Journal of Human Hypertension

REVIEW ARTICLE

www.nature.com/jhh

W) Check for updates

Hypertension in sub-Saharan Africa: the current profile, recent

advances, gaps, and priorities

Lebo F. Gafane-Matemane (">, Ashleigh Craig

Andre Pascal Kengne (®>°

© The Author(s) 2024

3, Ruan Kruger'?, Omotayo S. Alaofin, Lisa J. Ware

3 Erika S. W. Jones(®* and

Recent global and regional reports consistently confirm the high and increasing prevalence of hypertension in sub-Saharan Africa
(SSA), with poor detection, treatment, and control rates. This narrative review summarises the burden of hypertension in SSA and
recent findings from community-based hypertension management strategies. We further outline prominent risk factors according
to recent data and associated underlying mechanisms for hypertension development. An extensive review of literature showed that
most countries have reported on the prevalence of hypertension during 2017-2023, despite limitations linked to the lack of
nationally representative studies, heterogeneity of sampling and data collection methods. Task-shifting approaches that assign
roles to model patients and community health workers reported improved linkage to healthcare services and adherence to
medication, with inconsistent findings on blood pressure (BP)-lowering effects over time. The regularly reported risk factors include
unhealthy diet, sedentary lifestyle, increased adiposity and underweight, ageing, level of education, and/or income as well as
psychosocial factors. Newer data on the pathophysiological mechanisms leading to hypertension and potential areas of
intervention are reported from children and adults and include, among others, salt-handling and volume overload, endothelial
function, BP dipping patterns and the role of human immunodeficiency virus . To conclude, significant strides have been made in
data reporting from SSA on the burden of hypertension in the region as well as biomarker research to improve understanding and
identification of areas of intervention. However, gaps remain on linkage between knowledge generation, translation, and
implementation research. Coordinated studies addressing both discovery science and public health are crucial to curb hypertension

development and improve management in SSA.
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INTRODUCTION
Elevated blood pressure (BP) remains the largest, preventable risk
factor for premature death globally, with about 10.8 million deaths
in 2019 attributed to raised BP [1]. Although the age-standardised
prevalence of hypertension has stabilised between 1999 and 2019,
its prevalence continues to soar in low and middle-income
countries (LMICs) accounting for three-quarters of the global
number of people living with hypertension [2, 3]. In sub-Saharan
Africa (SSA), the prevalence of hypertension has increased,
reaching 48% (Cl. 42-54%) in women and 34% (Cl. 29-39%) in
men in 2019 [2]. Despite numerous calls to action and road maps
by regional and international bodies, awareness, treatment and
control (< 10% in men and 13% in women) remains dismally low,
with disparities between ethnicities and within countries, rural
versus urban areas as well as between men and women [2-6].
The main drivers for the high prevalence of hypertension in SSA
emanate from the transition from a traditional lifestyle to a more
westernised lifestyle [7-10]. While the frequency of risk factors for
hypertension and cardiovascular disease (CVD) has been generally

lower in rural than in urban populations [7, 8], recent data from
SSA show that the gap is closing as rural populations embrace
modern lifestyle [11, 12]. Hypertension risk factors include dietary
habits consisting of a high intake of salt, sugar, and fat and a low
intake of fruits and vegetables, sedentary lifestyles, smoking and
alcohol use, obesity, and sociodemographic factors [13-15].
While knowledge generation has increased on the effect of these
risk factors on pathophysiological mechanisms underlying the
elevation in BP over the life course, there are still significant
gaps. Therefore, more research is needed into the mechanisms
of hypertension development to inform preventative and
therapeutic interventions.

This review aims to: (1) summarise the burden of hypertension
in SSA and findings from community-based management
strategies, (2) outline current knowledge of risk factors and
associated underlying mechanisms and (3) identify knowledge
gaps that need to be addressed to improve understanding of
hypertension development and reduce the treatment and
control gaps.
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METHODS

In this manuscript, we adopted a narrative review approach to
evaluate the current profile of hypertension in SSA including
prevalence, treatment, and control rates as well as community-
based management strategies. Literature search of relevant
articles published between January 1, 2017, and June 30, 2023,
on MEDLINE, ERIC, PubMed, EBSCOhost, Health Source - Consumer
Edition, CINAHL with full text, Health Source: Nursing/Academic
Edition, Google Scholar, Academic Search Complete, African
Journals Online (AJOL) and online grey literature. These electronic
databases were searched for peer-reviewed articles evaluating the
prevalence, treatment and control of hypertension using a
strategy that combined free text keywords with Medical Subject
Heading (MeSH) phrases (Supplementary Table 1). Eligibility
criteria included articles which have reported on hypertension
prevalence, risk factors, management strategies, articles published
in English language or other languages where an English
translation is accessible and lastly peer-reviewed articles published
between January 1, 2017, and June 30, 2023 with study settings in
SSA. We excluded review articles, meta-analyses, systematic
literature reviews, editorials, conference papers and articles
without full text.

One of the authors conducted a comprehensive literature
search with the combination of the keywords highlighted in the
Supplementary Table 1. After removing duplicates and ensuring
that the eligibility criteria were met, two authors independently
conducted title, abstract and article screening on selected peer-
review articles for appropriateness. The third author then checked
and confirmed that the extracted data were accurate and resolved
any discrepancies arising from article selection. In total, 41 studies
were included in the review to evaluate the current profile of
hypertension in SSA and four included for the community-based
management strategies that used mixed methods and/or cluster
randomised trial study designs. Data extraction included the study
settings, name of author and publication year, study design, and
sample size which are presented in Table 1. Other variables are
prevalence, awareness, treatment, and control of hypertension.
We present an overview of the findings from the articles included
in the review using a narrative synthesis. We further extracted
information on possible mechanisms of hypertension develop-
ment from the articles reporting on hypertension prevalence/
treatment/management to determine to what extent these
articles included this aspect to inform new treatment approaches.
This was in addition to recent original papers addressing
mechanisms associated with hypertension development in SSA
populations. In addition to the purpose of presenting recent
information, the reporting period was selected to avoid the
overlap with previous notable reviews of hypertension in Africa in
the last decade [16-18].

THE BURDEN OF HYPERTENSION IN SUB-SAHARAN AFRICA
Prevalence, treatment, and control rates
Since 2017, several global, regional, and country-specific studies
have confirmed the poor levels of hypertension detection and
suboptimal treatment and control in SSA. In this section, we
summarise the patterns in detection, treatment, and control rates
of hypertension in SSA countries based on reports of the past six
years from regional (multinational studies in SSA), national
(countrywide representative studies), and location-specific (only
limited to a specific area in a particular country) surveys. Some of
the national surveys are based on the World Health Organisation
(WHO) STEPwise approach to non-communicable disease (NCD)
risk factor surveillance (STEPS). Other countries’ data are from the
May Measurement Month (MMM) initiative for each country, while
some countries have no data for the reporting period.

Schutte et al., [14] reported that SSA results of the 2018-2019
MMM on awareness (40.5%), treatment (32.1%) and control
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(15.4%) were slightly lower than those reported for the SSA
region by the NCD Risk Factor Collaboration. The latter report
showed that in women, diagnosis, treatment, and control were
48%, 29 and 13% [2]. A similar trend was evident in men with 34%
of diagnosed hypertension and even lower rates of treatment
(22%) and control (9%). The analysis included nationally repre-
sentative studies and statistical analysis included weighting and
adjustments for complex study designs, which is not the case for
MMM data. [2].

One of the most recent multinational studies that applied
standardised methods across all sites is the seven communities in
East and West Africa (SevenCEWA) study [19]. This cross-sectional
study included 3549 participants aged 18 years and older from
seven communities in Kenya, Nigeria, Tanzania, and Uganda. The
mean age was 39.7 years (SD, 15.4), and about a quarter (25.4%) of
the study population had hypertension, with 57.2% awareness rate,
just over half of these individuals being treated, and close to 47.3%
achieving BP control targets (Fig. 1). Earlier on, the Human Heredity
and Health in Africa (H3Africa) AWI-Gen study reported a higher
prevalence of 33% in 10696 participants aged between 40 and 60
years (mean age 49.9, SD 0.06) from Burkina Faso, Ghana, Kenya,
and South Africa [20]. In this study, overall awareness was at 47.7%,
and awareness, treatment, and control rates differed according to
study sites between and within countries, with the highest
prevalence in South Africa (41.6%-54.1%) and lowest in Burkina
Faso (15%), which is closer to the values recently published in
national surveys in both countries although using different study
designs and data collection methods [7, 21]. In contrast, results from
the sites in Kenya included in both the SevenCEWA and H3Africa
AWI-Gen are not within the same range (Fig. 1). As indicated in most
of the surveys in Table 1, the disparities may be due to purposive
and convenience sampling and data collection methods. This
underscores the need for standardised methods and inclusion of
nationally representative populations.

