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Abstract

Advances in antiretroviral therapy have resulted in a significant increase in life expectancy and quality
of life of people living with human immunodeficiency virus (HIV) (PLWH). However, long-term ob-
servation of this population revealed an increased risk of cardiovascular diseases (CVDs). Moreover, de-
velopment of atherosclerosis may be secondary to numerous factors. Traditional risk factors of ischemic
heart disease, such as hypertension, diabetes, and cigarette smoking, are more common in HIV-infected
population than in non-HIV-infected one. Many antiretroviral drugs have an unfavorable metabolic pro-
file, leading to dyslipidemia, lipodystrophy, and impaired glucose metabolism. Markers of immuno-ac-
tivation, coagulation, and endothelium dysfunction, may remain elevated despite an effective antiret-
roviral treatment (ART). Inflammation affects arterial endothelium, leading to an increased deposition
of lipids in the arterial wall. HIV infection may also affect blood pro-thrombotic activity. All these factors
lead to more rapid atherosclerosis formation and increased risk of myocardial infarction. In order to low-
er cardiovascular risk in PLWH, traditional risk factors should be modified, and ART with less impact
on patients’ metabolisms should be used. If necessary, a lipid-lowering treatment should be introduced.
Treatment with statins brings an additional benefit of reducing inflammatory markers associated with
an increased CVD risk. When selecting a statin, possible interactions with ART need to be considered.
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was associated with a more than doubled risk of myocardial

Introduction

As a result of effective antiretroviral treatment, over
90% of people living with human immunodeficiency virus
(PLWH) achieve an undetectable HIV viral load, which con-
tributes to the reduction of disease spread and progression [1].
Life expectancy of HIV-infected patients is now compara-
ble to that in the general population. A successful antiret-
roviral treatment (ART) has reduced the number of deaths
associated with opportunistic infections; however, a higher
risk of cardiovascular disease (CVD) remains an open issue.
Recent meta-analyses showed that a chronic HIV infection
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infarction [2] and cardiovascular disease [3].

The pathophysiology of CVD in the population of PLWH
is complex, and results from the infection itself, impairment
of the immune system, adverse effects of ART drugs, and
a widespread distribution of traditional risk factors among
PLWH. The relative risk of myocardial infarction in the in-
fected population compared to the uninfected population
is 1.53 (95% CI: 1.32-1.75%), and remains significant even
after considering traditional risk factors [4]. Coronary com-
puted tomography (CCT) of coronary vessels with measure-
ment of coronary calcium score (CCS) indicate over three
times higher risk of development of the non-calcified athe-
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rosclerotic plaque [5]. Also, a significant increase of intima
media thickness (IMT) of the carotid artery, an indicator
of sub-clinical atherosclerosis, is observed in comparison to
healthy population [6, 7].

The aim of this paper was to summarize risk factors
of CVD in the population of PLWH. Possible management
of dyslipidemias will be discussed as well as invasive treat-
ment possibilities.

Traditional risk factors of ischemic
heart disease in HIV-infected
population

Epidemiological studies indicated that traditional risk
factors of ischemic heart disease (IHD) occur more often in
PLWH population. In a large cohort study involving 3,851
people infected with HIV, with a control group of 1,044,589
healthy individuals, a significantly more common incidence
of arterial hypertension (21.2% vs. 15.9%), diabetes (11.5 % vs.
6.6%), and dyslipidemia (23.3% vs. 17.6%) were observed [4].

As compared to sex-, age-, and race-matched control
group, smoking is significantly more common in patients in-
fected with HIV (54% vs. 44% of ever smokers, 42% vs. 30%
of active smokers, both with p < 0.001). Moreover, PLWH
show a lower probability of breaking the habit [8].

Effects of antiretroviral treatment
on metabolic profile

As any other treatment, ART is not adverse effects-free.
The therapy affects metabolic profile, causing dyslipidemia,
insulin resistance, glucose tolerance disorders, and lipodys-
trophy syndrome.

