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Abstract

Background: Hypertension has become an important public health concern in the developing world owing to ris-
ing prevalence and its adverse impact on ailing health systems. Despite being a modifiable risk factor for cardiovascu-
lar disease, hypertension has not received the needed attention in Ghana as a result of various competing interests for
scarce health resources. This systematic review and meta-analysis provides a comprehensive and updated summary
of the literature on the prevalence of hypertension in Ghana.

Methods: Major databases such as MEDLINE, EMBASE, and Google Scholar and local thesis repositories were
accessed to identify population-based studies on hypertension among Ghanaians. Data extracted from retrieved
reports were screened independently by two reviewers. The quality of eligible studies was evaluated and reported. A
reliable pooled estimate of hypertension prevalence was calculated utilizing a random-effects model and reported
according to the GRADE framework. Additionally, a meta-regression analysis was performed to analyze the contribu-
tion of study-level variables to variance in hypertension prevalence.

Results: In general, a total of 45,470 subjects (n= 22,866 males and 22,604 females) were enrolled from urban
(n=12), rural (n=28), and mixed populations (n=7). Blood pressure (BP) was measured across studies according to a
validated and clinically approved protocol by trained field workers or healthcare workers including nurses and physi-
cians. A combined total of 30,033 participants across twenty studies reporting on the population prevalence of hyper-
tension were pooled with 10,625 (35.4%) identified to satisfy study criteria for elevated BP. The pooled prevalence
across 24 studies was 30.3% (95% Cl 26.1-34.8%) after fitting a random effects model. Prevalence of hypertension was
30.1% (95% Cl 25.6-36.0%) among females and 34.0% (95% Cl 28.5-40.0%) among males. Significant differences in
pooled estimates across regions emerged from subgroup comparisons of regional estimates with an increasing trend
in the north-to-south direction and with increasing age. Compared to rural settings, the burden of hypertension in
urban populations was significantly higher. Age structure and population type accounted for 65.0% of the observed
heterogeneity in hypertension estimates.

Conclusions: The prevalence of hypertension in Ghana is still high. The gap in hypertension prevalence between
rural and urban populations is closing especially in elderly populations. These findings must claim the attention of
public health authorities in Ghana to explore opportunities to reduce rural hypertension.
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Systematic review registration: The protocol for this review has been published previously with PROSPERO (CRD42

020215829).
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Introduction

Hypertension or elevated blood pressure (BP) represents
a significant cause of avoidable cardiovascular debility
and early death in less-developed countries with inade-
quately resourced healthcare systems [1, 2]. Suboptimal
control of BP in the growing hypertensive population
is a major contributory factor to the rising burden of
non-communicable diseases (NCDs) in low- and mid-
dle-income countries [3, 4]. Whereas hypertension is a
well-known cause of cardiovascular disease and related
deaths in the advanced nations, the importance of hyper-
tension in low-resource health settings is less emphasized
but believed to be on the ascendancy [1, 5-7]. In develop-
ing nations, healthcare resources are stretched by a dou-
ble burden of communicable diseases such as malaria,
HIV AIDS, and tuberculosis and non-communicable dis-
eases such as hypertension and diabetes [8]. In spite of
this double burden of diseases, a disproportionate frac-
tion of health resources is allotted to combat and prevent
infectious diseases, leaving little to invest in interventions
to prevent non-communicable diseases [9].

In Ghana, available records indicate that hypertension
prevalence has been rising with the spate of rural-urban
migration and associated changes to lifestyle and dietary
choices [10, 11]. A number of factors such as positive
perception of obesity, more sedentary lifestyles, excessive
consumption of high-calorie diets, genetic predisposi-
tion, high intake of salt, and increasing life-expectancy
have been cited for this disturbing trend [12, 13]. With-
out urgent attention, the current epidemic of hyperten-
sion in the country is expected to worsen [14].

From an adult hypertension prevalence of less than
5% a generation ago, currently, approximately 50% of all
adults have hypertension [15]. The incidence of outpa-
tient hypertension in health facilities increased 11-fold
from an estimated 60,000 reported cases in 1990 to
approximately 700,000 reported cases in 2010 [15].
Prevalence estimates of hypertension based on popu-
lation studies range between 19 and 48% depending on
the study protocol and diagnostic criteria used to detect
hypertension [16—19]. Furthermore, close to half of diag-
nosed hypertension manifest clinical signs of organ dam-
age, as a consequence of late presentation/detection by
the existing health system and suboptimal BP control [15,
20].

Several attempts have been made in the past decade to
better understand the burden of hypertension in Ghana

[4, 19, 21-29]. These studies extended the scope of pre-
liminary work undertaken in the previous decade and
began to dispel popular myths and misconceptions still
held from the earliest studies [30—32]. As a result of their
nature, observational studies have several inherent flaws
that limit their impact. Systematic reviews have become
one way to circumvent these limitations and provide
concrete epidemiological data [33]. The last systematic
review focussing exclusively on the prevalence of hyper-
tension in Ghanaians dates back to 2012 [34]. Since then,
a few large continental studies have reported aggregated
evidence on a handful of datasets from Ghana [8, 35-38].
Otherwise, population data on hypertension prevalence
is sparse. High-quality nationally representative, pop-
ulation-based data on hypertension in the country are
needed to monitor trends in disease epidemiology across
socioeconomic strata, population demographics, time,
and space [13]. The aim of this review was to identify
new observational studies reporting on the prevalence of
elevated BP in Ghanaian populations and to consolidate
their findings with previous studies to generate high-
impact evidence to inform health planning in this setting.

Methods

This review was guided by internationally Preferred
Reporting Items for Systematic Reviews and Meta-anal-
yses (PRISMA) guidelines for undertaking systematic
reviews and the Meta-analyses of Observational Studies
in Epidemiology (MOOSE) approach [39, 40]. In addi-
tion, the protocol for this review has been published pre-
viously with PROSPERO (CRD42020215829).

