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Abstract: HIV has transitioned from a progressive fatal disease to a chronic condition with an increased risk for comorbid conditions
including cardiovascular diseases. Despite viral suppression with effective antiretroviral therapy, people living with HIV have a high rate
of myocardial infarction, heart failure, stroke, pulmonary hypertension, cardiomyopathy, and other cardiovascular disease manifestations
when compared to those without HIV. The elevated risk can be explained by chronic inflammation and immune dysregulation in HIV.
Understanding the risk factors and pathogenesis of cardiovascular diseases can help to formulate strategies for the prevention and
treatment of cardiovascular conditions in people living with HIV. We summarize the epidemiology, risk factors, demographic
characteristics, pathophysiology, and immunological alterations associated with the risk of cardiovascular diseases in patients with HIV.
In addition, we present the approach to prevention, identification, and treatment of cardiovascular diseases in people with HIV and the

possible challenges in management strategies.
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Abbreviations [Abbreviations in text are in this table;
abbreviations in figure are in footer of figure]

AMI Acute myocardial infection
ART Antiretoviral therapy

BMI Body mass index

CMV Cytomegalovirus

CVvD Cardiovascular disease

GDF-15 Growth differentiation factor 15

hsCRP High-sensitivity C-reactive protein
IL-6 Interleukin-6

INSTIs Integrase strand transfer inhibitors
MACS Multicenter AIDS Cohort Study
Ml Myocardial infarction

NNRTIs Non-nucleoside reverse transcriptase inhibitors

NT-proBNP_|N-terminal pro-B-type natriuretic peptide

Pls Protease inhibitors

PLWH People living with HIV

RR Relative risk

SMART Strategies for Management of Anti-Retroviral
Therapy

WIHS Women’s Interagency HIV Study

1. Introduction

People living with HIV (PLWH) are twice as likely to
develop cardiovascular disease (CVD) when compared to
those without HIV.! The phenotype of CVD in PLWH
includes a plethora conditions like dyslipidaemia,
hypertension, atherosclerosis, thrombosis, myocardial
infarction (M), stroke, peripheral artery disease, pulmonary
hypertension, pericardial effusion, dilated cardiomyopathy,
heart failure, and sudden cardiac death.2345 6

With improved treatment and prolonged life expectancy, the
risk and manifestation of CVD in PLWH have evolved.
When compared to those without HIV, PLWH are at a much
higher risk of developing CVD and the risk continues to be
sustained after adjustment for conventional cardiovascular

risk factors.”®

The risk of CVD in PLWH is known to reduce with the use
of antiretroviral therapy (ART) though some ARTS may
induce metabolic abnormalities that compound the risk of
CVD. Prevention and screening for CVD risk factors and
pharmacological and non-pharmacological interventions can
help to reduce the burden of CVD and improve morbidity in
PLWH. This review summarises the epidemiology and
pathophysiology of CVD risk factors and the management
strategies for reducing the risk of CVD in PLWH.

Epidemiology

Prevalence of cardiovascular disease in HIV patients
CVD presents a huge burden in PLWH. In a systematic
review of 11 articles published prior to 2019, a prevalence of
10-28% has been reported for subclinical CVD in patients
with HIV in the Asia-Pacific region.® It is estimated that 78%
of PLWH will have CVD by the year 2030.%°

In a combined analysis of the Women’s Interagency HIV
Study (WIHS) and the Multicenter AIDS Cohort Study
(MACS) cohorts, the prevalence of hypertension in HIV-
infected patients increased with increasing age. Patients <40
years of age had a prevalence of 12% to 20% and this
increased to about 35% in those >41 years of age.!

Risk factors and demographics

HIV infection is an independent risk factor for CVD.'?*3
Highest burden of CVD due to HIV is reported in sub-
Saharan Africa and Asia-Pacific.! The profile of CVD varies
between high- income and low-income countries.® In the
Asia-Pacific region, traditional risk factors for CVD such as
diabetes, hypertension, and smoking are reported in 5% to
45% of the HIV and non- HIV populations. In PLWH, the
risk for CVD was nearly doubled by the presence of HIV-
specific risk factors and lower CD4+ counts and was
increased by about 20 times due to synergistic interaction
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among the traditional risk factors.®

When compared to people without HIV, those with HIV have
a higher prevalence of subclinical CVD. Young adults with
HIV generally have early onset of CVD.? Risk for HIV-
related CVD is 1.5 to 2 times higher in women than in men.*4

Pathophysiology

The onset and evolution of CVD in PLWH is influenced by
viremia, degree of injury from HIV, and the underlying
cardiometabolic factors. Unique pathophysiological features
of CVD include an unusual plaque morphology, expansive
vascular remodelling, aortic inflammation and abnormalities
like aneurysms, and HIV cerebrovasculopathy (Figure 1).*
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Figure 1: Risk factors and pathophysiology of cardiovascular disease in people with HIV infection

ART, antiretroviral therapy; CVD, cardiovascular disease;
DM, diabetes mellitus; HF, heart failure; HTN, hypertension;
NASH, nonalcoholic steatohepatitis. Mechanisms linking
HIV and cardiovascular disease.

