Original research

Association between physical activity,
cardiorespiratory fitness and clustered
cardiovascular risk in South African
children from disadvantaged
communities: results from a
cross-sectional study
Ivan Müller ,1 Cheryl Walter ,2 Rosa Du Randt ,2 Ann Aerts ,3
Larissa Adams ,2 Jan Degen ,1 Stefanie Gall ,1 Nandi Joubert ,4,5
Siphesihle Nqweniso ,2 Sarah Des Rosiers,3 Danielle Smith ,2 Harald Seelig
Peter Steinmann ,4,5 Christina Wadhwani ,6 Nicole Probst-Hensch ,4,5
Jürg Utzinger ,4,5 Uwe Pühse ,1 Markus Gerber 1
To cite: Müller I, Walter C, Du
Randt R, et al. Association
between physical activity,
cardiorespiratory fitness and
clustered cardiovascular risk in
South African children from
disadvantaged communities:
results from a cross-sectional
study. BMJ Open Sport &
Exercise Medicine 2020;0:
e000823. doi:10.1136/
bmjsem-2020-000823

Accepted 25 August 2020

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.
For numbered affiliations see
end of article.
Correspondence to
Ivan Müller;
ivan.mueller@unibas.ch

ABSTRACT
Background/Aim Physical inactivity (PIA) is a growing
global health problem and evidence suggests that PIA is
a key driver for cardiovascular and chronic diseases.
Recent data from South Africa revealed that only about
half of the children achieved recommended daily
physical activity (PA) levels. Assessing the intensity of
PA in children from low socioeconomic communities in
low-income and middle-income countries is important
to estimate the extent of cardiovascular risk and overall
impact on health.
Methods We conducted a cross-sectional survey in
eight quintile 3 primary schools in disadvantaged
communities in the Port Elizabeth region, South Africa.
Children aged 10–15 years were subjected to PA, blood
pressure, cholesterol, blood glucose and skinfold
thickness assessments. Cardiovascular risk markers
were converted into standardised z-scores and
summed, to obtain a clustered cardiovascular risk
score.
Results Overall, 650 children had complete data records.
40.8% of the children did not meet recommended PA
levels (ie, logged <60 min of moderate-to-vigorous
physical activity (MVPA) per day). If quartiles were
developed based on children’s cardiorespiratory fitness
(CRF) and MVPA levels, a significant difference was found
in clustered cardiovascular risk among children in the
highest versus lowest fitness (p<0.001) or MVPA
(p<0.001) quartiles.
Conclusions CRF and objectively assessed PA are closely
linked with children’s clustered cardiovascular risk. Given that
4 out of 10 South African schoolchildren from marginalised
communities do not meet international PA recommendations,
efforts should be made to ensure that promoting a physically
active lifestyle is recognised as an important educational goal
in primary schools.
Trial registration numbers ISRCTN68411960 and H14HEA-HMS-002.

,1

What are the new findings?
► Here, we present physical activity and cardiorespiratory

fitness profiles among 10-year-old to 15-year-old
children from disadvantaged communities in South
Africa.
► We found that when quartiles were formed based on
children’s cardiorespiratory fitness or moderate-tovigorous physical activity levels, there was a clear
gradient of decreased clustered cardiovascular risk
among children with higher fitness or higher
moderate-to-vigorous physical activity levels.

How might it impact on clinical practice in the
future?
► The findings of our study emphasise the importance of

a physically active lifestyle and call for action to
address these issues in underserved communities
and schools such as those in the townships of Port
Elizabeth.
► There is a pressing need to design policies and
create environments that allow children to achieve
international physical activity recommendations.
Since the cardiovascular risk of children living in
marginalised communities depends on various
lifestyle factors, longitudinal and comprehensive
monitoring is also required.

