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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), a new emerging acute respi-
ratory disease, is transmitted mainly through respiratory droplets and
results in the severe acute respiratory syndrome coronavirus 2 (SARS-
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Abstract

Hypertension is a common comorbidity in COVID-19 patients. However, little data is
available on mortality in COVID-19 patients with hypertension in sub-Saharan Africa
(SSA). Herein, the authors conducted a systematic review of research articles pub-
lished from January 1, 2020 to July 1, 2021. Our aim was to evaluate the magnitude
of COVID-19 mortality in patients with hypertension in SSA. Following the PRISMA
guidelines, two independent investigators conducted the literature review to collect
relevant data. The authors used a random effect model to estimate the odds ratio,
or hazard ratio, with a 95% confidence interval (Cl). Furthermore, the authors used
Egger’s tests to check for publication bias. For mortality analysis, the authors included
data on 29 945 COVID-19 patients from seven publications. The authors assessed the
heterogeneity across studies with the |2 test. Finally, the pooled analysis revealed that
hypertension was associated with an increased odds of mortality among COVID-19
inpatients (OR 1.32; 95% Cl, 1.13-1.50). Our analysis revealed neither substantial het-
erogeneity across studies nor a publication bias. Therefore, our prespecified results
provided new evidence that hypertension could increase the risk of mortality from
COVID-19in SSA.
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CoV-2). As of July 22,2021, COVID-19 has affected 42 385 317 peo-
ple worldwide, with 650 684 deaths. In Africa, COVID-19 accounted
for 4 634 617 infections with 109 711 deaths, a case fatality rate of
0.23%.1 In symptomatic patients with COVID-19, the clinical presen-
tation is mild in 80%, moderate to severe in 15%, and critical in 5%.
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Severe cases are at risk of developing acute respiratory distress syn-
drome (ARDS), shock, thromboembolic events, multi-visceral failure,
and death.?

Hypertension affects more than 1 billion people worldwide, which
makes it one of the most important public health problems globally.
However, our knowledge of the impact of hypertension on SARS-CoV-
2 infection is limited, especially in sub-Saharan Africa. Several clini-
cal studies have shown that hypertension is one of the most common
comorbidities in patients with SARS-CoV-2.47% A cohort study on 1099
ambulatory and hospitalized patients with COVID-19 found a history
of hypertension in 15% of the patients.”

Few meta-analyses have established the association between
hypertension and mortality in patients with COVID-19 across the
world.8-13 However, Africa has often been omitted in these meta-
analyses. As of July 22, 2021, we did not find a single meta-analysis
from Africa on the association between hypertension and mortality in
patients with COVID-19. In sub-Saharan Africa (SSA), several obser-
vational studies were conducted on the predictors of mortality in
patients with COVID-19 to determine the contribution of hyperten-
sion as a comorbidity to COVID-19 mortality. The results were discor-
dant. Some African studies have found hypertension to be a predictor
of mortality,1#~1¢ while others have not.1”~2! These studies had differ-
ent study designs and study populations and have therefore produced
different estimates and effect sizes. Consequently, a comprehensive
and systematic analysis was needed to minimize such variability. In this
review paper, we conducted a systematic review and meta-analysis,
the first in SSA to our best knowledge, to investigate the association
between hypertension and mortality in patients with COVID-19 in SSA.
We hypothesized that hypertension would be significantly associated
with mortality in COVID-19 patients in Africa.

2 | METHODS

2.1 | Data sources

We followed Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines and conducted a systematic
review using PubMed, Google Scholar, and Web of Science between
January 1, 2020, and July 1, 2021.

We conducted our literature search on Pubmed as follows. We
first searched for our key words individually (COVID-19, hyperten-
sion, mortality, Sub-Saharan Africa*). For each key word, we used syn-
onyms : COVID-19 OR SARS-CoV-2; hypertension OR high blood pres-
sure; mortality OR lethality OR fatal outcome; Sub-Saharan Africa* OR
“Africa South of the Sahara”* OR Central Africa®* OR Western Africa*
OR Eastern Africa® OR Southern Africa* OR Benin* OR*Tanzania* OR
Togo* OR Uganda* OR Zimbabwe* OR Cameroon* OR Cape Verde* OR
Congo * OR Democratic republic of the Congo* OR Cote d’lvoire* OR
Ghana* OR Lesotho* OR Mauritania® OR Nigeria* OR Atlantic Islands*
OR Senegal* OR Sudan* OR South Sudan* OR Swaziland* OR Zambia*
OR Angola* OR Botswana* OR Gabon* OR Mauritius* OR Namibia*
OR Seychelles* OR South Africa* OR Equatorial Guinea*OR Benin* OR

Burkina Faso* OR Burundi* OR Central African Republic* OR Chad*
OR Comoros* OR “Democratic Republic of the Congo”™ OR Eritrea*
OR Ethiopia* OR Gambia* OR Guinea* OR Guinea-Bissau* OR Kenya*
OR Liberia* OR Madagascar* OR Malawi* OR Mali* OR Mozambique*
OR Niger* OR Rwanda* OR Sierra Leone* OR Somalia* Then, we used
the advanced search to combine all four key words with AND between
two key words and OR between synonyms. Two independent investiga-
tors reviewed selected review papers for relevance to the abstract. We
evaluated the full text based on the inclusion and non-inclusion criteria.