HIV patients treated with ART have a 52% higher risk
of IHD compared to people who did not receive the treat-
ment, while people treated with protease inhibitors (PIs)
demonstrate a 41% higher risk compared to patients treated
using other schemes [9]. PIs (especially lopinavir and ritona-
vir) increase the hepatic production of VLDL, and reduce
the activity of lipoprotein lipase, therefore increasing the tri-
glyceride level and, to a lesser extent, the blood total choles-
terol level as well as decreasing the level of HDL cholesterol.
Dyslipidemia may be caused by a similarity between the cata-
Iytic region of HIV-1 protease and two proteins participating
in the metabolism of lipids, including CRABP-1 (cytoplasmic
retinoic acid-binding protein type 1) and LRP1 (low density
lipoprotein receptor-related protein type 1). LRP1 is a protein
binding to lipoprotein lipase that decomposes triglycerides,
being the main component of VLDL, allowing free fatty acids
to penetrate into the adipose tissue. The hypolipidemic effect
of PIs is also related to the polymorphism of the APOCIII
gene and reduced activity of antioxidative enzymes [10]. Pa-
tients undergoing ART present a different structure of lipo-
proteins, compared to healthy population. Those differences
are best visible in HDLs, which are bigger and less stable [11].

Lipodystrophy, defined as a reduction of the subcuta-
neous adipose tissue in the extremities, face, and buttocks,
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and accumulation of the visceral adipose tissue, is associ-
ated with a therapeutic use of PIs and nucleoside reverse
transcriptase inhibitors (NRTIs). PIs inhibit the function
of CRABP-1 protein and lead to increased apoptosis and re-
duced differentiation of adipocytes, especially in peripheral
tissues, which consequently leads to lipoatrophy. The viscer-
al adipose tissue seems to be spared from that process, in
turn leading to increased insulin resistance [10].

NRTIs cause mitochondrial dysfunction. As analogues
of nucleotides, NRTIs are incorporated into mitochondrial
DNA (mtDNA) by mitochondrial polymerase gamma. This
precedes to the formation of mtDNA chains containing nu-
cleotide analogues, which may result in early termination
of translation. Disturbances in the process of mitochondri-
al proteins production, result in an increased production
of free radicals, oxidized forms of proteins and lipids. Re-
duced levels of mRNA for selected mitochondrial proteins
were observed in patients with lipodystrophy, e.g., lipopro-
tein lipase and the glucose transporter GLUT4. On the other
hand, a higher level of mRNA for transporters of free fatty
acids and IL6 was noted. Excessive production of free radi-
cals directs cells towards apoptosis [12].

Glucose tolerance disorders associated with insulin re-
sistance, predispose patients undergoing ART to develop-
ment of type 2 diabetes. The relative risk may be even four
times higher compared to the healthy population (RR =4.11;
CI 95%: 1.85-9.16%, adjusted for age and BMI) [13]. Sim-
ilarly to lipodystrophy, diabetes is mostly associated with
the treatment with PIs and NRTIs [14, 15]. Patients with
a lower baseline CD4+ cells count show a higher risk of de-
veloping insulin resistance after introduction of ART [16].

Dysfunction of the immune system
and endothelium

Dysfunction of the immune system is considered to be
an additional risk factor of coronary disease in the popu-
lation infected with HIV. Residual immune dysregulation
syndrome (RIDS), the state of increased immuno-activation
despite suppression of the virus replication, is observed in
patients treated with ART. The syndrome manifests itself
with increased levels of inflammatory markers, such as
hsCRP, IL-6, and D-DIMER compared to the healthy popu-
lation [17].

