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Introduction: Hypertension in children has increased globally over the past 20 years;
yet, little is known about this issue among disadvantaged communities from low- and
middle-income countries. Age-, sex-, and height-adjusted normative tables are the
“gold” standard for the diagnosis and estimation of pediatric hypertension worldwide,
but it is unclear whether the use of international standards is appropriate for all
contexts. The purpose of this study was to evaluate and compare different international
references to identify hypertension among South African school-aged children from
disadvantaged communities.
Methods: Blood pressure, weight, and height were measured in a cohort of 897 children
aged 8–16 years from eight peri-urban schools in the Eastern Cape of South Africa.
Cross-sectional prevalence of hypertension was calculated according to American,
German, and global normative tables, as well as pseudo-normative data from the
own study population. Isolated systolic hypertension and body mass index (BMI) were
considered markers for cardiovascular disease. Multinomial logistic regression was used
to compare the likelihood of blood pressure categorization with increasing BMI levels.
Results: Hypertension prevalence ranged from 11.4% with the pseudo-normative
study tables to 28.8% based on the German reference. Global guidelines showed the
highest agreement both among international standards (92.5% with American guidelines)
and with the study reference (72.5%). While the global and the American references
presented higher systolic over diastolic hypertension rates (23.6 vs. 10.6% and 24.2 vs.
14.7%, respectively), the American guidelines predicted the highest increased risk for
hypertension stage 2 [odds ratio, 1.72 (95% confidence interval: 1.43–2.07)] with raising
levels of BMI.
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Conclusion: Our results support the heterogeneity of blood pressure estimates found
in the South African literature, and highlight the underrepresentation of African children in
international guidelines. We call for caution in the use of international standards in different
contexts and advocate for the development of normative tables that are representative
of the South African pediatric population necessary to ensure an accurate identification
of hypertension both from the clinical and epidemiological perspective.
Keywords: pediatric hypertension, prevalence, identification, normative blood pressure tables, international
guidelines, marginalized settings, Africa

INTRODUCTION

to establish BP reference tables have been made. In Germany,
reference charts were derived from a population of nonoverweight children participating in the KiGGS study, and are
broadly used in the literature, as well (16). Xi et al. pooled data
from 7 different countries in an attempt to develop universal
BP references for children (17). Notwithstanding, no normative
tables exist for African children, and these populations have been
underrepresented in attempts to develop global references.
Furthermore, it is unclear whether country-specific BP
reference tables and uniform international standards are
appropriate for the estimation of pediatric hypertension
prevalence in different contexts (18). Whereas the percentile
values differ between the reference populations used to calculate
them, context-specific socioeconomic and environmental factors
might make the broad use of such standards unsuitable.
Accordingly, studies have shown low consistency between
international and local normative tables (19). Indeed, the
prevalence of pediatric elevated BP in the African literature
varies substantially, and South African studies present conflicting
results (8). Different normative data and cut-offs to define high
BP are used in these studies, and it remains unclear whether
some authors have developed age-, sex-, and height-specific BP
reference values based on their own study population, similar to
the example from the Gambian study of Modou et al. (20).
Against this background, the current study aims to examine
the hypertension prevalence in 897 children from lower-income
families in the Eastern Cape province of South Africa considering
four different BP references. Subsequently, these BP standards
are compared based on their association with increasing BMIfor-age levels, an indicator of poorer cardiovascular health.
We hypothesize that international normative tables and charts
developed from the same study population will yield different
estimates of hypertension prevalence and a different risk profile
associated with BMI-for-age among children from marginalized
communities in South Africa.