2.2 | Study selection

Two independent investigators selected potentially eligible studies
based on the appropriateness of the title and abstract. They then
reviewed the full texts according to the eligibility criteria. Reviews, edi-
torials, case reports, and family studies were not included for the anal-
ysis. Clinical studies that did not clearly indicate death as an outcome
were also not included. In cases where the same author had more than
one study on the same patient (duplicate publications), we included

only the paper with the highest quality (Figure 1).

2.3 | Data extraction

Two investigators independently used our data extraction form, which
included information on authors, year of publication, country, study
design, study location (number of study sites), sample size, age, sex, out-
come, mortality rate, history of hypertension, diabetics, cardiovascular
disease, and chronic lung disease. This information was obtained inde-
pendently by two investigators. A third investigator double checked
the filled data extraction forms for completion, and compared the data
per review paper to remove duplicates and resolve any discrepancies.

2.4 | Quality assessment

Two independent reviewers used the methodological items for non-
randomized studies (MINORS) list (Table 1) to assess the methodolog-
ical quality of individual studies. Each of the 12 MINORS items was
scored with O points if not reported, 1 point if inadequately reported,
and 2 points if adequately reported, which made a total of 24 points
maximum. A study was labeled either “high quality” if the total score

was > 17 or “low quality” if the total score was < 17.22-23

2.5 | Data analysis

We did statistical analysis using STATA software version 14 and used
the odds ratio (OR) or hazards ratio (HR) with a 95% confidence
interval (Cl) to estimate the correlation between hypertension and
mortality in patients with COVID-19. We assessed heterogeneity
across studies using the 12 statistic and the X2 test. For the X2 test,
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FIGURE 1
sub-Saharan Africa

TABLE 1 Methodological items for nonrandomized studies
(MINORS)

Item Item
number Item description number Item description
1 A clearly stated aim 9 An adequate
control groups
2 Inclusion of consecutive 10 Contemporary
patients groups
3 Prospective collectionof 11 Baseline
data equivalence of
groups
4 Endpoints appropriateto 12 Adequate statistical
the aim of the study analysis

5 Unbiased assessment of
the study endpoint

6 Follow-up period
appropriate to the aim
of the study

7 Loss to follow-up less
than 5%

8 Prospective calculation
of the study size

significant heterogeneity between studies was indicated by a
Cochran’s Q p value < .10. Heterogeneity was considered low if
the 12 value was less than 25%, moderate if the 12 value was from 25%
to 50%, or high if the 12 value was greater > 50% .24 In the case of high

Flowchart showing the selection of studies for the meta-analysis of the association of hypertension with COVID-19 mortality in

heterogeneity, we did a sensitivity analysis and had to remove a study
from the meta-analysis.2> We used forest plots to show visually the
effect estimates of the included studies. We used Egger’s test to assess
a potential publication bias. A p < .05 at both ends was considered
statistically significant.

3 | RESULTS

3.1 | Study selection and characteristics

The flow chart shows the studies in our meta-analysis (Figure 1). A total
of seven studies (all retrospective except one and all of high quality)
involving 29 945 patients from eight Sub-Saharan African countries
were finally included in our study. Based on the criteria described pre-
viously (Table 1). The studies were published from January 2020 to July
2021. The number of confirmed COVID-19 cases in each study ranged
from 105 to 22 308. All the included studies in the meta-analysis were
retrospective (Table 2). The proportion of patients with hypertension
ranged from 1.18% to 34%.

