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Background. Data characterizing risk factors and long-term outcome studies on human immunodeficiency virus (HIV)- 
associated pulmonary hypertension (PH) in Africa are lacking.

Methods. The Pan African Pulmonary Hypertension Cohort, a multinational registry of 254 consecutive patients diagnosed with 
PH (97% of African descent) from 9 centers in 4 African countries was implemented. We compared baseline characteristics and 3-year 
survival of an HIV-infected cohort newly diagnosed with PH (PH/HIV+) to an HIV-uninfected cohort with PH (PH/HIV−).

Results. One hundred thirty-four participants with PH completed follow up (47 PH/HIV+ and 87 PH/HIV−; age median, 36 versus 
44 years; P = .0004). Cardiovascular risk factors and comorbidities were similar except for previous tuberculosis (62% versus 18%, P < 
.0001). Six-minute walk distance (6MWD) <300 meters was common in PH/HIV− (P = .0030), but PH/HIV+ had higher heart (P = 
.0160) and respiratory (P = .0374) rates. Thirty-six percent of PH/HIV+ and 15% of PH/HIV− presented with pulmonary arterial 
hypertension (PAH) (P = .0084), whereas 36% of PH/HIV+ and 72% of PH/HIV− exhibited PH due to left heart disease (PHLHD) 
(P = .0009). Pulmonary hypertension due to lung diseases and hypoxia (PHLD) was frequent in PH/HIV+ (36% versus 15%) but did 
not reach statistical significance. Human immunodeficiency virus-associated PAH tended to have a poorer survival rate compared 
with PHLHD/PHLD in HIV-infected patients.

Conclusions. The PH/HIV + patients were younger and commonly had previous tuberculosis compared to PH/HIV− patients. 
Despite a better 6MWD at presentation, they had more signs and symptoms of early onset heart failure and a worse survival rate. 
Early echocardiography assessment should be performed in HIV-infected patients with history of tuberculosis who present with 
signs and symptoms of heart failure or posttuberculosis lung disease.
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Pulmonary hypertension (PH) is a life-threatening disease charac-
terized by elevated pulmonary arterial pressures and pulmonary 
vascular resistance leading to right ventricular failure and 

premature death [1]. Human immunodeficiency virus (HIV) in-
fection, chronic systemic inflammation, and antiretroviral therapy 
(ART)-associated side effects may affect the development and 
progression of cardiovascular diseases [2, 3]. The prevalence of 
HIV-associated pulmonary arterial hypertension (HIV-PAH) is 
estimated to be approximately 0.5% in people with HIV (PWH) 
[4] and 1000-fold higher compared to the general population 
[5, 6]. Before large-scaled rollout of effective ART, the prevalence 
of HIV-PAH was underestimated, because opportunistic infec-
tions were limiting life expectancy of PWH [2].

Patients with HIV-PAH suffer increased mortality compared to 
PWH without PAH [7]. Half of the deaths reported in patients with 
HIV-PAH are due to cardiopulmonary complications, for exam-
ple, right ventricular failure or sudden cardiac death [4, 7]. 
Human immunodeficiency virus-PAH can develop at any stage ir-
respective of the degree of immunosuppression [5] and results in 
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remodeling and stiffening of the pulmonary artery. Moreover, it re-
mains controversial whether the prevalence of HIV-related PH has 
remained unchanged since the advent of ART [8]. Human immu-
nodeficiency virus infection also confers an increased risk for a va-
riety of infectious lung diseases, including bacterial pneumonia, 
tuberculosis (TB), and Pneumocystis pneumonia [9]. The impact 
of HIV on TB has been devastating, with approximately 10% of 
global cases attributable to HIV [8]. Indeed, the incidence of TB 
dramatically increased worldwide due to HIV [8]. Human immu-
nodeficiency virus-infected patients are at great risk of TB due to 
the associated immunosuppression. The mechanism of developing 
PH after successfully treated pulmonary TB is thought to result 
from residual pulmonary structural damage such as fibrosis and 
persistent cavitation and pulmonary function abnormalities lead-
ing to gas exchange abnormalities and chronic hypoxia [10].

