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Abstract

Purpose of Review To review recent evidence on childhood hypertension across Africa, identifying knowledge gaps, chal-
lenges and priorities, and highlight clinical perspectives in managing primary hypertension.

Recent Findings Only 15 of the 54 African countries reported on absolute blood pressure (BP) measures, elevated BP, pre-
and/or hypertension. The reported hypertension prevalence ranged between 0.0 and 38.9%, while elevated BP and/or pre-
hypertnesion ranged from 2.7 to 50.5%. Childhood BP nomograms are lacking across Africa and the rates of hypertension
were based on guidelines developed in countries with the lowest to no number of children from African ancestry. The recent
studies across Africa also showed little to no detail when reporting BP specific methodology. No recent data informing the
use or effectiveness of antihypertensive agents in children and adolesents are available.

Summary Childhood hypertension is on the rise, while data from Africa remains vastly under-represented. Collaborative
research, resources, and policies need to be strengthened in addressing the growing public health concern of childhood onset
hypertension on this continent.

Keywords Adolescents - Africa - Cardiovascular disease - Children - Prevention - Primary hypertension - High blood pressure

Introduction the importance of early elevated BP detection, prevention,
and intervention strategies is critical [7].

Paediatric hypertension—defined by age, sex and height- Hypertension can be stratified by its aetiology into:

specific systolic and/or diastolic blood pressure (BP)

nomograms—has its roots in early childhood and adoles- 1. Primary or essential hypertension that remains a condi-

cence [1] as reported in several longitudinal cohorts [2-5]. tion of multifactorial origin as a result of behavioural,

Hypertension is a public health concern, particularly in environmental or genetic causes or the interaction of

Africa where the prevalence is steadily increasing among both.

children and adolescents [6]. With a shift towards elevated =~ 2. Secondary hypertension that has multiple aetiologies,

BP during childhood as a key driver of adult hypertension, including renal, vascular, and endocrine causes.

Although secondary hypertension is more common in
children than in adults, primary hypertension in the paedi-
atric population is on the rise [6]. Children and adolescents
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reported consistent findings for multiple single nucleotide
polymorphisms (as a genetic risk score) to associate with
BP levels in children [3, 10] and to predict hypertension
in adulthood [11]. Although these landmark studies were
limited to the Young Finns Study [12], the Avon Longitu-
dinal Study of Parents and Children [13], and the Western
Australian Pregnancy Cohort [14], they do provide impor-
tant information going forward for new studies to determine
similarities or differences in genetic variants in other parts of
the world. However, in Africa, 50% of African countries are
low-income, and 18 African countries are among the world’s
poorest [15]. Consequently, the prevalence and concomitant
research of childhood hypertension in Africa is limited as
many countries are not monitoring and reporting BP in chil-
dren given other more pressing demands.

Reliable estimates of childhood hypertension serve as the
basis for prevention, treatment, intervention and evidence-
based health resource allocation and policy making. However,
in Africa, childhood hypertension has rarely been synthesised.
Therefore, aside from reporting the recent prevalence of child-
hood hypertension across Africa, this review will also discuss
the impact of risk factors and/or interventions associated with
childhood BP; current challenges and priorities; and the clini-
cal perspectives surrounding childhood hypertension across
the continent.

Childhood Hypertension in Africa
The Prevalence of Childhood Hypertension in Africa

Of recent (2018-2022) studies that included a broad range of ran-
domised control trials (RCTs), interventions, cohort, case, longi-
tudinal and cross-sectional studies, only 66 studies (Table 1) from
15 countries across Africa reported on BP in African children
and adolescent cohorts, either absolute BP measures, elevated
BP, pre- and/or hypertension. Considering that Africa is the
second largest and second most populous continent, after Asia,
childhood hypertension in this setting is underreported (Fig. 1).
Majority of the studies were those conducted in the Southern
most part of Africa (37.9%), with South Africa contributing to
23 of the 25 studies reported in this region. Although not all stud-
ies reported a hypertension prevalence, we found that from the
53 studies that did, the reported childhood hypertension preva-
lence on the African continent between the years 2018 to 2022
ranged extensively from 0.0% in an Egyptian adolescent study
that included n="77, 12-18-year olds [16] to 38.9% in 2 stud-
ies namely a case control study that included n="72 Egyptian
children and adolescents (3—14 years) [17] and that of a RCT on
n=1119 Ugandian adolescents (10-11 years) [18].