Cardiovascular disease (CVD) is the leading cause of mortality
worldwide, accounting for over 17 million deaths yearly (1).
Among the most prominent risk factors for CVD is early vascular
aging, characterized by arterial stiffness (arteriosclerosis) (2).
There is extensive evidence that risk factors for CVD occur
early in life, causing premature organ damage that tracks into
adulthood (3). In fact, arterial stiffness has been observed and
related to hypertension in children (4). Hence, early detection of
asymptomatic vascular changes such as elevated blood pressure
(BP) is essential for effective intervention and prevention of
health consequences in older ages.
However, pediatric hypertension has received little attention,
especially in low- and middle-income countries (LMICs). As
new research emerges, we are gaining awareness of the extent
of a long underappreciated problem and the consequences of
its (mis)management, such as impaired development, economic
burden, years of life lost, etc. (5). A recent meta-analysis
revealed that global hypertension rates among children have
increased about 75% over the past 20 years (6), which has
been partially attributed to the steep escalation in childhood
obesity, an early-life risk factor for CVD. A similar trend for
childhood hypertension is expected in African countries, where
“the number of overweight children under 5 has increased by
nearly 24 percent since 2000” (7). The strong association between
body mass index (BMI) and BP in children has been established
both globally (8) and in South Africa (9), where their relation
with arterial stiffness (10) and the tracking of BP from childhood
into late adolescence have been described (11). This emphasizes
the need to rely on accurate estimates to monitor childhood
hypertension progress and react to long-term health impacts,
especially in marginalized settings, to inform policy making and
ensure meaningful allocation of scarce resources (12). Despite
this new knowledge, global attention and prevention efforts are
still focused on high-income countries (HICs), while vulnerable
populations in LMICs are often neglected.
Several guidelines have established the definition of pediatric
hypertension based on normative BP tables that account for
age, sex, and height, and settled abnormally elevated BP levels
in children at the 90th percentile and hypertension at the 95th
percentile (13, 14). Currently, the most widely used guidelines
were developed by the American Academy of Pediatrics (AAP)
and include normative charts based on normal-weight American
children and revised cut-off points (15). However, other efforts
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MATERIALS AND METHODS
Study Population
Results are based on cross-sectional analyzes of the KaziBantu
project cohort baseline assessment, which took place between
January and March 2019 (21). Children aged 8–16 years
were recruited from eight schools from the economically
disadvantaged peri-urban townships and northern areas of
Gqeberha, South Africa. All study sites consisted of non-fee
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used to construct pseudo-normative tables from the KaziBantu
study population after removing outlying participants and those
children whose BMI was higher than 1 SD above the group
average. SBP and DBP pseudo-normative charts for boys and girls
are available in the Supplementary Table S2. Prevalence of BP
categorization is expressed as frequencies (N) and percentages
(%) for all four classification standards. Pearson chi-square (χ 2 )
tests were carried out to assess the distribution of sex (girls and
boys) and age (≤10, 10, 11, ≥11 years) in all BP categories for SBP,
DBP, and BP combined. Multinomial logistic regression analyzes
were used to explore the association of increasing BAZ values
with the prediction of BP classification into higher categories.
Statistical tests were performed using IBM SPSS version 26
(IBM; Armonk, New York, USA). Normative BP tables were
applied in STATA version 15.1 (StataCorp; College Station, Texas,
USA) for the German reference population and in SAS version
9.4 (SAS Institute; Cary, North Carolina, USA) for the American
and global references. BP percentile tables of the KaziBantu study
population were constructed in Statistica version 13 (TIBCO
Software Inc., Palo Alto, USA).

paying, quintile 3 schools (South African schools are ranked from
quintile one, the poorest, to quintile five, the least poor). In total,
975 children were enrolled in the KaziBantu study. Of those,
897 children (449 boys, 448 girls) presented with complete data
records, after excluding those participants with missing data for
sex (n = 8), age (n = 9), height (n = 47), weight (n = 57), and BP
(n = 31).

Assessment of Blood Pressure
BP was measured three times on the upper left arm after a
seated period of 5 min and with a 1-min rest between readings.
A validated, automated oscillometric device (Omron R M6AC;
Hoofddorp, Netherlands) and a child appropriate cuff, sized 17–
22 cm, were used. Systolic and diastolic BP values were calculated
as the mean of the last two readings to avoid overestimation
usually observed on the first run.

