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Abstract

Background

Hypertension is a major health problem in Ghana, being a leading cause of admissions and
deaths in the country. In the context of a changing food and health policy environment, we
undertook a systematic review (PROSPERO registration number: CRD42020177174) and a
meta-analysis of the prevalence of adult hypertension, and its awareness and control in Ghana.

Methods

We searched major databases including PubMed, Embase as well as Google Scholar and
online digital collections of public universities of Ghana to locate relevant published and
unpublished community-based articles up till April 2020.

Findings

Eighty-five articles involving 82,045 apparently-healthy subjects aged 15-100 years were
analyzed. In individual studies, the prevalence of hypertension, defined in most cases as
blood pressure > 140/90 mmHg, ranged from 2.8% to 67.5%. The pooled prevalence from
the meta-analysis was 27.0% (95% Cl 24.0%-30.0%), being twice as high in the coastal
(28%, 95% Cl: 24.0%-31.0%) and middle geo-ecological belts (29%, 95% CI: 25.0%-
33.0%) as in the northern belt (13%, 95% CI: 7.0%-21.0%). The prevalence was similar by
sex, urban-rural residence or peer-review status of the included studies. It did not appear to
vary over the study year period 1976-2019. Of the subjects with hypertension, only 35%
(95% CI: 29.0%-41.0%) were aware of it, 22% (95% CI: 16.0%-29.0%) were on treatment
and 6.0% (95% CI: 3.0%-10.0%) had their blood pressure controlled. Sensitivity analyses
corroborated the robust estimates. There was, however, high heterogeneity (1% = 98.7%)
across the studies which was partly explained by prevalent obesity in the subjects.

Conclusion

More than one in four adults in Ghana have hypertension. This high prevalence has per-
sisted for decades and is similar in rural and urban populations. With the low awareness and
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poor control of hypertension, greater investments in cardiovascular health are required if
Ghana is to meet the global target for hypertension.

Introduction

Hypertension is among the leading causes of admissions and deaths in Ghana [1, 2]. It was the
third leading cause of admission and the leading cause of deaths, accounting for 4.7% of the
total admissions and 15.3% of the total deaths in Ghana in 2017 [1]. Patients are admitted for
one to 91 days, with 22.7% staying for four or more days [2]. The outpatient burden of hyper-
tension has been increasing. In one region, the number of new cases increased 3.8-fold in five
years from 35,855 in 2006 to 138,040 in 2010 [3].

Hypertension is a common cause of medical emergencies such as heart failure [4] and renal
failure [5] in Ghana. It is the main determinant of stroke in Ghana, with a population attribut-
able risk of about 91% [6]. Among the elderly patients aged >60 years involved in a prospec-
tive study in Ghana, the risk of incident stroke increased with increasing levels of blood
pressure (BP) with 0 stroke events/100py for BP <120/80 mmHg, 1.98 (95%CI: 1.26-2.98) for
BP 120-159/80-99 mmHg and 2.46 events/100py (95% CI: 1.20-4.52) at BP >160/100 mmHg
[7].

Besides genetic factors, behavioural risk factors such as eating foods high in salt and fat,
inadequate intake of fruit and vegetables, harmful use of alcohol use, tobacco smoking, low
physical activity and poor stress management contribute to the development of hypertension
[8]. Older age and overweight/obesity appear to be consistent determinants of hypertension in
Africa [9]. Analysis of household survey data in five sub-Saharan Africa countries (Benin,
Burundi, Ghana, Kenya and Lesotho) showed that women with overweight or obesity were 2.4
and 5.3 times as likely as those with normal body mass index (BMI) to have hypertension [10].
Overweight/obesity, physical inactivity, older age and family history of diabetes are also signifi-
cantly associated with adult diabetes in Ghana [11].

In 2010, we published a systematic review of studies involving 26,649 adult participants
which revealed a prevalence of hypertension ranging from 19% to 48%, with higher prevalence
in urban centres, in the national capital and in older subjects [12]. Since then, the Government
of Ghana has developed national strategic documents on noncommunicable diseases (NCDs)
and nutrition that seek to reduce the burden of hypertension in the country [13, 14]. In 2019, a
draft revised national NCD policy of Ghana was prepared whose goal is to reduce the burden
of NCDs is to the barest minimum to render it of little or no public health importance [15].

Besides the health policy environment, the risk factor profile in Ghana has been changing
in favour of obesity. Ghana is one of the few Sub-Saharan Africa (SSA) countries undergoing
nutrition transition, along with South Africa, Cabo Verde and Senegal, as assessed by 18 indi-
cators [16]. The prevalence of women with overweight and obesity in women is not only
among the highest in SSA [10], but increased significantly in surveys conducted between 1991
to 2014 [17]. A meta-analysis published in 2016 estimated that 42.5% of adults in Ghana lived
with overweight or obesity [18]. Energy-dense foods, including fried and processed foods, fast
food along with sugar-sweetened beverages are widely available on the streets in urban centres
[19, 20]. Both rural and urban dwellers prefer to dine outside their homes as their incomes
improve [21].

While we did not directly assess their effects on hypertension, we thought the changing
health policy and nutrition landscape warranted conducting another systematic review on
adult hypertension in Ghana. Unlike the previous review, we sought to estimate the pooled
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prevalence of adult hypertension as well as pooled estimates of the level of its awareness, treat-
ment and control. We also assessed the severity of adult hypertension from reported studies in
Ghana. We expect our findings to inform the national policy on the burden of hypertension in
Ghana as well as guide the country in monitoring progress towards the achievement of the
NCD global targets by 2025 [22].

Methods

The study protocol is registered in the international prospective register of systematic review,
PROSPERO (CRD42020177174). The conduct and reporting of the systematic review and
meta-analysis has been guided by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA; S1 Table) [23].

Search strategy, inclusion and exclusion criteria

We searched the major databases, Ovid Medline, Ovid Embase, Academic Search Ultimate,
CINAHL, PsychlInfo and Web of Science as well as the African Journal Online (AJOL) reposi-
tory for articles published until 7 April 2020. For grey literature, we searched ProQuest, and
Google Scholar. Unlike our earlier review, we also searched the recently-available repositories
with digital collections of students’ dissertations of three public universities—the University of
Ghana Digital Collections (UGSpace), the Kwame Nkrumah University of Science and Tech-
nology (KNUSTSpace), University of Development Studies (UDSpace).

