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Abstract:

Background:

Increasing rates of HIV have been observed in women, African Americans, and Hispanics, particularly those residing in rural areas of
the United States. Although cardiovascular (CV) complications in patients infected with human immunodeficiency virus (HIV) have
significantly decreased following the introduction of antiretroviral therapy on a global scale, in many rural areas, residents face
geographic, social, and cultural barriers that result in decreased access to care. Despite the advancements to combat the disease, many
patients in these medically underserved areas are not linked to care, and fewer than half achieve viral suppression.

Methods:

Databases were systematically searched for peer-reviewed publications reporting infectious and non-infectious etiologies of
cardiovascular disease in HIV-infected patients. Relevant articles cited in the retrieved publications were also reviewed for inclusion.
Results:

A variety of outcomes studies and literature reviews were included in the analysis. Relevant literature discussed the manifestations,
diagnosis, treatment, and outcomes of infectious and non-infectious etiologies of cardiovascular disease in HIV-infected patients.
Conclusion:

In these medically underserved areas, it is vital that clinicians are knowledgeable in the manifestations, diagnosis, and treatment of
CV complications in patients with untreated HIV. This review summarizes the epidemiology and causes of CV complications
associated with untreated HIV and provide recommendations for management of these complications.
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INTRODUCTION

The hallmark of human immunodeficiency virus (HIV) results from a progressive deficiency of the CD4+ T-cells
leading to profound immunodeficiency [1, 2]. Once HIV enters the body, the virus disseminates rapidly in the absence
of an adaptive immune response, establishing a persistent infection characterized by high levels of viremia in lymphoid
tissues and reduction of CD4+ T-cells. Continuous viral replication also results in chronic immune activation, leading to
nonspecific inflammation and microbial translation, further depleting CD4+ T-cells. Immune activation is associated
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with increased expression of activation markers on natural killer (NK) cells, B cells, CD4+ T-cells, and CD8 T-cells, as
well as increased turnover rates of these cells. The function of these cells is compromised, which may result in poor
control of other viruses and infectious agents.

New trends in HIV transmission include an increased number of cases in women, African Americans, and
Hispanics, many of whom are not linked to appropriate prevention, care and treatment services [3, 4]. Incidence rates of
AIDS are also increasing in certain rural areas of the United States, including Appalachia, the Southeast Region, the
Mississippi Delta, and the US-Mexico Border [5]. Previous studies have identified additional barriers that residents of
rural areas face when attempting to access HIV testing and treatment, such as geographic isolation, lack of education,
unemployment, poverty, lack of childcare services, as well as cultural discrimination. Despite the advancements to
combat the disease, many patients in these medically underserved areas are not linked to care, and fewer than half
achieve viral suppression [6]. Unfortunately, suppressing viral replication is a vital component of HIV treatment as it
has been associated with improved health outcomes and decreased rates of transmission [7, 8].

In areas where patients do not have access to or choose not to take advantage of appropriate care, clinicians should
be aware of the potential of HIV-related complications. Complications of HIV occur as a result of impaired cell-
mediated immunity and include opportunistic infections, malignancies, or multiple organ system dysfunction [9].
Reports of multiorgan involvement including neurologic, pulmonary, gastrointestinal, and hematologic systems have
previously been published. Cardiac involvement due to HIV was first described by Autran et al in 1983, who presented
the case of a 24 year old Haitian female with cardiac Kaposi sarcoma (KS) [10].

Most studies and reports describing the complications of cardiovascular disease (CVD) in HIV-infected patients
were performed prior to the introduction of antiretroviral (ARV) therapy [11, 12]. More than 1.1 million individuals in
the United States were infected with HIV as of 2011, and the number of persons living with an AIDS diagnosis was
highest in the South [13]. Due to suboptimal HIV care in this region and average rates of nonadherence to ARV therapy
ranging from 50-70%, awareness of HIV-associated cardiac complications is essential [13, 14]. This review will focus
on the manifestations, diagnosis, and treatment of cardiovascular (CV) complications observed in patients with
untreated HIV, which may include pericardial effusions, disease of the myocardium, pulmonary arterial hypertension
(PAH), HIV-related cardiac malignancies, valvular disease, and vascular disease including coronary artery disease
(CAD) and stroke.

METHODS

Adult English-language peer-reviewed articles and case series examining infectious and non-infectious etiologies of
cardiovascular disease in HIV-infected patients were evaluated for inclusion in the paper. Relevant articles cited in the
retrieved publications were also reviewed for inclusion. Articles were identified through PubMed. The following terms
were included in the search strategy: ‘cardiovascular disease’, ‘human immunodeficiency virus’, ‘acquired
immunodeficiency virus’, ‘opportunistic infections’.

PERICARDIAL EFFUSION

Pericardial effusion is one of the most commonly identified CVD complications affecting HIV-infected patients,
developing in almost 20% of patients [15 - 20]. Clinical manifestations include asymptomatic pericardial effusion,
pericarditis, cardiac tamponade, and constrictive pericarditis. The incidence of pericardial effusions was determined to
be 11% per year in a study of 195 HIV-infected patients who underwent serial echocardiograms every 3 to 6 months
over a 5-year period [19].

A significantly shorter 6 month survival was observed in patients with pericardial effusions compared to those
without effusions (36% versus 93%, respectively) [19]. The overwhelming majority of pericardial effusions found in
this patient population are classified as small, and spontaneous resolution has been reported to occur in 13-42% of
patients in previous studies. However, increased mortality persists regardless of resolution [19 - 21].

While the majority of effusions were asymptomatic without an identifiable etiology, those that were symptomatic
were caused by an identifiable infectious process or neoplasm in up to two-thirds of cases [18]. Fever, pleuritic chest
pain, and dyspnea are the most common clinical findings in symptomatic patients with pericardial effusions [22].
Although diagnostic evaluation is not required for small, asymptomatic pleural effusions, pericardiocentesis is
necessary in those with symptomatic, large effusions, regardless of tamponade, to identify the etiologic cause, as the
majority are treatable. Even with pericardiocentesis, many studies reported low rates of definitive etiologic
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determination [23 - 27]. Responsible causes included Staphylococcus aureus, Streptococcus pneumoniae, Myco-
bacterium tuberculosis (MTB), adenocarcinoma, and lymphoma. Pericarditis due to S. aureus and S. pneumoniae has
been previously reported to rapidly evolve to cardiac tamponade. A rare high-grade B-cell non-Hodgkin's lymphoma
associated with KS-associated herpes virus/human herpes virus 8 (HHV-8) infection may manifest as a primary effusion
lymphoma (PEL). This is most commonly identified in HIV-infected patients and associated with a poor prognosis even
when treated with combination radiation and chemotherapy [28, 29].

Sixteen of forty HIV-infected patients with pericardial effusions, included in a retrospective analysis from January
1988 to April 1997, had cardiac tamponade [22]. Causes of cardiac tamponade identified in HIV-infected patients
included S. preumoniae, S. aureus, MTB, Mycobacterium avium-complex (MAC), Mycobacterium kansasii,
Cryptococcus neoformans, cytomegalovirus (CMV), lymphoma, and KS [20, 22]. The annual incidence of cardiac
tamponade in HIV-infected patients with pericardial effusions is estimated to be 9%, while only 1% per year of all HIV-
infected patients develops cardiac tamponade [19]. Patients with pericardial effusions were found to have lower CD4+
T-cell counts compared to those without pericardial effusions, which suggests that developing pericardial effusions may
identify patients with advanced HIV infection.

Previous studies have suggested that patients with a large, symptomatic pericardial effusion and no identifiable
etiology receive empirical treatment for MTB [26, 30]. The European Society of Cardiology recommends the
concomitant administration of corticosteroids with tuberculosis pericarditis as a class I recommendation, which has
been observed to decrease time to recovery, mortality, and the need for surgical intervention [31]. Conventional
tuberculosis therapy has been reported to improve clinical response and outcomes in patients with tuberculosis
pericarditis.

Management of pericardial effusions in HIV-infected patients is based on the severity and etiology of the disease.
Most patients with a small pericardial effusion without tamponade are asymptomatic and do not require further testing
other than follow-up, whereas pericardiocentesis is warranted to determine the etiology in patients with symptoms even
without tamponade [18, 21]. Immediate drainage of pericardial fluid is required to improve hemodynamic status if
tamponade occurs. Identification of a bacteria or fungi as the infectious etiology should be treated with appropriate
antimicrobial agents and duration similarly to pericarditis found in HIV-negative patients [31]. ARV therapy should be
initiated or resumed in these patients, as it has been shown to reduce overall morbidity and mortality.

MYOCARDIAL DISEASE

Dilated cardiomyopathy was first described in an HIV-infected patient in 1986, and proved to be rapidly fatal [32].
Since that time, the incidence of myocardial disease has decreased dramatically due to increasing use of ARV therapy
[33, 34]. In areas where patients have limited access to ARV therapy, however, myocardial disease remains one of the
most common complications of HIV infection. The pathogenesis of myocardial disease in HIV-infected patients may be
the result of myocardial invasion of HIV, opportunistic infections, viral infections, immune response to infectious
etiologies, AIDS-associated tumors, autoimmunity, drug-induced cardiotoxicity, or nutritional deficiencies.

One of the most studied causes of cardiomyopathy in HIV-infected patients is the direct invasion of HIV into
myocardium and the resultant inflammatory process that follows [35]. In one report, HIV nucleic acid sequences were
found in cardiac tissue of 27% of patients at necropsy [36]. While it is certain that HIV can infect myocardial interstitial
cells, the fact that these cells do not possess CD4+ receptors makes the pathophysiology of this process unclear [37].
Evidence has suggested other causes, such as dendritic cells or cytokine mediated tissue injury, may play a role. It has
also been hypothesized that Epstein-Barr virus (EBV) may facilitate the entrance and replication of HIV into myocytes
as a result of myocyte damage [38]. In patients with left ventricular dysfunction undergoing endomyocardial biopsy,
15% and 48% were found to have positive hybridization signals for HIV and CMYV, respectively [39].

Alternatively, coinfection with other etiologies, including opportunistic, bacterial, fungal, or protozoan can be
identified in up to 15% of cases of myocarditis [40, 41]. C. neoformans or cardiotropic viruses, such as CMV, EBV, and
coxsackievirus, have been recognized as some of these causative pathogens [42]. Other infectious etiologies may
include Toxoplasma gondii, MTB, Aspergillus fumigatus, Candida albicans, Histoplasma capsulatum, Coccidioides
immitis, MAC, and herpes simplex virus [42 - 45].