Classification of Blood Pressure
Sex-, age-, and height-adjusted normative tables for pediatric
BP were used to calculate systolic BP (SBP) and diastolic
BP (DBP) percentiles. The following three widely recognized
normative data charts were applied by running the programs
indicated by each author: (i) AAP 2017 based on an American
reference population (15, 22), (ii) Robert Koch-Institute based
on a German reference population (16), and (iii) an international
reference based on data pooled from 7 countries (China, India,
Iran, Korea, Poland, Tunisia, and USA) (17). Furthermore, a
fourth reference derived from normal-weight children from
the KaziBantu study population was used (21). Because the
study sample is classified through its own constructed normative
tables, the study reference will henceforth be considered pseudonormative. Details of the reference populations are presented in
Supplementary Table S1.
Thereafter, the obtained percentiles were classified as
normotension, elevated BP or hypertension stages 1 and 2, for
both SBP and DBP, based on the cut-offs suggested in each
reference, with the exception of the 99th + 5 mm Hg percentile
recommended by Neuhauser et al. for stage 2 hypertension,
where we applied a comparable cut-off at the 99.75th percentile
to facilitate analysis. The highest value of either SBP or DBP was
allocated to determine combined BP.

RESULTS
Descriptive Statistics
Table 1 presents descriptive statistics and characteristics of the
study participants, stratified by sex. Girls showed a statistically
significant lower mean age (10.2 vs. 10.6 years; p < 0.001), while
presenting higher mean values for the other variables. Differences
in weight (36.7 vs. 34.5 kg), BMI (18.4 vs. 17.5 kg/m2 ), and BAZ
(0.2 vs. 0.0) were of statistical significance at the p < 0.001 level.
However, the Cohen’s effect size was small for all sex differences
in age (d = 0.30), weight (d = 0.22), BMI (d = 0.25), and BAZ (d
= 0.21).

Hypertension Prevalence
We classified BP levels according to the four normative charts
and their corresponding cut-offs (Table 2). Similar combined
hypertension prevalence was observed for the three international
references, namely 28.6% based on the American, 28.8% on the
German, and 25.6% on the global. In contrast, only 11.4% of
children were identified as hypertensive according to the pseudonormative study reference. The highest level of agreement was
found between the American and the global references with
92.5%, whereby 830 children were equally stratified throughout
all four categories. The KaziBantu classification revealed the
highest agreement percentage with the global reference (71.5%)
(data not shown).
Sub-analyzes showed that the biggest disagreement between
the study reference and international guidelines lied in the
classification of SBP. While hypertension was more than three
times higher for SBP with the American classification compared
to KaziBantu’s (24.2 vs. 7.2%), it was almost double for DBP (14.7
vs. 7.7%). Thus, the main driver for hypertension when applying
the American guidelines was SBP rather than DBP. The higher
systolic over diastolic hypertension prevalence was also observed
with the global reference (23.6% for SBP vs. 10.6% for DBP).

Anthropometric Parameters
Body weight was measured on a digital weighing scale; children
were barefoot and wore school uniform. Body height was
measured against a stadiometer; children were asked to stand still
with their back erect and shoulders relaxed. BMI was calculated
from both weight and height according to weight (kg)/height
(m)2 . BMI-for-age Z-scores (BAZ) stratified by sex, a measure for
obesity, overweight and thinness, were determined according to
World Health Organization’s (WHO) growth charts (23).

Statistical Analysis
Descriptive statistics for all variables comprised means (M) and
standard deviation (SD). Differences between the means for boys
and girls were analyzed via independent t-tests for significance
and Cohen’s d for effect size. Polynomial regressions were
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TABLE 1 | Participant characteristics and comparison between South African girls and boys from the KaziBantu study population in Gqeberha, South Africa.
Parameter

Age (years)
SBP* (mm Hg)
†

Total (N = 897)

Boys (N = 449)

Girls (N = 448)

M (SD)

M (SD)

M (SD)

t

Cohen’s d

10.4 (1.2)

10.6 (1.2)

10.2 (1.1)

4.48***

0.30

108.9 (13.4)

108.6 (13.1)

109.3 (13.7)

−0.86

0.06

DBP (mm Hg)

67.2 (10.9)

66.5 (11.0)

67.8 (10.8)

−1.74

0.12

Height (cm)

139.9 (8.8)

139.6 (8.7)

140.2 (9.0)

−1.02

0.07
0.22

Weight (kg)

35.6 (10.2)

34.5 (9.2)

36.7 (11.0)

−3.29***

BMI‡ (kg/m2 )