Recent (2017-2023) prevalence, treatment and control rates
reported in nationwide and regional (within country) surveys are
summarised in Fig. 2 and Table 1 [7, 19, 21-60]. Where multiple
surveys are available for the 2017-2023 period, the most recent
one is presented, and the prevalence scoring was adapted from
Micklesfield et al., [61]. These surveys have mostly indicated that
the prevalence of hypertension and comorbidities is increasing in
rural areas, however, there is variation across the care cascade
[7, 11, 20, 62]. Some of the limitations in reported surveys are
reflected in the heterogeneity of included study populations. First
is the age range, with the lowest age of inclusion being 15 years
while the inclusion for other studies started as high as 40 years of
age [7, 20, 47, 63]. Differences between men and women are not
always presented across the care cascade (Table 1), and some
studies included only urban or rural dwellings such as study sites
in Kenya (only urban) and Nigeria (all rural) in the H3Africa study
[20] (Fig. 1). Urbanisation and the sociocultural transition
associated with a westernised lifestyle in rural areas have been
echoed by several studies as the main driver for the increase in the
prevalence of hypertension in rural areas to a level comparable to
the prevalence in urban populations [7, 11, 12]. Additionally, rural
areas have higher odds of undiagnosed hypertension due to the
reach of healthcare services, among other factors [53].

Management of hypertension in sub-Saharan Africa

Barriers to the control of hypertension in SSA include individual-
and system-level aspects. At an individual level these include,
health literacy, especially around hypertension and CVD and
socioeconomic factors that affect the affordability of health
insurance and medicines (out-of-pocket costs) and distance to
healthcare facilities [19, 64-66]. System-related barriers include
the availability of medicines, poor access to healthcare facilities
and limited workforce capacity and knowledge of the healthcare
workers as well as political will in implementing interventions that
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Rural area proportion: all
Prevalence:
Men (19.2%); women (11.0%)

Rural area proportion: 100%
Prevalence:
Men (24.1%); women (24.8%)

Rural area proportion: all
Age std prevalence: 20.4-
38.6%

. The SevenCEWA study

W The H3Africa AWK-Gen
study

Swr HELENA

Rural area proportion: 2/3 sites
Prevalence:
Men (29.2-54.7%); women (47.2-53.4%)

& Included in the H3Africa AWI-Gen study

Rural area proportion: none
Prevalence:
Men (21.9%); women (28.7%)

Rural area proportion: none
Age std prevalence: 9.7%

Rural area proportion: none
‘ Age std prevalence: 20.4%

SEYCHELLES.
Q

Rural area proportion: none
Age std prevalence: 28.5%

MAURITIUS

rewvon O
e}

Fig. 1 Inclusion of rural areas in multinational studies assessing hypertension prevalence in sub-Saharan Africa. This figure depicts the
two major recent multinational studies (H3Africa AWI-Gen; SevenCEWA) that presented data on hypertension prevalence, awareness,
treatment, and control in rural and urban areas of sub-Saharan Africa. The green and orange colors show the included countries, while grey
represents countries not included in the two studies. The orange star indicates that the country was included in both studies. H3Africa Human
Heredity and Health in Africa, SevenCEWA seven communities in East and West Africa.

Hypertension prevalence
(data published 2017-2023)

<20%  20-24.9% 25-29.5% 30-34.9% >35%

D No recent data available
D Not applicable to SSA region

Fig. 2 Recent multinational and country-specific studies asses-
sing hypertension prevalence, treatment and control in sub-
Saharan Africa. This figure depicts recent (2017-2023) prevalence,
treatment and control rates reported in nationwide and regional
(within country) surveys in sub-Saharan Africa. Where multiple
surveys are available for the 2017-2023 period, the most recent one
is presented. SSA sub-Saharan Africa.

SPRINGER NATURE

have been shown to work elsewhere in the management of
hypertension [14, 63-65]. It was recently reported in a Soweto
population that the poor quality of PHC services such as
unpleasant interactions of healthcare providers with patients
may serve as some of the deterrents for visiting PHCs [67]. As a
result, tasking-sharing is one of the most relevant approaches for
improving the management of hypertension in resource-limited
contexts such as in SSA countries [4, 67, 68]. Training of role model
patients as facilitators for support groups and community health
workers (CHWs) to provide clinical and nonclinical support have
the potential to counteract some of the individual and system
barriers mentioned above.

Table 2 summarises different strategies that tested the role of
task-shifting in the form of allocation of some of the responsi-
bilities in hypertension management to role model patients and/
or CHWs. Overall, depending on the design and implementation
strategies, most forms of task-shifting improved linkage to health
services and adherence to medication [69-71], with inconsistent
results on the effect on BP control over time. One of the relevant
recent findings come from the HealthRise programme, which was
implemented in Brazil, India, South Africa, and the United States of
America [65]. South African sites were amongst the most
challenging, which included two rural areas in KwaZulu Natal
and the Northern Cape provinces. Main limitations that may
explain the unfavourable results from the South African sites are
the short implementation period, socioeconomic and demo-
graphic factors such as residing in a rural area, low education, and
literacy levels in patients, and the high unemployment rate as well
as health system-related barriers [65]. Additional limitations of
task-shifting studies in SSA have been reported in a recent
scoping review and framework for designing chronic services [72].
These include attrition rates, quality of studies, parallel as opposed
to integrated models, and lack of comparison groups.

Journal of Human Hypertension
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The integration of human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS) and hypertension care in
another rural setting in the Mpumalanga province demonstrated
that the integration model has the potential to improve
hypertension management, even though the treatment targets
for HIV/AIDS were met more frequently than BP treatment targets
[69]. In Kenya, a comparison of different levels of care showed that
shifting some of the responsibilities from clinicians and nurses to
CHWs by incorporating behaviour change communication using
either paper-based tools or smartphones resulted in improved
linkage to care and some non-significant decline in BP [71]. In
contrast, the significant decline in both systolic and diastolic BP in
the CLUBMEDS intervention in Nigeria was attributed to, among
others, understanding and acceptability of the intervention by
patients which improved adherence, similar to application of the
same intervention to HIV/AIDS management approaches, which
was the basis of this strategy in hypertension management [70].
Although the current studies had limitations, newer feasibility
studies for community-based interventions for the management
of hypertension offer promise for the knowledge base on the
utility and sustainability of community-based interventions to
improve care for people living with hypertension in SSA [73, 74].
On pharmacological interventions, optimal medical therapies
need to be further investigated. The CREOLE trial has reported
that combination of a diuretic with a calcium channel blocker
provides efficient BP control [75] and further studies with
representation from various regions in Africa are urgently needed
to address the current treatment gaps.

RECENT ADVANCES IN HYPERTENSION IN SUB-

SAHARAN AFRICA

Risk factors

The main reported drivers of hypertension prevalence and
disparities between and within countries in SSA are diet
[15, 59, 76], increased adiposity and underweight [47, 56, 77],
ageing [12, 19, 56, 62], level of education, and/or income as well as
psychosocial factors [12, 15, 19, 47]. These factors are likely
influenced by culture and religious practices as reported in recent
surveys from Western, Eastern, and Southern African countries
[63, 64, 78]. In multinational and national studies, the prevalence
of hypertension tends to still be higher in urban than in rural areas
within some countries such as South Africa and Namibia
[7, 8, 47, 79], although the gap is closing. This is reflected in the
most common modifiable risk factors being shared between
urban and rural areas as reported in Ghana, Nigeria, South Africa,
Kenya, and Tanzania [11, 12, 57, 79]. The rate at which different
areas undergo the epidemiological transition may be one of the
reasons for the inconsistencies in rural versus urban areas gaps
within countries [79, 80].

Early life programming due to adverse maternal risk factors
before conception and during pregnancy elevates the risk for
premature onset of CVDs [81, 82]. Briefly, intrauterine and early life
exposure to risk factors such as maternal smoking, alcohol
consumption, psychological stress, perinatal complications, mal-
nutrition, low socioeconomic status and lack of prenatal care can
directly impact the offspring’s risk for hypertension and CVD
[81-85]. Below we discuss the risk factors highlighted from SSA
populations in the past six years.

Nutrition. Unhealthy dietary habits associated with hypertension
in SSA are characterised by a high intake of food rich in sodium
and fewer fruits and vegetables as primary sources of potassium
[13, 64, 76, 86-89]. Salt intake is independently associated with
prevalent hypertension in several countries. A study in Benin
reported high salt intake as an independent predictor of
hypertension and noted sex differences, with women having a
higher use and intake than men (63.3% versus 49.7%) [63]. Data
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from Zimbabwe showed that individuals with hypertension who
did not put additional salt in food during mealtime had a 40%
reduction in the odds of uncontrolled hypertension [59],
consistent with previous results from Ghana [90].

In rural Zambia, the median intake of both sodium and fatty
acids was found to be below the recommended level and not
associated with hypertension [91]. In rural Ghana, sodium,
potassium and energy intake were lower in the local population
as compared to levels in Ghanaians living in Europe, underscoring
the detrimental role of acculturation to a western lifestyle [9]. In
South Africa, before the implementation of the salt legislation in
2016, 69% of adults exceeded the > 5g salt/day cut-off
recommended by the WHO, while a startling 91% did not meet
the daily requirement for potassium intake [13]. In this WHO-SAGE
study, the ratio of sodium to potassium was associated with a
steeper regression slope for the increase in BP with age. Recent
preliminary data shows the impact of salt legislation on salt intake
with a reduction of approximately 1.2 g salt per day over 4.56
years, particularly in Black South Africans with low socioeconomic
status, suggesting greater potential for hypertension risk reduc-
tion in high-risk African populations [92].

Socioeconomic inequality is a critical driver for poor nutrition. In
East Africa, 26-38% of children under the age of five are
undernourished [93]. Malnutrition remains a critical area for
intervention in SSA, with stunting in children decreasing by 8%
between 2000 and 2017 [94], while the number of affected
children increased due to population growth. Communities
especially in Nigeria, Ethiopia, Somalia, and Kenya are mostly
affected by stunting, which directly impacts on paediatric BP
percentiles for detecting hypertension [93].

