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Abstract 

Apart from the deterrence of human immunodeficiency virus (HIV) 

progression, antiretroviral therapy (ART) has been associated with the 

development of cardiovascular diseases (CVD), as with HIV itself. With both 

HIV and ART being linked to CVDs in similar mechanisms, there is not yet an 

established relationship between ART and CVDs using adherence in people 

living with HIV (PLWH). The use of adherence may help shed light on 

understanding whether the CVDs are a result of ART or HIV due to poor 

adherence. Henceforth, the aim of this paper was to explore the possible 

relationship between ART adherence and CVDs. Based on evidence from the 

literature, there is convincing evidence to suggest that CVDs in people on ART 

are from HIV itself as a result of uncontrolled viremia due to poor adherence to 

ART.  
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Introduction  

Human immunodeficiency virus (HIV) is an infectious pathogen that results in the 

reduction of the immune system’s potential to detect and consequently fight infections 

(Vidya Vijayan et al. 2017). The development of antiretroviral (ARV) drugs in the early 

1990s, coupled with aggressive public health campaigns, led to efficient control of HIV 

progression and transformed it into a chronic disease (Tseng, Seet, and Phillips 2015). 

The initial viremia results in gut-associated lymphoid tissue (GALT) destruction, 

compromising the gastrointestinal barrier and enabling pathological microbial 

translocation (Mak et al. 2021) and subsequent gut dysbiosis. Gut microbial 
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translocation then triggers systemic immune activation, stimulating the release of pro-

inflammatory and pro-fibrotic cytokines, predisposing patients to cardiovascular 

diseases (CVDs) (Dillon, Frank, and Wilson 2016). 

Interestingly, ARVs have also been reported to be a CVD risk through similar 

mechanisms to that of HIV (Ruamtawee et al. 2023), further reducing the possibility of 

complete positive health outcomes for people living with HIV (PLWH). Although 

antiretroviral therapy (ART) is essential in the management of the disease, it must be 

taken lifelong in order to achieve continuous suppression of the virus, and this requires 

consistency, patience, and adherence from PLWH (Nyambuya et al. 2020). It is 

understood that an average adherence ≥95% is sufficient for HIV viral suppression, and 

this might be higher or lower depending on the ART regimen (Byrd et al. 2019).  

Even though newer ART regimens have been made simple and user-friendly to PLWH, 

long-term adherence itself remains a challenge for many reasons. Social perspectives, 

economic status, and occurrence of side effects not discussed prior to the treatment of 

patients by healthcare providers are among the causes of poor adherence (Nyambuya et 

al. 2020). The results of poor adherence include the risk of drug resistance, further 

destruction of the immune system, and uncontrolled HIV viremia, which are all linked 

to CVDs (Byrd et al. 2019).  

How does Human Immunodeficiency Virus Lead to Cardiovascular 

Diseases? 

The gastrointestinal tract (GIT), which is an indirect target of HIV, plays a role in 

structural and immunological defence against exposure from the external environment 

(Moszak, Szulińska, and Bogdański 2020). Not only does it come in contact with food 

and antigens from the environment, but it also comes in contact with microorganisms 

that reside in it, such as bacteria, archaea, and fungi, collectively named the gut 

microbiota (Saxena and Sharma 2016). This makes the GIT an essential immunological 

site for the maintenance of the delicate balance between reactivity and tolerance 

(Moszak et al. 2020). With the main immunological defence mechanism to the gut 

barrier being the development of the GALT that forms part of the GIT epithelium, it 

functions to detect and react to pathogens. The GALT is tolerant to the gut microbiota, 

but not to other microorganisms (Saxena and Sharma 2016).  

The protective function of the GALT against microorganisms is altered during HIV 

infection due to the virus attacking and destroying the tissue through the CD4+ cells, 

which make up most of the structure (Vidya Vijayan et al. 2017). HIV-Tat protein 

directly induces apoptosis to enterocytes by a redox-dependent mechanism, which 

subsequently leads to the translocation of the gut microbiota (Sarnelli et al. 2018), 

making the GALT the major site of transmission, replication, and seeding, which leads 

to CD4+ T cell depletion.  
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The consistent loss of CD4+ T cells is persistent through the chronic stage of HIV 

infection, in which most apoptosis is motivated by the killing of CD4+ T cells that were 

not actively infected (Vidya Vijayan et al. 2017). The alteration of CD4+Th17 cells, 

which is a subgroup of CD4+ T cells, is consistent with the disruption of the intestinal 

barrier function in which the tightly packed enterocytes become unstable and lose their 

adherence to adjacent cells (Sarnelli et al. 2018). 

The imbalance of CD4+ Th17 cells coincides with the increase in Regulatory T cells, 

leading to suppression of viral clearance on HIV and inappropriate tolerance of other 

microbes (Crakes and Jiang 2019). This results in the translocation of the gut microbial 

products and harmful microorganisms to move from the gut lumen to the systemic 

circulation, moving to other organs such as the brain and liver, inducing immune 

activation (Yoon, Lee, and Sang 2014). The microbes that cross the GIT barrier then 

interfere with the pattern recognition receptor expression in the gut mucosa, which 

inhibits the appropriate cellular response to oppose viral infection and influence gut 

inflammation (Glavan et al. 2016). 

