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Abstract

Hypertensive disorders of pregnancy are one of the leading causes of poor pregnancy outcomes and are associated with
increased rates of maternal mortality, preterm birth, small for gestational age newborns, stillbirth, and neonatal death.
The overall and type-specific prevalence of hypertensive disorders of pregnancy and associated pregnancy outcomes
are unknown in Sub-Saharan Africa. Therefore, this review aimed to identify the prevalence of hypertensive disorders
of pregnancy and associated pregnancy outcomes in Sub-Saharan Africa. A systematic review and meta-analysis were
conducted on observational facility-based studies irrespective of publication status, sample size, language, and follow-up
duration from 19 countries between the years 2000 and 2018 in Sub-Saharan Africa. A review of studies using PubMed,
EMBASE, African Index Medicus, and African Journals Online was completed with independent extraction of studies by
review authors using the predefined inclusion criteria. Quality and risk of bias of individual studies were assessed using
the Joanna Briggs Institute Checklist. Random effects model was used to estimate the pooled prevalence of hypertensive
disorders of pregnancy and type-specific hypertensive disorders of pregnancy. A pooled adjusted odds ratio with 95%
confidence interval for each study was calculated using comprehensive meta-analysis version 2 software to estimate
the association of hypertensive disorders of pregnancy and its outcomes. The existence of heterogeneity was assessed
using 12 and its corresponding P value. We assessed the presence of publication bias using the Egger’s test. Subgroup
analysis was performed to assess the potential effect of variables, and a sensitivity analysis was conducted to assess
any undue influence from studies. The analysis included 70 studies. The pooled prevalence of hypertensive disorders
of pregnancy (all types combined), chronic hypertension, gestational hypertension, preeclampsia, and eclampsia were
8% (95% confidence interval =[5, 10]), 0.9% (95% confidence interval =[0.4, 1.8]), 4.1% (95% confidence interval =[2.4,
71), 4.1% (95% confidence interval=[3.2, 5.1]), and 1.5% (95% confidence interval=[I, 2]), respectively. Compared
with normotensive pregnant or postpartum women, women with hypertensive disorders of pregnancy were associated
with increased risk of maternal mortality, odds ratio=17 (95% confidence interval =[9.6, 28.8]); cesarean section, odds
ratio=3.1 (95% confidence interval=[1.7, 5.6]); perinatal mortality, odds ratio=8.2 (95% confidence interval=[2.8,
24]); low birth weight, odds ratio=3.2 (95% confidence interval=[2, 5]); and preterm delivery, odds ratio=7.8 (95%
confidence interval =[2.5, 25.3]) according to this analysis. The pooled prevalence of hypertensive disorders of pregnancy
was high in Sub-Saharan Africa compared to those reported from other regions. Pregnant or postpartum women with
hypertensive disorders of pregnancy have increased risk of maternal mortality, cesarean section, preterm delivery,
perinatal mortality, and low birth weight newborn. Therefore, creating awareness of the risks of hypertensive disorders
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of pregnancy is essential. Pregnant women with hypertensive disorders need due attention to manage appropriately and
more importantly to have favorable outcomes in this population.
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Background

Globally, over the past 25 years, the maternal mortality
ratio (MMR) has decreased by almost 44%, from 385
maternal deaths per 100,000 live births in 1990 to an esti-
mated 216 maternal deaths per 100,000 live births in
2015." Approximately 99% of the global maternal deaths
in 2015 are from low- and middle-income countries
(LMICs), with Sub-Saharan Africa (SSA) alone account-
ing for roughly 66%.? In many regions of the world, mater-
nal mortality has declined, but it has increased in 50
countries and 27 of which are in SSA.> According to a
recent report from the World Health Organization (WHO),
in some African settings, hypertensive disorders of preg-
nancy (HDP) are the leading cause of maternal mortality.*
HDP are multisystem disorders, which include gestational
hypertension, chronic hypertension, superimposed preec-
lampsia on chronic hypertension, and preeclampsia.*®
They contribute to 14% and 16% maternal mortality
worldwide and in SSA, respectively.’

In addition, HDP also contribute to adverse fetal outcomes.®
HDP increase the risk of preterm birth, stillbirth, small for
gestational age, and neonatal death,” and expose the mother
to an emergency cesarean section, which increases the risk
of low birth weight infants and neonatal death.'”

Globally, 2.73% of women suffer from HDP while the
incidence of chronic hypertension, preeclampsia, and
eclampsia are 0.29%, 2.16% and 0.28%, respectively."!
However, in Africa, a relatively higher prevalence of HDP
is reported, as it affects 1 in 10 women.'?> Furthermore,
there is concern that recent reports on the global burden of
HDP underrepresent SSA populations, indicating the
importance of further research addressing HDP among this
population.'? The burden of hypertension has been increas-
ing over the past few decades in SSA; however, a large
percentage of the population with hypertension remains
untreated, ineffectively treated, or even undiagnosed, con-
tributing to the growing cardiovascular disorder problem
in this region.'*

Little is known about the prevalence of HDP in SSA
despite widespread investigation in high-income coun-
tries.* Hence, to the best of our awareness, we conducted
the first systematic review and meta-analysis to estimate
the overall and type-specific prevalence of HDP and asso-
ciated pregnancy outcomes in SSA, to educate policymak-
ers and guide strategies for early detection, prevention, and
management of these disorders in the region. Therefore,

the aim of this systematic review and meta-analysis was to
determine the prevalence of HDP in SSA and investigate
associated adverse pregnancy outcomes.

Methods

Eligibility criteria

Any observational facility-based study conducted to
determine prevalence and/or adverse pregnancy outcomes
of any type of HDP in SSA from 2000 to 2018 was
included.