Both aforementioned Egyptian [17] and Ugandian [18]
studies that reported an alarmingly high prevalence of child-
hood hypertension in Africa (38.9%) were suggestive that the

@ Springer

level of adiposity or body weight in early life may directly
influence BP. El-Koofy et al. showed that babies with a low
birth weight are at increased risk of high BP in later life due to
rapid early weight gain [17]. Lule et al. showed that hyperten-
sion was reported in 70.0% of children with obesity determined
via Centre for Disease Control (CDC) anthropometric z-scores
[18]. These results are therefore suggestive that the rates of
hypertension in childhood are increasing with adverse lifestyle
behaviours (i.e. childhood obesity) [19].

Northern Africa, specifically Egypt, reported the lowest and
highest prevalence of elevated BP or pre-hypertension across
Africa, ranging from 2.7% in an intervention study of n=224
adolescents (12—14 years) [20] to 50.5% in a cross-sectional
study of n=200 adolescents (12—18 years) [21]. The intervention
study by Elseifi et al. suggested that the students who were pre-
hypertensive for systolic and diastolic BP showed infrequent
intake of breakfast per week [20], while the cross-sectional
study by Hassan et al., showed that girls with overweight/obesity
presented with significantly higher prevalence of hypertension
(66.7% vs. 40.8%), diabetes (46.7% vs. 31.2%) and low levels of
high-density lipoprotein (64% vs. 59.2%) than normal-weight girls
[21]. The largest study was a cross-sectional study that was carried
out by Muyumba et al. (2018), that included n="7523 children
and adolescents (aged 3 to 17 years) in Lubumbashi, Democratic
Republic of Congo [22ee]. This was the first study of its kind to
determine threshold percentiles (50, 90 and 95%) for BP specific
to age and height for this unique population demographic [22ee].

The only systematic review and meta-analysis between 2018
and 2022 pertaining to childhood hypertension in Africa, was con-
ducted by a group of researchers from South Africa that shed light
on childhood hypertension across the continent [23ee]. Crouch
et al. reported that the prevalence of childhood hypertension in
Northern and Eastern Africa, accounted for more than 9.5% in
these regions [23ee]. Significant differences in the hypertension
prevalence was also reported with the Southern and Western
African regions trailing close behind (Northern (15.2%), Eastern
(9.5%), Southern (7.9%), Western (6.0%), and Central (1.6%))
[23ee]. The hypertension prevalence in Africa did not significantly
differ when looking at population demographics such as age, sex
or areas of urbanicity [23ee], and can partially be explained by the
lack of geographical data from 18 of the 41 studies. Discrepancies
in rural-urban differences are well reported in the African context
[24, 25e¢], but the rise in obesity may supersede the urban-rural
divide. Although environmental variations of BP seem difficult to
justify, a low socioeconomic status, as seen across many African
countries, and the incidence of obesity are among the two most
probable contributing factors [26, 27ee].

Blood Pressure Measurement Techniques
and Devices Currently in Use Across Africa

BP measurements at a population level can generate impor-
tant trends to use as an indicator of population health as
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a whole. Consequently, global guidelines for proper BP
measurement have existed for several years. Despite this,
a study conducted by Hassan et al., reported a 0.0% child-
hood hypertension prevalence in Northern Africa but only
recorded BP manually and a single measurement [16]. EI-
Koofy et al., did not disclose or describe any particular BP
methods [17] while Lule et al., reported a 38.9% childhood
hypertension prevalence after BP was measured on an auto-
mated osciillometric device on 3 separate occasions [18]
as suggested by known international guidelines. In several
research studies, BP measurement methods and thresholds
used are not always properly reported, which can impact on
results derived from these studies. We found that from the
studies we reported in Table 1, the type of BP measurement
device, the number of measurements and/or rest intervals
between measurements were generally poorly reported. For
instance, 18.2% (12/66) of the reported studies did not dis-
close or describe detailed BP methodology altogether and
a further 31.8% (21/66) had missing information regarding
either the type of BP measurement device, the number of
measurements and/or the resting interval between meaure-
ments. Significant differences have been reported between
the type of BP measurement device used (i.e. manual ver-
sus automated oscillometric), the number of measurements
taken (i.e. single versus multiple/single versus repeated
measurement) and the paediatric clinical practice guide-