Lipoproteins, lymphocytes, macrophages, and the endo-
thelium participate in a formation of atherosclerotic plaque.
Infection with HIV causes a dysfunction of lymphocytes
and macrophages, an increased production of proinflamma-
tory cytokines, such as IL-6 and IL-18 [18], which affects
the number of receptors responsible for binding macro-
phages to endothelial cells and impairs the intracellular lip-
id metabolism. Monocytes in the blood of PLWH produce
more IL-1B, which stimulates the production of IL-8 and
IL-6 [19]. Increased levels of IL-6, D-DIMER, and hsCRP
are associated with a significantly higher risk of death due
to cardiovascular reasons (hazard ratio - HR: 1.72, 1.73, and
1.44, respectively; p < 0.05) [20].
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It was demonstrated that there was a higher expansion
of non-classic monocytes (CD14+, CD16++) in the blood
of PLWH. Those monocytes were characterized by higher
proinflammatory activity, containing higher level of the MCP-
1 protein (increasing diapedesis of monocytes to the intima),
which results in an increased migration of monocytes into
the atherosclerotic plaque, which was associated with a more
rapid progression of atherosclerosis in CCT [21]. A higher
count of CD14+/CD16+ monocytes is correlated with a high-
er concentrations of IL-6 and hsCRP [22].

A chronically increased count and activity of CD8 cells,
the level of IL 6, tumor necrosis factor alpha (TNF), and
fibrinogen in the PLWH population, positively associate
with the IMT [23].

A correlation was also demonstrated between increased
levels of D-DIMER, hsCRP, sCD-14, IL-6, and micro-
circulation disorders caused by an endothelial dysfunction,
which may also play a role in heart ischemia in that popu-
lation [24, 25].

The HIV-associated immuno-activation may also be
caused by disruption of the intestinal barrier, which may
result in increased translocation of bacteria to the blood.
The soluble CD-14 (sCD-14) and MD-2, proteins responsi-
ble for binding to the lipopolysaccharide (LPS) of the bacte-
rial wall, are markers of bacterial translocation. The soluble
CD-14 is an independent risk factor of death in the course
of HIV infection [26].

PLWH have a higher level of 0xLDL, a proinflammatory,
oxidized form of LDL. Oxidized LDLs play a key role in for-
mation of the atherosclerotic plaque. OxLDL is an indepen-
dent risk factor of IHD in that group of patients [27].

Increased pro-thrombotic activity

An HIV infection may affect the blood pro-thrombotic
activity. SMART study focused on the effect of untreated HIV
infection on the concentration of extrinsic pathway coagula-
tion factors. Patients with an uncontrolled replication of HIV,
who did not undergo antiretroviral treatment, showed
a higher activity of factor VIII and von Willebrand factor as
well as lower activity of factors II, VII, IX, X, antithrombin,
and C and S proteins (mostly produced in the liver). Throm-
bin generation ability was estimated using validated compu-
tational modelling. A higher thrombin generation ability and
thus, increased coagulation potential, were demonstrated in
the group of patients not undergoing antiretroviral therapy.
It was noted that it was the changes in factor VIII and anti-
thrombin IIT concentrations that were of key importance,
suggesting that coagulation abnormalities might be caused
by changes in the hepatocyte function [28].

Several markers associated with the dysfunction of co-
agulation system, indicating an increased risk of myocardial
infarction, were identified. One of them is soluble urokinase
plasminogen activator receptor (suPAR), which inhibits
fibrinolysis by binding plasminogen urokinase activator. In
the HIV-infected patients’ population, an increased suPAR
level occurs several years before the first acute coronary
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event, and it is a strong marker of the myocardial infarction
risk in that population [29].

Another marker of elevated risk of myocardial infarction
is plasminogen activator inhibitor 1 (PAI-1), a fibrinoly-
sis activator produced by endothelial cells. An increase in
the PAI-1 level by 1 ng/ml (12 months before an acute coro-
nary event) indicates a 1% increase in the risk of myocardial
infarction [30].

