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ABSTRACT
Childhood hypertension drives hypertension in later life; hence, assessing blood pressure in children is an 
important measure to determine current and future cardiovascular health. There is, however, a paucity of 
childhood blood pressure data, particularly for sub-Saharan Africa. This study explores blood pressure 
and associations with age, sex, socioeconomic status, physical activity, fitness, and cardiovascular risk 
markers. In the ‘Disease, Activity and Schoolchildren’s Health’ (DASH) study, a cross-sectional analysis was 
conducted in disadvantaged neighbourhoods in the Eastern Cape province of South Africa. Assessments 
included blood pressure, accelerometer-measured physical activity, physical fitness, and cardiovascular 
risk markers. The study consisted of 785 children (383 boys, 402 girls, M = 12.4±0.9 years). Overall, 18% of 
the children were classified as hypertensive, while 20% were either overweight/obese, and almost four 
out of ten children did not meet global daily physical activity recommendations. Hypertensive children 
were more likely to be overweight/obese, χ2 (2,785) = 14.42, p < 0.01, but only if they did not meet 
physical activity recommendations, χ2 (2,295) = 11.93, p < 0.01. Considering the moderating effect which 
sufficient activity has on the relationship between hypertension and body weight, more emphasis should 
be placed on early primary health intervention and education strategies.
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1. Introduction

Hypertension is responsible for an estimated 7.5 million deaths 
globally, corresponding to 12.8% of total annual mortality, and 
causes a global burden of 57 million disability-adjusted life 
years (DALYs) (World Health Organization, 2015). During the 
past four decades, the highest prevalence of hypertension has 
shifted from high-income countries to low- and middle-income 
countries (LMICs), especially sub-Saharan Africa (Zhou et al., 
2017). This is, for example, seen in South Africa, where, accord-
ing to the World Health Organization (WHO) strategic advisory 
group of experts, nearly half of the adult population lives with 
hypertension, compared to higher-income countries, where the 
prevalence is lower, at around 35% (Ware et al., 2017).

Evidence suggests that a shift towards high blood pressure 
or hypertension during childhood is a driver of hypertension in 
later life, emphasising the importance of early high blood 
pressure detection, prevention and intervention (Chen & 
Wang, 2008). However, childhood hypertension is often under-
diagnosed, either unassessed or incorrectly measured (Murigo- 

Shumba et al., 2019). This holds for LMICs, where even less is 
known about childhood hypertension, especially within the 
African context. This is apparent since only a single review is 
available, reporting on a total of 54,196 children concerning the 
prevalence of elevated blood pressure in African youth 
(Noubiap et al., 2017). Based on this meta-analysis, the preva-
lence of child and adolescent prehypertension (defined as 
systolic or diastolic blood pressure ≥90th percentile) and hyper-
tension (defined as systolic or diastolic blood pressure ≥95th 

percentile) in Africa are estimated to be 12.7% (95% CI: 2.1, 
30.4) and 5.5% (95% CI: 4.2, 6.9), respectively. In studies with 
South African children (Awotidebe et al., 2016; Monyeki et al., 
2008; Motswagole et al., 2011), the mean prevalence was found 
to be slightly increased compared to the overall African popu-
lation at 8.1% (95% CI: 4.3, 13.1).

Associations between hypertension and factors such as popu-
lation growth and ageing, urbanisation, and socioeconomic con-
ditions are well established globally (Zhou et al., 2017). The 
aetiology of childhood hypertension is, however, complex, and 
links between blood pressure and sociodemographic factors are 
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not consistently investigated in children and adolescents. Strong 
relationships have, however, been established between hyperten-
sion and lifestyle factors, such as dietary habits and physical 
activity (Popkin, 2006). Physical activity, for example, has been 
identified as a key modality in the prevention and treatment of 
high blood pressure in children (Zhou et al., 2017). The assessment 
and interpretation of the physical activity behaviour of children 
and adolescents is among the most challenging tasks in epide-
miology (Mountjoy et al., 2011). Currently, lifestyle behaviours 
such as physical activity are often assessed through self-report 
measures (Guthold et al., 2019), providing conservative estimates 
at best (Ding et al., 2016). Self-reported questionnaires have been 
criticised because of their limited reliability, accuracy, and criterion 
validity, and because they tend to overestimate physical activity 
behaviour among children and adolescents (Adamo et al., 
2009; Corder et al., 2008; Nigg et al., 2020). Therefore, more device- 
based childhood activity data are required to deepen the under-
standing regarding the relationship between activity and hyper-
tension, particularly in LMICs. From a public health and 
epidemiological point of view, such insights would be important 
to determine whether different measures of physical activity are 
similarly associated with elevated blood pressure in African youth.

Additionally, although cardiovascular disease normally pre-
sents during adulthood, risk factors for these diseases can already 
be present in children (Xi et al., 2017). This has been confirmed in 
a large study where cardiometabolic risk factors (including hyper-
glycaemia, dyslipidaemia, and unfavourable body composition) 
have been found to track from childhood into adulthood, from 
ages as young as five years (Koskinen et al., 2017). These cardio-
metabolic risk factors usually co-occur and share determinants 
with elevated blood pressure, and hence, provide a rationale for 
the simultaneous assessment.

Against this background, the purpose of the present paper 
was five-fold. First, to estimate the prevalence of hypertension in 
South African children attending primary schools in selected 
disadvantaged communities in a typical South African urban 
area. Second, to examine whether hypertension is associated 
with children’s age, sex, and socioeconomic status (SES). Third, 
to determine whether children classified as hypertensive differ 
from their prehypertensive and non-hypertensive peers regard-
ing physical activity patterns (including self-reported and device- 
based measures), physical fitness (including cardiorespiratory 
fitness and grip strength), and cardiovascular risk markers 
(including body composition, blood lipids, and blood glucose 
levels). Fourth, to investigate whether children classified as 
hypertensive are more likely to be classified as overweight/ 
obese, and to fall below recommended levels of physical activity, 
compared to their non-hypertensive peers. Finally, to explore 
whether the relationship between hypertension and body 
weight status is moderated by children’s physical activity levels.

