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ABSTRACT
Objective: Patients infected with HIV have a direly
increased risk of developing pulmonary hypertension
(PH), and of dying from the condition. While Africa
carries the greatest burden of HIV infection worldwide,
there is unclear data summarising the epidemiology of
PH among HIV-infected people in this region. Our
objective was to determine the prevalence and
incidence of PH among HIV-infected people living
across Africa.
Design: A systematic review and meta-analysis.
Participants: HIV-infected African people residing in
Africa.
Outcome: Prevalence and incidence of PH diagnosed
through echocardiography or right heart
catheterisation.
Data sources: Articles published in PubMed/
MEDLINE, EMBASE, African Journals Online and
African Index Medicus between 1 January 1980 and
30 June 2016, without any language restriction.
Results: Overall, 121 studies were screened; 3 were
included in this review: 1 from Southern Africa (South
Africa), 1 from Eastern Africa (Tanzania) and 1 from
Central Africa (Cameroon). These studies included
HIV-infected adult patients selected based on
presentation with cardiovascular symptoms. No study
reported PH incidence or PH incidence/prevalence
among children and adolescents. The quality
assessment yielded moderate risk of bias. Ages of
participants ranged between 18 and 78 years, and the
proportion of females varied between 52.3% and
68.8%. The prevalence of PH in the pooled sample of
664 patients was 14% (95% CI 6%–23%).
Limitations: Only 3 studies were found eligible from
3 regions of the African continent.
Conclusions: The prevalence of PH among HIV-
infected people in Africa seems very high. Further
studies are urgently warranted to determine the
incidence of HIV-induced PH, which must include all
subregions of Africa.
Trial registration number: Review registration
number PROSPERO CRD42016033863.

INTRODUCTION
HIV continues to be a major global public
health issue, having hampered more than
34 million lives so far. There were ∼36.9
million people living with HIV at the end of
2014, with 2 million people becoming newly
infected worldwide; what is worse, 1.2 million
people died from HIV-related consequences
in 2014. Sub-Saharan Africa (SSA) is the
most affected region with 25.8 million
people living with HIV in 2014. Besides, SSA
accounts for almost 70% of the global HIV
new infections.1 2

Pulmonary hypertension (PH) is defined
as a mean pulmonary arterial pressure
(mPAP) ≥25 mm Hg on right heart catheter-
isation at rest.3 4 The classification of PH
includes pulmonary arterial hypertension
(PAH), PH due to left heart diseases, PH
due to respiratory diseases and/or hypox-
aemia, PH due to chronic thromboembolic
disease, and PH due to unclear multifactorial
mechanisms.3 To date, evidence has accumu-
lated a causal relationship between HIV

Strengths and limitations of this study

▪ Only three studies were eligible from three of the
five subregions of Africa.

▪ It was impossible to disaggregate data between
patients on antiretroviral treatment and those
naïve of antiretroviral treatment.

▪ This is the first systematic review and
meta-analysis summarising the prevalence of
pulmonary hypertension among HIV-infected
people in Africa.

▪ Strong and robust statistical methods were used,
which permitted to figure out an elevated relative
prevalence of pulmonary hypertension in
HIV-infected individuals residing in Africa.
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infection and PAH.5 The pathogenesis of PAH is
complex. It is currently admitted that this may probably
result from the interaction between multiple modulating
genes and environmental factors. The physiopathology
includes (1) increase in cytokine secretion inducing a
dysregulation of endothelial and vascular smooth muscle
cell growth and an imbalance between endogenous vaso-
dilators and constrictors; (2) proliferation of HIV viral
proteins leading to vascular oxidative stress, smooth
myocyte proliferation and migration, and endothelial
injury; and (3) genetic predisposition due to some
major histocompatibility complex alleles, particularly
HDL-DR6 and HLA-DR5.5

HIV-infected patients have a greater incidence of PH
and almost a 2500-fold increased risk of developing the
condition in comparison with the general population
(incidence of idiopathic PAH: 1–2 per million
persons).6 7 Furthermore, the development of PAH in
HIV-infected individuals reduces their probability of sur-
vival by half when compared with their counterparts
without HIV-induced PAH. About two-thirds of deaths in
patients with HIV-induced PAH are due to the conse-
quences of PAH such as: right heart failure, cardiogenic
shock and sudden death.8

While Africa carries the greatest burden of HIV infec-
tion globally,1 2 there are unclear data summarising the
epidemiology of PH in HIV-infected populations. To fill
this critical gap, we conducted a systematic review and
meta-analysis, with the objective to determine the preva-
lence and incidence of PH among African HIV-infected
people residing in Africa.