Inflammatory effects of HIV proteins, CD4+ T-cell
depletion, microbial translocation, altered cholesterol
metabolism, monocyte activation, and altered coagulation
account for a higher risk and rate of CVD in PLWH.>

Epigenetic factors like DNA methylation may potentially
predispose PLWH to CVD.? Chemical mediators and
peptides that have been linked to structural and functional
cardiopulmonary abnormalities include ST2, N-terminal pro-
B-type natriuretic peptide (NT-proBNP), high- sensitivity C-

reactive protein (hsCRP), growth differentiation factor 15
(GDF-15), cystatin C, interleukin-6 (IL-6), D-dimer, and
troponin.

Conventional risk factors like diabetes, hypertension,
smoking, and dyslipidaemia amplify the risk of CVD in
PLWH. Other factors like regional distribution and female
gender are associated with CVD in PLWH.®

Impact on cardiovascular system

When compared to the general population, PLWH show
significantly increased rates of CVD, such as M, stroke, and
two to ten-fold increased risk of venous thromboembolism.*’
The significantly high rates of CVD in PLWH persist even
in the settings of adequate viral suppression with ART.®
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Independent of known risk factors, HIV infection is
associated with a 50% increased risk of acute myocardial
infection (AMI).28 In a cohort study (October 1996 to June
2004) in 189 HIV and 26,142 non-HIV patients, those with
HIV had a relative risk (RR) of 1.75 (95% CI 1.51- 2.02) for
AMI after adjusting for common risk factors.’®* When
compared to those without HIV, PLWH have a 20% to 100%
increase in relative risk of MI.5

Dilated cardiomyopathy in PLWH can be attributed to the
underlying viral infection. In the lesser developed countries
like Africa, malnutrition is a key cause for dilated
cardiomyopathy in the HIV-infected populations.?°

Immune activation and Inflammation

In people with HIV, depletion of CD4+ T-cells and increase
in HIV-proteins like Tat, Nef, Env, and glycoprotein 120
induce a state of chronic inflammation, immune
dysregulation, and endothelial dysfunction. This leads to
high levels of mediators such as IL-6 and C-reactive protein
which promote endothelial cell dysfunction, platelet
activation, and atherosclerosis in patients with long-term
HIV infection. Activation of monocytes and the expression
and release of the pro-coagulant tissue factor activate the
coagulation system leading to an increased risk for arterial
and venous thrombosis.1”2122 HIV patients treated in 10 HIV
specialty clinics in the USA (2002 to 2009) with peripheral
CD4+ T cell count of <350 cells/puL were 58% more likely
to experience CVD compared to those with a CD4+ T cell
count of >500 cells/pL.? Despite ongoing treatment with
ART, HIV infection induces T cell activation. Elevated
counts of CD8+ T cells are associated with an increased risk
of carotid artery stiffness and plaques.?*?> HIV- RNA, even
at low replication in patients being treated with ART,
contributes to an increased risk of CVD.?

Treatment

Treatment of CVD in PLWH is centred on disease modifying
anti-inflammatory strategies. These include reduction of HIV
reservoirs and modulation of immune responses to augment
the control of chronic inflammation. HIV disease is treated
with continuous ART for persistent viral suppression and
immune recuperation. Key factors in management of risk of
CVD in PLWH include the timing for initiation and duration
of ART and the type of ART to be selected according to
disease profiles.

Antiretroviral therapy and cardiovascular health

ART has improved survival outcomes for PLWH and
influenced the natural history of HIV disease. Sustained viral
suppression with ART is associated with reduced risk for
non-HIV complications like MI and heart failure.?52” Early
initiation of ART during the course of the HIV infection is
associated with lesser inflammation.2%2°

An epidemiological transition in PLWH is the survival to
older age that brings in challenges of increased morbidity due
to chronic health conditions including CVD.3*® ART is
associated with dyslipidaemia including triglyceridemia and
increase in low-density lipoproteins and total cholesterol.
Inflammation and immune activation increase the
atherogenicity of lipids via several mechanisms.®> When
compared to the general population, PLWH who receive

ART are at an increased risk of ischemic heart disease. A
Danish National Hospital Registry reported an increased risk
of first hospitalization (adjusted relative risk: 2.12; 95% ClI:
1.62-2.76) for ischemic heart disease in PLWH after ART
initiation (n=3953) when compared to population controls
(n=373856). However, this risk dd not increase further in the
initial 8 years of ART.3!