Literature search strategy and terms

The major electronic archives for published research,
Medline/PubMed, Web of Science, Embase (via Ovid),
CINAHL, and African journals online (AJOL) were que-
ried for publications reporting population estimates of
hypertension in Ghana. For grey literature, the authors
perused the first 200 results in an advanced Google
Scholar search as well as local thesis repositories. In
addition, a snowballing technique of scrutinizing bib-
liographies of all eligible studies was employed to iden-
tify additional potential reports. A modified approach
with search terms specifying and targeting the defined
population, intervention (defined appropriately for non-
experimental scenarios), defined outcome of interest, and
required setting for studies was used to screen all study
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titles and abstracts [39]. Terms specifying the interven-
tion concept were “prevalence’, “proportion’, “survey’,
“descriptive’, “cross-sectional’; “cohort’, “longitudinal’,
“attributable fraction’, and “incidence” Outcome of inter-
est was coded in the search strategy as “hypertension’,
“blood pressure’, “cardiovascular’, and “cardiometabolic”
Those for the settings were “Ghana” and “Ghanaians”
Search terms were framed with the “OR” and “AND”

operators as previously described [35].

Exclusion and inclusion criteria

The main outcome was the prevalence of elevated BP in
the general and various strata of the population. Pub-
lished articles on studies and follow-up studies published
before October 2019 with hypertension, risk factors,
management practices, and control in the Ghanaian
population as an outcome were eligible for inclusion in
this review. An additional search for the period spanning
October 2019 to November 2020 yielded an additional
2 studies. Conference abstracts reporting adequately
detailed information regarding the population, definition
of hypertension, sample size, blood pressure data col-
lection, and a point estimate of hypertension were also
included for screening. Population-based studies involv-
ing individuals living in Ghana or with well-defined data
analysis of Ghanaian cohorts were considered for inclu-
sion. Multicenter studies that include Ghanaian par-
ticipants were included if there was adequate statistical
detail on data pertaining to Ghana. Reports fulfilling
inclusion criteria were eligible for the initial screening
(Fig. 1). Studies that failed to satisfy conditions for inclu-
sion were excluded in this review to prevent impact
of related confounding variables. These included case
reports, reviews, expert commentaries, and data on Gha-
naians living in foreign territories. Although reviews were
not included in this work, a manual search of references
found in review articles was performed. Additionally, the
findings of this work were compared to previous work
and in order to build upon existing knowledge. Clinical
studies reporting on organ-specific elevated blood pres-
sure such as pulmonary hypertension and studies that
were based on hospitalized patients, pregnant women, or
utilized hospital-based sampling protocols were excluded
on grounds that they do not adequately represent the
national population. Studies that did not report absolute
population or sub-population estimates on hypertension
were further excluded from the quantitative synthesis or
meta-analysis.

Selection of studies

Citations returned in the database query were imported
to Mendeley Desktop 1.19.4, and duplicate reports from
multiple sources were identified and removed. The titles
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and abstracts of articles returned in database queries
using the above search strategy were accessed and pre-
screened by two co-authors who worked independently
to flag non-suitable or extraneous reports for exclusion.
Subsequently, full-text reports of the pre-screened and
promising studies were accessed and perused by two
co-authors who worked independently to ascertain con-
formity to stated inclusion criteria. A checklist was used
for this purpose. Only articles published in the English
language were considered. Detected discrepancies in the
outcome of independent screening was resolved by con-
sensus of reviewers. Relevant information from selected
studies was extracted into a standardized Microsoft Excel
template. In accordance with the PRISMA guidelines,
the basis for excluding any article during the extensive
screening stage was documented and reported (see Addi-
tional file 1) [40].

Data extraction

Relevant data was retrieved from selected full-text manu-
scripts using a standardized extraction form [35]. Details
of publication such as manuscript title, author names,
date of publication, digital object identifiers (DOIs), and
other vital variables were extracted. In addition, informa-
tive variables such as study size, target population, time
period of data collection, geographical location, study
objective, eligible participants, and other elements of
design were captured into format. Furthermore, explana-
tory and outcome variables, details of data analysis, and
the major findings were retrieved as well. Additional
data on participant sociodemographic characteristics,
anthropometrics, and blood pressure measurement pro-
tocols were also extracted. The overall prevalence as well
as age-specific prevalence based on the classification
of hypertension were of interest. In instances of repli-
cate data reporting affecting the same study population
and setting, relevant information was retrieved from
the most informative manuscript(s). All such reports
were regarded as one unique study report. Also, in such
instances, the earliest year of publication was reported.

Definition of hypertension and classification

Studies were scrutinized for and organized according to
compliance to the JNC VII criteria which defines elevated
BP or hypertension as having either a systolic BP greater
or equal to 140 mmHg or concurrent with a diastolic BP
greater or equal to 90 mmHg or prescription use of anti-
hypertensive medication [41]. The three grades of hyper-
tension were all reported as one category: hypertension.

Appraisal of selected studies for risk
All studies were appraised for potential risk of bias
according to a suitably validated tool [42]. The tool



Atibila et al. Syst Rev (2021) 10:220

Page 4 of 15

Recorded hits imported from PubMed

= (325) and Google Scholar referrals
£ (56):
=
% (n=381)
=
E Duplicates removed
- > (n=37)

v

Potentially relevant records after
duplicates removed (n=344)

e
= Titles found irrelevant after initial
3 screening
5 >
»n (n=212)

v

Potentially relevant studies retrieved
into Mendeley Desktop
(n=132)
z Abstracts found irrelevant after
b= second screening
= >
) (n=63)
= v
Full text articles perused for eligibility
and assessment of bias
" ' Full text articles excluded with
(n=69) reasons (supplementary file)
2 (n=42)
= - > R o
= Eligibility criteria: 3
2 Secondary data: 16
bt v Hospital based studies: 5
Unique studies included in review Small sample: 3
(n=27) Definition of Hypertension: 3
Reviews: 3
Duplicate: 4
Other risk of bias: 5
Fig. 1 Flow diagram illustrating sequence of important actions

concerns itself with assessments of both the internal and
external validity of reports from cross-sectional studies.
Two independent assessors conducted this appraisal and
scored the manuscripts as high, low, or very low for bias
based on the presence or absence of each construct being
assessed. Specific issues probed included whether par-
ticipants were adequately representative of the defined
population, randomly sampled, and were drawn from
an adequate sampling frame with low non-response bias
(external validity). Internal validity was assessed from
impressions about instrument reliability and validity, uni-
form administration of instrument, definition of hyper-
tension, primary data collection, and exposure bias. All
disagreements were resolved by discussion and regular
consultations with more experienced team members.