18.0 (3.7)

17.5 (3.3)

18.4 (4.0)

−3.74***

0.25

BMI-for-age Z-scores

0.1 (1.3)

−0.04 (1.3)

0.2 (1.3)

−3.19***

0.21

*Systolic blood pressure.
†

Diastolic blood pressure.
mass index.
***p < 0.001.
Cohen’s d effect size: d < 0.2: no effect; 0.2 ≤ d < 0.5: small effect; 0.5 ≤ d < 0.8: medium effect; d ≥ 0.8: large effect.
‡ Body

TABLE 2 | Comparison of high blood pressure prevalence among school-aged children in Gqeberha, South Africa, in July 2019 according to the (i) American Academic of
Pediatrics, (ii) German guidelines, (iii) a global reference population, and (iv) the KaziBantu study population (N = 897).
References

Normal blood pressure

Elevated blood pressure

Hypertension stage 1

Hypertension stage 2

Flynn et al. (15)*

555 (61.9%)

85 (9.5%)

181 (20.2%)

76 (8.5%)

Neuhauser et al. (16)†

572 (63.8%)

65 (7.2%)

163 (18.2%)

97 (10.8%)

Xi et al. (17)‡

565 (63.0%)

102 (11.4%)

159 (17.7%)

71 (7.9%)

Müller et al. (21)§

738 (82.3%)

57 (6.4%)

65 (7.2%)

37 (4.1%)

*Normotension: <13 years old: <90th; >13 years old BP < 120/80 mm Hg; elevated BP: <13 years old: ≥90th and <95th or >120/80 mm Hg but <95th; >13 years old: 120/<80 to
129/<80 mm Hg; HTN stage 1: <13 years old: ≥95th and <95th + 12 mm Hg or 130/80–139/89 mm Hg; >13 years old: 130/80 mm Hg to 139/89 mm Hg; HTN stage 2: <13 years
old: ≥95th + 12 mm Hg or ≥140/90 mm Hg; >13 years old: ≥140/90 mm Hg.
†

Normotension: <90th; elevated BP: ≥90th and <95th; HTN stage 1: ≥95th and <99.75th; HTN stage 2: ≥99.75th or ≥140/90 mmHg.
<90th; elevated BP: ≥90th and <95th or >120/80 mm Hg but <95th; HTN stage 1: ≥95th and <99th + 5 mm Hg; HTN stage 2: ≥99th + 5 mm Hg.
§ Normotension: <90th; elevated BP: ≥90th and <95th; HTN stage 1: ≥95th and <95th+12 mm Hg; HTN stage 2: ≥95th + 12 mm Hg.
‡ Normotension:

with the pseudo-normative KaziBantu reference at 51% (95% CI:
1.18–1.92; p < 0.001). The increased risk for hypertension stage
1 with increasing BAZ was similar across the American, global,
and KaziBantu study references at ∼45%, being lowest with the
German classification (OR = 1.37; 95% CI: 1.20–1.57; p < 0.001).
Further sub-analyzes are shown in Supplementary Table S6. A
significant increased risk of 43% (p = 0.003) per unit increase
in BAZ was found between elevated BP and hypertension stage
2 for the American reference. With the German guidelines,
increased categorization risk was significant between elevated BP
and hypertension stage 2 (OR = 1.31, p = 0.027), and between
hypertension stage 1 and hypertension stage 2 (OR = 1.20, p =
0.05). No significant differences were observed for the global and
KaziBantu references.

All four standards showed similar distributions between girls
and boys regardless of systolic, diastolic, or combined BP. Only
in the American reference, a significant association between
2 = 10.46, p =
sex and DBP classification was observed [χ(3)
0.015], whereby girls were disproportionately associated with
hypertension stage 1 (64.6%) at the p = 0.05 significance level.
Age showed no association with SBP, DBP, or combined BP
categorization for any of the references. Sub-analyzes can be
found in the Supplementary Tables S3–S5.