Risk for CVD is influenced by the class of ART. When
compared to the protease inhibitors (PIs) or non-nucleoside
reverse transcriptase inhibitors (NNRTISs), integrase strand
transfer inhibitors (INSTIs) have less atherogenic potential
with a more favourable lipid profile and may be associated
with lower levels of inflammatory markers. %2

ART has some disadvantages for the risk of CVD in PLWH.
The detrimental effects include altered glucose and lipid
metabolism, mitochondrial toxicity, cardiac myopathy, and
impaired left ventricular function. These effects are more
pronounced with older ARTSs, e.g. abacavir, lopinavir, and
ritonavir when compared to the newer ARTSs, e.g.
dolutegravir or atazanavir.3334 Exposure to abacavir in 2952
HIV-infected Danish patients increased the risk of MI. This
risk was particularly pronounced in patients who initiated
abacavir within 2 years of start of highly active ART and in
those who initiated abacavir as part of NRTI regimen.*® In
the Strategies for Management of Anti-Retroviral Therapy
(SMART) study, patients receiving abacavir or didanosine
were more likely to be using antihypertensive and
antilipemic medications.®® An increased risk of MI was seen
in HIV patients exposed to abacavir and didanosine in within
preceding six months and the excess risk mitigated beyond
six months after drug cessation in the D:A:D study.*

ART-induced lipid abnormalities usually occur within 3
months of initiation of therapy.® PI- based regimens are
commonly associated with dyslipidaemia which is seen in up
to 50% of PLWH who receive a Pl. The degree of lipid
abnormalities varies with individual Pls and the duration of
treatment.3°404142 p|s are also associated with increased rates
of coronary artery disease and the risk of MI shows a positive
correlation with the duration of therapy.*34

INSTIs are associated with minimal changes in lipid
profiles.® Use of INSTIs is now widespread and the
favourable safety profile is anticipated to positively influence
the risk of CVD. Dolutegravir has a safer lipid profile and
offers a preferred treatment option in older patients with HIV
who may have other risk factors for CVD.* However, the
observed gain in weight with this class of ART mandates a
careful assessment of patient profiles before initiation of
therapy.4748

PLWH may develop cardiomyopathy with the extensive use
of ART. Cardiomyopathy caused by the disease, i.e. due to
viral infection and cytokine activity, mainly leads to systolic
dysfunction. On the contrary that due to extensive use of
ART predominantly causes diastolic dysfunction.®
Cardiomyopathy is reported with the use of zidovudine
which is associated with myocardial cell dysfunction due to
mitochondrial damage.*®
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Hypertension management in HIV patients

Management of hypertension in PLWH includes a close
monitoring of risk factors like age, body mass index (BMI),
and the use of ART. Independent of age, BMI, and viral
suppression, dolutegravir is associated with hypertension.
Some studies have reported an association between low nadir
CD4+ cell counts (<50 cells/uL) and hypertension after
initiation of ART.%® There are no specific recommendations
or guidelines for the management of hypertension in
PLWH.51,52

It is important to monitor and optimize ART in PLWH who
have risk factors for hypertension. Prolonged duration of
ART is an independent risk factor for hypertension and the
effect is pronounced in people with nadir CD4+ counts of
<50 cells/uL.>® ART is associated with weight gain and
increase in BMI which are risk factors for hypertension.
Some studies suggest a modest increase in blood pressure
with ART and others report a lower risk for development of
hypertension with NNRTIs. However, these observations are
not conclusive. %3

Management strategies for cardiovascular complications
in HIV patients

The focus of clinical management of CVD in PLWH is to
lower the risk of CVD by promoting a healthy lifestyle with
a balanced diet and adequate physical activity. Behavioural
modifications should be targeted to avoid tobacco, alcohol,
and substance use. Screening for conventional risk factors for
CVD like diabetes, hypertension, dyslipidaemia, and others
can enable an early diagnosis and intervention to prevent the
onset and evolution of CVD.5* Based on benefits in general
populations without HIV, these recommendations can
influence the onset and progression of CVD in PLWH.
Prevention of smoking, elevations in total cholesterol and
hypertension can evade 37%, 44% and 42% of MiIs,
respectively in PLWH.5® When diagnosed with conditions
such as diabetes or hypertension that predispose to CVD,
PLWH should at least undergo an annual assessment both for
the presence of risk factors as well as established CVD.%57
This assessment and stratification of CVD and associated
risk factors should also be adopted for those who are on
ARTSs.

