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Abstract

Background: Human Immunodeficiency Virus (HIV) infection continues to be a major global public health
burden and a risk factor for developing pulmonary arterial hypertension (PAH). Africa carries the largest
burden of HIV globally. However, data summarizing the epidemiology of PAH remains unclear. The lungs are
often affected by disorders associated with HIV-infection. HIV-infected individuals are at an increased risk of
developing PAH and dying from the condition compared to the general population. This study aims to
determine the prevalence of PAH, and the risk factors associated with it in individuals living with HIV in a
healthcare facility in Durban between 2022 and 2023.

Methods: This retrospective study utilized secondary data from medical records. The study was conducted in a
tertiary hospital in Durban using existing data from 2022 to 2023. PAH was identified through trans-thoracic
echocardiography in individuals living with HIV-infected individuals with or without symptoms. The
population of interest for this study was individuals living with HIV who are attending the Echocardiography
laboratory for regular follow-ups. The sample size used for this study was 300. Data were collected from the
trans-thoracic echocardiography reports and clinical charts between 1 January 2022 and 31 December 2023.

Statistical Package for the Social Sciences (SPSS) software version 28 was used to analyse the study data.

Ethics approval to conduct this study was sought from the University of the Western Cape’s Biomedical
Research Ethics Committee (BMREC) (ref: BM23/9/14), while permission to use the facility was sought from
the Kwa-Zulu Natal (KZN) Department of Health (ref: KZ _202401_008) and the hospital’s management team.

Results: The prevalence of HIV-related PAH was found to be 62.7%. Most individuals enrolled in the study
were females (62.4%), and a large proportion were aged 40—49 years. Approximately 66.9% of males had HIV-
related PAH, and only 60.2% of females were diagnosed with the PAH. About 73.2% of the individuals aged
between 60 years and above had HIV-related PAH and only 60% of individuals aged between 18 and 29 years
did not have HIV-related PAH. The majority of individuals enrolled in the study did not have risk factors
associated with the development of HIV-related PAH; however, the most common risk factors among these
individuals were Tuberculosis (TB) and smoking. Moreover, the risk of PAH seems to increase in the context of
HIV and TB coinfection. The least common risk factors included congenital heart disease (CHD), chronic

obstructive pulmonary disease (COPD), pulmonary oedema, and thrombus.

Conclusion: HIV should be considered a significant risk factor for developing PAH because of the
susceptibility of individuals living with HIV as compared to the general population. The pathogenesis of HIV-
related PAH is still unknown; therefore, there is a need for future studies to determine the pathogenesis of the
disease. Individuals who have a co-infection of HIV and TB are at a much higher risk, and they need to be
referred for screening promptly. The KZN Department of Health (DoH) lacks the resources necessary to
diagnosis PAH, and most clinical settings, including the hospital where this research was conducted, have TTE



as a diagnostic tool. This makes it difficult to adequately estimate the prevalence of PAH in individuals living
with HIV who are at risk of developing PAH. This study highlights the importance of regular screening for PAH
in HIV-infected individuals to improve prognosis. Furthermore, awareness about the disease in individuals

living with HIV needs to be increased.

Keywords: Pulmonary arterial hypertension, pulmonary arterial pressure, trans-thoracic echocardiography,
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Chapter 1: Background

1.1 Introduction

Approximately 38.4 million people were reported to have Human Immunodeficiency Virus (HIV) in 2021
globally, and it continues to be a public health concern. Africa remains the most severely affected region with
approximately 1 in every 25 adults (3.4%) living with HIV, accounting for more than two-thirds of individuals
living with the virus globally (WHO, 2022). An estimated 8.5 million people in South Africa (SA) live with
HIV, making SA one of the countries with the most significant number of people enrolled on anti-retroviral
therapies (ARTSs) globally (Chabalala, 2022). Kwa-Zulu Natal (KZN) remains the province that has the highest
prevalence of HIV among adults in SA, accounting for 18.1% and the highest HIV prevalence among pregnant

women (Khumalo et al., 2022).

Despite Africa, including South Africa (SA), being the most severely affected by HIV cases in the World
Health Organization (WHO) region, there is inadequate research on the prevalence of HIV-related pulmonary
arterial hypertension (PAH), making data on this issue very limited (Bigna et al., 2016). Evidence of HIV-
related PAH diagnosed by trans-thoracic echocardiography was between 0.6% and 5% in Nigeria, Burkina
Faso, and Zimbabwe (Dzudie et al., 2020). A study conducted in a cardiac clinic in Soweto, Johannesburg,
showed an incidence of 8.1% HIV-related PAH among 518 of 5328 de novo heart disease cases identified as
HIV-positive (Silwa et al., 2012). A study conducted later at Groote Schuur Hospital, Cape Town, looked at
PAH in all the patients, and more than a fifth of these individuals were HIVV-positive, with only nine presenting
with HIV-associated PAH (Williams et al., 2018). There is currently no data on the prevalence of HIV-related
PAH in KwaZulu-Natal (KZN).

PAH is defined as a mean pulmonary arterial pressure (PAP) of more than 25 millimeters of mercury (mmHg)
at rest and above 30 mmHg during exercise (Schwab, 2022). It is a progressive disease resulting from chronic
obstruction of pulmonary arteries, which leads to right-ventricular failure (RVF) and mortality if left untreated
(Araujo et al., 2014). HIV-related PAH was under-diagnosed before the implementation of highly active
antiretroviral therapy (HAART) because patients had a short survival rate, which was caused by opportunistic
infections, and its diagnosis emerged after the introduction of ART (Araujo et al., 2014). There is a well-
established association between HIV and PAH, and individuals living with HIV have a higher incidence of
developing PAH with an almost 2500-fold higher risk compared to individuals without HIV (Lin et al., 2022).

PAH affects people of all ages, including children. However, its risk increases with age. PAH, in its various
forms, affects 1% of the population globally, and up to 10% of individuals aged 65 and above (Lin et al., 2022).
The prevalence of PAH in HIV-infected individuals in developed countries is estimated at 0.5% and 6% in

studies using cardiac catheterisation and echocardiography respectively (Huluka et al., 2020).



A Swiss HIV Cohort study conducted in America showed that the mortality rate in individuals living with HIV
with PAH is high compared to individuals living with HIV without PAH, and half of these mortalities were
related to cardiopulmonary complications, including right ventricular failure and sudden death (Almodovar et
al., 2010). It is not well understood what the cause of PAH in HIV is, however, it is believed to be because of
HIV-related proteins that target the pulmonary endothelium and promote inflammation, endothelin secretion,
and down-regulation of bone morphogenetic protein receptor type 2 (BMPR2). These proteins include
transcriptional trans-activator (TAT), Negative factor (NEF), and Gp120 (Huluka et al., 2020). Despite the
work being done, there is still limited data on HIV-related PAH especially in resource-limited settings.

1.2 Problem statement

HIV increases the risk of developing chronic cardiovascular and pulmonary diseases and is a major public
health concern (Bloomfield et al. 2014). The prevalence of HIV-related PAH in KZN remains unclear since
there are insufficient studies published on the issue. There is inadequate screening for PAH due to poor
screening practices and a limited number of studies conducted to determine its prevalence in individuals living
with HIV. Early detection is essential in diagnosing PAH, and clinical interventions are needed before the
quality of life is compromised. According to L Huillier et al. (2015), regular screening is recommended
because the prognosis is better when PAH is diagnosed at an early stage. The development of PAH in
individuals living with HIV reduces the probability of survival by half compared to individuals living with HIV
without PAH (Bigna, Sime & Koulla-Shiro, 2015). This study, therefore, seeks to determine the prevalence and
risk factors contributing to the development of HIV-related PAH in KZN because there is limited data.

