the variables that were corre-
lated. Pearson product moment correlation analysis 
incorporated into the figures showed a significant 
correlation between BIA estimated PBF and each 
of Deurenberg (BIA) (r = 0.122, p < 0.001); Deu-
renberg (BMI) (r = 0.102, p < 0.001); Gallagher (r 
= 0.080, p < 0.001); Jackson-Pollock (r = 0.060, p 
< 0.016) and the present study’s (r=0.997; p=0.001) 
equations.  Table 2 shows the Pearson product mo-
ment correlation between BIA estimated PBF and 
participants general characteristics. Socio-demo-
graphic and anthropometric variable except WHR 
were significantly correlated with BIA estimated 
PBF (p<0.05).
 Table 3 showed the One-Way ANOVA 
comparison of the BIA estimated PBF and the pre-
dictive equations. From the result, a significant dif-
ference was found in the F-ratio. Post-Hoc analysis 
was used to elucidate where the difference found in 
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the F-ratio lie.  The result showed that BIA estima-
ted PBF was significantly higher (p<0.05) than the 
values obtained from the predictive equations. No 
significant difference was found in the PBF values 
estimated using Deurenberg and Gallagher equ-
ations (9.3±7.09 vs. 9.4±7.38; p>0.05). 

 Multiple regression model was used to de-
velop a predictive equation from this study. From 
this study, Age, Sex and BMI were significant pre-
dictors of PBF. The regression equation for predic-
ting PBF is - Y= B0 + B1 x 1 + B2 x 2 + B3 x 3, Whe-
re Y is PBF; B0 is a constant; B1-B3 are co-efficient 
of the independent variables.  Y= -26.960 + (0.148 x 
1) + (11.267x 2) + (1.296 x 3).    Y= -26.960 + 0.148 
(Age) + 22.534 (Sex) + 3.888(BMI). The level of va-
riability for the prediction equation was 68.3% (i.e. 
R2 =0.683). 

Discussion

 This study compared BIA estimated PBF 
and PBF predicted from equations involving Deu-

renberg (BIA), Deurenberg (BMI), Gallagher and 
Jackson-Pollock. The study found that BIA estimated 
PBF was significantly higher than equation predicted 
PBF. It was found that the Jackson-Pollock predic-
tion equation yielded the least PBF mean value. Ma-
zariegos et al [33] in a similar study submitted that 
the Jackson-Pollock prediction equation has a ten-
dency to underestimate body fat.  Overall, this study 
showed that predicted PBF where significantly lower 
than BIA estimated PBF. Similar findings have been 
reported in some other studies [34-37]. 
 Kupper et al [35] reported that prediction 
equations generally underestimate PBF especially 
in females than males. The validity of prediction 
equations has been reported to be different among 
ethnic groups [38-40]. Therefore, it has been repor-
ted that use and applicability of prediction formulae 
developed in other populations is limited in other 
ethnic groups [26, 27, 41]. The differences observed 
between estimated and predicted PBF could be due 
in part to variation in pattern of fat distribution in 
the population from which the equations were de-

Table 2: Correlation matrix between PBF and each of age and selected anthropometric parameters

HT = height; WT = weight; BMI = body mass index; PBF = per-
cent body fat; BIA = bioelectric impedance analysis; WC = waist 
circumference; HC = hip circumference; WHR = waist-hip-ratio.