Human immunodeficiency virus infection has also been rec-
ognized as a prothrombotic condition and is associated with a 2- 
to 10-fold increased risk of venous thrombosis in comparison 
with a general population of the same age [11]. There are several 
intersecting mechanisms associated with HIV infection and 
ART that are emerging, which may lead to vasculopathy and hy-
percoagulability [11]. These hypercoagulable states predispose 
the patient to severe thrombosis and potentially life-threatening 
thromboembolic events [4]. Furthermore, the estimated preva-
lence of PH among HIV-infected people in Africa varies from 
5% to 13% [4]. It is notably high compared to those in developed 
countries [12, 13]. Approximately 25 million PWH reside in 
sub-Saharan Africa (SSA) [13], and between 1.2 and 3.2 million 
are at risk of developing PAH [4]. In addition to the prevalence 
of HIV in Africa, poverty and homelessness, migration, armed 
conflicts and wars, rapid urbanization and household air pollu-
tion, lack of public health infrastructure, and limited access to 
medical care especially during COVID-19 lockdowns contrib-
ute to the increase of pulmonary TB incidence.

The Pan African Pulmonary Hypertension Cohort (PAPUCO) 
study is a multinational registry study established in 2011 in re-
sponse to the paucity of information on the prevalence of PH 
in Africa; a continent considered the epicenter of the global 
TB/HIV epidemic, which are both risk factors of PH [12]. To 
the best of our knowledge, PAPUCO is the only PH registry in 
Africa to date, and the main findings of the entire cohort have 
previously been published [4, 7, 12, 14]. This subanalysis focuses 
on HIV-associated PH and risk factors such as TB that are highly 
prevalent in this population and compares HIV-infected and 
HIV-uninfected patients with PH.

METHODS

The broad design, aims, and specific methods of the PAPUCO 
registry, the largest contemporary cohort study of PH in Africa, 
have been described in greater detail previously 
(ClinicalTrials.gov NCT02265887) [14].

Patient Consent Statement

The PAPUCO protocol was approved by the Human Research 
Ethics Committee of the University of Cape Town (HRED REF 
241/2011) and by all local ethics committees of participating 
centers. The PAPUCO study conforms to ethical norms, stan-
dards, and principles of the Declaration of Helsinki. Patient’s 
written consent was obtained from all participants (minors 
via their guardians/parents) before study enrollment, before 
any study-related procedures and HIV testing was performed, 
according to national guidelines, with consent.

Study Design and Setting

The PAPUCO research group was established in 2011 with the 
aim of establishing a prospective registry cohort study of de 
novo PH cases representative of the wider African population. 
Consequently, 9 specialist care referral centers in Cameroon, 
Mozambique, Nigeria, and South Africa contributed to the reg-
istry. Each site recruited consecutive patients on the following 
basis: (1) newly diagnosed with PH based on standardized clin-
ical and echocardiography criteria; (2) the capacity to return for 
6-month follow-up if alive; (3) aged ≥8 years (except for pedi-
atric centers in Mozambique, Cameroon, and Nigeria, data pre-
sented elsewhere); and (4) provision of written informed 
consent to participate. Center eligibility included the following: 
(1) availability of echocardiography and training in assessing 
right heart function; (2) experience in diagnosing PH according 
to World Health Organization (WHO) classification; (3) expe-
rience in clinical management of patients with right heart fail-
ure (RHF); and (4) resources to review patients at 6-month 
follow up and at 3-year follow up for the HIV cohort (PH/ 
HIV+).

