COPYRIGHT© 2020 EDIZIONI MINERVA MEDICA

© 2018 EDIZIONI MINERVA MEDICA
Online version at http://www.minervamedica.it

Gazzetta Medica Italiana - Archivio per le Scienze Mediche 2020 January-February;179(1-2):1-6
DOI: 10.23736/S0393-3660.18.03955-4

ORIGINAL ARTICLE

Relationship between aerobic fitness

and cardiometabolic disease risk
in South African children

Violet K. MOSELAKGOMO ! *, Abel L. TORIOLA 2, Sunday O. ONAGBIYE 3

ICentre for Biokinetics, Recreation and Sports Science, University of Venda, Thohoyandou, South Africa;
2Department of Sport, Rehabilitation and Dental Sciences, Tshwane University of Technology, Pretoria, South
Africa; 3School of Public Health, University of the Western Cape, Cape Town, South Africa

*Corresponding author: Violet K. Moselakgomo, Centre for Biokinetics, Recreation and Sports Science, University of Venda, Tho-
hoyandou, South Africa. E-mail: violetmoselakgomo@yahoo.com

ABSTRACT

BACKGROUND: This study investigated the relationship between the aerobic capacity (VO, ) and cardiometabolic
disease (CMD) risk in South African children and adolescents.

METHODS: A total of 1361 (boys: N.= 678; girls: N.=683) primary school children (Mean age: 10.9+1.28 years),
whose parents gave signed informed consent, participated in the study. Anthropometric (height, weight, circumference
of the hip and waist), physiological [systolic blood pressure (SBP); diastolic blood pressure (DBP)], and cardiorespira-
tory fitness (CRF) [(20-meters Multistage Shuttle Run (MSR)] measurements were taken using standardised protocols.
To examine the relationship between aerobic fitness and CMD risk factors, bivariate correlation analysis was under-
taken.

RESULTS: Boys had significantly higher VO, (25.8+6.79) compared to girls (21.9+6.95) (P<0.05). There were low
negative correlations between VO, and BMI (1=-0.054, P=0.04), WHR (r=-0.110, P<0.001) and WH{R (r=-0.055,
P=0.041), while DBP (r=0.097, P<0.001) yielded low positive association. Multiple linear regression analyses also
showed that BMI ($=-0.165, P=0.000), SBP ($=-0.066, P=0.03), DBP ($=0.132, P=0.000), WHR (=-0.182, P=0.000),
and WHIR (3=-0.118, P=0.012) significantly predicted VO, c,y.

CONCLUSIONS: Cardiometabolic disease risks could be a significant predictor of acrobic fitness among South African
children.

(Cite this article as: Moselakgomo VK, Toriola AL, Onagbiye SO. Relationship between aerobic fitness and cardiometabolic
disease risk in South African children. Gazz Med Ital - Arch Sci Med 2020;179:1-6. DOI: 10.23736/S0393-3660.18.03955-4)
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lobally, there is consensus that cardiometa-

bolic disease (CMD) has its roots in child-
hood and adolescence.! Cardiometabolic disease
could also be a risk for heart disease throughout
the lifespan.2 It has been suggested that a large
number of children display one or more CMD
risk indicators which could continue into later
life.3 Central obesity has been known to be one
of the main causes of CMD risk.2 In South Af-
rica, childhood obesity continues to rise, and cur-

Vol. 179 - No. 1-2

rently stands at thirteen percent which is more
than twice the worldwide average of five per-
cent.4 This is coupled with low levels of aerobic
fitness emanating from physical inactivity, there-
by causing an increase in the risk of emerging
vascular disease and metabolic disorders.3 Fur-
thermore, the reduced levels of aerobic capacity
among the youth have suggested that many chil-
dren could be at risk of having CMD.3

Aerobic fitness has been recognised as a valu-
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able indicator of fitness and health status of
which its low level is associated with increase
mortality rate.57 In addition to obesity, hyper-
glycemia, hypertension, insulin resistance, dys-
lipoproteinemia are other factors, which could
increase CMD risk.2 In spite of this evidence,
studies on the relationship between the aerobic
capacity and CMD risk in South African chil-
dren and adolescents have hardly been reported
in the literature. Given the fact that many South
African children do not have ample opportunity
to participate in Physical Education activities8
as it is poorly taught in schools, it is assumed
that they could have low levels of aerobic fitness.
Therefore, this study examined the relationship
between aerobic capacity and CMD risk in a co-
hort of South African children and adolescents.