1.3 Purpose

The purpose of the study was to provide knowledge on the prevalence and risk factors associated with PAH in
HIV-infected individuals since the occurrence of non-communicable diseases, including PAH is increasing in
these individuals. Knowledge acquired from the research study could be used by the Department of Health
(DoH) to develop appropriate interventions that can be used to facilitate early diagnosis and management of
PAH in HIV-infected individuals. The findings of this study can inform public awareness and national strategic
plans and improve the prognosis among individuals living with HIV (PLHIV).

Research question

The research question is: What is the prevalence and risk factors associated with pulmonary arterial
hypertension (PAH) among individuals living with HIV in a tertiary hospital in Durban?

1.5 Aim and objectives

Aim:



The study aims to determine the prevalence of PAH and risk factors associated with PAH in individuals living
with HIV in a tertiary hospital in Durban between 2022 and 2023.

Objectives:

(i)  To determine the prevalence of HIV-related PAH among individuals attending the Echocardiography

laboratory;
(i) To determine the severity of PAH in individuals living with HIV.
(iii)  To determine the risk factors associated with HIV-related PAH.
1.6 Outline of Chapters

Chapter 1 provides the background of the study and introduces the topic. It outlines the problem statement and

the study’s purpose. It then presents the research question, the aim and the objectives.

Chapter 2 consists of a critical review of the literature on HIV-related PAH. It assesses what previous and
current research says about the topic. It also assesses whether the literature is lacking or well established, and

whether it is divided or in disagreement.

Chapter 3 gives a breakdown of the methodology used in the study. It describes the study setting where the
research was conducted. It addresses how the researcher intends to conduct the research and justifies the choice

of certain study design. It also presents the data-collection process and analysis used in the study.

Chapter 4 describes and presents the data collected in graphs and tables. In this chapter, the researcher presents

the results of the data analysis, including demographic data, descriptive and inferential statistics.

Chapter 5 interprets the results from Chapter 4 in relation to the study's research question. It discusses the

study’s limitations.

Chapter 6 is the conclusion, which attempts to answer the original research question and recommendations by

the researcher.

In the next chapter, the literature pertaining to this study is reviewed.



Chapter 2: Literature Review

This chapter is a critical review of the existing literature on human immunodeficiency virus (HIV)-related
Pulmonary Arterial Hypertension (PAH). It examines both older and recent research on the topic. Moreover,

this section presents numerous viewpoints on HIV-related PAH from a variety of researchers.
2.1 Pathogenesis of HIV-related PAH

PAH is a rare and unbearable chronic lung disease characterised by increased pulmonary vascular resistance
(PVR) and non-specific symptoms including dyspnoea during exertion, fatigue, chest pain and light-headedness
(Schlueter et al., 2020). The three major processes that characterise the pathogenesis of PAH include
vasoconstriction, vascular remodelling and micro-thrombotic events (Bigna, Sime & Koulla-Shiro, 2015). The
role of HIV-infection in the pathogenesis of HIV-PAH is unconfirmed; however, it is believed that the virus
plays an indirect role in the development of HIV-related PAH in patients who are susceptible because of the
production of mediators such as cytokines, growth factors or vasoconstrictors such as endothelin 1 (ET-1)
(Humbert, 2008). According to Lederman et al., (2008), HIV-related PAH has similar histopathological
findings as those seen in idiopathic PAH. The pathogenesis of HIV-related PAH is complex and is thought to
result from the interaction between multiple modulating genes with environmental factors (Bigna, Sime &
Koulla-Shiro, 2015). The viral proteins transcriptional trans-activator (TAT) and negative factor (NEF) have
been shown to contribute to endothelial dysfunction and increased inflammation by activating adhesion
molecules and producing inflammatory chemokines, independent of virus production (Almodovar et al., 2010).
Anand, Rachel & Parthasarathy (2018), suggested that TAT has a role in HIV-related PAH when opioids are

present, along with morphine, to induce autophagy in pulmonary endothelial cells.
2.2 Clinical presentation of PAH

The histological manifestations in individuals with HIV-related PAH are indistinguishable from those of
individuals with idiopathic PAH and present with nonspecific and often insidious symptoms. However, the time
interval between the onset of symptoms and diagnosis is much shorter (six months) in individuals living with
HIV compared to those with idiopathic PAH. This contributes to the delay in the diagnosis because these
nonspecific symptoms are usually attributed to HIV-infection or other common complications of HIV-infection
(Basyal, Jarrett & Barnett, 2019).

The diagnosis of HIV-related PAH can occur at any stage of HIV-infection, both early and late stages (Hon,
Alpizar-Rivas & Farber, 2022). Individuals suspected of having HIV-related PAH have the same clinical
presentation as those encountered in other forms of PAH, even though data suggest a greater inflammatory
component in the HIV-related form (Degano, Sitbon & Simonneau, 2009). These individuals typically present
with progressive subacute dyspnoea and intermittently with a non-productive cough. These symptoms may

include pedal oedema, fatigue, syncope or near-syncope, and chest pain as the disease progresses with right



ventricular involvement (Almodovar et al., 2010). The most common symptom of HIV-related PAH is right
ventricular dysfunction, which manifests with exercise intolerance (Hon, Alpizar-Rivas & Farber, 2022).
Physical examination is crucial in determining problems in the pulmonary circulation. An auscultation of the
pulmonic sound (P2) may be heard in early manifestation, but as the disease progresses and the right ventricle
(RV) enlarges, the tricuspid valve (TV) becomes incompetent. Moreover, a holosystolic murmur suggestive of

tricuspid regurgitation (TR) is audible in the left and right sternal borders (Mirrakhimov et al., 2013).
2.3 Screening and Diagnosis of PAH

HIV-related PAH may be detected via chest radiographs, computerised tomography (CT) scans, pulmonary
function tests (PFTs) or electrocardiograms (ECGSs), but Trans-thoracic echocardiography (TTE) is the most
useful screening test to identify candidates that qualify for right heart catheterisation (Almodovar et al., 2010).
Chest radiographs and chest CT scans can exclude prominence of the central pulmonary arteries together with
right ventricular (RV) and right atrial (RA) enlargement (Mirrakhimov et al., 2013). Pulmonary Function Tests
(PFTSs) are mostly important in excluding other causes of PAH including chronic obstructive pulmonary disease
and interstitial lung diseases (Mirrakhimov et al., 2013). A mild restrictive pattern with a decreased diffusing
capacity for carbon monoxide may be seen in a PFT. ECG findings include right ventricular hypertrophy
(RVH), right axis deviation, right bundle branch block (RBBB), and right atrium (RA) enlargement.