Reference Populations Comparison Based
on BMI-For-Age
The association between being classified as hypertensive with
higher BMI levels for all studied references is illustrated in
Figure 1. All four standards showed a significant increased risk
for being categorized as having elevated BP, hypertension stage 1,
and hypertension stage 2 per standard deviation increase in BMIfor-age relative to the normotensive group. The highest odds
for hypertension stage 2 with increasing BAZ was seen with the
American guidelines with a 72% increased risk (95% CI: 1.43–
2.07; p < 0.001), followed by a 65% increased risk with both the
global (95% CI: 1.37–1.99; p < 0.001) and German references
(95% CI: 1.40–1.95; p < 0.001). The lowest odds were found
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DISCUSSION
This study demonstrates differences in the implementation of
international standards for the classification of BP in diverse
contexts. Among school-aged children from disadvantaged
communities in the Eastern Cape Province of South Africa, the
obtained prevalence of hypertension ranged from 11.4%, when
pseudo-normative tables from the own study population were
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FIGURE 1 | Odds ratio (OR) of the classification of blood pressure (BP) as elevated, hypertension stage 1 or stage 2, relative to normotension, with increasing
BMI-for-age Z-scores according to (A) American, (B) German, (C) global, and (D) the KaziBantu reference populations (N = 897).

heterogeneity exists within the South African literature, where
pediatric hypertension ranges from 2.6 to 20.7% (28, 29).
This variability might be partly explained by methodological
factors, such as the use of different instruments (electronic
devices, sphygmomanometer, and finger-arterial pressure
apparatus), or the number and occasions of BP readings
(lowest of three readings, average of last two of three readings,
average of three out of five measurements with the smallest
variation). Arguably, we believe that this disparity is particularly
governed by the use of different categorization standards
and cut-offs. Many South African authors have based their
estimations on outdated guidelines (29, 30), potentially leading
to an underestimation of prevalence rates (31). Others have
made use of the updated AAP 2017 guideline by applying
simplified cut-offs. For example, Matjuda et al. considered
exclusively percentiles disregarding whole values (in mm Hg)
and age differences (<13 vs. >13 years) (10). In some studies,
it is unclear whether researchers have developed pseudonormative percentiles based on their own study population
and subsequently classified them according to international
standards (11, 32). Other studies do not describe the analysis
altogether (33). Our results are in line with the disparities in
hypertension estimates found in the literature and highlight an
unstandardized use of methods and classification guidelines.
The discussion around the accuracy of hypertension estimates
should however focus on their clinical significance, that is,

used, to 28.8% based on international standards. Further analyzes
show that the risk of being categorized as hypertensive with
increasing levels of BAZ, a marker for adiposity, also varied
among these standards, with the highest risk observed when
international references were applied.
The first aim of the study was to establish and compare
the prevalence of elevated BP and hypertension based on HIC
standards, a pooled global reference, and pseudo-normative
tables derived from the KaziBantu study population. We
encountered a pronounced variability when different normative
data were employed. International guidelines yielded the highest
prevalence of hypertension in our study population at almost
30%. Although South Africa presents a higher hypertension
prevalence than other sub-Saharan African countries, attributed
partly to differences in countries’ socioeconomic development
(24), the estimates in the present study lie far above those
reported by other authors. In fact, only one study has shown
a higher combined hypertension prevalence of 32.6% (25).
Interestingly, the authors used the German reference population
from Neuhauser et al. (26). In contrast, when the KaziBantu
pseudo-normative reference was used, hypertension prevalence
was almost three times lower (11.4%) and thus, closer to the
estimations found in the literature. However, they still remain
higher than the 7.9% prevalence rates reported for Southern
Africa (27) and the 8.1% for South Africa (8) in similar
age groups. Nevertheless, it is noteworthy that a considerable
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BP on one visit and discarded the first reading to avoid
an overestimation of results. Still, Kruger et al. stated that
“by using three BP measurements during a single visit
and averaging either all or the last two measurements,
provides larger statistical variance and yields higher BP
averages” (p. 8) (9).
Second, the study population has a specific profile of children
living in low-income, urban areas of the Eastern Cape of South
Africa, and is thus, not representative of the broad demographic
spectrum characteristic of the population of South Africa.
Furthermore, we had a relatively small population size, while
simplified normative BP tables were calculated due to an unequal
distribution of age. It is worth mentioning that while American
and global guidelines both consist of a sample size of around
50,000 children, the relative small sample size of the KaziBantu
study reference may have led to an underestimation of the
hypertension prevalence and a weaker risk prediction potential.
Third, this study evaluated solely the association between BP
and BMI to assess risk prediction of the standards, but did not
collect data on other determinants of health that influence BP.
Moreover, the design of the study does not allow to link BP levels
to future adverse health events. Thus, it is not possible to draw
definitive conclusions about suitability, or superiority, of any of
the standards.
Our findings underscore the need for further research into
the medical significance of current BP management guidelines in
Southern Africa. Prospective longitudinal studies will be required
to associate BP levels in childhood with the incidence of CVD
and mortality later in life, and to establish clinically relevant
cut-off values.