Sedentary lifestyle and obesity. The prevalence of physical
inactivity is of grave concern with rates in adults above 22%
and in adolescents more than 85% [95]. Undoubtably, a lack of
physical activity and increased sedentary behaviour contribute to
the rise in obesity, a known leading risk factor for CVD. Obesity
prevalence in Africa ranges between 4.5 and 32.5% [96], while the
overweight/obesity group hypertension prevalence in children
and adolescents is approximately 18.5% [97]. In South Africa and
Nigeria, two of the SSA countries with the highest prevalence of
hypertension based on different studies, a sedentary lifestyle
associated with a move from rural to urban or westernised life has
been cited as the major contributor to the high prevalence of
hypertension [20]. A recent study in rural Zambia shows that the
role of obesity in hypertension prevalence is not unique to urban
areas but is a growing concern even in rural-dwelling postmeno-
pausal women [91]. In the H3Africa AWI-Gen study, hypertension
was driven by obesity and physical inactivity in women aged
35-44 years residing in an informal settlement in Nairobi [20],
similar to women in Benin [63]. In the multicountry SevenCEWA
study, being overweight/obese was associated with higher mean
systolic BP [19], while in Namibia, although overweight and
obesity were more common in women than in men, the odds of
hypertension were higher in both overweight/obese men and
women [47].

Alcohol and smoking. Inconsistent data have been reported on
the role of tobacco and alcohol use as predictors of hypertension
in SSA. In countries such as South Africa and Ghana, these two risk
factors are associated with hypertension prevalence and con-
tribute to its variation between population groups [7, 9]. Of
interest, in areas such as Benin, tobacco and alcohol use were not
influential to the prevalence of hypertension, possibly due to the
low use, which is inconsistent with data from other SSA countries
[63]. Tobacco and alcohol use’s weak or lack of association with
hypertension prevalence may be due to under-reporting, or
limited use in some regions as reported in Sudan and Uganda
[56, 98]. Additional explanations for lack of associations between
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alcohol use and hypertension are differences in settings and
methods used to assess alcohol intake, such as subjective
methods which are associated with recall bias [56]. Although
alcohol use and smoking were among the main contributors to
the high hypertension prevalence in a nationwide survey in
Zimbabwe, recent data from a rural community found opposing
results and suggest low income as one of the reasons for the low
use of alcohol and tobacco [64].

Demographic factors. In the H3Africa AWI-Gen study, which
included East, West and Southern African countries, one of the
most common risk factors for hypertension prevalence (28.7%)
was age [20]. In the SevenCEWA study, covering East and West
Africa, a 10-year increase in age was associated with increased
odds of prevalent hypertension (adjusted Odds Ratio 1.4, 95%Ci
1.4-1.5) [19]. Increasing age is considered a risk factor for
hypertension as observed in most surveys [19, 63]. Certain age
groups seem to be at an increased risk of prevalent hypertension
based on risk profile [12], underdiagnosis and adherence to
treatment [12]. Simultaneously, other studies have found age to
not be associated with the hypertension prevalence and manage-
ment [62, 63, 99]. The association of age with hypertension risk,
generally reflect the effect of the cumulative exposure to
hypertension risk factors over the life course.

When investigating the role of socioeconomic factors, having
some form of education as opposed to having no education at all
was associated with a lower prevalence of hypertension,
particularly in women, whereas attainment of primary-level
education was associated with lower odds of awareness. In
Namibia, the odds of hypertension were low for women with
higher levels of education [47]. Health insurance was associated
with lower hypertension prevalence and increased likelihood of
being treated among women [19]. A recent study in KwaZulu
Natal showed that Black South Africans living in under-resourced
areas had higher odds of being hypertensive and less likelihood of
BP control [79]. A similar observation was found in Sierra Leone,
where male sex, rural location and age were associated with
higher odds of undiagnosed hypertension [53], while detection
and treatment levels are usually higher in urban versus rural areas
as reported in nationwide survey conducted in Nigeria [11]. A
recent report of the South African National Health and Nutrition
Examination Survey has reiterated older age, male sex and Black
African ethnicity as the factors contributing the most to the
hypertension burden and requires prioritisation in terms of
preventative approaches [7].

Hypertension risk factors, detection, treatment and control rates
discussed in this review are highly influenced by cultural practices
as reported from Western, Eastern, and Southern African countries
[63, 64, 78]. A study in a disadvantaged community in Southern
Zimbabwe showed that participants who believed in herbal
medicines (50.7%) and those who used traditional medicines
(14.5%) were less likely to have knowledge about hypertension as
compared to participants who did not believe in or use traditional
medicines [64]. This impact of traditional and religious beliefs on
detection and optimal treatment of hypertension is widespread in
SSA [53, 56, 62, 78] and calls for research that is informed by
stakeholder engagement from the formative stages to better
respond to the diverse profiles of hypertension and CVD in SSA.

Hypertension phenotypes and underlying mechanisms

Most of the studies presented in the last few decades on risk
factors for hypertension and pathophysiological mechanisms
linking these risk factors to hypertension have focused on general
populations, older individuals, patients already living with
hypertension  and/or  populations  with  comorbidities
[19, 100-102]. Some of the recent studies in the SSA setting that
provide insights into the early alterations associated with BP
elevation and CVD risk include the Exercise, Arterial Modulation
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and Nutrition in Youth South Africa (EXAMIN Youth SA) study [103]
and the African Prospective study on the Early Detection and
Identification of Cardiovascular disease and Hypertension (African-
PREDICT) [104]. Earlier longitudinal studies such as the Birth to
Twenty (Thirty) cohort study [84] and the Ellisras longitudinal
study [105] had already established the sociodemographic and
dietary patterns associated with the increase in hypertension
prevalence when observing populations from birth until adult-
hood and intergenerational factors.

Sodium and potassium handling. A review of the literature
currently still highlights sodium intake and handling as one of
the main factors explaining the hypertension phenotypes
commonly observed in populations of African ancestry
[13, 106, 107]. Sodium excretion as a measure of salt intake was
positively associated with left ventricular mass index, a marker of
cardiac remodelling in participants with masked hypertension
[108]. In this South African cohort, approximately half of the study
population comprised of Black Africans. Salt intake was further
linked to cardiovascular abnormalities associated with BP eleva-
tion such as arterial stiffness in Black Africans only [109].
Interestingly, associations between salt and potassium intake
and mechanisms such as inflammation did not show any link to
Black African ancestry in the same cohort [110]. In the Ellisras
study, in rural children aged 5-13 years, sodium intake was
positively associated with systolic and diastolic BP, while an
inverse correlation was observed between potassium and systolic
BP [87].

The lower activity of the renin angiotensin aldosterone system
(RAAS) in Black populations, especially in relation to volume
expansion and high salt intake is well-known as a determinant of
hypertension phenotypes in Africans [16, 111, 112]. Recently, the
role of potassium in modulating sodium handling and its effects
on BP regulation has become a topic of interest. In the African-
PREDICT study, components of the RAAS measured by the RAS
Fingerprint” were markedly lower in healthy Black men and
women as compared to their White counterparts [113]. The
incorporation of potassium, in the form of a sodium-to-potassium
ratio as opposed to using only sodium, diminished the differences
in plasma renin activity (PRA) between Black South Africans and
their White counterparts in the group with the lowest levels of
PRA [113]. In that same group, aldosterone levels predicted a
percentage increase in central systolic BP over approximately 4.5
years in young Black Africans. Sex differences were also observed
in this group with measures of aldosterone excess [aldosterone-to-
renin ratio (ARR), aldosterone-to-angiotensin Il ratio AA2R] found
to positively associate with central and peripheral BP only in
young Black African women and only with peripheral BP in their
male counterparts [114].

Other components of the RAAS cascade seem to not play a role
in BP and early cardiovascular alterations associated with
hypertension in Black Africans. Among these is the prorenin
receptor, first discovered in 2002 [115] and was measured in a
soluble form in the African-PREDICT study. This biomarker was
high in White participants as compared to Black South Africans
and adversely associated with left ventricular function in White
women and not in any of the Black African groups [116]. Although
this receptor is new and involved in profibrotic and proinflamma-
tory pathways as well as sodium retention via the actions of
angiotensin Il [115], its relevance in hypertension and cardiovas-
cular risk assessment in Black Africans is not clear at present.
Further prospective studies might shed more light on this. This
observation, among others, supports the need for knowledge
generation to inform not only the public health response to the
high hypertension prevalence and suboptimal treatment and
control levels but the understanding of the pathways leading to
BP elevation which may facilitate pharmacological and non-
pharmacological interventions tailored for Black Africans.
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Volume loading. Although it was well-known for several decades
that the low renin phenotype frequently observed in populations
of African ancestry was mainly attributable to disproportionate
sodium retention and volume expansion [111, 112], recent data
add more explanations to the role of volume regulation in
hypertension in Africans. A community-based study in South
Africa has demonstrated that systemic flow as indicated by stroke
volume, cardiac output and peak aortic flow are primary
determinants of hypertension across the adult age spectrum
[117]. It was further shown that relationships between salt intake
as indicated by sodium-to-potassium ratio and BP can be
explained by aortic characteristic impedance and not systemic
flow [118]. In turn, age-related elevation in systemic flow emerged
as the predictor of sodium excretion and kidney function [119].
These observations suggest some level of independence between
salt-sensitivity and renal mechanisms associated with hyperten-
sion development and underscores the need for therapeutic
interventions for hypertension in Africans not accounted for by
current treatment regimens [117-119].