EBP/pre-HTN %

8.2
114

HTN %

7.5

Guideline
AAP [77]

#BPs/interval
2/30 si

Manual (GIMA)

BP device

Age range
(years)
5-17
[81e®], AAP American Academy of Pediatrics “Clinical Practice Guideline for Screening and Management of High Blood pressure in Children and Adolescents [76], JNC7 The Seventh Report

of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure [111], ESH 2016:European Society of Hypertension guidelines for the manage-
ment of high blood pressure in children and adolescents [77], CDC Centre for Disease Control and Prevention-National Health and Nutrition Examination Survey [107], NCEP/ATP 11l National

n number of participants, BP blood pressure, HTN hypertension, EBP elevated blood pressure, RSA Republic of South Africa, DRC Democratic Republic of Congo, 7Z Tanzania, UG Uganda,
SBP systolic blood pressure, DBP diastolic blood pressure, 4" report—The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents

= line used to stratify participants into their BP statuses. We
S noted that the majority of studies in the Northern African
a region still prefer to acquire BP manually. The prevalence of
o8 % adverse BP across Africa, must be interpreted with caution
= |82 7 firstly considering the lack of countries reporting (Fig. 1;
_ Table 1) and secondly considering the array of BP methodol-
" é ogy still currently in use across the continent.
O Recent Advances in Childhood Hypertension
g , o : :

- = Various modifiable risk factors have been linked to higher BP
B % L 8 E § levels and other forms of cardiovascular disease risk in children
5 § & § "g‘ § in Africa (Table 2). These factors have been reported in children
2 ; and adolescents between the ages of 1-19 years, with the major-
g g g lé % ity of the studies done in Western and Southern African regions.
z g ié’ % g 8 2 Among the BP associated risk factors, the majority of the find-
g 2 23 E ; ° ings showed an adverse association between overweight/obesity
& IO 2 § E and pre-hypertension and/or hypertension [27ee, 28ee, 20-40].
- E g The prevalence of overweight/obesity ranged from 2.2 to 33.0%
g e o < gﬁ "'é with the highest prevalence being reported in South Africa.
T I5§ & = E The largest study was a national cross-sectional study done by
3 g % g 'é g 2 Amponsem-Boateng et al., and included n=3165 students aged
E _ fg’ ;-,- between 12 and 22 years [38]. This study aimed to screen for
g & Mo hypertension, risks and knowledge/awareness in second-cycle
‘:’ g g _ g _ § g schools in Ghana. The risk factors for early hypertension that
e |5 % ié 5 % o g were identified included body mass index (BMI), waist cir-
c|2 [ &- 2 cumference and body weight with a high statistical significance
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between BMI and pre-hypertension as well as hypertension [38].
In these Ghanaian students, 19.9% were hypertensive and 26.1%
were pre-hypertensive which may indicate a likely high preva-
lence of hypertension in the future adult population [38]. It is
noteworthy to mention that the majority of the studies in Africa
investigating overweight/obesity in children were cross-sectional
in design and that different classifications for overweight/obesity
were used throughout (i.e. International Obesity Task Force,
World Health Organisation (WHO) and CDC).

Linking closely with overweight/obesity is the prevalence
of physical inactivity [38, 41-45], with alarmingly high lev-
els being reported in a South African study by Joubert et al.
[41]. In this study, n=109 children aged 8—13 years were
included and 39.0% of these children self-reported being
physically inactive [41]. Hypertensive children in this study
were also more likely to be overweight/obese, but only if
they did not meet physical activity recommendations [41].
In a cluster-RCT with n=_853 children aged 8-13 years in
eight primary schools in Port Elizabeth, South Africa, cardi-
orespiratory fitness, sport participation, BMI, and BP were
assessed at baseline and after a physical activity intervention
[43]. The authors showed that high cardiorespiratory fitness
and high sport participation were negatively associated with
overweight/obesity, while high sport participation was also
associated with lower risk for hypertension [43]. The Ampe
(a Ghananian house-hold recreational game that includes a
combination of physical workout and social bonding) exer-
cise programme implemented in Ghana for instance, proved
effective as a paediatric obesity household intervention
that provided the impetus for active lifestyles to reduce BP
[45]. Longitudinally, those who participated in the physical
activity intervention were less likely to become overweight/
obese. These findings highlight the relationship between
physical activity and body weight.