Study Profiling and Outcome Data

All study data were collected on electronic case report forms 
(web-based platform) and stored on a dedicated secure central 
database. At least 2 investigators reviewed cases for completion 
and data validation. As described previously, once definitive as-
sessment and treatment had been applied, the following data 
were documented for each participant (1) sociodemographic 
and ethnic profile; (2) antecedent risk profile (including envi-
ronmental exposures and cardiovascular risk factors); (3) med-
ical history including HIV test results, previous CD4 counts, 
and HIV viral loads; (4) relevant clinical findings; (5) pre-
scribed treatment and management; (6) all major cardiovascu-
lar diagnoses according to International Classification of 
Diseases, Tenth Revision (ICD-10) coding; and (7) multimor-
bidity data with up to 5 non-cardiovascular diagnoses accord-
ing to ICD-10 coding [15]. Clinical assessment included 
symptoms scoring, a full clinical examination, a physical, and 
clinical status. Functional tests included WHO Functional 
Class (FC), 6-minute walk test/distance (6MWT/D), and 
Karnofsky Performance Score. Technical procedures included 
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echocardiography, chest x-ray, and 12-lead electrocardiogram 
(ECG). Patient outcomes, including hospitalization and death 
during planned 36-month follow up, were also prospectively 
collected. A verbal autopsy was performed to record survival 
at the end of the study. Three-year survival data were available 
for 68% (32 of 47) of patients in the PH/HIV+ group.

Case Definition

A diagnostic algorithm to diagnose PH in resource-constraint 
settings without access to right heart catheterization of the 
European Society of Cardiology (ESC) and European 
Respiratory Society (ERS) was adopted [14], pretested, and 
data were compared between centers. On this basis, PH was di-
agnosed by specialist cardiologists and defined as documented 
elevated right ventricular systolic pressure >35 mm Hg on 
transthoracic echocardiography in the absence of pulmonary 
stenosis and acute RHF; accompanied by dyspnoea, fatigue, pe-
ripheral edema, and other cardiovascular symptoms, and ECG 
and chest x-ray changes in keeping with PH. Additional inves-
tigations such as chest computed tomography, ventilation/per-
fusion scans, or right heart catheterizations were performed at 
the discretion of the treating physician if available [12]. Patients 
were classified into 5 PH subgroups using the updated WHO 
classification of pulmonary hypertension [1, 2]. Group 1, pul-
monary arterial hypertension; group 2, pulmonary hyperten-
sion due to left heart disease (PHLHD); group 3, pulmonary 
hypertension due to lung diseases and/or hypoxemia 
(PHLD); group 4, pulmonary hypertension due to pulmonary 
artery obstructions (often also referred to as chronic thrombo-
embolic pulmonary hypertension [CTEPH]); and group 5, mis-
cellaneous. The PAPUCO review committee (F.T., A.D., K.S., 
and A.O.M.) reviewed all clinical data and confirmed the 
WHO classification according to the most likely classification. 
None of the study participants were added to 2 subgroups.

Statistical Analysis

The data were analyzed using GraphPad Prism version 7.03 for 
Windows (GraphPad Software, La Jolla California). 
Continuous data are presented as medians plus interquartile 
ranges (IQR), and categorical data are presented as numbers 
(%). For group comparisons, we used (1) χ2 analysis with calcu-
lation of odds ratios and 95% confidence interval ([CI] where 
appropriate) for discrete variables and (2) Student t test and 
analysis of variance (ANOVA) for normally distributed contin-
uous variables. Normal distribution was assessed using 
D’Agostino-Pearson normality test. For multiple group com-
parison, we used one-way ANOVA and χ2 where appropriate. 
Mortality data were used to generate Kaplan-Meier survival 
curves. Significance was accepted at the 2-sided level of less 
than .05.

RESULTS

Study Cohort

In total, 254 patients with PH were recruited into the PAPUCO 
study (Figure 1). Of these, 45 patients (18%) were excluded 
from analysis due to incomplete data or being minors 
(<18 years of age). Of the remaining 209 patients, 134 (64%) 
PH patients were tested for HIV. At the time of presentation, 
47 (35%) patients tested positive for HIV and comprise the 
HIV cohort (PH/HIV+), and 87 (65%) patients tested negative 
for HIV and comprise the control cohort (PH/HIV−).