2. Materials and methods

2.1. Study set-up

The findings presented in this article stem from a cluster- 
randomised controlled trial, conducted within the frame of 
the ‘Disease, Activity and Schoolchildren’s Health’ (DASH) 
study (Yap et al., 2015). The main purpose of the DASH study 

was to examine the effects of a school-based health promotion 
programme, targeting children’s physical health, cognition, and 
psychosocial wellbeing. The health promotion intervention 
programme was conducted over a 10-week period, implemen-
ted twice, and focused on increasing physical activity, health 
and hygiene education, deworming, and nutritional supple-
mentation. There were four data assessments: (i) at baseline 
before the intervention in February 2015; (ii) after the first 10- 
week intervention period in October 2015; (iii) after the second 
10-week intervention period in May 2016; and (iv) in 
February 2018 for the final follow-up. For the present paper, 
only a cross-sectional analysis of the final follow-up data was 
carried out. This is due to financial limitations, only allowing 
accelerometer-based physical activity, average blood glucose 
and lipid data to be collected during the final follow-up data 
assessment phase.

Parents or guardians of children received detailed written 
and oral information about the aims of the study, the proce-
dures applied, and potential risks and benefits. Parents/guar-
dians were asked to provide written informed consent before 
the first data assessment took place. Additionally, children were 
informed and provided oral assent. Approval of the registered 
study protocol was obtained from the responsible ethical com-
mittees in South Africa and Switzerland. Additionally, the 
Eastern Cape Departments of Education and Health provided 
approval for the study. All procedures were in accordance with 
the ethical principles of the Declaration of Helsinki.

2.2. Participants

Participants were recruited from eight different quintile three 
primary schools located in Gqeberha in the Eastern Cape pro-
vince of South Africa. Of note, in the South African school 
system, quintile one to three schools are schools that are 
considered as “disadvantaged”, based on national poverty 
tables, income levels, dependency ratios, and literacy rates in 
the surrounding community. Quintile three is the lowest quin-
tile found within the Gqeberha area. A detailed description of 
the school-selection procedures is available from the published 
study protocol (Yap et al., 2015). In brief, children were included 
in the study if they were willing to participate, had written 
informed consent from a parent/guardian, did not simulta-
neously participate in other clinical trials during the study 
period, and did not suffer from medical conditions that pre-
vented participation in the study (as determined by 
a registered professional nurse).

All children (n = 1,009) were in grade four, aged 8–13 years 
at the baseline survey in February 2015. The wide age range 
can be explained by the fact that it is not unusual for children 
attending lower quintile ranking schools to fail a few grades, or 
the same grade more than once. From the baseline assessment, 
a total of 224 children were lost to follow-up, with 142 children 
leaving the school, and 82 children absent from school during 
the follow-up data assessment period in February 2018. The 
final study sample consisted of 785 grade seven children (383 
boys, 402 girls, M = 12.4 ± 0.9 years) in February 2018.

Univariate analyses of variance (ANOVAs) showed that, com-
pared to children included in the study, children lost to follow- 
up were significantly (p < 0.05) older at baseline 
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(M = 9.9 ± 1.1 years vs. M = 9.4 ± 0.9 years), had lower SES 
(M = 7.2 ± 2.3 vs. M = 7.5 ± 2.0), had lower thickness of skinfold 
scores (M = 19.5 ± 8.5 mm vs. M = 21.4 ± 10.8 mm), performed 
better in the 20 m shuttle run test (M = 39.4 ± 17.4 laps 
completed in the 20 m shuttle run test vs. M = 35.2 ± 17.0 
laps), and the handgrip strength test (absolute values: 
M = 12.6 ± 3.3 kg vs. M = 11.9 ± 3.0 kg; normalized values: 
M = 39.8 ± 8.7 vs. M = 41.9 ± 37.8). Chi-squared tests (χ2) further 
showed that the dropout rate was significantly (p < 0.05) higher 
among boys (26%) compared to girls (18%). After controlling 
for age and sex, children who completed the study assessment, 
and those who did not, did not statistically differ in any of the 
study variables at baseline.

2.3. Assessment of blood pressure

To detect hypertension, blood pressure was assessed with 
a validated oscillometric digital blood pressure monitor 
(Omron® M6 AC; Hoofddorp, Netherlands). Before the mea-
surement, children were asked to sit quietly for 5 min. With 
the left arm at heart level and the palm facing upward, the 
cuff was wrapped around the upper arm, in line with the 
brachial artery. The cuff-size (17–22 cm) was appropriate for 
children’s arm circumference ranges. Three measurements 
(with an interval of 1 min between each measurement) 
were performed, and as indicators of systolic and diastolic 
blood pressure, the mean of the last two measurements was 
used. This is due to the first reading often overestimating 
both systolic and diastolic blood pressure. Normal and hyper-
tensive blood pressure reference values exist for children 
living in Europe (Neuhauser et al., 2011) and the United 
States of America (Falkner & Daniels, 2004), whereas no 
values are currently available for children from sub-Saharan 
Africa (Agyemang et al., 2005). Accordingly, reference tables 
from a nationally representative sample of 12,199 non- 
overweight German children (aged 3–17 years) were used, 
because in this sample standardised blood pressure assess-
ments were applied with a comparable automated oscillo-
metric device (Neuhauser et al., 2011).