Salt sensitivity. The concept of salt sensitivity has always been
linked to the suppression of renin in populations of African
ancestry due to sodium and water retention [111, 120]. Salt
sensitivity is associated with important and common risk factors as
well as pathways linked to hypertension such as diet and obesity
[112]. A study in normotensive young South African men and
women found a positive association between salt intake and
body surface area as a measure of adiposity and not with
traditional measures such as body mass index [121], confirming
the potential role of skin in sodium storage and salt handling
[122]. In the same study, potassium, an important determinant of
salt sensitivity, was shown to have a protective effect at low
sodium levels, however, this benefit was not evident in Black
participants [110]. Of interest, in White participants of this study,
the relationship between high salt intake and BP was related to
metabolomic changes assessed using the targeted metabolomics
technique [123]. Furthermore, marinobufagenin, a marker of salt
sensitivity was associated with both increased left ventricular mass
in obesity and influenced microvascular function in non-dippers in
the same study [124]. This marker further showed a unique
ethnicity related association with BP in young Black South African
women [125]. When looking at data from other SSA regions, high
sodium intake was recently associated with a non-dipping pattern
in the CREOLE trial, which included multiple sites in six SSA
countries (Cameroon, Kenya, Mozambique, Nigeria, South Africa
and Uganda) [126]. The non-dipping pattern had a prevalence of
78% in individuals with uncontrolled hypertension, further
supporting the need for tailored therapeutic interventions in the
African context [126].

Endothelial function. Alpha-adrenergic receptor function has
long been linked to raised BP in individuals of African ancestry
and forms some of the basis for calcium channel blockers as one
of the first-choice therapy in populations of African descent
[127, 128]. Recent data from individuals of different age groups
and health status continue to support the central role of
endothelial integrity and function in BP regulation, kidney
function and hypertension in SSA. In Black South African adults,
nitric oxide synthesis was inversely associated with central systolic
BP and urinary albumin-to-creatinine ratio as a marker of kidney
function and endothelial dysfunction [129, 130]. Furthermore,
urinary alpha-1-microglobulin, a marker of renal tubular function
was associated with odds of having elevated BP by 28% in Black
prepubescent children [131]. In addition, the role of nitric oxide
and oxidative stress in BP control was more evident in boys and
men [132], a group known to have a higher risk for hypertension
and CVD.
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Human immunodeficiency virus. With SSA, specifically South
Africa as the epicentre of the HIV epidemic, the nexus between
communicable and non-communicable diseases, especially HIV
and CVD is of public health concern. Persistent low-grade
inflammation, despite treatment in some cases is one of the
pathways potentially linking HIV and hypertension risk [133].
However, recent reports from SSA have consistently shown that
HIV is not associated with an increase in BP or the risk for
hypertension and CVD compared to those without [134-137]. A
study in Uganda presented a lower prevalence of hypertension in
people living with HIV and HIV status was associated with lower
odds of hypertension, elevated systolic and diastolic BP [136]. CD4
cell count, viral load and antiretroviral therapy (ART) did not seem
to influence the odds of hypertension. This is consistent with
findings from different areas in South Africa showing that
individuals living with HIV have lower BP profiles than their HIV-
negative counterparts [134, 135]. Along the same lines, a study in
South Africa showed that low-level viremia in patients on ART was
not associated with cardiovascular risk [138]. Generally, data from
different cohorts confirm that people living with HIV don’t present
with a worse cardiovascular profile as compared to controls.
Perhaps a different approach to the investigations and longer
follow-up periods might provide unknown explanations of the
current profiles.

IMPLICATIONS FOR KNOWLEDGE GAPS AND PRIORITIES
Knowledge generation and application
Knowledge generation in terms of understanding the pathways
and factors leading to hypertension is equally important to
identify areas where early interventions can reduce the risk for
hypertension and hypertension-mediated target organ damage.
Some of the mechanisms associated with an increase in BP in
Black Africans suggest the need for alternative therapy to improve
control of BP. Mechanistic research into risk factors and
biomarkers in Africans has the potential to inform personalised
medicine for the African context. Capacity building should
therefore include support for research and innovation that
includes the generation of new knowledge, translation and
application that will have a wider and more sustainable impact.
Evidence on hypertension mediated organ damage and severity
of hypertension are, likewise, lacking. Further epidemiological
studies need to address this discrepancy in order to stratify
patients according to risk and further optimise medical care.
Another crucial gap is the attention to risk factors and
hypertension development in children, which is likely to persist
into adulthood and contribute to the burden on healthcare
systems. Childhood BP nomograms are lacking across Africa and
the rates of hypertension are based on guidelines developed in
countries with the lowest to no number of children from African
ancestry [139]. The recent studies across Africa show little to no
detail in reporting BP specific methodology and practices. No
recent data informing the use or effectiveness of antihypertensive
agents in African children or adolescents are available. While
childhood hypertension is on the rise, data from Africa remains
vastly under-represented [139].

Representative studies

As a follow-up to the 2017 roadmap to achieve 25% hypertension
control in Africa [4], Owolabi et al. published strategies [Innovative
Epidemiology and a Vibrant Ecosystem (ACHIEVE)] to accelerate
hypertension control in Africa [68]. These strategies are reflected
in the actions outlined in the Call to Action to improve awareness,
treatment, and control of Hypertension in Africa, from the World
Hypertension League [140]. In line with these initiatives, our
current review highlights the need for standardised methods and
coordinated implementation of proposed actions across SSA,
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while taking into consideration the vast diversity in terms of
sociodemographic and economic factors. Recent data published
on the prevalence, treatment, and control of hypertension in SSA
points to an improvement in reporting from most countries,
although not always representative of nationwide conditions and
mostly from the MMM global screening campaign. This under-
scores the need for more nationwide BP screening and follow-up
to accurately estimate the burden of hypertension as this will
inform adequate and evidence-based interventions.

Prevention

Nationwide preventative strategies should target modifable risk
factors that were commonly reported in the review period. These
include obesity and undernutrition [47, 56, 77], sedentary lifestyle
[95, 96], unhealthy diet [15, 59, 76] characterised by high intake of
sugar, sodium and fat, alcohol consumption [7, 9, 64] and smoking
[7, 9]. Some countries in SSA have already indicated the
importance of stakeholder engagement and political will in the
implementation of the salt intake reduction [141] and trans fats
elimination [142, 143] legislations. There are still gaps on actions
to ensure monitoring and evaluation to achieve the desired
benefit of the policies on hypertension and CVD prevention.
Screening for hypertension and co-morbidities, health education
and addressing socioeconomic inequalities is crucial for both
prevention and management of hypertension and associated
complications [12, 15, 19, 47]. More efforts should be made to
foster collaboration between government, researchers and com-
munities to facilitate implementation of strategies to improve
awareness of risk factors for hypertension and CVD across the life
course.

Contextual differences

Most importantly, in the context of social determinants of health,
the variation in cultural aspects, especially when accompanied by
poverty has a significant impact on detection, treatment and
control of hypertension throughout the SSA region. These issues
have a prominent effect in rural settings and are exacerbated by
limited knowledge and understanding of chronic conditions such
as hypertension and poor access to standard healthcare
[14, 53, 62]. In terms of risk factors, cultural and religious beliefs
influence research on modifiable risk factors such as alcohol
consumption and smoking, resulting in underreporting [14, 56, 98]
and subsequently the political will for policy to address these risk
factors [14]. At health systems level, limited resources including
staff, antihypertensive medication and BP measuring devices serve
as a major barrier to screening, diagnosis, treatment and control of
hypertension [144]. The disparities in resources are also evident
within countries where some communities are underserved
compared to others when comparing urban and rural areas
[65, 79]. This emphasises the need for planned actions to be
implemented equitably within and between countries and
regions.

CONCLUSION

The escalating prevalence of hypertension, alongside suboptimal
treatment and poor control rates in SSA is clearly a major public
health concern. Risk factors including unhealthy lifestyle, obesity,
unfavourable socioeconomic conditions and disparities attributed
to demographic factors such as age, sex and area of residence
are the main drivers of the high prevalence. These are further
linked to some individual-level barriers to hypertension detection,
treatment and control, which are exacerbated by system related
barriers to efficient management of hypertension. Therefore,
contextualised interventions to mitigate risk factors across the life
course and improve hypertension awareness, treatment and
control by linking knowledge generation with application are
urgently needed. These efforts have the potential to prevent the
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dire health and economic effects of hypertension in SSA,
particularly on the already strained healthcare systems and well-
known socioeconomic inequalities.

REFERENCES

1. Global Burden of Disease Risk Factor Collaborators. Global burden of 87 risk
factors in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet. 2020;396:1223-49.

2. Zhou B, Carrillo-Larco RM, Danaei G, Riley LM, Paciorek CJ, Stevens GA, et al.
Worldwide trends in hypertension prevalence and progress in treatment and
control from 1990 to 2019: a pooled analysis of 1201 population-representative
studies with 104 million participants. Lancet. 2021;398:957-80.

3. Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health burden and
effective interventions for elevated blood pressure and hypertension. Nat Rev
Cardiol. 2021;18:785-802.

4. Dzudie A, Twagirumukiza M, Cornick R, Abdou Ba S, Damasceno A, Rayner B,
et al. Roadmap to achieve 25% hypertension control in Africa by 2025. Cardi-
ovasc J Afr. 2017;28:262-73.

5. World Health Organization. Global action plan for the prevention and control of
noncommunicable  diseases  2013-2020; 2013.  https://www.who.int/
publications/i/item/9789241506236. [Accessed 30 June 2023].