Our search strategy used comprehensive search terms (hypertension, blood pressure, preva-
lence, proportion, incidence, Ghana), guided by a modified participants-intervention-compar-
ison-outcome-context (PICOC) framework, since there was no comparison group or
intervention [24]. In order to maximize the yield of articles, the results from the different
stages of the search process were combined by appropriate Boolean operators, ‘OR” and ‘AND’
(S2 Table). There were no language restrictions. We restricted the articles to studies conducted
in “humans” in the age groups of adolescents (13-18 years) and adults (19 years and older).
While the focus was on adult hypertension, we included the pre-specified adolescent age
group in the filter to ensure that studies among adults in which the lowest age group was 13
years or older were captured. The bibliographies of retrieved articles were manually-searched
to locate additional articles.

Included studies were those that were community-based, cross-sectional or follow-up in
design, conducted among apparently healthy adult subjects living in Ghana, and provided an
estimate of the prevalence of hypertension. Adult hypertension was defined using the BP
>140/90 mmHg cut off or those taking anti-hypertensive treatment regardless of their blood
pressure on measurement [25]. Studies reporting the prevalence of either systolic (BP >140
mmHg) or diastolic (DBP >90 mmHg) hypertension or both were included. Where systolic
and diastolic hypertension were separately provided, we selected the higher of the two for anal-
ysis. In one study in which adolescents were included with the adult sample [26], hypertension
in adolescents was defined as having SBP or DBP greater than or equal to the 95™ percentile in
line with the recommendations of the National High Blood Pressure Education Program
Working Group on High Blood Pressure in Children and Adolescents [27].

Multi-country studies were included if data on the prevalence of hypertension in Ghana
could be distinctly extracted. Conference proceedings, abstracts, correspondence or editorials
which contained reported the prevalence of adult hypertension were included.

Studies conducted exclusively among adolescents were excluded as were those involving
hospital-based patients, overtly sick subjects (for example, those in hospices), migrants or par-
ticipants not living in Ghana and pregnant women were excluded. Participants with non-
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systemic hypertension, self-reported hypertension or with hypertension defined based on a
different BP cut-off were also excluded.

Study selection

The citations obtained from the different databases were imported into Covidence, a software
for the management of systematic reviews [28]. Articles from the AJOL, Google Scholar, Pro-
Quest and the university digital collections could not be imported directly into Covidence and
so were screened manually. Covidence removed duplicates and managed the remaining steps
in the study selection. The titles and abstracts were screened for relevance and those deemed
not eligible excluded. The full-text version of potentially eligible articles was retrieved and
screened for conformity to the inclusion criteria. The reasons for excluding any full-text arti-
cles were documented. Where there were several publications from the same study, one of
them was selected as the primary study while all the secondary publications were excluded to
avoid multiple counts of the same study. The secondary publications frequently involved sub-
groups based on sex or age group. The primary study selected was one that involved the study’s
original entire sample or one that contained the most complete data. Occasionally, data such
as the sampling procedure, BP measurement protocol and mean BP were extracted from mul-
tiple publications of the same study, when the data to be extracted were not all available from a
single publication. The screening and selection of articles were done independently by the
authors (WKB, DKB), with the aid of the Covidence software, with any disagreements resolved
through mutual consensus.

Data extraction

Using an adapted extraction form from previous systematic reviews on hypertension [12, 29,
30], we (WKB, DKB) extracted a large amount of data including the publication characteristics
(title, author, year, external collaboration), study objective, study design, study year, study set-
ting, sample size, sampling procedure, demographics, socioeconomic characteristics, lifestyle
factors, blood pressure measurement methods, prevalence of hypertension and its severity
awareness, treatment and control. We contacted authors of studies with incomplete or ambig-
uous information, at least once, often in relation to the study year, the sampling process or the
definition of hypertension.

Respondents who reported having previously been diagnosed as having hypertension by a
health professional were considered to be aware of their disease condition; those reporting cur-
rent treatment with anti-hypertensive medication were considered to be on treatment while
those whose BP was less than 140/90 mmHg were considered to have their hypertension
controlled.

Quality assessment

The quality of the included studies was independently assessed by two reviewers (WKB, DKB)
using a validated tool for prevalence studies [31]. The tool comprises ten questions which
assess external validity issues (such as the representativeness of the sample, participation rate,
and the sampling technique) as well as internal validity issues (such as the suitability of case
definition, reliability of study instrument, and the application of same measurement methods
for all subjects). Based on these criteria, each analysed study was classified as having low, mod-
erate or high risk of bias [31]. Disagreements in the assessment were resolved by consensus.
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Data analysis

The prevalence of hypertension across the included studies was pooled together through an
inverse-variance weighted random effects meta-analysis with variance stabilization via the Free-
man-Tukey double arcsine method [32]. Heterogeneity between the studies was assessed using
the Cochran’s Q chi-squared test (alpha set at 0.1) statistic [33] and the Higgins and Thompson’s
P statistic [34]. The cut-off I? values of 0%, 25%, 50%, and 75% represented no, low, moderate,
and high heterogeneity, respectively. The individual prevalence estimates from studies as well as
the pooled estimates along with their 95% interval estimates were presented in forest plots.

We performed sub-group analysis by sex, geographical belt of residence (coastal, middle
and northern), urban-rural residence, publication type, peer-review status of articles, sample
size, age of subjects, frequency of BP readings and the definition used for hypertension to iden-
tify potential sources of heterogeneity. Studies published in scientific journals as original arti-
cles or abstracts were considered peer-reviewed while unpublished university dissertations
and study reports were considered non-peer-reviewed. We further explored potential sources
of heterogeneity through univariate and multivariate meta-regression analyses with restricted
maximum likelihood estimation using study year, publication, percentage obesity, number of
subjects screened for hypertension and BP device type as covariates. We checked that there
were at least ten studies available for each variable in the model for the analysis [35].

Sensitivity analyses were performed by assessing the effect of eliminating studies deemed to
be high risk of bias on the pooled estimate as well as by assessing the effect of removing one
study at a time on the pooled estimate in an influence analysis [36]. The presence of reporting
bias was evaluated when there were more than ten studies through funnel plot asymmetry and
Egger’s test [37]. Except for the leave-one-out influence analysis performed with OpenMeta
(analyst) software [38], all statistical analyses were performed in Stata version 15 for windows
[39]. Statistical significance was set at the 5% level.

Results
Study selection

The study selection process is presented in a PRISMA flow chart (Fig 1) [23]. We identified
1,295 records from the major electronic databases and 4,275 from other sources including 814
from African Journals Online repository, 790 from university digital collections, 980 from
Google Scholar and 396 from ProQuest. After excluding 465 duplicate records, we screened
3,852 titles and abstracts out of which we retrieved 155 articles for full-text screening. We
excluded 19 studies because they were a duplicate record or did not meet the inclusion criteria.
They had no prevalence of hypertension estimated, used wrong non-standard threshold used
to define hypertension, or subjects were hospital-based patients. We also excluded 55 were
multiple publications of the same study (S3 Table) and identified four additional articles from
screening the bibliography of eligible studies. Thus, we finally included 85 articles in the sys-
tematic review and meta-analysis.