Based on percentiles, considering children’s age, sex, and 
height, children were considered normotensive if they were 
below the 90th percentile, prehypertensive if they were 
between the 90th and 94th percentile, or hypertensive from 
the 95th percentile upwards. Classifications were done sepa-
rately for systolic and diastolic blood pressure. Additionally, as 
in the case with adult hypertension classification, a combined 
classification system was created, where children were consid-
ered hypertensive if they were classified as being hypertensive 
either regarding systolic or diastolic blood pressure.

2.4. Assessment of physical activity

In the present study, self-reported and device-based measures 
of physical activity behaviour were determined. Self-reported 
physical activity was assessed through a single item from the 
Health-Behaviour in School-Aged Children (HBSC) study survey 
(Currie et al., 2010). The question read: “Over the past 7 days 
(1 week), on how many days were you physically active for 
a total of at least 60 minutes (1 hour) a day?”. The answers 

ranged from zero to seven days. When more detailed activity 
questionnaires were compared to accelerometer measured 
physical activity, similar associations were found as with the 
single item used here (Scott et al., 2015). Moreover, similar 
items are used in epidemiological studies to estimate and 
monitor the global level of physical activity among children 
and adolescents (Guthold et al., 2019; Muthuri et al., 2014).

Device-based physical activity was measured with a light 
triaxial accelerometer (ActiGraph® wGT3X-BT; Pensacola, 
Florida, United States of America). These devices have been 
shown to accurately measure free-living physical activity in 
children (Hills et al., 2014). Children were asked to wear the 
device around the hip, for seven consecutive days (five week-
days and two weekend days), except during activities that 
involved water, such as bathing. A sample rate of 30 Hz was 
used, and data were stored in 10 sec epochs. ActiLife software 
(version 6.13.3) was used to analyse the raw data. Valid wear 
time was set at a minimum of eight hours per day (Aadland 
et al., 2017), whereas non-wear time was calculated with the 
Troiano algorithm (Troiano et al., 2008), using default settings. 
To be included in the final analyses, children had to have valid 
data for ≥4 weekdays and ≥1 weekend day (Clemente et al., 
2016). Weekly physical activity scores were calculated as 
follows: 

sum of all valid days � number of valid daysð Þ x 7 

Cut-points, defined explicitly for children, were used to cal-
culate an overall index for moderate-to-vigorous intensity phy-
sical activity (MVPA) (Evenson et al., 2008). This was done to 
establish whether children met the global minimum recom-
mended amount of 60 min of MVPA daily (World Health 
Organization, 2010a).

2.5. Assessment of physical fitness

Children’s cardiorespiratory fitness was assessed using the 20 m 
multistage shuttle run test, based on the standardised test 
protocol (Council of Europe Committee for the Development 
of Sport, 1993). The running speed, determined by a sound 
signal, started at 8 km/h and steadily increased by 0.5 km/h 
every minute. Children had to stop the test when they were not 
able to maintain the speed of the sound signal for two con-
secutive rounds. Based on the number of fully-completed 20 m 
laps, children’s maximum oxygen uptake (VO2max) was esti-
mated, using a standard formula (Léger et al., 1988). The relia-
bility and validity of the 20 m shuttle run test have been 
established in previous research (Liu et al., 1992; Mayorga- 
Vega et al., 2015). In the present paper, both the number of 
fully-completed laps ran and VO2max (in ml/kg/min) are 
reported as outcomes of the 20 m shuttle run test.

To assess children’s upper-body muscular strength, 
a handgrip strength test was performed (Council of Europe 
Committee for the Development of Sport, 1993), using 
a Saehan hydraulic handheld dynamometer (MSD Europe 
BVBA; Tisselt, Belgium). Each child was seated upright, with 
the elbow bent at a 90° angle, gripping the dynamometer, 
after it was adjusted to the individual hand size. A visual 
instruction was provided by a research assistant, and verbal 
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instruction was given to grip the dynamometer as hard as 
possible. The dominant hand was noted before three attempts 
with each hand, with results recorded to the nearest 0.1 kg, 
were completed. A 30 sec rest period between trials with the 
same hand was provided. All trials were averaged to obtain the 
final grip strength score. Evidence for the reliability and validity 
of the grip strength test has been published (Ruiz et al., 2011; 
Wind et al., 2010). In the present study, both absolute and 
normalized ([grip strength, in kg / body mass, in kg] * 100) scores 
are presented (Peterson et al., 2016).

2.6. Assessment of cardiovascular risk markers

To assess children’s body composition, the body mass index 
(BMI) was calculated based on height and weight. Body weight 
was measured with an electronic platform scale (Micro T7E, 
Optima Electronics; George, South Africa), to the nearest 
0.1 kg. Body height was measured with a Seca Stadiometer 
(Surgical SA; Johannesburg, South Africa), to the nearest 
0.1 cm. The BMI was defined as: 

weight in kgð Þ � height2 in mð Þ

Additionally, BMI-for-age z-scores (zBMI), stratified by sex, 
were calculated using the growth reference of WHO (2007). 
Children were considered overweight if they had a zBMI >+1 
standard deviation (SD) above the WHO growth reference 
median. If their zBMI was >+2 SD above the WHO growth 
reference, they were classified as obese.

Thickness of skinfolds was assessed three times each at the 
triceps and the subscapular position with a Harpenden skinfold 
calliper (Baty International; West Sussex, United Kingdom), to 
the nearest 0.1 mm. To obtain an overall index, the mean of all 
six measurements was calculated (Slaughter et al., 1988).