Reports with scanty detail were classified as “limited,
and the primary investigators were contacted for particu-
lar information.

Meta-analysis procedures: data analysis

Meta-analysis was conducted in the R computing soft-
ware using the “meta” package [43, 44] (Additional file 2).
A random intercept logistic regression model, which
is a form of generalized linear mixed model (GLMM),
was utilized to estimate pooled estimates of hyperten-
sion prevalence in Ghana based on available studies
[45]. The proportion of hypertensive individuals in each
study was transformed using the logit transformation in
order to stabilize the variances of the prevalence esti-
mates. The choice of the logit transformation was made
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after a thorough review and consideration of the merits
and demerits of the various transformation methods of
proportions, including the arcsine and Freeman-Tukey
double arcsine transformations. Schwarzer et al. [46] rec-
ommended “the use of inverse variance method with the
arcsine or logit transformations for the meta-analysis of
single proportions that require individual study weights,
after reporting seriously misleading results in a meta-
analysis with very different sample sizes due to problems
with the back-transformation of the Freeman-Tukey
transformation” Gender-, age-, and region-specific esti-
mates were presented.

The I statistic is a measure of variability in pooled esti-
mate attributed to heterogeneity of studies while the Q
statistic is a check for homogeneity in effect estimates.
Higgins and Thompson’s I statistic [47] and Cochran’s Q
statistic [48] were used to assess heterogeneity between
the included studies. Subgroup analysis was performed
by BP measurement device, year of publication, nature
of study population, region, and geographical loca-
tion of study site in order to determine whether prev-
alence of hypertension was modified by subgroup
membership.

Meta-regression was performed in R to determine the
extent to which study characteristics could explain the
heterogeneity among prevalence estimates of hyperten-
sion between studies. Codes for the procedure are shown
in Additional file 3. Whereas o” is typically used to rep-
resent within study variance, 7° is used to represent the
between study variance, also called study heterogeneity
[49]. The estimate of 7> in meta-regression analysis with
covariate in comparison to 7> when the covariate is omit-
ted allows for the calculation of the proportion of study
heterogeneity explained by the covariate [50]. Attention
was also given to the R* value which indicates the per-
centage of the variance in the dependent variable that the
independent variables explain collectively.

Results

Description of selected studies

The database queries returned 381 hits which were
screened down to 344 studies after exclusion of dupli-
cates (n=237). An initial screening of titles for relevance
narrowed this number down to 132 reports. A further
105 were removed following abstract (#=63) and full
manuscript review (n=42) for a number of reasons
stated in Fig. 1. These reasons include false hits, failure
to meet eligibility criteria, reporting on secondary data,
hospital-based studies involving convenient samples,
small sample size, unexpected definition of hypertension
or self-reports, systematic reviews or letters to the editor,
duplicate analyses on previous samples, and other risks
of bias. The remaining 27 eligible reports retained for
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analysis represent unique population-based studies on
Ghanaian subjects conducted from 1977 to 2020.

At the time of compiling this report, new administra-
tive regions of the country were created out of existing
ones. To facilitate comprehension among international
audiences and avoid confusion in future, the adminis-
trative map used here has been given in Fig. 2. Most of
these studies (n=15) were conducted in the Greater
Accra (n =8 studies) and the Greater Kumasi (# =8 stud-
ies) areas. There were 3 studies from the Upper East, 2
nationwide reports and one international study. In addi-
tion, the Bono, Bono East, Eastern, and Volta regions
were represented by a study each. Details of the specific
locations and identities of these studies are given in Fig. 2
and Additional file 4. Data collection ranged from 2 to
36 months. The earliest sampling was conducted in 1972
by Pobee et al. [30], and the latest was from November
2017 by Acheampong et al. [51]. There were more pub-
lished studies available in the past decade (2010-2020)
than the two decades (1990-2010) prior. A total of six-
teen (16) studies were published after year 2010, and
eleven (11) studies were published before this year. The
year with the most included studies was 2017 with 5
studies.

All studies included in the review were original articles
capturing cross-sectional studies and baseline surveys
of prospective studies [52, 53]. Hypertension prevalence
was reported as a primary outcome in all 24 studies
included in the meta-analysis. A number of studies also
reported on risk factors (n=15), awareness (#=9), man-
agement (n=9), and control (n=09).

Although a number of reports published on the
same dataset were identified, all selected studies
reported on unique datasets. These clusters of pub-
lications emerged from datasets generated by large-
scale multinational population-based cardiovascular
risk studies such as the modeling epidemiologic tran-
sition study (METS) [27, 54] and the WHO SAGE
project [22, 23, 55]. One study also [21] reported
results from the University of Witwatersrand’s
INDEPTH collaboration with the US National Insti-
tutes for Health (NIH) [56] and H3Africa Consor-
tium [57]. Six study sites in four sub-Saharan African
countries, namely, South Africa, Kenya, Ghana, and
Burkina Faso, are involved in the African genomics
partnership (AWI-Gen) [21].

Other smaller, localized datasets informing selected
studies included the Accra urban poverty project (UPHS)
which examined associations between health and devel-
opmental indices from urban poor populations in the
capital of Ghana [53, 58] and the second phase of the
Women’s Health Survey (WHSA-2) conducted in Accra
[52, 59, 60]. The WHSA was designed to measure the
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Fig. 2 Regional map of Ghana showing distribution of included studies. *Included in one of two (2) nationwide surveys, one (1) multi-city study,

burden of tropical diseases among adult women. Notably,
the Time Use and Health Study of Accra (TUHS) [61] was
not selected on account of using 87% of data reported in
the WHSA [52].

