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ABSTRACT The increase in physical activity (PA) levels has been known to be associated with improved
cardiorespiratory fitness status which helps in reducing the risk factors of non-communicable disease. However,
the interaction between cardiorespiratory fitness and anthropometric variables remains unclear and needs further
investigation. This study assessed the relationship between cardiorespiratory fitness and anthropometric variables
among school-going adolescents in Nigeria. Two hundred and fifty apparently healthy participants ranging from
12 to 20 years of age, who were randomly selected, participated in this study. Height, body weight, and body mass
index (BMI) were measured. Cooper’s 12 minutes run/walk test was conducted to assess cardiorespiratory fitness
(estimated by maximal oxygen uptake: VO2max). There was a significant correlation betweenVO2max and BMI. In the
regression model, weight, height, gender, and BMI accounted for ninety-five percent of the total variance in the
participants’ cardiorespiratory fitness. Body weight, height, gender, and BMI were significant predictors of
cardiorespiratory fitness in the school-going Nigerian adolescents.
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INTRODUCTION

The increase in physical activity (PA) levels
has been associated with improved cardiorespi-
ratory status which helps in reducing the risk
factors of non-communicable diseases (NCDs).
Cardiorespiratory fitness (CRF) is the ability to
perform day-to-day bodily work without hurt-
ing the psychosocial health (Victo et al. 2017).
Inadequate or low aerobic fitness is positively
correlated with excessive body weight and inac-
tive lifestyle (Victo et al. 2017). A reduction in
the mean values of cardiorespiratory fitness

among youngsters from a number of nations has
been established, including Brazil and Britain
(Victo et al. 2017). Healthwise, the insufficient
levels of aerobic fitness of youths is linked to
the increase in premature mortality risk caused
mostly by cardiovascular diseases (De Araujo
et al. 2015). Cardiorespiratory fitness could be
seen as an autonomous element of healthiness
throughout the lifecycle, and is known to be
correlated with improvements in both physio-
logical and cognitive functioning (Esmaeilzadeh
et al. 2013).

A number of studies (Bray et al. 2009; Es-
maeilzadeh et al. 2013) have suggested that al-
though cardiorespiratory fitness may be genet-
ic, it can also be affected by environmental fac-
tors. The suggested environmental factors were
PA levels, socio-economic status, prolonged tele-
vision viewing and anthropometric factors (Es-
maeilzadeh et al. 2013). Obesity has been under-
stood to be associated with the increase in blood
pressure level, type 2 diabetes mellitus, hyper-
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lipidaemia, and untimely death (Gonçalves et al.
2015). Anthropometric parameters such as body
mass index (BMI) and waist circumference have
been considered to be strong indicators of total
fat and central obesity in that order (Camhi and
Katzmaryzk 2010; Goncalves et al. 2015).

In spite of the considerable body of evidence
in the literature on risk factors of cardiovascular
disease among adolescents (Esmaeilzadeh et al.
2013; De Araujo et al. 2015; Gonçalves et al. 2015),
relatively few studies have examined the rela-
tionships between cardiorespiratory fitness and
anthropometric variables among school-going
adolescents in Nigeria. Considering that the CRF
testing and anthropometric measurements are
foundational phase for lifestyle-changing inter-
ventions (Andreasi et al. 2010), understanding
the relationships and predictor variables may
inform quick and early intervention in combat-
ing the growing risk factors of non-communica-
ble diseases. Therefore, the main purpose of this
study was to determine the relationship between
CRF and selected anthropometric variables
among school-going adolescents in Nigeria.

METHODOLOGY

Research Design

A descriptive survey design was used to
examine the relationship between CRF and se-
lected anthropometric variables among school-
going adolescents in Nigeria. A descriptive de-
sign is selected because of its high degree of
representativeness and the ease with which a
researcher could obtain participants’ data (Polit
and Beck 2004).

Participants

The population for this study included all
students at 8 public senior secondary schools
in Ife Central Local Government Area of Osun
State, Nigeria. Five secondary schools were ran-
domly selected from eight public senior second-
ary schools available in the area. The stratified
random sampling method was used to select fif-
ty students from each school comprising 25
males and 25 females. In total 250 students (125
males, 125 females), ranging from 12 to 20 years
of age (mean ± SD: 15.2±1.92 years) participated
in this study. All the participants and their par-
ents gave written informed consent before they
were allowed to participate in the study.