6. Olsen MH, Angell SY, Asma S, Boutouyrie P, Burger D, Chirinos JA, et al. A call to
action and a lifecourse strategy to address the global burden of raised blood
pressure on current and future generations: the Lancet Commission on hyper-
tension. Lancet. 2016;388:2665-712.

7. Kandala N-B, Nnanatu CC, Dukhi N, Sewpaul R, Davids A, Reddy SP. Mapping the
burden of hypertension in South Africa: a comparative analysis of the National
2012 SANHANES and the 2016 Demographic and Health Survey. Int J Environ
Res Public Health. 2021;18:5445.

8. Reddy S, Mbewu A, Williams D, Harriman N, Sewpaul R, Morgan J, et al. Race,
geographical location and other risk factors for hypertension: South African
National Health and Nutrition Examination Survey 2011/12. SSM Popul Health.
2021;16:100986.

9. Ndong AK, van der Linden EL, Beune EJ, Meeks KA, Danquah |, Bahendeka S,
et al. Serum potassium concentration and its association with hypertension
among Ghanaian migrants and non-migrants: The RODAM study. Athero-
sclerosis. 2022;342:36-43.

10. Aliyu AA, Amadu L. Urbanization, cities, and health: the challenges to Nigeria-a
review. Ann Afr Med. 2017;16:149.

11. Odili AN, Chori BS, Danladi B, Nwakile PC, Okoye IC, Abdullahi U, et al. Pre-
valence, awareness, treatment and control of hypertension in Nigeria: data from
a nationwide survey 2017. Glob Heart. 2020;15:47.

12. Appiah F, Ameyaw EK, Oduro JK, Baatiema L, Sambah F, Seidu A-A, et al. Rural-
urban variation in hypertension among women in Ghana: insights from a
national survey. BMC Public Health. 2021;21:2150.

13. Ware LJ, Charlton K, Schutte AE, Cockeran M, Naidoo N, Kowal P. Associations
between dietary salt, potassium and blood pressure in South African adults:
WHO SAGE Wave 2 Salt & Tobacco. Nutr Metab Cardiovasc Dis. 2017;27:784-91.

14. Schutte AE, Jafar TH, Poulter NR, Damasceno A, Khan NA, Nilsson PM, et al.
Addressing global disparities in blood pressure control: perspectives of the
International Society of Hypertension. Cardiovasc Res. 2023;119:381-409.

15. Ntiyani N, Letamo G, Keetile M. Prevalence of and factors associated with
hypertension, diabetes, stroke and heart attack multimorbidity in Botswana:
evidence from STEPS 2014 survey. PLoS ONE. 2022;17:0265722.

16. Schutte AE, Botha S, Fourie CM, Gafane-Matemane LF, Kruger R, Lammertyn L,
et al. Recent advances in understanding hypertension development in sub-
Saharan Africa. J Hum Hypertens. 2017;31:491-500.

17. Nulu S, Aronow WS, Frishman WH. Hypertension in sub-Saharan Africa. Cardiol
Rev. 2016;24:30-40.

18. Ogah OS, Rayner BL. Recent advances in hypertension in sub-Saharan Africa.
Heart. 2013;99:1390-7.

19. Okello S, Muhihi A, Mohamed SF, Ameh S, Ochimana C, Oluwasanu AO, et al.
Hypertension prevalence, awareness, treatment, and control and predicted 10-
year CVD risk: a cross-sectional study of seven communities in East and West
Africa (SevenCEWA). BMC Public Health. 2020;20:1-13.

20. Gémez-Olivé FX, Ali SA, Made F, Kyobutungi C, Nonterah E, Micklesfield L, et al.
Regional and sex differences in the prevalence and awareness of hypertension
across six sites in sub-Saharan Africa: an H3Africa AWI-Gen study. Glob Heart.
2017;12:81.

21. Cissé K, Kouanda S, Coppieterst Wallant Y, Kirakoya-Samadoulougou F.
Awareness, treatment, and control of hypertension among the adult population
in Burkina Faso: evidence from a nationwide population-based survey. Int J
Hypertens. 2021;2021:1-9.

SPRINGER NATURE

13


https://www.who.int/publications/i/item/9789241506236
https://www.who.int/publications/i/item/9789241506236

L.F. Gafane-Matemane et al.

14

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4,

Victéria Pereira S, Neto M, Feijao A, Lutucuta E, Mbala C, Muela H, et al. May
Measurement Month 2019: an analysis of blood pressure screening results from
Angola. Eur Heart J Suppl. 2021;23:89-B11.

Houehanou C, Codjo L, Adjagba P, Sonou A, Dohou H, Hounkponou M, et al.
May Measurement Month 2019: an analysis of blood pressure screening results
from Benin-Sub-Saharan Africa. Eur Heart J Suppl. 2021;23:824-B26.
Tlhakanelo JT, Makwati O, Beaney T, Xia X, Kebadiretse D, Ntoni L, et al. May
Measurement Month 2019: an analysis of blood pressure screening results from
Botswana. Eur Heart J Suppl. 2021;23:B27-B29.

Iradukunda A, Odjidja EN, Ndayishima SK, Ngendakumana E, Ndayishimiye GP,
Sinarinzi D, et al. Prevalence and predictive risk factors of hypertension in
patients hospitalized in Kamenge military hospital and Kamenge university
teaching hospital in 2019: a fixed effect modelling study in Burundi. PLoS ONE.
2021;16:0260225.

Azevedo V, Dias L, Garcia G, Soares |, Silva M, Delgado |, et al. May Measurement
Month 2019: an analysis of blood pressure screening results from Cape Verde.
Eur Heart J Suppl. 2021;23:B37-B39.

Dzudie A, Njume E, Mfekeu LK, Djomou A, Ba H, Ndom MS, et al. May mea-
surement month 2019: an analysis of blood pressure screening results from
Cameroon. Eur Heart J Suppl. 2021;23:833-B36.

Pengpid S, Peltzer K. Prevalence and associated factors of undiagnosed
hypertension among adults in the Central African Republic. Sci Rep.
2022;12:19007.

Calas L, Ruello M, Hassani Y, Richard J, Gabet A, Olié¢ V, et al. Hypertension
prevalence, awareness, treatment and control in 2019 in the adult population of
Mayotte. Arch Cardiovasc Dis Suppl. 2021;13:105.

M’Buyamba-Kabangu JR, Katamba FK, Ntambwe ML, Ngoyi GN, Tshiswaka TM,
Bayauli PM, et al. May Measurement Month 2019: an analysis of blood pressure
screening results from the Democratic Republic of the Congo. Eur Heart J Suppl.
2021;23:B52-B54.

Ellenga-Mbolla B, Makani-Bassakouahou J, Landa CK, Monabeka M-G, Ossou-
Nguiet P-M, Ngamami SM, et al. May Measurement Month 2019: an analysis of
blood pressure screening results from Republic of the Congo. Eur Heart J Suppl.
2021;23:B49-B51.

Euloge KK, Daniel E, Audrey A, Florent KK, Justin KDB, Benedict B, et al. May
Measurement Month 2017: an analysis of blood pressure screening results in
Cote d'lvoire—sub-Saharan Africa. Eur Heart J Suppl. 2019;21:D47-D49.
Cavagna P, Kramoh KE, Diop IB, Kouam Kouam C, lkama MS, Takombe JL, et al.
Barriers to up-titrated antihypertensive strategies in 12 sub-Saharan African
countries: the multination evaluation of hypertension in sub-Saharan Africa
Study. J Hypertens. 2022;40:1411-20.

Tesfa E, Demeke D. Prevalence of and risk factors for hypertension in Ethiopia: a
systematic review and meta-analysis. Health Sci Rep. 2021;4:e372.

Roger NAG, Patrick M, Stéphane PG. Epidemiological study of high blood
pressure in Haut-Ogooue Province, Franceville, Gabon. 2017; https://doi.org/
10.18535/jmscr/v5i8.85.

Cham B, Scholes S, Ng Fat L, Badjie O, Mindell JS. Burden of hypertension in The
Gambia: evidence from a national World Health Organization (WHO) STEP sur-
vey. Int J Epidemiol. 2018;47:860-71.

Twumasi-Ankrah B, Poulter NR, Tannor EK, Adu-Boakye Y, Nyarko OO, Opoku
G, et al. May Measurement Month 2019: an analysis of blood pressure
screening results from Ghana-Sub-Saharan Africa. Eur Heart J Suppl.
2021;23:B62-B65.

Balde NM, Camara A, Kake A, Diakite M, Bah C, Kone M. Prevalence and
awareness of diabetes in Guinea: findings from a WHO STEPS. JEMDSA.
2017;22:36-42.

Turé R, Damasceno A, Djicé M, Lunet N. Prevalence, awareness, treatment, and
control of hypertension in Bissau, Western Africa. J Clin Hypertens.
2022;24:358-61.

Ogola EN, Mbau L, Gachemba YM, Gitura BM, Barasa FA, Nguchu H, et al. May
Measurement Month 2019: an analysis of blood pressure screening results from
Kenya. Eur Heart J Suppl. 2021;23:B86-B88.

Egede LE, Walker RJ, Monroe P, Williams JS, Campbell JA, Dawson AZ. HIV and
cardiovascular disease in sub-Saharan Africa: Demographic and health survey
data for 4 countries. BMC Public Health. 2021;21:1122.