The highest number of multiple publications were from studies with publicly available data-
sets such as the first wave of the Study on Global AGEing and adult health (SAGE W1) and the
Ghana Demographic and Health Survey (GDHS) with 17 and seven multiple publications
besides the studies we designated as their primary publications. These multiple publications
were frequently from the analyses of sex, residence or age-based sub-groups of the original
sample, or from the use of different definition of hypertension such as systolic hypertension as
the outcome variable. Other multiple publications were due to presentation of study results as
conference abstracts; analysis of the Ghana sample with that of other countries in multicountry
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Fig 1. Flow diagram showing study selection.

https://doi.org/10.1371/journal.pone.0248137.9001

studies; or from analysis of other thematic areas of the same study. There were four disserta-
tions that had also been published in peer-reviewed journals [40-43].

Study characteristics

Out of the 85 unique articles retained, 65 (76.5%) were single one-off publications, 64 (77.6%)
had lead authors based in Ghana and 25 (29.4%) involved external collaborations with
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researchers in Europe, North America or Asia. A further four (4.7%) studies were published
entirely by researchers based outside of Ghana with no local authorship. All the studies were
published in the English language.

The studies comprised 61 (71.8%) original articles, 20 dissertations (23.5%), three (3.5%)
abstracts and one (1.2%) unpublished report. The earliest study was conducted in 1976 [44]
and the latest in 2019 [45-48] (Table 1). The number of studies conducted increased rapidly
from two (2.5%) in the pre-2000 years to 22 (27.2%) in the 2000-2009 decade and then to 57
(70.4%) the following decade, 2010-2019. The publication year ranged from 2003 to 2020. The
number of articles published increased nearly five-fold from 14 (16.5%) in the 2000-2009
decade to 68 (80.0%) in the 2010-2019 decade. In the modal year 2018, 15 (17.6%) articles
were published. Three articles were published during the first four months of the year 2020.
The median study year and publication year were 2014 and 2015 respectively.

Fifty-two (61.2%) studies were conducted either in the Greater Accra Region (37.6%) or in
the Ashanti Region (23.5%) (Table 1). The sub-national studies were conducted in 13 (81.2%)
out of Ghana’s 16 regions, with no identified studies in the North East, Savannah, and Upper
West Regions (Fig 2). However, there were four studies, including the Ghana Demographic
and Health Survey (GDHS) and two waves of SAGE, that were nationwide in coverage [49-
52]. The regional coverage of the studies translated into 42 (49.4%) studies in the coastal geo-
graphical ecological belt, 30 (35.3%) in the middle belt and eight (9.4%) in the northern belt.
The coastal belt studies included one which was conducted in two regions [53]. One other
study was conducted in two regions, one in the coastal and the other in the middle belt [54].
Fifty-four studies (63.5%) were conducted in urban populations, 12 (14.1%) in rural popula-
tions and the remaining 19 (22.4%) in rural populations.

Twenty-seven studies (31.8%) were conducted among occupational workers comprising
professional grade workers (e.g. civil servants, health workers, teachers, pastors, bankers,
media workers), skilled workers (e.g. factory workers, automobile garage workers, e-waste
recyclers, miners, bus or taxi drivers), uniformed personnel (firefighters, security officers), and
unskilled workers (e.g. market men and women). The majority of the studies (62.4%) involved
the general population while two (2.4%) conducted were among tertiary-level students [57,
90].

The studies were cross-sectional in design; four were panel surveys (cross-sectional time-
series)-these being, Waves I and II of the Women’s Health Study of Accra [78, 81] and of
SAGE Ghana [49, 50]. No study reported incident hypertension. The response rate among eli-
gible population was infrequently reported. Out of 38 (44.7%) studies with this information,
33 (86.8%) reported response rates of 70%-100%. In the others, the response rate was 20%-
53% [63, 76, 81, 107, 120].

A total of 84,184 subjects aged >15 years were covered by the 85 studies, with the sample
size in individual studies ranging from 50 to 13,247, a median of 320 and mean of 990. In 77
studies with sex-disaggregated data, there were a total of 30,470 men with the number in indi-
vidual studies ranging from zero to 3,855, a median of 170 and mean of 396. In comparison,
there were a total of 47,028 women with their number in the individual studies ranging from
zero to 9,392, a median of 198 and mean of 611.

Seven (8.2%) studies were conducted exclusively in men [41, 48, 54, 55, 65, 103, 120] and
six (7.1%) exclusively in women [58, 78, 79, 81, 89, 112]. In 69 studies that enrolled both sexes,
the proportion of females enrolled ranged from 6.3% to 89.0% with a median of 55.3%.

The age range of the enrolled subjects was provided by only about half (51.8%) of the stud-
ies with the extremes being 13->60 years and 65-100 years. The widest age tranche enrolled
per study was 18-100 years while the narrowest was 40-75 years. Many studies did not rou-
tinely report the mean or median age of the sample. In studies that did not specifically report
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Fig 2. Map of Ghana showing regional distribution of number of studies and the prevalence of hypertension.

https://doi.org/10.1371/journal.pone.0248137.9002
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the mean or median age of participants, there was still sufficient information available to con-
clusively determine that the age profile satisfied the inclusion criteria. In 53 (62.4%) studies
with available information, the mean ages were in the 20s (25.3-29.6 years) in five (9.4%), 30s
(30.2-39.0 years) in 18 (34.0%), 40s (44.0-49.6 years) in 24 (45.3%), in the 50s (50.1-54.6
years) in four (7.5%) and >60 years in two (3.8%). The reported extreme mean ages were

25.3 + 75 years among informal workers involved in electronic waste processing activities [41]
and 74.4 years among a community-dwelling population [108]. In 72 (84.7%) studies, we
determined that the median age was <50 years in 64 (88.9%) and >50 years in the other eight
(11.1%).

Overall, the studies involved mostly literate populations. In 53 (62.4%) studies with avail-
able information, it was only in three (5.7%) in which more than half (51%-68%) of the sub-
jects studied had no formal education. In 14 (26.4%) studies, the entire sample-usually made
up of formal sector workers or students-had formal education.