Fasting capillary blood sampling was used to measure blood 
markers of cardiovascular risk, with the point-of-care Alere Afinion 
AS100 analyser (Abbott Technologies; Abbott Park; Illinois, United 
States of America). Children needed to fast overnight, not eating 
or drinking (except water) after dinner, until they competed blood 
sampling the next morning. Drops of blood were taken via finger 
prick to measure total cholesterol, high-density lipoprotein (HDL) 
cholesterol, low-density lipoprotein (LDL) cholesterol, triglycer-
ides, and average blood glucose (HbA1c). Capillary blood sam-
pling was used, since WHO considers this technology minimally 
invasive and painful, quicker, less distressing than venepuncture, 
and hence, it is well suited for paediatric research (World Health 
Organization, 2010b). Evidence of the clinical utility and accuracy 
of this method has been published previously (Parikh et al., 2009).

2.7. Assessment of socioeconomic status

SES was measured through a questionnaire assessing house-
hold-level living standards, including housing characteristics 
(i.e. house type, number of bedrooms, water, electricity, etc.) 
and durable assets (i.e. refrigerator, washing machine, televi-
sion, etc.). An overall index was built with all binary outcomes 
(0 = poor quality/unavailable; 1 = high quality/available), where 
lower scores reflected lower SES. Similar measures have been 
validated in previous research (Filmer & Pritchett, 2001).

2.8. Statistical analysis

Means (M) and SD are reported for continuous variables with-
out serious violation of normality. According to West et al. 
(1995) this is the case if skewness is <2 and kurtosis <7. In 
case of serious violation of non-normality, medians (Md) and 
interquartile ranges are reported. Prevalence rates are reported 
as frequencies (n), percentages (%) and 95% confidence interval 
(95% CI). To assess whether hypertension is associated with 
children’s age, sex, or SES, we performed four separate χ2 

tests, comparing younger (10–12 years) and older children 
(13–16 years), boys and girls, and children with lower (0–7) 
and higher (8–9) SES scores.

To examine whether children classified as hypertensive dif-
fer from their prehypertensive and normotensive peers regard-
ing physical activity behaviour, physical fitness, and 
cardiovascular risk markers, we performed a series of univariate 
ANOVAs (in case of variables which seriously violated non- 
normality, log-transformations were performed before carrying 
out further inferential statistics). Separate classification systems 
were applied, based on children’s systolic and diastolic blood 
pressure, and a combination of both. Moreover, three different 
models were considered to compare groups. Model 1 was 
based on uncontrolled Welch tests, as the number of normo-
tensive children was higher than their prehypertensive and 
hypertensive peers. Model 2 was based on analyses of covar-
iance (ANCOVAs), to control for children’s age, sex, and SES. In 
Model 3, we added zBMI to account for the fact that in children, 
a close link may exist between hypertension and body compo-
sition. Furthermore, we performed two separate χ2 tests to 
examine whether children classified as hypertensive were 
more likely to be classified as overweight/obese and/or to fall 
below physical activity recommendations (represented by chil-
dren who met the 60 min of MVPA daily vs. those who did not). 
Additionally, to establish whether the association between 
children’s hypertension and body weight status was moderated 
by their physical activity levels, another χ2 test was performed, 
stratified by physical activity level (above vs. below the recom-
mendation). All statistical analyses were carried out with SPSS 
version 25 for Mac (IBM; Armonk, New York, United States of 
America). The level of statistical significance was set at p < 0.05 
for all analyses.

3. Results

3.1. Descriptive statistics

Descriptive statistics are presented in Table 1. Regarding 
systolic blood pressure, 646 (82%, 95% CI: 79.3, 84.8) of the 
children were classified as normotensive, 46 (6%, 95% CI: 
4.5, 7.9) as prehypertensive, and 93 (12%, 95% CI: 9.6, 14.2) 
as hypertensive. Regarding diastolic blood pressure, 666 
children (85%, 95% CI: 82.3, 87.4) were classified as nor-
motensive, 41 (5%, 95% CI: 3.7, 6.9) as prehypertensive, 
and 78 (10%, 95% CI: 7.9, 12.2) as hypertensive. In total, 
142 children (18%, 95% CI: 15.5, 20.9) were classified as 
hypertensive, either with regard to systolic or diastolic 
blood pressure. Furthermore, 104 (13%, 95% CI: 10.7, 
15.5) of the children were classified as overweight, while 
47 (6%, 95% CI: 6.8, 10.9) were obese. Regarding children’s 
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device-based physical activity levels, 295 children (39%, 
95% CI:_35.6, 42.6) did not meet physical activity recom-
mendations, whereas 456 children (61%, 95% CI: 57.4, 64.4) 
were in line with the current recommendation.

3.2. Hypertension and sociodemographic background

Girls and boys were similarly represented in the group classi-
fied as normotensive, prehypertensive, and hypertensive, 
independently of whether systolic (χ2 [2,785] = 1.26 
p = 0.533), diastolic blood pressure (χ2 [2,785] = 2.87, 
p = 0.238), or the combined classification (χ2 [1,785] = 0.96, 
p = 0.327) was used. Similarly, no significant associations 
were observed regarding children’s age (younger vs. older; 
systolic: χ2 [2,785] = 0.16, p = 0.925; diastolic: χ2 

[2,785] = 1.35, p = 0.509; combined: χ2 [1,785] = 1.76, 
p = 0.184), or SES (lower vs. higher; systolic: χ2 

[2,754] = 3.02, p = 0.221; diastolic: χ2 [2,754] = 3.13, 
p = 0.216; combined: χ2 [1,754] = 1.33, p = 0.249).

3.3. Differences between normotensive, prehypertensive, 
and hypertensive children

3.3.1. Categorisation based on systolic blood pressure
If systolic blood pressure was used to classify children as nor-
motensive, prehypertensive, or hypertensive, normotensive 
children had significantly lower values for systolic and diastolic 
blood pressure than prehypertensive and hypertensive peers 
(Table 2, Model 1). They also had lower body weight and height, 
lower BMI, lower zBMI, lower skinfold thickness, lower LDL 
cholesterol levels, and lower grip strength than hypertensive 
peers. By contrast, normotensive children performed better in 
the 20 m shuttle run test, and spent more time in vigorous- 
intensity physical activity (VPA) and MVPA, whereas hyperten-
sive children engaged in more sedentary activities. No signifi-
cant differences were found for the other cholesterol markers, 
HbA1c, or self-reported physical activity.