INTRODUCTION
Sedentary lifestyle and physical inactivity
(PIA) are growing global health issues and
evidence suggests that PIA is a key driver for
cardiovascular and chronic diseases.1 At
a global scale, the prevalence of obesity
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increased at an alarming rate from 0.9% in girls and 0.7%
in boys in 1975 to 7.8% in girls and 5.6% in boys in 2016.2
Recognising the negative public health consequences of
a sedentary lifestyle encouraged new research to investigate and promote public health interventions to improve
physical activity (PA).3–6 The first PA guidelines for children were published in 1988.7 At present, children aged
5–17 years are advised to pursue moderate-to-vigorous
physical activity (MVPA) for at least 60 min per day.8
The current and projected PA levels for low socioeconomic status (SES) communities are worse in lowincome and middle-income countries (LMICs), compared to more affluent populations in LMICs.9 10
In low socioeconomic communities in South Africa,
unsafe neighbourhoods and poor school facilities typically offer children no or only limited opportunities to
play and be active.11 Hence, we hypothesise that
a considerable portion of South African children from
poor neighbourhoods will not meet the recommended
PA guidelines. For instance, in 2018, only around half of
South African children were reported to have achieved
daily PA recommendations.12 In order to estimate the
health impacts of insufficient PA in children from lower
socioeconomic communities, it is necessary to examine
their cardiovascular disease risk factors.13
We designed a cross-sectional study in the Port Elizabeth region in South Africa with the following aims. First,
we described the cardiovascular health risk, PA behaviour
and cardiorespiratory fitness (CRF) levels of children
attending primary schools in lower socioeconomic communities. Second, we examined differences in these variables dependent on children’s age, sex, SES and
ethnicity. Third, we investigated whether PA and CRF
are independently associated with a composite measure
of children’s cardiovascular health risk.
METHODS
Study setting
The study was conducted in eight quintile 3 primary
schools located in disadvantaged communities in and
around Port Elizabeth, South Africa. It should be noted
that South African schools are ranked into five quintile
groups in accordance with the national poverty table, and
based on the income levels, dependency ratios and literacy rates in a specific area.14 The procedures to select
the schools for this study have been described in the study
protocol.15
Participants’ involvement and procedures
The current investigation is based on cross-sectional data
from the 2-year follow-up of the ‘Disease, Activity and
Schoolchildren’s Health’ (DASH) study. DASH, a clusterrandomised controlled trial, implemented different
school-based health interventions (ie, PA promotion,
health education, deworming and nutritional supplementation) over a period of 20 weeks in order to improve
children’s health status. Children were eligible for inclusion if they assented, did not simultaneously participate in
2