There was scant information on the lifestyle risk profile of the study participants. In 38
(44.7%) studies with available information, the prevalence of smoking was 0%-59.5% with a
median of 3.4%. The prevalence of current alcohol consumption was 9.5%-37.6% in 20 studies
and 41.1%-73.8% in 17 studies with available information. The prevalence of obesity ranged
from 2.0% to 64% with a median of 14.1% in 56 (65.9%) studies with available information.
The prevalence of overweight ranged from 6.2% to 44.0% with a median of 28.2% in 54
(63.5%) studies while that of overweight or obesity ranged from 0.8% to 84.0% with a median
0f 44.0% in 55 (64.7%) studies with available information.

Information on co-morbidities was even more limited. Twenty-one (24.7%) studies
reported a prevalence of diabetes mellitus ranging from 1.2% to 25.2% with a median of 4.5%.
Ten (11.8%) studies reported prevalence of impaired fasting glycaemia ranging from 1.7% to
31.4%, with a median of 10.9%. in 13 (15.3%) studies, the prevalence of hypercholesterolaemia
ranged from 0.2% to 49.1% with a median of 14.8%. The prevalence of metabolic syndrome
reported by three (3.5%) studies ranged from 7.4% to 18.0% with a median of 8.1%. The results
on risk factors and co-morbidities in the primary studies were typically not presented in a
form that will allow sub-group analysis in relation to hypertension.

Blood pressure measurement

As with the demographic data, there was limited reporting of the protocol for blood pressure
measurement. There was wide diversity in the BP measurement protocols in terms of fre-
quency and interval of BP measurements, the body posture, part of the body on which the BP
was taken and the type of BP device used. Except for two studies, all the studies measured the
BP at a single visit (Table 2). Only one study conformed to international practice guidelines
[124] by evaluating BP three weeks after initial visit in those who had never been diagnosed
with hypertension and whose systolic blood pressure (SBP) >140 mmHg or diastolic blood
pressure (DBP) >90 mmHg [59]. The other study involving multiple visits measured the BP of
all study participants once daily over three days, during which period the investigator adminis-
tered different modules of a health questionnaire and a series of 24-hour dietary recalls [108].

In 69 studies with available information, 65 (94.2%) reported reading the BP twice (44.9%)
or thrice (49.3%) at a visit. In the other studies, the BP was measured once or four times. Most
of the BP readings were taken at five minutes interval or less. In some studies with longer inter-
vals between measurements, the BP was taken at the start, middle and end of an interview pro-
cess [78, 79]. In 67 (78.7%) studies with available information, the mean of two BP readings
(59.7%), the last two of three BP readings (14.9%) or of all three BP readings (23.9%) were
used in the analysis.
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Table 2. Blood pressure measurement protocols.

Characteristic Frequency Percent

Number of visits

Single 82 97.6
Multiple 2 2.4
Frequency of BP readings per visit
One 2 2.9
Two 31 44.9
Three 34 49.3
Four 2 2.9
Initial rest time before BP taken
5 minutes 28 57.1
10 minutes 15 30.6
15 minutes 3 6.1
>15 minutes 3 6.1

BP readings used in the analysis of hypertension

Mean of 2 readings 40 59.7
Mean of last 2 of 3 readings 10 14.9
Mean of 3 readings 16 23.9
Other 1 1.5
Body posture for BP measurement
Seated upright 67 97.1
Mixed 2 2.9
Body part on which BP taken
right arm 18 36.7
left arm 23 46.9
any arm 5 10.2
each arm 1 2.0
wrist 2 4.1
Type of BP device
electronic 54 69.2
manual mercury 15 19.2
manual aneroid 4 5.1
manual unspecified type 4 5.1
other 1 1.3
Location where BP taken
field—home/workplace 76 97.4
health centre 2 2.6
public facility—school 1 1.3

https://doi.org/10.1371/journal.pone.0248137.t002

The BP was measured mostly in the seated position in 67 (97.1%) out of the 69 studies
reporting on the body posture for the BP measurement. Out of 49 studies with available infor-
mation, it was taken on the left arm in 23 (46.9%) studies or on the right arm in 18 (36.7%)
studies. BP was measured in the lying position in one study [95] and in both the lying and
upright positions in another study [81]. It was also taken on any arm [45, 73, 95, 111, 123],
each arm [116] or on the wrist [49, 50].

In 78 (91.8%) studies, the electronic BP monitor was the most frequently used device in tak-
ing measurements (69.2%). In 23 (29.5%) studies, a manual sphygmomanometer (mercury-

15 studies, aneroid- 4 studies, unspecified type- 5 studies) was used while in one study [66]

PLOS ONE | https://doi.org/10.1371/journal.pone.0248137 March 5, 2021 15/37


https://doi.org/10.1371/journal.pone.0248137.t002
https://doi.org/10.1371/journal.pone.0248137

PLOS ONE

Meta-analysis of hypertension in Ghana

both the digital and manual devices were used. Blood pressures were measured at the home or
workplace of the participants in 76 (96.2%) studies. In three (3.8%) studies, they were taken at
a health centre or other public space [51, 95, 102].

Strategies to improve the quality of the BP measurements in various studies included the
use of the same set of trained personnel, taking the readings between 7.00am and 10.00am,
supporting the arm at the level of the heart and ensuring that subject’s feet were kept flat on
floor, taking a third reading if the preceding two differed by >10 mmHg, changing the device’s
battery after every 50 subjects, and using the appropriate cuff sizes.

Prevalence of adult hypertension

Hypertension was defined based on BP > 140/90 mmHg in 66 (77.6%) studies. It was based
on diastolic hypertension in six (7.1%) studies [45, 55, 63, 88, 93, 114]; systolic hyperten-
sion in seven (8.2%) studies [78, 89, 108, 109, 115, 120, 121]; and on both systolic and dia-
stolic hypertension in two (2.4%) studies [83, 112]. One (1.2%) study defined hypertension
based on isolated systolic hypertension [92] and three studies (3.5%) on BP > 140/90
mmHg [84, 96, 123].

In 17 (20.0%) studies, the prevalence of hypertension was based on the measured BP> 140/
90 mmHg as well as on or a history of previous diagnosis of hypertension by a health profes-
sional [49, 50, 72, 76, 80, 117] or on a history of current anti-hypertensive medication [43, 59,
62, 68,71-74, 87,91, 94, 98]. Six (7.1%) studies, five of them conducted by the same research
team, excluded participants with a history of hypertension, diabetes, coronary heart disease or
those on anti-hypertensive or cholesterol-lowering medication use [54, 65, 67, 69, 109, 125].
These studies involved biochemical tests on cardio-metabolic risk factors.