After controlling for age, sex, and SES (Table 2, Model 2), 
most group differences persisted (except for LDL cholesterol). 
Nevertheless, most of these differences seem to be attributable 

Table 1. Descriptive statistics of all study variables, for the total sample, in February and March 2018.

Continuous variables na Mj SDj

Age (years) 785 12.4 0.9
Socioeconomic status (0–9) 754 7.5 2.0
Systolic blood pressure (mm Hg) 785 109.8 11.3
Diastolic blood pressure (mm Hg) 785 66.6 8.1
Weight (kg) 785 43.6 11.9
Height (cm) 785 149.6 8.1
BMI (kg/m2) 785 19.3 4.2
zBMIb 785 0.0 1.4
Skinfolds (mm)c 784 11.0 6.3
Total cholesterol (mmol/L) 685 3.5 0.7
HDL cholesterol (mmol/L)d 685 1.4 0.3
LDL cholesterol (mmol/L)e 685 1.8 0.6
HbA1c (%)f 735 5.5 0.2
20 m shuttle run performance (laps) 753 37.3 20.8
Cardiorespiratory fitness (VO2max [ml/kg/min]) 753 44.5 5.6
Grip strength (kg) 783 19.4 5.0
Normalized grip strength (kg/weight [kg]*100) 783 45.7 10.0
Number of physically active days g 785 4.0 2.2
Total METsh 751 1.7 0.2
Sedentary activity (min/day) 751 659.4 86.8
Light physical activity (min/day) 751 261.7 50.7
Moderate physical activity (min/day) 751 51.0 19.3
Vigorous physical activity (min/day) 751 22.2 15.8
MVPA (min/day)i 751 73.1 32.8

na Mdj Interquartile range 
(25th-75th percentile)j

Triglycerides (mmol/L) 685 0.7 0.5–0.9

Categorical variables n %

Sex
Girls 402 51.2
Boys 383 48.8

aNumber of learners varies due to different numbers of missing values in specific outcome variables. 
bBMI-for-age z-scores. 
cMean of all six measurements. 
dHigh-density lipoprotein cholesterol. 
eLow-density lipoprotein cholesterol. 
fGlycosylated haemoglobin. 
gNumber of days with ≥ 60 min MVPA per day. 
hMetabolic equivalent. 
iModerate-to-vigorous physical activity. 
jResults for continuous variables without serious violation of normality are presented with means (M) and standard deviations (SD), whereas variables with severe 

violation of normal distribution are presented with medians (Md) and inter-quartile ranges (25th – 75th percentile).
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to differences in body composition between normotensive, 
prehypertensive, and hypertensive children. Thus, after adding 
zBMI as an additional covariate (Table 2, Model 3), only three 
significant differences remained, indicating that hypertensive 
children have higher systolic and diastolic blood pressure, and 
engage in more sedentary activities than normotensive and 
prehypertensive peers.

3.3.2. Categorisation based on diastolic blood pressure
A similar pattern of results was found if diastolic blood pressure 
was used to classify children as normotensive, prehypertensive, 
or hypertensive. As shown in Table 3 (Model 1), significant 
group differences were found with regard to systolic and dia-
stolic blood pressure, body weight, BMI, zBMI, skinfold thick-
ness, total cholesterol, LDL cholesterol, triglycerides, HbA1c, 
normalized grip strength, as well as device-based light-inten-
sity physical activity (LPA), moderate-intensity physical activity 
(MPA), VPA, and MVPA.

After controlling for age, sex, and SES (Table 3, Model 2), most 
of the differences persisted, indicating that independent from 
social and demographic background, normotensive children had 
lower body weight, lower BMI and zBMI, lower skinfold thickness, 
lower triglyceride levels, higher normalized grip strength, and less 
sedentary activity than hypertensive peers. By contrast, normo-
tensive peers reported more time spent in LPA. After adding zBMI 
as an additional covariate (Table 3, Model 3), total cholesterol, LDL 
cholesterol, triglyceride, HbA1c, and LPA differences persisted.

3.3.3. Categorisation based on combined classification
When the distinction between normotensive and hypertensive 
participants was made both on children’s systolic and diastolic 
blood pressure, hypertensive children had higher body weight 
and height, higher BMI and zBMI, higher thickness of skinfolds, 
higher total cholesterol and triglyceride levels, higher grip 
strength, and higher device-based sedentary activity (Table 4, 
Model 1). By contrast, normotensive children had higher cardi-
orespiratory fitness and engaged in more device-based LPA, 
MPA, VPA, and MVPA. Most of these differences persisted after 
controlling for the social and demographic background (Table 
4, Model 2).

After adding zBMI as an additional covariate (Table 4, 
Model 3), differences in skinfold thickness, triglyceride levels, 
and physical fitness (both grip strength and cardiorespiratory 
fitness) disappeared, whereas the differences in (device-based) 
physical activity behaviour remained significant. No significant 
differences were found with regard to self-reported physical 
activity.

3.4. Hypertension, body composition, and device-based 
physical activity

Figure 1 highlights that a significant relationship exists 
between children’s hypertension status and their body compo-
sition, χ2 (2,785) = 14.42, p < 0.01. Thus, hypertensive children 
are statistically overrepresented in the group of overweight/ 
obese children. Whereas 19.2% were classified as overweight/ 
obese among normotensive children, in hypertensive children, 
31.9% fell into this category.