Sociodemographic and Risk Profile

Table 1 summarizes the sociodemographic characteristics and 
risk factor profile of the PH cohort stratified by HIV status. 
The median age of the PH/HIV+ was 36 years (range, 23– 
62 years) compared to 44 years of the PH/HIV− (range, 19– 
91 years; P = .0004). The PH/HIV+ were more likely to be living 
in temporary shelters such as shacks compared to the PH/HIV− 

(40% versus 28%, P = .0215). No differences were observed in 
noncommunicable comorbidities and cardiovascular risk fac-
tors. Chronic liver disease was present in 6% of the PH/ 
HIV+, all with positive hepatitis B surface antigen. No case of 
chronic liver disease was reported in the PH/HIV−. The 

Figure 1. Consort diagram of the Pan Africa Pulmonary hypertension Cohort 
(PAPUCO) study. HIV, human immunodeficiency virus; PH, pulmonary hypertension; 
PH/HIV+, HIV-associated pulmonary hypertension cohort; PH/HIV−, control cohort of 
pulmonary hypertension in HIV-uninfected patients.
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number of previous or concurrent TB was significantly higher 
in the PH/HIV+ (n = 29, 62%) compared to the PH/HIV− (n = 
16, 18%, P < .0001). However, no difference was observed in the 
number of previous TB episodes between the 2 cohorts. The 
mean number of TB episodes was generally high per patient 
(1.44 ± 0.09).

Clinical Findings and Signs of Heart Failure

Table 2 summarizes the clinical profile of the PH cohort stratified 
by HIV status. Symptoms at presentation were similar in both co-
horts, but almost one third of the PH/HIV+ experienced angina- 
type chest pain (28% versus 1%, P = .0098). No difference was 
found with regards to New York Heart Association functional 
class or Karnofsky performance score. The median 6MWD was 
264 meters (IQR, 120–360). The 6MWD below 300 meters was 
common in PH/HIV− (36% versus 1%, P = .0030) but achieved 
in most of PH/HIV+ (300 m versus 235 m). Heart rate in PH/ 
HIV+ was 96/minute (IQR, 80–106) compared to 87/minute 
(IQR, 72–96, P = .01609), and respiration rate in PH/HIV+ was 

28/minute (IQR, 20–34) compared to 24/minute (IQR, 20–28, 
P = .0374). On electrocardiogram, atrial fibrillation was rare in 
PH/HIV+ (1% versus 22%, .0282), but P-pulmonale was common 
(38% versus 14%, P = .0051) when comparing to PH/HIV−. No 
difference was found on chest radiographic imaging. On echocar-
diography, right ventricular (RV) function as assessed by tricus-
pid annular plane systolic excursion (TAPSE) was similar 
between HIV+ and HIV− patients. However, combined right atri-
al and ventricular hypertrophy showed a trend to significant dif-
ference (higher in HIV+).

The overall prevalence of signs of heart failure at baseline was 
>50% based on raised jugular venous pressure and peripheral 
edema, but only 31% were diagnosed with heart failure by 
the treating physician at this time.

Prevalence of Pulmonary Hypertension According to Subgroup 
Classification

Figure 2 displays the prevalence of PH subgroups among PH/ 
HIV+ and PH/HIV− patients in the PAPUCO study. Overall, 

Table 1. Sociodemographic and Risk Factor Profile of the 134 Patients With Pulmonary Hypertension Stratified by HIV Status

Variables All (n = 134) PH/HIV+ (n = 47) PH/HIV− (n = 87) P Value

Sociodemographic Characteristics

Median age in years (range) 39 (19 to 91) 36 (23 to 62) 44 (19 to 91) .0004

Female 79 (59) 33 (70) 46 (53) .15

African descent 128 (95) 47 (100) 81 (93) .18

Education

Never went to school or completed only primary school 74 (55) 29 (62) 45 (52) .54