According to Cicalini et al. (2011), ECGs have insufficient sensitivity (55%) and specificity (70%), and
therefore should not be considered as a diagnostic tool for significant PAH. This further shows that a normal
ECG does not exclude the presence of severe PAH. Right heart catheterisation, which is the gold standard
diagnostic tool, may detect a mean pulmonary artery pressure greater than 25 mmHg at rest in the setting of a
normal pulmonary capillary wedge pressure (< 15 mmHg) (Almodovar et al., 2010). Trans-thoracic
echocardiography may exclude dilatation of the right heart, a reduced RV systolic function, right ventricular
hypertrophy, TR with a detectable regurgitant jet, and in severe cases, there may be a paradoxical bulging of the
inter-ventricular septum during systole. Trans-thoracic echocardiography has a much higher sensitivity and
specificity for PAH than the ECG and chest X-ray; however, it may under- or over-estimate the degree of PAH,
which is also true for individuals with HIV-related PAH (Mirrakhimov et al., 2013).

Trans-thoracic echocardiography assessment is far from perfect for diagnosing PAH in HIV-infected and non-
infected individuals (Mirrakhimov et al., 2013). Several smaller cohort studies have demonstrated prevalence
rates of HIV-related PAH to be between 2.6% and 14% using echocardiography. However, the assessment of
prevalence is unreliable due to the observational design of these studies and the limitations of echocardiography
in diagnosing PAH (Mahajan et al., 2024). A study conducted in San Francisco by Selby et al. (2012) showed
that echocardiography-estimated pulmonary artery systolic pressure (PASP) was inaccurate in approximately
20% of the cases compared with PASP measured with right heart catheterisation in individuals living with HIV.
The prevalence of HIV-related PAH diagnosed by echocardiography before the implementation of HAART was
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approximately 0.5%. However, a large prospective study conducted in France in 2008 during the HAART era

showed a similar prevalence (Huluka et al., 2020).
2.4 Prevalence of HIV-related PAH

PAH in individuals living with HIV can develop at any stage, irrespective of the degree of immunosuppression,
and can lead to remodelling and stiffening of the pulmonary arteries. The first case of PAH in an individual
living with HIV was reported in 1987, and, ever since, more attention has been paid to HIV’s pathogenic role
and the clinical manifestations of PAH in individuals living with HIV (Cicalini et al., 2011). The prevalence of
PAH among individuals living with HIV was 8.3% (95% CI: 4.6 — 12.8. 22 studies) and 14.0% (95% CI: 2.2 —
33.1, 2 studies) among adolescents globally (Bigna, Nansseu & Noubiap, 2019). Africa reported a prevalence of
PAH among individuals living with HIV to be between 5% and 13%. This showed a very high prevalence

compared to those in developed countries and the general population (Bigna, Sime & Koulla-Shiro, 2015).

The prevalence of HIV-related PAH has most likely remained under-estimated in underdeveloped countries due
to poor screening practices (Simenauer, Nozik-Grayck & Cota-Gomez, 2020). HIV-related PAH was also
confirmed to be underestimated in a study of 196 individuals in Spain who did not report any respiratory or
cardiac complaints (Isasti et al., 2013). A cross-sectional study conducted in South Africa (SA) among 518
individuals living with HIV reported a prevalence of 8% (Silwa et al., 2012). However, there is missing data on
the prevalence of PAH among HIV-infected individuals in KZN and Durban.

Bigna et al. (2016) argues that an increase in the prevalence of HIV-related PAH in low—middle income
countries (LMICs) is a result of poor access to healthcare services necessary for early diagnosis and
management of HIV-infection. The prevalence of PAH in individuals living with HIV in developed countries
was reported to be 0.5% (Isasti et al., 2013). A study by Quezada et al. (2012) in an HIV clinic in Madrid,
Spain, showed a prevalence of 10%, which was high compared to previous studies. One reason for this high
prevalence could have been that the authors included an analysis of both symptomatic and asymptomatic

individuals. In contrast, most studies only include individuals with PAH symptoms.

The high prevalence in PAH could be attributed to some studies excluding individuals with secondary PAH,
which may be due to chronic obstructive pulmonary disease (COPD), previous infection with pneumocystis
jiroveci or cytomegalovirus, left ventricular dysfunction, anaemia and so forth (Quezada et al., 2012).

Additionally, it remains unclear whether the prevalence of PAH in individuals living with HIV has remained

the same since the initiation of anti-retroviral therapy (ART) (Thienemann et al., 2022).

There has been an increase in the prevalence of HIV-related PAH in studies published recently. These studies
include a cross-sectional study that was conducted by Mahajan, Barjatya et al. (2024) among 150 individuals
living with HIV who received first-line ART with no previous history of cardiopulmonary disease which

reported a prevalence of 8.0%. This showed similar results to studies conducted by (Bigna, Nansseu & Noubiap
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(2019); Scwarze-Zander et al., 2015) which determined HIV-related PAH of 8.3% and 6.1% respectively A
more recent study conducted by Denu et al. (2024) determined a prevalence of 17.4% among 362 individuals
living with HIV, which is similar to the prevalence determined in a study by Harimenshi et al. (2022) in a study
conducted among 1250 individuals living with HIV. A study conducted among 150 individuals in a medical
college and hospital in India reported a prevalence of 8% of HIV-related PAH, which is significantly higher

than the known global prevalence (Mahajan et al., 2024).
2.5 Risk factors of HIV-related PAH

Infectious diseases play a crucial role in the development of pulmonary vascular disorders, including PAH,
especially in developing countries (Butrous, 2025). Congenital heart disease, infectious diseases including
schistosomiasis HIV, and high altitude increase the risk of PAH in developing countries (Manek & Bhardwaj,
2024). Lan et al. (2018) states that drugs, toxins, connective tissue disease (CTD) and certain infectious
diseases including HIV and schistosomiasis a risk factors for developing PAH. They further specified drugs and
toxins such as aminorex, fenfluramine, dexfenfluramine and selective serotonin reuptake inhibitors as definite
risk factors. Female gender, family history and genetic variants, especially bone morphogenetic protein receptor
type 2 (BMPRII) mutations are particularly associated with idiopathic PAH (Lan et al., 2018).

Individuals undergoing haemodialysis have several factors involved in the pathogenesis of pulmonary
hypertension, including uremic toxins, chronic inflammation, endothelial dysfunction, and mineral bone
disorders, malnutrition, and the phenomena of bio incompatibility (Faqgih et al., 2016). Rheumatic heart disease
is a significant cause of PAH, and congenital disease also significantly influences the development of
pulmonary vascular disease that can result into PAH (Butrous, 2025). Age was an independent significant risk
factor for developing PAH in a study conducted in Italy (Derchi et al., 2013).

A study conducted in India revealed that advanced gold stage, severe airflow limitation (FEC1 <50%),
prolonged history of smoking (>20 pack years), chronic hypoxia (SpO2 <90%), and elevated body mass index
(>30kg/m2) were key risk factors associated with the development of PAH (Vakil, Raval & Patel, 2025).
Another study conducted by Schiess et al. (2010) showed that the risk of PAH among men is increased by

exposure to tobacco smoke.

The risk of developing HIV-related PAH increases among individuals living with HIV who have a low CD4
cell count and high viral load; therefore, the primary goal should be to suppress the virus to lessen the burden of
HIV-related PAH (Duncan et al., 2021).