With regard to diet [20, 38, 39, 46—48], data from the
studies included in this review suggest that sodium intake is
a factor of concern. In the Ghanian national cross-sectional
study done by Amponsem-Boateng et al., it was shown that
adding extra salt to a meal increases the odds of developing
hypertension by 36.0% and by 16.0% for pre-hypertension
[38]. In a Nigerian study including n =488 children aged
between 10-19 years, the majority consumed far higher
levels of sodium and/or far lower levels of potassium than
what is recommended with about 39.0% of adolescents with
hypertension adding table salt to their already prepared foods
[46]. These findings are concerning as the intake of sodium
may be set to increase as the African continent undergoes
considerable urbanisation.

Early life exposure to unhealthy environmental factors
and maternal risk factors [49-53] are linked to an increased
risk for elevated BP in children in various African settings.
These factors, discussed in the next few paragraphs include
among others, hypertension, hypertensive disorders of

pregnancy, hyperglycaemia, smoking, alcohol use, over-
weight/obesity, physical inactivity, and low socioeconomic
status [49-53]. Exposure to adverse maternal factors such
as smoking, alcohol consumption, and micronutrient defi-
ciency may have a detrimental effect on cardiovascular sys-
tem development through DNA methylation [54-56].

De Smidt et al. investigated whether there is a link between
maternal smoking (nicotine exposure) and alcohol consump-
tion during pregnancy and carotid intima-media thickness
(cIMT) in 5-year-old South African children from a low-
income environment [53]. The main finding of the study was
that exposure to both alcohol and nicotine, maternal adiposity,
and male sex of the offspring were associated with an increase
in right cIMT at 5 years of age [53]. In contrast, another study
in South African children [54], this time from Soweto, a
township of Johannesburg, showed that hyperglycaemia first
detected in pregnancy was not associated with BP in offspring
aged 3-6 years. Regardless of this observation, the prevalence
of elevated BP in these children was alarming (49.7%) and
warrants further investigations into contributing factors, par-
ticularly in low socioeconomic environments to improve detec-
tion and develop appropriate interventions.

Recently, a hospital-based cross-sectional study in the Tig-
ray region of Ethiopia assessed foetal and maternal outcomes
and associated factors in mothers with hypertensive disorders
during pregnancy [52]. A large proportion of the study popula-
tion (66%) was from rural areas, with rural residence, together
with ante- and intrapartum-onset hypertensive disorders of
pregnancy later identified as one of the predictors of perina-
tal complications [52]. More than half of the newborns from
hypertensive mothers had adverse outcomes which included
among others, low birth weight (20.7%) [52]. This observa-
tion highlights the importance of taking into consideration the
impact rural versus urban settings have on maternal and subse-
quently offspring health outcomes, both short and long term,
specifically for cardiovascular disease development.

A cross-sectional study in Cameroon explored associations
of birth weight with BP and kidney function as assessed by
glomerular filtration rate and proteinuria in n=_80 children
(aged 5-10 years) [49]. The study population was stratified
according to low birth weight (<2500 g), normal birth weight
(25003999 g), and high birth weight (>4000 g). When focus-
ing on BP, 9.5% of the low birth weight children had hyperten-
sion, while 4.4% of the normal weight children had elevated
BP [49]. In seven children with proteinuria, 19.0% had low
birth weight [49]. Overall, there was a trend towards a negative
association between birth weight and BP and kidney function,
although not statistically significant.