The presence of an anti-inflammatory cytokine IL-10, which has been found to be linked 

to gut inflammation, is used as evidence to confirm the effect that HIV has towards 

causing the destruction of the intestinal barrier, which subsequently leads to gut 

inflammation due to the movement of gut microbiota and other microbes from the gut 

lumen into the systemic circulation. The subsequent mechanisms lead to the release of 

pro-inflammatory and pro-fibrotic cytokines, all leading to CVDs (Azzoni, Metzger, 

and Montaner 2020). 

Association of Antiretroviral Therapy with Cardiovascular Diseases 

Gut dysbiosis as a result of the destruction of the GALT due to HIV infection remains 

compromised even during ART (Nowak et al. 2015), although there is evidence that the 

long-term use of ART for chronic HIV infection can partially restore the gut microbiota, 

even though it does not normalise it completely (Ling et al. 2016). Recent studies went 

further to differentiate ART combinations on the gut microbiome to understand the 

effects of different ARVs on gut microbiota, inflammation and CVDs. ART regimens 

that are protease inhibitor (PI)-based were found to increase endothelial damage and 

exhibit higher levels of soluble CD4+ in plasma compared to the non-nucleoside reverse 

transcriptase inhibitor (NNRTI)-base ART and HIV-uninfected controls. Furthermore, 

a comparison of PI, NNRTI, and integrase inhibitor (II)-based ART regimens showed 

that II-based ARVs had the lowest levels of systemic inflammation and CVDs 

(Villanueva-Millan et al. 2017).  

On top of its relation to incomplete recovery of gut microbiota, ARVs have also been 

associated with unfavourable changes in the lipid profile. Drugs like ritonavir, lopinavir 

and indinavir have been linked with persistent elevations in total serum cholesterol, low-

density lipoprotein and triglycerides (Da Cunha et al. 2015), like effects of its 

counterpart, which is HIV.  
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Moreover, studies were done to further investigate the relationship of ARVs with CVDs, 

and these studies have reported that the use of PI-based ARVs, specifically ritonavir and 

indinavir, is associated with an increased risk of myocardial infarction (MI) and heart 

disease (Eyawo et al. 2019; Feinstein et al. 2019). However, some alternative measures 

have been exerted to assess the most likely pathophysiologic mechanisms that the use 

of abacavir could influence the occurrence of CVD, and it is speculated that abacavir is 

related to an increase in systemic inflammation, which itself may possibly lead to CVD 

(Dirajlal-Fargo and Funderburg 2022). 

Adherence to Antiretroviral Therapy 

Although ART access continues to expand since the implementation of the universal 

test-and-treat (UTT) policy in South Africa, there is still evidence of poor adherence 

from several studies (Azia, Mukumbang, and Van Wyk 2016; Moosa et al. 2019; 

UNAIDS Joint United Nations Programme 2017). Adherence rate ≥95% has been 

reported to be adequate for the suppression of viral progression. Properly adherent ART 

patients are expected to have an undetectable viral load, which is lower than 50 copies 

per millilitre, and this is expected to be the case after six months from initiation of ART 

(Byrd et al. 2019). During this period, the patient is said to have reached viral 

suppression, although the virus continues to reside dormant in the viral reservoirs. As 

the viral load continues to be suppressed, the CD4+ cells begin to recover, steadily 

restoring immune function (Bishop et al. 2016). 

Poor adherence to ART leads to uncontrolled HIV viremia, and hence continues to put 

the immune system under pressure, continuing to lose CD4 cells in the process. In 

addition to a lower CD4 cell count, uncontrolled HIV viremia persists in inducing 

systemic inflammation in those on ART (Collins, Gaiha, and Walker 2020). This leads 

to elevated levels of c-reactive protein (CRP), characterised by the presence of 

detectable viral load due to poor ART adherence (Castillo-Mancilla et al. 2020). 

Inflammation, characterised by the presence of CRP, downregulates nitric oxide 

synthetase activity, causing overproduction of reactive oxygen species, which both 

contribute to endothelial dysfunction and oxidative stress, leading to the development 

of hypertension (Dinh et al. 2014). As with pure HIV infection, uncontrolled viremia 

during ART as a result of poor adherence continues to cause unfavourable lipid 

disturbances. This is due to persistent inflammation, contributing to modifications of 

lipid compositions and critically mitigating CVDs (Funderburg and Mehta 2016).  

Conclusion and Future Directions 

HIV viral progression due to poor ART adherence continues to predispose ART patients 

to CVDs as if they were not on therapy. This suggests that poor adherence to ART may 

be a contributing factor of CVDs in PLWH due to uncontrolled HIV viremia. Despite 

the huge prevalence of HIV in Southern Africa, the impact of adherence to ART remains 

understudied. Therefore, nursing researchers are encouraged to conduct additional 

scientific research to fill this gap. 
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