Income <30 USD per month 43 (32) 13 (28) 30 (34) .57

Housing Conditions

Temporary shelter (eg, shacks) 35 (26) 19 (40) 16 (18) .0215

Traditional hut 4 (3) 2 (4) 2 (2) .82

Risk Factor Profile

Cardiovascular Risk Factors

Family history for CVD 45 (33) 15 (32) 30 (34) .96

Hypercholesterolemia 5 (4) 1 (2) 4 (5) .77

Hypertension 45 (33) 14 (30) 31 (36) .79

Diabetes 10 (7) 2 (4) 8 (9) .58

Comorbidities

Hemolytic anaemia 0 0 0 -

Rheumatic disease 6 (4) 1 (2) 5 (6) .63

Chronic liver disease 3 (<1) 3 (6) 0 .0584

Chronic lung disease 19 (14) 10 (21) 9 (10) .22

Previous DVT/PE 6 (<1) 4 (11) 2 (<1) .25

Chronic Infectious Diseases

Previous or concurrent tuberculosis 45 (34) 29 (62) 16 (18) <.0001

Concurrent tuberculosis 10 (7) 6 (13) 4 (5) .23

TB episodes (mean ± SEM) 1.44 ± 0.09 1.55 ± 0.12 1.25 ± 0.11 .08

Exposure to Smoke and Recreational Drugs

Indoor cooking/heating without chimney 35 (26) 12 (26) 23 (26) .99

History of smoking 23 (17) 10 (21) 13 (15) .65

Alcohol abuse 26 (19) 11 (23) 15 (17) .69

Recreational drug use 3 (2) 1 (2) 2 (2) .99

Abbreviations: CVD, cardiovascular disease; DVT, deep vein thrombosis; HIV, human immunodeficiency virus; PE, pulmonary embolism; PH, pulmonary hypertension; SEM, standard error of 
the mean; TB, tuberculosis; USD, US dollar.  

NOTES: Data are number (percentage) or otherwise specified; P values based on t test, χ2, or Fisher’s exact test where appropriated.
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36% of patients in PH/HIV+ were classified group 1 PAH com-
pared to 15% in PH/HIV− (P = .0084). In contrast, 36% of pa-
tients in PH/HIV+ were classified as group 2 PHLHD 
compared to 72% in PH/HIV− (P = .0009). Group 3 PHLD 

was more common in PH/HIV+ with no statistical significance 
(19% in PH/HIV+ versus 9% in PH/HIV−, P = .1102) but attrib-
uted to previous TB in PH/HIV+ (100%) and PH/HIV− (67%). 
Group 4 PH due to pulmonary artery obstruction, that is, 

Table 2. Clinical Findings of the 134 Patients With Pulmonary Hypertension Stratified by HIV Status

Clinical observation All (n = 134) PH/HIV+ (n = 47) PH/HIV− (n = 87) P Value

Symptoms at Presentation

Dyspnoea 122 (91) 41 (87) 81 (93) .53

Cyanosis 16 (12) 5 (11) 11 (13) .94

Cough 78 (58) 28 (60) 50 (57) .97

Fatigue 116 (87) 38 (81) 78 (90) .36

Dizziness 47 (35) 17 (36) 30 (35) .98

Syncope 12 (1) 7 (15) 5 (1) .21

Palpitations 96 (72) 36 (77) 60 (69) .65

Chest pain 20 (15) 13 (28) 7 (1) .0098

NYHA Functional Class (n = 134)