The blood pressure was read in 82,045 subjects, representing 97.5% of the total number
enrolled. In individual studies, the prevalence of hypertension ranged from 2.8% among ter-
tiary level students [90] to 67.5% among pastors and church workers [71]. In the study with
the highest prevalence, 38% of the participants had previously been diagnosed with hyperten-
sion. In 51 and 50 individual studies respectively, the prevalence ranged from 2.8% [90] to
58.3% [72] in men and from 1.0% [122] to 90.0% [60] in women.

In 15 (17.6%) studies with available information, 42.7%-88.1% of those with hypertension
had Grade 1 or mild hypertension with BP 140-159/90-99 mmHg while 11.9%-82.5% had
Grade 2 or moderate or severe hypertension with BP >160/100 mmHg. In 11 (12.9%) studies,
more than one-third of the subjects with hypertension had Grade 2 hypertension. In four of
the studies reporting Grade 2 hypertension, 14.7%-19.2% of subjects had BP >180/110 mmHg
(severe hypertension) [59, 74, 108, 116].

From the meta-analysis, the pooled prevalence of hypertension across the 85 studies was
27.0% [95% confidence interval (CI): 24.0%-30.0%]. In the studies providing sex-specific esti-
mates, the pooled prevalence, from separate analysis, was similar in men (26.0%, 95% CI:
22.0%-30.0%) and in women (24%, 95% CI: 20.0%-27.0%) (S1 and S2 Figs). The age distribu-
tion of the men and women in each series was broadly similar, with 76.4% and 78.0% being
younger than 50 years old. Information on the BMI status was scanty, being provided by 19
(37.3%) of the 51 studies in men and 19 (38.0%) of the 50 studies in women. A prevalence of
obesity of 10% or higher was more frequently reported in the studies in women (17/19) than
those in men (7/19).

The pooled prevalence of hypertension was significantly higher in studies which defined
hypertension based on measured BP and history of previous diagnosis or current treatment
with anti-hypertensive (34%, 95% CI: 31.0%-38.0%) than those based on measured BP alone
(25.0%, 95% CI: 22.0%-29.0%) (S3 Fig).
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The pooled prevalence in the coastal (28.0%, 95% CI: 24.0%-31.0%) and middle (29.0%,

95% CI: 25.0%-33.0%) geo-ecological belts was twice that of the northern geo-ecological belt
(13.0%, 95% CI: 7.0%-21.0%) (Fig 3). At the level of the administrative regions, the Volta
Region had the highest pooled prevalence (39.0%, 95% CI: 29.0%-49.0%) while the Northern
Region had the lowest prevalence (7.0%, 95% CI: 1.0%-15.0%).

The pooled prevalence of hypertension did not differ statistically by type of publication

Primary %
Reference ES (95% CI) Weight
Multizone or National |

nto ' —— 0.39(0.35,043)  1.20
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Fig 3. Forest plot of the prevalence of hypertension by geo-ecological belt of Ghana.

[original articles/abstracts (27.0%, 95% CI 24.0%-30.0%), dissertations (25.0%, 95% CI 18.0%-
34.0%), other (39%, 95% CI 37.0%-40.0%)]; peer review status of publications [not peer

reviewed (26.0%, 95% CI 18.0%-34.0%), peer reviewed (27.0%, 95% CI 24.0%-30.0%)]; multi-
plicity of publications [single publication (26.0%, 95% CI 23.0%-30.0%), multiple publications

https://doi.org/10.1371/journal.pone.0248137.9003
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(29.0%, 95% CI 23.0%-35.0%)]; frequency of BP readings per visit [one (27.0%, 95% CI 24.0%-
30.0%), two (25.0%, 95% CI 21.0%-29.0%), three (27.0%, 95% CI 22.0%-32.0%), four (28.0%,
95% CI 27.0%-30.0%)]; threshold for the definition of hypertension [BP > 140/90 mmHg
(27%, 95% CI 23.0%-30.0%), other subset definitions like systolic or diastolic hypertension
(28.0%, 95% CI 23.0%-34.0%)]; sample size [<300 subjects (26.0%, 95% CI 21.0%-31.0%),
301-1000 subjects (27.0%, 95% CI 22.0%-31.0%), >1000 subjects (30.0%, 95% CI 24.0%-
36.0%)]; age of participants [median age <50 years (25%, 95% CI 22.0%-28.0%), median age
>50 years (36%, 95% CI 27.0%-44.0%)]; or urban-rural residence [rural residents (25.0%, 95%
CI 18.0%-32.0%), urban residents (26.0%, 95% CI 23.0%-29.0%), mixed population (32.0%,
95% CI 26.0%-39.0%)] (S4-S6 Figs).

Sources of heterogeneity

We found substantial heterogeneity among the included studies on the prevalence of hyperten-
sion [” (g4 an = 6368.3; I* = 98.7; p<0.001]. There was similarly high heterogeneity (I* values
>96.4%; p<0.001) in the subgroup analyses by type of publication, peer-reviewed status of
publication, multiplicity of publications, definition of hypertension, sample size, age of partici-
pants, and type of residence. The chi-squared statistical tests for sub-group differences were
statistically significant.

Meta-regression analysis

We explored the study year, year of publication of the study, the sample screened for hyperten-
sion, percentage of obesity in the participants and the type of BP measuring device as potential
sources of heterogeneity in univariate and multivariate meta-regression analyses. Only the per-
centage obesity was statistically significant, explaining 11.7% of the between-study heterogene-
ity in the univariate model (Table 3). However, in the combined model adjusted for the other
covariates, the percentage heterogeneity explained declined slightly to 9.7% (I* = 89.2, tau® =
0.016).

The prevalence of hypertension did not appear to have changed over time, represented by
the study year (Fig 4) or publication year (S7 Fig). There was no statistically significant varia-
tion in the prevalence over four decades of studies conducted since 1976 (p = 0.873). Neither

Table 3. Meta-regression analysis of selected variables to explore potential sources of heterogeneity.