Manus MB, Bloomfield GS, Leonard AS, Guidera LN, Samson DR, Nunn CL. High
prevalence of hypertension in an agricultural village in Madagascar. PLoS ONE.
2018;13:e0201616.

Ndhlovu HL, Chirwa ML, Mbeba MK, Nyirenda NM, Mbulaje LD, Beaney T, et al.
May Measurement Month 2019: an analysis of blood pressure screening results
from Malawi. Eur Heart J Suppl. 2021;23:895-B97.

Ba HO, Camara Y, Menta |, Sangaré |, Sidibé N, Diall |, et al. Hypertension and
associated factors in rural and urban areas Mali: Data from the step 2013 survey.
Int J Hypertens. 2018;2018:6959165.

SPRINGER NATURE

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Kowlessur S, Ori B, Heecharan J, Xia X, Poulter NR, Beaney T. May Measurement
Month 2019: an analysis of blood pressure screening results from Mauritius. Eur
Heart J Suppl. 2021;23:B101-B03.

Jessen N, Govo V, Calua E, Machava M, Fabula A, Novela C, et al. Blood pressure
screening in Mozambique: the May Measurement Month 2017 project—sub-
Saharan Africa. Eur Heart J Suppl. 2019;21:D80-D82.

Craig LS, Gage AJ, Thomas AM. Prevalence and predictors of hypertension in
Namibia: a national-level cross-sectional study. PLoS ONE. 2018;13:0204344.
Touré Al, Ismael OY, Souley K, Bonkano AS, Boubacar D, Ousseini M, et al. May
Measurement Month 2017-19: an analysis of blood pressure screening results
from Niger. Eur Heart J Suppl. 2022;24:F28-F30.

Wahab KW, Kolo PM, Odili A, lwuozo E, Ifebunandu N, Ademiluyi B, et al. May
Measurement Month 2019: an analysis of blood pressure screening results from
Nigeria. Eur Heart J Suppl. 2021;23:B114-B16.

Nahimana M-R, Nyandwi A, Muhimpundu MA, Olu O, Condo JU, Rusanganwa A,
et al. A population-based national estimate of the prevalence and risk factors
associated with hypertension in Rwanda: implications for prevention and con-
trol. BMC Public Health. 2018;18:1-11.

Benzekri NA, Seydi M, N Doye |, Toure M, Sy MP, et al. Increasing prevalence of
hypertension among HIV-positive and negative adults in Senegal, West Africa,
1994-2015. PLoS ONE. 2018;13:e0208635.

Plumettaz C, Viswanathan B, Bovet P. Hypertension prevalence based on blood
pressure measurements on two vs. one visits: a community-based screening
programme and a narrative review. Int J Environ Res Public Health.
2020;17:9395.

Geraedts TJ, Boateng D, Lindenbergh KC, van Delft D, Mathéron HM, Monnink
GL, et al. Evaluating the cascade of care for hypertension in Sierra Leone. Trop
Med Int Health. 2021,26:1470-80.

Nooh F, Ali MI, Chernet A, Probst-Hensch N, Utzinger J. Prevalence and risk
factors of hypertension in Hargeisa, Somaliland: a hospital-based cross-sectional
study. Diseases. 2023;11:62.

Beheiry HM, Abdalla AA, Fahal NA, Mohamed MI, Ibrahim DA, Medani SA, et al.
May Measurement Month 2018: an analysis of blood pressure screening results
from Sudan. Eur Heart J Suppl. 2020;22:H122-H24.

Omar SM, Musa IR, Osman OE, Adam |. Prevalence and associated factors of
hypertension among adults in Gadarif in Eastern Sudan: a community-based
study. BMC Public Health. 2020;20:1-6.

Osetinsky B, Mhalu G, Mtenga S, Tediosi F. Care cascades for hypertension and
diabetes: cross-sectional evaluation of rural districts in Tanzania. PLoS Med.
2022;19:e1004140.

Goma F, Syatalimi C, Tembo P Jr, Mukupa M, Chikopela T, Kaluba L, et al. May
Measurement Month 2019: an analysis of blood pressure screening results from
Zambia. Eur Heart J Suppl. 2021;23:B158-B60.

Tozivepi SN, Takawira S, Chikaka E, Mundagowa P, Chadambuka EM, Mukora-
Mutseyekwa F. The nexus between adherence to recommended lifestyle
behaviors and blood pressure control in hypertensive patients at Mutare Pro-
vincial Hospital, Zimbabwe: a cross-sectional study. Patient Prefer Adherence.
2021;15:1027-37.

Geldsetzer P, Manne-Goehler J, Marcus M-E, Ebert C, Zhumadilov Z, Wesseh CS,
et al. The state of hypertension care in 44 low-income and middle-income
countries: a cross-sectional study of nationally representative individual-level
data from 11 million adults. Lancet. 2019;394:652-62.

Micklesfield LK, Kolkenbeck-Ruh A, Mukoma G, Prioreschi A, Said-Mohamed R,
Ware LJ, et al. The healthy aging adult South Africa report card: a systematic
review of the evidence between 2013 and 2020 for middle-aged South African
men and women. Cardiovasc J Afr. 2022;33:200-19.

Ezeala-Adikaibe BA, Mbadiwe CN, Okafor UH, Nwobodo UM, Okwara CC, Okoli
CP, et al. Prevalence of hypertension in a rural community in southeastern
Nigeria; an opportunity for early intervention. J Hum Hypertens.
2023;37:694-700.

Desormais I, Amidou SA, Houehanou YC, Houinato SD, Gbagouidi GN, Preux PM,
et al. The prevalence, awareness, management and control of hypertension in
men and women in Benin, West Africa: the TAHES study. BMC Cardiovasc Dis-
ord. 2019;19:303.

Chimberengwa PT, Naidoo M, on behalf of the cooperative inquiry group.
Knowledge, attitudes and practices related to hypertension among residents of
a disadvantaged rural community in southern Zimbabwe. PLoS ONE.
2019;14:¢0215500.

Flor L, Wilson S, Bhatt P, Bryant M, Burnett A, Camarda J, et al. Community-based
interventions for detection and management of diabetes and hypertension in
underserved communities: a mixed-methods evaluation in Brazil, India, South
Africa and the USA. BMJ Glob Health. 2020;5:e001959.

Dowhaniuk N. Exploring country-wide equitable government health care facility
access in Uganda. Int J Equity Health. 2021;20:1-19.

Journal of Human Hypertension


https://doi.org/10.18535/jmscr/v5i8.85
https://doi.org/10.18535/jmscr/v5i8.85

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Stoutenberg M, Crouch SH, McNulty LK, Kolkenbeck-Ruh A, Torres G, Gradidge
PJ, et al. Acceptability and feasibility of home-based hypertension and physical
activity screening by community health workers in an under-resourced com-
munity in South Africa. J Public Health. 2023:1-12.

Owolabi M, Olowoyo P, Mocumbi A, Ogah OS, Odili A, Wahab K, et al. African
Control of hypertension through innovative epidemiology and a vibrant eco-
system (ACHIEVE): novel strategies for accelerating hypertension control in
Africa. J Hum Hypertens. 2023; https://doi.org/10.1038/541371-023-00828-8.
Ameh S. Evaluation of an integrated HIV and hypertension management model
in rural South Africa: a mixed methods approach. Glob Health Action.
2020;13:1750216.

Isiguzo G, Santo K, Panda R, Mbau L, Mishra SR, Ugwu C, et al. Adherence clubs
to improve hypertension management in Nigeria: clubmeds, a feasibility Study.
Glob Heart. 2022;17:21.

Vedanthan R, Kamano JH, DeLong AK, Naanyu V, Binanay CA, Bloomfield GS,
et al. Community health workers improve linkage to hypertension care in
Western Kenya. J Am Coll Cardiol. 2019;74:1897-906.

Fernandez LG, Firima E, Robinson E, Ursprung F, Huber J, Amstutz A, et al.
Community-based care models for arterial hypertension management in non-
pregnant adults in sub-Saharan Africa: a literature scoping review and frame-
work for designing chronic services. BMC Public Health. 2022;22:1-28.

Asante KP, Iwelunmor J, Apusiga K, Gyamfi J, Nyame S, Adjei KGA, et al. Uptake
of Task-Strengthening Strategy for Hypertension (TASSH) control within
community-based health planning services in Ghana: study protocol for a
cluster randomized controlled trial. Trials. 2020;21:1-13.

Ingenhoff R, Nandawula J, Siddharthan T, Ssekitoleko I, Munana R, Bodnar BE,
et al. Effectiveness of a community health worker-delivered care intervention for
hypertension control in Uganda: study protocol for a stepped wedge, cluster
randomized control trial. Trials. 2022;23:440.

Ojji DB, Mayosi B, Francis V, Badri M, Cornelius V, Smythe W, et al. Comparison of
dual therapies for lowering blood pressure in Black Africans. N Engl J Med.
2019;380:2429-39.

Ware LJ, Chidumwa G, Charlton K, Schutte AE, Kowal P. Predictors of hyper-
tension awareness, treatment and control in South Africa: results from the WHO-
SAGE population survey (Wave 2). J Hum Hypertens. 2019;33:157-66.
Abdelbagi O, Musa IR, Musa SM, ALtigani SA, Adam . Prevalence and associated
factors of hypertension among adults with diabetes mellitus in Northern Sudan:
a cross-sectional study. BMC Cardiovasc Disord. 2021;21:1-7.