Anthropometric Measurements

The participants’ height and body weight
were measured using the standard procedures
described recommended by the International
Society for the Advancement of Kianthropome-
try (ISAK) (Marfell-Jones et al. 2006). Body mass
index (BMI) was calculated as body mass/(stat-
ure)² (kg/m²). It is a simple ratio of weight and
height that reflects body composition, especial-
ly in the diagnosis of obesity.

Measurement of Aerobic Fitness:
Cooper 12- Minute Run/Walk Test

Participants’ CRF was assessed using Coo-
per’s 12 minutes run/walk test. This is a well-
known maximal test of aerobic fitness, in which
the participants try to run and cover as much
distance as they can in 12 minutes. This test can
be modified to be suitable for most populations
as it is a simple test of aerobic fitness that re-
quires less expensive equipment (Cooper 1968).
The Cooper’s test is a genuine and dependable
procedure for which a great group of partici-
pants can be assessed at once with a correlation
of 0.90 between VO2max and the distance cov-
ered in a 12 minutes’ walk/run (Cooper 1968). In
addition, the consistency of the cooper test re-
lied on preparation, pacing strategies and the
level of motivation of the participants.

Measurements Procedure

Preceding the data collection, permission to
carry out the measurements was obtained from
the Ife Central Local Government Education
Authority, Ile Ife, Nigeria, as well as the Post-
graduate Ethics Committee of the Obafemi
Awolowo University, Ile-Ife, Nigeria. In addition,
permission was also sought for and clearance
was received from the school heads, that is, prin-
cipal and game master of each school. The par-
ticipating schools were briefed about the pur-
pose of the study, and the informed consent
forms were signed by the school authorities, the
students and their parents. The physical and
physiological variables were measured in the
following order: anthropometry, and physical fit-
ness. All anthropometric sites were measured
thrice and the average was calculated according
to standard procedures. The Cooper’s 12 min-
utes run/walk test was conducted at the Obafemi
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Awolowo University (OAU) sport complex are-
na to assess CRF as estimated by maximal oxy-
gen uptake (VO2max).

Objects were placed at fixed intervals around
the 400m running track to help in the assess-
ment of completed distances. The participants
were instructed to warm-up for about 10 min-
utes and stretch afterwards before the actual
test commenced. The researchers also organized
the participants in batches to avoid rowdiness
and to allow free movement. Participants ran/
walked constantly for 12 minutes and the dis-
tances covered were documented. Walking was
permitted, nevertheless the participants were
stimulated to drive themselves as hard as they
can. Research assistants were employed to mon-
itor, record laps and distances covered by par-
ticipants. Before the test commenced, partici-
pants were told to stand at the starting point
and start running immediately after the whistle
had been blown. The test administrator called
out the elapsed time on each occasion that they
passed the starting point. The research assis-
tants kept track of the number of laps complet-
ed. At the end of 12 minutes, a whistle was blown
to stop the participants, who also maintained
their location on the track until the administrator
or the research assistants has recorded the end-
ing positions. Thereafter, participants were al-
lowed to walk back and forth to the outside of
the track in order to cool down.

Equation Used for Computation

The BMI (Quetelet’s Index) of each partici-
pant was computed using Lohman’s (1987) equa-
tion: Weight (Kg) / [Height (m)] 2. Cooper 12-
minute run/walk performance of each participant
was computed using Cooper’s (1968) equation:
0.0225 multiplied by meters covered – 11.3.

Validity and Reliability of the Instrument

The validity and reliability of the data collec-
tion instrument were ascertained before data
collection. Because a digital home bathroom
weighing scale (r = 0.968, p<0.001) was used to
assess the participants body weight, the scale
was validated by measuring sets of known
weight on the scale. Pearson moment correla-
tion was used to find the relationship between
the recorded weight value indicated on the
weighing scale and the known weight value.

Furthermore, height was measured with an im-
provised wall ruler (r = 0.875, p<0.001) which
was correlated with a standard ruler. In addition,
the bathroom weighing scale was reset to zero
before each use. Yorkin et al. (2013) have report-
ed that a digital home bathroom weighing scale
offers adequately precise and reliable weights
for public health research. Prompt reset to zero
scale before each use could promote precision
of weight measurements (Yorkin et al. 2013).