All observational studies (cohort and cross-sectional)
were included regardless of publication status, sample
size, language, or follow-up duration. The inclusion crite-
ria comprised of the following: (1) facility-based studies;
(2) sampling of a defined population or studies involving
entire populations; (3) involving pregnant or postpartum
participants; (4) reporting on the prevalence of chronic
hypertension, superimposed preeclampsia, gestational
hypertension, preeclampsia, and/or eclampsia and/or their
pregnancy outcomes in a population of pregnant or post-
partum women residing in SSA countries; and (5) defined
HDP as blood pressure greater than 140/90mmHg'5 or
urine protein and elevated blood pressure above
140/90 mm Hg. Studies that did not meet the inclusion cri-
teria were excluded. Longitudinal studies where preva-
lence of HDP or pregnancy outcomes were not determined
were also excluded. In addition, case-control studies from
pooled prevalence of HDP were also excluded from the
analysis to minimize bias.

Information sources and search

A literature search was undertaken using the databases
PUBMED and EMBASE. Studies were also retrieved by
searches of African Index Medicus and the African
Journals Online (AJOL) using all possible key subject
headings. In addition to searching databases, supplemen-
tary approaches to identifying studies such as hand-search-
ing of journals, checking reference lists, searching
websites, and contacting authors were performed. MeSH
and free text terms were used to increase sensitivity to
potentially appropriate studies. When MeSH terms were
not used (websites), search terms were recognized, and all
possible substitutes and spellings were found and used in
the search strategy.
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The following search terms were used: prevalence, pro-
portion, magnitude, epidemiology, hyperten$, “chronic
hypertension,” hypertension, blood pressure, “high blood
pressure,” preeclampsia, preeclampsia-eclampsia, pre-
eclampsia-eclampsia, pre-eclampsia, eclampsia, preec-
lampsia superimposed, pre-eclampsia superimposed,
superimposed preeclampsia, superimposed pre-eclampsia,
pregnancy induced hyperten$, hypertension, pregnancy
induced, hyperten$ disorders of pregnancy, hypertensive
disorders in pregnancy, gestational hyperten$, gestational
hypertension, hyperten$ gestational, pregnancy outcome,
outcome of pregnancy, maternal mortality, maternal death,
death of mother, perinatal mortality, perinatal death, still-
birth, small for gestational age, low birth weight, cesarean
section, cesarean birth, prematurity, premature birth, pre-
term, preterm delivery, preterm labor, preterm birth, and
Sub-Saharan Africa.

The search strategy for each database is available in
Tables S1 and S2. The reference list of all relevant review
papers was scrutinized to identify other potential data
sources. The search, which was performed and overseen
by two review authors (K.S.G. and N.A.), was restricted to
studies in humans published between January 2000 and
November 2018. Specific search terms, inclusion and
exclusion criteria, searched databases, and eventual data
needed to be collected and reported were considered dur-
ing searching. The review authors collaborated, and con-
sensus was needed throughout the process, with continued
discussions on steps of searching during the review.

Study selection

Eligibility assessment of selected studies was performed
independently by two authors (K.S.G. and N.A.) in two
phases. First, titles and abstracts of retrieved literature
were reviewed to check for eligibility for the second phase,
which consists of full-text screening. During this phase,
the authors further screened for eligibility to include in the
study. Disagreements between the two reviewers were
resolved by consensus and/or resolved through discussion
with the third review author (B.M.).

Data collection process

First review author (K.S.G.) extracted the data from the
eligible studies, which was then kept on a data extraction
sheet and checked by the second review author (N.A.).
Disagreements were resolved by the discussion between
the two review authors, otherwise the third review author
(B.M.) decided. The studies were checked for duplication
based on name of authors, sample size, outcomes, and
study location. Data on year of study, country of study,
study design, type of HDP, sample size, blood pressure
measurement, definition(s) used for HDP, and prevalence
of HDP were extracted.

All citations identified by electronic databases and
manual searches were organized, duplicates deleted, and
each citation assigned a unique identification number. All
extracted data were stored in a Microsoft Excel file format.
PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines were used for all
procedures and reporting. '

Data items

The participants were pregnant or postpartum women
(population) with HDP (condition) in SSA (context).
Pregnant or postpartum women (population) who are diag-
nosed with HDP (exposure) and normotensive pregnant or
postpartum women (control) were seen for associated
adverse pregnancy outcomes (outcome) in SSA.

The prevalence of HDP is the primary outcome of this
study. The classification of HDP includes chronic hyper-
tension, gestational hypertension, preeclampsia—de novo
or superimposed on chronic hypertension and white coat
hypertension.!”"!® Hypertension in pregnancy is defined as
a systolic blood pressure (SBP) of 140mmHg or more
and/or diastolic blood pressure (DBP) of 90mmHg or
more on two or more consecutive occasions during preg-
nancy.'® Gestational hypertension is an elevation of SBP
greater than or equal to 140 mm Hg and DBP greater than
or equal to 90 mm Hg without proteinuria in a previously
normotensive non-proteinuria pregnant woman after
20 weeks of pregnancy.'®!?

Preeclampsia is defined as women who develop both
hypertension and proteinuria in pregnancy after 20 weeks
of gestation.'® In this review, any forms of preeclampsia
were included as preeclampsia (i.e. severe preeclampsia,
mild preeclampsia, and superimposed preeclampsia).
Eclampsia is the occurrence of convulsions or fit with SBP
of >140mm Hg and DBP of >90 mm Hg after 20 weeks of
gestation, proteinuria of >2+, and signs and symptoms of
severe preeclampsia.”*?! Chronic hypertension is defined
as high blood pressure predating the pregnancy or recog-
nized at less than 20 weeks of gestation.?