Lambert VJ, Kisigo GA, Nzali A, Laizer E, Paul N, Walshe L, et al. Religious leaders
as trusted messengers in combatting hypertension in rural Tanzanian com-
munities. Am J Hypertens. 2021;34:1042-8.

Madela S, Harriman NW, Sewpaul R, Mbewu A, Williams D, Sifunda S, et al.
Individual and area-level socioeconomic correlates of hypertension prevalence,
awareness, treatment, and control in uMgungundlovu, KwaZulu-Natal, South
Africa. BMC Public Health. 2023;23:417.

Berry KM, Parker W-A, Mchiza ZJ, Sewpaul R, Labadarios D, Rosen S, et al.
Quantifying unmet need for hypertension care in South Africa through a care
cascade: evidence from the SANHANES, 2011-2012. BMJ Glob Health.
2017;2:e000348.

Kaze FF, Nguefack S, Asong CM, Assob JCN, Nansseu JR, Kowo MP, et al. Birth
weight and renal markers in children aged 5-10 years in Cameroon: a cross-
sectional study. BMC Nephrol. 2020;21:1-9.

De Smidt J, Odendaal H, Nel D, Nolan H, Du Plessis C, Brink L, et al. In utero
teratogen exposure and cardiometabolic risk in 5-year-old children: a pro-
spective pediatric study. J Matern Fetal Neonatal Med. 2021;34:3740-9.
Kagura J, Adair LS, Munthali RJ, Pettifor JM, Norris SA. Association between early
life growth and blood pressure trajectories in black South African children.
Hypertension. 2016;68:1123-31.

Kagura J, Adair LS, Musa MG, Pettifor JM, Norris SA. Blood pressure tracking in urban
black South African children: birth to twenty cohort. BMC Pediatr. 2015;15:1-7.
Kruger R, Gafane-Matemane LF, Kagura J. Racial differences of early vascular
aging in children and adolescents. Pediatr Nephrol. 2021;36:1087-108.
Charlton KE, Corso B, Ware L, Schutte AE, Wepener L, Minicuci N, et al. Effect of
South Africa’s interim mandatory salt reduction programme on urinary sodium
excretion and blood pressure. Prev Med Rep. 2021;23:101469.

Raphadu TT, Matshipi M, Mphekgwana PM, Monyeki KD. Assessing the asso-
ciation of sodium, potassium intake and sodium/potassium ratio on blood
pressure and central adiposity measurements amongst Ellisras undernourished,
rural children aged 5-13 years: South Africa. Children. 2022;9:422.

Akpa OM, Okekunle AP, Asowata OJ, Chikowore T, Mohamed SF, Sarfo F, et al.
Frequent vegetable consumption is inversely associated with hypertension
among indigenous Africans. Eur J Prev Cardiol. 2022;29:2359-71.

Menyanu EK, Corso B, Minicuci N, Rocco |, Russell J, Ware LJ, et al. Salt and
potassium intake among adult Ghanaians: WHO-SAGE Ghana Wave 3. BMC Nutr.
2020;6:1-15.

Journal of Human Hypertension

L.F. Gafane-Matemane et al.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

112.

113.

114.

Obirikorang Y, Obirikorang C, Acheampong E, Anto EO, Amoah B, Fosu E, et al.
Adherence to lifestyle modification among hypertensive clients: a descriptive
cross-sectional study. Open Access Libr. 2018;5:1-13.

Chalwe JM, Mukherjee U, Grobler C, Mbambara SH, Oldewage-Theron W. Asso-
ciation between hypertension, obesity and dietary intake in post-menopausal
women from rural Zambian communities. Health SA Gesondheid. 2021,26:1-7.
Strauss-Kruger M, Wentzel-Viljoen E, Ware LJ, Van Zyl T, Charlton K, Ellis S, et al.
Early evidence for the effectiveness of South Africa’s legislation on salt restric-
tion in foods: The African-PREDICT study. J Hum Hypertens. 2023;37:42-49.
Owolade AJJ, Abdullateef RO, Adesola RO, Olaloye ED. Malnutrition: an under-
lying health condition faced in sub Saharan Africa: challenges and recom-
mendations. Ann Med Surg. 2022;82:104769.

Africa Regional Nutrition Strategy 2015-2025. https://au.int/sites/default/files/
pages/32895-file-arns_english.pdf. [Accesses 23 June 2023].

World Health Organization. Physical activity in the World Health Organisation
African region 2023. https://www.afro.who.int/health-topics/physical-activity.
Azeez TA. Obesity in Africa: the challenges of a rising epidemic in the midst of
dwindling resources. Obes Med. 2022;31:100397.

Crouch SH, Soepnel LM, Kolkenbeck-Ruh A, Maposa |, Naidoo S, Davies J, et al.
Paediatric hypertension in Africa: a systematic review and meta-analysis.
EClinicalMedicine. 2022;43:101229.

Chin JH, Twinobuhungiro A, Sandhu A, Hootsmans N, Kayima J, Kalyesubula R.
Determinants of raised blood pressure in urban Uganda: a community-based
case-control study. Ethn Dis. 2017;27:15.

Gebremichael GB, Berhe KK, Zemichael TM. Uncontrolled hypertension and
associated factors among adult hypertensive patients in Ayder comprehensive
specialized hospital, Tigray, Ethiopia, 2018. BMC Cardiovasc Disord. 2019;19:121.
Sliwa K, Wilkinson D, Hansen C, Ntyintyane L, Tibazarwa K, Becker A, et al.
Spectrum of heart disease and risk factors in a black urban population in South
Africa (the Heart of Soweto Study): a cohort study. Lancet. 2008;371:915-22.
Schutte AE, Schutte R, Huisman HW, Van Rooyen JM, Fourie CM, Malan NT, et al.
Are behavioural risk factors to be blamed for the conversion from optimal blood
pressure to hypertensive status in Black South Africans? A 5-year prospective
study. Int J Epidemiol. 2012;41:1114-23.

Houehanou YC, Mizéhoun-Adissoda C, Amidou S, Désormais |, Houénassi M,
Preux PM, et al. Feasibility of a cardiovascular cohort in a sub-Saharan Africa
community: preliminary report of the pilot project TAHES (Tanve Health Study)
in Benin. Glob Health Action. 2017;10:1270528.

Kruger R, Monyeki MA, Schutte AE, Smith W, Mels CMC, Kruger HS, et al. The
exercise, arterial modulation and nutrition in youth South Africa study (EXAMIN
youth SA). Front Pediatr. 2020;8:212.

Schutte AE, Gona PN, Delles C, Uys AS, Burger A, Mels CM, et al. The African
prospective study on the early detection and identification of cardiovascular
disease and hypertension (African-PREDICT): Design, recruitment and initial
examination. Eur J Prev Cardiol. 2019;26:458-70.

Sebati B, Monyeki K, Kemper HCG, Sekgala MD, Mphekgwana P. Anthropometric
indices for predicting cardiovascular risk factors: ellisras longitudinal study. Am J
Hum Biol. 2019;31:€23293.

Archer NS, Cochet-Broch M, Mihnea M, Garrido-Bafiuelos G, Lopez-Sanchez P,
Lundin L, et al. Sodium reduction in bouillon: targeting a food staple to reduce
hypertension in sub-Saharan Africa. Front Nutr. 2022;9:746018.

Edward A, Hoffmann L, Manase F, Matsushita K, Pariyo GW, Brady TM, et al. An
exploratory study on the quality of patient screening and counseling for
hypertension management in Tanzania. PLoS ONE. 2020;15:e0227439.

Van der Westhuizen B, Schutte AE, Gafane-Matemane LF, Kruger R. Left ventricular
mass independently associates with 24-hour sodium excretion in young masked
hypertensive adults: the African-PREDICT study. Int J Cardiol. 2019;276:218-23.
Strauss M, Smith W, Kruger R, Van der Westhuizen B, Schutte AE. Large artery
stiffness is associated with salt intake in young healthy black but not white
adults: the African-PREDICT study. Eur J Nutr. 2018;57:2649-56.

Crouch SH, Botha-Le Roux S, Delles C, Graham LA, Schutte AE. Inflammation and
salt in young adults: the African-PREDICT study. Eur J Nutr. 2021;60:873-82.
Weinberger MH. Salt sensitivity of blood pressure in humans. Hypertension.
1996;27:481-90.

Franco V, Oparil S. Salt sensitivity, a determinant of blood pressure, cardiovas-
cular disease and survival. J Am Coll Nutr. 2006;25:2475-255S.
Gafane-Matemane LF, Kruger R, Smith W, Mels CM, Van Rooyen JM, Mokwatsi
GG, et al. Characterization of the renin-angiotensin-aldosterone system in young
healthy black adults: The african prospective study on the early detection and
identification of hypertension and cardiovascular disease (African-PREDICT
study). Hypertension. 2021;78:400-10.

Gafane-Matemane LF, Mokae NL, Breet Y, Poglitsch M, Schutte AE. Associations
of central and peripheral blood pressure with the renin-angiotensin-aldosterone
system in healthy young adults: the African-PREDICT study. Hypertens Res.
2021;44:435-45.

SPRINGER NATURE

15


https://doi.org/10.1038/s41371-023-00828-8
https://au.int/sites/default/files/pages/32895-file-arns_english.pdf
https://au.int/sites/default/files/pages/32895-file-arns_english.pdf
https://www.afro.who.int/health-topics/physical-activity

L.F. Gafane-Matemane et al.

