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Risk factors associated with pulmonary arterial 
hypertension among HIV-infected adults: 
A meta-analysis and systematic review
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Introduction

With the introduction of antiretroviral therapy (ART), 
survival of HIV-infected patients has markedly im-
proved and death from immunodeficiency and oppor-
tunistic infections has decreased. In high-income 
countries, the life expectancy of people living with HIV 
(PLWH) increased by 9-10  years between 1996 and 

20101,2. However, cardiovascular complications, such 
as pulmonary arterial hypertension (PAH), cause great 
burden in PLWH3,4. Regardless of ART introduction, the 
prevalence of HIV-related PAH is 0.5%, whatever be-
fore and after ART era, which is 25-fold higher than that 
in the general population5. The prevalence of HIV-re-
lated PAH, as reported by studies using echocardiog-
raphy, is as high as 2.6-27.8%6,7. Among PLWH, the 
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development of PAH is an independent predictor of 
death and has often been associated with poor sur-
vival8. The proposed mechanisms include immune ac-
tivation9, action of HIV proteins10,11, intravenous drug 
use12, and coinfection of other viruses13.

Many studies have identified some of the factors as-
sociated with PAH in PLWH, although these studies are 
limited by a small sample size, and no systematic re-
view and meta-analysis have been performed to date. 
Moreover, the specific contribution of infectious and 
noninfectious causes to PAH remains poorly character-
ized. Thus, the present meta-analysis and systematic 
review aimed to critically evaluate the risk factors for 
PAH in PLWH.

Methods

Design

The study background, rationale, and methods were 
specified in advance and are documented in a study 
protocol registered in the PROSPERO database 
(CRD42021243334).

Eligibility criteria

We systematically identified and evaluated the re-
ports of observational studies conducted in different 
settings.

The inclusion criteria were as follows:
a.	Observational cross-sectional or cohort studies of 

individuals exposed to HIV.
b.	Studies describing the criteria used to define PAH.
c.	Studies involving PAH diagnosis diagnosis of PAH 

based on echocardiography.
d.	Studies must be released between 1 January 2000 

and 23 February 2021 and reported in English.
The exclusion criteria were as follows:
a.	Studies conducted among children or pregnant 

women infected with HIV.
b.	Studies lacking of sufficient original statistics of 

factors associated with PAH to analyze.
c.	Reviews, commentaries, editorials, case reports, 

and case series.

Information sources

We performed a comprehensive and exhaustive 
search of PubMed/Medline, Embase, Web of Science, 
and Google Scholar to identify all relevant articles pub-

lished on PAH in PLWH. In addition, we searched the 
reference lists of relevant articles and previous system-
atic reviews for additional eligible publications.

Search strategy and selection of studies

We searched the studies fulfilling the inclusion cri-
teria and published between 1  January 2000 and 
23 February 2021 in the aforementioned sources with 
the following search keywords: “human immunodefi-
ciency virus and PAH,” “HIV and PAH,” “acquired 
immunodeficiency syndrome and PAH,” and “AIDS 
and PAH.”

Data extraction

We extracted the following data from each study on 
certain forms: authors, year of publication, study de-
sign, location of the study group, size of the study 
population, criteria used to define PAH, study popula-
tion, age of participants (mean or median), percentage 
of males, percentage of people receiving ART, dura-
tion of HIV infection, CD4 cell counts, HIV-RNA copies, 
and prevelance for PAH.

Risk of bias and quality assessment of 
included studies

The cross-sectional studies’ methodological quality 
was assessed using an 11-item checklist, which was 
recommended by the Agency for Healthcare Research 
and Quality14. In the checklist, an item is scored “0” if 
the answer is “No” or “Unclear;” if the answer is “Yes”, 
the item is scored “1.” Study quality and risk of bias were 
assessed as the following standards: low quality (high 
risk of bias) = 0–3, moderate quality (moderate risk of 
bias) = 4–7, and high quality (low risk of bias) = 8–11. 
The Newcastle–Ottawa Scale was used to assess the 
methodological quality of retrospective cohort studies. 
The quality of each study’s quality was assessed based 
on three broad areas: selection of study groups, compa-
rability of the groups, and ascertainment of either the 
exposure or the outcome of interest. A study was award-
ed a maximum of 9 stars, with ≤ 3, 4–6 and 7–9 stars 
denoting weak, moderate, and strong, respectively15.