Chagas’ disease is caused by infection with the protozoan parasite, Trypanosoma cruzi [46]. The disease can present
in both an acute or chronic phase, with the chronic phase being subdivided into indeterminate and determinate forms.
The determinate or clinical form may manifest as cardiac, digestive, and cardiodigestive forms. Up to one third of
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patients may progress to develop chronic Chagas’ cardiomyopathy and may present with cardiac arrhythmias, heart
failure, or stroke. Given the similarities in presentation and low levels of awareness, clinicians should assess patients
living in or returning from endemic areas.

Infiltrative myocardial disease may be the result of a neoplasm including KS or high-grade HIV-associated
lymphoma, which is described below.

HIV-induced immunosuppression has also been theorized to contribute to myocardial dysfunction. HIV-infected T-
cells produce cytokines, including tumor necrosis factor (TNF)-a, interleukin (IL)-1, IL-2, endothelin-1 (ET-1), and
alpha interferon, and activate inducible nitric oxide synthase (iNOS) that increases production of nitric oxide, which in
turn is cytotoxic to myocardial cells [47]. Previous studies have found enhanced expression of iNOS in HIV-infected
patients with more advanced stages of immunosuppression [48]. TNF alters intracellular calcium homeostasis leading to
a negative inotropic effect, which may increase nitric oxide synthesis and cause decreased myocyte contractility [47,
49].

Alternatively, hypersensitivity reactions and cardiac-related autoimmunity have previously been described in the
pathogenesis of myocarditis and cardiomyopathy [50]. Hypergammaglobulinemia and increased concentrations of
serum immune complexes due to abnormalities of T-helper cells may result in inflammatory lesions in all bodily
organs, including the cardiac muscle. A damaging autoimmune reaction secondary to circulating cardiac autoantibodies
as a result of HIV-induced formation of cardiac cell-surface immunogenic proteins have been identified previously in
HIV-infected patients with cardiomyopathy.

Drug-induced cardiotoxicity in HIV-infected patients may be the result of treatment with therapeutic medications or
recreational use of illicit substances. Zidovudine-induced cardiomyopathy is thought to be the result of ultrastructural
damages and inhibition of mitochrondrial DNA replication, leading to lactic acidosis that ultimately damages the
myocardium [12, 51]. Treatment with interferons, antineoplastic agents, and antivirals have been reported to cause
cardiomyopathy and congestive heart failure that may be reversible following discontinuation of the cardiotoxic drug.
Doxorubicin, an anthracycline antineoplastic used to treat KS and non-Hodgkin’s lymphoma (NHL), as well as
foscarnet, an antiviral used to treat CMV, have been found to cause cardiomyopathy in a dose-related manner [52, 53].
Amphotericin B, a polyene antifungal, may cause reversible dilated cardiomyopathy [54].

Substance abuse, including alcohol, cocaine, methamphetamine, and intravenous drugs, occurs commonly within
the HIV-infected patient population [55]. Previous studies have observed abnormal diastolic dysfunction in HIV-
infected patients who use illicit drugs [56]. Methamphetamine use, in the setting of HIV-infection, has been shown to
further suppress the immune system, increase the activity of HIV reverse transcriptase in monocyte-derived
macrophages, and increase the risk of cardiac complications [57, 58].

While no direct evidence has been published, previous reports have described nutritional deficiencies, particularly
of selenium, that are commonly observed in HIV-infected patients and may lead to cardiomyopathy [59, 60].

Endocardial fibrosis and mural thrombus are common findings of HIV-related dilated cardiomyopathy upon gross
examination [61]. Histologic findings include myocyte hypertrophy and degeneration. Increased interstitial and
endocardial fibrillar collagen deposition may also be present, and is often related to previous myocarditis. Myocarditis
should be suspected in patients presenting with fever, atypical chest pain, and an upper respiratory tract infection. An
echocardiogram, which is the most sensitive and specific test for diagnosis of dilated cardiomyopathy, should be
performed [37]. Compared to HIV-infected patients with a similar stage of HIV-infection and a normal heart, those
diagnosed with left ventricular dysfunction had a much shorter median survival (472 days versus 101 days,
respectively) [62].

Management of symptomatic cardiomyopathy in HIV-infected patients is similar to that in HIV-negative patients,
and includes the treatment of heart failure with a combination of diuretics, angiotensin-converting enzyme (ACE)
inhibitors, B-blockers, aldosterone antagonists, and digoxin [50]. However, treatment should be aimed at the underlying
cause in cases where it can be identified. Surgical procedures, including coronary artery bypass graft and valve
replacement, should be performed in a similar fashion as in the general population [63]. Although no data have
confirmed the benefit of ARV therapy on cardiomyopathy, the prevalence of HIV-associated cardiomyopathy has been
reduced by approximately 30% due to increasing use of ARV therapy and decreasing rates of opportunistic infections
and myocarditis in resource-rich settings [50, 64]. Drug interactions between ARV and commonly used CV medications
can be found in a previously published review article [65].
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PULMONARY ARTERIAL HYPERTENSION

First described in 1987 by Kim and Factor, the incidence of PAH in HIV-infected patients is 1 in 200 as compared
to 1 in 200,000 in the general population [61, 66, 67]. It is more common in male and younger patients with risk factors
including pulmonary infections, intravenous drug use, homosexual contacts, and hemophilia. The most common
microscopic finding in HIV-infected patients with PAH is plexogenic pulmonary arteriopathy [61]. Although
multifactorial and poorly understood, the pathologic mechanism has been described to be the result of endothelial
damage and vasoconstriction due to HIV-induced release of endothelin-1, IL-6, and TNF-a, as well as secretion of
TNF-a, oxide anions, and proteolytic enzymes by alveolar macrophages in response to an infection. PAH carries a poor
prognosis in HIV-infected patients, with the probability of survival at one, two, and three years to be 73%, 60%, and
47%, respectively [68]. In a prospective comparison, although HIV-infected patients with PAH were younger and had a
lower disease severity than their non-infected counterparts, investigators found similar rates of mortality between
groups [69].

Treatment with ARV therapy significantly reduced both pulmonary artery pressure and mortality in patients with
PAH [70]. Available data have failed to show the efficacy of calcium channel blockers (CCB) in HIV-infected patients
[67]. Furthermore, the use of CCB in this patient population may lead to the development of serious adverse effects,
including hypotension as a result of systemic vasodilation and decreased right ventricle filling. Iloprost, an inhaled
prostacyclin analogue, significantly increased cardiac index, in addition to significantly decreasing pulmonary arterial
pressure and vascular resistance in 8 patients with HIV-associated severe PAH concomitantly treated with ARV therapy
[71]. No significant drug interactions or adverse events were reported. Continuous infusion epoprostenol, in addition to
ARV therapy, increased the six-minute walk test by 183 meters from baseline and improved the NYHA Class in 19 of
20 patients with NYHA Class III-IV HIV-associated PAH [72]. The use of bosentan, an oral nonselective endothelin
receptor antagonist, in HIV-infected patients with PAH resulted in improvements in six-minute walk distance, NYHA
functional class, hemodynamic parameters, and quality of life after 16 weeks [73]. Sildenafil, a cyclic GMP
phosphodiesterase type 5 inhibitor, has been shown to improve symptoms and hemodynamic parameters in HIV-
infected patients with PAH [74]. Sildenafil should be used cautiously as concomitant use in patients treated with PI-
containing ARV regimens may result in significantly increased concentrations of sildenafil, whereas sildenafil may also
significantly decrease concentrations of Pls.

No specific guidelines are available for the treatment of PAH in HIV-infected patients. Treatment regimens should
therefore include ARV therapy, but focus on PAH-specific therapy, excluding CCBs.

MALIGNANCIES

First described in 1983, KS or high-grade HIV-associated lymphoma may lead to involvement of the heart in HIV-
infected patients and is usually fatal [10, 50]. Retrospective autopsy studies identified KS involving the heart in 12% to
28% of HIV-infected patients [61, 75]. Metastatic KS may involve the visceral layer of serous pericardium or
subepicardial adipose tissue. Fatal cardiac tamponade was identified to be the result of KS of the epicardium and
pericardium in a report of 5 HIV-infected patients by Vijay et al. [76]. A transient improvement in vital signs was
observed following pericardiocentesis; however, patients were noted to survive for only a few hours to days with
diagnosis of KS of the pericardium occurring at autopsy. The pericardial sac was found to be tense and filled with dark
bloody fluid, supporting the possibility that the KS lesions were penetrated with the pericardiocentesis needle. Thus, the
authors recommend a pericardial window to be performed for decompression and establishing a diagnosis, as
pericardiocentesis represents a high-risk procedure in these patients and will not yield a diagnosis.

NHL occurs 25 to 60 times more frequently in HIV-infected patients compared to the general population and is
usually disseminated early in these patients [77, 78]. These lymphomas may present as a primary cardiac lymphoma,
but will more commonly be the result of disseminated disease [79 - 82]. Cardiac lymphoma can form nodules and
intracavitary masses, as well as result in heart failure, superior vena cava syndrome, arrhythmias, heart block, or blood
flow obstruction due to cardiac masses.

Previously, the general prognosis of cardiac lymphoma in HIV-infected patients was considered to be poor;
however, recent reports since the introduction of ARV therapy in combination with advanced chemotherapy has led to
improved outcomes in these patients [78, 83]. Previous evidence suggests that concomitant use of ARV therapy and
chemotherapy is tolerable, in most cases. ARV in combination with chemotherapy produces response and disease-free
survival rates similar to those observed in patients with cancer without HIV [84, 85].
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ENDOCARDITIS

The etiologies of endocardial disease seen in HIV-infected patients include marantic endocarditis (nonbacterial
thrombotic endocarditis) and infectious endocarditis (IE). Marantic endocarditis is characterized by friable, sterile
vegetations consisting of platelets and red blood cells that adhere to any cardiac valves. Marantic endocarditis has been
reported to occur in 3-5% of HIV-infected patients, mostly commonly in those over 50 years of age [86]. Neoplastic,
hypercoagulable, and chronic wasting diseases have been linked with marantic endocarditis, which may lead to valvular
dysfunction, most commonly left-sided lesions [18, 87]. The majority of cases are clinically silent; however, systemic
embolization can occur in up to 42% and may involve the brain, lung, spleen, kidney, and coronary arteries [88].

The prevalence of IE in HIV-infected patients is similar to that found in uninfected patients with comparable risk
behaviors, usually occurring in intravenous drug abusers [89, 90]. Of the 108 episodes of IE among 105 HIV-infected
patients, 94.3% were intravenous drug abusers with tricuspid valve involvement [90, 91]. A nested case-control analysis
found that intravenous drug users and patients with advanced immunosuppression, defined as CD4+-cell count < 50
cells/mcL or HIV-1 RNA > 100,000 copies/mL, had a much higher risk of IE, with those over 40 years of age having a
higher mortality. A significant increase in mortality is observed only in patients with more advanced HIV.