Preeclampsia superimposed on chronic hypertension
refers to a sudden increase in blood pressure and new onset
of proteinuria in women with hypertension and no protein-
uria in early pregnancy (less than 20 weeks of gestation).?®

The HDP definition was either reported by authors, in
which case we depend on it; or we pooled data from eligi-
ble studies reporting on at least three of the four entities of
HDP (i.e. chronic hypertension, gestational hypertension,
preeclampsia/eclampsia, and superimposed preeclampsia/
eclampsia) to acquire a rough approximation of the general
prevalence of overall HDP in SSA, as limited studies
reported an overall prevalence of HDP (four combined
entities).'> Specific HDP in this review was each type of
HDP-like chronic hypertension, gestational hypertension,
preeclampsia, or eclampsia.
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The secondary outcomes of this analysis include mater-
nal mortality, cesarean section, perinatal mortality, preterm
delivery, and low birth weight. Maternal mortality is
defined as

the death of a pregnant woman or death within 42 days of
termination of pregnancy, irrespective of site and the duration
of the pregnancy, from any cause related to or intensified by
the pregnancy or its management but not from unintentional
or incidental causes.?*

Cesarean section/birth is the delivery of a baby through
incisions made in the mother’s abdomen and uterus.?
Perinatal mortality includes stillbirths (fetal loss after
28 weeks of gestation) and neonatal deaths (during first
7days of life).?® Premature delivery is when birth occurs
between 20 and 37 weeks of gestation.?” Low birth weight
has been defined by the WHO as birth weight less than
2500 g?® with infants whose weight is less than the 10th
percentile for gestational age classified as small for gesta-
tional age.”’

Quality and risk of bias assessment

Quality and risk of bias of studies were assessed using the
Joanna Briggs Institute assessment based on the Critical
Appraisal Checklist for Studies Reporting Prevalence Data
2017. The study evaluated the quality of all included stud-
ies in accordance with the nine criteria. The criteria have a
rating scale of 0, 1, and 2.3° Depending on the score
achieved (from 0 to 18), studies were categorized as being
high (>14), medium (11-14), or low (<11) quality.’! The
review authors performed an assessment of the risk of bias
independently and any studies which did not fulfill mini-
mum criteria (low quality) were excluded from the
meta-analysis.

Statistical analysis

The study used baseline data for cohort studies and the
total number of pregnant women reported during a given
period. Using studies which reported pregnancy outcomes,
an unadjusted odds ratio (OR) with 95% confidence inter-
val (CI) was calculated using comprehensive meta-analy-
sis version 2 package. In addition to overall pooled
prevalence for all forms of HDP, subgroup and sensitivity
analysis was also performed. Considering the “synthesis of
results,” the raw proportion was transformed into a suita-
ble unit for meta-analysis using logit transformation. A
random effects model was used to account for possible
heterogeneity between studies, which defaults to the fixed
effects model approach in the absence of heterogeneity to
obtain an overall summary estimate of the prevalence
across studies and pooled study-specific estimates.’? The P
value of less than 0.05 was considered a significant asso-
ciation between HDP and pregnancy outcomes. Statistical
heterogeneity was evaluated with the Cochran chi-square

(x?), and 1? statistic®® (low <25%, moderate 25%—50%,
high >50%) was computed with its corresponding P value.

Risk of bias across studies

The study assessed the possibility of publication bias using
Egger’s linear regression test as formal statistical test for
publication bias.3¥ A P value of less than 0.10 on the
Egger’s test was considered indicative of statistically sig-
nificant publication bias.

Additional analyses

Subgroup analysis was conducted by specific types of
HDP, design, and regions of SSA. Furthermore, the degree
to which the main findings of a review were affected by
changes in the methods or in the data used from individual
studies was explored by the sensitivity analysis. The sensi-
tivity analysis was also done considering diagnostic crite-
ria, high prevalence, and wide CI.

Results

Study characteristics

The literature search identified 1327 references through
PubMed database and 3784 through EMBASE database
(Figure 1). An additional 79 studies were found from
African Index Medicus and AJOL. Following the removal
of duplicates, 262 records were screened for relevance by
reviewing the title and abstract. As a result, 99 full-text
articles were assessed against the inclusion criteria.
Consequently, 29 studies were excluded, including 9 stud-
ies which presented results differently, 6 community-based
studies, 5 studies without prevalence and pregnancy out-
comes of HDP, and 7 studies with no clear diagnostic cri-
teria for HDP. Thus, 70 full-text studies remained for
analysis (Table 1).

There were studies that used only DBP for diagnosis of
HDP?*3-37 and other studies that used DBP cutoff of
80mmHg instead of 90mmHg.3%3° There were studies
that included severe preeclampsia (DBP>110 and pro-
teinuria).3”4*4! Some studies used international organiza-
tion diagnostic criteria (e.g. European Society of
Hypertension and WHO standard),**** while eclampsia
was also diagnosed based on the presence of hypertension/
preeclampsia and convulsion in others.*>* Since we
retained the aforementioned studies, their effect on hetero-
geneity of meta-analysis was seen during subgroup and
sensitivity analysis.

The characteristics of the cross-sectional,”
prospective, or retrospective cohort and longitudinal
studies®!0-37-3941.90-103 included in this review from 19 Sub-
Saharan African countries are summarized in Table 1. The
majority of studies were conducted in Nigeria, Ethiopia,
and Tanzania, which are 21, 16, and 6, respectively. The
majority of studies that included in the analysis were

35,36,40,42,46-89
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Title and abstract retrieved
from electronic bibliography
searches (n=5111)

Title and abstract retrieved | | Identificati
from other source (n=79) | [ entification

A4

unlike population removed (n= 262)

Record after overlap, unrelated topics &

\ 4

Review of title and abstract _
indicated irrelevant and excluded
(n=163)

~CD

y

Title and abstract potentially
relevant and full text (n=99)

Present result differently and
design related (n=9)

Community based (n=6) Eligibility
No prevalence of HDP (n=5)
No diagnostic criteria (n=7)

Low quality (n=2)

Article included in the prevalence of B 1‘
study review (n=70) ||

Figure |. Summary of literature search for prevalence of hypertensive disorders of pregnancy in Sub-Saharan Africa.

completed within 3 years of study period. The sample size
of the studies ranged from 100 in Zanzibar® to 249,771 in
Zambia,*® with a total of 780,469 participants. Overall,
29,980 (3.8%) pregnant women from a total of 780,469
study participants were recorded as suffering from disor-
ders during antepartum and/or intrapartum period.