Data synthesis and analysis

The main characteristics of the studies are summa-
rized in a table and a flow diagram. Continuous vari-
ables are reported as mean (± SD) or median (range). 
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Categorical variables are expressed as n (%). Forest 
plots were drawn to visualize the risk factors and the 
extent of statistical heterogeneity between the studies. 
The χ2 test on Cochrane’s Q statistic was used to as-
sess the statistical heterogeneity16, which was quanti-
fied by calculating the I2 value17. If I2 was < 50% and 
the p value for the heterogeneity test was ≥ 0.1, the 
studies were considered homogenous, and a fixed-
effects meta-analysis was used to estimate the poten-
tially related factors for PAH; otherwise, a random-ef-
fects meta-analysis was undertaken18. In general, I2 
values > 60–70% indicate the presence of substantial 
heterogeneity. If the included studies were too hetero-
geneous to be pooled together, we summarized their 
findings in a narrative form. Subgroup analyses were 
conducted to assess variations in the prevalence of 
PAH across different age groups and individual with 
different immune status. We could not perform meta-
regression analyses to assess the potential effect of 
study-level covariates on the pooled estimate because 
of the insufficient number of studies (< 10 studies for 
each variable). A p < 0.05 was considered indicative 
of statistically significant publication bias. Data were 
analyzed using Stata15.1 for Windows (Stata Corp, 
Texas, USA).

Results

Study selection

Applying the search strategy, 413 papers were 
found. Of these, 38 full-text articles were assessed for 
eligibility, and finally, 10 articles were included for the 
qualitative synthesis. Overall, 28 studies were exclud-
ed after screening for the full-text (15 studies did not 
provide stratified statistics of factors associated with 
PAH; 6 studies were performed in children with HIV 
infection; 4 studies were excluded because of unclear 
diagnostic criteria for PAH and 3 studies merely com-
pared the PLWH and healthy controls). Finally, 10 stud-
ies were included, of which 7 were cross-sectional 
studies, 2 were prospective cohort trials, and 1 was a 
retrospective study. The full screening process is rep-
resented according to the PRISMA protocol in the flow-
chart of figure 1.

Methodological quality  
of included studies

Among the studies included in the meta-analysis, 
6  (60%) and 4  (40%) studies were categorized as 

having a low and moderate risk of bias, respectively; 
None of the studies were found to have a high risk of 
bias (Supplementary Table 1).

Study characteristics

Overall, 10 studies comprising 5968 PLWH (includ-
ing 1046 patients with PAH) were included. In total, 
6, 2, and 2 studies were from Europe6,19-23, Africa24,25 
and America, respectively7,26. Most studies were 
cross-sectional. General descriptive study data, 
along with HIV-cohort specific data, are presented in 
supplementary table 1. The mean age at entry of the 
participants was 50 years (range, 40-57 years). The 
proportion of males included in the studies was 76% 
(range, 27-98%). The mean duration from diagnosis 
of HIV infection was 117.2  months (range, 93-
228 months), The percentage of people exposed to 
ART was 73% (range, 54-100%). The mean CD4 
count was 506 cells/μL (range, 400-587 cells/μL). In 
all studies, PAH was diagnosed through transtho-
racic echocardiography (TTE), except in the study 
conducted by Sibton et al., which defined PAH as 
pulmonary arterial systolic pressure (PASP) > 
30  mmHg and confirmed diagnosis through RHC. 
Overall, 5, 3, and 1 studies defined PAH as PASP 
estimated by TTE ≥ 35 mmHg19,21,22,24,25, > 
40 mmHg6,7,26, and > 30 mmHg, respectively, as es-
timated through TTE20,23. The prevalence of PAH es-
timated by TTE across the studies ranged from 2.6% 
to 27.6%6,7,19,21-24,26, whereas the incidence of PAH in 
the study by Sibton et al. was 0.46%20. Overall, 5 
studies excluded patients with secondary PAH 
(chronic obstructive pulmonary disease, interstitial 
lung disease, chronic thrombo embolic disease, left 
ventricular dysfunction, and anemia)6,7,20,21,25,26. San-
gal et al. exclusively included patients coinfected 
with hepatitis C virus (HCV)26. Sibton et al. included 
only patients with symptoms of dyspnea20. Inclusion 
and exclusion criteria of the study population and 
PAH definition varied across studies, leading to high 
clinical heterogeneity.