The shift from rural to urban settings and associated life-
style changes have a large impact on cardiometabolic risk
factors, not only in adults, but in children, although recent
data from Africa is scant. A large cross-sectional study
focused on school and college-based healthy children (aged
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Fig. 1 Schematic illustration of
the number of studies highlight-
ing the prevalence of hyper-
tension, pre-hypertension and
elevated blood pressure across
the African continent within the
last 5 years
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6-18 years) in a suburban area west of Algiers, North Africa
[50]. The prevalence of hypertension increased with age,
8.7% for 6-10-year-old children and the highest prevalence
(15.6%) was recorded for those older than 15 years of age
[50]. In addition, for both prehypertension and hypertension
the prevalence increased with higher BMI and was the high-
est in obese children, 26.8% and 32.3%, respectively [50].
Time spent engaging in sedentary behaviour such as watch-
ing television, internet and electronic gaming was associated
with prehypertension [50]. Other population characteristics
associated with either prehypertension, hypertension or both
included parental history of hypertension or diabetes and
maternal and postnatal factors such as gestational age, early
term delivery, lower birth weight and shorter breastfeeding
periods. More comprehensive studies are needed to inform
preventative strategies to tackle risk factors associated with
the rising burden of childhood hypertension in Africa.

Current Challenges and Priorities
Methodological Issues

The detection of hypertension in children and adolescents
is highly dependent on the proper measurement of BP in
research and clinical practice settings and is affected when

methodological aspects are not optimal. While BP is a
vital sign and a standard diagnostic tool in clinical practice

@ Springer

[57], measurement of BP in children and follow-up is often
neglected in clinical practice [57]. When measured, several
errors have been reported which seem to have universal
characteristics for both children and adults. Some of these
errors are related to observer bias or mistakes due to a lack
of proper training, the patient’s behaviour or experience
during measurements, while some errors are inherent to
the device algorithms due to proprietary rights from manu-
facturers who are unwilling to disclose algorithm coeffi-
cients and factors used in their algorithm or transfer func-
tion development. While the effects of risk factor exposure
in children are less extensively known, other factors such
as temperature [58], noise exposure [59], pollutants [60]
and/or discomfort related to a lack of privacy during the
measurement can contribute to errors in BP measurements
[61, 62]. In Africa, the methodological issues related to BP
measurement, diagnosis and treatment are undeniably more
challenging. These challenges include (among others) the
limited access to and affordability of paediatric validated
BP devices, accredited calibration centres, the lack of Afri-
can specific nomograms for childhood and adolescent BP,
and the non-existence of proper treatment algorithms for the
massive population diversity on the African continent. In
this section, the methodological issues will be briefly dis-
cussed under four main categories namely the patient (“The
Patient”), the observer (“The Observer”), BP devices (“The
Device”), as well as the protocol and guidelines (“The Pro-
tocol and Guidelines™).
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The Patient

Measuring BP accurately largely depends on the cooperation
of the patient and their understanding of the conditions under
which the measurements should be taken. Barriers specific to
the patient can include language, age, body size, mood, cul-
ture, and illness or circumstances in which BP is measured.
In Africa, over 2000 languages are spoken. Furthermore, the
rural population comprise more than half of Africa [63], which
poses several barriers in terms of education and communica-
tion. Basic BP measurement instructions (i.e. back supported
and feet flat on the ground without talking) provided by health
care professionals are difficult to understand by a large pro-
portion of individuals and may be even more challenging in
the childhood population, when local or indigenous languages
are mostly learned. The language barrier is accompanied by
age, since younger children (e.g. under 5 years) find it more
challenging to follow such instructions. These younger age
groups are also less likely to keep still for prolonged periods
while BP is measured and are often restless with their feet,
especially when the feet are not properly supported due to the
use of an adult sized chair for a child. Larger children or ado-
lescents on the other hand, provide a challenge in terms of BP
cuff size. Some manufacturers do not offer a large range in
cuff sizes specific to the paediatric population and observers
then need to improvise by using adult-sized cuffs, which may
contribute to under- or over- estimatation of BP when the cuff
is either too big or too small [64]. Children can be unpredict-
able in how they tolerate BP measurement and their tempera-
ment can influence the BP readings when a child is moody
and does not enjoy the experience of the measurements, even
more so for ambulatory BP monitoring (ABPM) [65]. Due to
several geopolitical issues in many African countries, there
also exist cultural conflict when the observer and patient do
not share compatible cultural beliefs or tolerability for certain
ethnic groups [66]. This is a reality on the African continent
and ethnic discord has contributed to many challenges in the
clinical spheres of treatment and healing due to the spillover
of political favouritism in African countries [67]. Therefore, in
some cultures in Africa it works best to measure BP in a group
of children and not in isolation, to reduce the risk of fear and
stigma when participating in research studies, although this is
not what clinical guidelines from developed countries propose.
Lastly, in certain disease conditions when it is not possible
to measure a child’s BP in the optimal sitting position, there
are several challenges due to divergent criteria available in the
literature and the lack of clinical practice guidelines in Africa
for detecting primary hypertension in children and adolescents.