In a study conducted by Huluka et al. (2020) in Ethiopia, risk factors contributing to HIV-related PAH included
extended survival post-HIV diagnosis, gender female, smoking and associated diseases including COPD,
pulmonary tuberculosis treatment, uncontrolled viral infection (high viral load and low CD4 count) and current

use of protease inhibitors. Co-morbid infectious diseases with selected pathogens are risk factors for developing
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HIV-related PAH (Almodovar et al., 2010). Nunes et al. (2003) mentioned that some reports linked intravenous
drug use (IDU) as an independent risk factor for HIV-related PAH. According to Butrous (2015), the use of
illicit intravenous (1V) drugs such as opioids (heroin and morphine) increases the risk of contracting HIV and
increases susceptibility to the development of HIV-related PAH. However, clinically, 1V drug users with HIV-
related PAH were not different from individuals with HIV-related PAH who are not on 1V drugs (Degano et al.,
2010).

The average age of individuals living with HIV with PAH was 38 years in a Swiss HIV study and 41 years in a
French study, even though ranges can be between infancy and old age (Almodovar et al., 2010). There is not
enough data to determine the risk of developing HIV-related PAH in different age groups, even though the risk
increases with age. Mehta et al. (2000) reviewed 131 published cases of HIV-related PAH and of those cases,
53% were males with a mean age of 33 years at diagnosis, with an interval of 33 months between HIV
diagnosis and the diagnosis of HIV-related PAH. The incidence of PAH in the HIV-infected is commonly seen
in men compared to women with a ratio of 1.2:1 (Almodovar et al., 2010). However, a study conducted by
Quezada et al. (2012) showed that HIV-related PAH was commonly seen among women in this group. Several
studies show that men are more susceptible to developing HIV-related PAH. However, most of these studies are
small and there is no standardised unit of measurement for diagnosis, making it difficult to draw a conclusion

on the issue. Therefore, there is a need for further investigation into the gender differences in HIV-related PAH.
2.6 Severity of HIV-related PAH

The development of PAH in individuals living with HIV reduces their probability of surviving by half
compared to individuals living with HIV without PAH (Bigna et al., 2016). HIV-related PAH characterises one
of the most severe complications of HIV-infection, which often leads to mortality (Cicalini et al., 2011). There
is an increased mortality risk in individuals with HIV-related PAH due to cardiopulmonary complications such
as tight ventricular failure (RVF) or sudden death (Almodovar et al., 2010). Bigna et al. (2016) also confirm
that the most common causes of mortality among these individuals result from consequences of PAH, including
right heart failure (RHF), cardiogenic shock and sudden death.

Quezada et al. (2012) state that the prognosis of PAH in individuals living with HIV can be worsened by the
presence of other risk factors, which can alter the clinical course and survival compared to HIV-negative
patients. Poor prognosis was first witnessed in a study conducted among 19 individuals before the wide
implementation of highly active antiretroviral therapy (HAART), which showed that individuals who were
diagnosed with HIV-related PAH had poor outcomes and survival compared to those without HIV-related PAH
(Opravil et al., 1997).

Nunes et al. (2003) reported PAH as a direct cause of mortality in 72% of cases in a study conducted among 82

individuals. The survival rates of these individuals were 73%, 60% and 47% in years 1, 2 and 3, respectively.



Individuals in the New York Heart Association (NYHA) classes 111 to IV showed poor survival compared to
individuals with NYHA classes | to 11. Patients with CD4 counts greater than 212 cells mm3 who received
combination antiretroviral therapy (CART) and epoprostenol infusion had better survival (Nunes et al., 2003).
Little evidence suggests that the implementation of anti-retroviral therapy is sufficient to treat HIV-related
PAH; however, the prevalence of HIV-related PAH appears to be largely independent of the global
implementation of HAART. This shows that the efficacy of HAART in reducing the risk of HIV-related PAH

remains controversial (Simenauer, Nozik-Grayck & Cota-Gomez, 2020).

Individuals diagnosed with PAH which is left untreated are at risk of progressive heart failure and death. Recent
data from the United States suggests that in a period of one year, mortality for intermediate risk is as high as 8%
and 19% for high-risk patients, with a 3-year mortality rate of 20% and 55% for the same groups, respectively
(Manek & Bhardwaj, 2024).

HIV plays a crucial role in the pathogenesis of HIV-related PAH. Clinically, individuals living with or without
HIV present with the same symptoms of PAH; hence, it is vital that individuals are referred for early screening,
whether they have symptoms or not. The most common risk factors for HIV-related PAH include TB and
smoking. It has not been discovered which gender is mostly affected by HIV-related PAH, even though several
small studies reveal that males are more susceptible. The risk of mortality among individuals with HIV-related
PAH result from consequences including right heart failure, cardiogenic shock and sudden death. In the next

chapter, the methodology used for this study will be discussed.



Chapter 3: Methodology

This chapter breaks down the methodology used in the study. It sets out the study setting where the research
was conducted. It addresses how the researcher conducted the research study and justifies the choice of a

particular study design. It also presents the data collection process and analysis used in the study.

3.1 Research approach and study design

According to Rahman (2017), quantitative research is much broader since it involves a larger sample, allowing
results to be generalized across a broad group of people. The study aimed to determine the prevalence of
pulmonary arterial hypertension (PAH) and associated risk factors among a large group of individuals living

with the human immunodeficiency virus (HIV); therefore, a quantitative approach was suitable for this study.

A descriptive retrospective medical record review was used which was conducted using data from individuals
living with HIV attending a tertiary hospital in Durban who had trans-thoracic echocardiograms conducted
between January 2022 and December 2023. Descriptive retrospective studies can be a case series and cross-
sectional studies, which may be used to assist in establishing a relationship between the risk factors and
outcome (Talari & Goyal, 2020). The researcher chose a descriptive, retrospective approach because it is easier
to conduct and much cheaper than many others, as it relies solely on existing data (De Sanctis et al., 2022). This
type of study design allowed the researcher to formulate a hypothesis of HIV-related PAH and risk factors
associated with it. In addition, it assisted in investigating whether there is a relationship between the variables
under study.

3.2 Study setting

This study was conducted at a healthcare facility in Durban, and the data utilised were from the
Echocardiography laboratory. The researcher chose this institution because it is one of the largest tertiary-level
hospitals in South Africa (SA), with a total bed capacity of 852, which provides specialised referral services
throughout KZN and parts of the Eastern Cape (EC) province. The institution is based in an urban area in
Durban. It has a well-established HIV/AIDS Anti-Retroviral Therapy clinic run by ART-trained nurses and
doctors who specialise in infectious diseases. This clinic serves approximately 1200 patients who come for
ART initiation and follow-up throughout the province monthly. It also has an infectious disease clinic which
sees patients with HIV and other infectious diseases, including Tuberculosis (TB) on Tuesdays. It is one of the
few hospitals in Durban and the surrounding areas that offer trans-thoracic echocardiography. Moreover, it is
also a teaching facility for medical students from the University of KZN. Four highly trained Clinical

Technologists are providing trans-thoracic echocardiography in the hospital. Patients with features of PAH
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presenting from neighbouring hospitals within the referral network are seen at the hospital’s echocardiography

laboratory.

3.3 Study population and sampling

The population of interest for this study was individuals living with HIV who were 18 years and older. The
sample included individuals who underwent trans-thoracic echocardiography between January 2022 and
December 2023 at a tertiary hospital in Durban. The researcher chose this study period because the number of
individuals referred for trans-thoracic echocardiography had normalised post-COVID-19, allowing for a large
sample size. Moreover, although trans-thoracic echocardiography is not considered the gold standard for the
diagnosis of PAH, the department purchased a more advanced ultrasound machine towards the end of 2021,
which facilitated easier detection of tricuspid regurgitation (TR) in this population.