In general, a total of 45,470 subjects (n=22,866 males
and 22,604 females) enrolled from urban (n=12) and
rural populations (n=8), as well as mixed populations
(n=7), were captured in this review. Studies from popu-
lations designated as mixed covered both urban and rural
populations. The definition of “urban” and “rural” given
by the original authors were applied. In cases where this
was not stated, the entry category used for the location in
question in the Ghana Demographic Heath Survey 2010
by the Ghana Statistical Service was used to classify the
study. Two studies sampled female subjects exclusively

[51, 52], and one study reported on males exclusively
[62].

Measurement of blood pressure

In general, BP was measured across studies accord-
ing to a validated and clinically approved protocol by
trained field workers or healthcare workers including
nurses and physicians (Additional file 5). Mostly, all sub-
jects had their BP readings taken by protocols that were
standardized across study sites. Only a handful of stud-
ies reported partial fractions of study subjects evaluated
for blood pressure. Some studies, per the definition of
hypertension given, admitted patients who were on med-
ication into this category [63, 64]. Most studies report-
edly used the JNC VII criteria which defines elevated
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BP or hypertension as having either a systolic BP greater
or equal to 140 mmHg or concurrent with a diastolic
BP greater or equal to 90 mmHg or prescription use of
antihypertensives [41], irrespective of BP [28]. However,
a few studies conducted before this definition was pub-
lished used the old WHO definition (BP greater or equal
160/95) [30, 65]. One study refrained from explicitly
providing a prevalence of hypertension but reported the
mean systolic and diastolic BP values [66].

In most studies (n=21), participants were seated dur-
ing the BP measurement, usually in a quiet place. Two (2)
reports had patients in the supine position [52, 67], and
five (5) did not report on posture. In general, study sub-
jects were required to take at least 5 min rest prior to BP
measurement, and in one instance, investigators insisted
on avoidance of smoking [68]. One study reported an ini-
tial resting period of 3—-5 min [21].

Half of the selected studies (n=13, 52%), usually the
more recent, reportedly used electronic BP monitors.
Commonly, models of the Omron digital brand were
employed. In addition, the Boso Medistar Wrist BP Mon-
itor Model S and the semi-automated Microlife Watch
BP home were also used. Two studies did not specify
the BP measurement apparatus used, and up to 10 (40%)
included studies also used manual sphygmomanom-
eters. In such cases, the systolic and diastolic BPs were
noted to coincide with the first and the fourth or fifth [30,
68] Korotkoff phase sounds heard during auscultation,
respectively.

The preferred anatomical site for BP measurement
was the upper arm. A dozen studies (n=12) indicated
using either large or small cuffs depending on which
was appropriate for the subject. The Danfa study used a
14-cm large culft size for all subjects [30] while the SAGE
WAVE 1 used a wrist BP monitor [23]. BP measurements
were performed by teams of trained study staff with vary-
ing degrees of experience. Teams were variously consti-
tuted with clinical and community health nurses, general
field staff/research assistants, allied health workers, and
students. Teams were usually supervised by medical
officers or research officers. In line with national and
international guidelines, most studies measured par-
ticipant’s blood pressure from the arm, mostly the right
upper arm. Minicuci et al. used a device that had to be
worn around the wrist to measure the BP. In most cases,
participants were seated in a quiet area. Koopman et al.
reported blood pressure readings from supine individu-
als, while Hill et al. had some participants seated and
some supine [52].

Except for four studies [20, 65, 69, 70], all studies per-
formed one-time BP readings. Studies using BP protocols
based on multiple visits performed secondary readings
within 24 h [65], 3 weeks [20], or 1 month [60] to confirm
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an initial BP reading exceeding 140/90 mmHg [20, 60]. In
Kunutsor et al., BP readings were replicated after 2 weeks
for participants (n=289 (16%)) in order to adjust for the
phenomenon of regression dilution in BP studies where
baseline/initial BP measurements are noted to underes-
timate the actual BP leading to underestimation of car-
diovascular risk [69]. A regression dilution ratio may be
calculated from repeat readings for the purpose of cor-
recting for this error and to estimate the actual BP [71].
On sampling days, with the exception of one study in
which BP was measured a minimum of three times [19],
most studies conducted BP readings up to three times to
allow confirmation of elevated BP readings [65, 69, 72].
In general, the intervening time between repeat BP meas-
urements was not less than 1 min but less than 1 h in
most studies and up to a full day in one study [72]. Major-
ity of studies (n=23) reported the nature of BP statistic
used in classifying participants. Most studies computed
an average BP from two readings [20, 21, 23, 26-28, 51,
66, 68, 69, 72-75] or three [19, 30, 53, 70, 76]. Frequently,
studies would discard the initial reading and rely on the
mean of the latter readings [11, 20, 21, 23, 73] or the fifth
and sixth [27]. One study, Pobee et al. [65], used only one
BP reading with confirmation for high-for-age readings.

Prevalence of hypertension

Reported prevalence estimates on hypertension ranged
from a low of 4.5% in a rural population from the Ashanti
Region [27] to a high of 54.3% in adults above 65 years
in the same Region [70]. A combined total of 30,033 par-
ticipants across twenty studies reporting on the popula-
tion prevalence of hypertension were pooled with 10,625
(35.4%) identified to satisfy study criteria for elevated BP.
A few studies reporting only mean systolic and diastolic
BP were excluded from pooled analysis. After fitting a
random effects model to 24 representative studies, the
composite prevalence of elevated BP in the general popu-
lation of Ghanaians stood at 30.3% (95% CI 26.1-34.8%)
(Fig. 3). Two nationwide studies (9195 participants) in
adults above 50 years gave rise to a higher pooled esti-
mate of hypertension of 49.5% (46.2-52.7%) [23, 25]. The
pooled estimate did not change significantly between
studies using manual [32.2% (95% CI 26.1-38.9%)] and
electronic measuring devices [29.5% (24.5-35.1%)]
(p=0.527).