other clinical trials during the study period and did not
suffer from medical conditions (as determined by qualified clinical personnel) that prevented participation.
Written informed consent was obtained from parents/
legal guardians before the first data assessment and after
sharing detailed written and oral information about the
study’s aims, procedures, risks and benefits. The study
protocol was approved by the responsible ethics committees in South Africa and Switzerland. Approval was also
obtained from South Africa’s Eastern Cape Provincial
Departments of Education and Health.
Participants were not directly involved in the design of
the study presented here. However, the development of
the research questions, study procedures and outcome
measures were informed by participants’ experience,
needs and preferences, as expressed in the formal meetings arranged with education authorities, where these
matters were discussed. Caregivers (eg, parents and guardians of participating children) and lay people (eg, education authorities) were involved in the recruitment to
and conduct of the study. Recruitment commenced in
September 2014, baseline assessment was done in February 2015 and 2-year follow-up data were obtained in February and March 2018. At baseline, all children (n=1009)
were in grade 4 and their age ranged between 8 and
13 years. The present study included 650 children who
had complete data records at follow-up; hence, the children’s age ranged from 10 to 15 years. At school level, our
research team, together with the Department of Health,
disseminated the main findings.
Measures
Blood pressure was assessed with a validated oscillometric
digital blood pressure monitor (Omron M6 AC, Hoofddorp, Netherlands). Three measurements were performed, and the mean of the last two measurements
were employed as indicators of systolic and diastolic
blood pressure. Using a Harpenden skinfold calliper
(Baty International, West Sussex, UK), skinfold thickness
was assessed three times at triceps and subscapular skinfold sites. The mean of all six measurements was taken as
the overall skinfold thickness index.16 Capillary blood
sampling was used to assess blood markers for cardiovascular risk, using the Alere Afinion AS100 analyser (Abbott
Technologies, Abbott Park, Illinois, USA). Total cholesterol, high-density lipoprotein (HDL) cholesterol, lowdensity lipoprotein (LDL) cholesterol, triglycerides and
blood glucose (HbA1c) were assessed using fasting capillary blood samples.17 Evidence of the clinical utility and
accuracy of this fingerstick technology has been described
previously.18
To objectively assess children’s PA, children wore
a light triaxial accelerometer device (ActiGraph wGT3XBT, Pensacola, Florida, USA) for 7 consecutive days. Evidence for the validity and reliability of this device has
been published.19 Children were instructed to wear the
accelerometer around the hip, except for activities that
involved contact with water. Data were recorded at
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a sample rate of 30 Hz. Analysis was performed with
ActiLife software version 6.13.2, using raw data set to
epochs of 10 s. Non-wear time was determined using the
algorithm defined by Troiano and colleagues.20 Children’s data were considered valid if the accelerometer
was worn for at least 8 hours a day, on 4 weekdays and 1
weekend day.21 22 Furthermore, data were restricted to
the period between 06:00 and midnight, hence 18 hours
per day. Using the cut-points for children defined by
Evenson, we considered time spent sedentary, and in
light physical activity (LPA), moderate physical activity
(MPA) and vigorous physical activity (VPA).23 MPA and
VPA were summed up to generate an overall index for
MVPA. For all PA indices, results are reported in
min/day.
Based on a standardised test protocol, children’s CRF
was assessed with the 20 m shuttle run test, with a starting
pace of 8 km/h. Based on the number of completed laps,
children’s maximum oxygen uptake (VO2 max) was estimated, using a standard protocol.24 25 Evidence for the
reliability and validity of the 20 m shuttle run test has been
reported.26
Statistical analysis
Descriptive statistics for all study variables are reported
for the total sample. In the case of severe non-normality
(skewness and kurtosis values of ≥ |2| and ≥ |7|, respectively), measured values were log-transformed (natural
log) before calculating inferential statistics.27 Univariate
analyses of variance (ANOVAs) were performed to examine differences based on children’s age, sex, SES and
ethnicity. χ2 tests were carried out to examine whether
based on children’s age, sex, SES and ethnicity, some
children were over-represented/under-represented in
the group that did not meet current PA standards. Additionally, a series of linear regression analyses were performed to determine whether and to what extent PA and
CRF might predict the various cardiovascular risk markers. Since ANOVAs revealed significant differences
(p<0.05) between schools in most of the study variables,
we used mixed linear regression with random intercepts
for school classes to account for the nested nature of the
data (learners assessed in classes) and for potential influences of class and school on the association between PA
and CRF with the cardiovascular risk markers. The regression analyses were further controlled for children’s age,
sex, SES and ethnicity. To examine the independent
contribution of CRF and PA, analyses were controlled
for total time spent in MVPA, when CRF was used as
a predictor. By contrast, when PA indicators were used
to predict cardiovascular risk, the analyses were controlled for CRF. All risk markers were z-standardised and
summed up to obtain a clustered cardiovascular risk
score. Similar to previous publications based on data of
the European Youth Heart Study,28 the following formula
was used in the present study to compute the clustered
risk score: (systolic + diastolic blood pressure/2) + mean
of six skinfold measurements + (HDL-cholesterol × −1) +

LDL-cholesterol + triglycerides + blood glucose. To examine whether (a) students classified to different CRF and
PA quartiles and (b) students who met versus did not
meet current PA guidelines differ in clustered cardiovascular risk, three analysis of covariance (ANCOVAs) (controlled for age, sex, SES and ethnicity) were performed.
Differences between the different quartile groups were
analysed with Bonferroni posthoc tests. All analyses were
carried out with SPSS version 24 for Mac. Associations
were considered as significant, if resulting p values
were <0.05.
RESULTS
Demographic features of the 650 children who had
complete data records are shown in table 1. In short,
the sample was composed of 351 girls and 299 boys
with a mean age of 12.4 years (SD 0.9 years) at endline.
In terms of ethnicity, 384 children were black African,
232 were of coloured ethnicity, while for the remaining
34 children, this information was not available.
Although children lived in disadvantaged areas, most
of them had relatively high scores on the SES index.
Table 1 also provides descriptive statistics for cardiovascular health risk markers, PA behaviour indices and
CRF. Overall, 40.8% of the children did not meet
recommended PA levels, therefore achieved <60 min
MVPA per day.
As shown in table 2, children aged 13–15 years had
higher measured systolic and diastolic blood pressure
than their younger counterparts aged 10–12 years.
While older children engaged less in sedentary activity
and LPA, they had higher scores for MPA, VPA, MVPA
and CRF. Compared to boys, girls had higher readings for
diastolic blood pressure, thickness of skinfolds, triglyceride levels and sedentary activity. Girls also had a higher
clustered cardiovascular risk than boys. By contrast, boys
had higher scores for HbA1c, LPA, MPA, VPA, MVPA and
CRF. Differences between boys and girls were particularly
marked with regard to PA behaviour and CRF, where
levels of explained variance ranged from 2.1% to 28.4%.
Only small differences were observed with regard to children’s SES. Children with higher SES had higher skinfold
thickness and performed somewhat more poorly in the
CRF test. Ethnic differences appeared in most study variables showing that black African children had higher
scores with regard to thickness of skinfolds, sedentary
activity and LPA, whereas coloured children had higher
scores for diastolic blood pressure, total cholesterol, LDL
cholesterol, triglycerides, MPA, VPA, MVPA and CRF.
The portion of children not meeting international PA
recommendations was higher among younger children
(χ2(1650)=6.0, p<0.05, 44.6% vs 34.9%), girls (χ2(1650)
=108.0, p<0.001, 59.3% vs 19.1%) and black African children (χ2(1650)=12.3, p<0.001, 47.1% vs 32.8%).
Table 3 provides information on whether CRF and PA
indices are independently associated with cardiovascular
health risk markers. After controlling for MVPA, class-inschool (random intercept) and potential confounders
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Table 1