METHODS
The Preferred Reporting Items for Systematic reviews
and Meta-Analyses guidelines served as the template for
reporting the present review.9 The Preferred Reporting
Items for Systematic reviews and Meta-Analyses checklist
can be found in online supplementary appendix S1. This
review was registered in the PROSPERO International
Prospective Register of systematic reviews, registration
number CRD42016033863.

Eligibility criteria for considering studies to include
in the review
Inclusion criteria
▸ Cross-sectional, case–control or cohort studies of

HIV-infected people residing in African countries
which have reported the prevalence or incidence of
PH, or enough data to compute these estimates.

▸ Studies in which diagnosis of PH was based on right
heart catheterisation finding a mPAP≥25 mmHg or
abnormal echocardiography examination for a pul-
monary arterial systolic pressure (PASP) >35 mmHg.3 4

▸ We considered all published and unpublished studies
reported from 1 January 1980 to 30 June 2016. No
language restriction was applied.

Exclusion criteria
▸ Studies conducted among populations of African

origin residing outside Africa.
▸ Studies not performed in human participants.
▸ Studies in subgroups of participants selected on the

basis of presence of PH.
▸ Case series, reviews, letters, commentaries and

editorials.
▸ Studies lacking primary data and/or explicit descrip-

tion of methods.
For duplicate reports, the most comprehensive and
up-to-date version was considered for this review.

Search strategy for identifying relevant studies
The search strategy was implemented in two stages:

Bibliographic database search
We performed a comprehensive and exhaustive search
of PubMed/MEDLINE, Excerpta Medica Database
(EMBASE), African Journals Online and African Index
Medicus to identify all relevant articles published on PH
among HIV-infected people in Africa between 1 January
1980 and 30 June 2016, without any language restriction.
We conceived and applied a search strategy based on
the combination of relevant terms and names of each of
the 54 African countries and African subregions. We
used the following terms for PH: ‘pulmonary hyperten-
sion’ and ‘pulmonary arterial hypertension’. For HIV, we
used the terms ‘HIV’ and ‘AIDS’. The last electronic
search was carried out on 1 July 2016. The main search
strategy conducted in PubMed is shown in online sup-
plementary appendix S2. This search strategy was
adapted to fit with other databases.

Searching other sources
We conducted manual searches which consisted in scan-
ning the reference lists of eligible papers and other rele-
vant review articles, specialist journals and conference
proceedings (Advances in Pulmonary Hypertension;
Pulmonary Hypertension Association’s International PH
Conference, Pulmonary Hypertension Association-Ireland’s
Annual Conference, Annual Scientific Meeting of the
Pulmonary Hypertension Society of Australia and New
Zealand, and Annual Joint Pulmonary Hypertension).

Selection of studies for inclusion in the review
Two investigators ( JJRB and LNU) independently identi-
fied articles and sequentially screened their titles and
abstracts for eligibility. Full texts of articles deemed
potentially eligible were acquired. These investigators
further independently assessed the full text of each
study for eligibility, and consensually retained studies to
be included. Disagreements when existing were solved
by a third author ( JRNN). We used a screening guide to
ensure that the selection criteria were reliably applied by
all review authors. Agreement was measured using the
κ statistic.10
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Data extraction and management
Two investigators ( JJRB and LNU) independently ex-
tracted data pertaining to general information (authors,
year, country, region), study characteristics (study design,
setting, sample size, mean or median age and proportion
of female participants, diagnosis criteria for PH, antiretro-
viral therapy (ART)), and prevalence and/or incidence of
PH. Where only primary data (sample size and number of
outcomes) were provided, these data were used to calcu-
late the prevalence or incidence estimates. Data were
extracted using a preconceived and standardised data
abstraction form. Disagreements between authors were
reconciled through discussion and consensus, or arbitra-
tion by a third author ( JRNN) whenever necessary.
Agreement was measured using the κ statistic.10

Appraisal of the quality of included studies
Two investigators ( JJRB and LNU) evaluated included
studies for methodological quality and risk of bias using
an adapted version of the Risk of Bias Tool for
Prevalence Studies developed by Hoy et al11 (see online
supplementary appendix S3). Furthermore, the report-
ing quality of each study was assessed using the STROBE
checklist (see online supplementary appendix S4).12

