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Abstract

In the era of effective antiretroviral therapy (ART), HIV has become a manageable disease marked 

by an elevated risk of non-AIDS-related comorbidities, including stroke. Rates of stroke are higher 

in people living with HIV (PLWH) compared with the general population. Elevated stroke risk 

may be attributable to traditional risk factors, HIV-associated chronic inflammation and immune 

dysregulation, and possible adverse effects of long-standing ART use. Tailoring stroke prevention 

strategies for PLWH requires knowledge of how stroke pathogenesis may differ from non-HIV-

associated stroke, knowledge of long-term stroke outcomes in HIV, and accurate stroke risk 

assessment tools. As a result, the approach to primary and secondary stroke prevention in PLWH 

relies heavily on guidelines developed for the general population, with an emphasis on 

optimization of traditional vascular risk factors and early initiation of ART. This review 

summarizes existing evidence on HIV-associated stroke mechanisms and considerations for stroke 

prevention for PLWH.
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INTRODUCTION

People living and aging with HIV are experiencing a rising burden of stroke in the 

contemporary era of combination antiretroviral therapy (ART). In the US, the number of 

patients with HIV admitted for stroke rose by 43% between 1997 and 2006.1 In regions of 

sub-Saharan Africa where HIV is endemic, HIV is the leading risk factor for stroke in young 

populations with a population-attributable fraction of 46%.2
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In addition to high rates of traditional cardiovascular disease (CVD) risk factors, people 

living with HIV (PLWH) are at risk of physiologic changes that occur from ART and HIV 

infection itself. Both immunosuppression with lower CD4 count and uncontrolled HIV 

viremia appear to be associated with greater stroke risk. Little is known about stroke 

prevention specifically in HIV, and it is unclear whether the more general methods of 

modifying stroke risk provide a similar benefit in PLWH compared with HIV-uninfected 

patients. Due to the lack of data for optimal prevention of stroke in PLWH, current clinical 

practice tends to follow guidelines for stroke prevention developed for the population at 

large.

This review summarizes the potential mechanisms underlying the pathogenesis of stroke in 

PLWH and strategies for stroke prevention in this high-risk population.

EPIDEMIOLOGY

Early in the HIV epidemic, stroke typically occurred in the setting of advanced HIV 

infection, often with attendant opportunistic infections, coagulopathies, or AIDS-related 

malignancies.3 In the ART era, the association between HIV and stroke remains compelling, 

especially as PLWH age and the prevalence of traditional vascular risk factors increases, 

both in high- and in low- and middle-income countries (LMIC), and as ART regimens 

evolve.4 The number of PLWH who are aged 50 years and older has tripled since 2000, and5 

CVD, including stroke, is a leading cause of death among PLWH in high-income countries.
6–8

Recent studies from the modern ART treatment era have demonstrated increased stroke risk 

in PLWH independent of age and traditional vascular risk factors.1,9–12 A large, 

retrospective Danish study showed that the incidence of a cerebrovascular event in PLWH 

was 1.6 times higher than for HIV-uninfected patients, even after controlling for intravenous 

drug use and other traditional vascular risk factors.10 In a large American healthcare claims 

database, PLWH had an elevated risk of stroke, with rates nearly triple that of uninfected 

controls after adjustment for sex and age.11 Immunosuppression may also modulate the risk 

of stroke. Several studies have demonstrated that low CD4 count and higher viral load are 

associated with a higher incidence of stroke in PLWH.9,10,12 While ischemic stroke is the 

most frequent type of stroke in PLWH, similar to the general population, the risk of 

hemorrhagic stroke may also be increased in HIV populations, especially among those with 

uncontrolled viremia, who are at higher risk of aneurysmal arteriopathy and opportunistic 

infections.13,14 Knowledge gaps remain regarding the extent to which socioeconomic factors 

(e.g. education, income) play a role in explaining increased stroke risk in PLWH.