Descriptive characteristics of 650 children from Port Elizabeth, South Africa, in February and March 2018

Outcome variables

M

SD

Min

Max

Skew

Kurt

Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Skinfolds (mm)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Triglycerides (mmol/L)
HbA1c (%)
Clustered risk index
Predictor variables
Sedentary activity (min/day)
Light physical activity (min/day)
Moderate physical activity (min/day)
Vigorous physical activity (min/day)
Moderate-to-vigorous physical activity (min/day)
Cardiorespiratory fitness (completed laps in 20 m shuttle run test)†
Potential confounders (metric)
Age (years)
Socioeconomic status (0–9)‡
Potential confounders (nominal)
Sex
Girls, n (%)
Boys, n (%)
Ethnicity§
Black African, n (%)
Coloured, n (%)

109.5
66.5
11.1
3.6
1.4
1.8
0.8
5.5
0.0

11.3
8.1
6.2
0.6
0.3
0.6
0.3
2.3
2.9

78.0
42.0
3.6
2.5
0.7
0.5
0.5
4.4
−6.6

145.0
110.0
40.9
6.1
2.6
3.9
3.3
6.4
11.8

0.2
0.4
1.8
0.8
0.7
0.6
2.6
−0.4
0.6

−0.1
1.2
3.5
0.5
0.5
0.5
11.9
1.7
0.8

663.3
261.8
50.8
21.7
72.5
36.4

84.6
50.4
19.5
15.6
32.9
20.2

296.8
51.0
7.6
1.2
8.8
6.0

854.0
409.3
127.9
117.0
218.6
99.0

−1.0
−0.5
0.6
1.7
0.9
0.8

1.9
1.1
0.4
4.5
1.2
0.0

12.4
7.6
N

0.9
2.0
%

10.0
0.0

15.0
9.0

0.5
−1.6

0.1
2.0

351
299

(54.0)
(46.0)

384
232

(62.3)
(37.7)

†Seventeen children with missing values.
‡Thirty-seven children with missing values.
§Thirty-four children with missing values.
N=596 after listwise exclusion of missing cases. Scores for triglycerides were log-transformed (skewness (skew) and kurtosis (kurt) values
presented in brackets).
HbA1c, blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

(age, sex, SES and ethnicity), higher CRF levels were
negatively associated with systolic blood pressure, thickness of skinfolds, total cholesterol and LDL cholesterol.
A statistically non-significant trend was also observed for
diastolic blood pressure. Higher levels of CRF were significantly and negatively associated with the clustered
cardiovascular risk index. Similar (although weaker)
relationships were observed for MVPA. Thus, after controlling for class-in-school (random intercept), CRF and
potential confounders (accelerometer wear-time, age,
sex, SES and ethnicity), children who engaged in more
MVPA had lower systolic blood pressure, lower thickness
of skinfolds and a lower clustered cardiovascular risk.
A statistically non-significant trend was also observed
for total cholesterol. Furthermore, table 3 shows that
children who spent more time in sedentary activities
had higher systolic blood pressure, although sedentariness was not significantly associated with any other cardiovascular health risk marker.
4