Rates of IE have decreased with the advent of ARV therapy [92]. In both HIV-positive and —negative patients with
IE, patient presentations are similar [91]. Presenting symptoms are most commonly fever, chills, and dyspnea, but can
also include weight loss, concomitant pneumonia or meningitis [92, 93]. S. aureus was the most common etiologic
organism, isolated in almost 70% of patients. One fourth of these were methicillin-resistant S. aureus. Fungal
endocarditis has been previously reported to be caused by Aspergillus fumigatus, Cryptococcus spp. and Candida spp.
[50].

HIV infection has not been shown to be a risk factor for IE, excluding intravenous drug users [41]. Treatment
strategies for HIV-infected patients with IE are similar to those used for HIV-negative patients.

CORONARY ARTERY DISEASE

Immune dysfunction, proliferation of T-cells, inflammation, endothelial dysfunction, and lipid disorders associated
with HIV-infection may lead to the development of atherosclerosis [94 - 96]. HIV promotes monocyte penetration of
the vascular intima to promote secretion of cytokines and expression of endothelial cell adhesion molecules during
atherogenesis [97]. Higher concentrations of IL-6, a proinflammatory cytokine, have been found in HIV-infected
patients with ongoing viral replication or advanced immunosuppression [98]. Intercellular adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), E-selectin, P-selectin, and von Willebrand factor (vWF),
biomarkers associated with endothelial activation, have been observed in previous studies in patients with advanced
HIV-infection or opportunistic infections [99, 100].

HIV transcription (Tat) protein and negative factor (Nef) may induce endothelial dysfunction promoting the
development of CVD in HIV-infected patients [101]. Tat protein serves as the principle transactivator of HIV
replication and is secreted by infected cells [102]. Endothelium-dependent vasorelaxation was significantly impaired in
porcine coronary arteries in the setting of low concentrations of Tat. Furthermore, Tat induces inflammation by
activating human endothelial cells [103]. Previous evidence has also implicated Nef as one of the primary factors in
HIV-induced endothelial activation [101]. Nef expression in macrophages promotes secretion of multiple inflammatory
proteins [104].

Lower CD4+ T-cell counts have been directly correlated with an increased risk of CVD in HIV-infected patients
[105]. Increased rates of coronary artery plaque and carotid artery stiffness have been observed in relation to a higher
number of activated CD8+ T-cells [106, 107]. In one study, an increased frequency of carotid artery plaques was
observed in participantswithCD4+ counts< 200 cells/mcL [108]. Increased levels of high-sensitivity C reactive protein,
IL-6, D-dimer, and cystatin C suggest that inflammatory and prothrombotic changes may lead to atherogenesis and
subsequent plaque rupture [109]. In addition, these inflammatory changes may play a role in the endothelial dysfunction
observed in this patient population [110].

Both total cholesterol (TC) and high-density lipoprotein-cholesterol (HDL-C) are reduced in the early stage of HIV
infection [110]. Lower levels of apolipoprotein B and smaller low-density lipoprotein-cholesterol (LDL-C) have been
observed in more advanced stages of HIV. Previous reports have suggested that HIV may alter normal lipid processing
and delivery to vessel walls. Lower rates of LDL-C clearance have also been observed in HIV-infected patients [111].
HIV-infected macrophages accumulate significant amounts of lipids due to abnormal cholesterol efflux, similar to
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macrophage foam cells, and have been identified in atherosclerotic plaques [112].

Monitoring and management of lipid values should follow the recommendations made in the National Cholesterol
Education Program (NCEP) Adult Treatment Panel III (ATP III), despite the recent publication of updated cholesterol
treatment guidelines due to its lack of data regarding the management of dyslipidemia in HIV-infected patients [113 -
115]. Evidence suggests that some ARV medications may worsen serum lipid profiles, leading to a further increased
risk of CAD [116 - 128]. Modification of ARV regimens is reasonable and may improve lipid profiles; however,
caution is advised due to the risk of virologic failure [113 - 115]. Lipid-lowering medications, such as statins, fibrates,
and cholesterol absorption inhibitors, as well as other medications targeting lipids, effectively lower TC, triglycerides,
and LDL-C in HIV-infected patients.

CEREBROVASCULAR DISEASE

Cerebrovascular disease in HIV-infected patients may manifest as either ischemic or hemorrhagic. Etiologies of
ischemic stroke in HIV-infected patients include HIV-associated vasculopathy, opportunistic infections, neoplasms,
cardioembolism, or coagulopathy [129]. Hemorrhagic stroke may be the result of HIV-associated vasculopathy, HIV-
induced thrombocytopenia, or mycotic aneurysm. ARV therapy has also been proposed as a mechanism of
cerebrovascular disease and stroke in HIV-infected patients [130].

The pathogenesis of stroke in HIV-infected patients is primarily derived from both in vitro human and animal
models, while in vivo models have focused on endothelial dysfunction and circulating biomarkers [131 - 133].
Endothelial dysfunction is a crucial process provoking the inflammatory process in the pathogenesis of stroke. As
previously discussed in the above sections, endothelial dysfunction may result in similar complications in HIV-infected
patients [134]. Minimal research exists examining the association between HIV and stroke risk [129].

Up to 5% of HIV-infected patients develop stroke, but an even higher percentage, up to 34%, have been noted to
have cerebral ischemia at autopsy [129]. However in the United States, an increasing number of patients are admitted
with concurrent diagnoses of stroke and HIV infection [129, 135]. Pharmacologic and non-pharmacologic management
should target the acute stroke and its associated complications. Additionally clinicians should identify the etiology of
the stroke, and treatment should be directed at treatable causes. Emphasis should be placed on identifying and reversing
risk factors, initiating or modifying ARV therapy, as well as initiating medications for secondary prevention, including
antiplatelet agents, statins, and antihypertensive medications.

CONCLUSION

CV complications directly related to HIV-infection are most commonly seen in patients with profound
immunodeficiency as a result of opportunistic infections, malignancy, and multiple organ system dysfunction.
Following the introduction of ARV therapy, the incidence of these complications has continued to decrease on a global
scale. However, select patient populations such as women, African Americans, and Hispanics, particularly those living
in rural areas of the United States, are often not linked to appropriate preventative or treatment services. In these
medically underserved areas, clinicians must remain aware of the manifestations and treatment of CV complications
observed in untreated HIV-infected patients.

CONFLICT OF INTEREST

The authors confirm that this article content has no conflict of interest.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

[1] Greene WC, Peterlin BM. Charting HIV’s remarkable voyage through the cell: Basic science as a passport to future therapy. Nat Med 2002;
8(7): 673-80.
[http://dx.doi.org/10.1038/nm0702-673] [PMID: 12091904]

[2] Moir S, Chun TW, Fauci AS. Pathogenic mechanisms of HIV disease. Annu Rev Pathol 2011; 6: 223-48.
[http://dx.doi.org/10.1146/annurev-pathol-011110-130254] [PMID: 21034222]

[3] UNAIDS. Fact sheet 2014 global statistics.  Available from:  http://www.unaids.org/sites/default/files/media_asset/
20150714 _FS_MDG6_Report_en.pdf. [accessed Oct 6, 2015].


http://dx.doi.org/10.1038/nm0702-673
http://www.ncbi.nlm.nih.gov/pubmed/12091904
http://dx.doi.org/10.1146/annurev-pathol-011110-130254
http://www.ncbi.nlm.nih.gov/pubmed/21034222
http://www.unaids.org/sites/default/files/media_asset/20150714_FS_MDG6_Report_en.pdf.
http://www.unaids.org/sites/default/files/media_asset/20150714_FS_MDG6_Report_en.pdf.

120 The Open AIDS Journal, 2016, Volume 10 Chastain et al.

[10]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(23]

[24]

[25]

Chesney MA. Factors affecting adherence to antiretroviral therapy. Clin Infect Dis 2000; 30(Suppl. 2): S171-6.
[http://dx.doi.org/10.1086/313849] [PMID: 10860902]

Hall HI, Li J, McKenna MT. HIV in predominantly rural areas of the United States. J Rural Health 2005; 21(3): 245-53.
[http://dx.doi.org/10.1111/j.1748-0361.2005.tb00090.x] [PMID: 16092299]

Gray KM, Cohen SM, Hu X, Li J, Mermin J, Hall HI. Jurisdiction level differences in HIV diagnosis, retention in care, and viral suppression
in the United States. J Acquir Immune Defic Syndr 2014; 65(2): 129-32.
[http://dx.doi.org/10.1097/QAI1.0000000000000028] [PMID: 24121761]

Cohen MS, Chen YQ, McCauley M, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N Engl J Med 2011; 365(6):
493-505.
[http://dx.doi.org/10.1056/NEJMoal105243] [PMID: 21767103]

Lingappa JR, Hughes JP, Wang RS, ef al. Estimating the impact of plasma HIV-1 RNA reductions on heterosexual HIV-1 transmission risk.
PLoS One 2010; 5(9): €12598.
[http://dx.doi.org/10.1371/journal.pone.0012598] [PMID: 20856886]

Khunnawat C, Mukerji S, Havlichek D Jr, Touma R, Abela GS. Cardiovascular manifestations in human immunodeficiency virus-infected
patients. Am J Cardiol 2008; 102(5): 635-42.
[http://dx.doi.org/10.1016/j.amjcard.2008.04.035] [PMID: 18721528]

Autran B, Gorin I, Leibowitch M, et al. AIDS in a Haitian woman with cardiac Kaposi’s sarcoma and Whipple’s disease. Lancet 1983;
1(8327): 767-8.
[http://dx.doi.org/10.1016/S0140-6736(83)92058-5] [PMID: 6188005]

Barbaro G, Lipshultz SE. Pathogenesis of HIV-associated cardiomyopathy. Ann N 'Y Acad Sci 2001; 946: 57-81.
[http://dx.doi.org/10.1111/j.1749-6632.2001.tb03903.x] [PMID: 11762996]

Fisher SD, Lipshultz SE. Epidemiology of cardiovascular involvement in HIV disease and AIDS. Ann N 'Y Acad Sci 2001; 946: 13-22.
[http://dx.doi.org/10.1111/j.1749-6632.2001.tb03900.x] [PMID: 11762981]

CDC. Monitoring selected national HIV prevention and care objectives by using HIV surveillance data-United States and 6 U.S. dependent
areas-2011. HIV Surveillance Suppl Report 2013; 18(5) Published October 2013.