Data Analyses

Independent samples t-test was performed
to examine if any significant differences existed
between the variables. Bivariate association be-
tween the CFR and anthropometric measure-
ments were determined with Pearson’s product
correlation coefficient separately for boys and
girls alone, whose data were subsequently com-
bined for further analysis. The correlations were
interpreted using the categorization of Dancey
and Reidy (2004) of which the r-value of ± 1 is
taken as a perfect association, r-values between
± 0.7 to ± 0.9 indicating a strong relationship, r-
values in the range ± 0.4 to ± 0.6 are classified as
moderate relationships, r-values between ± 0.1
to ± 0.3 reflect weak associations and the r-val-
ue of 0 denotes that there is no relationship be-
tween the variables investigated. Multiple lin-
ear regression modeling was used to determine
the relative influence of variables measured (age,
body weight, height, gender, and BMI). Alpha
level was set at 0.05 and data were analysed by
using the Statistical Package for Social Sciences
(SPSS) version 23.0 for Windows (IBM SPSS
Inc., Chicago, IL).

RESULTS

A total of 250 participants, comprising 125
(50%) adolescent boys and 125 (50%) girls par-
ticipated in the study. Participants’ mean age
was 15.1±1.92 years. Boys were insignificantly
taller and older while girls (46.9±8.05 kg/m2) were
non-significantly heavier than the boys
(44.7±10.3 kg/m2). Gender comparisons of these
parameters showed that there were significant
differences in the participants’ BMI and CFR
(<0.05). In terms of BMI girls (19.9±2.71 kg/m2)
had relatively higher mean value, while boys
(VO2max: 44.1±9.17 ml/kg/min) were fitter than the
girls (32.5±6.95 ml/kg/min). Furthermore, there
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was no significant difference in age, height, and
body weight of participants (> 0.05) (Table 1).
The bivariate correlation among the boys re-
vealed that there was no relationship between
VO2max and age (r = -0.034, p >0.05), VO2max and
body weight (r = 0.085, p > 0.05), VO2max and
BMI (r = -0.009, p>0.05), while a non-significant
relationship was found between VO2max and
height (r = 0.142, p>0.05) (Table 2). In girls, there
were little or no relationships between VO2max and
age (r = 0.030, p>0.05), VO2max and body weight
(r = -0.060, p >0.05), VO2max and height (-0.033,
p >0.05), as well as VO2max and BMI (r = -0.056,
p >0.05) (Table 3).

The correlation matrix of the relationship
between CRF and selected anthropometric vari-
ables in both boys and girls revealed that there
were no relationships between VO2max and age
(r = 0.012, p> 0.05), VO2max and weight (r = -0.044,
p >0.05), and VO2max and height (0.097, p > 0.05).
On the other hand, there was an inverse signifi-
cant correlation between VO2max and BMI (r = -
0.169, p <0.01) (Table 4). The results of the mul-
tiple linear regression analysis performed for all
participants to predict VO2max based on their
body weight, height, gender, and BMI are pro-
vided in Table 5. The results showed that every
kilogram change in body weight leads to a high-

Table 1: Physical characteristics of the participants (Mean ± SD) (n=250)

Variables Boys (n=125) Girls (n=125) Total (n=250) p-value

Age (yrs) 15.2±  1.97 15.1± 1.87 15.1± 1.92 0.62
Height (m) 1.54±  0.11 1.53± 0.06 1.53± 0.94 0.53
Weight (kg) 44.7±10.3 46.9± 8.05 45.8± 9.32 0.57
BMI (kg/m²) 18.6±  2.53 19.9± 2.71 19.3± 2.71 0.00*

PVO2max (ml/kg/min) 44.1±  9.17 32.5± 6.95 38.3± 9.98 0.00*

* Significant p < 0.05; PVO2max; predicted maximum oxygen consumption
BMI; body mass index, Yrs.; years, kg; kilogram, m; meter, kg/m2; kilogram per meter square, ml/kg/min; millilitre
per kilogram per minutes, n; number

Table 2: Correlation matrix showing the relationship between cardiorespiratory fitness and selected
anthropometric variables in boys (n=125)

Variables                       Age (Yr.)            Weight (kg)          Height (m) BMI (kg/m²)  PVO2 max (ml/kg/min)

Age (yrs) 1.00
Weight (kg) 0.243** 1.00
Height (m) 0.177* 0.856** 1.00
BMI (kg/m²) 0.280** 0.783** 0.368** 1.00
PVO2max (ml/kg/min) -0.034 0.085 0.142 -0.009 1.00

**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
PVO2max; predicted maximum oxygen consumption
BMI; body mass index, Yrs.; years, kg; kilogram, m; meter, kg/m2; kilogram per meter square, ml/kg/min; millilitre
per kilogram per minutes

Table 3: Correlation matrix showing the relationship between cardiorespiratory fitness and selected
anthropometric variables in girls (n=125)

Variables       Age (Yr.)             Weight (kg)        Height (m)  BMI (kg/m²) PVO2 max (ml/kg/min)