Based on ANCOVAs, figure 1 shows that if children’s
CRF and MVPA levels were based on quartiles, a clear
gradient of lower clustered cardiovascular risk among
children with higher CRF or MVPA levels could be
observed (figure 1A). The same is true if children who
met PA recommendations were compared with peers who
did not (figure 1B).
DISCUSSION
Quartiles based on children’s CRF or MVPA levels showed
evidence of decreased clustered cardiovascular risk
among children with higher fitness or MVPA levels living
in lower socioeconomic neighbourhoods in Port Elizabeth, South Africa. To our knowledge, objective assessments of PA from lower socioeconomic communities in
South Africa, as a representative of a LMIC, have not yet
been carried out to the extent and intensity of this study.
Compared to the European Youth Heart Study, we used
a slightly different formula to calculate an overall
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Table 2 Differences in outcome and predictor variables, based on children’s age, sex, socioeconomic status and ethnicity of
650 children from Port Elizabeth, South Africa, in February and March 2018
Age

Sex

10–12 years 13–15 years
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm
Hg)
Skinfolds (mm)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Triglycerides (mmol/L)
HbA1c (%)
Clustered risk index
Sedentary activity
Light physical activity (min/day)
Moderate physical activity
(min/day)
Vigorous physical activity
(min/day)
Moderate-to-vigorous physical
activity (min/day)
Cardiorespiratory fitness (laps in
20 m shuttle run test)

Boys

M

SD

M

SD

F

η2

108.5
65.9

11.0
7.8

111.1
67.5

11.6
8.4

8.7**
6.4**

11.4
3.6
1.4
1.8
0.8
5.5
0.0
670.5
266.8
48.5

6.2
0.7
0.3
0.5
0.3
0.2
2.8
77.8
46.3
19.2

10.6
3.5
1.4
1.8
0.8
5.5
0.0
652.3
254.2
54.2

6.1
0.6
0.3
0.6
0.3
0.3
3.1
93.4
55.4
19.4

20.8

14.9

23.3

69.3

32.3

33.3

18.7

Girls
M

0.001 109.1
0.010 65.8

12.1
8.2

109.9 10.6 0.8
67.2 8.0 4.5*

–
0.007

2.8
2.4
2.2
0.9
0.0
2.5
0.2
7.2**
9.9**
13.6***

–
–
–
–
–
–
–
0.011
0.015
0.021

5.2
0.6
0.4
0.5
0.3
0.2
2.9
88.5
47.8
18.7

13.0
3.6
1.4
1.8
0.8
5.5
0.4
680.4
255.1
42.5

6.3
0.7
0.3
0.6
0.3
0.2
2.8
77.3
51.6
16.0

81.1***
3.8
0.0
3.0
7.2**
8.3**
16.4***
32.4***
14.0***
174.9***

0.111
–
–
–
0.011
0.013
0.025
0.048
0.021
0.213

16.5

3.9*

0.006 30.5

17.5

14.4

8.3

235.1***

0.266

77.5

33.4

9.7**

0.015 91.0

33.5

56.8

22.8 236.2***

0.266

41.1

21.7

23.2*** 0.036 48.0

20.2

26.4

14.0 250.7***

0.284

8.9
3.5
1.4
1.7
0.8
5.5
−0.5
643.4
269.8
60.5

SD

F

η2

SD

Socioeconomic status†
Lower (0–7) Higher (8–9)
M
SD
M
SD
Systolic blood pressure (mm Hg) 109.7 11.3 109.3 11.4
Diastolic blood pressure
66.4
8.0
66.6
8.2
(mm Hg)
Skinfolds (mm)
10.0
5.3
11.7
6.6
Total cholesterol (mmol/L)
3.6
0.6
3.5
0.7
HDL cholesterol (mmol/L)
1.4
0.3
1.4
0.3
LDL cholesterol (mmol/L)
1.8
0.5
1.8
0.6
Triglycerides (mmol/L)
0.8
0.3
0.8
0.3
HbA1c (%)
5.5
0.2
5.5
0.2
Clustered risk index
0.0
2.8
−0.2
3.0
Sedentary activity
662.3 84.4 665.5 83.4
Light physical activity (min/day) 259.8 49.0 261.8 51.3
Moderate physical activity
51.4
19.5 49.7
19.2
(min/day)
Vigorous physical activity
21.3
15.0 21.6
15.9
(min/day)
Moderate-to-vigorous physical 72.7
32.2 71.3
33.0
activity (min/day)
Cardiorespiratory fitness (laps in 40.0
20.7 35.0
20.1
20 m shuttle run test)