Chesney MA. Factors affecting adherence to antiretroviral therapy. Clin Infect Dis 2000; 30(Suppl. 2): S171-6.
[http://dx.doi.org/10.1086/313849] [PMID: 10860902]

Corallo S, Mutinelli MR, Moroni M, et al. Echocardiography detects myocardial damage in AIDS: prospective study in 102 patients. Eur
Heart J 1988; 9(8): 887-92.
[PMID: 3181175]

Himelman RB, Chung WS, Chernoff DN, Schiller NB, Hollander H. Cardiac manifestations of human immunodeficiency virus infection: a
two-dimensional echocardiographic study. J Am Coll Cardiol 1989; 13(5): 1030-6.
[http://dx.doi.org/10.1016/0735-1097(89)90256-8] [PMID: 2926051]

De Castro S, Migliau G, Silvestri A, et al. Heart involvement in AIDS: a prospective study during various stages of the disease. Eur Heart J
1992; 13(11): 1452-9.
[PMID: 1464334]

Hsia J, Ross AM. Pericardial effusion and pericardiocentesis in human immunodeficiency virus infection. Am J Cardiol 1994; 74(1): 94-6.
[http://dx.doi.org/10.1016/0002-9149(94)90501-0] [PMID: 8017317]

Heidenreich PA, Eisenberg MJ, Kee LL, ef al. Pericardial effusion in AIDS. Incidence and survival. Circulation 1995; 92(11): 3229-34.
[http://dx.doi.org/10.1161/01.CIR.92.11.3229] [PMID: 7586308]

Estok L, Wallach F. Cardiac tamponade in a patient with AIDS: a review of pericardial disease in patients with HIV infection. Mt Sinai J] Med
1998; 65(1): 33-9.
[PMID: 9458682]

Blanchard DG, Hagenhoff C, Chow LC, McCann HA, Dittrich HC. Reversibility of cardiac abnormalities in human immunodeficiency virus
(HIV)-infected individuals: a serial echocardiographic study. J Am Coll Cardiol 1991; 17(6): 1270-6.
[http://dx.doi.org/10.1016/S0735-1097(10)80134-2] [PMID: 1826690]

Chen Y, Brennessel D, Walters J, Johnson M, Rosner F, Raza M. Human immunodeficiency virus-associated pericardial effusion: report of 40
cases and review of the literature. Am Heart J 1999; 137(3): 516-21.
[http://dx.doi.org/10.1016/S0002-8703(99)70500-4] [PMID: 10047635]

Flum DR, McGinn JT Jr, Tyras DH. The role of the ‘pericardial window’ in AIDS. Chest 1995; 107(6): 1522-5.
[http://dx.doi.org/10.1378/chest.107.6.1522] [PMID: 7781340]

Decker CF, Tuazon CU. Staphylococcus aureus pericarditis in HIV-infected patients. Chest 1994; 105(2): 615-6.
[http://dx.doi.org/10.1378/chest.105.2.615] [PMID: 8306779]

Karve MM, Murali MR, Shah HM, Phelps KR. Rapid evolution of cardiac tamponade due to bacterial pericarditis in two patients with HIV-1
infection. Chest 1992; 101(5): 1461-3.
[http://dx.doi.org/10.1378/chest.101.5.1461] [PMID: 1582323]


http://dx.doi.org/10.1086/313849
http://www.ncbi.nlm.nih.gov/pubmed/10860902
http://dx.doi.org/10.1111/j.1748-0361.2005.tb00090.x
http://www.ncbi.nlm.nih.gov/pubmed/16092299
http://dx.doi.org/10.1097/QAI.0000000000000028
http://www.ncbi.nlm.nih.gov/pubmed/24121761
http://dx.doi.org/10.1056/NEJMoa1105243
http://www.ncbi.nlm.nih.gov/pubmed/21767103
http://dx.doi.org/10.1371/journal.pone.0012598
http://www.ncbi.nlm.nih.gov/pubmed/20856886
http://dx.doi.org/10.1016/j.amjcard.2008.04.035
http://www.ncbi.nlm.nih.gov/pubmed/18721528
http://dx.doi.org/10.1016/S0140-6736(83)92058-5
http://www.ncbi.nlm.nih.gov/pubmed/6188005
http://dx.doi.org/10.1111/j.1749-6632.2001.tb03903.x
http://www.ncbi.nlm.nih.gov/pubmed/11762996
http://dx.doi.org/10.1111/j.1749-6632.2001.tb03900.x
http://www.ncbi.nlm.nih.gov/pubmed/11762981
http://dx.doi.org/10.1086/313849
http://www.ncbi.nlm.nih.gov/pubmed/10860902
http://www.ncbi.nlm.nih.gov/pubmed/3181175
http://dx.doi.org/10.1016/0735-1097(89)90256-8
http://www.ncbi.nlm.nih.gov/pubmed/2926051
http://www.ncbi.nlm.nih.gov/pubmed/1464334
http://dx.doi.org/10.1016/0002-9149(94)90501-0
http://www.ncbi.nlm.nih.gov/pubmed/8017317
http://dx.doi.org/10.1161/01.CIR.92.11.3229
http://www.ncbi.nlm.nih.gov/pubmed/7586308
http://www.ncbi.nlm.nih.gov/pubmed/9458682
http://dx.doi.org/10.1016/S0735-1097(10)80134-2
http://www.ncbi.nlm.nih.gov/pubmed/1826690
http://dx.doi.org/10.1016/S0002-8703(99)70500-4
http://www.ncbi.nlm.nih.gov/pubmed/10047635
http://dx.doi.org/10.1378/chest.107.6.1522
http://www.ncbi.nlm.nih.gov/pubmed/7781340
http://dx.doi.org/10.1378/chest.105.2.615
http://www.ncbi.nlm.nih.gov/pubmed/8306779
http://dx.doi.org/10.1378/chest.101.5.1461
http://www.ncbi.nlm.nih.gov/pubmed/1582323

Cardiovascular Disease in Untreated HIV The Open AIDS Journal, 2016, Volume 10 121

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Sunderam G, McDonald RJ, Maniatis T, Oleske J, Kapila R, Reichman LB. Tuberculosis as a manifestation of the acquired
immunodeficiency syndrome (AIDS). JAMA 1986; 256(3): 362-6.
[http://dx.doi.org/10.1001/jama.1986.03380030064029] [PMID: 3723722]

Zuger A, Louie E, Holzman RS, Simberkoff MS, Rahal JJ. Cryptococcal disease in patients with the acquired immunodeficiency syndrome.
Diagnostic features and outcome of treatment. Ann Intern Med 1986; 104(2): 234-40.
[http://dx.doi.org/10.7326/0003-4819-104-2-234] [PMID: 3946951]

Boulanger E, Gérard L, Gabarre J, et al. Prognostic factors and outcome of human herpesvirus 8-associated primary effusion lymphoma in
patients with AIDS. J Clin Oncol 2005; 23(19): 4372-80.
[http://dx.doi.org/10.1200/JC0O.2005.07.084] [PMID: 15994147]

Sanna P, Bertoni F, Zucca E, et al. Cardiac involvement in HIV-related non-Hodgkin’s lymphoma: a case report and short review of the
literature. Ann Hematol 1998; 77(1-2): 75-8.
[http://dx.doi.org/10.1007/s002770050416] [PMID: 9760158]

Small PM, Schecter GF, Goodman PC, Sande MA, Chaisson RE, Hopewell PC. Treatment of tuberculosis in patients with advanced human
immunodeficiency virus infection. N Engl J Med 1991; 324(5): 289-94.
[http://dx.doi.org/10.1056/NEIM199101313240503] [PMID: 1898769]

Maisch B, Seferovi¢ PM, Risti¢ AD, et al. Guidelines on the diagnosis and management of pericardial diseases executive summary; The Task
force on the diagnosis and management of pericardial diseases of the European society of cardiology. Eur Heart J 2004; 25(7): 587-610.
[http://dx.doi.org/10.1016/j.ehj.2004.02.002] [PMID: 15120056]

Lewis W. Cardiomyopathy in AIDS: a pathophysiological perspective. Prog Cardiovasc Dis 2000; 43(2): 151-70.
[http://dx.doi.org/10.1053/pcad.2000.9031] [PMID: 11014331]

Sliwa K, Carrington MJ, Becker A, Thienemann F, Ntsekhe M, Stewart S. Contribution of the human immunodeficiency virus/acquired
immunodeficiency syndrome epidemic to de novo presentations of heart disease in the Heart of Soweto Study cohort. Eur Heart J 2012; 33(7):
866-74.

[http://dx.doi.org/10.1093/eurheartj/ehr398] [PMID: 22048682]

Guha S, Pande A, Mookerjee S, et al. Echocardiographic profile of ART naive human immunodeficiency virus (HIV) infected patients in a
tertiary care hospital in Kolkata. Indian Heart J 2010; 62(4): 330-4.
[PMID: 21280474]

Hajjar LA, Calderaro D, Yu PC, et al. Cardiovascular manifestations in patients infected with the human immunodeficiency virus. Arq Bras
Cardiol 2005; 85(5): 363-77.
[PMID: 16358156]

Grody WW, Cheng L, Lewis W. Infection of the heart by the human immunodeficiency virus. Am J Cardiol 1990; 66(2): 203-6.
[http://dx.doi.org/10.1016/0002-9149(90)90589-S] [PMID: 2371952]

Barbaro G, Fisher SD, Lipshultz SE. Pathogenesis of HIV-associated cardiovascular complications. Lancet Infect Dis 2001; 1(2): 115-24.
[http://dx.doi.org/10.1016/S1473-3099(01)00067-6] [PMID: 11871462]

Goldblum N, Daefler S, Llana T, Ablashi D, Josephs S, Salahuddin Z. Susceptibility to HIV-1 infection of a human B-lymphoblastoid cell
line, DG75, transfected with subgenomic DNA fragments of Epstein-Barr virus. Dev Biol Stand 1990; 72: 309-13.
[PMID: 2178126]

Herskowitz A, Wu TC, Willoughby SB, et al. Myocarditis and cardiotropic viral infection associated with severe left ventricular dysfunction
in late-stage infection with human immunodeficiency virus. J] Am Coll Cardiol 1994; 24(4): 1025-32.
[http://dx.doi.org/10.1016/0735-1097(94)90865-6] [PMID: 7930193]

Gopal M, Bhaskaran A, Khalife WI, Barbagelata A. Heart disease in patients with HIV/AIDS-An emerging clinical problem. Curr Cardiol
Rev 2009; 5(2): 149-54.
[http://dx.doi.org/10.2174/157340309788166705] [PMID: 20436855]

Sudano I, Spieker LE, Noll G, Corti R, Weber R, Liischer TF. Cardiovascular disease in HIV infection. Am Heart J 2006; 151(6): 1147-55.
[http://dx.doi.org/10.1016/j.ahj.2005.07.030] [PMID: 16781213]

Barbaro G, Di Lorenzo G, Grisorio B, Barbarini G. Cardiac involvement in the acquired immunodeficiency syndrome: a multicenter clinical-
pathological study. Gruppo Italiano per lo Studio Cardiologico dei pazienti affetti da AIDS Investigators. AIDS Res Hum Retroviruses 1998;
14(12): 1071-7.