Low- and middle-income countries

In LMIC, the incidence of stroke has more than doubled in the last 40 years.15,16 The burden 

of HIV is high in sub-Saharan Africa, where a substantial proportion of PLWH have a CD4 

count less than 200 cells/mm3.17,18 In these regions, stroke in PLWH affects a much younger 

patient population with advanced, untreated disease, and stroke may be the initial 

presentation of HIV infection.2 One study in Malawi found that HIV was the second most 

common risk factor associated with stroke.18 PLWH in these regions may be particularly 
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vulnerable to stroke given the high burden of advanced infection combined with increasing 

prevalence of traditional CVD risk factors in those with controlled infection.19,20

ISCHEMIC STROKE SUBTYPES

The distribution of ischemic stroke subtypes that occur with HIV may provide insight into 

the mechanisms underlying increased stroke risk and aid in predicting recurrent stroke risk 

and prognosis. Ischemic stroke has classically been divided into 3 main subtypes: 

cardioembolic, large artery atherosclerosis, and small vessel disease. Cardioembolic strokes 

in HIV may be secondary to atrial fibrillation and HIV-associated dilated cardiomyopathy. 

Strokes attributed to large artery atherosclerosis are defined by infarction distal to a large 

vessel stenosis, such as proximal intracranial arteries or the extracranial carotid artery. Small 

vessel strokes, or lacunar strokes, are typically defined by anatomical location (e.g. small 

subcortical infarct) and specific lacunar syndrome. In HIV-infected stroke populations, a 

higher proportion of strokes may be attributed to “undetermined” or “other determined” 

etiologies. A few small studies suggest that large artery atherosclerosis, small vessel disease, 

and stroke of undetermined etiology are the most common stroke subtypes among treated 

PLWH.21–23 A recent retrospective cohort showed that PLWH may be at a greater 

proportional risk of stroke of undetermined etiology compared with uninfected individuals.
23 The high proportion of cryptogenic strokes in this patient population may be due to 

practice variation in the work-up of stroke etiologies in PLWH or novel mechanisms for 

stroke in the context of HIV infection.

MECHANISMS OF STROKE IN HIV INFECTION

In addition to the standard approach of classifying ischemic stroke mechanisms, immune 

status must be considered in the evaluation of stroke in PLWH. The pathophysiology of 

HIV-associated stroke is likely multifactorial and includes an interplay of traditional CVD 

risk factors, exposure to ART, virologic suppression, and chronic inflammation (Figure).

Traditional CVD Risk Factors

PLWH have a higher prevalence of traditional CVD risk factors, including hypertension, 

dyslipidemia, diabetes, and smoking.24–26 Smoking, for example, is highly prevalent among 

PLWH. A nationally representative US sample of PLWH found that 42% were current 

smokers and 20% were former smokers.27 As PLWH age, traditional CVD risk factors may 

play a more significant role in stroke events than HIV-related risk factors such as viral load 

and CD4 count.28,29

Infection-Associated Strokes

Cerebral infections are an important cause of secondary vasculitis and may cause both 

ischemic and hemorrhagic strokes. Immunosuppression related to HIV increases 

susceptibility to acquisition or reactivation of opportunistic infections associated with 

strokes such as tuberculosis, neurosyphilis, varicella-zoster virus, and cryptococcus. These 

infections may induce extensive cerebrovascular inflammation leading to endarteritis and a 

prothrombotic state that predisposes patients to ischemic strokes. The recent surge of 
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syphilis cases in Canada and the US may increase the incidence of syphilis-associated 

strokes in PLWH.30–32 It is important to distinguish strokes in PLWH from stroke mimics 

due to primary central nervous system (CNS) lymphoma, CNS toxoplasmosis, CNS 

tuberculomas, brain abscesses and other infections.

Prothrombotic States

Several studies have identified prothrombotic states such as protein C and S deficiency, and 

less commonly, antiphospholipid antibodies in PLWH with uncontrolled infection who have 

had a stroke.33–35 While biomarkers of coagulation and inflammation in HIV can decrease 

on ART, they may remain elevated compared with HIV-uninfected individuals.36 In a case-

control study of 82 PLWH with strokes, hypercoagulability was deemed responsible for 9% 

(7/82) of strokes, with protein S deficiency found in 45% (10/22) and anticardiolipin 

antibodies found in 29% (9/31) of tested patients.37 However, a South African study found 

no statistically significant difference in the prevalence of Protein S deficiency in PLWH with 

and without stroke.38 A causal relationship between these procoagulant factors and stroke in 