M

F
0.2
0.1

η2
–
–

Ethnicity‡
Black African
M
SD
108.8 11.6
65.4
8.4

9.1**
1.5
1.1
2.7
2.2
0.3
0.1
0.2
0.2
1.1

0.015
–
–
–
–
–
–
–
–
–

11.9
3.5
1.4
1.7
0.8
5.5
−0.1
676.6
268.5
47.8

6.5
0.6
0.3
0.5
0.3
0.2
3.0
78.2
46.1
18.1

10.0
3.7
1.4
1.8
0.9
5.5
0.1
643.7
250.0
54.9

5.7
0.7
0.3
0.6
0.3
0.2
2.9
88.3
55.7
20.8

0.1

–

20.1

14.6

23.9

17.0 8.5**

0.014

0.2

–

67.9

30.7

78.7

35.3 16.2***

0.026

7.8**

0.013 33.5

19.5

41.7

20.8 23.0***

0.037

Coloured
M
SD F
110.3 10.8 2.7
68.4 7.4 20.7***
13.7
12.7***
2.6
4.8*
15.6**
3.0
0.6
23.2***
19.8***
19.9***

η2
–
0.033
0.022
0.020
–
0.008
0.025
–
–
0.036
0.031
0.031

†N=37 participants had missing values for SES.
‡N=34 participants had missing values for ethnicity.
*p<0.05, **p<0.01, ***p<0.001.
Age: 10–12 years (n=395), 13–15 years (n=255); sex: boys (n=299), girls (n=351); socioeconomic status: lower (n=194), higher (n=419); ethnicity:
black African (n=384), coloured (n=232).
HbA1c, blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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LPA (β)

MPA (β)

VPA (β)

MVPA (β)

−0.12; −0.01

−0.08; 0.00

−0.06*

−0.04+

0.00; 0.00

−0.01; 0.00

0.00; 0.00

0.00

−0.01*

0.00

0.00
0.00; 0.00
−0.05*** −0.06; −0.03

−0.01; 0.00

−0.01*

−0.15*** −0.18; −0.13

Estimate (95%
CI)

B

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.01+

0.03**

B

0.00; 0.00
−0.01; 0.01

0.00; 0.00

0.00;0.00

0.00; 0.00

0.00; 0.00

−0.01; 0.01

−0.02; 0.00

0.01; 0.04

Estimate
(95% CI)

Estimate
(95% CI)

0.00
0.00

0.00

0.00

0.00

0.00

0.01

0.00; 0.00
−0.01; 0.00

0.00; 0.00

0.00; 0.00

0.00; 0.00

0.00; 0.00

−0.01; 0.02

−0.03* −0.05;
−0.01
−0.01 −0.03; 0.00

B

0.00
−0.01+

0.00

0.00

0.00

−0.01+

−0.03*

−0.01

−0.07*

B

0.00; 0.00
−0.03; 0.00

0.00; 0.00

−0.01; 0.00

0.00; 0.00

−0.01; 0.00

−0.06; −0.01

−0.06; 0.03

−0.13; −0.01

Estimate (95%
CI)

0.00
−0.02+

0.00

0.00

0.00

−0.01

−0.04*

−0.06*

−0.12**

B

0.00

−0.01+

−0.02*

−0.02

−0.06**

B

0.00; 0.00 0.00
−0.04;
−0.01*
0.00

0.00; 0.00 0.00

0.00; 0.00 0.00

−0.20;
−0.05
−0.11;
−0.01
−0.07;
−0.01
−0.01;
0.00
0.00; 0.00

Estimate
(95% CI)

0.00; 0.00
−0.02; 0.00

0.00; 0.00

0.00; 0.00

0.00; 0.00

−0.04;
−0.01
−0.01; 0.00

−0.09;
−0.02
−0.04; 0.01

Estimate
(95% CI)

†If CRF is the predictor, the regression analyses are controlled for MVPA and potential confounders. If physical activity indicators are the predictor, the analyses are controlled for CRF, total
accelerometer devices wear time and potential confounders.
‡Log-transformed.
+p<0.10, *p<0.05, **p<0.01, ***p<0.001.
CRF, cardiorespiratory fitness; HbA1c, blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LPA, light physical activity; MPA, moderate physical activity; MVPA, moderate-to
-vigorous physical activity; VPA, vigorous physical activity.