Meta-analysis of the factors associated 
with PAH

As shown in forest plots, individuals with PAH had high 
mean age (weighted mean difference [WMD]  =  2.27, 
95% confidence interval [CI] 0.31 ~ 4.24, p  =  0.023, 
Fig. 2A) and low mean CD4+ T cell counts (WMD = −95.80, 
95% CI −153.41 ~ −38.20, p = 0.001, Fig. 2B). Mean-
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while, these individuals were more likely to have a de-
tectable viral load (odds ratio [OR] = 1.36, 95% CI 1.16 
~ 1.60, p < 0.001, Fig. 3A), to accompany arterial hyper-
tension (OR = 2.02, 95% CI 1.51 ~ 2.71, p < 0.001, 
Fig. 3B) and less likely to receive ART (OR = 0.84, 95% 
CI 0.72 ~ 0.99, p = 0.038, Fig.  3C). In addition, more 
intravenous drug users (IVDUs) were found in PLWH with 
PAH (OR = 2.25, 95% CI 1.51 ~ 3.33, p < 0.001, Fig. 3D).

The duration of HIV infection was not associated 
with PAH (WMD = −6.77, 95% CI −22.88 ~ 9.35, p 

= 0.411, Fig. 2C). The proportion of men (OR = 1.50, 
95%CI 0.84 ~ 2.69, p = 0.169, Fig. 3E) and smoking 
history did not significantly differ between the pa-
tients with and without PAH (OR = 0.95, 95% CI 0.51 
~ 1.76, p = 0.870, Fig. 3F). However, significant het-
erogeneity was observed between the included 
studies (I2  =  76.7%) when we conducted a meta-
analysis of males, suggesting that our result was not 
robust. Therefore, the results should be interpreted 
with caution.

Figure 1. The PRISMA flow diagram of full screening and selection process.
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Figure 2. Forest plot of meta-analysis for A: the age, B: CD4 cell counts, and C: duration of HIV infection in PLWH. PLWH: people living 
with HIV; 95% CI: 95% confidence interval.
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In addition, we conducted the subgroup analysis for 
mean age and mean CD4 cell counts. We grouped the 
studies by different mean age (group a: ≤ 45-years-old 
group and group b: > 45-years-old-group). Patients 
with PAH were significantly older in the > 45-year-old 
group than patients without PAH (WMD = 2.63, 95% CI 
0.09 ~ 5.17, p = 0.042) but we did not observe the 
same outcome in the ≤ 45-year-old group 
(WMD = 1.47, 95% CI −3.5 ~ 6.44, p = 0.042, Fig. 4). 
Then we grouped the studies by different mean CD4 
cell counts (group a: ≥ 500 cells/μL group and group 
b: < 500 cells/μL group). Patients with PAH had lower  
CD4 cell counts in the < 500 cells/μL group than pa-

tients without PAH (WMD = −126.31, 95% CI −193.57 
~ −59.05, p < 0.001) but we did not observe the same 
outcome in the ≥ 500 cells/μL group (WMD = −22.77, 
95% CI −115.90 ~ 70.37, p = 0.632, Fig. 5).

In addition to the aforementioned factors, the preva-
lence of some factors associated with PAH and HIV-
related data reported in each study by PAH status are 
presented in Supplementary table  2. Most of the in-
cluded studies reported no significant difference in ART 
duration, MSM, dyslipidemia, African descent and HCV 
infection between patients with and without PAH6,7,19-

21,23,25,26. Only the study by Sliwa et al., conducted in 
South Africa, reported higher proportion of African de-

Figure 3. Forest plot of meta-analysis for the prevalence of A: detectable viral load, B: arterial hypertension, C: ART using, D: IVDUs, E: 
male gender, and F: smoking history in PLWH. ART: antiretroviral therapy; IVDUs: intravenous drug users; 95%CI: 95% confidence interval.
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scent among patients with PAH (97% vs. 86%, p < 
0.001)24. Schwarze  -  Zander et al. reported that the 
percentages of MSM in the PAH group was low23.