Moreover, as depicted in Figure 2, based on accelerometer 
data, children classified as hypertensive were less likely to meet 
recommended levels of MVPA than normotensive peers, χ2 

(1,751) = 7.39, p < 0.01. Whereas 63.0% achieved recommended 
MVPA standards among normotensive children, this percen-
tage was markedly lower in their hypertensive peers at 50.4%. 
Furthermore, the prevalence of overweight/obese children was 
13.6% among children above physical activity recommenda-
tions (8.8% overweight, 4.8% obese), whereas this percentage 
was 34.2% (18.6% overweight, 15.6% obese) among children 
below physical activity recommendations, χ2 (2,751) = 46.48, 
p < 0.001.

The relationship between hypertension and body weight 
status was moderated by children’s device-based MVPA levels. 
As illustrated in Figure 3, if children did not meet recom-
mended levels of physical activity, the percentage of children 
who were classified as overweight/obese was significantly 
higher among hypertensive children (50.8%) than among nor-
motensive peers (29.4%), χ2 (2,295) = 11.93, p < 0.01. By con-
trast, no significant difference was found between hypertensive 
(16.2% overweight/obese) and normotensive children (13.2% 
overweight/obese) among children who were above current 
physical activity recommendations, χ2 (2,456) = 1.12, p = 0.571.

4. Discussion

The principal findings of this paper involve the interplay 
between blood pressure, body composition, and physical 
activity, within a sample of children attending primary 
schools located in disadvantaged communities in South 
Africa. A significant relationship between hypertension and 
body composition was found, with hypertensive and over-
weight/obese children being less likely to meet the global 
daily MVPA recommendation. Most of the differences mea-
sured between normotensive, prehypertensive, and hyperten-
sive children were found to be due to body composition, 
independent of sociodemographic factors. The relationship 
between hypertension and body mass was further found to 
be moderated by the achievement of recommended MVPA 
levels. In other words, being sufficiently physically active 
seems to protect hypertensive children from being over-
weight/obese.

The present paper pursued five aims, and each of these will 
now be further elaborated upon. First, we aimed at gaining 
a deeper understanding of the prevalence of hypertension in 
South African children attending primary schools in disadvan-
taged communities. Reported childhood hypertension preva-
lence varies greatly within the African population, ranging from 
0.2–24.8%, in a recent review and meta-analysis (Noubiap et al., 
2017). Within our sample, a prevalence of 18% hypertension 
was observed, using both systolic and diastolic blood pressure 
measurements. Previous comparable studies measured lower 
hypertension prevalence within South African children, at 
between 4.3% and 13% for the same age ranges and within 
similar geographic and community settings (Awotidebe et al., 
2016; Monyeki et al., 2008; Motswagole et al., 2011). As these 
studies were conducted between 4 and 12 years ago, the global 
trend of increasing childhood hypertension, reported on in 
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a global review and meta-analysis, appears to be supported in 
South Africa (Song et al., 2019).

The second purpose was to examine whether hypertension 
is associated with children’s age, sex, and SES. Literature find-
ings regarding youth hypertension and associations with socio-
demographic factors are controversial. Although no 

associations were found within our sample, investigations 
into associations between health and sociodemographic fac-
tors are important in settings such as South Africa, as social 
inequalities frequently appear in the distribution of diseases. 
A possible influence on our findings might be the homoge-
nously low SES of the entire study sample, typical within equal 

Table 4. Differences between children classified as normotensive, and hypertensive (based on combined systolic and diastolic blood pressure), after controlling for age, 
sex, socioeconomic status, and zBMI scores.

Normotensive   Hypertensive   Model 1: 
Uncontrolled, 
based on Welch 

test

Model 2: 
Controlled for 

age, sex, and SES 

Model 3: 
Controlled for 

age, sex, SES, and 
zBMI

na M SD M SD F η2 F η2 F η2

Systolic blood pressure (mm Hg) 785 (646/46/93) 106.6 8.9 124.5 9.0 467.3*** 0.374 441.3*** 0.371 391.3*** 0.345
Diastolic blood pressure (mm Hg) 785 (646/46/93) 64.5 6.4 76.0 8.5 331.7***k 0.298 318.3*** 0.298 302.0*** 0.289
Weight (kg) 785 (646/46/93) 42.5 10.6 49.0 15.3 35.9***k 0.044 37.0*** 0.047 – –
Height (cm) 785 (646/46/93) 149.0 8.1 151.9 8.1 14.2*** 0.018 14.0*** 0.000 – –
BMI (kg/m2) 785 (646/46/93) 19.0 3.7 21.1 5.5 30.1***k 0.037 31.8*** 0.041 – –
zBMIb 785 (646/46/93) −0.1 1.3 0.5 1.4 24.9*** 0.031 28.6*** 0.037 – –
Skinfolds (mm)c 784 (645/46/93) 10.6 5.8 13.1 7.8 18.3***k 0.023 20.4*** 0.027 0.1 0.000
Total cholesterol (mmol/L) 685 (569/40/76) 3.5 0.7 3.6 0.7 3.5* 0.005 3.7* 0.005 4.0* 0.006
HDL cholesterol (mmol/L)d 685 (569/40/76) 1.4 0.3 1.4 0.4 0.7 0.001 0.8 0.001 0.0 0.000
LDL cholesterol (mmol/L)e 685 (569/40/76) 1.8 0.5 1.9 0.6 3.5 k 0.005 3.9* 0.006 2.7 0.004
Triglycerides (mmol/L)f 685 (569/40/76) 0.8 0.3 0.9 .05 4.6*k 0.007 4.2* 0.006 2.6 0.004
HbA1c (%)g 735 (606/43/86) 5.5 0.2 5.5 0.2 0.7 0.001 0.5 0.001 1.0 0.001
20 m shuttle run performance (laps) 753 (621/44/88) 38.1 21.0 33.3 19.3 5.9* 0.008 6.4* 0.009 0.5 0.001
Cardiorespiratory fitness (VO2max [ml/kg/min]) 753 (621/44/88) 44.8 5.6 43.3 5.4 8.2** 0.011 7.2** 0.010 0.7 0.001
Grip strength (kg) 783 (644/46/93) 19.2 4.8 20.4 5.7 7.3** 0.009 9.6** 0.013 0.7 0.001
Normalized grip strength (kg/weight [kg]*100) 783 (644/46/93) 46.2 9.9 43.2 10.0 10.8** 0.014 11.7** 0.015 – –
Number of physically active daysh 785 (646/46/93) 4.0 2.2 3.9 2.2 0.6 0.001 1.0 0.001 0.8 0.001
Sedentary activity (min/day)i 751 (619/43/89) 655.4 86.3 677.6 86.8 7.3** 0.010 13.2*** 0.018 4.3* 0.006
Light physical activity (min/day)i 751 (619/43/89) 264.2 51.1 250.1 46.9 8.7** 0.012 7.5** 0.010 6.2* 0.009
Moderate physical activity (min/day)i 751 (619/43/89) 52.0 19.4 46.1 17.8 10.5** 0.014 7.6** 0.010 3.7* 0.005
Vigorous physical activity (min/day)i 751 (619/43/89) 23.1 16.1 18.0 13.3 11.5** 0.015 10.8** 0.015 4.2* 0.006
MVPA (min/day)i 751 (619/43/89) 75.1 33.3 64.2 28.9 12.5*** 0.016 10.9** 0.015 4.4* 0.006