on establishing BP levels that relate to a real risk for early
organ damage and CVD. Hence, other environmental and
socioeconomic factors that influence BP should also be taken
into account when applying standards that aim at stratifying risk
across different contexts. Contrary to common belief, two recent
meta-analyzes have shown that hypertension was more prevalent
among LMICs than HICs (34, 35). The most affected are middletransitioning economies like South Africa, which through
unplanned and rapid urbanization are adopting westernized
lifestyles, while communicable diseases continue to thrive (36).
In fact, infections are a cause of undernutrition, anemia, and
growth retardation, which, in turn, have been associated with
hypertension (37). Similarly, lower socioeconomic status has
been associated with higher prevalence of CVD risk factors
(38) and hypertension (39). Kagura et al. corroborated these
findings in adolescents from the township of Soweto in South
Africa, showing a protective role for SBP with transition from
low to high socioeconomic status (40). The previously exposed
suggests that particular sociological, economic, and demographic
characteristics account for the variability in the pattern of CVD
risk factors and justify questioning the accuracy and significance
of hypertension estimates, as well as their generalizability.
The second study aim was to evaluate whether the association
of BMI with BP categorization differed between international
references and pseudo-normative percentiles derived from the
studied population, for the relation between obesity and elevated
BP in African children has been extensively described in the
literature (41–43). In the “Birth to Twenty” cohort from Soweto,
adiposity in early life associated with the later development of
elevated BP in black adolescents (44). Kruger et al. have reported
a 60% increased risk of having hypertension per unit increase in
BAZ in children from the Western Cape, South Africa (9). In
our sample, American guidelines showed the highest increased
risk for hypertension stage 2 at 72% compared to 51% with
the KaziBantu pseudo-normative reference. In our view, the
association of increasing BAZ levels with a higher risk for being
ranked into upper BP categories obtained with the American
guidelines speaks for a potentially better classification.
Furthermore, ∼50% of hypertension participants in the
American and global references were hypertensive due to isolated
systolic hypertension (ISH) compared to isolated diastolic and
combined hypertension. This difference was not observed with
the KaziBantu pseudo-normative reference. In the last years, SBP
has gained relevance as a standalone risk factor for cardiovascular
morbidity and mortality in adults (45). The primary prognostic
significance of ISH has been observed in children too (46).
Concluding, in our sample CVD risk understood as increased
BMI-for-age levels and ISH was better predicted by the American
and global guidelines.

CONCLUSION
We found differences in hypertension prevalence depending on
the normative BP tables applied to a population of 8- to 16year-old children from disadvantaged communities in South
Africa. Furthermore, we portray a marked underrepresentation
of African children in international guidelines and a need for the
standardization of BP data collection and analysis in this region.
Hence, we advocate for the development of normative tables that
are representative of the (South) African pediatric population
(and other distinct populations currently not represented in
panels informing international guidelines) and the definition
of cutoffs that are based on clinical evidence to ensure
accurate identification of hypertension both from the clinical
and epidemiological perspective in marginalized populations.
We conclude that until national or regional guidelines exist,
large-enough international reference populations may be used
in contexts different from the ones they were developed, albeit
findings must be interpreted with caution.

Limitations
The results of the present study must be considered in light
of the following limitations. First, international guidelines
suggest that clinical hypertension needs to be confirmed as
a high BP on three separate occasions since the prevalence
of elevated BP tends to decrease over subsequent visits. In
line with other epidemiological studies, we have measured
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