After fitting a random effects model to 17 exclusive
studies with sex-stratified rates, the prevalence of ele-
vated BP was 30.6% (95% CI 25.6—36.0%) among females
(n=15 data points) and 34.0% (95% CI 28.5-40.0%)
among males (=16 data points) (Fig. 4). In general,
hypertension prevalence was higher in males (see Addi-
tional file 6) [19, 20, 23, 26, 53, 67, 70, 72, 74, 76-78].
This trend was reversed in two studies which reported
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Weight  Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Cappucio et al. 2004 290.73 1013 - 0.29 [0.26;0.32] 3.2% 4.2%
Escalona et al. 2004 160.26 598 —— 0.27 [0.23;0.30] 1.8% 4.2%
Addo et al. 2006 91.95 362 —— 0.25 [0.21;0.30] 1.1% 4.1%
Burket 2006 94.14 287 ——— 0.33 [0.28;0.38] 1.0% 4.1%
Agyeman et al. 2006 420.71 1431 = 0.29 [0.27;0.32] 4.6% 4.2%
Hill et al. 2007 533.86 1328 P 0.40 [0.38;0.43] 4.9% 4.3%
Addo et al. 2009 306.53 1015 - 0.30 [0.27;0.33] 3.3% 4.2%
Kunutsor & Powles 2009 110.78 574 — 0.19 [0.16;0.23] 1.4% 4.1%
Koopman 2012 222.68 924 —-— 0.24 [0.21;0.27] 2.6% 4.2%
Williams et al. 2013 189.98 425 — 0.45 [0.40;0.49] 1.6% 4.2%
Minicuci 2014 2413.96 4724 o 0.51 [0.50; 0.53] 18.2% 4.3%
Awuah et al. 2014 202.06 714 — 0.28 [0.25;0.32] 2.2% 4.2%
Obirikorang et al. 2015 233.86 672 —+°— 0.35 [0.31;0.38] 2.3% 4.2%
Stringhini et al. 2016 19.85 441 +— Eo 0.05 [0.03;0.07] 0.3% 3.6%
Nuertey 2017 213714 4471 0.48 [0.46;0.49] 17.2% 4.3%
Osman 2017 217.20 400 o —— 0.54 [0.49;0.59] 1.5% 4.1%
Lamptey et al. 2017 757.19 2337 -, 0.32 [0.31;0.34] 7.9% 4.3%
Gomez-Olive et al. 2017 487.06 1988 + 0.24 [0.23;0.26] 5.7% 4.3%
Acheampong et al. 2019  73.01 216 —_— 0.34 [0.28;0.40] 0.7% 4.0%
Dosoo et al. 2019 717.96 2555 = 0.28 [0.26;0.30] 8.0% 4.3%
Agyeman et al. 2017 227.37 1043 - 0.22 [0.19;0.24] 2.7% 4.2%
Agyeman et al. 2017 366.60 1449 - 0.25 [0.23;0.28] 4.2% 4.2%
Anto et al. 2020 204.00 527 _._._ 0.39 [0.35;0.43] 1.9% 4.2%
Duah et al. 2013 146.00 539 —— 0.27 [0.24;0.31] 1.6% 4.2%
Fixed effect model 30033 L9 0.36 [0.36; 0.37] 100.0% -
Random effects model = 0.30 [0.26; 0.35] == 100.0%
Heterogeneity: /2 = 98%, 1° = 0.2553, p <0.01 | ' ' ' '
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Fig. 3 Pooled prevalence of hypertension in Ghana

narrowly higher hypertension prevalence in females [21,
68].

Regionally, hypertension prevalence from studies in
the Greater Accra region (30.7%; 95% CI 24.7-37.5%) did
not vary significantly from the estimate from the Ashanti
Region (29.2%; 95% CI 21.6—37.5%). However, significant
differences in pooled estimates across regions emerged
from subgroup comparisons of regional estimates in the
general population (p <0.001).

Temporal variations in the prevalence estimates were
not statistically significant (p=0.624). Two identical
studies were published in 2000-2005 with a combined
estimate of 28.0% (95% CI 25.9-30.3%) [74, 78]. A further
six studies were included from the next 5-year period
(2006-2010), giving a pooled estimate of 29.3% (95% CI
23.9-35.3%). In the next 5-year window (2011-2015),
another 6 published studies gave a pooled estimate of
35.5% (95% CI 24.5-46.1%). Similarly, there was no sig-
nificant time-trend when the earliest year of sampling
was considered instead of the publication year in the ran-
dom effects model (p=0.829). The pooled estimate for
eleven studies conducted in the past decade (2010-2019)
was 30.4% (95% CI 24.4—37.2%). For comparison, another

eleven studies were conducted before the 2010 popula-
tion and housing census giving a pooled prevalence of
31.5% (95% CI 25.0-38.9%).

In terms of the developmental indices of populations
studied, the highest pooled prevalence of hypertension
was seen in studies comprised of a mix of urban and rural
dwellers (38.7%; 95% CI 31.4—46.7%). The prevalence of
elevated BP in urban populations (31.7%; 95% CI 28.1—
35.5%) was significantly higher than in rural populations
(23.4%; 95% 18.6-28.9%) (Fig. 5). Most of the studies
in rural areas were among the general population: just
one study in eight recruited participants who are above
50 years [67] with the potential of skewing the result.

Prevalence of hypertension increased in the north-to-
south direction. The highest prevalence of hypertension
was (30.7%; 95% CI 25.8-36.2%) observed for southern
Ghana. This was significantly higher than that in the
other northern belt 22.9% (95% CI 20.3—-25.9%) of Ghana
and only marginally higher than that for the middle-belt
30.1% (95% CI 25.4—35.4%).