[http://dx.doi.org/10.1089/aid.1998.14.1071] [PMID: 9718123]

Anderson DW, Virmani R, Reilly JM, et al. Prevalent myocarditis at necropsy in the acquired immunodeficiency syndrome. J Am Coll
Cardiol 1988; 11(4): 792-9.
[http://dx.doi.org/10.1016/0735-1097(88)90213-6] [PMID: 3351145]

Kaul S, Fishbein MC, Siegel RJ. Cardiac manifestations of acquired immune deficiency syndrome: a 1991 update. Am Heart J 1991; 122(2):
535-44.
[http://dx.doi.org/10.1016/0002-8703(91)91013-D] [PMID: 1858638]

Prendergast BD. HIV and cardiovascular medicine. Heart 2003; 89(7): 793-800.
[http://dx.doi.org/10.1136/heart.89.7.793] [PMID: 12807864]


http://dx.doi.org/10.1001/jama.1986.03380030064029
http://www.ncbi.nlm.nih.gov/pubmed/3723722
http://dx.doi.org/10.7326/0003-4819-104-2-234
http://www.ncbi.nlm.nih.gov/pubmed/3946951
http://dx.doi.org/10.1200/JCO.2005.07.084
http://www.ncbi.nlm.nih.gov/pubmed/15994147
http://dx.doi.org/10.1007/s002770050416
http://www.ncbi.nlm.nih.gov/pubmed/9760158
http://dx.doi.org/10.1056/NEJM199101313240503
http://www.ncbi.nlm.nih.gov/pubmed/1898769
http://dx.doi.org/10.1016/j.ehj.2004.02.002
http://www.ncbi.nlm.nih.gov/pubmed/15120056
http://dx.doi.org/10.1053/pcad.2000.9031
http://www.ncbi.nlm.nih.gov/pubmed/11014331
http://dx.doi.org/10.1093/eurheartj/ehr398
http://www.ncbi.nlm.nih.gov/pubmed/22048682
http://www.ncbi.nlm.nih.gov/pubmed/21280474
http://www.ncbi.nlm.nih.gov/pubmed/16358156
http://dx.doi.org/10.1016/0002-9149(90)90589-S
http://www.ncbi.nlm.nih.gov/pubmed/2371952
http://dx.doi.org/10.1016/S1473-3099(01)00067-6
http://www.ncbi.nlm.nih.gov/pubmed/11871462
http://www.ncbi.nlm.nih.gov/pubmed/2178126
http://dx.doi.org/10.1016/0735-1097(94)90865-6
http://www.ncbi.nlm.nih.gov/pubmed/7930193
http://dx.doi.org/10.2174/157340309788166705
http://www.ncbi.nlm.nih.gov/pubmed/20436855
http://dx.doi.org/10.1016/j.ahj.2005.07.030
http://www.ncbi.nlm.nih.gov/pubmed/16781213
http://dx.doi.org/10.1089/aid.1998.14.1071
http://www.ncbi.nlm.nih.gov/pubmed/9718123
http://dx.doi.org/10.1016/0735-1097(88)90213-6
http://www.ncbi.nlm.nih.gov/pubmed/3351145
http://dx.doi.org/10.1016/0002-8703(91)91013-D
http://www.ncbi.nlm.nih.gov/pubmed/1858638
http://dx.doi.org/10.1136/heart.89.7.793
http://www.ncbi.nlm.nih.gov/pubmed/12807864

122 The Open AIDS Journal, 2016, Volume 10 Chastain et al.

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[62]

[63]

[64]

[65]

[66]

Bern C. Chagas’ Disease. N Engl J Med 2015; 373(5): 456-66.
[http://dx.doi.org/10.1056/NEJMral410150] [PMID: 26222561]

Barbaro G, Di Lorenzo G, Soldini M, et al. Clinical course of cardiomyopathy in HIV-infected patients with or without encephalopathy
related to the myocardial expression of tumour necrosis factor-alpha and nitric oxide synthase. AIDS 2000; 14(7): 827-38.
[http://dx.doi.org/10.1097/00002030-200005050-00009] [PMID: 10839591]

Pozzan G, Pagliari C, Tuon FF, Takakura CF, Kauffman MR, Duarte MI. Diffuse-regressive alterations and apoptosis of myocytes: possible
causes of myocardial dysfunction in HIV-related cardiomyopathy. Int J Cardiol 2009; 132(1): 90-5.
[http://dx.doi.org/10.1016/j.ijcard.2007.10.057] [PMID: 18222550]

Barbaro G, Di Lorenzo G, Soldini M, et al. Intensity of myocardial expression of inducible nitric oxide synthase influences the clinical course
of human immunodeficiency virus-associated cardiomyopathy. Gruppo Italiano per lo Studio Cardiologico dei pazienti affetti da AIDS
(GISCA). Circulation 1999; 100(9): 933-9.

[http://dx.doi.org/10.1161/01.CIR.100.9.933] [PMID: 10468523]

Yunis NA, Stone VE. Cardiac manifestations of HIV/AIDS: a review of disease spectrum and clinical management. J Acquir Immune Defic
Syndr Hum Retrovirol 1998; 18(2): 145-54.
[http://dx.doi.org/10.1097/00042560-199806010-00006] [PMID: 9637579]

Herskowitz A, Willoughby SB, Baughman KL, Schulman SP, Bartlett JD. Cardiomyopathy associated with antiretroviral therapy in patients
with HIV infection: a report of six cases. Ann Intern Med 1992; 116(4): 311-3.
[http://dx.doi.org/10.7326/0003-4819-116-4-311] [PMID: 1733387]

Bristow MR, Mason JW, Billingham ME, Daniels JR. Doxorubicin cardiomyopathy: evaluation by phonocardiography, endomyocardial
biopsy, and cardiac catheterization. Ann Intern Med 1978; 88(2): 168-75.
[http://dx.doi.org/10.7326/0003-4819-88-2-168] [PMID: 626445]

Brown DL, Sather S, Cheitlin MD. Reversible cardiac dysfunction associated with foscarnet therapy for cytomegalovirus esophagitis in an
AIDS patient. Am Heart J 1993; 125(5 Pt 1): 1439-41.
[http://dx.doi.org/10.1016/0002-8703(93)91023-8] [PMID: 8386905]

Arsura EL, Ismail Y, Freedman S, Karunakar AR. Amphotericin B-induced dilated cardiomyopathy. Am J Med 1994; 97(6): 560-2.
[http://dx.doi.org/10.1016/0002-9343(94)90353-0] [PMID: 7985716]

Muga R, Sanvisens A, Egea JM, Tor J, Rey-Joly C. Trends in human immunodeficiency virus infection among drug users in a detoxification
unit. Clin Infect Dis 2003; 37(Suppl. 5): S404-9.
[http://dx.doi.org/10.1086/377550] [PMID: 14648455]

Sani MU. Myocardial disease in human immunodeficiency virus (HIV) infection: a review. Wien Klin Wochenschr 2008; 120(3-4): 77-87.
[http://dx.doi.org/10.1007/s00508-008-0935-3] [PMID: 18322768]

Yu Q, Larson DF, Watson RR. Heart disease, methamphetamine and AIDS. Life Sci 2003; 73(2): 129-40.
[http://dx.doi.org/10.1016/S0024-3205(03)00260-1] [PMID: 12738029]

Liang H, Wang X, Chen H, et al. Methamphetamine enhances HIV infection of macrophages. Am J Pathol 2008; 172(6): 1617-24.
[http://dx.doi.org/10.2353/ajpath.2008.070971] [PMID: 18458095]

Jacob AJ, Fell GS, Boon NA. Is HIV cardiomyopathy related to deficiency of selenium? Br Heart J 1992; 68: 137-42.

Dworkin BM, Antonecchia PP, Smith F, et al. Reduced cardiac selenium content in AIDS. JPEN J Parenter Enteral Nutr 1989; 13: 644-7.
[http://dx.doi.org/10.1177/0148607189013006644]

Rerkpattanapipat P, Wongpraparut N, Jacobs LE, Kotler MN. Cardiac manifestations of acquired immunodeficiency syndrome. Arch Intern
Med 2000; 160(5): 602-8.
[http://dx.doi.org/10.1001/archinte.160.5.602] [PMID: 10724045]

Currie PF, Jacob AJ, Foreman AR, Elton RA, Brettle RP, Boon NA. Heart muscle disease related to HIV infection: prognostic implications.
BMJ 1994; 309(6969): 1605-7.
[http://dx.doi.org/10.1136/bm;j.309.6969.1605] [PMID: 7819934]

Filsoufi F, Salzberg SP, Harbou KT, Neibart E, Adams DH. Excellent outcomes of cardiac surgery in patients infected with HIV in the current
era. Clin Infect Dis 2006; 43(4): 532-6.
[http://dx.doi.org/10.1086/505977] [PMID: 16838245]

Barbaro G. Reviewing the cardiovascular complications of HIV infection after the introduction of highly active antiretroviral therapy. Curr
Drug Targets Cardiovasc Haematol Disord 2005; 5(4): 337-43.
[http://dx.doi.org/10.2174/1568006054553444] [PMID: 16101566]

Chastain DB, Henderson H, Stover KR. Epidemiology and management of antiretroviral-associated cardiovascular disease. Open AIDS J
2015; 9: 23-37.
[http://dx.doi.org/10.2174/1874613601509010023] [PMID: 25866592]