Reducing cardiovascular disease risk

If necessary, all traditional IHD risk factors need to be
modified. Lifestyle changes, which are usually recommended
in IHD (diet, exercise, smoking cessation, etc.), are effective
in reducing the cardiovascular risk in the PLWH population
[31]. Exercise interventions are difficult due to a poor cardio-
respiratory fitness level, which is additionally reversely cor-
related with inflammatory markers [32].

Recent ESC guidelines on the management of dyslipi-
demia published in 2019, emphasize the importance of lipid
control, especially in patients with a very high and high car-
diovascular risk. And, HIV-infected patients are considered
to be exposed to a high cardiovascular risk [33].

PLWH have to be regularly screened to detect metabolic
disorders caused by ART. In the case of confirmed dyslipi-
demia associated with the introduction of ART, changing
ART drugs to those with a more favorable metabolic profile
may be an option; however, an assessment of detailed chang-
es in antiretroviral therapy is beyond the scope of this review.

If optimizing antiretroviral treatment proves ineffective
or impossible to apply, introduction of a lipid-lowering agent
may be necessary. Statins are the basic drugs used to reduce
total cholesterol and LDL cholesterol levels. The mechanism
of statin activity relies on inhibiting hepatic HMG-CoA re-
ductase, and the effectiveness of statins was confirmed in
CCT (reduction of non-calcified atherosclerotic plaque) [34].
Potential interactions with antiretroviral drugs have to be
considered when selecting a statin. Most significant interac-
tions are observed between PIs and simvastatin, and lovasta-
tin and atorvastatin. PIs inhibit hepatic CYP3a4 cytochrome
that is responsible for the metabolism of statins [35].

As statins exhibit a pleiotropic effect, it is suggested that
some additional effects related to reducing inflammation
may occur. A randomized clinical trial SATURN HIV eval-
uated effects of 10 mg rosuvastatin on immune activation
of HIV-positive patients with no dyslipidemia (baseline LDL
< 130 mg/dl). SATURN HIV study demonstrated a signifi-
cant reduction of NTproBNP [36], activation of monocytes
[37, 38], T cells CD 4+ and CD8+ count [38], and the oxLDL
level [39]. Atorvastatin leads to a reduction of oxLDL, LDL,
and total cholesterol levels, simultaneously reducing CT-
assessed volume of the atherosclerotic plaque [27].

Proprotein convertase subtilisin/ kexin 9 (PCSK9) inhibi-
tors are new drugs used in IHD and hyperlipidemia to reduce
LDL. PCSKO9 levels in HIV-positive patients are elevated and
relate to systemic markers of immuno-activation [40]. A ran-
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domized control trial designed to assess safety and efficacy
of PCSK9 inhibitor (evolocumab) is in progress [41].

Omega-3 fatty acids have proven to successfully reduce
the level of triglycerides, but not markers of inflammation in
HIV-seropositive patients [42].

Percutaneous coronary
interventions

The safety and efficacy of coronary angioplasty in
HIV-infected patients are comparable to non-HIV-infect-
ed patients. If possible, implantation of a drug eluting stent
(DES) is preferred, as it is associated with a reduced risk
of another cardiac event [43]. The risk of restenosis is higher
in people with persistent high levels of CRP and IL8 during
6-month post-intervention period [44]. Latest research
shows that women are less likely to receive an appropriate
treatment with cardiovascular procedures, than men [45].

Conclusions

Patients infected with HIV have a high cardiovascular
risk. The pathophysiology of IHD in that population is com-
plex and involves dysregulation of the immunological sys-
tem, effects of drugs used for the antiretroviral therapy, and
a high incidence of traditional risk factors. PIs and NRTTs
may cause dyslipidemia, lipodystrophy syndrome, and glu-
cose intolerance. Residual immune dysregulation syndrome
(RIDS) is the state of increased immuno-activation, despite
suppression of the virus replication, and is responsible for
increased cardiovascular risk. Statins are the treatment
of choice in case of dyslipidemia in this population due to
some potential anti-inflammatory effect.
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