Model N | Coefficient 95% CI Tau® Adj. R (%) | I? (%) p value
No covariates 85 0.282 0.252,0.311 0.015 92.65 | <0.001
Univariate

Study year 81 8.45e-5 -0.004, 0.005 0.015 -1.77 93.01 0.97
Publication year 85 0.001 -0.006, 0.007 0.015 -1.54 92.71 0.839
Sample screened for hypertension | 85 -1.10e-6 -1.61e-5, 1.39¢-5 | 0.015 -1.73 91.25 | 0.884
Percentage obesity 56 | 0.004 -9.71e-4, 0.007 0.015 | 11.73 89.92 |0.012
Device (ref: digital type) 85 -3.25e-4 1.41e-3,7.58¢-4 | 0.015 -1.02 92.74 | 0.553
Multiple covariates 53 0.016 9.67 89.24 | 0.1173
Study year 53 -6.65e-3 -0.028, 0.015 0.531
Publication year 53 0.007 -0.016, 0.031 0.535
Sample screened for hypertension | 53 7.51e-6 -3.27e-5,4.77¢e-5 0.709
Percentage obesity 53 0.005 1.54e-3, 0.009 0.006
Device type 53 -8.45e-4 -2.49¢e-3,7.95e-4 0.305

CI = confidence interval

https://doi.org/10.1371/journal.pone.0248137.1003
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Fig 4. Trend in the prevalence of hypertension over study years 1976-2019.

https://doi.org/10.1371/journal.pone.0248137.9004

was there any significant variation over the period of the publication year 2003-2020
(p = 0.839). There was still no clear trend in the prevalence of hypertension when observations
were restricted to studies or publications in the past two decades.

Evaluation of risk of bias and sensitivity analysis

Forty-nine (57.7%) studies were judged to be of high quality with low risk of bias while 15
(17.7%) studies were at moderate risk of bias (5S4 Table). However, 20 (23.5%) studies were
considered to be at high risk of bias. One study did not have sufficient information for its qual-
ity to be assessed [96]. The high-risk bias studies typically used convenient samples or volun-
teers. There was no association between the risk of bias and the peer-reviewed status of
included studies (p = 0.619). The pooled prevalence of hypertension was similar for the differ-
ent risk of bias ratings [low risk of bias (27.0%, 95% CI 24.0%-30.0%), moderate risk of bias
(26.0%, 95% CI 18.0%-34.0%), high risk of bias (29.0%, 95% CI 24.0%-35.0%)].

Eliminating all the high-risk bias studies from the analyses yielded a pooled prevalence of
27.0% (95% CI 24.%-30.0%) that was similar to the prevalence in the full set of studies. In the
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leave-one-out sensitivity analysis, no individual study was found to have any major impact on
the pooled prevalence of hypertension (Fig 5). The omission of each study resulted in pooled
prevalence that was within 0.4 percentage points of the original pooled estimate.

Publication bias

A funnel plot analysis of the included studies on the prevalence of hypertension did not show
evidence of publication bias, as indicated by the plot symmetry (Fig 6). The Egger’s test was
not statistically significant (p = 0.544).

Prevalence of awareness, treatment and control

The pooled proportion of people with hypertension who were aware from a previous diagnosis
in 24 studies was 35.0% (95% CI: 28.0%-40.0%) (Fig 7). Thus, nearly two-thirds of hyperten-
sion in Ghana was undiagnosed. In individual studies, the prevalence of awareness ranged
from 2.0% among mostly poor residents in two peri-urban communities [101] to 79.5%
among nurses at a regional hospital [82].

The pooled prevalence of subjects with hypertension who were currently on treatment with
anti-hypertensive medication, from 17 studies, was 22.0% (95% CI: 16.0%-29.0%) (S8 Fig). In
individual studies, the self-reported treatment ranged from 4.1% [98] to 46.4% [102]. Among
those aware of their hypertensive status, 66.0% (95% C1: 52.0%-79.0%) were currently on anti-
hypertensive treatment. An estimated 6.0% (95% CI: 3.0%-10.0%) of subjects with hyperten-
sion, from 16 studies, had their BP controlled. In individual studies, the proportion whose BP
was controlled ranged from 1.0% [98] to 24.0% [52] (S9 Fig).

As with the prevalence of hypertension, the funnel plots for the prevalence of awareness,
treatment and control did not show any evidence of publication bias (S10-S12 Figs). The
Egger test p values were 0.440, 0.618 and 0.790 respectively.

Discussion

To our knowledge, our study is the first in Ghana to publish an estimate of the prevalence of
hypertension, awareness, treatment and control through a meta-analysis. There are several
important findings that emerge from our analysis. We obtained a large number of studies
from our search which met our inclusion criteria- 85 studies compared with 17 studies in our
previous systematic review [12]. Thirteen studies from the earlier review were included in the
current review. The rapid increase in the number of studies, particularly in the past decade, is
likely due to several factors such as increase in the number of tertiary-level programmes in
public health, dietetics, biochemistry, occupational hygiene; access to publicly available data
from the DHS and SAGE; collaboration with external institutions and the greater availability
of digital BP monitors which facilitates use by non-health professionals.

We observed a greater regional coverage of the studies with nine of the ten regions repre-
sented in the region-based studies in this review compared with four regions in our earlier
review in 2010 [12]. Besides, there were five studies that were national in coverage in the cur-
rent coverage whereas there was none in the earlier review. It is to be noted that, through the
division of five existing regions in June 2019, Ghana’s ten administrative regions was increased
to 16, of which 13 were represented in the subnational studies in this review.

With the greater regional spread of the included studies, the Greater Accra Region (GAR)
and the Ashanti Region (AR), the two regions hosting the two largest cities in Ghana, were less
represented in the region-based studies in the current review (52/79, 65.8%) than in our earlier
review (14/17, 82.4%). However, there were fewer studies in northern belt than in the other
geographical belts, perhaps a reflection of factors such as the distribution of health services,
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Fig 6. Funnel plot of included studies on the prevalence of hypertension in Ghana.

https://doi.org/10.1371/journal.pone.0248137.g006

distance from capital, tertiary education, interest of health researchers and general socio-eco-
nomic development in the country. To illustrate the potential contribution of tertiary pro-
grammes to hypertension research in Ghana, we note that, the University of Health Allied
Sciences in Ho, which started operations in 2012, contributed four (66.7%) of the six publica-
tions on the hypertension in the Volta Region where it is located [45, 72, 83, 117]. A recent
meta-analysis to estimate the prevalence of diabetes in Ghana could only obtain estimates for
the northern belt based on self-reported diabetes in the nationwide SAGE study included in
the 12 studies analyzed [11]. As the northern belt constitute a large part of the land mass of
Ghana, it is essential to investigate further its relative low research output.

High as it is, we suspect our estimated prevalence (27.0%) of adult hypertension in Ghana is
conservative. The use of restrictive definitions of hypertension; exclusion of participants previ-
ously diagnosed of hypertension as well as the assessment of hypertension from only BP mea-
surements likely underestimated the prevalence of hypertension. As we found, the difference
in the pooled prevalence of hypertension in studies using an expanded definition of
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Fig 7. Forest plot of prevalence of awareness of hypertension in Ghana.
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hypertension including a history of previous diagnosis or antihypertensive treatment higher
prevalence and that in those using definition based only on BP measurement was statistically

significant.