Mesa RA, Edell ES, Dunn WF, Edwards WD. Human immunodeficiency virus infection and pulmonary hypertension: two new cases and a
review of 86 reported cases. Mayo Clin Proc 1998; 73(1): 37-45.
[http://dx.doi.org/10.1016/S0025-6196(11)63616-1] [PMID: 9443676]


http://dx.doi.org/10.1056/NEJMra1410150
http://www.ncbi.nlm.nih.gov/pubmed/26222561
http://dx.doi.org/10.1097/00002030-200005050-00009
http://www.ncbi.nlm.nih.gov/pubmed/10839591
http://dx.doi.org/10.1016/j.ijcard.2007.10.057
http://www.ncbi.nlm.nih.gov/pubmed/18222550
http://dx.doi.org/10.1161/01.CIR.100.9.933
http://www.ncbi.nlm.nih.gov/pubmed/10468523
http://dx.doi.org/10.1097/00042560-199806010-00006
http://www.ncbi.nlm.nih.gov/pubmed/9637579
http://dx.doi.org/10.7326/0003-4819-116-4-311
http://www.ncbi.nlm.nih.gov/pubmed/1733387
http://dx.doi.org/10.7326/0003-4819-88-2-168
http://www.ncbi.nlm.nih.gov/pubmed/626445
http://dx.doi.org/10.1016/0002-8703(93)91023-8
http://www.ncbi.nlm.nih.gov/pubmed/8386905
http://dx.doi.org/10.1016/0002-9343(94)90353-0
http://www.ncbi.nlm.nih.gov/pubmed/7985716
http://dx.doi.org/10.1086/377550
http://www.ncbi.nlm.nih.gov/pubmed/14648455
http://dx.doi.org/10.1007/s00508-008-0935-3
http://www.ncbi.nlm.nih.gov/pubmed/18322768
http://dx.doi.org/10.1016/S0024-3205(03)00260-1
http://www.ncbi.nlm.nih.gov/pubmed/12738029
http://dx.doi.org/10.2353/ajpath.2008.070971
http://www.ncbi.nlm.nih.gov/pubmed/18458095
http://dx.doi.org/10.1177/0148607189013006644
http://dx.doi.org/10.1001/archinte.160.5.602
http://www.ncbi.nlm.nih.gov/pubmed/10724045
http://dx.doi.org/10.1136/bmj.309.6969.1605
http://www.ncbi.nlm.nih.gov/pubmed/7819934
http://dx.doi.org/10.1086/505977
http://www.ncbi.nlm.nih.gov/pubmed/16838245
http://dx.doi.org/10.2174/1568006054553444
http://www.ncbi.nlm.nih.gov/pubmed/16101566
http://dx.doi.org/10.2174/1874613601509010023
http://www.ncbi.nlm.nih.gov/pubmed/25866592
http://dx.doi.org/10.1016/S0025-6196(11)63616-1
http://www.ncbi.nlm.nih.gov/pubmed/9443676

Cardiovascular Disease in Untreated HIV The Open AIDS Journal, 2016, Volume 10 123

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

(81]

[85]

[86]

(87]

Opravil M, Pechére M, Speich R, et al. HIV-associated primary pulmonary hypertension. A case control study. Swiss HIV Cohort Study. Am
J Respir Crit Care Med 1997; 155(3): 990-5.
[http://dx.doi.org/10.1164/ajrcem.155.3.9117037] [PMID: 9117037]

Limsukon A, Saeed Al, Ramasamy V, Nalamati J, Dhuper S. HIV-related pulmonary hypertension. Mt Sinai J Med 2006; 73(7): 1037-44.
[PMID: 17195895]

Petitpretz P, Brenot F, Azarian R, ef al. Pulmonary hypertension in patients with human immunodeficiency virus infection. Comparison with
primary pulmonary hypertension. Circulation 1994; 89(6): 2722-7.
[http://dx.doi.org/10.1161/01.CIR.89.6.2722] [PMID: 8205687]

Zuber JP, Calmy A, Evison JM, et al. Pulmonary arterial hypertension related to HIV infection: improved hemodynamics and survival
associated with antiretroviral therapy. Clin Infect Dis 2004; 38(8): 1178-85.
[http://dx.doi.org/10.1086/383037] [PMID: 15095226]

Ghofrani HA, Friese G, Discher T, et al. Inhaled iloprost is a potent acute pulmonary vasodilator in HIV-related severe pulmonary
hypertension. Eur Respir J 2004; 23(2): 321-6.
[http://dx.doi.org/10.1183/09031936.03.00057703] [PMID: 14979511]

Nunes H, Humbert M, Sitbon O, et al. Prognostic factors for survival in human immunodeficiency virus-associated pulmonary arterial
hypertension. Am J Respir Crit Care Med 2003; 167(10): 1433-9.
[http://dx.doi.org/10.1164/rccm.200204-3300C] [PMID: 12615632]

Sitbon O, Gressin V, Speich R, et al. Bosentan for the treatment of human immunodeficiency virus-associated pulmonary arterial
hypertension. Am J Respir Crit Care Med 2004; 170(11): 1212-7.
[http://dx.doi.org/10.1164/rccm.200404-4450C] [PMID: 15317666]

Schumacher YO, Zdebik A, Huonker M, Kreisel W. Sildenafil in HIV-related pulmonary hypertension. AIDS 2001; 15(13): 1747-8.
[http://dx.doi.org/10.1097/00002030-200109070-00026] [PMID: 11546958]

Silver MA, Macher AM, Reichert CM, et al. Cardiac involvement by Kaposi’s sarcoma in acquired immune deficiency syndrome (AIDS).
Am J Cardiol 1984; 53(7): 983-5.
[http://dx.doi.org/10.1016/0002-9149(84)90554-X] [PMID: 6702667]

Vijay V, Aloor RK, Yalla SM, Bebawi M, Kashan F. Pericardial tamponade from Kaposi’s sarcoma: role of early pericardial window. Am
Heart J 1996; 132(4): 897-9.
[http://dx.doi.org/10.1016/S0002-8703(96)90332-4] [PMID: 8831387]

Beral V, Peterman T, Berkelman R, Jaffe H. AIDS-associated non-Hodgkin lymphoma. Lancet 1991; 337(8745): 805-9.
[http://dx.doi.org/10.1016/0140-6736(91)92513-2] [PMID: 1672911]

Duong M, Dubois C, Buisson M, et al. Non-Hodgkin’s lymphoma of the heart in patients infected with human immunodeficiency virus. Clin
Cardiol 1997; 20(5): 497-502.
[http://dx.doi.org/10.1002/clc.4960200519] [PMID: 9134285]

Constantino A, West TE, Gupta M, Loghmanee F. Primary cardiac lymphoma in a patient with acquired immune deficiency syndrome.
Cancer 1987; 60(11): 2801-5.
[http://dx.doi.org/10.1002/1097-0142(19871201)60:11<2801::AID-CNCR2820601134>3.0.CO;2-W] [PMID: 3677014]

Little RF, Gutierrez M, Jaffe ES, Pau A, Horne M, Wilson W. HIV-associated non-Hodgkin lymphoma: incidence, presentation, and
prognosis. JAMA 2001; 285(14): 1880-5.
[http://dx.doi.org/10.1001/jama.285.14.1880] [PMID: 11308402]

Goldfarb A, King CL, Rosenzweig BP, et al. Cardiac lymphoma in the acquired immunodeficiency syndrome. Am Heart J 1989; 118(6):
1340-4.
[http://dx.doi.org/10.1016/0002-8703(89)90030-6] [PMID: 2686386]

Kelsey RC, Saker A, Morgan M. Cardiac lymphoma in a patient with AIDS. Ann Intern Med 1991; 115(5): 370-1.
[http://dx.doi.org/10.7326/0003-4819-115-5-370] [PMID: 1863027]

Vishnu P, Aboulafia DM. AIDS-related non-hodgkin’s lymphoma in the era of highly active antiretroviral therapy. Adv Hematol 2012.

Montoto S, Shaw K, Okosun J, et al. HIV status does not influence outcome in patients with classical Hodgkin lymphoma treated with
chemotherapy using doxorubicin, bleomycin, vinblastine, and dacarbazine in the highly active antiretroviral therapy era. J Clin Oncol 2012;
30(33): 4111-6.

[http://dx.doi.org/10.1200/JC0O.2011.41.4193] [PMID: 23045581]

Ratner L, Lee J, Tang S, et al. Chemotherapy for human immunodeficiency virus-associated non-Hodgkin’s lymphoma in combination with
highly active antiretroviral therapy. J Clin Oncol 2001; 19(8): 2171-8.
[PMID: 11304769]

Herskowitz A, Willoughby SB, Vlahov D, Baughman KL, Ansari AA. Dilated heart muscle disease associated with HIV infection. Eur Heart
J1995; 16(Suppl. O): 50-5.
[http://dx.doi.org/10.1093/eurheartj/16.suppl_0.50] [PMID: 8682102]

Lopez JA, Ross RS, Fishbein MC, Siegel RJ. Nonbacterial thrombotic endocarditis: a review. Am Heart J 1987; 113(3): 773-84.
[http://dx.doi.org/10.1016/0002-8703(87)90719-8] [PMID: 3548296]


http://dx.doi.org/10.1164/ajrccm.155.3.9117037
http://www.ncbi.nlm.nih.gov/pubmed/9117037
http://www.ncbi.nlm.nih.gov/pubmed/17195895
http://dx.doi.org/10.1161/01.CIR.89.6.2722
http://www.ncbi.nlm.nih.gov/pubmed/8205687
http://dx.doi.org/10.1086/383037
http://www.ncbi.nlm.nih.gov/pubmed/15095226
http://dx.doi.org/10.1183/09031936.03.00057703
http://www.ncbi.nlm.nih.gov/pubmed/14979511
http://dx.doi.org/10.1164/rccm.200204-330OC
http://www.ncbi.nlm.nih.gov/pubmed/12615632
http://dx.doi.org/10.1164/rccm.200404-445OC
http://www.ncbi.nlm.nih.gov/pubmed/15317666
http://dx.doi.org/10.1097/00002030-200109070-00026
http://www.ncbi.nlm.nih.gov/pubmed/11546958
http://dx.doi.org/10.1016/0002-9149(84)90554-X
http://www.ncbi.nlm.nih.gov/pubmed/6702667
http://dx.doi.org/10.1016/S0002-8703(96)90332-4
http://www.ncbi.nlm.nih.gov/pubmed/8831387
http://dx.doi.org/10.1016/0140-6736(91)92513-2
http://www.ncbi.nlm.nih.gov/pubmed/1672911
http://dx.doi.org/10.1002/clc.4960200519
http://www.ncbi.nlm.nih.gov/pubmed/9134285
http://dx.doi.org/10.1002/1097-0142(19871201)60:11<2801::AID-CNCR2820601134>3.0.CO;2-W
http://www.ncbi.nlm.nih.gov/pubmed/3677014
http://dx.doi.org/10.1001/jama.285.14.1880
http://www.ncbi.nlm.nih.gov/pubmed/11308402
http://dx.doi.org/10.1016/0002-8703(89)90030-6
http://www.ncbi.nlm.nih.gov/pubmed/2686386
http://dx.doi.org/10.7326/0003-4819-115-5-370
http://www.ncbi.nlm.nih.gov/pubmed/1863027
http://dx.doi.org/10.1200/JCO.2011.41.4193
http://www.ncbi.nlm.nih.gov/pubmed/23045581
http://www.ncbi.nlm.nih.gov/pubmed/11304769
http://dx.doi.org/10.1093/eurheartj/16.suppl_O.50
http://www.ncbi.nlm.nih.gov/pubmed/8682102
http://dx.doi.org/10.1016/0002-8703(87)90719-8
http://www.ncbi.nlm.nih.gov/pubmed/3548296

124

(88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

The Open AIDS Journal, 2016, Volume 10 Chastain et al.