Many studies consisted of retrospective record review
with consecutive sampling of women at various stages of
pregnancy till 6 weeks postpartum. The studies have
reported overall HDP (Table 1), chronic hypertension,

gestational hypertension, preeclampsia,*!-7>84-8694104 and
eclampsia, 7:49:59.60.63.65.66.75.76.75.103,105-108

Prevalence of HDP

The pooled prevalence of HDP (all types combined) was
8% (95% CI=[6, 10]; Figure 2). The most common forms
of specific HDP were preeclampsia and gestational hyper-
tension with a prevalence of 4.1% (95% CI=[3.2, 5.1];
Figure 3) and 4.1% (95% CI=[2.4, 7]; Figure 4), respec-
tively. The less common types of specific HDP were
chronic hypertension (0.9%; 95% CI=[0.4, 1.8]; Figure 5)
and eclampsia (1.5%; 95% CI=[1.1, 2]; Figure 6). Although
there was substantial heterogeneity (Table 2), no publica-
tion bias was found for overall and type-specific HDP.

Subgroup analysis

Subgroup analysis of HDP by design and region revealed
substantial heterogeneity across the studies in terms of
HDP prevalence (I>>83%, P<0.0001). There was a

tendency for study-specific prevalence to vary by study
design and region, with the cross-sectional and western
SSA studies reporting significantly higher prevalence (P <
0.0001).

Subgroup analysis of HDP prevalence by SSA region
showed a significantly higher pooled prevalence in west
(2%; 95% CI=[1.3, 2.9] for eclampsia) and central (6.7%;
95% CI=[3.1, 13.8] for preeclampsia) SSA. The subgroup
analysis by study design also revealed high pooled preva-
lence in cross-sectional (3.1%, 95% CI=[2.9, 3.3] for
chronic hypertension; 4.7%, 95% CI=[3.5, 6.1] for preec-
lampsia; and 1.6%, 95% CI=[1.2, 2.3] for eclampsia) and
cohort (5.7%, 95% CI=[2.8, 11.2] for gestational hyper-
tension) study designs. The lowest prevalence estimates
were observed in eastern (0.5%, 95% CI=[0.1, 2.3] for
chronic hypertension; 1.5%, 95% CI=[0.6, 3.8] for gesta-
tional hypertension; and 3.6%, 95% CI=[2.5, 5.3] for
preeclampsia) and southern (1%, 95% CI=[0.5, 1.7] for
eclampsia) SSA (Table 3).

The studies in the analysis included a mix of cross-sec-
tional, prospective, or retrospective cohort and longitudi-
nal studies; prospective and longitudinal studies reported
on the prevalence of various HDP outcomes. The analyses
were accomplished by consecutively omitting one study at
a time to endorse the results. Sensitivity analysis was com-
pleted using diagnostic criteria, sample size, and width of
ClI, although change in heterogeneity was insignificant.

The meta-regression indicates that the number of pub-
lications on HDP is increasing which shows that hyper-
tensive disorders are currently receiving attention (Figure
7). This is aligned with the current shift of attention to
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Prevalence of hypertensive disorders of pregnancy
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper

rate  limit limit p-Value
Agida et al., 2010 0.01 001 0.01 0.0
Kilembe et al., 2004 0.01 001 0.02 0.00
stoner et al., 2017 0.02 0.02 0.02 0.00
Kherr et al., 2008 0.02 0.02 0.03 0.00
Seyomet al,, 2015 0.03 0.02 0.03 0.00
Vata et al., 2015 003 0.02 003 0.0
Gezehagn E. et al., 2015 0.04 0.03 004 0.0
Waubanchi et al., 2015 004 0.04 004 0.0
Macheku, 2015 0.05 005 0.05 0.00
Familoni et al., 2004 0.05 0.04 0.06 0.00
Mahande et al., 2013 0.05 005 0.06 0.00
Teklu, 2006 005 005 0.06 0.0
Rakotomalala et al., 2016 0.06 0.06 006 0.0
Olusanya, 2012 0.06 005 0.07 0.00
Mwarri et al., 2015 0.07 0.05 0.09 0.0 +
Wagnew et al,, 2016 0.08 0.08 008 0.0
Wodajo and Reddy, 2016 0.09 0.06 0.12 0.0
Georges et al., 2015 0.10 0.09 0.11 0.0
Van Der Lindenet al, 2016  0.10 0.08 0.12 0.0
Alemnew, 2018 0.10 0.08 0.12 0.0
Browne, 2015 0.11 0.09 0.14 0.0 =
Ebeigbe and Aziken 2010 0.11 0.1 0.12 0.0
Baragou et al., 2014 0.12 0.11 0.14 0.0 +-
Wolde et al, 2011 0.13 0.11 0.14 0.0
Moodley et al., 2016 0.14 0.13 0.15 0.0 |
Singh S. et al,, 2014 0.17 0.12 022  0.00] ‘—|—
Larbi et al., 2000 0.18 0.17 020 0.0 +
Tufton and Patel, 2010 020 0.13 029 0.0 —'—
Muti et al., 2015 021 0.17 027  0.00 ‘
Johnson et al.,, 2016 022 022 023  0.00
Adu-Bonsaffoh, 2014 023 021 025  0.00
Mbouemboue et al., 2016 047 039 0.55 0.43

008 006 010 0.00 ¢
-0.25 -0.13 0.00 0.13 0.25
Favours A Favours B

Figure 2. Meta-analysis of prevalence of overall hypertensive disorder of pregnancy.

non-communicable diseases such as hypertension and
cardiovascular disease specifically in the LMICs.

section compared to normotensive pregnant women,
OR=3.1 (95% CI=[1.7, 5.6]). However, there was high
heterogeneity among the studies, 1°=86.45%, P=<
0.000144109.110.112 (Figyre 9),

Perinatal mortality was significantly associated with

Pregnancy outcomes of HDP

The meta-analysis shows that maternal mortality was sig-
nificantly associated with HDP, OR=17 (95% CI=[9.6,
28.8]) with homogeneity among the studies’ findings,
12=0.000, P=<0.00015256:65109-111 (Figyre 8).