Materials and methods
Research design and sample

Cross-sectional and descriptive design was used
to assess anthropometric characteristics, aero-
bic fitness and CMD risk in targeted samples
of school children in the Limpopo and Mpuma-
langa provinces of South Africa. Specifically, a
total of 1361 (boys: N.=678 and girls: N.=683)
aged 9-12 years who were randomly selected
from eight schools in each of the Limpopo (LP)
(N.=708) and Mpumalanga (MP) (N.=653) prov-
inces participated in the study. The children’s
ages were verified from class registers at each
school.

Ethical considerations

The study was approved by the Ethics Sub-
committee of the Faculty of Health Sciences,
North-West University, South Africa (Ethics ap-
proval number - NWU-00088-12-S1), and other
relevant provincial regulatory bodies. Preceding
the data collection, approval to conduct the study
was also granted by Provincial Heads of Depart-
ment of Education and District Managers for the
Department of Basic Education in Limpopo and
Mpumalanga Provinces. In addition, informed
consent forms were distributed to head teachers,
children and their parents or guardians who also
endorsed the research.
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Anthropometric measurement

Height, body weight, and body circumferences
(waist and hip) were measured according to the
protocol of the International Society for the Ad-
vancement of Kinanthropmetry (ISAK).? Height
was measured to the nearest 0.1 cm in bare feet
with participants standing upright against a
mounted stadiometer. A portable digital weigh-
ing (Tanita HD 309, Creative Products, MI,
USA) scale calibrated after 20 successive mea-
surements to the nearest 0.1 kg was used to as-
sess body mass with participants lightly dressed.
Body composition indices including body mass
index (BMI) [weight (in kg) divided by height
squared (in centimeters], waist-to-height ra-
tio (WHtR) (waist circumference divided by
height, both measured in the same units), and
waist-to-hip ratio (WHR) (calculated by divid-
ing the waist girth by hip circumference) were
subsequently computed from height and weight,
waist and height, and waist-to-hip ratio, respec-
tively.

Blood pressure

Blood pressure (BP) was measured using elec-
tronic blood pressure monitor with cuff designed
for children (Omron HEM-705 CP devices, To-
kyo, Japan). The standardised guidelines of the
National Heart, Lung, and Blood Institute/the
National High Blood Pressure Education Pro-
gramme (NHLBI/NHBPEP)!0 were applied for
the BP measurements to determine potential
health risk factors and examine the relationship
between PA and BP among children. BP values
between 90t and 95% percentiles in childhood
are labelled as “high normal” or “prehyperten-
sive,” and are an indication for lifestyle modifi-
cation. Based on these guidelines, the readings
at the first and third BP monitors were taken as
systolic blood pressure (SBP) and diastolic blood
pressure (DBP), respectively.

Aerobic capacity

Aerobic capacity was determined indirectly by us-
ing 20-meters Multistage Shuttle Run (MSR). The
20m MSR test was administered in accordance
with the procedures of the study by Paradisis et
alll, except for the temperature, which ranged
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from between 24-27° C. Based on the children’s
MSR data, their aerobic capacity scores were de-
termined.

Statistical analysis

The participants’ data were analysed using de-
scriptive statistics, i.e. means and standard de-
viations. Bivariate association between the aero-
bic fitness and CMD variables were determined
with Pearson’s product correlation coefficient
separately for boys and girls, whose data were
subsequently combined for further analysis.
Multiple linear regression modelling was used
to determine the relative influence of CMD risk
factors (age, body weight, height, gender, blood
pressure, BMI, WHtR and WHR) in predicting
aerobic capacity among the children. All statisti-
cal analyses were conducted with the Statistical
Package for the Social Sciences (SPSS), version
21.0. A probability level of 0.05 or less (P<0.05)
was taken to indicate significance.

MOSELAKGOMO

Results

The descriptive characteristics of the participants
are presented in Table I. The correlation matrix
showing the relationship between aerobic fitness
and CMD risks are presented in Table II. Girls
(11.1+1.29) were significantly older than boys
(10.8£1.27), while the boys (35.3£9.66) were
significantly heavier than the girls (33.6+8.68).

Girls had significantly higher WHR
(0.83+0.04) and WHtR (0.42+0.03) than boys,
while the boys possessed significantly higher hip
circumference, BMI, body weight, SBP, DBP,
and PVO,,,,, (P<0.05) than girls.