Further, an early diagnosis of HIV and introduction of ART
to control viral loads can reduce immune activation,
immunosuppression, hypercoagulability, and systemic
inflammation that cause or perpetuate CVD in PLWH. ART
has a complex effect on the risk of CVD with reduction in
inflammation but an increase in dyslipidaemia.? Newer
ARTSs are more lipid friendly and may be preferred over the
older ones. The common lipid lowering statins show drug-
drug interactions with ART and should be used with caution.3

Component to atherosclerosis, chronic inflammation is an
important therapeutic target in PLWH. Treatment should aim
to curtail drivers of inflammation including HIV reactivation
from latest foci of infection, microbial translocations,
chronic coinfections, e.g. cytomegalovirus, and a
hypercoagulable state.%®

Any concomitant infections should be treated in PLWH.
Cytomegalovirus (CMV) infections are common in

PLWH.5®8 An ongoing phase Il study (ELICIT,
NCro4840199) is evaluating the anti-inflammatoiy
effectiveness of leteimovii in PLWH and asymptomatic
CMYV infection who aie on ARI. Insights fiom this study can
help to undeistand if leteimovii can ieduce systemic
inflammation and fisk of CVD in PLWH.

2. Challenges and Emerging Approaches

Prolonged life expectancy in PLWH has led to an increased
prevalence of CVD-associated morbidity and mortality.
Prevention of CVD should be a key component in care
guidelines for PLWH. HIV-specific risk scores may be
formulated to target screening of risk factors for CVD in
PLWH. The American Heart Association suggests the use of
standard risk scores and adjustment of the calculated risk
estimates by 1.5 to 2 times for PLWH particularly those with
persistent viremia.®

A common clinical challenge is to balance the benefits and
CVD risks with ART in PLWH. In a prospective
observational study in 23,468 patients, combinations of Pl
and NRTI were independently associated with a 25% relative
increase in the rate of Ml per year of exposure in the initial 4
to 6 years of treatment though the absolute risk was low. The
combination ART led to an increased incidence of MI over
longer exposure to combination ART. Continuous
monitoring for desired benefits with surveillance for
anticipated CVD risk can help to optimize treatment
strategies in PLWH.5!

Mechanisms and immune mediators of HIV-specific CVD
are not precisely understood and should be explored in
clinical trials in future. Treatment options with broad
immunomodulatory effects may potentially be useful in
managing CVD in PLWH. In a pilot study, a single
subcutaneous dose of 150 mg canakinumab significantly
reduced circulating markers of inflammation in 10 treated
and suppressed HIV-infected individuals (> 400 CD4+ T-
cellssmm?®) who had established CVD or one CVD risk
factor. There was a 10% reduction in arterial inflammation
and reductions in leukopoietic activity and monocyte
cytokine production.®?

3. Conclusions

The chronic inflammatory profile of HIV disease supports
the onset and progression of CVD in PLWH. The clinical
manifestations of CVD in PLWH largely depend upon the
underlying risk factors for CVD. These are influenced by
various biological and geographical factors as well as the
opportunities of early diagnosis and timely and effective
treatment of HIV infection.

Prevention, identification, and management of CVD is key
to management of HIV. The use of ART has been associated
with an increase in CVD risk factors including
dyslipidaemia, fat redistribution, insulin resistance, weight
gain, and diabetes. ART has remarkably changed the natural
history of HIV disease with a notable extension in survival.
With improved life expectancy, the risk for lipid and glucose
metabolic abnormalities has significant effect on the long-
term outcomes and prognosis of CVD in PLWH. Delayed
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initiation of ART until advanced immunosuppression may
exacerbate the risk of CVD associated with ART in
PLWH.5052 When compared to earlier years, there has been
a decline in the anticipated risk of Ml in PLWH in the year
2010-2011. This can potentially be explained by early
initiation of ART, use of ART with favourable effects on
lipid parameters, and the widespread deployment of risk
reduction strategies.® These encouraging effects can be
evaluated for other CVVD manifestations in well controlled
studies in future. Primary prevention coupled with judicious
early initiation of ART can preserve immune function in
PLWH.

Ongoing research may focus on describing the prevalence
and pathogenesis of specific CVD conditions in PLWH.
Insights for the unique features of vascular remodelling,
HIV-specific alterations in cerebrovascular vessels, risk
factor profiles and clinical phenotypes of heart failure in
ART-treated patients can help to develop and adopt
immunomodulatory strategies to mitigate the risk of CVD in
PLWH

Declarations

Conflict of interest: The authors have declared that no
competing interests exist.