There was a distinguishable age pattern of hypertension
in which prevalence of elevated bp increased with age,
peaking in middle-aged individuals [51, 53, 76]. Statistics
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Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Cappucio et al. 2004 115 385 — 0.30 [0.25;0.35] 1.8% 3.2%
Escalona et al. 2004 71 257 — 0.28 [0.22;0.34] 1.1% 3.1%
Addo et al. 2006 26 107 ——— 0.24 [0.17;0.34] 0.4% 2.8%
Burket 2006 26 66 — 0.39 [0.28;0.52] 0.3% 2.7%
Agyeman et al. 2006 194 644 — : 0.30 [0.27;0.34] 3.0% 3.3%
Addo et al. 2009 195 615 — 0.32 [0.28;0.36] 2.9% 3.3%
Koopman 2012 123 480 — 0.26 [0.22;0.30] 2.0% 3.3%
Minicuci 2014 1209 2348 ‘ - 0.51 [0.49; 0.54] 12.9% 3.4%
Awuah et al. 2014 102 329 — 0.31 [0.26;0.36] 1.5% 3.2%
Obirikorang et al. 2015 144 312 — 0.46 [0.41;0.52] 1.7% 3.2%
Osman 2017 78 135 ' —_— 0.58 [0.49;0.66] 0.7% 3.0%
Lamptey et al. 2017 278 841 — 0.33 [0.30;0.36] 4.1% 3.3%
Gomez-Olive et al. 2017 221 917 = ‘ 0.24 [0.21;0.27] 3.7% 3.3%
Dosoo et al. 2019 276 1009 & 0.27 [0.25;0.30] 4.4% 3.3%
Anto et al. 2020 204 527 v—'— 0.39 [0.35;0.43] 2.7% 3.3%

o
<;>
Cappucio et al. 2004 176 628 —— 0.28 [0.25;0.32] 2.8% 3.3%
Escalona et al. 2004 89 341 —— 0.26 [0.22;0.31] 1.4% 3.2%
Addo et al. 2006 66 255 ——— 0.26 [0.21;0.32] 1.1% 3.1%
Burket 2006 68 221 — 0.31 [0.25;0.37] 1.0% 3.1%
Agyeman et al. 2006 220 787 —— 0.28 [0.25;0.31] 3.5% 3.3%
Hill et al. 2007 534 1328 L B 0.40 [0.38;0.43] 7.0% 3.4%
Addo et al. 2009 112 400 —— 0.28 [0.24;0.33] 1.8% 3.2%
Koopman 2012 100 444 —— 0.23 [0.19;0.27] 1.7% 3.2%
Minicuci 2014 1205 2376 , - 0.51 [0.49;0.53] 13.1% 3.4%
Awuah et al. 2014 99 385 — 0.26 [0.21;0.30] 1.6% 3.2%
Obirikorang et al. 2015 90 360 —— i 0.25 [0.21;0.30] 1.5% 3.2%
Osman 2017 139 265 i — 0.52 [0.46;0.59] 1.5% 3.2%
Lamptey et al. 2017 479 1496 -'— 0.32 [0.30; 0.34] 7.2% 3.4%
Gomez-Olive et al. 2017 266 1071 = . 0.25 [0.22;0.28] 4.4% 3.3%
Acheampong et al. 2019 73 216 —ﬁ— 0.34 [0.28;0.41] 1.1% 3.1%
Dosoo et al. 2019 356 1546 =+ ' 0.23 [0.21;0.25] 6.0% 3.4%
O
<>+
Fixed effect model 21091 o 0.35 [0.35; 0.36] 100.0% -
Random effects model = 0.32 [0.29; 0.36] -- 100.0%
Heterogeneity: /2 = 97%, 1 = 0.2288, p < 0.01 f f T I
02 03 04 05 06
Fig. 4 Prevalence of hypertension in males and females

on the age distribution of participants were extracted to
classify studies based on the following criteria: (1) retir-
ees where selection criteria specifying advanced age>50
or>65 was used, and (2) senior citizens where the mean
ages range from 67.2 to 74.4 years, and (3) studies in the
general population with mean ages ranging from 31 to
54.7 years. The pooled prevalence of hypertension from
studies focussing on adults was 43.9% (95% CI 36.2—
51.9%) while general population studies that recruited
younger participants on average gave an estimated preva-
lence of 27.4% (95% CI 24.5—30.6%). In addition to overall
prevalence estimates, some studies also provided age-
specific prevalence rates for hypertension. In general,
the prevalence of hypertension was always lower in the
youngest age group than in the oldest age group [51, 53,
76].

A weighted regression technique was performed
to understand systematic differences among studies

that potentially explained the heterogeneity between
study results (see Additional file 7). In univariate
analysis, type of study population (rural vs. urban)
(R*=31.4%, p<0.05) and age structure of the popula-
tion (R*=47.2%, p<0.05) accounted for significant
variability in the estimated prevalence of hypertension.
All other study characteristics were not responsible
for significant variation in hypertension prevalence. A
multivariate model based on significant determinants
of hypertension in preliminary analysis across studies
accounted for 65% of the variability in hypertension
prevalence across studies (p < 0.05).