The meta-analysis also showed pregnant women with
hypertensive disorders were more likely to have cesarean

HDP, OR=8.2 (95% CI=[2.8, 24]), although the meta-
analysis revealed large heterogeneity, 1°=96.9%, P=<
0.000144:6582.109.112 (Figyre 10).

The pooled risk of having a low birth weight newborn was
high among women who have HDP compared to normoten-
sive pregnant women, OR=3.2 (95% CI=[2, 5]). However,
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Si name Statistics for each study Event rate and 95% CI

rate  limit
Mahande MLJ. et al., 2013 0.007 0.006
Chala Deme et al 2016 0.007 0.003
Mooijj et al 2015 0.008 0.005
Ngwenya 2017 0.010 0.009
Kooffreh et al 2014 0.012 0.010
Rakotomalala, 2015 0.016 0.014
Browne, 2015 0.018 0.011
Ratsiatosika A.T.et al., 2018 0.019 0.015
Georges et al 2015 0.019 0.015
‘Wubanchi Terefe et al, 2015 0.021 0.018
Vata et al 2015 0.022 0.019
Ugwu et al 2011 0.033 0.026
Mareg et al., 2016 0.035 0.033
Macheku, 2015 0.041 0.039
Ngowa et al 2015 0.044  0.037
Singh, 2014 0.046 0.025
Wolde et al, 2011 0.050 0.041
Moodley, 2016 0.052 0.047
Alemnew 2018 0.065 0.049
‘Wodajo and Reddy 2016 0.066 0.043
Obed, 2006 0.070  0.066
Hall et al 2000 0.071  0.068
Ajibola S. et al 2016 0.072 0.042
Adu-Bonsaffoh, 2014 0.075 0.064
Kongnyuy, 2008 0.077 0.063
Samake, 2011 0.078  0.066
Dawonauth, 2013 0.082 0.059
Tesema et al 2015 0.084 0.062
Elongi 2011 0.085 0.081
Tufton N.andR.R. Patel, 2011 0.090 0.047
Desalegn N and Haile M, 2015 0.105  0.092
Immink 2008 0.115 0.109
Shegaze 2016 0.182 0.148

0.041 0.032

Event Lower Upper

limit p-Value

0.008
0.018
0.011
0.013
0.015
0.017
0.030
0.023
0.024
0.024
0.026
0.041
0.037
0.043
0.053
0.084
0.061
0.058
0.086
0.099
0.075
0.073
0.120
0.088
0.095
0.092
0.112
0.112
0.089
0.164
0.119
0.121
0.222
0.051

' +

-0.25 -0.13 0.00 0.13 0.25

Favours A Favour

Figure 3. Meta-analysis of prevalence of preeclampsia.

the meta-analysis revealed high heterogeneity among the
studies, 12=57.7%, P=0.0001%1%%!! (Figure 11).

HDP have significant pooled association with preterm
delivery, OR=7.8 (95% CI=[2.5, 25.3]), though the meta-
analysis of studies had high heterogeneity, 1>=84.34%,
P:0.001.52’113’114

Publication bias

There was no evidence of publication bias across studies
reporting on the prevalence of HDP, chronic hypertension,
gestational hypertension, and preeclampsia with the
Egger’s test for bias giving a P value of 0.27, 0.10, 0.33,

and 0.11, respectively. However, there was some indica-
tion of publication bias across studies reporting on eclamp-
sia prevalence, with the Egger’s test for bias giving a
P value of 0.037 (Table 2).

Duval and Tweedie’s trim and fill analysis using the
random effect model analysis was performed for overall
HDP, chronic hypertension, gestational hypertension,
preeclampsia, and eclampsia. The adjusted values were
zero to the right or left of the mean for overall HDP,
gestational hypertension, and preeclampsia, and 2 to the
left of the mean and 4 to the right of the mean for chronic
hypertension and eclampsia, respectively, although
insignificant.
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Prevalence of gestational hypertension

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit p-Value

Wolde et al, 2011 0.004 0.002 0.009 0.000
Mahande, 2013 0.005 0.003 0.007 0.000
Yohannes 2016 0.004 0.003 0.005 0.000
Georges et al 2015 0.008 0.005 0.012 0.000 |
Wodajo and Reddy 2016  0.013 0.005 0.033  0.000 g
Familoni 2004 0.013 0.009 0.019 0.000 |
Rakotomalala, 2015 0.033 0.030 0.035 0.000 |
Olusanya, 2012 0.034 0.029 0.041 0.000 |
Baragou, 2014 0.041 0.032 0.052 0.000 ]
Moodley, 2016 0.067 0.061 0.074 0.000 |
Ajibola, 2016 0.067 0.039 0.115 0.000 <+
Browne, 2015 0.075 0.058 0.095 0.000 +
Van Der Linden, 2016 0.078 0.061 0.099 0.000 +
Tufton, 2010 0.090 0.047 0.164 0.000 -t
Singh, 2014 0.097 0.064 0.145 0.000 -+
Alemnew 2018 0.099 0.079 0.123 0.000 4+
Adu-Bonsaffoh, 2014 0.099 0.086 0.114 0.000 t
Dawonauth, 2013 0.135 0.105 0.171 0.000 4+
Muti et al, 2015 0.194 0.152 0.243 0.000 -+
Oliyemi, 2010 0.289 0.272 0.307 0.000

0.041 0.024 0.070 0.000 ’

-0.25-0.13 0.00 0.13 0.25

Figure 4. Meta-analysis of prevalence of gestational hypertension.