Age (yrs) 1.00
Weight (kg) 0.303** 1.00
Height (m) 0.163 0.624** 1.00
BMI (kg/m²) 0.296** 0.881** 0.198* 1.00
PVO2 max (ml/kg/min) 0.030 -0.060 -0.033 -0.056 1.00

**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
PVO2max; predicted maximum oxygen consumption
BMI; body mass index, Yrs.; years, kg; kilogram, m; meter, kg/m2; kilogram per meter square, ml/kg/min; millilitre
per kilogram per minutes
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er significant decrease in VO2max by 0.5 ml/kg/
min. This means that the higher the body weight,
the lower the VO2max. Also, every centimetre
change in height leads to higher significant in-
crease in VO2max by 39 ml/kg/min. This means
that the more increase in height, the higher the
VO2max. Furthermore, the results showed that
female gender is associated with higher signifi-
cant reduction in VO2max by 11.4 ml/kg/min as
compared to male gender (where gender is cod-
ed as 1 = male and 2 = female). In contrast, every
kilogram per meter square (kg/m²) change in BMI
is associated with a higher significant increase
in VO2max by 0.9 ml/kg/min. The generalised equa-
tion used to predict VO2max from weight, height,
gender, and BMI was: Predicted VO2max = 39.012
(height) + 0.945 (BMI) -11.438 (gender: 1 = men,
2= women) – 0.498 (weight) obtained from coef-
ficients table. The variable significantly predict-
ed VO2max, F(4, 246) = 1421.123, p < 0.001, R2 =
0.959 at p < 0.05. Therefore, body weight, height,
gender, and BMI were significant predictors of
VO2max.

DISCUSSION

The primary purpose of this study was to
determine if any relationship existed between
the cardiorespiratory fitness and selected an-

thropometric variables among school-going ad-
olescents in IIe-Ife, Nigeria. The physical char-
acteristics of the participants of this study
showed that the mean BMI was normal for both
the school boys and girls as proposed by the
World Health Organization Expert Consultation
(WHO 2004). The major findings of this study
were that the mean value for VO2max was higher
in boys than girls. These findings are consis-
tent with those of several previous studies (Os-
tojic et al. 2011; Heroux et al. 2013; De Araujo et
al. 2015; Demirkan et al. 2016; Tanha et al. 2016)
which found a higher VO2max mean value in boys
compared to girls. The most important factor that
may contribute to superior VO2max values are
lean body mass, maximum heart rate, and gender
(Demirkan et al. 2016). Gender wise, it has been
reported that during puberty, VO2max in girls in-
creases slowly compared to boys of the same
age (Woll et al. 2011; Demirkan et al. 2016). There-
fore, physiological changes and differences at
this crucial time of sexual maturation among gen-
ders might influence CRF (Demirkan et al. 2016).

The results of this study also showed that
the Nigerian girls had a significantly higher BMI
than the boys. Similar findings have been re-
ported in studies conducted by Ostojic et al.
(2011), Monyeki et al. (2012), Minasian et al.
(2014), De Araujo et al. (2015) and Tanha et al.
(2016) which found a higher BMI in girls com-
pared to boys of the same age. This finding can
be explained in the light of rapid changes in body
composition during sexual maturity often char-
acterised by increased fat mass for girls (Pate et
al. 2006; De Araujo et al. 2015). At this stage, the
VO2max is inversely related to BMI coupled with
other serum lipid factors (Lamonte et al. 2005).
Regardless of the observed gender differences
observed in the present study, it should be not-
ed that the participants’ BMI values were within

Table 4: Correlation matrix showing the relationship between cardiorespiratory fitness and selected
anthropometric variables in both boys and girls (n=250)

Variables          Age (Yr.)       Weight (kg)    Height (m) BMI (kg/m²) PVO2 max (ml/kg/min)

Age (yrs) 1.00
Weight (kg) 0.261** 1.00
Height (m) 0.167** 0.766** 1.00
BMI (kg/m²) 0.271** 0.816** 0.270** 1.00
PVO2 max (ml/kg/min) 0.012 -0.044 0.097 -0.169** 1.00

** = Correlation is significant at the 0.01 level (2-tailed).
PVO2max; predicted maximum oxygen consumption
BMI; body mass index, Yrs.; years, kg; kilogram, m; meter, kg/m2; kilogram per meter square, ml/kg/min; millilitre
per kilogram per minutes

Table 5: Multiple linear regression analysis to
predict cardiorespiratory fitness and selected
anthropometric variables

Variables          Co-efficient (â)      P-value

Weight (kg) -0.498 <0.001
Height (m) 39.012 <0.001
Gender -11.438 <0.001
BMI (kg/m²) 0.954   0.001

R square = 0.959; adjusted R square = 0.958
P<0.05
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the normal range proposed by the World Health
Organisation (WHO).