Authors' contributions

All authors have equally contributed to conception, design,
proof reading and approving the final manuscript.

References

[1] Shah ASV, Stelzle D, Lee KK, et al. Global Burden of
Atherosclerotic Cardiovascular Disease in People
Living With HIV: Systematic Review and Meta-
Analysis.  Circulation. 2018;138(11):1100-1112.
doi:10.1161/CIRCULATIONAHA.117.033369

[2] Hsue PY. Mechanisms of Cardiovascular Disease in
the Setting of HIV Infection. Can J Cardiol.
2019;35(3):238-248. doi:10.1016/j.cjca.2018.12.024

[3] Waters DD, Hsue PY. Lipid Abnormalities in Persons
Living With HIV Infection. Can J Cardiol.
2019;35(3):249-259. doi:10.1016/j.cjca.2018.11.005

[4] Antonello VS, Antonello ICF, Grossmann TK, Tovo
CV, Pupo BBD, Winckler L de Q. Hypertension--an
emerging cardiovascular risk factor in HIV infection.
J Am Soc Hypertens JASH. 2015;9(5):403-407.
d0i:10.1016/j.jash.2015.03.008

[5] So-Armah K, Benjamin LA, Bloomfield GS, et al.
HIV and cardiovascular disease. Lancet HIV.
2020;7(4):e279-e293. doi:10.1016/S2352-
3018(20)30036-9

[6] Feinstein MJ, Hsue PY, Benjamin LA, et al.
Characteristics, Prevention, and Management of
Cardiovascular Disease in People Living With HIV:
A Scientific Statement From the American Heart
Association.  Circulation.  2019;140(2):e98-e124.
doi:10.1161/CIR.0000000000000695

[71 Triant VA, Lee H, Hadigan C, Grinspoon SK.
Increased acute myocardial infarction rates and
cardiovascular risk factors among patients with

8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

human immunodeficiency virus disease. J Clin
Endocrinol Metab. 2007;92(7):2506-2512.
d0i:10.1210/jc.2006-2190

Durand M, Sheehy O, Baril JG, Lelorier J, Tremblay
CL. Association between HIV infection, antiretroviral
therapy, and risk of acute myocardial infarction: a
cohort and nested case-control study using Québec’s
public health insurance database. J Acquir Immune
Defic  Syndr  1999. 2011;57(3):245-  253.
doi:10.1097/QAI.0b013e31821d33a5

Ruamtawee W, Tipayamongkholgul M, Aimyong N,
Manosuthi W. Prevalence and risk factors of
cardiovascular disease among people living with HIV
in the Asia-Pacific region: a systematic review. BMC
Public Health. 2023;23(1):477. doi:10.1186/s12889-
023-15321-7

Smit M, Brinkman K, Geerlings S, et al. Future
challenges for clinical care of an ageing population
infected with HIV: a modelling study. Lancet Infect
Dis.  2015;15(7):810-818.  d0i:10.1016/S1473-
3099(15)00056-0

Kaplan RC, Kingsley LA, Sharrett AR, et al. Ten-year
predicted coronary heart disease risk in HIV-infected
men and women. Clin Infect Dis Off Publ Infect Dis
Soc Am. 2007;45(8):1074-1081. doi:10.1086/521935
Ebner BF, Chueng T, Martinez CA. Epigenetics, HIV,
and Cardiovascular Disease Risk. Curr Probl Cardiol.
2021;46(3):100615.d0i:10.1016/j.cpcardiol.2020.100
615

Hsue PY, Waters DD. Time to Recognize HIV
Infection as a Major Cardiovascular Risk Factor.
Circulation. 2018;138(11):1113-1115.
doi:10.1161/CIRCULATIONAHA.118.036211
Kentoffio K, Temu TM, Shakil SS, Zanni MV,
Longenecker CT. Cardiovascular disease risk in
women living with HIV. Curr Opin HIV AIDS.
2022;17(5):270-278.
doi:10.1097/COH.0000000000000756

Ntsekhe M, Baker JV. Cardiovascular Disease Among
Persons Living With HIV: New Insights Into
Pathogenesis and Clinical Manifestations in a Global
Context. Circulation. 2023;147(1):83-100.
doi:10.1161/CIRCULATIONAHA.122.057443
Scherzer R, Shah SJ, Secemsky E, et al. Association
of Biomarker Clusters With Cardiac Phenotypes and
Mortality in Patients With HIV Infection. Circ Heart
Fail. 2018;11(4):e004312.
doi:10.1161/CIRCHEARTFAILURE.117.004312
Perkins MV, Joseph SB, Dittmer DP, Mackman N.
Cardiovascular Disease and Thrombosis in HIV
Infection.  Arterioscler Thromb  Vasc  Biol.
2023;43(2):175-191.
doi:10.1161/ATVBAHA.122.318232