preval enromen i Discussion
revalence o1 chronic ypertensmn
This meta-analysis confirms that HDP are associated with
Study name Statistics for each study Event rate adverse pregnancy outcomes. Maternal and fetal compli-
0, . . . .
Event Lower Upper and 95% C1 cations increase with HDP; however, appropriate maternal
rate limit limit p-Value .
and perinatal care can prevent adverse outcomes such as
f;y("m’ 20;? Sois g'gg; g'ggg gggi g'ggg eclampsia, maternal and perinatal death.
otomalala, . . . . o/ : . .
Olusanys, 2012 0003 0002 0005  0.000 . The oyerall prevale?nce of HDE was §/o };1 SSA which is
Macheku. 2015 0.007 0.006 0.008 0.000 in line with global estimates (5.2%—8.2%)," slightly lower
’ - - . N . . 12 .
Georges etal 2015 0.007 0.005 0.011  0.000 than a review from Aftica (10%),” and higher than the
Singh, 2014 0.009 0.002 0.036 0.000 - pooled prevalence of HDP in Ethiopia (6.1%).!'> This may
Familoni 2004 0.010 0.007 0.015  0.000 | be due to sample size differences, inclusion criteria, and
Mahande, 2013 0.012 0.009 0.016 0.000 | vast geographical differences. The finding is also higher
Baragou, 2014 0.0120.008 ~0.019 " 0.000 i than the global secondary analysis of the WHO’s multi-
Adu-Bonsaffoh, 2014 0.012 0.008 0.019  0.000 I os 11 . .
Browne. 2015 0020 0012 0033 0.000 ' country survey prevalence of 2.7%."" The difference might
. be due to variability in maternal risk factors, socio-demo-
Var Der Linden, 2016 0.022  0.014 0.036  0.000) ¢ . : : .
Johnson, 2016 0.048 0.045 0.052  0.000 l graphic factors, and the difference in prenatal care service
0.009 0.004 0.018 0.000) . utilization. Most studies were facility-based from the record
-0.25-0.130.00 0.13 0.25 review, which may result in inflated numbers. Due to poor
s health-seeking behavior, women typically present late and

with advanced disease states in SSA that contributed to
Figure 5. Meta-analysis of prevalence of chronic hypertension. high maternal and perinatal morbidity and mortality.”!>!'®
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Study name

Ngwenya 2017
Larbi, 2000
Ngowa et al 2015
Moodley, 2016
Moodley, 2001

‘Wubanchi Terefe et al, 2015
Abate M.andZ. Lakew, 2006

Wagnew et al 2016
Rakotomalala, 2015
Efetie and Okafor, 2007
Onyearugha, 2012
Charles et al 2017
Ade-Ojo and Loto 2008
Adinma 2012

Wodajo and Reddy 2016
Tukur A Jido 2012
Ndaboine et al 2012
Agida et al 2010
Ratsiatosika, 2018
Mooij et al 2015
Kongnyuy, 2008

Elongi 2011

Wolde et al, 2011

Tufton N.andR.R. Patel, 2011)

Olusanya, 2012

Adekanle and Akinbile 2012

Orazulike 2017
Alemnew 2018
Gudu W., 2017
Familoni 2004
Ekele 2006
Yakasai et al, 2011

Desalegn N.andM. Haile, 2015

Kulima, 2009
Mungoba T.N. et al., 2016
Tukur et al 2007

Statistics for each study

Event rate and 95% CI

Event Lower Upper
limit limit p-Value

rate

0.003
0.005
0.005
0.005
0.006
0.006
0.007
0.007
0.007
0.008
0.008
0.008
0.009
0.009
0.009
0.012
0.012
0.013
0.015
0.016
0.016
0.018
0.020
0.020
0.020
0.021
0.022
0.023
0.027
0.028
0.043
0.049
0.054
0.057
0.092
0.094
0.015

0.002 0.004
0.003 0.009
0.003 0.009
0.004 0.008
0.005 0.007
0.005 0.008
0.006 0.008
0.007 0.008
0.006 0.009
0.006 0.010
0.006 0.010
0.007 0.010
0.008 0.011
0.007 0.012
0.003 0.029
0.010 0.014
0.009 0.015
0.010 0.017
0.012 0.019
0.012 0.021
0.010 0.026
0.016 0.020
0.014 0.027
0.005 0.076
0.016 0.025
0.017 0.026
0.017 0.028
0.014 0.037
0.022 0.032
0.022 0.035
0.040 0.046
0.046 0.053
0.044 0.064
0.050 0.065
0.064 0.129
0.083 0.107
0.011 0.020

0.000]
0.00
0.000]
0.00
0.000]
0.00
0.000]
0.00
0.000f
0.000f
0.000§
0.000§
0.000§
0.000f
0.000§
0.000f
0.000f
0.000f
0.000;
0.000
0.000
0.000
0.000;
0.000f
0.000f
0.000f
0.000f
0.000f
0.000f
0.000]
0.00

0.000]
0.00

0.000]
0.00

0.000]
0.00

-0.25

-0.13

0.00

Figure 6. Meta-analysis of prevalence of eclampsia.

Table 2. Summary statistics of the prevalence of hypertensive disorders of pregnancy in Sub-Saharan Africa.

Prevalence [95% Number of Number of 2 P value of P value of
confidence interval] studies participants heterogeneity Egger’s test
Overall HDP 8[5, 10] 32 478,570 99.8 <0.0001 0.27
Chronic 0.9 [0.4, 1.8] 13 103,607 99.1 <0.0001 0.10
hypertension
Gestational 4.1[24,7] 20 73,421 99.4 <0.0001 0.33
hypertension
Preeclampsia 4.1[3.2,5.1] 33 271,630 99.2 <0.0001 0.11
Eclampsia I1.511, 2] 36 311,063 99.0 <0.001 0.035

|2.

heterogeneity; HDP: hypertensive disorders of pregnancy.
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Table 3. Subgroup analysis of prevalence of hypertensive disorders of pregnancy by study design and regions in Sub-Saharan Africa.