NYHA FC I/II 49 (37) 13 (28) 36 (41) .29

NYHA FC III 54 (40) 22 (47) 32 (37) .51

NYHA FC IV 30 (22) 12 (25) 18 (21) .81

Karnofsky performance score* 70 (50–80) 70 (50–80) 70 (50–80) .89

6MWT distance* 264 (120–360) 300 (120–405) 235 (114–346) .18

6MWT <300m 35 (26) 4 (1) 31 (36) .003

BMI* 22.5 (19.9–27.9) 22.8 (19.8–28.4) 22.4 (19.8–27.1) .83

Heart rate at rest (beats/min)* 90 (75–98) 96 (80–106) 87 (72–96) .0160

Systolic BP (mmHg)* 118 (109–130) 118 (111–131) 120 (109–130) .80

Diastolic BP (mmHg)* 77 (70–85) 80 (70–85) 76 (67–85) .31

Respiratory rate at rest (breaths/min)* 24 (20–30) 28 (20–34) 24 (20–28) .0374

Pulse oximetry at rest (%)* 97 (92–98) 97 (93–99) 97 (92–98) .54

Cardiac Auscultation

Systolic murmur 34 (25) 7 (15) 27 (31) .12

Loud P2 55 (41) 27 (57) 28 (32) .0179

Electrocardiogram

Sinus rhythm 57 (42) 19 (40) 38 (44) .94

Sinus tachycardia 23 (17) 9 (19) 14 (16) .90

Atrial fibrillation 21 (16) 2 (1) 19 (22) .0282

P-pulmonale 30 (22) 18 (38) 12 (14) .0051

Right ventricular strain pattern 25 (19) 13 (28) 12 (14) .15

Left ventricular strain pattern 19 (14) 8 (1) 11 (13) .79

Chest X-Ray

Cardiomegaly 69 (52) 20 (43) 49 (56) .31

Prominent pulmonary arteries 31 (23) 11 (23) 20 (23) .99

Echocardiography

Median LVEF (%)* 50 (37–66) 51 (40–65) 50 (36–66) .67

Median RVSP (mmHg)* 56 (47–68) 56 (47–67) 56 (47–68) .70

Median TAPSE (mm)* 15 (11–19) 13 (10–16) 15 (12–22) .60

Right atrial hypertrophy 112 (84) 42 (89) 70 (80) .41

Right ventricular hypertrophy 108 (81) 41 (87) 67 (77) .37

Combined right atrial and right ventricular hypertrophy 101 (75) 41 (87) 60 (60) .06

TAPSE <15mm 50 (37) 22 (47) 28 (32) .25

Signs of RHF at baseline

Raised JVP 98 (73) 38 (81) 60 (69) .33

Peripheral edema 83 (62) 30 (64) 53 (61) .95

Raised JVP or peripheral oedema 68 (51) 26 (55) 42 (48) .74

Diagnosis of RHF at baseline 41 (31) 19 (40) 22 (25) .19

Abbreviations: BMI, body mass index; BP, blood pressure; FC, functional class; HIV, human immunodeficiency virus; JVP, jugular venous pressure; LVEF, left ventricular ejection fraction; 
NYHA, New York Heart Association; 6MWT, 6-minute walk test; RHF, right heart failure; RVSP, right ventricular systolic pressure; TAPSE, tricuspid annular plane systolic excursion.  

NOTES: Data are number (percentage) except for variables with asterisk (*) indicated where they are median (interquartile range); P values based on t test, χ2, or Fisher’s exact test where 
appropriated.
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chronic thromboembolism was rare in both cohorts, and none 
of the patients were classified group 5 PH with unclear and/or 
multifactorial mechanism.

Survival Estimates Among Human Immunodeficiency Virus-Infected 
Patients With Pulmonary Hypertension by Subgroup Classification

Figure 3 shows 3-year survival rate among HIV-infected pa-
tients by PH subgroups in the PAPUCO study. Overall, 
HIV-infected patients with PH exhibited a relatively high mor-
tality at 3-year follow up. However, compare to HIV-infected 
patients classified as PHLHD or PHLD, those classified as 
PAH tended to a very poor survival rate especially after the sec-
ond year of follow up.

DISCUSSION

This study describes the baseline characteristics, analyses, and 
long-term outcome among Black African HIV-infected versus 
HIV-uninfected patients with PH included in the PAPUCO 
registry. The PAPUCO represents the largest prospective longi-
tudinal study on patients diagnosed with PH in SSA, and the 
main results have been previously published [12, 16, 17]. It pro-
vides important insights into the clinical profile and treatment 
of PH from a uniquely African context [12]. Furthermore, it 
looked at PH and its multitude of etiologies prevalent in the re-
gion including HIV-associated PH, PH due to left heart diseas-
es, PH due to respiratory diseases and/or hypoxemia, and the 
contribution of the TB epidemic to this condition; CTEPH, 

which may be due to a hypercoagulable state in patients coin-
fected with HIV and Mycobacterium tuberculosis.