The Observer

The nurse, medical specialist, clinician, or researcher is
referred to as the observer taking the BP measurement.

@ Springer

Similar barriers, as for patients, are evident in the clinical
setting whereby nurses or clinicians have to measure BP.
However, apart from language differences, managing a very
young child (position, cuff size, cuff position and arm selec-
tion, removing thick or tight fitting clothing, etc.), and device
preference (manual sphygmomanometer, auscultatory or auto-
mated (oscillometry) may lead to several observer specific
barriers that lead to errors in BP measurements. While proper
training for BP measurement can not be more emphasised,
deviations from protocols are a given in most busy hospitals or
clinical settings whereby nurses or doctors do not have enough
time to perform proper BP measurements, or in some cases
not at all [68]. The real-life environment for medical staff is a
challenge by itself in terms of multitasking, time management,
the availability of equipment, and the location of practice (e.g.
crowded and noisy clinics with limited space but large patient
influx in the public sector compared to more controlled envi-
ronments in the private sector) [69, 70]. An international sur-
vey indicated that Africa has the greatest workforce burden
for the number of paediatricians per 100,000 children and
adolescents under 18 years with a reported median ratio of
0.8 (IQR: 0.4-2.6) [71]. As a result of such rushed environ-
ments and circumstances, the standard protocol for accurate
BP measurement is overlooked and often no rest period is
given to patients before the first BP measurement is taken,
while in most cases no further measurements are performed
and clinical decisions are based on one non-standardised BP
value. In addition, talking remains one of the greatest human
errors in BP measurement. When a patient talks while the cuff
inflates and deflates, BP is directly affected. Similarly, when
nurses, doctors or other medical specialists have discussions
during the BP measurement, BP errors are unavoidable.

The Device

The validation of BP devices is one of the persistent global
methodological challenges in the hypertension sphere [60].
Several BP devices have been validated for clinical use,
while no BP device has been validated in Africa or specifi-
cally in any African population group. Validating BP devices
in Africa is a priority area since there is a lack of data avail-
able that illustrates whether BPs are under- or overestimated
by BP devices validated elsewhere. The propriatry nature
of automated BP device algorithms, limits the ability to
distinctively identify the factors that influence BP readings
for a specific manufacturer’s device model(s). It is therefore
unknown whether such algorithms account for biological
and ethnic differentiation between population groups from
various parts of the world [72]. With the majority of valida-
tion studies being outdated due to the recent updates of the
international validation protocols, such studies were also in
violation of the validation protocols as a result of incom-
plete reporting of essential information [73]. In addition to
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devices being validated, the regular calibration of BP devices
seems neglected. Calibration of aneroid devices is essential
for accurate BP measurement, while electronic devices need
to be serviced annually by accredited centres to assure BP
accuracy over time [70]. In addition to aneroid, automated
or semi-automatic oscillerometric devices for clinic use,
there are also device related concerns in Africa specific to
24 h ABPM, home BP monitoring and cuffless or wearable
technology. While use of ABPM is optimal for clinical prac-
tice and in special conditions in paediatrics due to its ben-
efits (i.e. good reproductibility, detection of white-coat and
masked hypertension [74], demonstration of BP variability
and dipping patterns [75]), access and affordibility are two
of the main limitations to use in African and other develop-
ing countries. Ambulatory BP monitoring is used in Africa
especially in private hospitals and clinical research settings,
however, there remains a major risk of device loss and dam-
ages of such devices. Home BP monitoring is slightly more
challenging due to limited time for proper patient training on
the use of the device, the availability of home BP monitors
in clincal practice or cost to patients to purchase a validated
BP device for home use. Connectivity is another challenge
when BP readings need to be sent to a central patient reg-
istry for BP telemonitoring, especially in deep-rural areas
with limited mobile network infrastructure or high cost for
mobile data or wireless connectivity. Although wearable
technology is expanding globally, and access is available in
African countries, such devices are not currently of much
clinical use due to poor reliability and/or accuracy, and lack
of validated wearable or cuffless devices [76]. Another criti-
cal device-related criteria for accurate BP measurement is
the cuff size and placement [77]. In paediatrics, upper arm
circumferences are ranging vastly from extremely thin to
adult size. Unfortunately, not all BP manufacturers provide a
sufficient variety of cuff sizes. Using the wrong cuff size can
provide massive errors in BP measurements. Independent of
the type of device, the cuff size and placement remain one of
the biggest pitfalls in BP measurement accuracy.