3.3.1 Inclusion criteria

The study included all individuals living with HIV, 18 years and older, registered at the HIV clinic who had
trans-thoracic echocardiograms performed between January 2022 and December 2023.

3.3.2 Exclusion criteria

The study excluded HIV-infected individuals above 18 years who are registered at the HIV treatment clinic
with an established PAH of known cause before 2022.

Given a population of approximately 1200 individuals living with HIV, attending the echocardiography
laboratory at the facility, and with a 95% confidence level and a margin of error of 0.5, the researcher used
Solvin’s formula [n = N/ (1 + Ne?)] to calculate the study’s sample size. The sample size required for this study
was 300; however, all HIV-infected individuals enrolled in ART who met the criteria were included to increase
the power of the study. The sample size for this research was 314 individuals who underwent trans-thoracic
echocardiography during the period specified.

3.4 Data collection

The data collection procedure used in this research study was a review of clinical charts and trans-thoracic
echocardiograms performed by the department’s cardiac technologists. Trans-thoracic echocardiography
modalities, including M-Mode, two-dimensional (2D) imaging, pulsed and continuous wave Doppler, and
colour flow Doppler, were used to exclude PAH. These reports, stored at the Echocardiography laboratory, had
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data confirming the diagnosis of PAH in individuals living with HIV. The variables collected from these reports
included the pulmonary arterial systolic pressure (PASP), which confirmed the diagnosis of PAH.

Additionally, clinical charts accessible from the file office were reviewed to collect data on risk factors
associated with the development of PAH in these individuals. The clinical charts included participants’
demographic data, such as age, gender, risk factors, and ART status. Echocardiography reports and clinical
charts with incomplete data were excluded from the data collection process. Data collected were entered into a
data extraction form (Appendix D) and assessed for discrepancies by the researcher and a colleague before
being transferred to a Microsoft Excel spreadsheet.

3.5 Data analysis

The data were prepared and analysed using IBM Statistical Package for the Social Sciences (IBM-SPSS) statistics
version 30.0. Descriptive statistics were performed to obtain frequencies and percentages for all records,
including socio-demographic information, risk factors, TR, and ART uptake. Descriptive statistics as well as a
Chi-square test were conducted to determine the prevalence of HIV-related PAH. A Chi-square test and logistic
regression were performed to test for the factors associated with HIV-related PAH, and the researcher conducted
a t-test to determine whether there are differences in the socio-demographics when it comes to PAS. A p-value <

0.05 was considered statistically significant.

3.6 Validity and Reliability

Trans-thoracic echocardiography utilises the Bernoulli equation to estimate PAH, and it is an acceptable
measure of PAH. However, PAH assessed through trans-thoracic echocardiography should be limited to
determining the probability of PAH rather than estimating pulmonary artery pressure (PAP) (Augustine et al.,
2018). To maintain validity, the researcher mentioned the presence of PAH in individuals living with HIV and

did not grade the PAP as this can only be accurately measured by right heart catheterisation (RHC).

The Clinical Technologists have been trained on how to assess for PAH, particularly in HIV-infected
individuals, to ensure reliability. This training was conducted through in-service training sessions and
cardiology workshops attended by these technologists. A Cardiologist verified the results of the trans-thoracic
echocardiograms. Data with missing variables were excluded from the study. The researcher also reassessed the

study results to verify reproducibility, thereby ensuring reliability.
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3.7 Ethics considerations

Ethics approval to conduct this study was sought from the University of the Western Cape’s Biomedical
Research Ethics Committee (BMREC) (ref: BM23/9/14), while permission to use the facility was sought from
the KZN DoH (ref: KZ 202401 008) and the hospital’s management team. Anonymity and confidentiality
were assured by assigning participants to unique study numbers. No personal data were used for this study.
Paper-based data were kept in a lockable cupboard accessible only to the researcher, and computer-based data
were protected with a password. The data will be stored for five years after the study is completed; after that, it

will be discarded.

In the next chapter, the findings and the results will be discussed.
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Chapter 4: Results

This chapter presents the results of the study based on 314 cases collected between January 2020 and December
2023. It describes the socio-demographic characteristics and factors contributing to HIV-related PAH. It also
utilises univariate logistic regression analysis to assess whether independent variables are associated with
dependent variable (HIV-related PAH).

4.1 Socio-demographic information, risk factors, tricuspid regurgitation, and uptake of ART

The analysis below shows the frequencies and percentages of the individuals attending the Echocardiography
laboratory’s socio-demographic information, risk factors, tricuspid regurgitation, and uptake of antiretroviral
therapy (ART).

Table 1: Participants’ socio-demographic, presence of risk factors and smoking (n = 314)

Characteristics Category Frequency (n) Percentage (%)

Age (in years) 18 — 29 35 11.1
30—-39 71 22.6
40 — 49 93 29.6
50-59 74 23.6
60 or older 41 13.1

Gender Male 118 37.6
Female 196 62.4

Behavioural risk factors

No risk factors No 104 333
Yes 208 66.7

Smoking No 302 96.8
Yes 10 3.2

A total of three hundred and fourteen (314) individuals were used in this study. Table 1 shows that the majority
of the individuals were female, 196 (62.4%), and that a large proportion, 93 (29.6%) were aged between 40 and
49 years.
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Table 2: Risk factors of HIV-related PAH

Risk factors
Cancer No 303 97.1
Yes 9 2.1
Tuberculosis (TB) No 245 87.5
Yes 67 21.5
Asthma No 306 98.1
Yes 6 1.9
Obesity No 310 99.4
Yes 2 0.6
Congenital heart disease No 311 99.7
Yes 1 0.3
Bullous lung disease No 311 99.7
Yes 1 0.3
Pneumonia No 305 97.8
Yes 7 2.2
Chronic obstructive pulmonary disease No 311 99.7
Yes 1 0.3
Pulmonary oedema No 311 99.7
Yes 1 0.3
Thrombus No 311 99.7
Yes 1 0.3

Most of the individuals, 303 (97.1%) did not have cancer; 208 (66.7%) had lipoid nephrosis (kidney disorder);
245 (78.5%) did not have tuberculosis (TB); and 306 (98.1%) were not asthmatic. Most of the individuals 310

(99.4%) were not obese; 302 (96.8%) did not have smoking habits; and 311 (99.7%) did not have congenital heart

disease. About 311 (99.7%) of the individuals did not have bullous lung disease; 305 (97.8%) did not have
pneumonia; 311 (99.7%) did not have chronic obstructive pulmonary disease; also 311 (99.7%) did not have

pulmonary oedema; and 311 (99.7%) did not have thrombus.
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Table 3: Tricuspid regurgitation and ART intake

Tricuspid regurgitation Doppler 54 17.2
detected
Free flowing 2 0.6
Mild 34 10.8
Mild—-Moderate 17 54
Moderate 18 5.7
Moderate— 9 2.9
severe
Moderate— 4 1.3
significant
None 63 20.1
Severe 14 4.5
Significant 1 0.3
Trace 37 11.8
Trivial 57 18.2
Trivial-mild 2 0.6
Unable to assess 2 0.6
ART No 34 11.1
Yes 271 88.9

Results in Table 3 also show that 57 (18.2%) individuals had trivial tricuspid regurgitation (TR) which is
common, harmless, and usually does not require any action or treatment (Antunes & Barlow, 2005). Most of the
individuals (88.9%, 271) were on ART.