Agreement was measured using the κ statistic.10

Data synthesis and analysis
Data were analysed using STATA V.13.0 for Windows.
Forest plots were drawn to visualise the combined preva-
lence and extent of heterogeneity between studies.
Owing to the clinical differences across patients
included in the studies (difference in the clinical presen-
tation of patients with cardiac symptoms, inconsistency

regarding ART), a random-effects meta-analysis was used
to pool prevalence data,13 after stabilising the variance
of individual studies using the Freeman-Tukey double
arc-sine transformation.14 Heterogeneity was assessed
using the χ2 test on Cochrane’s Q statistic,15 and quanti-
fied by calculating the I2 (with values of 25%, 50% and
75% being representative of low, medium and high het-
erogeneity, respectively).16 In order to assess possible
publication bias, Egger weighted regression methods
were used.17 A p value <0.05 was considered indicative of
statistically significant publication bias.

RESULTS
Characteristics of included studies
Initially, a total of 121 articles were identified (figure 1).
After elimination of duplicates, screening titles and
abstracts, 106 papers were found completely irrelevant
and excluded. Agreement between investigators on
abstract selection was high (κ=0.90, p<0.001; given a
maximum attainable κ=1). Full texts of the remaining 15
studies were scrutinised for eligibility, among which 12
studies were excluded. There was no disagreement
between investigators for full-text selection. In two of
these excluded studies, the cut-off for diagnosis of PH
was 25 mm Hg, rather than 35 mm Hg on echocardiog-
raphy.18 19 Concerning these two studies, the prevalence
of PH was 6.9% among adolescents in Zimbabwe,18 and
4% among adults in Nigeria.19 Overall, three studies
were found eligible; hence they were included in the
meta-analysis (figure 1).
All the three studies reported the prevalence of PH

without any analysis with regard to the patients’ ART

Figure 1 Process of identification and selection of studies for inclusion in the review (PRISMA flow diagram). PRISMA, Preferred

Reporting Items for Systematic reviews and Meta-Analyses.
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regimens and none reported the incidence of PH. The
studies were reported from Cameroon, Tanzania and
South Africa; there was no study from the Western and
Northern parts of Africa. They were conducted between
2006 and 2014, published between 2012 and 2015 and
included HIV-adult patients who were selected based on
presentation with cardiovascular symptoms. Characteristics
of these studies are summarised in table 1. The female
proportion varied from 52.3% to 68.8% (table 1). For one
of these studies,20 we calculated the overall prevalence
since it separately reported the prevalence for men and
that for women. For the two other studies, we reported the
prevalence of PH as it appeared in the studies.21 22

Considering STROBE guidelines, the quality of report-
ing was good/fair for all included studies. These studies
had a moderate risk of bias (table 2). Agreement
between investigators on quality assessment of studies was
high (κ=0.88, p<0.001; given a maximum attainable κ=1).

Pooled prevalence of PH among HIV-infected
people in Africa
There was a wide variation in PH prevalence (figure 2).
The heterogeneity was high (I2=81.4%, p<0.001). The
prevalence of PH in the pooled sample of 664 in-
dividuals was 14% (95% CI 6% to 23%). No evidence
of publication bias was observed (figure 3); results of
Egger’s weighted regression test did not show any bias of
publication (t=4.09, p=0.153).

DISCUSSION
These moderate risk of bias studies conducted between
2006 and 2014 from the three WHO regions of Africa
showed a pooled 14% (95% CI 6%–23%) prevalence of
PH among African HIV-infected adults. The prevalence
of PH among HIV-infected people in Africa found in
this meta-analysis is close to what was reported in a
recent narrative review (5–13%) targeting the same
population.5 This prevalence in SSA is notably higher
when compared with that from developed countries,
around 0.5%.7 23–25 Certain reasons can explain this
large discrepancy observed. Access to and retention in
care is lower in low-income and middle-income coun-
tries (including most of African countries), leading to
late diagnosis and management of the HIV infection.
Consequently, patients will probably arrive at a more
advanced stage of disease progression. Besides, ART
initiation in developed countries does not take into
consideration the CD4-cell count and HIV clinical stage
in contrast to the developing world where these para-
meters are still taken into account, leading to initiation
of ART perhaps when processes towards HIV-induced
complications such as PH have already started.26–29