aNumber of learners varies due to different numbers of missing values in specific outcome variables and reflects n before controlling for covariates. Numbers in brackets 
correspond to learners classified as normotensive, prehypertensive and hypertensive (based on systolic blood pressure). 

bBMI-for-age z-scores. 
cMean of all six measurements. 
dHigh-density lipoprotein cholesterol. 
eLow-density lipoprotein cholesterol. 
fVariable was log-transformed before carrying out analyses. 
gGlycosylated haemoglobin. 
hNumber of days with ≥ 60 min MVPA per day. 
iControlled for daily accelerometer wear time; across all models.  
jModerate-to-vigorous physical activity. 
kLevene test is statistically significant (p < 0.05), indicating that variances differ between groups.  
*p < 0.05. **p < 0.01. ***p < 0.001.
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Figure 1. Percentage of children classified as normal, overweight, or obese, stratified by blood pressure status (normotensive vs hypertensive) (n = 785).
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quintile ranked schools. In contrast, a study conducted in Brazil, 
a sociodemographically comparable country to South Africa, 
found significant associations between sex, age, and SES. 
Males, older children, and children attending state schools (as 
opposed to private schools), presented with higher blood pres-
sure (Reuter et al., 2019).

The third aim was to determine whether children classified 
as hypertensive differed from their prehypertensive and non- 
hypertensive peers regarding physical activity, physical fitness, 
and cardiovascular risk markers. As expected, children classified 
as hypertensive were less likely to meet global activity recom-
mendations, spent more time being sedentary, and presented 
with lower cardiorespiratory fitness, compared to their prehy-
pertensive and non-hypertensive peers. Moreover, children 
classified as hypertensive showed less favourable body compo-
sition, as well as higher average glucose and cholesterol values. 
These findings are consistent with previous research highlight-
ing associations of hypertension with physical activity, cardior-
espiratory fitness, and metabolic profiles in children (Ekelund 
et al., 2007; Gopinath et al., 2011; Knowles et al., 2013). The 
prevalence of clustered cardiometabolic risk factors has been 

found in children as young as nine years (Bugge et al., 2013). 
Recent studies have demonstrated an increase in this clustered 
risk in children, which has further been associated with accel-
erated atherogenesis (Seo et al., 2018). Subclinical atherosclero-
sis therefore starts in childhood which can lead to 
morphological changes impacting vascular functioning, lead-
ing to artery related diseases and conditions in adulthood, as 
consistent tracking of these clustered risk factors have been 
found from childhood or adolescence into adulthood (Bugge 
et al., 2013; Gooty et al., 2018; Seo et al., 2018). Early cluster risk 
factor detection can therefore help prevent chronic disease 
later in life (Seo et al., 2018). Our findings suggest that elevated 
blood pressure is only linked to device-based physical activity, 
whereas no association was found between elevated blood 
pressure and self-reported physical activity. This is important 
to note because most previous studies in African countries 
have relied on self-reported physical activity data (Guthold 
et al., 2019; Muthuri et al., 2014). The fact that self-reported 
and device-based MVPA were only weakly correlated in the 
present study (r = 0.19, p < 0.001; data not shown) indicates 
that both measures may assess slightly different constructs. 
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Figure 2. Percentage of children below or above physical activity recommendations (≥ 60 min MVPA per day), stratified by blood pressure status (normotensive vs 
hypertensive) (n = 751).
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Thus, while self-reported MVPA proved to be associated with 
health-related quality of life among South African children (Gall 
et al., 2020; Salvini et al., 2018), our findings suggest that from 
a hypertension prevention perspective, device-based MVPA 
assessments might provide more valuable information as they 
are more closely linked to elevated blood pressure.