4.2 Prevalence of HIV-related PAH

Table 4: Prevalence of HIV-related PAH

Categories Frequencies (n) Percentages (%)
HIV-related PAH No 117 37.3
Yes 197 62.7
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According to the findings in Table 4, 117 (37.3%) individuals did not have HIV-related PAH, but the majority,
197 (62.7%), had it.

Table 5: Prevalence of HIV-related PAH by age and gender.

Prevalence of
HIV-related
PAH
Categories No Yes
18-29 n 21 14
% 60.0 40.0
Age (in years) 30-39 n 33 38
% 46.5 53.5
40— 49 n 28 65
% 30.1 69.9
50-59 n 24 50
% 324 67.6
60 and older n 11 30
% 26.8 73.2
Male n 39 79
% 33.1 66.9
Gender Female n 78 118
% 39.8 60.2

n-frequencies, % percentage

It is apparent in Table 5 that the majority of the individuals (n=30, 73.2%) with HIV-related PAH were 60 years
and above, while the least number (n=38, 53.5%) was observed in those who were aged between 30 and 39 years.

Most of the male individuals, 79 (66.9%), had HIV-related PAH, while 118 (60.2%) of the female individuals
had HIV-related PAH.

4.2.1 Pulmonary artery systolic pressure (PASP)

Table 6 presents the frequencies and percentages, along with the mean and standard deviation, of individuals’

pulmonary artery systolic pressure (PASP) measurements.
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Table 6: Pulmonary artery systolic pressure measurements

Characteristics Category n Percentage | M (SD)
(o)
Normal (0-25 mmHg) | 89 28.3
Trivial (26-35 mmHg) | 102 32.5
PASP Mild (3645 mmHg) | 60 19.1 31.24 (19.661)
Moderate (4655 31 9.9
mmHg)
Severe (5665 mmHg) | 20 6.4
Significant (>65 12 3.8
mmHg)

A large proportion of individuals had trivial PASP, followed by 89 (28.3%) with normal PASP, and only 12
(3.8%) had significant PASP. The average pulmonary artery systolic measurement was 31.24 mmHg, with a

standard deviation of 19.661 (Table 6).

4.3 Association between HIV-related PAH and socio-demographic information, risk factors, tricuspid

regurgitation, and uptake of ART

A Chi-square test was conducted in this section to test the relationship between HIV-related PAH and

demographic data, risk factors, and uptake of ART of the participants or individuals attending the

echocardiography laboratory.

The analysis revealed that the individuals’ age (p-value = 0.005) and TR (p-value < 0.001) displayed a statistically

significant relationship with HIV-related PAH, as shown in Tables 7 and 9.
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Table 7: Association between HIV-related PAH and demographic data

Categories HIV-related PAH P-value
Yes No
18 -29 21 14
30-39 33 38
Age (in years) 40 - 49 28 65 0.05
50-59 24 50
60 or older 11 30
Gender Male 39 79
Female 78 118 0.231
Risk factors No risk factors 37 67 0.62
Smoking 10 302 0.068

There is no association between HIV-related PAH and age, or gender. The analysis revealed no association
between HIV-related PAH and risk factors as also shown in Table 8.



Table 8: Association between HIV-related PAH and risk factors

Categories HIV-related PAH P-
value
Yes No
Cancer No 114 189 0.793
Yes 3 6
No 37 67 0.620
No risk factors
Yes 80 128
Tuberculosis (TB) No 92 153 0.972
Yes 25 42
Asthma No 113 193 0.136
Yes 4 2
Obesity No 116 194 0.714
Yes 1 1
Congenital heart disease No 117 194 0.438
Yes 0 1
Bullous lung disease No 117 194 0.438
Yes 0 1
Pneumonia No 115 190 0.622
Yes 2 5
Chronic obstructive pulmonary No 116 195 0.196
disease
Yes 1 0
Pulmonary oedema No 117 194 0.438
Yes 0 1
Thrombus No 116 195 0.196
Yes 1 0

Cancer, no risk factors, obesity, smoking habits, tuberculosis, asthma, congenital heart disease, bullous lung
disease, pneumonia, chronic obstructive pulmonary disease, pneumonia oedema, and thrombus, had a

statistically insignificant relationship with HIV-related PAH as shown in Table 8.



Table 9: Association between HIV-related PAH with TR and ART intake

Categories HIV-related PAH P-
Yes No value
Doppler 13 41
detected
Free 1 1
flowing
Mild 2 32
Mild— 0 1
Moderate
Moderate 0 18
Moderate— 0 9
Tricuspid regurgitation severe <0.001
Moderate— 0 4
significant
None 63 0
Severe 0 14
Trace 24 13
Trivial 12 45
Trivial-mild 0 2
Unable to 2 0
assess
ART No 15 19 0.438
Yes 101 170

The analysis showed a statistically significant relationship between TR (p-value < 0.001) and HIV-related PAH

as shown in Table 9.
4.4 Logistic analysis to identify factors associated with HIV-related PAH.
The results of the logistic regression analysis examining the factors that are associated with HIV-related PAH

of individuals attending the tertiary hospital in Durban between 2022 and 2023 are shown in Table 11 and the
fitness of the model is shown in Table 10.
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Table 10: Model of fitness

-2 Log likelihood Cox & Snell R Nagelkerke R Square Omnibus test p-
Suare value
367.545 A11 151 <.001

The model explained 15.1% (Nagelkerke R2) of the variance, and according to Cox and Snell, it explained 11.1%

of the variance in clean injecting equipment and correctly classified 65.4% of the cases.

Table 11: Logistic regression models of HIV-related PAH and various variables

HIV-related PAH (yes) Adjusted | 95% P-value
odds confidence
ratio interval
Lower Upper
bound bound
Age (in years) 1.349 1.083 1.681 0.007
Gender 0.781 0.455 1.341 0.370
Cancer 2.052 0.167 25.137 0.574
No risk factors 2.112 0.283 15.745 0.466
Tuberculosis (TB) 2.138 0.273 16.772 0.470
Asthma 0.561 0.038 8.281 0.674
Smoking habit 11.867 0.661 213.104 0.093
Pneumonia 3.539 0.255 49.136 0.346
Tricuspid regurgitation TR) 0.893 0.842 0.946 0.000
ART 1.148 0.510 2.587 0.739
Constant 0.878 0.924

The logistic regression analysis shown in Table 11 clearly shows that age and TR appear to have an influence on
HIV-related PAH (p-value = 0.005). However, the researcher found that gender, cancer, no risk factors, smoking
habits, tuberculosis, asthma, pneumonia, and ART do not have an influence on HIV-related PAH (p-value >
0.005).