However, it is hoped that the new WHO recommenda-
tions for initiating ART regardless of CD4 count (‘test
and treat’ policy) will probably lead to a change in the
epidemiology of PH in HIV-infected people in Africa.30
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Indeed, it may lead to a decrease in the prevalence of
PH in this group of patients.31

For now, there is no cure for PAH.32 Nonetheless, the
use of highly active antiretroviral therapy (HAART),
whose aim is to prevent the multiplication of the virus
and thus make undetectable the viral load could consid-
erably reduce the risk of development or progression of
PH in HIV-infected patients. It has been demonstrated
that the detection of plasma HIV-RNA was associated
with an increased risk of developing PH.23 This also sug-
gests that early initiation of HAART may prevent or delay

PH apparition in HIV-infected individuals, though data
in this respect are controversial.33 In any case, HAART
should not be used as single therapy for HIV-induced
PAH; early initiation of PAH-specific management is of
paramount importance. In fact, HAART only ameliorates
the outcome of patients with HIV-induced PAH.5

Two interesting studies were excluded from our
meta-analysis because the authors diagnosed PH with a
cut-off of 25 mm Hg for pulmonary arterial systolic pres-
sure using echocardiography.18 19 We suggest researchers
and clinicians to adhere to the updated guidelines for
the proper diagnosis of PH.

Limitations
Our study presents some flaws. First, our study was based
on a limited number of published studies. Nonetheless,
we explored four databases. Second, concerning the
quality of evidence, the risk of bias of included studies
was moderate suggesting that further research is likely to
have an important impact on our confidence in the esti-
mate, and may change this estimate. Although there is
no publication bias, this study may lack power due to the
limited number of included studies. Third, considering
that almost all studies included were hospital-based, it is
likely that the pooled prevalence of PH we obtained is
symptom-driven. Moreover, none of the studies included
in this review assessed the incidence of HIV-induced
PAH as well as the relationship between the condition
and ART (difference between ART+ and ART− patients,
the specific regimens increasing the risk, and duration
of ART at which PH is likely to occur). Meta-analysis of
small number of studies can be questionable; notwith-
standing, it gives an overview of the burden of PH
among HIV-infected people in Africa. Therefore, high-
quality observational studies are warranted to fill these
crucial gaps. The ongoing PAPUCO cohort study is
welcome for bringing some scientific information
regarding PH in African countries.34

CONCLUSIONS
The prevalence of PH among people living with HIV in
Africa seems very high, which may significantly contri-
bute to the elevated HIV-related mortality rate witnessed
all round the continent. Therefore, healthcare providers
must be aware of this reality, and potentially undertake
regular screening of PH among their HIV-infected patients,

Table 2 Quality assessment of included studies

STROBE quality of reporting* Risk of bias by Hoy et al11†
Score range, 0–22 Interpretation Score range, 0–10 Interpretation

Chillo et al22 17 Good/fair quality 7 Moderate risk

Menanga et al21 19 Good/fair quality 7 Moderate risk

Sliwa et al20 19 Good/fair quality 6 Moderate risk

*A quality assessment score out of 22 was determined for each study by assigning a point per STROBE item addressed. Good/fair quality
papers were categorised as having a score of ≥14/22 and poor quality papers were classified as having a score of <14/22.12

†Low risk of bias: 8 or more. Moderate risk of bias: 6–7. High risk of bias: 5 or fewer.11

Figure 2 Forest plots of pulmonary hypertension prevalence

among HIV-infected people in Africa. ES, estimated size.

Figure 3 Funnel plots of SEs of pulmonary hypertension

prevalence among HIV-infected people in Africa. ES,

estimated size; se (ES), SE of estimated size.

Bigna JJR, et al. BMJ Open 2016;6:e011921. doi:10.1136/bmjopen-2016-011921 5

Open Access



and management tailored accordingly for those diag-
nosed with the condition. Besides, it should be discussed
early during initiation of HAART in African countries to
curtail the burden of HIV-induced PAH as well as other
HIV-related complications. The new 2015 WHO guide-
lines on initiation of ART regardless of CD4 count, age
and HIV disease progression are likely to change the epi-
demiology of PH in this vulnerable population in Africa.
Further studies including registries are urgently war-
ranted, which should determine the incidence of
HIV-induced PAH, and the relation between PAH and
ART in HIV-infected individuals residing in Africa.
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