Risk appraisal of selected studies

A total of 69 full-text articles were perused for eligibility
and assessment of bias according to a suitably validated
tool [42]. Available articles were rated as having “low;,
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Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Cappucio et al. 2004 291 1013 - 0.29 [0.26;0.32] 3.2% 4.2%
Agyeman et al. 2006 421 1431 - | 0.29 [0.27;0.32] 4.6% 4.2%
Minicuci 2014 2414 4724 : ' 0.51 [0.50; 0.53] 18.2% 4.3%
Awuah et al. 2014 202 714 —= 0.28 [0.25;0.32] 2.2% 4.2%
Obirikorang et al. 2015 234 672 e 0.35 [0.31;0.39] 2.4% 4.2%
Nuertey 2017 2137 4471 : 0.48 [0.46; 0.49] 17.2% 4.3%
Osman 2017 217 400 I —— 0.54 [0.49;0.59] 1.5% 4.1%
L0
—_—
Escalona et al. 2004 160 598 —— 0.27 [0.23;0.30] 1.8% 4.2%
Hill et al. 2007 534 1328 o E 0.40 [0.38;0.43] 4.9% 4.3%
Addo et al. 2009 307 1015 —— 0.30 [0.27;0.33] 3.3% 4.2%
Lamptey et al. 2017 757 2337 = 0.32 [0.30;0.34] 7.9% 4.3%
Agyeman et al. 2017 367 1449 - 0.25 [0.23;0.28] 4.2% 4.2%
Acheampong et al. 2019 73 216 — 0.34 [0.28;0.41] 0.7% 4.0%
Dosoo et al. 2019 718 2555 = 0.28 [0.26;0.30] 8.0% 4.3%
Anto et al. 2020 204 527 e 0.39 [0.35;0.43] 1.9% 4.2%
O
<!
Addo et al. 2006 92 362 — 0.25 [0.21;0.30] 1.1% 4.1%
Burket 2006 94 287 ——— 0.33 [0.27;0.39] 1.0% 4.1%
Kunutsor & Powles 2009 111 574 —- . 0.19 [0.16;0.23] 1.4% 4.1%
Koopman 2012 223 924 = 0.24 [0.21;0.27] 2.6% 4.2%
Williams et al. 2013 190 425 L 0.45 [0.40;0.50] 1.6% 4.2%
Stringhini et al. 2016 20 441 +— : ' 0.05 [0.03;0.07] 0.3% 3.6%
Agyeman et al. 2017 227 1043 - 0.22 [0.19;0.24] 2.7% 4.2%
Gomez-Olive et al. 2017 487 1988 - ' 0.24 [0.23;0.26] 5.7% 4.3%
Duah et al. 2013 146 539 — 0.27 [0.23;0.31] 1.6% 4.2%
o
=
Fixed effect model 30033 0 0.36 [0.36; 0.37] 100.0% -
Random effects model = 0.30 [0.26; 0.35] - 100.0%
Heterogeneity: /2 = 98%, t° = 0.2551, p < 0.01
01 02 03 04 05
Fig. 5 Prevalence of hypertension in rural and urban areas

“moderate,” “high,” and “very high” risk of bias by consen-
sus of two investigators. The results of this appraisal are
presented in supplementary file (Additional file 1). Forty-
two (42) full-text articles were adjudged to have a very
high risk of bias and were discarded, leaving 27 for the
meta-analysis. Out of this number, 7 studies [23, 51, 69,
70, 73, 74, 76] were rated low risk of bias, 18 studies [19—
21, 25-28, 30, 52, 53, 65, 67, 72, 75, 77-79] were rated
moderate risk, and two studies [62, 68] were rated high
risk of bias.

GRADE assessment of quality of pooled estimate

In terms of quality, the pooled estimate presented here
can be adjudged to have a bias rating of 34 on a scale
ranging from 1+ representing an estimate with a low
quality and 4+ representing the highest quality. This

rating reflects that all the included studies were observa-
tional studies. Although some level of bias may arise from
the lack of blinding, concealment, and randomization to
treatment, selected studies presented adequate sample
sizes and simple/systematic random sampling to mitigate
bias to moderate levels. In addition, most of the samples
were sufficiently representative of the study populations
from which they were obtained. In terms of consistency,
we assign a low rating based on the elevated I statistic.
An elevated I statistic and low Q statistic were indica-
tive of a high proportion of variability in the pooled esti-
mate attributable to heterogeneity of reported estimates.
A relatively small confidence interval indicated a moder-
ate level of precision in the effect estimate. In terms of
the risk of the influence of publication bias from included
studies, after examination of funnel plots and based on
the results of Egger’s tests, a moderate level of confidence
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may be exercised when interpreting the pooled preva-
lence. The authors have provided subgroup analyses to
supplement the interpretation of the pooled prevalence
by circumventing some degree of heterogeneity in the
composite value.

Discussion

There is a surge in non-communicable diseases in the
developing world, driven by a high prevalence of car-
diometabolic risk factors such as hypertension. We have
systematically reviewed the available literature on popu-
lation-based studies in order to present an accurate and
updated synthesis on the state of the epidemic in Ghana.
The inclusion of a meta-analysis unifies the available
literature on hypertension over the longest time span:
it includes studies from the 1970s to date conducted in
rural and urban settings in both youthful and advanced
age groups. A key finding is the high prevalence of hyper-
tension in vulnerable groups such as rural women, urban
poor folk, and aged individuals with limited access to
healthcare services which has persisted over the last dec-
ade in contrast to most regions of the world [80].

The pooled prevalence of hypertension of 30.3% (95%
CI 26.1-34.8%) established in this study coincides with
the findings of most studies conducted in the general
population of Ghanaians in the past decade [51, 72, 81].
This estimate is higher than estimates reported on the
general population of Ghanaians at the beginning of the
last decade [32] and may indicate the worsening in the
epidemic of hypertension first recognized and reported
by Pobee et al. [65] and several others much later [32].
However, it coincides with prevalence of hypertension
established for younger adults in Africa or sub-Saharan
Africa [82]. This may be explained by the age dynamics
of studies included in the meta-analysis and may reflect
general population studies in the region [82]. An analy-
sis of secondary data from the Ghana demographic and
health survey gave the prevalence of hypertension as
13.0% (12.1% for males and 13.4% for females) [4]. In
addition, there was a 22% prevalence of high-risk pre-
hypertensives [4]. The GDHS examined the prevalence
of hypertension among Ghanaian’s aged 15-49 years
with approximately 90% of participants between 15 and
44 years and mostly women (71%). Exclusion of aged
individuals may account for the much lower prevalence.

There have been a few systematic reviews of prevalence
studies on hypertension in Ghana [32, 34, 83] and a few
nationally representative surveys [10, 23, 25]. Accord-
ing to Bosu, after reviewing 15 unique population-based
reports and two academic dissertations, the prevalence
estimates ranged from 19 to 48% between studies [32].
Addo et al. later published a similar review of 11 popu-
lation-based surveys with an estimated hypertension
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prevalence of 19.3% in rural areas and 54.6% in urban
areas [34]. Neither of these studies provided a pooled
estimate of hypertension making the present study the
first to report a pooled prevalence of hypertension in
Ghana.