Four main characteristics may define the profile of our 
HIV-infected patients who presented with PH. First, the age 
at presentation is younger in HIV-infected patients as previ-
ously described [18]. Second, most HIV-infected patients ex-
hibited PAH (36%). Third, PHLD and chronic embolism 
were also higher in HIV-infected compared to 
HIV-uninfected patients. This is in line with reports on PH 
in HIV-infected people in the era of ART in France [19]. 
Before ART, the prevalence of PAH was 0.5% (95% CI, 
.10%–.90%) [20]. This indicates that ART did not reduce the 
prevalence of HIV-PAH. Numerous studies have concluded 
that the impact of antiretroviral drugs has been minimal, sug-
gesting that the virus may influence vascular cells in the micro-
environment where distribution of antiretroviral drugs is 
uneven [7]. The mechanism of HIV causing PAH therefore re-
mains unclear. However, 3 main mechanisms suggested are as 
follows: HIV viral proteins found in the pulmonary vascular 
endothelium induce vascular oxidative stress, smooth myocyte 
proliferation and migration, and endothelial injury; cytokines 
due to the presence of HIV also induce dysregulation of endo-
thelial wall and increase the genetic predisposition due to HIV 
[21, 22]. Fourth, HIV-infected patients with PAH exhibit high 
mortality rates [7], which was confirmed in our cohort study. 
The survival estimates of HIV-PAH are drastically reduced 
compared to the other groups of PH.

Pulmonary hypertension due to lung disease was higher in 
HIV-infected patients compared to the HIV-uninfected pa-
tients. Phenotypically, our data outline a high median respira-
tory rate in HIV-infected patients compared to HIV-uninfected 
patients, which might indicate the presence of lung disease in 
the HIV-infected population. In our cohort, the mean of previ-
ous TB episodes per patient was relatively high. Pulmonary TB 
is one of the most prominent lung infections affecting 
HIV-infected individuals [10]. In 2015, there were an estimated 
10.4 million incident TB cases globally. Of these, approximately 
11% occurred in HIV-infected individuals and more than 50% 
of those are living in the WHO African Region, mainly in 
southern Africa [23]. Considering the outlined prevalence, in-
cidence, and history of TB in HIV-infected patients, PHLD 
must be considered highly prevalent in SSA, thus underreport-
ed, and an important contributor to the overall burden of PH in 
the African population. Mechanistically, TB commonly causes 
chronic structural lung disease such as fibrocavitation and 
bronchiectasis and pulmonary function abnormalities leading 
to gas exchange abnormalities and chronic hypoxia with con-
secutive PH [10]. Equally, there was a similar RV function as 
assessed by TAPSE between HIV-infected patients with PH 
and those without HIV-infection with PH. Among PWH, it 
had been shown that exposure to ART was associated with an 
increase in estimated PAP, whereas being unexposed to ART 

Figure 2. Prevalence of pulmonary hypertension (PH) according to the updated 
World Health Organization (WHO) classification in the human immunodeficiency vi-
rus (HIV)-infected PH cohort (n = 47) and in the HIV-uninfected PH cohort (n = 87) 
enrolled in the Pan Africa Pulmonary hypertension Cohort (PAPUCO) study. Group 
1: PAH, pulmonary arterial hypertension; Group 2: PH-LHD, pulmonary hypertension 
due to left heart disease; Group 3: PH-LD, pulmonary hypertension due to lung dis-
ease and/or hypoxia; Group 4: pulmonary hypertension due to pulmonary artery ob-
structions (chronic thromboembolic pulmonary hypertension [CTEPH]).
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was associated with a decrease in RV systolic activity. Thus, 
lower respiratory tract infection leads to decreased RV systolic 
activity in ART-naive people [24]. Furthermore, combined 
right atrial and ventricular hypertrophy showed a trend to sig-
nificant difference (higher in HIV-infected). Right ventricular 
dysfunction in HIV-infected people can be distinct from left 
ventricular/global cardiomyopathy or PH and warrants further 
investigation [25].

In addition, the data obtained in this study indicate that the 
prevalence of CTEPH was high in HIV-infected patients com-
pared to HIV-uninfected patients. Human immunodeficiency 
virus infection has been recognized as a prothrombotic condi-
tion and is associated with a 2- to 10-fold increased risk of venous 
thromboembolism (VTE) in comparison with the general popu-
lation of same age [11]. There are several intersecting mecha-
nisms associated with HIV infection and antiviral therapy that 
are emerging, which may lead to vasculopathy and hypercoagu-
lability in HIV-infected patients [23]. Furthermore, the risk ap-
pears to increase in the context of HIV/TB coinfection. In a 
retrospective study (n = 852, median age 45 years) in Kimberly, 
South Africa, more than half (n = 443, 52.0%) of patients with 
confirmed deep venous thrombosis (DVT) over a 5-year period 
were HIV-infected (n = 333, 39.1%), and HIV infection was the 
most prevalent cause of DVT (52.0%), followed by TB (12.4%) 
[26]. Among inpatients with HIV/TB coinfection, the septic state 
is high with an estimated risk of Mycobacterium tuberculosis 
blood stream infection of 45% (95% CI, 38–52) [27]. 
Infection-induced thrombosis is normally mediated by inflam-
mation (also known as thromboinflammation), which causes 