3.2 | Mortality analysis

Patients with COVID-19 and hypertension had an increased probabil-
ity of death as compared to those without hypertension. OR = 1.32; 954
CI[1.13-1.50] (Figure 2).
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TABLE 2 Characteristics of the included study
First author Age [median, Hyper- Chronic
and year of Sex interquartile Sample Mortality Diabetes tension Cardiovascular pulmonary
publication Country  Study site ratio  range] size rate* (%) n(%) n (%) diseases n (%) diseases n (%)
Matangila DRC One hospital in 1.04 54 yearsold 160 20 31(19) 55(34) 11(7) 5(3)
etal., 2020 Kinshasa [38-64]
Nachegaetal, DRC Seven largest 1.90 46 years old 766 13.2 107 (14) 194 (25.4) 30(3.9) 26(3.4)
2020 health facilities [34-58]
in Kinshasa
Abrahaetal., Ethiopia One district 1.72 29 yearsold 2617 0.8 82(3.1) 82(3.1) - 73(2.8)
2021 health center in [24-38]
Mekelle city
Jaspardetal, Guinea Three hospitalsin  1.77 41 yearsold 1805 29 219(12) 386(21) - -
2021 and Burkina and [30-57]
Burkina Guinea
Osibogun Nigeria 10 health centers  1.92 43 yearsold 2184 3.3 149 (6.8) 365(16.7) 2(2.22) -
etal, 2021 in Lagos [35-55]
Ghada Sudan One health center 1.69 - 105 29 53(49) 53(49) - -
Boule et al,, South western Cape 0.85 - 22308 2.8 3123(14) 5131(23) - 1562 (7)
2020 Africa Provincial
Health Centers
of Public sector
health
*The only outcome was mortality in all seven selected studies that were all retrospective except one.
country
and %
author vear Effect (95% CI) Weight
DRC
Matangila 2020 - 1.59 (0.72, 3.53) 1.74
Nachega 2020 —{}-’—, 1.00 (0.62, 1.61) 14.04
Subgroup, IV (I° = 0.0%, p = 0.438) <:P 1.07 (0.60, 1.53) 1578
Ethiopia :
Abraha 2021 - 1.36 (0.40, 4.63) 077
Subgroup, IV (I°=0.0%, p = .) H 1.36 (-0.76, 3.48) 0.77
Guinea and Burkina E
Jaspard 2021 s 2.10 (1.22, 3.40) 289
Subgroup, IV(°=0.0%.p =.) -$— 2.10 (1.01, 3.19) 289
Nigeria :
Osebogun 2021 : 221(1.22,4.01) VI
Subgroup, IV(1°=0.0%, p =.) e EEE— 2.21(0.82, 3.60) 1.77
South Africa H
Boulle 2020 ——— 1.21(1.09, 1.51) 77.99
Subgroup, IV (I'=0.0%. p =) <> 1.31(1.10, 1.52) 77.99
Sudan E
Ghada 2021 : 2.12(0.89. 5.04) 0.80
Subgroup, IV (1 =0.0%,.p =.) : 2.12 (0.05, 4.19) 0.80
Heterogeneity between groups: p = 0.386 :
Overall, IV (I = 0.0%, p = 0.439) <> 1.32(1.13,.1.50) 100.00
T T T T T
o 1 2 3 4 5

FIGURE 2 Forest plot for the association between hypertension and mortality in patients with COVID-19
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TABLE 3 Egger’s test to analyze selected review papers for
publication bias
Standard effect Slope Bias
Coefficient 0.19 0.87
Standard error 0.12 0.67
T 1.57 1.29
p value 0.177 0.254

95% IC Confidence interval —-0.13-0.52 —-0,87-2.61

3.3 | Heterogeneity across studies
No heterogeneity was evident between studies (12 = 0.0%, Cochran Q
test 5.82 p =0.439) (Figure 2).

3.4 | Publication bias

Egger’s test found no publication bias (p = .254) (Table 3).

4 | DISCUSSION

In our meta-analysis, we found that the risk of death was higher
in hypertensive patients with COVID-19 as compared to non-
hypertensive ones. It has been shown that

Hypertensive patients tend to be severely affected and are more
likely to die from COVID_19. Among possible mechanistic explana-
tions for such an association, angiotensin converting enzyme (ACE2)
could most likely be involved. Indeed, ACE2 is a type 1 integral mem-
brane glycoprotein in the epithelial cells of multiple organs (heart, kid-
ney, lung, and stomach). There are several situations that can promote
overexpression of ACE2. Firstly, arterial hypertension itself leads to an
increased activation of the renin-angiotensin system (RAS). Secondly,
regular use of antihypertensive drugs such as angiotensin Il receptor
blockers (ARB) and ACE inhibitors increases the expression of ACE2.
These two mechanisms may synergistically interact in a hypertensive
patient taking such antihypertensive medication. The overexpression
of ACE2 facilitates the entry of SARS-CoV-2 into pneumocytes.2® Such
enhanced viral uptake favors respiratory infection, which significantly
increases the severity and mortality rate of COVID-19 in hypertensive
patients taking ARBs and/or ACEls.2” After viral uptake, ACE2 overex-
pression, which is thought to provide lung protection, is downregulated
as the enzyme is decreased, resulting in reduced angiotensin Il degra-
dation, increased aldosterone secretion, and loss of potassium from the
urine and subsequent hypokalemia.?®