Freiberg MS, Chang CCH, Kuller LH, et al. HIV
infection and the risk of acute myocardial infarction.
JAMA Intern Med. 2013;173(8):614-622.
doi:10.1001/jamainternmed.2013.3728

Triant VA, Lee H, Hadigan C, Grinspoon SK.
Increased acute myocardial infarction rates and
cardiovascular risk factors among patients with
human immunodeficiency virus disease. J Clin
Endocrinol Metab. 2007;92(7):2506-2512.
d0i:10.1210/jc.2006-2190

Volume 13 Issue 7, July 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

www.ijsr.net
DOI: https://dx.doi.org/10.21275/SR24629104709 34

Paper 1D: SR24629104709


https://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Twagirumukiza M, Nkeramihigo E, Seminega B,
Gasakure E, Boccara F, Barbaro G. Prevalence of
dilated cardiomyopathy in HIV-infected African
patients not receiving HAART: a multicenter,
observational, prospective, cohort study in Rwanda.
Curr HIV Res. 2007;5(1):129-137.
d0i:10.2174/157016207779316288

Paladugu R, Fu W, Conklin BS, et al. Hiv Tat protein
causes endothelial dysfunction in porcine coronary
arteries. J Vasc Surg. 2003;38(3):549-555; discussion
555-556. d0i:10.1016/s0741- 5214(03)00770-5
Schecter AD, Berman AB, Yi L, et al. HIV envelope
gp120 activates human arterial smooth muscle cells.
Proc Natl Acad Sci U S A. 2001;98(18):10142-10147.
d0i:10.1073/pnas.181328798

Lichtenstein KA, Armon C, Buchacz K, et al. Low
CD4+ T cell count is a risk factor for cardiovascular
disease events in the HIV outpatient study. Clin Infect
Dis Off Publ Infect Dis Soc Am. 2010;51(4):435-447.
d0i:10.1086/655144

Hsue PY, Deeks SG, Hunt PW. Immunologic basis of
cardiovascular disease in HIV-infected adults. J Infect
Dis. 2012;205 Suppl 3(Suppl 3):S375-382.
doi:10.1093/infdis/jis200

Kaplan RC, Sinclair E, Landay AL, et al. T cell
activation and senescence predict subclinical carotid
artery disease in HIV-infected women. J Infect Dis.
2011;203(4):452-463. doi:10.1093/infdis/jiq071
Strategies for Management of Antiretroviral Therapy
(SMART) Study Group, El-Sadr WM, Lundgren JD,
et al. CD4+ count-guided interruption of antiretroviral
treatment. N Engl J Med. 2006;355(22):2283-2296.
doi:10.1056/NEJM0a062360

Freiberg MS, Chang CCH, Skanderson M, et al.
Association Between HIV Infection and the Risk of
Heart Failure With Reduced Ejection Fraction and
Preserved Ejection Fraction in the Antiretroviral
Therapy Era: Results From the Veterans Aging
Cohort Study. JAMA Cardiol. 2017;2(5):536-546.
doi:10.1001/jamacardio.2017.0264

Sereti I, Krebs SJ, Phanuphak N, et al. Persistent,
Albeit Reduced, Chronic Inflammation in Persons
Starting Antiretroviral Therapy in Acute HIV
Infection. Clin Infect Dis Off Publ Infect Dis Soc Am.
2017;64(2):124-131. doi:10.1093/cid/ciw683

Baker JV, Neuhaus J, Duprez D, et al. Changes in
inflammatory and coagulation biomarkers: a
randomized comparison of immediate versus deferred
antiretroviral therapy in patients with HIV infection. J
Acquir Immune Defic Syndr 1999. 2011;56(1):36-43.
doi:10.1097/QAI.0b013e3181f7f61a

Belkin MN, Uriel N. Heart health in the age of highly
active antiretroviral therapy: a review of HIV
cardiomyopathy. Curr Opin Cardiol. 2018;33(3):317-
324. doi:10.1097/HC0.0000000000000513

Obel N, Thomsen HF, Kronborg G, et al. Ischemic
heart disease in HIV-infected and HIV- uninfected
individuals: a population-based cohort study. Clin
Infect Dis Off Publ Infect Dis Soc Am.
2007;44(12):1625-1631. doi:10.1086/518285
Martinez E, D’Albuquerque PM, Llibre JM, et al.
Changes in cardiovascular biomarkers in HIV-