There were significant relationships between
aerobic fitness and BMI (r=-0.054; P=0.04),
WHR (r=-0.110; P<0.001), WHtR (r=-0.055;
P=0.04), and DBP (r=-0.097; P<0.001). Simi-
larly, insignificant inverse relationship was
found between aerobic fitness and SBP (r=-0.007
(P>0.05) among the children.

TABLE L.—Physical characteristics of the participants (mean+SD) (N.=1361).

Variables Boys (N.=683) Girls (N.=678) Total (N.=1361) P value
Age (yr.) 10.8+1.27 11.1£1.29 10.9+1.28 0.006*
Height (cm) 140.1+£9.94 139.14£9.16 139.6+9.58 0.051*
Weight (kg) 35.3£9.66 33.6+8.68 34.4+9.22 0.001*
BMI (kg/m?2) 17.74£3.43 17.2+£3.25 17.4+3.35 0.004*
Waist (cm) 58.6+£7.57 58.7+5.89 58.7+£6.79 0.65

Hip (cm) 74.3£9.93 70.6+7.54 72.5£9.01 0.000*
WHR 0.79+£0.04 0.83+0.04 0.81+0.05 0.000*
WHR 0.41£0.04 0.42+0.03 0.42+0.04 0.032%*
SBP (mmHg) 113.6£13.5 110.2+13.2 111.9+13.5 0.000*
DBP (mmHg) 78.3£12.7 76.7£13.4 77.5€13.0 0.035*
PVO,,.x (ml/kg/min) 25.9+6.79 21.946.95 23.947.14 0.000*

* Significant P<0.03; PVO,eq: predicted peak maximum oxygen consumption; BMIL: Body Mass Index; Yrs.: years; kg: kilogram; cm:
centimeter; kg/m2: kilogram per meter square; ml/kg/min: millilitre per kilogram per minutes; n: number; WHtR: waist-to-height ratio; SPB:
systolic blood pressure; DBP: diastolic blood pressure; mmHg: millimetres of mercury.

TABLE Il.—Correlation matrix showing the relationship between the aerobic fitness and cardiometabolic disease
risks in children (N.=1361).

Variables

BMI (kg/m?) WHR WHtR SBP (mmHg) DBP (mmHg) PVO, ., (ml/kg/min)
BMI (kg/m?2) 1.00
WHR 0.155%* 1.00
WHR 0.676%* 0.355%* 1.00
SBP (mmHg) 0.241%** -0.109%* 0.368** 1.00
DBP (mmHg) 0.140%** 0.025 0.111%* 0.440%** 1.00
PVO,e (ml/kg/min) -0.054 -0.110 -0.055* -0.007 -0.097** 1.00

**Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed); PVO, ., predicted peak
maximum oxygen consumption; BMI; body mass index, kg/m?; kilogram per meter square, ml/kg/min; millilitre per kilogram per minutes,
mmHg; millimetres of mercury
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TABLE lIl.—Multiple linear regression analysis to pre-
dict aerobic fitness and CMD risks variables in chil-
dren.

Variables Coefficient (B) P value
BMI (kg/m?2) -0.352 <0.001
WHR -24.080 <0.001
WHtR 21.035 0.012
SBP (mmHg) -0.035 0.030
DBP (mmHg) 0.072 <0.001

R square =0.036; adjusted R square =0.032; P<0.05.

The results of the multiple linear regression
analysis are provided in Table III. It was re-
vealed that every kilogram per meter square (kg/
m,) change in BMI is associated with a higher
significant decrease in VO, peak by -0.352 ml/
kg/min (P<0.01). Similarly, every unit increase
in WHR is associated with a higher significant
decrease in VO, peak by -24.080 ml/kg/min
(P<0.01). Furthermore, every unit increase in
WHIR is associated with a significant increase in
VO, peak by 21.035 ml/kg/min (P<0.05). The re-
sults also showed that every unit increase in SBP
is associated with a significant decrease in VO,
peak by -0.035 ml/kg/min (P<0.05), while every
unit increase in millimetres of mercury of DBP
is associated with higher significant increase in
VO, peak by 0.072 ml/kg/min (P<0.01). The
following generalised equation was utilised to
predict VO, peak from BMI, WHR, WHtR, SBP
and DBP: VO, peak = 21.035 (WHtR) + 0.072
(DBP) -24.080 (WHR) -0.352 (BMI) -0.035
(SBP). The variables in combination signifi-
cantly predicted VO, peak, F(s 1355) = 493.614,
P<0.0001, R?=0.036 at P<0.05. Therefore, BMI,
WHR, WHtR, SBP and DBP were significant
predictors of VO, peak.