16

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Nguyen G, Delarue F, Burcklé C, Bouzhir L, Giller T, Sraer JD. Pivotal role of the
renin/prorenin receptor in angiotensin Il production and cellular responses to
renin. J Clin Investig. 2002;109:1417-27.

Gafane-Matemane LF, Kruger R, Van Rooyen JM, Gona PN, Schutte AE. Soluble
(Pro) renin receptor is adversely associated with indices of left ventricular
structure and function: the African-PREDICT study. J Cardiovasc Dev Dis.
2022;9:130.

Woodiwiss AJ, Mmopi KN, Peterson V, Libhaber C, Bello H, Masiu M, et al.
Distinct contribution of systemic blood flow to hypertension in an African
population across the adult lifespan. Hypertension. 2020;76:410-9.

Mmopi KN, Norton GR, Bello H, Libhaber C, Masiu M, Da Silva Fernandes D, et al.
Increased aortic characteristic impedance explains relations between urinary
Na+/K+ and pulse or systolic blood pressure. Hypertension. 2020;75:1260-70.
Malan N, Norton GR, Peterson VR, Yusuf SM, Libhaber E, Libhaber CD, et al.
Independent relationships between renal mechanisms and systemic flow, but
not resistance to flow in primary hypertension in Africa. J Hypertens.
2021;39:2446-54.

Morris RC Jr, Sebastian A, Forman A, Tanaka M, Schmidlin O. Normotensive salt
sensitivity: effects of race and dietary potassium. Hypertension. 1999;33:18-23.
Crouch SH, Ware LJ, Gafane-Matemane LF, Kruger HS, Van Zyl T, Van der Westhuizen B,
et al. Dietary sodium intake and its relationship to adiposity in young black and white
adults: the African-PREDICT study. J Clin Hypertens. 2018;20:1193-202.

Kopp C, Linz P, Dahlmann A, Hammon M, Jantsch J, Miller DN, et al. 23Na
magnetic resonance imaging-determined tissue sodium in healthy subjects and
hypertensive patients. Hypertension. 2013;61:635-40.

Strauss-Kruger M, van Zyl T, Pieters M, Kruger R, Mokwatsi G, Gafane-Matemane
L, et al. Urinary metabolomics, dietary salt intake and blood pressure: the
African-PREDICT study. Hypertens Res. 2023;46:175-86.

Strauss-Kruger M, Kruger R, Smith W, Gafane-Matemane LF, Mokwatsi G, Wei W,
et al. The cardiotonic steroid marinobufagenin is a predictor of increased left
ventricular mass in obesity: The African-PREDICT study. Nutrients. 2020;12:3185.
Strauss M, Smith W, Wei W, Fedorova OV, Schutte AE. Marinobufagenin is
related to elevated central and 24-h systolic blood pressures in young black
women: the African-PREDICT study. Hypertens Res. 2018;41:183-92.

Ingabire PM, Ojji DB, Rayner B, Ogola E, Damasceno A, Jones E, et al. High prevalence of
non-dipping patterns among Black Africans with uncontrolled hypertension: a sec-
ondary analysis of the CREOLE trial. BMC Cardiovasc Disord. 2021;21:1-9.

Stein CM, Lang CC, Singh |, He HB, Wood AJ. Increased vascular adrenergic
vasoconstriction and decreased vasodilation in blacks: additive mechanisms
leading to enhanced vascular reactivity. Hypertension. 2000;36:945-51.
Brewster LM, Seedat YK. Why do hypertensive patients of African ancestry
respond better to calcium blockers and diuretics than to ACE inhibitors and (3-
adrenergic blockers? Asystematic review. BMC Med. 2013;11:1-16.

Craig A, Mc Mels C, Tsikas D, Boeger RH, Schwedhelm E, Schutte AE, et al. Central
systolic blood pressure relates inversely to nitric oxide synthesis in young black
adults: the African-PREDICT study. J Hum Hypertens. 2021;35:985-93.

Craig A, Mels CM, Schutte AE, Bollenbach A, Tsikas D, Schwedhelm E, et al.
Urinary albumin-to-creatinine ratio is inversely related to nitric oxide synthesis
in young black adults: the African-PREDICT study. Hypertens Res. 2021;44:71-79.
Craig A, Gafane-Matemane L, Smith W, Mels C, Uys L, Breet Y, et al. Elevated
blood pressure positively associates with alpha-1 microglobulin in pre-
pubescent children: the EXAMIN Youth SA study. J Hypertens. 2022;40:136-42.
Craig A, Mels CM, Schutte AE, Tsikas D, Kruger R. Nitric oxide-related markers
link inversely to blood pressure in black boys and men: the ASOS and African-
PREDICT studies. Amino Acids. 2020;52:639-48.

French MA, King MS, Tschampa JM, da Silva BA, Landay AL. Serum immune
activation markers are persistently increased in patients with HIV infection after
6 years of antiretroviral therapy despite suppression of viral replication and
reconstitution of CD4+ T cells. J Infect Dis. 2009;200:1212-5.

Houle B, Kabudula CW, Tilstra AM, Mojola SA, Schatz E, Clark SJ, et al. Twin
epidemics: the effects of HIV and systolic blood pressure on mortality risk in
rural South Africa, 2010-2019. BMC Public Health. 2022;22:387.

Magodoro IM, Okello S, Dungeni M, Castle AC, Mureyani S, Danaei G. Association
between HIV and prevalent hypertension and diabetes mellitus in South Africa: analysis
of a nationally representative cross-sectional survey. Int J Infect Dis. 2022;121:217-25.
Niwaha AJ, Wosu AC, Kayongo A, Batte C, Siddharthan T, Kalyesubula R, et al.
Association between blood pressure and HIV status in rural Uganda: results of
cross-sectional analysis. Glob Heart. 2021;16:12.

Phalane E, Fourie CM, Mels CM, Schutte AE. A comparative analysis of blood
pressure in HIV-infected patients versus uninfected controls residing in sub-
Saharan Africa: a narrative review. J Hum Hypertens. 2020;34:692-708.
Botha-Le Roux S, Elvstam O, De Boever P, Goswami N, Magnusson M, Nilsson
PM, et al. Cardiovascular profile of South African adults with low-level viremia
during antiretroviral therapy. J Clin Med. 2022;11:2812.

SPRINGER NATURE

139. Craig A, Breet Y, Gafane-Matemane L, Norris S, Kruger R. Detecting and mana-
ging childhood onset hypertension in Africa: a call to action. Curr Hypertens
Rep. 2023;25:211-30.

140. Parati G, Lackland DT, Campbell NR, Owolabi M, Bavuma C, Beheiry MH, et al.
How to improve awareness, treatment, and control of hypertension in Africa,
and how to reduce its consequences: a call to action from the World Hyper-
tension League. Hypertension. 2022;9:1949-161.

141. Webster J, Crickmore C, Charlton K, Steyn K, Wentzel-Viljoen E, Naidoo P.
South Africa’s salt reduction strategy: are we on track, and what lies ahead? S Afr
Med J. 2017;107:20-1.

142. World Health Organization. South Africa eliminates trans fats. https://
www.who.int/news-room/feature-stories/detail/south-africa-eliminates-trans-
fats. [Accessed: 31 March 2024].

143. Resolve To Save Lives. Nigeria builds momentum for a trans fat-free Africa.
https://resolvetosavelives.org/about/press/nigeria-eliminates-trans-fat/. [Acces-
sed: 31 March 2024].

144. Ministry of Health and Sanitation, Sierra Leone. Summary report of the 2017
SARA Plus in Sierra Leone: service availability and readiness assessment (SARA),
quality of care survey, and data quality review. Freetown: Government of Sierra
Leone Ministry of Health and Sanitation; 2017.

ACKNOWLEDGEMENTS

LFG-M is funded by the South African Medical Research Council Self-Initiated Grant.
RK is funded by the Department of Science and Innovation and the National Research
Foundation of South Africa under the South African Research Chairs Initiative (GUN
86895). SAMRC DPHRU at University of the Witwatersrand is funded by the South
African Medical Research Council.

AUTHOR CONTRIBUTIONS
LFG-M, AC, RK and OSA wrote the first draft. All authors edited and approved the
manuscript.

FUNDING

No funding was received for the compilation of this manuscript. Open access funding
provided by North-West University.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541371-024-00913-6.

Correspondence and requests for materials should be addressed to
Lebo F. Gafane-Matemane.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Journal of Human Hypertension


https://www.who.int/news-room/feature-stories/detail/south-africa-eliminates-trans-fats
https://www.who.int/news-room/feature-stories/detail/south-africa-eliminates-trans-fats
https://www.who.int/news-room/feature-stories/detail/south-africa-eliminates-trans-fats
https://resolvetosavelives.org/about/press/nigeria-eliminates-trans-fat/
https://doi.org/10.1038/s41371-024-00913-6
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Hypertension in sub-Saharan Africa: the current profile, recent advances, gaps, and priorities
	Introduction
	Methods
	The burden of hypertension in sub-Saharan�Africa
	Prevalence, treatment, and control�rates
	Management of hypertension in sub-Saharan�Africa

	Recent advances in hypertension in sub-Saharan�Africa
	Risk factors
	Nutrition
	Sedentary lifestyle and obesity
	Alcohol and smoking
	Demographic factors

	Hypertension phenotypes and underlying mechanisms
	Sodium and potassium handling
	Volume loading
	Salt sensitivity
	Endothelial function
	Human immunodeficiency�virus


	Implications for knowledge gaps and priorities
	Knowledge generation and application
	Representative studies
	Prevention
	Contextual differences

	Conclusion
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