According to study area, the prevalence of hypertension in
urban versus rural areas follows the familiar pattern of higher
rates of blood pressure and hypertension in urban areas [77].
However, up to a quarter of rural Ghanaians were estimated
to have high blood pressure. There is evidence that the
problem of hypertension in rural settings deserves as much
attention as in urban settings [32, 77]. In a few decades,
hypertension has transitioned from being almost unheard of
among the rural poor into a genuine public health concern.
The principal factors driving this trend need to be investi-
gated. Systemic disparities in healthcare between rural and
urban areas are typical in Ghana and need to be addressed.
Factors such as shortage of qualified health workforce, low
access to care, insurance coverage, and inconsistent supply of
medication have been identified [84, 85].

An ambiguity in the gender variation in the distribu-
tion of blood pressure and prevalence of hypertension
has been recognized in most studies in the country and
in the sub-region [38]. This review confirms that in the
general population, the prevalence of hypertension may
be higher for males compared to females. However, a
reversal of this order can be seen in older populations,
where females show higher blood pressure on the average
[35]. These variations may reflect differences in obesity
between older males and females [17, 24, 25] and may
result in a reversal of the trend seen for even younger
populations with a high prevalence of female obesity [86].

During this review, Bosu et al. published a meta-anal-
ysis of hypertension in older adults in Africa. The high
prevalence of hypertension reported for older adults was
confirmed by this study. Furthermore, the detection of
higher blood pressure with age is consistent with previ-
ous reports [4, 35, 38]. This trend is evident in both the
urban and rural settings [77] and has been attributed
to changes in renal sodium metabolism and the renin-
aldosterone pathway, oxidative stress resulting in micro-
vascular injury and chronic inflammation, loss of arterial
and arteriolar elasticity, suppressed baroreceptor sensi-
tivity, and increased sensitivity to sympathetic nervous
system stimuli [87—-89]. Acheampong et al. found a signif-
icant age-related trend among a small sample of women
in the capital, suggesting that elderly women are not
spared. The accumulated data on age-related hyperten-
sion supports the assertion that as the life expectancy in
Ghana rises, there is the need for practical and effective
hypertension management strategies that target the aging
population [51]. However, the large fraction of younger
individuals exhibiting high blood pressure warrants equal
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attention since they are likely to live with the condition
long enough to develop complications unchecked.

The spatiotemporal aspects of disease epidemiology
have become a topic of interest in recent discourse. We
compared studies conducted in the past decade to previ-
ous work in an attempt to appreciate trends across time.
In consonance with most studies across Africa, the epi-
demic of hypertension does not seem to have eased up
over the past decade [80]. This has implications for the
healthcare system and calls for more innovative and
impact-driven public health strategies to curb the trend
[90]. Home-grown strategies that have shown promising
results will need to be identified and aggressively scaled
up in the general population [8, 14, 19, 24]. Commonly
held myths about the distribution of hypertension in the
population need to be dispelled [32]. The socioeconomic
patterning and regional disparities in access to healthcare
services will need to be addressed as well.

Strengths and limitations

We have successfully provided a comprehensive update
on the prevalence of hypertension from the best available
studies providing estimates of hypertension in the general
population. This review featured a large number of studies
from the population with a good data distribution across
all 10 regions of the country, across the longest time span,
and across both young and elderly age groups as shown in
Fig. 2. The consolidation of studies with large sample sizes
improved the generalizability of findings by making the
sample representative of the larger population. In addi-
tion, all included studies were assessed for risk of bias.
Most studies adopted measures for ensuring the quality
of blood pressure measurements such as training of field
staff prior to deployment and the use of unified protocols.
Adherence to the MOOSE validates the methodology of
the meta-analysis against international benchmarks, and
the use of the PRISMA approach for reporting standard-
izes the review process. Furthermore, we have included a
GRADE assessment of the quality of evidence provided by
the meta-analysis (see Additional file 8) [91].

In spite of these, there are a number of important cave-
ats to bear in mind when interpreting findings enumer-
ated here. By design, the review attracted a number of
observational studies reporting on hypertension preva-
lence in the general population with a few instances of
confirmatory screening: the classification of subjects
based on a single visit falls short of the recommended
protocol for diagnosing hypertension [41]. It is therefore
likely to overestimate the true prevalence of hypertension
in the general population by an inclusion of false-positive
diagnoses. As has been previously indicated in similar
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pooled studies [12, 32, 34], there was also evidence of
heterogeneity in the pooled estimate, possibly as a result
of systematic variations in populations and study proto-
cols [82, 92]. This point has been conceded in rating the
quality of evidence presented here. Additionally, unlike
prospective studies, the absence of participant follow-up
reduces the strength of the review for monitoring time-
related trends and other changes over time.

Conclusion and recommendations

The results presented in this systematic review indi-
cate that hypertension is an important problem in the
country, requiring urgent public health attention. The
pooled prevalence of hypertension among the Ghana-
ian populace was 30.3% or approximately one in every
three individuals. Most authors of articles perused were
supportive of this conclusion and recommended large-
scale intervention to curtail the rising trend of hyper-
tension especially in rural populations. The national
health insurance scheme may be relevant in this regard
to deal with socioeconomic disparities and providing
affordable access to healthcare providers. Also, since
hypertension is a known risk factor for cardiovascular
complications, measures taken to reduce the level of
hypertension will improve quality-of-life for affected
individuals and reduce the burden on an already con-
strained healthcare system. This is especially significant
for populations where higher than average prevalence
of hypertension was observed such as elderly/senior
citizens and urban centers. There was also indication of
rising rates in rural areas previously considered to be
hypertension safe havens. In general, our findings are
corroborated by other reviews and large-scale studies
from sub-Saharan Africa.
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