Patel RC, Frishman WH. Cardiac involvement in HIV infection. Med Clin North Am 1996; 80(6): 1493-512.
[http://dx.doi.org/10.1016/S0025-7125(05)70500-9] [PMID: 8941233]

Currie PF, Sutherland GR, Jacob AJ, Bell JE, Brettle RP, Boon NA. A review of endocarditis in acquired immunodeficiency syndrome and
human immunodeficiency virus infection. Eur Heart J 1995; 16(Suppl. B): 15-8.
[http://dx.doi.org/10.1093/eurheartj/16.suppl_B.15] [PMID: 7671917]

Cicalini S, Forcina G, De Rosa FG. Infective endocarditis in patients with human immunodeficiency virus infection. J Infect 2001; 42(4):
267-71.
[http://dx.doi.org/10.1053/jinf.2001.0812] [PMID: 11545570]

Nahass RG, Weinstein MP, Bartels J, Gocke DJ. Infective endocarditis in intravenous drug users: a comparison of human immunodeficiency
virus type 1-negative and positive patients. J Infect Dis 1990; 162(4): 967-70.
[http://dx.doi.org/10.1093/infdis/162.4.967] [PMID: 2401795]

Gebo KA, Burkey MD, Lucas GM, Moore RD, Wilson LE. Incidence of, risk factors for, clinical presentation, and 1-year outcomes of
infective endocarditis in an urban HIV cohort. J Acquir Immune Defic Syndr 2006; 43(4): 426-32.
[http://dx.doi.org/10.1097/01.qai.0000243120.67529.78] [PMID: 17099314]

Rivera Del Rio JR, Flores R, Meléndez J, Gomez MA, Vila S, Hunter R. Profile of HIV patients with and without bacterial endocarditis. Cell
Mol Biol (Noisy-le-grand) 1997; 43(7): 1153-60.
[PMID: 9449550]

Friis-Moller N, Reiss P, Sabin CA, et al. Class of antiretroviral drugs and the risk of myocardial infarction. N Engl J Med 2007; 356(17):
1723-35.
[http://dx.doi.org/10.1056/NEJMo0a062744] [PMID: 17460226]

Hazenberg MD, Stuart JW, Otto SA, et al. T-cell division in human immunodeficiency virus (HIV)-1 infection is mainly due to immune
activation: a longitudinal analysis in patients before and during highly active antiretroviral therapy (HAART). Blood 2000; 95(1): 249-55.
[PMID: 10607709]

Wolf K, Tsakiris DA, Weber R, Erb P, Battegay M. Antiretroviral therapy reduces markers of endothelial and coagulation activation in
patients infected with human immunodeficiency virus type 1. J Infect Dis 2002; 185(4): 456-62.
[http://dx.doi.org/10.1086/338572] [PMID: 11865397]

Park IW, Wang JF, Groopman JE. HIV-1 Tat promotes monocyte chemoattractant protein-1 secretion followed by transmigration of
monocytes. Blood 2001; 97(2): 352-8.
[http://dx.doi.org/10.1182/blood.V97.2.352] [PMID: 11154208]

Armah KA, McGinnis K, Baker J, ef al. HIV status, burden of comorbid disease, and biomarkers of inflammation, altered coagulation, and
monocyte activation. Clin Infect Dis 2012; 55(1): 126-36.
[http://dx.doi.org/10.1093/cid/cis406] [PMID: 22534147]

Farrugia PM, Lucariello R, Coppola JT. Human immunodeficiency virus and atherosclerosis. Cardiol Rev 2009; 17(5): 211-5.
[http://dx.doi.org/10.1097/CRD.0b013e3181b151a3] [PMID: 19690471]

Calza L, Pocaterra D, Pavoni M, et al. Plasma levels of VCAM-1, ICAM-1, E-Selectin, and P-Selectin in 99 HIV-positive patients versus 51
HIV-negative healthy controls. J Acquir Immune Defic Syndr 2009; 50(4): 430-2.
[http://dx.doi.org/10.1097/QA1.0b013e31819a292¢] [PMID: 19322038]

Wang T, Yi R, Green LA, Chelvanambi S, Seimetz M, Clauss M. Increased cardiovascular disease risk in the HIV-positive population on
ART: potential role of HIV-Nef and Tat. Cardiovasc Pathol 2015; 24(5): 279-82.
[http://dx.doi.org/10.1016/j.carpath.2015.07.001] [PMID: 26233281]

Paladugu R, Fu W, Conklin BS, et al. Hiv Tat protein causes endothelial dysfunction in porcine coronary arteries. J Vasc Surg 2003; 38(3):
549-55.
[http://dx.doi.org/10.1016/S0741-5214(03)00770-5] [PMID: 12947275]

Hofman FM, Wright AD, Dohadwala MM, Wong-Staal F, Walker SM. Exogenous tat protein activates human endothelial cells. Blood 1993;
82(9): 2774-80.
[PMID: 7693046]

Olivetta E, Percario Z, Fiorucci G, et al. HIV-1 Nef induces the release of inflammatory factors from human monocyte/macrophages:
involvement of Nef endocytotic signals and NF-kappa B activation. J Immunol 2003; 170(4): 1716-27.
[http://dx.doi.org/10.4049/jimmunol.170.4.1716] [PMID: 12574335]

Hsue PY, Deeks SG, Hunt PW. Immunologic basis of cardiovascular disease in HIV-infected adults. J Infect Dis 2012; 205(Suppl. 3):
S375-82.
[http://dx.doi.org/10.1093/infdis/jis200] [PMID: 22577211]

Kaplan RC, Sinclair E, Landay AL, ef al. T cell activation and senescence predict subclinical carotid artery disease in HIV-infected women. J
Infect Dis 2011; 203(4): 452-63.
[http://dx.doi.org/10.1093/infdis/jiq071] [PMID: 21220772]

Kaplan RC, Sinclair E, Landay AL, et al. T cell activation predicts carotid artery stiffness among HIV-infected women. Atherosclerosis 2011;
217(1): 207-13.


http://dx.doi.org/10.1016/S0025-7125(05)70500-9
http://www.ncbi.nlm.nih.gov/pubmed/8941233
http://dx.doi.org/10.1093/eurheartj/16.suppl_B.15
http://www.ncbi.nlm.nih.gov/pubmed/7671917
http://dx.doi.org/10.1053/jinf.2001.0812
http://www.ncbi.nlm.nih.gov/pubmed/11545570
http://dx.doi.org/10.1093/infdis/162.4.967
http://www.ncbi.nlm.nih.gov/pubmed/2401795
http://dx.doi.org/10.1097/01.qai.0000243120.67529.78
http://www.ncbi.nlm.nih.gov/pubmed/17099314
http://www.ncbi.nlm.nih.gov/pubmed/9449550
http://dx.doi.org/10.1056/NEJMoa062744
http://www.ncbi.nlm.nih.gov/pubmed/17460226
http://www.ncbi.nlm.nih.gov/pubmed/10607709
http://dx.doi.org/10.1086/338572
http://www.ncbi.nlm.nih.gov/pubmed/11865397
http://dx.doi.org/10.1182/blood.V97.2.352
http://www.ncbi.nlm.nih.gov/pubmed/11154208
http://dx.doi.org/10.1093/cid/cis406
http://www.ncbi.nlm.nih.gov/pubmed/22534147
http://dx.doi.org/10.1097/CRD.0b013e3181b151a3
http://www.ncbi.nlm.nih.gov/pubmed/19690471
http://dx.doi.org/10.1097/QAI.0b013e31819a292c
http://www.ncbi.nlm.nih.gov/pubmed/19322038
http://dx.doi.org/10.1016/j.carpath.2015.07.001
http://www.ncbi.nlm.nih.gov/pubmed/26233281
http://dx.doi.org/10.1016/S0741-5214(03)00770-5
http://www.ncbi.nlm.nih.gov/pubmed/12947275
http://www.ncbi.nlm.nih.gov/pubmed/7693046
http://dx.doi.org/10.4049/jimmunol.170.4.1716
http://www.ncbi.nlm.nih.gov/pubmed/12574335
http://dx.doi.org/10.1093/infdis/jis200
http://www.ncbi.nlm.nih.gov/pubmed/22577211
http://dx.doi.org/10.1093/infdis/jiq071
http://www.ncbi.nlm.nih.gov/pubmed/21220772

Cardiovascular Disease in Untreated HIV The Open AIDS Journal, 2016, Volume 10 125

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[http://dx.doi.org/10.1016/j.atherosclerosis.2011.03.011] [PMID: 21492857]

Kaplan RC, Kingsley LA, Gange SJ, et al. Low CD4+ T-cell count as a major atherosclerosis risk factor in HIV-infected women and men.
AIDS 2008; 22(13): 1615-24.
[http://dx.doi.org/10.1097/QAD.0b013¢328300581d] [PMID: 18670221]

Neuhaus J, Jacobs DR Jr, Baker JV, et al. Markers of inflammation, coagulation, and renal function are elevated in adults with HIV infection.
J Infect Dis 2010; 201(12): 1788-95.
[http://dx.doi.org/10.1086/652749] [PMID: 20446848]

Calza L, Manfredi R, Verucchi G. Myocardial infarction risk in HIV-infected patients: epidemiology, pathogenesis, and clinical management.
AIDS 2010; 24(6): 789-802.
[http://dx.doi.org/10.1097/QAD.0b013e328337afdf] [PMID: 20224307]

Riddler SA, Smit E, Cole SR, et al. Impact of HIV infection and HAART on serum lipids in men. JAMA 2003; 289(22): 2978-82.
[http://dx.doi.org/10.1001/jama.289.22.2978] [PMID: 12799406]

Mujawar Z, Rose H, Morrow MP, ef al. Human immunodeficiency virus impairs reverse cholesterol transport from macrophages. PLoS Biol
2006; 4(11): e365.
[http://dx.doi.org/10.1371/journal.pbio.0040365] [PMID: 17076584]

Aberg JA, Gallant JE, Ghanem KG, Emmanuel P, Zingman BS, Horberg MA. Primary care guidelines for the management of persons
infected with HIV: 2013 update by the HIV Medicine Association of the Infectious Diseases Society of America. Clin Infect Dis 2014; 58(1):
1-10.