Discussion

At present, patients with HIV infection live longer 
because of the availability of effective ART. However, 
the cardiovascular risk of morbidity and death increas-
es with a longer survival. In cases of HIV-related PAH, 
a relatively rare cardiovascular disease, survival is usu-
ally determined by pulmonary vascular disease and 
concomitant right heart failure27. TTE is an non-invasive 
technique, which is easy to perform, and it provides 
useful information about the possible presence of PAH 
and the right ventricular function. However, TTE is not 
routinely used to screen asymptomatic individuals with 
HIV infection. At present, no established guidelines are 
available for TTE screening in patients wih HIV infec-
tion. Most of the patients with HIV and PAH are diag-
nosed in the final stages of the disease when the right 
ventricle exhibits irreversible damage28.

Moreover, the prognosis of HIV-positive patients is 
worse than that of HIV-negative patients, probably be-
cause of additional factors that can alter the clinical 

course and survival27,29,30. The early diagnosis of PAH 
is thus highly warranted. Therefore, we conducted the 
present meta-analysis and systematic review to sum-
marize 10 studies examining potential predictive fac-
tors for PAH in the context of HIV infection to obtain 
evidence for the influence of HIV infection itself, ART 
and traditional factors on PAH.

When analyzing the immunovirological status and 
ART as the contributors of PAH, we found that the cu-
mulative duration of HIV infection was not a significant 
factor. The patients having PAH were less likely to re-
ceive ART to achieve viral suppression or complete 
immune reconstruction. Other studies have reported 
that the occurrence of PAH was not related to the dura-
tion of HIV infection, reflecting the fact that HIV-related 
PAH can occur in any stages of HIV infection19-21,23,25,26.

Some studies have indicated pulmonary hemody-
namic improvements in patients receiving ART. By 
contrast, several other studies have demonstrated no 
reduction in the prevalence of HIV-related PAH in pa-
tients with effective ART and no observed difference 
between patients with or without PAH in the duration 
of ART. These observations suggest that ART does not 
exert a dramatic impact on the prevention of HIV-relat-
ed PAH. Moreover, it has been reported that ART can 

Figure 4. Forest plot of subgroup analysis for different mean age (group a: ≤ 45 years old, group b: > 45 years old).
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induce endothelial dysfunction in the in vitro and ani-
mal models, resulting in increased endothelin-1 pro-
duction and endothelial proliferation and thus poten-
tially contributing to or exacerbating underlying 
HIV-related PAH31,32. Nevertheless, our analysis sug-
gested that people exposed to ART have a decreased 
risk of PAH, reflecting the fact that the risk of HIV-re-
lated PAH can be lowered by reducing chronic inflam-
mation and viral suppression could not be overtaken 
by the consequences of ART-induced cardiovascular 
toxicity.

Previous studies have reported no statistically sig-
nificant differences in CD4 cell counts between pa-
tients with and without PAH33. However, Sibton et al. 
found that the proportion of patients with a CD4 cell 
counts < 200/mm3 was significantly higher among 
those having PAH20. Morris et al. demonstrated that 
the patients with an elevated tricuspid regurgitant 
jet velocity were more likely to have lower CD4 
counts and higher HIV-RNA levels34. Our analysis 
suggested that PLWH with PAH were more likely to 
have lower CD4 cell counts in < 500 cells/L group. 
However, no significant difference was found be-

tween patients with and without PAH in the CD4 cell 
count ≥ 500 cells/μL group (WMD = −22.77, 95% CI 
−115.90 ~ 70.37, p = 0.632). This finding suggested 
that PAH is probably related to the degree of im-
mune reconstitution, and those who achieve com-
plete immune reconstitution are less likely to de-
velop PAH.

Overall, 5 studies reported the proportion of pa-
tients with detectable viral load by PAH status. In 
these studies, 72-94% of patients received ART, and 
the mean ART duration ranged from 120 to 156 months. 
We found that the OR of PAH for PLWH with detect-
able viral load was 1.36  (95% CI 1.16 ~ 1.60, p < 
0.001), which suggested that in the cohorts having 
received ART widely, HIV-positive people with detect-
able viral load were more likely to develop PAH than 
those with suppressed viral load. To data, no evi-
dence of direct infection of vascular endothelium with 
HIV is available35. Kanmogne et al. reported that HIV-
1 gp120 proteins could induce apoptosis and injury 
in primary human lung microvascular endothelial 
cells10. A  study conducted by Almodovar et al. re-
ported that Nef sequences from HIV-related PAH in-

Figure 5. Forest plot of subgroup analysis for different CD4 cell counts (group a: ≥ 500 cells/μL, group b: < 500 cells/μL).