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

protease  inhibitors  to AIDS.
2012;26(18):2315-2326.
d0i:10.1097/QAD.0b013e328359f29c

Worm SW, Sabin C, Weber R, et al. Risk of
myocardial infarction in patients with HIV infection
exposed to specific individual antiretroviral drugs
from the 3 major drug classes: the data collection on
adverse events of anti-HIV drugs (D:A:D) study. J
Infect Dis. 2010;201(3):318-330. doi:10.1086/649897
Gatell JM, Assoumou L, Moyle G, et al. Switching
from a ritonavir-boosted protease inhibitor to a
dolutegravir-based regimen for maintenance of HIV
viral suppression in patients with high cardiovascular
risk. AIDS Lond Engl. 2017;31(18):2503-2514.
doi:10.1097/QAD.0000000000001675

Obel N, Farkas DK, Kronborg G, et al. Abacavir and
risk of myocardial infarction in HIV- infected patients
on highly active antiretroviral therapy: a population-

raltegravir.

based nationwide cohort study. HIV Med.
2010;11(2):130-136. d0i:10.1111/j.1468-
1293.2009.00751.x

Strategies for Management of Anti-Retroviral

Therapy/INSIGHT, DAD Study Groups. Use of
nucleoside reverse transcriptase inhibitors and risk of
myocardial infarction in HIV-infected patients. AIDS
Lond Engl. 2008;22(14):F17-24.
d0i:10.1097/QAD.0b013e32830fe35¢

D:A:D Study Group, Sabin CA, Worm SW, et al. Use
of nucleoside reverse transcriptase inhibitors and risk
of myocardial infarction in HIV-infected patients
enrolled in the D:A:D study: a multi-cohort
collaboration. Lancet Lond Engl.
2008;371(9622):1417-1426. doi:10.1016/S0140-
6736(08)60423-7

Sherer R. HIV, HAART, and hyperlipidemia:
balancing the effects. J Acquir Immune Defic Syndr
1999. 2003;34 Suppl 2:5123-129.
d0i:10.1097/00126334-200310012-00005

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):1056-1074. doi:10.1086/381783
Behrens G, Dejam A, Schmidt H, et al. Impaired
glucose tolerance, beta cell function and lipid
metabolism in HIV patients under treatment with
protease inhibitors. AIDS Lond Engl.
1999;13(10):F63-70. d0i:10.1097/00002030-
199907090-00001

Carr A, Samaras K, Burton S, et al. A syndrome of
peripheral lipodystrophy, hyperlipidaemia and insulin
resistance in patients receiving HIV protease
inhibitors. AIDS Lond Engl. 1998;12(7):F51- 58.
doi:10.1097/00002030-199807000-00003

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 Lond Engl.
1998;12(15):F167-173. d0i:10.1097/00002030-
199815000-00001

Rerkpattanapipat P, Wongpraparut N, Jacobs LE,
Kotler MN. Cardiac manifestations of acquired

infected patients switching from ritonavir-boosted immunodeficiency syndrome. Arch Intern Med.
Volume 13 Issue 7, July 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
WWW.ijsr.net
Paper ID: SR24629104709 DOI: https://dx.doi.org/10.21275/SR24629104709 35


https://www.ijsr.net/

International Journal of Science and Research (1JSR)

ISSN: 2319-7064

SJIF (2022): 7.942

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Paper 1D: SR24629104709

2000;160(5):602-608.
doi:10.1001/archinte.160.5.602

Mary-Krause M, Cotte L, Simon A, Partisani M,
Costagliola D, Clinical Epidemiology Group from the
French Hospital Database. Increased risk of
myocardial infarction with duration of protease
inhibitor therapy in HIV-infected men. AIDS Lond
Engl. 2003;17(17):2479-2486.
doi:10.1097/00002030-200311210-00010

Lee FJ, Carr A. Tolerability of HIV integrase
inhibitors. Curr Opin HIV AIDS. 2012;7(5):422-428.
doi:10.1097/COH.0b013e328356682a

Quercia R, Roberts J, Martin-Carpenter L, Zala C.
Comparative changes of lipid levels in treatment-
naive, HIV-1-infected adults treated with dolutegravir
vs. efavirenz, raltegravir, and ritonavir-boosted
darunavir-based regimens over 48 weeks. Clin Drug
Investig. 2015;35(3):211-219. doi:10.1007/s40261-
014-0266-2

Sax PE, Erlandson KM, Lake JE, et al. Weight Gain
Following Initiation of Antiretroviral Therapy: Risk
Factors in Randomized Comparative Clinical Trials.
Clin Infect Dis Off Publ Infect Dis Soc Am.
2020;71(6):1379-1389. doi:10.1093/cid/ciz999
Capeau J, Lagathu C, Béréziat V. Recent data on the
role of antiretroviral therapy in weight gain and
obesity in persons living with HIV. Curr Opin HIV
AIDS. 2024;19(1):14-20.
d0i:10.1097/COH.0000000000000833