Our fourth aim was to investigate whether children classified 
as hypertensive were more likely to be classified as overweight/ 
obese and to fall below recommended levels of physical activ-
ity compared to normotensive peers. Regarding body composi-
tion, as with the present study, prior research conducted in 
South Africa with similarly aged children found significant cor-
relations between blood pressure and body composition (mea-
sured through waist girth, skinfolds, and BMI) (Goon et al., 
2013; Monyeki et al., 2008). Not only were children with less 
favourable body composition measures more likely to present 
with elevated blood pressure, but they were also more likely to 
present with clustered cardiometabolic risk factors. It is 
hypothesised that excess fat leads to elevated blood pressure 
through increased sympathetic activation, sodium reabsorp-
tion, and peripheral vascular resistance, both in children and 
adults (Noubiap et al., 2017). Regarding physical activity, pre-
vious research corroborates our findings that hypertensive chil-
dren are less likely to meet the 60 min per day MVPA 
recommendation, with an inverse dose-response relationship 
between MVPA and systolic and diastolic blood pressure found 
(Mark & Janssen, 2008).

The fifth and final aim of this paper was to explore whether 
the relationship between hypertension and body weight status 
is moderated by children’s physical activity levels. Overweight 
is a well-established risk factor for hypertension. Research, 
however, indicates a counteracting role of sufficient physical 
activity on the adverse effects that unfavourable body compo-
sition can have on health outcomes. Within our study, the 
relationship between hypertension and body weight status 
was moderated by children’s MVPA levels. It is therefore con-
cerning that children tend to become less active and more 
sedentary as they move from early to late childhood and then 
into adolescence (Basterfield et al., 2011). In Europe, this can be 
seen in that 25% of 11-year-olds meet the recommended phy-
sical activity level, compared to just 16% of 15-year-olds (World 
Health Organization, 2016). Similarly, a recent worldwide sur-
vey showed that in sub-Saharan Africa, 86.2% of 11- to 17-year- 
old adolescents do not engage in sufficient physical activity 
(Guthold et al., 2019). The same holds in South Africa, where it is 
estimated that one-third of children are physically inactive and 
that up to 80% do not accumulate the recommended physical 
activity per day (Uys et al., 2019). It is therefore suggested that 
physical inactivity and elevated blood pressure, as well as con-
tributing factors such as overweight, should be addressed 
through primary prevention, namely by promoting a healthy, 
active lifestyle, especially from childhood into adolescence 
(Noubiap et al., 2017).

4.1. Strengths and limitations of the study

Strengths of the study include the relatively large sample size of 
primary schoolchildren, attending disadvantaged school set-
tings within the poorest province of South Africa, contributing 

to alleviate the paucity of childhood health data within LMICs. 
Furthermore, comprehensive cardiovascular assessments were 
employed, including three blood pressure measurements, a full 
lipid panel and 2- to 3-month average blood glucose screening 
with a validated HbA1c test. Lastly, a device-based approach 
was used to assess children’s physical activity, using acceler-
ometer data, providing the most reliable and valid activity data 
in current research, especially in younger aged participants.

Despite these strengths, some limitations are important to 
consider when interpreting our findings. First, the cross- 
sectional design of the study prevents investigation of any 
temporal trend or inferring causality. Although DASH was initi-
ally designed as an intervention trial, due to limited (financial) 
resources, the assessment of accelerometer data and some of 
the cardiovascular risk markers (HbA1c, blood lipids) was not 
possible during the first three data assessments. These assess-
ments became only possible due to additional funding 
acquired for the fourth and final follow-up data assessment. 
We also acknowledge that in the present article, an emphasis 
was placed on a categorization of variables, rather than using 
them as continuous variables. While we admit that such 
a categorization is associated with certain shortcomings (e.g. 
may reduce statistical power, if percentiles are used, cut-offs are 
population specific and place different populations at unequal 
position), such a procedure is relevant from a clinical perspec-
tive as it allows for the identification of children with elevated 
blood pressure and increased risk for future diseases. At the 
time of publication, no childhood reference values existed for 
sub-Saharan Africa. As a consequence, we referred to European 
blood pressure classifications because they were established 
with a similar automated oscillometric device as was used in 
the present study. However, this also means that prevalence 
rates with regard to prehypertension and hypertension 
reported in the present paper need to be interpreted with 
caution. The accelerometer data additionally only provides 
activity data on seven consecutive days. It is, therefore, con-
ceivable that the activity within these seven days might not 
reflect routine activity patterns, due to the novelty of the 
device. It should also be noted that although accelerometers 
are considered more objective and valid than self-reported 
measures, several (arbitrary) decisions are also required by 
researchers (e.g. definition of acceptable wear time, choice of 
intensity thresholds). Accelerometers further have difficulties to 
accurately assess certain types of physical activities (e.g. 
cycling, weight-bearing activities or activities performed in 
water) (Reilly et al., 2008). Finally, the indirect assessment of 
body composition, although widely used and accepted, could 
have resulted in a more considerable error margin, when com-
pared to direct assessment methods.

5. Conclusion

This study contributes to the growing body of knowledge 
highlighting the importance of physical activity, by emphasis-
ing the moderating role that MVPA may have on the rela-
tionship between hypertension and body weight, as seen in 
primary schoolchildren in disadvantaged settings in South 
Africa. High hypertension prevalence, overweight, and insuf-
ficient daily MVPA are of concern in this setting. The 
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importance of early hypertension detection and primary 
health intervention strategies, focusing on increasing physical 
activity and improving body composition, should be empha-
sized in LMICs, especially in disadvantaged communities. The 
accurate and reliable detection of the prevalence of child-
hood hypertension serves as the basis of adequate interven-
tion strategies, and therefore more high-quality 
epidemiological investigations on childhood hypertension, 
specifically in sub-Saharan Africa, are needed (Song et al., 
2019). Accompanying research should focus on investigating 
hypertension, overweight, and physical activity in 
a longitudinal manner, with additional confounders such as 
dietary patterns, environmental factors, and genetic contribu-
tions, to allow for a broader understanding on the topic and 
improved prevention and treatment strategies. Establishing 
reference tables for elevated blood pressure for (South) 
African children based on nationally representative samples 
should be seen as a further priority.
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