Moreover, in multiple publications on the same study, we analyzed only the study that cov-

ered the entire sample rather than age-, sex or residential-subgroups [126-129] that could

have inflated the prevalence. For example, we found upon enquiry from the researchers that

three publications from the same authors on a rural community, Barekese, that we had thought

came from a single study actually came from three different studies conducted in 2010-2012.
The first of these studies in 425 adults aged >35 years reported a prevalence of hypertension of
44.7% [130]. Concerned about this high prevalence in the rural community, the investigators
repeated the study the following year in 438 adults aged >35 years and confirmed their earlier
study with an even higher prevalence of 50.9% [131]. Then, in 2012, the investigators con-
ducted another study in the same community, this time sampling 845 adults aged >18 years
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and found a prevalence of isolated systolic hypertension of 30.6%. We chose to include only
the last study in the meta-analysis because of its wider coverage although it reported the lowest
prevalence. Besides, we expected that the prevalence of hypertension in this relatively small
rural community will be stable over a short period of three years.

Ghana’s pooled prevalence of hypertension of 27.0% is similar to that of Nigeria (28.9%)
[132], Cameroon (30.9%) [133] and SSA (30.0%-31.1%) [134, 135] but greater than that of
Ethiopia (19.6%) [136] or of 44 developing countries (17.5%) [137]. The United Nations esti-
mates that Ghana’s adult population in 2020 is about 19.54 million representing 62.9% of the
total population. Applying the 27.0% prevalence to this figure translates into 5.27 million peo-
ple who have hypertension. Somehow, this large number has been ‘invisible’ in the public
health space, not only in Ghana but also in the global public health agenda [138, 139]. In con-
trast, HIV/AIDS which affects an estimated 340,000 persons in Ghana, receives more public
health priority and is managed by a Commission under the Office of the President [140].

The apparent neglect of NCDs by several actors including policy makers, major multilateral
and bilateral aid donors, and academics has long-been recognized [141]. In Ghana and else-
where, it is evidenced by low funding, insufficient political commitment and persistent disease
burden [142]. Between 2012 and 2014, the average global health development assistance pro-
vided for every disability-adjusted life year (DALY) associated with HIV/AIDS was US$30.84
compared with US$0.08 for NCDs [143]. The neglect of the control of hypertension is thought
to be a driving factor for its persistence and the growing burden of stroke in Sub-Saharan
Africa [144]. Leading authorities have decried the failure of the global community to translate
the public health knowledge on the preventable causes of hypertension and the current clinical
knowledge into effective prevention, treatment and control programmes [141, 145].

Based on an estimated prevalence of hypertension (BP >160/95 mmHg) of 5% in 1979,
Pobee and colleagues warned of a silent epidemic of hypertension in Ghana, viewed against
the assertion 50 years earlier that hypertension was rare in Africans [146]. Inspired by this
observation, we described an ‘epidemic of hypertension’ in our systematic review of 2010 [12].
Since then, a rural epidemic of hypertension [131] and a national epidemic of obesity in
Ghana have been described [18]. Of particular concern is our finding that the urban-rural gap
in the prevalence of hypertension has become blurred and that the high prevalence has persis-
tent over four decades. Moreover, up to a fifth of those with hypertension may have it as a
severe grade indicating a long duration of poor control. Nearly two-thirds of adults with
hypertension in Ghana are unaware of their status and so will be unable to initiate measures to
control it. This estimate of undiagnosed hypertension is better than the 73% estimated for SSA
but that for the poor control of hypertension in the two settings is similar [134].

There are misconceptions and poor knowledge of hypertension in Ghana even among
patients living with hypertension [61, 147]. As in other countries, the population infrequently
go for medical check-ups, preferring to go to the clinic only when they have symptomatic ill-
ness [29]. The prevalence of undiagnosed hypertension is relatively high even among health
workers [43]. The national health insurance scheme and the organization of mass screening
campaigns in public spaces such as places of worship, health facilities, pharmacies, recreational
parks, shopping centres, marketplaces, universities, workplaces, and community centres pres-
ent an opportunity for the population to know their BPs [148, 149]. Health education has been
shown to be beneficial in improving knowledge of hypertension and healthier self-care prac-
tices [150]. Health workers in Ghana have identified barriers relating to health professionals,
health system and patients which hinder adequate control of hypertension [151]. Some of
these barriers could be addressed through better community engagement and the implementa-
tion of nurse-led interventions in task-shifting programmes [152, 153].
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The combination of the enabling factors of high prevalence, low awareness and poor con-
trol of hypertension calls for an urgent response in line with Ghana’s strategies to prioritize
cardiovascular health through investments in risk reduction dietary and lifestyle behaviour
[154, 155]. In a recent evaluation, local experts in Ghana gave a low rating to the implementa-
tion of three-quarters of 43 indicators of health food environment [156]. Other experts cite
inadequate resources and a focus on clinical rather than preventive actions as the major chal-
lenges hindering the implementation of diabetes and hypertension policies in Ghana [157].

Data on national trends of hypertension in Africa are scanty and present mixed results. For
example, Mozambique reported a statistically significant increase from 33.1% to 38.9%
between 2004 and 2015 from two national surveys [158] while Seychelles reported a stable age-
standardized prevalence of 40% in surveys in 1989 and 2004 [159]. In Nigeria, the pooled prev-
alence among adults aged >20 years was projected to increase from 28.0% (95% CI 24.6%-
31.9%) in 2010 to 30.8% (95% CI: 24.5%-33.7%) in 2030 [132]. Available studies in Africa gen-
erally project a stable [160, 161] or upward trend [30, 162] in adult hypertension at different
periods between 1975 and 2030.

Our finding of similar pooled prevalence of hypertension in men and women in Ghana is
consistent with that from other studies in Ghana, Cameroon and Nigeria [12, 132, 133]. How-
ever, in comparisons of sex differences in primary studies on the prevalence of hypertension
which control for various confounders, male sex has been a key determinant among workers in
West Africa [163] while female sex has been a key determinant among older adults in Africa [9].

Our meta-analysis showed a statistically significant lower prevalence of hypertension in the
northern geo-ecological belt of Ghana than in the middle or coastal belts. The pattern is con-
firmed in individual nationwide studies where the prevalence in the northern regions is about
a quarter to half that in the GAR [52, 127]. The lower prevalence has been attributed to tradi-
tional lifestyles in the northern belt characterized by manual farming and housekeeping and to
the greater mobility of most people on foot or by bicycle [95, 97]. In one study, about 90% of
the participants reported being physically active [100] and in another only 0.8% of the partici-
pants lived with overweight or obesity [95]. In demographic and health surveys, tobacco use in
men and women in the northern belt has consistently been highest in Ghana but its influence
on hypertension appears to be offset by the lean body-build, physical activity and traditional
diets of the population [164]. A similar north-south divide is seen in nearby Benin where the
prevalence in the northern regions of Atakora and Alibori is about one-third that in the Litto-
ral region in which the capital city is located [165]. Health authorities are encouraged to work
with key actors to maintain or reduce the low prevalence in the northern belt.