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
22



Liu et al.: Factors of PAH among HIV-infected adults

67

dividuals displayed polymorphisms, which was not 
impacted by ART and the duration of HIV infection in 
functional domains11.

In addition, it is suggested that IVDU plays a vital 
role in PAH. In most of the included studies, the per-
centage of patients with a history of IVDU was higher 
in the PAH group than in the non-PAH group. In addi-
tion, other studies have found a high prevalence of 
PAH in patients who acquired HIV infection by 
IVDU20,21,26,30,36, which is consistent with our result 
(OR = 2.25, 95% CI 1.51 ~ 3.33, p < 0.001). In total, 
8-64% of PAH cases were reported in individuals who 
also used intravenous drugs19,20,37. Dalvi et al. demon-
strated that cocaine and opioid use contributed to en-
hance HIV-1-related pulmonary vascular remodeling 
by autopsy of patients with HIV38. In addition, the au-
thors found that cocaine and the HIV protein Tat dis-
rupted tight junction protein and induced related en-
dothelial dysfunction in vitro via the ROS-dependent 
Ras/ERK signaling pathway39.

The risk of PAH occurrence in patients with HIV is 
influenced both by specific features of this disease and 
by traditional cardiovascular factors. As shown in pre-
vious studies, left ventricular diastolic dysfunction is 
increased in HIV-positive individuals, which is consis-
tent with the report suggesting that left heart disease 
is one of the most common causes of elevated 
PASP22,40,41. The primary risk factor for diastolic dys-
function is arterial hypertension, and this factor is as-
sociated with the presence of echocardiographic 
PAH42. Consistent with this observation, the prevalence 
of arterial hypertension appeared to be higher in HIV-
positive individuals with PAH in our study (OR = 2.02, 
95% CI 1.51 ~ 2.71, p < 0.001).

HIV-related PAH is more frequently seen in male 
patients, with a ratio of 1.5:1, in contrast to primary 
PAH, which is more common in women27,28,43. In addi-
tion, patients with PAH tended to be older than those 
without PAH. In the further subgroup analysis, patients 
with PAH tended to be older in the > 45-year-old group 
but we did not observe the same outcome in the ≤ 
45-year-old group. This finding suggested that PAH is 
more likely to occur in the senior patients, especially 
in the middle- and old-age populations.

The exact mechanism by which smoking increases 
the risk of cardiovascular events in HIV-positive pa-
tients has not been determined to data27,28,44. Endothe-
lial damage appears to be the cornerstone of heart 
disease in HIV45. However, in our study, no association 
of smoking with the presence of PAH was observed 
(OR = 0.95, 95% CI 0.51 ~ 1.76, p = 0.870). In addi-

tion, African descent and other common traditional risk 
factors for cardiovascular diseases, such as hyperlip-
idemia, diabetes, and HCV coinfection, had no notice-
able contribution to PAH6,7,21,26.

There are several limitations in study. Above all, the 
imperfect correlation between Doppler PASP estimates 
and invasive hemodynamics may have lead to the 
misclassification of PAH states, especially overestimat-
ing the incidence of PAH. Unfortunately, hemodynam-
ic data in the HIV-positive population are limited. Sec-
ondly, because of the characteristics of a 
cross-sectional study, the HIV-associated PAH could 
not be distinguished from PAH developed before the 
diagnosis of HIV. Thirdly, the heterogeneity among 
studies may have affected the robustness of our re-
sults. Finally, as reported by Freyhaus et al., asymp-
tomatic HIV-positive individuals with mildly elevated 
PASP illustrated no progress after 2  years22. Most of 
the included studies did not consider the clinical end-
points of PAH but focussed only at the functional 
changes in the heart.

Conclusion

Despite the aforementioned limitations, to the best of 
our knowledge, this study is the first to provide com-
prehensive and precise estimates for quantifying the 
associations of specific features of HIV infection and 
traditional risk factors for cardiovascular diseases with 
PAH in PLWH. This meta-analysis illustrated that the 
unsatisfactory immunovirological status, intravenous 
drug use, older age, and arterial hypertension were 
associated with increased PAH prevalence. We stress 
the protective role of ART in preventing PAH and sug-
gest screening and monitoring for PAH in the high risk 
population.

Supplementary data 

Supplementary data are available at DOI: 10.24875/
AIDSRev.21000056. These data are provided by the 
corresponding author and published online for the 
benefit of the reader. The contents of supplementary 
data are the sole responsibility of the authors.
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