Subgroup Number of studies  Prevalence [95% Cl] Test of heterogeneity (1?) P value
CH by design

Cohort study 6 0.8 [0.7,0.9] 89.1 <0.0001

Cross-sectional study 7 3.1 2.9, 3.3] 99.2 <0.0001
CH by region of SSA

East SSA 3 0.5 [0.1, 2.3] 94.1 <0.0001

South SSA 2 1.2 0.2, 7.5] 99.8 <0.0001

West SSA 7 1 [0.4,2.9] 83.7 <0.0001
Eclampsia by design

Cohort study 4 0.8 [0.3-2] 99.1 <0.0001

Cross-sectional study 32 1.6 [1.2-2.3] 98.9 <0.0001
Eclampsia by region

Central SSA 3 1.2 [0.5-3] 89.9 <0.0001

East SSA 10 1.5[0.9-2.4] 98I <0.0001

South SSA 8 I [0.5-1.7] 97.0 <0.0001

West SSA I5 2[1.3-2.9] 99.0 <0.0001
GH by design

Cohort study 9 5.7[2.8-11.2] 99.3 <0.0001

Cross-sectional study I 32[1.7-6.1] 98.8 <0.0001
GH by region

East SSA 6 1.5 [0.6-3.8] 98.8 <0.0001

South SSA 4 8.9 [3.0-23.6] 99.1 <0.0001

West SSA 9 5.6 [2.7-11.5] 99.3 <0.0001
Preeclampsia by design

Cohort study 10 2.9 [1.9-4.5] 99.0 <0.0001

Cross-sectional study 23 4.7 [3.5-6.1] 99.3 <0.0001
Preeclampsia by region

Central SSA 3 6.7 [3.1-14] 95.7 <0.0001

East SSA 13 3.6 [2.5-5.3] 98.8 <0.0001

South SSA 8 42 [2.6-6.7] 99.6 <0.0001

West SSA 9 3.9[24-6.1] 98.2 <0.0001

Cl: confidence interval; CH: chronic hypertension; SSA: Sub-Saharan Africa; GH: gestational hypertension.

Furthermore, there may be delayed and lack of intervention
due to poor infrastructure. As a result, most studies had a
relatively high prevalence of eclampsia that affected over-
all pooled analysis.

The pooled prevalence of preeclampsia was 4.1% in
SSA, and this finding is in line with the prevalence of preec-
lampsia in Africa (5.3%),'? the United States (3%—5%),!!!18
and global estimate (1.8%-4.4%).'3> The pooled preva-
lence of eclampsia was 1.5% according to this review,
which is similar to a review performed in Africa (1.47%)'?
and global estimates (0.2%-9.2%),'> but slightly higher
than a survey performed in China (0.9%) and WHO multi-
country survey prevalence of 0.3%.!' The difference may
be due to racial differences since this study focused on
Sub-Saharan African countries.'>!!°"12! Furthermore, the
variation may be attributed to differences in ethnic back-
ground, age distribution, socioeconomic status, parity, and
study methodology. The pregnant women in SSA may
have presented immediately with convulsions and right
away diagnosed with eclampsia and no diagnosis ever of

high blood pressure or anything. Estimates also varied
substantially according to the SSA region, with a signifi-
cantly higher prevalence of HDP among women in central
and western SSA compared to other parts of SSA.

There was high heterogeneity between studies which
showed an insignificant decrease when subgroup analysis
was performed. However, the meta-analysis did not iden-
tify any other underlying causes of heterogeneity, suggest-
ing that either populations with HDP are varied or the
determination of HDP and outcomes may not be consist-
ent. Meanwhile, it might be due to differences in geo-
graphical locations, diagnostic and measurement methods
of disorders, socioeconomic status, and sample size.
Hence, it also highlights the necessity to standardize HDP
definition in SSA.!?

The meta-analysis has shown that maternal mortality
has a significant association with HDP. Mothers with
hypertensive disorders were more exposed to maternal
mortality and morbidities as compared to those who were
not affected.’! Moreover, according to the studies in 29
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Figure 7. Meta-regression of studies on hypertensive disorders of pregnancy by year of publication in SSA.

Maternal mortality among women with hypertensive disorders of pregnancy in SSA
Study name Statistics for each study QOdds ratio and 95% Cl

Odds Lower Upper

ratio limit limit p-Value

Yakasai et al, 2011 34.450 12.798 92.735 0.000 e
Tebeu etal 2017 9.300 1.054 82.085 0.045
Gezehagn E & Yifru B 2015 12.800 2.998 54.643 0.001 R
Mungoba etal 2017 15.150 1.782 128.813 0.013
Seyom etal, 2015 10.880 3.783 31.293 0.000 e
Aahetal 2016 13.628 3.257 57.029 0.000 e

16.621 9.591 28.804 0.000 ’

0.01 0.1 1 10 100
Unexposed Exposed

Meta Analysis

Figure 8. Forest plot displaying maternal mortality associated with hypertensive disorders of pregnancy in SSA.
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Cesarean section among women with hypertensive disorders of pregnancy in SSA

Study name

Tebeu et al 2017
Ajah et al 2016
Onyiriuka A. N. et al 2004

Guerrier et al 2013

Odds
ratio

3.300

1.996

1.733

14.978

3.100

Statistics for each study

Lower Upper
limit limit
1.314 8.288
1.676 2.377
1.242 2420
6.282 35716
1.714 5.606

p-Value
0.011
0.000
0.001
0.000

0.000

0.01

Odds ratio and 95% Cl

0.1 1 10

100

Meta Analysis

Figure 9. Forest plot displaying cesarean section among women with hypertensive disorders of pregnancy in SSA.