Until now, the GAR and AR have been considered the regions with high prevalence of
hypertension in Ghana [52, 127]. Our findings show that regions such as the Volta, Eastern,
Bono and Western have similar or higher prevalence of hypertension. In both rural and urban
settings, the prevalence of hypertension was similar. The narrowing urban-rural gap in the
prevalence of hypertension may be due to changing lifestyles with a lower physical activity and
a shift from traditional diets rich in fibre to energy-dense processed foods high in fat, sugar
and salt [40, 166]. With up to half of adults in some rural communities in Ghana living with
hypertension [131] and about one-quarter living with overweight or obesity [18], cardiovascu-
lar risk should be now considered more pervasive in Ghana and resource planning and alloca-
tion adjusted accordingly.

Strengths and limitations

Our study’s strengths are that it presents the first published pooled estimate of the prevalence
of hypertension, awareness, treatment and control derived from studies more than four
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decades of studies covering the entire country; it employed a comprehensive search strategy
across several data sources including unpublished data; it involved a large number of studies
and study participants; and conforms to the standards of PRISMA reporting [23]. Our esti-
mates are robust and corroborated by sensitivity analyses and the absence of evidence of a pub-
lication bias.

Although not available annually, the prevalence of hypertension is one of the sector wide
indicators of Ghana uses to assess its annual health sector performance [167]. Like other Afri-
can countries, Ghana faces the challenge of how to effectively monitor the size and trends of
the hypertension epidemic in the country from reliable and accurate data sources. Ghana
undertook a subnational STEPS survey of risk factors for chronic NCDs in 2006 and has been
seeking to conduct a second (national) survey. However, in 2014, Ghana became one of six
African countries to include BP assessment in its five-yearly national GDHS surveys [10, 168].
Having successfully conducted six rounds of GDHS surveys since 1988, there is good prospect
to obtain periodic national estimates of the prevalence of hypertension at lower costs than
through separate stand-alone STEPS surveys. The much lower estimate of prevalence of hyper-
tension in the GDHS 2014 of 13.0% which is half of the pooled estimate from the current
meta-analysis could be misinterpreted as successful control of hypertension whereas it may
reflect differences in the study population and in the methodology. While DHS has been slow
to include the assessment of biomarkers, estimates on the prevalence of diabetes using fasting
blood glucose or glycosylated haemoglobin for three countries (Bangladesh, Namibia, Uzbeki-
stan) are now available [168].

Ghana could also exploit data from its demographic surveillance sites to monitor the inci-
dence and prevalence of hypertension. Two of these sites (Kintampo, Navrongo) contributed
studies to this meta-analysis [80, 87, 97, 100]. Ghana could also monitor hypertension from
the three waves of SAGE studies that have been conducted three waves since 2008, two of
which are included in the current meta-analysis [49, 50]. The prevalence in Ghana declined
from 40.9% in the SAGE Wave 1 in 2008 to 30.9% in SAGE Wave 2 in 2014-15 but rose to
37.6% in Wave 3 in 2018-19 [49, 50, 169]. However, given the challenges in descriptively trian-
gulating the possibly divergent prevalence data, our meta-analysis provides a useful tool to sta-
tistically synthesize these empirical data.

Nonetheless, our study has some limitations. First is the problem of missing information on
variables such as the age- and sex-specific prevalence, participation rate, or the BP measure-
ment protocol. Secondly, all but two of the studies assessed BP at a single visit. This has the
effect of overestimating the true prevalence of the hypertension [170]. The scale of overestima-
tion is shown by Addo et al where the prevalence of hypertension based on an initial screening
was 37.5% but dropped to 30.2% after evaluation three weeks later [59]. Similarly, among a
subset of study participants in rural northern Ghana, the mean SBP dropped from 125.7+22.6
mmHg to 121.5+19.6 mmHg and the mean DBP from 72.2+12.4 mmHg to 70.5+11.9 mmHg
two weeks after the initial assessment [97]. Such anomalies explain why the International Soci-
ety of Hypertension recommends that a diagnosis of hypertension be made after 2-3 office vis-
its at 1-4-week intervals (depending on the BP level), except where the BP> 180/110 mmHg
and there is evidence of cardiovascular disease [124].

Thirdly, there was substantial heterogeneity across the included studies which undermines
confidence in the pooled estimate. As might be expected with the large number of studies,
there were differences in the study population, study protocols and assessments. We excluded
several variables such as age, type of publication, sample size as the potential sources of the het-
erogeneity. There was some evidence of percentage of obesity in the sample contributing to
this heterogeneity. High levels of heterogeneity appear to be the bane of similar meta-analytic
studies on hypertension in Africa with reports of I” statistics of 98.2%-99.5% [132-136].
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Lastly, we found a relatively high number of studies with potentially-biased estimates of the
prevalence of hypertension. However, our sensitivity analyses showed that no single study had
a major impact on our pooled estimate of hypertension. Neither did eliminating high-risk bias
studies have any significant effect. Overall, we are confident about the robustness of our pooled
estimates on the prevalence of hypertension in apparently-healthy persons living in Ghana.

Conclusions

Our systematic review and meta-analysis covering a large number of studies and of study par-
ticipants across the country suggests that, conservatively, more than one in four adults in
Ghana has hypertension. This prevalence of hypertension appears to have persisted over a
long time and has reached levels in rural populations that are similar to that in urban popula-
tions. Hypertension may be less common in the northern sector of the country than in other
regions. The hypertension hotspots are no longer only the Greater Accra and Ashanti Regions
but also several other regions in the coastal and middle geographic zones of the country. Most
people in Ghana with hypertension are not aware they have it and its control is disturbingly
low.

We call for further studies to better understand the drivers of the hypertension epidemic in
Ghana. This notwithstanding, Ghana has sufficient information to prioritize the cardiovascu-
lar health of its people towards meeting the global target of a 25% reduction in the 2010 age-
standardized prevalence of hypertension by the year 2025 [171]. Strong political commitment
and concerted whole-of-government and whole-of-society actions are needed to implement
best-buy interventions such as fiscal levers, salt reduction, health promotion, promotion of
physical activity which have been successful in reducing both systolic and diastolic BP in Sub-
Saharan Africa [172, 173].
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