The Protocol and Guidelines

Even among the internationally recognised hypertension
guidelines there are various discrepencies contributing to
confusion and non-standardised methodology when applied
in Africa. Especially in low resource settings where time
is limited and the clinician to patient ratio is dramatically
skewed, studies reported high numbers of paediatric patients
not screened for hypertension in primary care. The main rea-
son is the absence of risk factors for hypertension (especially
secondary hypertension), increasing the potential to under-
diagnose primary hypertension [68]. A study in South Africa
has shown that using the mean of the lowest three of five
BP measurements in young (5-9 years old) children [27ee],

almost 40.0% of the children had abnormal BP based on
the 2017 American Academy of Pediatric Clinical Practice
Guideline (2017, AAP CPG) [77], albeit at a single office
visit. The number of BP measurements that should be per-
formed at a single visit in the clinic differs in the currently
available guidelines from other countries. Some guidelines
advise on discarding the first measurement and use the mean
of the second and third [78], while others support using the
mean of two measurements or one measurement and only
repeated twice if BP was elevated [77]. As expected, BP will
drop with consecutive measurements until tolerance is satu-
rated, however, no consensus exist currently on the number
of BP measurements required for clinical use. For hyperten-
sion status confirmation, a second and third visit is required.
But in reality, due to constraints in the primary health care
environment, BP is often measured once to determine BP
status or not at all in the case of otherwise healthy children
or adolescents. Guidelines recommend to allow a 3—5-min
rest before and a 1-2-min interval when performing repeated
BP measurements with automated BP devices. A rest period
prior to BP measurement is necessary to calm the patient
and to ensure that all conditions are met to acquire an accu-
rate BP reading. However, a study reported that negligible
differences were observed between 30-s and 60-s intervals
and indicated that shorter time intervals are more feasible
in clinical practice [79], while guidelines still recommend
I-min intervals. Since the recommendation of automated
BP devices [80], due to its limited margin of human error,
some task groups and authors have indicated that observer
training and re-training is non-essential when making use of
automated or semi-automated devices. While human errors
in terms of auscultation is absent for oscillometric devices,
human error is still involved in the selection of cuff sizes,
environmental conditions in which BP is measured, proper
patient counselling and positioning, adherence to recom-
mended guidelines in terms of resting periods and time
intervals in-between measurements and finally recording
BP values correctly to a patient record.