The bivariate correlation analysis performed
to examine whether any relationship existed be-
tween CRF and selected anthropometric vari-
ables among the students revealed that there
was no relationship between the VO2max and the
participants’ age. Anderssen et al. (2007) ob-
served the relationship between aerobic fitness
and CVD risk in randomly selected 2845 youth,
aged 9 or 15 years from three European coun-
tries (Portugal - n= 944, Denmark - n= 849, and
Estonia - n = 1052), and found that though car-
diorespiratory fitness was strongly associated
with the CVD risk factors in youth, but it was
independent of country, age, and gender.

Furthermore, there were no relationships
between the VO2max  and body mass, and VO2max
and height of the participants in our study. This
result contrasts with those of Rutenfranz et al.
(1990) and Chatterjee et al. (2006) who found an
association between the body height and VO2max
of 129 children aged 8-20 years. In another study
conducted in Kolkata, India which examined the
prediction models for maximal oxygen uptake
from age, body mass and body surface area
(BSA) in young sedentary sample, aged between
20 and 24 years (males: n=40; females: n=40) re-
vealed that there was a significant correlation
between the participants’ body weight and
VO2max  (Chatterjee et al. 2006).

The present findings also showed no asso-
ciation between the body weight and VO2max , as
well as height and VO2max. This may be as a re-
sult of the age variations and inter-individual
differences during adolescence, because VO2max

increment during adolescence could primarily
be determined by changes in body weight (PaRiz-
kova and Bunc 1987). There was an inverse sta-
tistically strong relationship between BMI and
VO2max  of the participants of this study. This
finding is consistent with the previous findings
which indicated statistically significant correla-
tions between BMI, waist circumference, and
VO2max  were (Napradit and Pantaewan 2009; Set-
ty et al. 2013; Pramadita et al. 2014; De Araujo et
al. 2015).

In a cross-sectional study consisting of 2419
school teenagers aged 12 years old, living in a
southern Taiwan county, it was reported that
the BMI and PA were significantly associated
with cardiorespiratory fitness levels (Hsieh et
al. 2014). Despite this relationship, it is impor-

tant to understand that a high BMI is usually
associated with low aerobic capacity (De Arau-
jo et al. 2015). Therefore, youth with a normal
BMI generally possess better CRF levels than
those who are underweight, overweight, or
obese (Hsieh et al. 2014).

Findings from the multiple linear regression
analysis showed that the independent variables
(weight, height, gender, and BMI) significantly
predicted VO2max  of the participants studied.
Results of this model determined for BMI sup-
port the finding of Culbertson et al. (2008) which
showed BMI to be a significant predictor of
VO2max  in the United States. Furthermore, previ-
ous studies have also found BMI to be a greater
predictor of VO2max , particularly in women (Cul-
bertson et al. 2008; Dagan et al. 2013). Spartali et
al. (2014) also reported that BMI is a predictor of
physical performance in terms of VO2max among
868 male Hellenic Army Academy cadet with an
average age of 19.9±1.6 years in Greece.

Gender was found to be a predictor of VO2max
in the current study. This finding mimics that of
Santos et al. (2011) in which age and gender
were significant predictors of VO2max . In the
study of Vehrs et al. (2007) where gender, age,
body mass, steady-state heart rate, and jogging
speed (mph) were included as independent vari-
ables in a multiple linear regression model, to
predict VO2max , it was found that gender was a
significant predictor of VO2max. Furthermore, the
researchers’ findings also showed that body weight
(Chatterjee et al. 2006; Vehrs et al. 2007), and height
(Chatterjee et al. 2006) were significant predictors
of VO2max  among the studied sample.

CONCLUSION

From this present study, it could be conclud-
ed that body weight, height, gender, and BMI
are good predictors of CFR in school-going ad-
olescents. Additionally, among other predictor
variables, height was found to be the highest
predictor of CFR.

RECOMMENDATIONS

Based on the findings of this study, the equa-
tion established is suggested as dependable,
usable, and appropriate to predict VO2 max in
the Nigerian sample studied. Future studies on
Nigerian children should cross-validate the pre-
diction equation proposed in this study in order
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to confirm its accuracy and applicability in sim-
ilar contexts.
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