Discussion

This study examined the relationship between
the aerobic capacity and CMD risks in South
African children. It has been reported that a po-
tential information on cardiorespiratory fitness
as predictors of cardiometabolic syndrome oc-
currence is scarce.!2 Few studies, if any, have ex-
amined the relationship between the incidence of
cardiorespiratory fitness and CMD risks in South
African children. However, low aerobic capacity
has been understood to be a major risk for car-

N
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diometabolic syndrome, which has its origin in
childhood and usually progresses into adulthood
if not controlled. On the other hand, the higher
the cardiorespiratory fitness, the lower the inci-
dence of CMD.

The results of this study showed that boys had
significantly higher VO,,.,, compared to their girl
counterparts. A similar finding was reported by
Lintu et al.!3 who examined the cardiorespiratory
fitness, respiratory function and hemodynamic
responses to maximal cycle ergometer exercise
test in boys and girls aged 9—11 years, and found
that boys had superior cardiorespiratory fitness
(CFR) scores than girls. Minatto ef al.l4 who
studied the health-related physical fitness in Bra-
zilian adolescents aged 10-17 years also found
CRF to be better in boys than girls. Several other
studies have also found CRF to be higher in boys
compared to girls.t 15-17 The low levels of aerobic
capacity in girls could be attributed to low levels
of their involvement in physical activity.l6

In this study, a significant inverse relationship
was observed between CRF and BMI. This cor-
roborates the findings of previous studies, which
also indicated a significant relationship between
CRF and BMI in school-going children and ado-
lescents.o 17-19 Studies have also shown that the
higher the BMI values, the lower the CRF sta-
tus.6 17, 19 That is, individuals whose BMI falls
within 18.5 to 24.9 seem to have a good CRF level
compared to other weight categories.® Abdominal
obesity, commonly known as waist-to- hip ratio,
has been regarded as a risk factor for long-lasting
illnesses.20 Our findings revealed a significant
inverse correlation between CRF and WHR in
children. These findings contradict those of Frei-
tas Junior et al.2! and Sarpong?2 which indicated a
positive correlation between the CRF and WHR.

Waist-to-height ratio is regarded as one of the
major anthropometric indices that could be used
to screen children for CMD risk.23 Other studies
have also shown that waist-to-hip ratio was sig-
nificantly associated with the cardiorespiratory
fitness indices.5 Based on Misra et al., it is as-
sumed that the higher value of BMI, WHR, SBP
and DBP could be accountable for the reduction
in CRF level in South African children, more
especially those with excessive body fatness.
However, it has been reported that improved fit-
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ness levels could enhance better SBP and DBP
which could postpone the onset of rising blood
pressure.24 Findings for BMI support those of
Onagbiye et al.¢ in which BMI was found to be
a good predictor of CRF among school-going
adolescents aged 12 to 20 -year old. The find-
ings in the present study also showed a signifi-
cant inverse relationship between the WHtR and
CREF. This finding corroborates that of Cooper2’
who found WHIR ratio to be correlated with car-
diorespiratory fitness in children. The current
study also revealed a significant inverse correla-
tion between CRF and DBP, although, a small
insignificant relationship between CRF and SBP
was observed. These findings are contrary to the
report of Klasson-Heggebg ef al.2¢ that indicated
a significant relationship between cardiorespira-
tory fitness and SBP in 9- and 15- year-old Eu-
ropean youths.

Results from multiple linear regression analy-
sis revealed that independent variables (BMI,
WHR, WHtR, SBP and DBP) significantly pre-
dicted VO, peak in the studied population. Fur-
thermore, in our study, WHtR was found to be a
good predictor of CRF in children. Consequent-
ly, an increase in WHR was associated with an
increase in CFR.24 In general, results of the pres-
ent study showed that CMD risk factors could
have undesirable influence on aerobic capacity in
children and adolescents.

Limitations of the study

The results of this study should be treated with
caution as the sample used might not exactly
represent the entire population of South African
children. The sample used in this study were from
a low socio-economic background, which limits
the generalizability of the findings. Furthermore,
BMI as a major limitation of this study, might not
represent the real body fat percentage of the chil-
dren. However, the strength of the study lies in
the fact that the results could create an awareness
to increase the level of CRF in in order to lower
CMD risk among South African youths.

Conclusions

Cardiometabolic disease risks could be a sig-
nificant predictor of aerobic fitness among South
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African children. The decreased levels of CRF
among South African children should necessitate
intervention targeted at increasing aerobic fitness
status and improve healthy lifestyle among the
children.
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