[http://dx.doi.org/10.1093/cid/cit757] [PMID: 24343580]

Third Report of the National Cholesterol Education Program (NCEP). Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel I11) final report. Circulation 2002; 106(25): 3143-421.
[PMID: 12485966]

Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic
cardiovascular risk in adults: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines.
J Am Coll Cardiol 2014; 63(25 Pt B): 2889-934.

[http://dx.doi.org/10.1016/j.jacc.2013.11.002] [PMID: 24239923]

Friis-Meller N, Weber R, Reiss P, et al. Cardiovascular disease risk factors in HIV patients-association with antiretroviral therapy. Results
from the DAD study. AIDS 2003; 17(8): 1179-93.
[http://dx.doi.org/10.1097/00002030-200305230-00010] [PMID: 12819520]

Behrens G, Dejam A, Schmidt H, er al. Impaired glucose tolerance, beta cell function and lipid metabolism in HIV patients under treatment
with protease inhibitors. AIDS 1999; 13(10): F63-70.
[http://dx.doi.org/10.1097/00002030-199907090-00001] [PMID: 10416516]

Fontas E, van Leth F, Sabin CA, et al. Lipid profiles in HIV-infected patients receiving combination antiretroviral therapy: are different
antiretroviral drugs associated with different lipid profiles? J Infect Dis 2004; 189(6): 1056-74.
[http://dx.doi.org/10.1086/381783] [PMID: 14999610]

Carr A, Samaras K, Burton S, et al. A syndrome of peripheral lipodystrophy, hyperlipidaemia and insulin resistance in patients receiving HIV
protease inhibitors. AIDS 1998; 12(7): F51-8.
[http://dx.doi.org/10.1097/00002030-199807000-00003] [PMID: 9619798]

Walli R, Herfort O, Michl GM, et al. Treatment with protease inhibitors associated with peripheral insulin resistance and impaired oral
glucose tolerance in HIV-1-infected patients. AIDS 1998; 12(15): F167-73.
[http://dx.doi.org/10.1097/00002030-199815000-00001] [PMID: 9814858]

Fellay J, Boubaker K, Ledergerber B, et al. Prevalence of adverse events associated with potent antiretroviral treatment: Swiss HIV Cohort
Study. Lancet 2001; 358(9290): 1322-7.
[http://dx.doi.org/10.1016/S0140-6736(01)06413-3] [PMID: 11684213]

Lu CL, Lin YH, Wong WW, et al. Outcomes of switch to atazanavir-containing combination antiretroviral therapy in HIV-1-infected patients
with hyperlipidemia. J Microbiol Immunol Infect 2011; 44(4): 258-64.
[http://dx.doi.org/10.1016/j.jmii.2010.08.003] [PMID: 21524961]

Overton ET, Arathoon E, Baraldi E, Tomaka F. Effect of darunavir on lipid profile in HIV-infected patients. HIV Clin Trials 2012; 13(5):
256-70.
[http://dx.doi.org/10.1310/hct1305-256] [PMID: 23134626]

Galli M, Ridolfo AL, Adorni F, et al. Body habitus changes and metabolic alterations in protease inhibitor-naive HIV-1-infected patients
treated with two nucleoside reverse transcriptase inhibitors. J Acquir Immune Defic Syndr 2002; 29(1): 21-31.
[http://dx.doi.org/10.1097/00042560-200201010-00003] [PMID: 11782586]

Crane HM, Grunfeld C, Willig JH, et al. Impact of NRTIs on lipid levels among a large HIV-infected cohort initiating antiretroviral therapy in
clinical care. AIDS 2011; 25(2): 185-95.
[http://dx.doi.org/10.1097/QAD.0b013e3283411925] [PMID: 21150555]

Tungsiripat M, Kitch D, Glesby MJ, et al. A pilot study to determine the impact on dyslipidemia of adding tenofovir to stable background
antiretroviral therapy: ACTG 5206. AIDS 2010; 24(11): 1781-4.


http://dx.doi.org/10.1016/j.atherosclerosis.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21492857
http://dx.doi.org/10.1097/QAD.0b013e328300581d
http://www.ncbi.nlm.nih.gov/pubmed/18670221
http://dx.doi.org/10.1086/652749
http://www.ncbi.nlm.nih.gov/pubmed/20446848
http://dx.doi.org/10.1097/QAD.0b013e328337afdf
http://www.ncbi.nlm.nih.gov/pubmed/20224307
http://dx.doi.org/10.1001/jama.289.22.2978
http://www.ncbi.nlm.nih.gov/pubmed/12799406
http://dx.doi.org/10.1371/journal.pbio.0040365
http://www.ncbi.nlm.nih.gov/pubmed/17076584
http://dx.doi.org/10.1093/cid/cit757
http://www.ncbi.nlm.nih.gov/pubmed/24343580
http://www.ncbi.nlm.nih.gov/pubmed/12485966
http://dx.doi.org/10.1016/j.jacc.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24239923
http://dx.doi.org/10.1097/00002030-200305230-00010
http://www.ncbi.nlm.nih.gov/pubmed/12819520
http://dx.doi.org/10.1097/00002030-199907090-00001
http://www.ncbi.nlm.nih.gov/pubmed/10416516
http://dx.doi.org/10.1086/381783
http://www.ncbi.nlm.nih.gov/pubmed/14999610
http://dx.doi.org/10.1097/00002030-199807000-00003
http://www.ncbi.nlm.nih.gov/pubmed/9619798
http://dx.doi.org/10.1097/00002030-199815000-00001
http://www.ncbi.nlm.nih.gov/pubmed/9814858
http://dx.doi.org/10.1016/S0140-6736(01)06413-3
http://www.ncbi.nlm.nih.gov/pubmed/11684213
http://dx.doi.org/10.1016/j.jmii.2010.08.003
http://www.ncbi.nlm.nih.gov/pubmed/21524961
http://dx.doi.org/10.1310/hct1305-256
http://www.ncbi.nlm.nih.gov/pubmed/23134626
http://dx.doi.org/10.1097/00042560-200201010-00003
http://www.ncbi.nlm.nih.gov/pubmed/11782586
http://dx.doi.org/10.1097/QAD.0b013e328341f925
http://www.ncbi.nlm.nih.gov/pubmed/21150555

126 The Open AIDS Journal, 2016, Volume 10 Chastain et al.

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[http://dx.doi.org/10.1097/QAD.0b013e32833ad8b4] [PMID: 20495438]

van der Valk M, Kastelein JJ, Murphy RL, et al. Nevirapine-containing antiretroviral therapy in HIV-1 infected patients results in an anti-
atherogenic lipid profile. AIDS 2001; 15(18): 2407-14.
[http://dx.doi.org/10.1097/00002030-200112070-00008] [PMID: 11740191]

Lee FJ, Carr A. Tolerability of HIV integrase inhibitors. Curr Opin HIV AIDS 2012; 7(5): 422-8.
[http://dx.doi.org/10.1097/COH.0b013e328356682a] [PMID: 22886031]

Benjamin LA, Bryer A, Emsley HC, Khoo S, Solomon T, Connor MD. HIV infection and stroke: current perspectives and future directions.
Lancet Neurol 2012; 11(10): 878-90.
[http://dx.doi.org/10.1016/S1474-4422(12)70205-3] [PMID: 22995692]

de Gaetano Donati K, Rabagliati R, Tumbarello M, et al. Increased soluble markers of endothelial dysfunction in HIV-positive patients under
highly active antiretroviral therapy. AIDS 2003; 17(5): 765-8.
[http://dx.doi.org/10.1097/00002030-200303280-00020] [PMID: 12646805]

Elkind MS, Luna JM, Moon YP, et al. Infectious burden and carotid plaque thickness: the northern Manhattan study. Stroke 2010; 41(3):
el17-22.
[http://dx.doi.org/10.1161/STROKEAHA.109.571299] [PMID: 20075350]

Tinkle BT, Ngo L, Luciw PA, Maciag T, Jay G. Human immunodeficiency virus-associated vasculopathy in transgenic mice. J Virol 1997;
71(6): 4809-14.
[PMID: 9151876]

Hag AM, Kristoffersen US, Pedersen SF, Gutte H, Lebech AM, Kjaer A. Regional gene expression of LOX-1, VCAM-1, and ICAM-1 in
aorta of HIV-1 transgenic rats. PLoS One 2009; 4(12): ¢8170.
[http://dx.doi.org/10.1371/journal.pone.0008170] [PMID: 19997643]

Lo J, Plutzky J. The biology of atherosclerosis: general paradigms and distinct pathogenic mechanisms among HIV-infected patients. J Infect
Dis 2012; 205(Suppl. 3): S368-74.
[http://dx.doi.org/10.1093/infdis/jis201] [PMID: 22577210]

Ovbiagele B, Nath A. Increasing incidence of ischemic stroke in patients with HIV infection. Neurology 2011; 76(5): 444-50.
[http://dx.doi.org/10.1212/WNL.0b013e31820a0cfc] [PMID: 21248273]

© Chastain et al.; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.


http://dx.doi.org/10.1097/QAD.0b013e32833ad8b4
http://www.ncbi.nlm.nih.gov/pubmed/20495438
http://dx.doi.org/10.1097/00002030-200112070-00008
http://www.ncbi.nlm.nih.gov/pubmed/11740191
http://dx.doi.org/10.1097/COH.0b013e328356682a
http://www.ncbi.nlm.nih.gov/pubmed/22886031
http://dx.doi.org/10.1016/S1474-4422(12)70205-3
http://www.ncbi.nlm.nih.gov/pubmed/22995692
http://dx.doi.org/10.1097/00002030-200303280-00020
http://www.ncbi.nlm.nih.gov/pubmed/12646805
http://dx.doi.org/10.1161/STROKEAHA.109.571299
http://www.ncbi.nlm.nih.gov/pubmed/20075350
http://www.ncbi.nlm.nih.gov/pubmed/9151876
http://dx.doi.org/10.1371/journal.pone.0008170
http://www.ncbi.nlm.nih.gov/pubmed/19997643
http://dx.doi.org/10.1093/infdis/jis201
http://www.ncbi.nlm.nih.gov/pubmed/22577210
http://dx.doi.org/10.1212/WNL.0b013e31820a0cfc
http://www.ncbi.nlm.nih.gov/pubmed/21248273
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Infectious and Non-infectious Etiologies of Cardiovascular Disease in Human Immunodeficiency Virus Infection 
	[Background: ]
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	INTRODUCTION
	METHODS
	PERICARDIAL EFFUSION
	MYOCARDIAL DISEASE
	PULMONARY ARTERIAL HYPERTENSION
	MALIGNANCIES
	ENDOCARDITIS
	CORONARY ARTERY DISEASE
	CEREBROVASCULAR DISEASE
	CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