Table 3: Comparison of PBF estimated using BIA and Prediction Equations

Superscript (a, b, c, d) - For a particular variable, mode means with different superscripts are significantly (p<0.05) 
different. Mode means with the same superscript are not significantly (p>0.05) different. 
BIA = Bioelectric Impedance Analysis; Deurenberg-#1 Equation; Deurenberg-#2 Equation; Gallagher Equ-
ation; Jackson-Pollock Equation; PBF = Percent Body Fat; PSE = The Present Study Equation

veloped [42],  measurement error [35] and varia-
tion in body water [41].
 There was significant correlation between 
BIA estimated PBF and each of the prediction equ-
ations. However, the relationships were somewhat 
weak and inverse. The negative and weak associa-
tion of all prediction equations with BIA estimated 
PBF may indicate poor applicability of these pre-
diction equations developed in other population 
to Nigerians. Furthermore, the inverse correlations 
observed between estimated and predicted PBF co-
uld indicate under-estimation of PBF using these 
equations. Ideally, a prediction equation should be 
sufficiently precise to detect changes in the predic-
ted variables in PBF [43], however, these predictive 
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equations are believed to be limited in their gene-
ralizability to other populations because of the po-
tential influence of race [44], age [25] and ethnici-
ty [26, 27, 41]. Nonetheless, the use of regression 
equations in estimating body fats is populating in 
literature.  The findings of this study also show that 
predictive equations were directly and strongly cor-
related with one another. Strong significant corre-
lation was observed between Deurenberg -#2 and 
Gallagher (r = 0.997); Gallagher and Jackson-Pol-
lock (r = 0.999) and Deurenberg -#2 and Jackson
-Pollock (r = 0.995) prediction equations.  
 The results of this study showed that there 
was a strong influence of sex on PBF. The finding of 
this study on higher PBF among females is largely 
consistent with literature [33, 35, 45, 46]. There was 
significant relationship between BIA estimated PBF 
and each of height, weight, BMI, waist circumferen-
ce and hip circumference. However, there was no 
significant correlation between PBF and waist-hip
-ratio. According to de Menezes et al [47], waist-hip
-ratio demonstrated a weak and non-significant 
correlation with PBF. Similar studies have sugge-
sted that waist-hip-ratio is not a strong indicator of 
body fat [47.48]. On the other hand, waist circu-
mference correlated moderately and significantly 
with PBF in this study. Freitas et al [49] described 
waist circumference as the best anthropometric 
index for diagnosing adiposity. This study showed 
that there was a strong relationship between age 
and PBF. This agreed with the outcome of a study 
by Meeuwsen et al [50] where it was discovered that 
measures of adiposity increases with age. However, 
this influence of age on body adiposity as observed 
in this study was more pronounced in females than 
in males corroborating the findings of Meeuwsen et 
al [50]. Several other previous studies have come up 
with similar findings [51-54].
 This study is an important investigation 
into the applicability of the prediction equations as 
an indirect methods for body composition assess-
ment among Nigerian adult populations. However, 
the results of this study implicate that foreign pre-
diction equations should be used with caution as 
they may potentially under-estimate PBF. This sub-
mission was hinged on the strength of correlation 
between BIA estimated PBF and the predicted PBF 
from the equation developed from this study. The 
present study does not assume that the BIA perfectly 
estimates body fats.  As some studies have reported 
underestimation of body fat using BIA as compa-
red with other methods such as skinfold thickness, 
Dual-energy X-Ray Absorptiometry (DXA) [1-4]. 

The underestimation of body fats by BIA has been 
implicated on anthropometric and morphological 
disproportion in body segments [20-22], in relation 
to body water to total body impedance [55]. There-
fore, if BIA under-estimates body fats as reported in 
literature, prediction equations seem to under-esti-
mates much more. However, a potential limitation 
of this study is the heterogeneity of its samples as 
the volunteers were screened on the basis of being 
lean or obese even though such participants were 
few in this study.  

Conclusion 

 There were significant inverse but weak re-
lationships between BIA estimated PBF and each of 
Deurenberg-#1, Deurenberg-#2, Jackson-Pollock 
and Gallagher prediction equation. The BIA esti-
mated PBF was significantly higher than predicted 
PBF. Socio-demographic and anthropometrical va-
riables were significantly determinants of BIA esti-
mated PBF. The prediction equation derived from 
this study provides an easy method of estimating 
PBF but not without significant error as indicated 
by level of variability in the standard error of me-
asurement.
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