Furthermore, according to the adjusted odds ratios we found that older individuals had 1.349 times higher odds
of having HIV-related PAH than younger individuals. Female individuals had 0.781 times higher odds of having
HIV-related PAH than male individuals. Individuals who had cancer had 2.052 times higher odds of having HIV-

related PAH than those who did not have cancer. Individuals who had TB had 2.138 times higher odds of having
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HIV-related PAH than those who did not have TB. Asthmatic individuals had 0.561 times higher odds of having
HIV-related PAH than those who were not. Individuals who had pneumonia had 3.539 times higher odds of
having HIV-related PAH than those who not did have it. Individuals who were on ART had 1.148 times higher

odds of having HIV-related PAH than those who were not on ART. Finally, individuals who had a smoking
history had 11.867 times higher odds of having HIV-related PAH than those who did not smoke.

4.5 Comparison between socio-demographics and PASP

Table 12 presents the results of the normality test and the descriptive statistics for the groups tested. Kolmogorov-

Smirnov was used to determine whether the distribution of the variables (normal or not normal) will determine

whether one can use parametric or non-parametric tests (Pallant, 2020). The researcher also found that the

variables being tested were normally distributed.

Table 12: Normality test and descriptive statistics

Kolmogorov-Smirnov

Shapiro-Wilk

M |SD Statistic | df Sig. Statistic df Sig.
PAS | Male |[33.2|18.5 |0.119 118 0.000 0.924 118 0.000
Female | 29.7 | 20.2 | 0.173 196 0.000 0.916 196 0.000

M-mean, SD-Standard deviations, PASP - pulmonary artery systolic pressure

Results in Tables 11 and 12 indicate that there is no statistically significant difference between males (M = 33.2,

SD =18.5) and females (M = 29.7, SD = 20.3); t (312) = 1.555, p-value = 0.121 on pulmonary artery systolic.
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Table 13: Independent t-test results on pulmonary artery systolic by gender

Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. |t df Significance Mean Std 95% Confidence
Differ- | Error Interval of the
ence Differ- | Difference
One- | Two- ence Lower | Upper
Sided | Sided
p P
PA | Equal 3.84 | 0.051 | 1.555 | 312 | 0.060 | 0.121 | 3.555 2.286 -0.942 | 8.053
SP | variances | 8
assumed
Equal 1.591 | 264 |0.056 | 0.113 | 3.555 2.235 -0.846 | 7.957
variances
not
assumed

PASP - pulmonary artery systolic pressure

An independent samples t-test was conducted to investigate whether statistically significant differences exist

regarding PASP between males and females.

In the next chapter, the results will be discussed.
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Chapter 5: Discussion

This chapter interprets and analyses the results presented in the results chapter in relation to the research

question of the study. It also discusses the limitations of the study.
5.2 Discussion

Human Immunodeficiency Virus (HIV) is an infectious disease that affects the cardiopulmonary vascular
system among other systems. It is a cause of many cardiopulmonary complications including pericardial
effusion, myocarditis, dilated cardiomyopathy, coronary artery disease, malignant neoplasms, and pulmonary
arterial hypertension (PAH) (Almodovar et al., 2010). This makes PAH a crucial condition to consider when
dealing with individuals living with HIV. There has not been enough literature on the prevalence of HIV-related
PAH in South Africa (SA), even though it is cited to increase the risk of mortality significantly (Barnett &
Hsue, 2013). PAH, among other cardiovascular complications, is severe, and compromises the quality of life of
individuals living with HIV (Salvador et al., 2022). It is therefore essential to know the prevalence and factors
that contribute to its development and facilitate early diagnosis and management to improve prognosis in
individuals living with HIV. Thus, the current study aimed to determine the prevalence and risk factors
associated with HIV-related PAH.

Approximately 88.9% of individuals enrolled in this study were on antiretroviral therapy (ART). The
prevalence of HIV-related PAH in this study was 62.7%, which is higher than the prevalence found in previous
studies conducted in Africa and the rest of the world. This high prevalence may result from the use of a low cut-
off point (30mmHg) to define PAH. Several studies use a pulmonary arterial systolic pressure (PASP) of
35mmHg or more to diagnose PAH using trans-thoracic echocardiography (TTE). According to Bigna, Sime &
Koulla-Shiro (2015), previous studies assessing the prevalence of HIV-related PAH in Africa showed varied

results ranging between 5 to 13% which were dependent on the screening methods used.

A large prospective study conducted in France, which used right heart catheterisation (RHC) as a method for
assessing HIV-related PAH, showed a prevalence of 0.5%. In comparison, studies that used trans-thoracic
echocardiography, including those done in Africa, reported higher prevalence rates (Huluka et al., 2020). Isasti
et al. (2013) reported a prevalence of 2.6% in a study conducted in Spain using TTE among individuals living
with HIV.

Approximately 9.9% out of 392 HIV-infected individuals had PAH in a study in an HIV reference clinic in
Madrid, Spain, by Quezada et al. (2012). A more recent study conducted in Ajmer, India that used TTE as a
diagnostic tool, with a PASP of >35mmHg, which was used to diagnose PAH in 150 individuals living with
HIV, reported an HIV-related prevalence of 8% (Mahajan et al., 2024).
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This suggests a need for a standard cut-off value for PAH to serve as a global reference. RHC remains the gold
standard tool for measuring PAH, but its accuracy depends on the accuracy and completeness of data collected
(Gupta, Ghimire & Naeije, 2011). TTE and cardiac magnetic resonance imaging (CMRI) are other tools for
measuring PAH. However, it is important to standardise measurements to ensure an accurate diagnosis. TTE
evaluates right ventricular function and measures PASP. TTE also rules out other causes of PAH, including left
heart disease or congenital heart disease (CHD), and is valuable for determining prognosis and monitoring the
efficacy of therapeutic interventions in individuals diagnosed with PAH (D’Alto et al., 2015). Similarly, cMRI
is valuable for determining prognosis by early detection of right ventricular dysfunction and left ventricular

involvement (Banjade et al., 2024).

Findings from this study revealed that most individuals enrolled on the study were females, comprising

196 (62.4%), and a significant portion of these individuals were aged between 40 and 49 years. Moreover,
66.9% of males had HIV-related PAH, and only 60.2% of females were diagnosed with the disease. There was
no significant association between gender and HIV-related PAH in this study. According to Reinsch et al.
(2008), HIV-positive females exhibit a high prevalence of HIV-related PAH compared to HIV-positive males.

A study conducted in Germany using TTE and RHC revealed that PAH was predominantly found in the female
gender using both procedures, regardless of the study having more males who were HIV-positive (Schwarze-
Zander et al., 2015). However, in a recent study conducted in Ajmer, India, out of 12 patients diagnosed with
PAH, eight (66.66%) were males and four (33.33%) were females. This showed a non-significant association
between gender and PAH, as indicated by a p-value of 0.4955 (Mahajan et al., 2024).

Another study conducted in the United States of America (USA) found that PAH was more common among
males (57.2%) compared to females (Sanivarapu et al., 2024). A study by Bigna et al. (2015), showed that there
was no difference in the prevalence of HIV-related PAH between males (6 — 19%) and females (10%). Even
though there are several studies that show a higher prevalence of HIV-related PAH among females, the
difference between the two genders is not significant. Gender-specific differences are usually studied in PAH,
and not specifically in HIV-related PAH. Therefore, there is limited data to explain the reasons for gender
differences in prevalence. It is therefore essential to note that the relationship between gender and HIV-related

PAH is inconsistent. Further research to study the pathogenesis of PAH in males and females is needed.