Total cholesterol
(mmol/L)
HDL cholesterol
(mmol/L)
LDL cholesterol
(mmol/L)
Triglycerides (mmol/
L)‡
HbA1c (%)
Clustered risk index

Systolic blood
pressure (mm Hg)
Diastolic blood
pressure (mm Hg)
Skinfolds (mm)

Sedentary (β)

Controlled for CRF/accelerometer wear time or MVPA, and potential confounders (class-in-school (random intercept), age, sex, SES and
ethnicity)†

CRF (β)

Table 3 Prediction of cardiovascular health risk markers with physical activity and cardiorespiratory fitness among 650 children from Port Elizabeth, South Africa, in February
and March 2018

BMJ Open Sport Exerc Med: first published as 10.1136/bmjsem-2020-000823 on 14 September 2020. Downloaded from http://bmjopensem.bmj.com/ on September 22, 2020 by guest.
Protected by copyright.

Open access

Figure 1 Means for clustered metabolic risk, stratified by
quartiles of cardiorespiratory fitness (CRF) and moderate-tovigorous physical activity (MVPA) (A) and by current international physical activity (PA) recommendations (B). Error bars
represent SE. Data are adjusted for age, sex, socioeconomic
status (SES) and ethnicity. */**/***Differences are significantly
different (*p<0.05, **p<0.01, ***p<0.001) between groups. If
more than two groups are compared, group differences are
based on Bonferroni posthoc tests.

cardiovascular risk score. Nevertheless, our findings are
in line with those reported by Andersen and colleagues28
and Ekelund and colleagues,29 indicating that low levels
of PA are linked to a clustering of cardiovascular disease
risk factors in South African children, and particularly
children living in socioeconomically deprived neighbourhoods. Moreover, our findings show that 4 out of 10
children do not meet recommended PA guidelines (at
least 60 min of daily MVPA), with insufficient PA being

particularly widespread among girls, black Africans and
children aged 10–15 years. The low PA levels in our
cohort of children from disadvantaged urban settings in
townships of Port Elizabeth are not surprising given that
options to perform PA are limited due to insecurity and
poor school and public infrastructure.30 The conditions
are compounded by a lack of basic services, including
sewage and road infrastructure, overcrowding, violence,
unemployment, large class sizes, lack of teachers with
adequate physical education training and qualifications,
lack of motivation and commitment, and a diverse set of
learners and learning abilities in a single classroom.31
These contextual factors directly and indirectly influence
children’s health and well-being.
LMICs, including South Africa, are experiencing
rapid urbanisation, which might have considerable
negative effects on social PA inequalities in marginalised communities.32 In addition, policy change also
plays a significant role in promoting this situation, as
physical education in schools lost its stand-alone status
and was marginalised in the South African national
curriculum in 1994. Indeed, physical education was
combined with other subjects in the ‘Life Orientation’
learning area. Thus, higher cardiovascular risks in children may be linked to the absence of institutionalised/
mandatory PA programmes in schools. Supplementary
analyses indicated that children accumulated very little
PA while at school. This raises the question of whether
a single sport lesson per week is sufficient and whether
such a physical education lesson is taught intensively
enough for the individual learners. Earlier results
obtained from the DASH project showed that higher
CRF is associated with better cognitive performance in
schoolchildren.33
The following limitations should be considered when
interpreting the key findings of our study. First, due to the
cross-sectional nature of the data, we are unable to infer
causality. Second, it is difficult to record all types of activities through waist-worn accelerometers, which might
have led to an underestimation of PA levels. Third, due
to natural fluctuations, a 7-day assessment period may not
be fully representative of a child’s ‘typical’ PA level and
may still be too short and dependent on the climatic
conditions during the assessment period. Fourth, the
blood pressure results of the study subjects may be slightly
increased due to experiencing an unknown situation.
CONCLUSION
Collectively, CRF and objectively assessed PA seem to
be closely linked with a composite measure of children’s cardiovascular risk. Given that 4 out of 10
South African schoolchildren do not meet international PA recommendations, efforts should be made
to ensure that a physically active lifestyle is seen as an
important educational goal. We believe that physical
education at school can make an important contribution to children’s overall PA levels. Hence, concerted
actions are required for children in low-resourced
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communities in South Africa to (i) improve the status
of, and resources allocated to, physical education in
the South African school system and (ii) create conducive environments (eg, teacher training in physical
education) that allow and stimulate regular PA in children, which meet the prognostic importance in childhood and adolescence of critical development periods
for a healthy adult life.
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