The association between hypertension and mortality was stronger
in studies with a high proportion of male patients with COVID-19.
Almost all the studies in the meta-analysis had a male predominance. It
is known that males are more exposed to severe COVID-19. A greater
expression and activation of angiotensin Il type | receptor (AT1R)

has been observed in hypertensive male patients, most likely due to

vasoconstriction, a proinflammatory response, with increased oxida-
tive stress, leading to acute respiratory distress syndrome (ARDS).2?
This condition helps explain the higher incidence of severe COVID-
19 in males as compared to females. Estrogen has been thought to
predispose females to a “good” renin-angiotensin-aldosterone system
(RAS).50

Most of our studies had patients with a median age greater than
40 years old. It is known in the literature that older individuals with
hypertension have lower ACE2 levels and higher RAS signaling, lead-
ing to increased hypertension. A higher RAS signaling that evolves
to extremely low ACE2 levels and markedly elevated RAS signaling
after COVID-19 infection results in a more severe disease. In con-
trast, younger individuals without hypertension have higher ACE2 and
lower RAS signaling, which progresses to slightly lower ACE2 levels and
slightly increased RAS signaling after COVID-19 infection, resulting in
a potentially higher disease incidence but less severe disease.3?

Diabetes mellitus, cardiovascular disease, and chronic lung disease
were the main co-morbidities in patients with COVID-19. A recent
study found that hypertension alone was not an independent predic-
tor of disease outcome, but only in association with diabetes melli-
tus or another risk factor .32 Importantly, some studies have found
that hypertension and diabetes have no effect on disease outcome in
COVID-19 patients®® whereas other studies have found that hyperten-
sion and diabetes, with or without obesity, are independently associ-
ated with a poor outcome .34

A study of nearly 4000 critically ill patients with COVID-19 hospi-
talized in intensive care has shown that hypertension, diabetes, car-
diovascular disease, hypercholesterolemia, chronic kidney disease, and
other comorbidities were predictive of mortality. However, of these
comorbidities, only diabetes and hypercholesterolemia were indepen-
dent predictors.3 A study of only hypertensive patients has reported
that diabetes was not an independent prognostic factor, whereas age
and chronic kidney disease were independent predictors. This study
has found that diabetes, hypertension, and obesity were indepen-
dent predictors of severe COVID-19 regardless of patients’ sex; the
strongest predictor in patients younger than 50 years old was obe-
sity, whereas no association was found between age and either hyper-
tension or diabetes.3¢ However, the authors did not adjust for all
comorbidities as in the first mentioned study of the same patient
cohort.

The National Cohort Study in England studied 19 256 ICU admis-
sions related to COVID-19 and found that patients with type 2 dia-
betes had an increased risk of mortality independent of hypertension,
chronic respiratory disease, chronic heart disease, chronic kidney dis-
ease, chronic liver disease, or other potential risk factors.3” Another
study has shown no association between hypertension and mortality or
acute respiratory distress syndrome (ARDS) in patients with COVID-
19.32 The authors have shown that either hypertension or diabetes,
individually or in comorbidity, was an independent predictor of ARDS
and mortality in patients with COVID-19.2 Gupta and coworkers have
revealed that only body mass index > 40 kg/m? and coronary artery
disease were independent predictors of 28-day mortality in COVID-

19 patients.'® Hypertension, diabetes, heart failure, and chronic
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obstructive pulmonary disease were not independently associated
with mortality in these patients.33-38

5 | LIMITATIONS

The results of this meta-analysis should be interpreted with caution.
First, the observational and retrospective nature of the selected indi-
vidual studies limited our ability to draw causal inferences. Therefore,
our results may be affected by reverse causality bias or other unknown
confounders that were not adjusted for in these studies. Second, indi-
vidual studies did not provide data on the use of antihypertensive
medications, duration of hypertension, and systolic and diastolic blood
pressure. Third, only seven studies met our inclusion criteria. A larger
prospective study is needed to confirm our results. Despite these lim-
itations, our study has important strengths. We performed extensive
database searches to ensure that all relevant and published studies
were identified. We did not find heterogeneity among the selected indi-

vidual studies.

6 | CONCLUSIONS

We found an increased risk of COVID-19 mortality among hyper-
tensive patients in sub-Saharan Africa. Hypertension could be one of
the potential predictive variables for COVID-19 mortality that Sub-
Saharan hospitals should look for during triage. To minimize in-hospital
mortality in COVID-19, patients with a history of hypertension should
strictly follow COVID-19 preventive measures and social distancing
and be prioritized for COVID-19 vaccination initiatives in sub-Saharan
Africa.
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