Sheikh RA, Yasmeen S, Munn R, Ruebner BH, Ellis
WG. AIDS-related myopathy. Med Electron Microsc
Off J Clin Electron Microsc Soc Jpn. 1999;32(2):79-
86. doi:10.1007/s007950050012

Manner IW, Traseid M, Oektedalen O, Baekken M,
Os 1. Low nadir CD4 cell count predicts sustained
hypertension in HIV-infected individuals. J Clin
Hypertens Greenwich Conn. 2013;15(2):101- 106.
d0i:10.1111/jch.12029

Mancia G, Kreutz R, Brunstrom M, et al. 2023 ESH
Guidelines for the management of arterial
hypertension The Task Force for the management of
arterial hypertension of the European Society of
Hypertension: Endorsed by the International Society
of Hypertension (ISH) and the European Renal
Association (ERA). J Hypertens. 2023;41(12):1874-
2071. doi:10.1097/HJH.0000000000003480

Whelton PK, Carey RM, Aronow WS, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/A
SPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High
Blood Pressure in Adults: A Report of the American
College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines.
Hypertension. 2018;71(6).
doi:10.1161/HYP.0000000000000065

Thiébaut R, EI-Sadr WM, Friis-Mgller N, et al.
Predictors of hypertension and changes of blood
pressure in HIV-infected patients. Antivir Ther.
2005;10(7):811-823.
d0i:10.1177/135965350501000706

Arnett DK, Blumenthal RS, Albert MA, et al. 2019
ACC/AHA Guideline on the Primary Prevention of
Cardiovascular Disease: A Report of the American

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

College of Cardiology/American

Heart Association Task Force on Clinical Practice
Guidelines. Circulation. 2019;140(11):e596-€646.
doi:10.1161/CIR.0000000000000678

Althoff KN, Gebo KA, Moore RD, et al
Contributions of traditional and HIV-related risk
factors on non-AlIDS-defining cancer, myocardial
infarction, and end-stage liver and renal diseases in
adults with HIV in the USA and Canada: a
collaboration of cohort studies. Lancet HIV.
2019;6(2):€93-e104. doi:10.1016/S2352-
3018(18)30295-9

Hsue PY, Squires K, Bolger AF, et al. Screening and
assessment of coronary heart disease in HIV-infected
patients. Circulation. 2008;118(2):e41-47.
d0i:10.1161/CIRCULATIONAHA.107.189626
Fragkou PC, Moschopoulos CD, Dimopoulou D, et al.
Cardiovascular disease and risk assessment in people
living with HIV: Current practices and novel
perspectives. Hellenic J Cardiol. 2023;71:42-54.
doi:10.1016/j.hjc.2022.12.013

Deeks SG, Tracy R, Douek DC. Systemic effects of
inflammation on health during chronic HIV infection.
Immunity. 2013;39(4):633-645.
d0i:10.1016/j.immuni.2013.10.001
Christensen-Quick A, Vanpouille C, Lisco A,
Gianella S. Cytomegalovirus and HIV Persistence:
Pouring Gas on the Fire. AIDS Res Hum Retroviruses.
2017;33(S1):S23-S30. d0i:10.1089/aid.2017.0145
Gianella S, Letendre S. Cytomegalovirus and HIV: A
Dangerous Pas de Deux. J Infect Dis. 2016;214 Suppl
2(Suppl 2): S67-74. d0i:10.1093/infdis/jiw217
Friis-Mgller N, Sabin CA, Weber R, et al.
Combination antiretroviral therapy and the risk of
myocardial  infarction. N Engl J Med.
2003;349(21):1993-2003.
doi:10.1056/NEJM0a030218

Hsue PY, Li D, Ma Y, et al. IL-1p Inhibition Reduces
Atherosclerotic Inflammation in HIV Infection. J Am
Coll Cardiol. 2018;72(22):2809-2811.
d0i:10.1016/j.jacc.2018.09.038

Klein DB, Leyden WA, Xu L, et al. Declining relative
risk for myocardial infarction among HIV- positive
compared with HIV-negative individuals with access
to care. Clin Infect Dis Off Publ Infect Dis Soc Am.
2015;60(8):1278-1280. doi:10.1093/cid/civ014

Volume 13 Issue 7, July 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

www.ijsr.net
DOI: https://dx.doi.org/10.21275/SR24629104709 36


https://www.ijsr.net/