platelet activation and endothelial damage, resulting in fibrin 
deposition and thrombus formation [28]. Specifically, inflamma-
tion of the lower respiratory tract causes fibrin secretion, which is 
characteristic of diseases such as pneumonia and acute respirato-
ry distress syndrome, as well as the generation of pulmonary and 
systemic thrombin [29]. Such mechanism (plus alteration of pul-
monary blood flow in response to the parenchymal process, dis-
rupting Virchow’s triad and classic DVT to pulmonary 
embolism transition) has been largely evoked with coronavirus 
disease 2019 pneumonia [30, 31]. Similarly, DVT during TB 
has been associated with an increase in plasma fibrinogen, im-
paired fibrinolysis, and a reduction in antithrombin III [26, 
32]. This hypercoagulable condition might be exacerbated by 
hospitalization-related immobility and the use of anti- 
tuberculosis medications, which can potentially predispose to 
an elevated risk of VTE among PLHIV [32, 33].

One limitation of our cohort study is that most of the partic-
ipants with HIV-associated PH (n = 30) were from clinics in 
Khayelitsha, South Africa. Khayelitsha is a densely populated, 
low-income, periurban township with one of the highest TB/ 
HIV prevalence rates in the world. Echocardiography was the 
most appropriate strategy for our limited resource settings, 
but we cannot completely rule out the possibility of over diag-
nosis. Another important limitation of our study is that the 
cause of death has not been systematically assessed, and we re-
port on overall morality knowing that PWH and people with-
out HIV may die at different rates with PWH at risk of dying 
from opportunist infections. To our knowledge, this study is 
the first to compare the risk of PH in HIV-infected individuals 

Figure 3. Kaplan-Meier plot showing cumulative survival estimates/time to death in months by pulmonary hypertension (PH) subtype of the human immunodeficiency virus 
(HIV)-infected cohort. Group 1: HIV-PAH, HIV-associated pulmonary arterial hypertension; Group 2: PH-LHD, pulmonary hypertension due to left heart disease; Group 3: PH-LD, 
pulmonary hypertension due to lung disease and/or hypoxia.
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in the Africa context. Notwithstanding these shortcomings, we 
learned that time is of essence in managing PH in the SSA con-
text. Acknowledging the atypical phenotype of PH in this re-
gion—PWH who are younger than traditionally described 
[34] and have a relatively long 6MWD—our patients experi-
enced delay in access to care, especially cardiac and tertiary 
[35] care; efforts need to be undertaken to substantially im-
prove the quality of care of patients with PH in SSA [36]. 
The ECG and echocardiography are valuable diagnostic proce-
dures for HIV-infected patients who are at high risk of heart 
and pulmonary disease. Reflecting on the high burden of 
TB-HIV coinfection in SSA, we advocate for further debates 
with regards to the implementation of ECG and echocardiogra-
phy screening among at-risk HIV patients, which includes pa-
tients with previous episodes of TB [3, 16].

CONCLUSIONS

People with HIV in Africa are vulnerable to PH; this is associ-
ated with high prevalence rates of risk factors such as TB in the 
region. In this population, HIV-infected patients with PAH ex-
hibit high mortality rates compared to other subtypes of PH. 
Monitoring for clinical signs and symptoms for PH in people 
with HIV is required. It shall be underlined that assessment 
of cardiac disease is part of standard HIV care. Additional re-
search to better understand the complex pathophysiology and 
management of HIV-associated PH in the context of TB in 
the African setting is urgently needed.
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