Perinatal mortality among women with hypertensive disorders of pregnancy in SSA

Study name

Yakasai et al, 2011

Ajah et al 2016

Muti et al, 2015
Onyiriuka A. N. et al 2004

Guerrier et al 2013

Odds
ratio

57.510

1.791

7.856

5.449

9.604

8.214

Statistics for each study
Lower Upper
limit limit
29.903 110.603
1.446 2.218
4.103 15.042
3.875 7.663
5.512 16.732
2.809 24.021

p-Value
0.000
0.000
0.000
0.000
0.000

0.000

Odds ratio and 95% ClI

—
+
—
+
—
<
0.1 1 10 100

Meta Analysis

Figure 10. Forest plot displaying perinatal mortality among women with hypertensive disorders of pregnancy in SSA.
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Low birth weight among women with hypertensive disorders of pregnancy in SSA
Study name Statistics for each study Qdds ratio and 95% CI
Odds Lower Upper
ratio limit limit p-Value
Gezehagn Endeshaw and Yifru Berhan 2015 4.300 2.559 7.226 0.000 —+
Kumbani etal 2012 5.600 1.218 25742 0.027
Ajah etal 2016 2488 2.077 2979 0.000 +
3.232 2.009 5.200 0.000 .
0.01 0.1 1 10 100
L
Meta Analysis

Figure | 1. Forest plot displaying low birth weight newborn among women with hypertensive disorders of pregnancy in SSA.

countries from Africa, Asia, Latin America, and the Middle
East, the risk of death was nearly four times higher for women
with preeclampsia than non-preeclamptic women, and for
those with eclampsia, the risk increased exponentially. !

Women with HDP are more likely to have a cesarean
section compared to normotensive pregnant women and
significant pooled association indicates increased perinatal
mortality. Similarly, the studies have shown the risk of
fetal and neonatal deaths, as well as preterm birth and
admission to a Neonatal Intensive Care Unit were increased
in both preeclampsia and eclampsia.'!

The pooled risk of preterm delivery and low birth
weight newborn was high among women with HDP com-
pared to normotensive pregnant women. Similarly, the
studies have shown the more significant the severity of
hypertension, the increased risk of complications associ-
ated with the pregnancy, and the greater the possibility of
pregnancy termination.'?>!23 HDP are associated with pre-
maturity (which may be iatrogenic) and low birth weight
even when corrected for gestation,'?* which is in line with
the analysis of this study.

The pooled ORs of HDP and cesarean section, perinatal
mortality, low birth weight, and preterm delivery have
shown high heterogeneity. The geographic differences,
ethnicity, socioeconomic status, adjustment for confound-
ing, sampling error (within and between), and design
aspects may contribute.

These findings have important policy implications for
the treatment of HDP and pregnancy outcomes in SSA.
The strong influence of HDP on maternal mortality, cesar-
ean section, perinatal mortality, low birth weight, and pre-
term birth suggests that safe motherhood programs need to
explore applicable methods of increasing maternal service

utilization among women of reproductive age, pregnant
mothers, and mothers diagnosed with HDP in SSA. The
review has revealed that preeclampsia and eclampsia prev-
alence is high. Therefore, attention should be given to
improving women’s health-seeking behavior, preeclamp-
sia and eclampsia management protocol adherence. This
calls for a rigorous evaluation of the effectiveness of exist-
ing antenatal and intranatal care programs in which pre-
vention and management of HDP will be undertaken in
SSA to identify gaps in policy and program implementa-
tion. Targeted interventions to strengthen the infrastructure
of antenatal and intranatal care both for women and new-
borns should be considered.

Duval and Tweedie’s trim and fill analysis using the
random effect analysis showed adjusted values of 2 to the
left and 4 to the right of the mean for chronic hypertension
and eclampsia, respectively, although non-significant.
Publication bias may be due to difficulty in accessing gray
literature in SSA and less publication of non-significant
results. In the analysis, checking study quality, sensitivity
analysis, and acknowledging potential sources of bias
were completed.

“Strengths and weaknesses” of study

Studies were carefully selected according to a rigorous
search strategy to enable unbiased inclusion of retrospec-
tive or prospective studied cohorts and cross-sectional
studies. These studies were included if they calculated
prevalence/proportion or mentioned pregnancy outcomes.

Despite the selection of relevant and appropriately per-
formed studies, there was a range of reported incidences of
HDP. There was difficulty in selecting studies of (any type
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of) HDP and compiling the relevant data, particularly
because HDP include various types of disorders and indi-
vidual studies did not always assess every type. As a result,
the overall prevalence of HDP may be liable to bias. There
may also be bias due to differences in the selection of
women studied, difficulties in measuring HDP, and true
differences within the population of women. In addition,
the authors failed to define the control group in the
studies.

Most papers did not report relevant baseline demo-
graphics defining the studied population and this was not
considered in the meta-analysis, which limited the assess-
ment of confounders. Coexisting factors including mater-
nal age and ethnicity, recognized to be associated with
both HDP and adverse pregnancy outcome, may contrib-
ute to confounding, but their relative effects are unknown.
Few studies in the meta-analysis reported control data, so
a direct comparison of outcomes between women with
HDP and normotensive women was not possible. We
found substantial heterogeneity which may be partly
explained by characteristics of the studies shown by sub-
group analysis. The included studies were facility-based
that may have a slightly elevated proportion of HDP com-
pared to population-based study; hence, the findings may
not represent true prevalence in the community. Also, a
significant proportion of studies that included data with
HDP and pregnancy outcomes were retrospective studies.

Conclusion

The overall pooled prevalence of HDP was high compared
to those reported from other regions. The meta-analysis
indicates that HDP are associated with maternal mortality
and cesarean section as well as adverse pregnancy out-
comes such as preterm delivery, low birth weight, and
perinatal mortality.

The meta-analysis supports the importance of increased
antenatal surveillance for women with HDP to enable early
identification of complications. Women should receive
counseling to optimize their health during pregnancy and to
inform them of the increased maternal and fetal risks asso-
ciated with their hypertension. Strategies to predict those at
greatest risk of HDP, determine optimal drug treatments,
and reduce adverse pregnancy outcomes are needed.
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