The variety of hypertension guidelines in paediatrics is also
a potential pitfall for African countries (and others) that do not
have their own nomograms for BP in children and adolescents
[81ee]. Several childhood BP guidelines are in use to allow
for the detection of high-risk children and adolescents. These
include, among others, the Report on the Diagnosis, Evalua-
tion, and Treatment of High Blood Pressure in Children and
Adolescents (NHBPEP) (2004 Fourth Report) [82], 2017
AAP CPG [77] and the European Society of Hypertension
(2016 ESH) [78]. These age, sex and body height specific BP
guidelines originate from high-income countries (HICs). Sev-
eral population-based studies in several parts of Asia, Europe,
Northern Africa and the United States of America (USA), have
prospectively examined the usefulness of these HICs childhood
clinical practice guidelines in identifying high-risk children
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and adolescents [83, 84]. Certainly, adult hypertension guide-
lines are frequently applied in LMIC settings illustrating that
a HIC BP guidelines can perform in a LMIC adult population.
A recent mixed cross-section longitudinal study conducted in
South Africa highlighted that when the three most applied inter-
national childhood clinical practice guidelines (2004 Fourth
report; 2016 ESH and 2017 AAP) were used to detect hyperten-
sion in an African paediatric cohort, a varied hypertension prev-
alence was reported [81ee]. Consistent with the findings from
numerous recent cross-sectional studies conducted worldwide
[84-86], the 2017 AAP CPG identified a greater hypertension
prevalence and a decrease in the number of children and ado-
lescents with pre-hypertension showing a concomitant upward
trend in the prevalence of hypertension [81ee, 83, 87]. The
most prominent reason for the observed disparities is the nota-
ble differences seen in the BP charts or nomograms. The 2017
AAP CPG guideline excludes obese or overweight children and
adolescents. In an era where childhood obesity is a growing
concern, in conjunction with the fact that body composition (i.e.
obesity) is a significant cause for the development of primary
hypertension, a population that includes obese or overweight
youth will render an heightened overall hypertension preva-
lence. Another prominent reason for the varied prevalence may
be due to the linear growth of the population as nomograms are
body height specific. When comparing the various paediatric
BP guidelines, the 2017 AAP CPG for example shows a much
broader BP range for shorter individuals, while the gaps tends
to decrease for taller individuals [77]. Results from the study by
Craig et al. (2022), showed that the African paediatric cohort
was on average shorter than that expected according to age-
and sex-matched growth charts listed by the WHO [81ee, 88].
Another recent study carried out on n=32 248 Zimbabwean
children also reported that the African paediatric cohort were
shorter and weighed less in comparison to WHO growth charts
[89]. Therefore, African youth of a shorter stature may have a
lower threshold for elevated BP due to being shifted into a low
height percentile. As a result, applying the simple adoption of
childhood BP nomograms from a HIC may not be best suited
for LMICs with diverse population characteristics. These guide-
lines may therefore introduce unpredicted bias in evaluating
childhood BP resulting in a significant over or under-estimation
of the BP status. The need to explore country or region-specific
BP guidelines has therefore gained momentum considering the
increasing childhood hypertension burden in Africa alone.

Clinical Perspectives—Current Challenges
and Priorities

Despite the availability of international BP nomograms [77,
78, 90-92] and proposed paediatric hypertension guidelines
[77, 78, 93-95], the applicability thereof in Africa remain
uncertain. Available nomograms for childhood BP are from
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countries with the lowest to no number of citizens from Afri-
can ancestry compared to Africa. These countries include
the USA [77], China [93], Japan [95] and Western European
countries [78], while other countries such as Canada [94]
and India [96] have their own proposed criteria for detecting
hypertension in children and adolescents. While these are all
essential documents and useful to paediatricians, paediatric
specialists and epidemiologists, there remains much work
to be done to define BP nomograms in Africa and to deter-
mine the usefulness of international paediatric hyperten-
sion guidelines in the African region. Notwithstanding the
support for efforts to sensitise the need for region-specific
normative data, expert groups from all parts of the world
should aim to forge globalised guidelines for the detection
and management of primary hypertension in paediatrics.

Another concern is that there are no recent data informing
the use of antihypertensive agents in children and adolesents
in Africa. Additionally, there are no appropriate data to assess
the long-term effectiveness of treatment of high BP in children
or adolescents with pharmacological interventions that may
have the ability to reduced BP and adverse health outcomes in
later life. An Africa-centered collaborative effort to intensify
peadiatric hypertensive studies is urgently needed to address
this knowledge gap on the African continent.

Conclusion

Despite several efforts to understand childhood onset of hyper-
tension in Africa, remaining challenges include limited access
to healthcare, inadequate resources for screening and diagnosis,
and poor awareness among caregivers and healthcare profes-
sionals regarding the importance of early detection and manage-
ment. Overall, the studies addressing childhood hypertension
have emphasised that research, resources, and policies need to
be upscaled to address this burgeoning public health concern.
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