In the current study, age was found to have a statistically significant association with HIV-related PAH, and this
was revealed by a p-value of <0.001. About 73.2% of the individuals aged 60 years and above had HIV-related
PAH. Furthermore, according to the adjusted odds ratios, older individuals had 1.349 times higher odds of
having HIV-related PAH compared to younger individuals. These results showed that older individuals were
susceptible to developing HIV-related PAH compared to the other age groups. Similarly, Mahajan et al. (2024)
also reported that individuals diagnosed with PAH were older than individuals who were not diagnosed with

PAH. In another study conducted in Spain, older age was also found to be associated with PAH in a study
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conducted among individuals living with HIV (Isasti et al., 2013). Changes in the cardiovascular and
pulmonary systems, such as the modification of the systems’ mechanics of the lung-thorax and a decline in the
elasticity of the lungs, which are age-related, may facilitate an increased PVR and subsequent development of
PAH (Berra et al., 2016). Older individuals are susceptible to several conditions, including connective tissue
disease, which has been identified as a major risk factor for PAH diagnosis in the elderly (Pugh et al., 2014).
Although it is known that the risk of developing HIV-related PAH increases with age, there is a lack of specific

prevalence data for the occurrence of PAH in older individuals living with HIV globally.

There was no significant association between many of the risk factors included in the study and the
development of HIV-related PAH. However, the most common risk factors among individuals diagnosed with
PAH were Tuberculosis (TB) and smoking. Moreover, the risk of PAH seems to increase in the context of HIV
and TB coinfection. A study conducted at an academic hospital in Johannesburg in patients previously treated
for TB showed no features of PAH on TTE, using a peak PASP of >40mmHg as a reference, even though
(CXR) and electrocardiography were suggestive of PAH (Kalla, Miri & Seedat, 2020).

Another study conducted in Khayelitsha, Cape Town, demonstrated a significant association between smoking
and right ventricular systolic pressure (RVSP), and no association with PAH. These findings indicate that more
research is needed to determine whether smoking is an independent risk factor for PAH or an effect modifier in
the context of TB infection (Allwood et al., 2023). There is limited data on the occurrence of PAH in HIV and
TB co-infection; most studies look at the association between TB and PAH. The least common risk factors in
the current study included congenital heart disease (CHD), chronic obstructive pulmonary disease (COPD),
pulmonary oedema, and thrombus. There is limited data on risk factors that are associated with the development

of HIV-related PAH; therefore, more research is needed to identify these risk factors globally.

The risk factors for PAH in individuals living with HIV are different to those in individuals living without HIV.
According to Almodovar et al. (2010), viral proteins, the transcriptional trans-activator (TAT) and negative
factor (NEF) have been shown to contribute to endothelial dysfunction and increased inflammation by
activating adhesion molecules and producing inflammatory chemokines that increase the risk of PAH. Co-
infections specific to HIV, including TB, also increase the risk of PAH in individuals living with HIV. The
pulmonary vasculature may be uniquely or synergistically affected by chronic hepatitis C virus, but the
prevalence and risk factors for PAH in HIV-HCV co-infection are unknown (Sangal et al., 2014). Risk factors
for non-HIV PAH, which is commonly known as idiopathic PAH, include the BMPRII mutations, female
gender, and family history (Lan et al., 2018). There is limited data comparing risk factors between individuals

living with or without HIV.
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5.3 Limitations of the study

One limitation of the study is that not all individuals living with HIV in the facility were referred for trans-
thoracic echocardiography (TTE), and this resulted in a small sample size which made it difficult for the
researcher to draw sufficient conclusions. The other limitation is that TTE was the most appropriate procedure
for assessing PAH in this limited-resource setting; therefore, the presence of PAH may have been overestimated
in some of these individuals, since right heart catheterisation (RHC) is the gold standard for diagnosing PAH.

This could explain the very high prevalence of PAH observed in this study.
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Chapter 6: Conclusion and Recommendations

This chapter is the conclusion which attempts to answer the original research question and recommendations

made by the researcher based on the findings of this study.
6.1 Conclusion

The current study concludes that 62.7% of individuals had HIV-related pulmonary arterial hypertension (PAH),
which is higher than the known prevalence globally. The differences in prevalence could be due to several
factors, including demographics. HIV should be considered a major risk factor for developing PAH because of
the susceptibility of individuals living with HIV to PAH as compared to the general population. The
pathogenesis of HIV-related PAH is still unknown, therefore, there is a need for future studies to determine the
pathogenesis of the disease. Individuals who have a co-infection of HIV and TB are at a much higher risk,
suggesting a need to refer individuals for PAH screening promptly. A significant association between age and
PAH was seen in the study, indicating that the risk increases with age. Public health facilities in KZN are
inadequately capacitated to detect PAH at an earlier stage, thus delaying necessary interventions for individuals
living with HIV. Additionally, more research regarding the pathogenesis and management of PAH in

individuals living with HIV is required.
6.2 Recommendations

» TTE is not the gold standard tool for the diagnosis of PAH; however; it is a valuable diagnostic
procedure for individuals living with HIV who are susceptible to cardiac and pulmonary diseases. It is
recommended that government invests in equipment that is appropriate for use as a gold standard in
facilities with a high HIV prevalence, since the risk of mortality is increased.

» The researcher advocates for the implementation of TTE screening in individuals living with HIV, since
the burden of HIV is high in SA. Physicians treating individuals living with HIV need to monitor these
individuals for symptoms of PAH and refer patients for TTE to estimate pulmonary arterial systolic
pressure (PASP) and assess the right heart side promptly. Testing for PAH should be included in the
standard care practice for HIV and be included in the framework.

» The understanding of the pathogenesis of HIV-related PAH amongst doctors working in clinical settings
should be improved to ensure an optimal approach to treatment.

> Furthermore, awareness about PAH in individuals living with HIV needs to be increased. This can be
achieved through providing training for nurses and clinicians working in HIV facilities in hospitals and
clinics.

> Individuals living with HIV/TB co-infection should be monitored regularly for signs and symptoms of
PAH to optimise their quality of life.
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Awareness campaigns on behavioural issues that lead to the development of PAH, including smoking
and diet which leads to obesity should be implemented.

PAH must be included in the public policy and standard operating procedures (SOPs) for individuals
living with HIV to facilitate early detection.

Research to facilitate the development of acceptable diagnostic protocols which will improve the
detection of PAH cases in under-resourced facilities.

More research is needed on PAH, its risk factors, and management.
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Fractional Shortening % RV Diastole s
Sjection Fraction % Aortic annulus L
Ventricular Septum mm
Posterior Wall mm

Doppler Measurements

1 Riitral Vaive : - Area
1 MR

MR Velocity

E : A Ratio

2 Aortic Valve : Area

Peak Gradient

AR

3 Tricuspid Valve : TR
PAS

4 Pulmonary Valve :
PR

Peak Gradient

[ Jem

m/s

A- wave on LV inflow velocity:

Pre- dominant D Peak D Elevated|:|

cm?

mmHg

| mmHg

|mmHg 1_PV Acceleration Time: I:]

]

Final Report

CARDIAC TECHNGLOGIST:

Report to be verified by a Cardiologist

40



Appendix D: Data extraction form

S/N

Age

Gender

Co-morbidities

PAS (Mild,
mod, severe)

ART Initiated
(Yes/No)
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