PLWH is not clearly established and may instead represent an epiphenomenon of 

uncontrolled HIV infection.39

Accelerated Atherosclerosis

Traditional CVD risk factors, HIV-specific novel risk factors, including chronic 

inflammation, and side effects of long-term use of some ART appear to contribute to 

accelerated atherosclerosis and higher risk of CVD in PLWH. Endothelial dysfunction and 

arterial inflammation are thought to be critical to the mechanism of accelerated 

atherosclerosis in PLWH. Carotid intima-media thickness, a subclinical marker of 

atherosclerosis and CVD risk, has been shown to be increased in PLWH compared with 

uninfected individuals in cross-sectional and longitudinal studies.40,41 HIV infection itself, 

immunodeficiency, and ART influence the progression of atherosclerosis.41,42 In a study of 

treated, virologically suppressed PLWH, atherosclerotic CVD risk was associated with 

carotid wall thickness on MRI, a known marker of CVD, whereas HIV status was not.43 

Therefore, traditional CVD risk factors remain the strongest determinants of carotid 

atherosclerotic disease progression in PLWH.44

Nonatherosclerotic Vasculopathy

Non-atherosclerotic vasculopathy is an evolving term used to describe arterial changes in 

PLWH in the absence of atherosclerosis, infective vasculitis, or neoplastic involvement of 

the vessels. This form of vasculopathy has been primarily described in young, 

immunocompromised individuals.18 Vessel abnormalities include extra- or intracranial 

stenotic lesions or cerebral aneurysmal lesions that are hypothesized to result directly or 

indirectly from HIV infection. Clinical presentation is variable and may include transient 

ischemic attack (TIA), cerebral infarcts, or intracranial hemorrhage due to aneurysmal 

rupture. In one study of PLWH with predominantly unsuppressed infection, PLWH were 

more likely to develop adventitial inflammation, suggesting a different phenotype of 

vascular disease than the intimal inflammation associated with atherosclerosis seen in an 

aging population.45
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Effects of HIV Treatment

ART may also contribute to the risk of stroke, both directly by accelerating atherosclerosis 

and indirectly by increasing life expectancy and shifting competing risks. Certain 

antiretroviral drugs and drug classes have been associated with elevated risk of CVD events, 

though less data are available on the association between ART and stroke. Other studies, 

however, have found an association between ART use and lower stroke risk,12,21,46 perhaps 

because ART use may function as a proxy for control of HIV infection. Protease inhibitors 

(PIs) have been associated with CVD because of their association with dyslipidemia, 

lipodystrophy, and metabolic syndrome. One study investigating newer PIs found an 

association between cumulative ritonavir-boosted darunavir use and increased CVD, 

including stroke, even after adjustment for CVD risk factors and viral load.47 Carotid 

atheromatosis progression has been shown to be associated with nonnucleoside reverse 

transcriptase inhibitor (NNRTI) exposure.48 Newer generations of nucleoside reverse 

transcriptase inhibitors (NRTIs) have fewer metabolic side effects, but there is conflicting 

evidence on abacavir’s association with elevated CVD risk. While a meta-analysis of 

randomized controlled trials did not support an increased risk of CVD events with abacavir,
49 a meta-analysis of several observational studies demonstrated an association between 

abacavir and increased risk of CVD, including ischemic stroke.50 These older observational 

studies may have been subject to confounding by indication, since abacavir may have been 

used more frequently in patients with chronic kidney disease with higher baseline CVD risk,
51 although in current practice abacavir is often avoided in patients at high CVD risk.

VASCULAR DISEASE AND HIV-ASSOCIATED COGNITIVE IMPAIRMENT

The relationship between CVD risk factors, atherosclerosis, and cognitive impairment has 

received increasing attention in the general population. A parallel association has been 

explored in HIV-associated cognitive impairment, which remains prevalent in the era of 

ART.52–54 In a substudy of the Strategies for Management of Antiretroviral Therapy 

(SMART) trial, a history of CVD resulted in a six-fold higher odds of baseline cognitive 

impairment in individuals with well-controlled HIV infection, whereas markers of control of 

HIV infection were not associated with test performance.55 CV risk factors and markers of 

CVD, ranging from diabetes mellitus to abdominal obesity, have also been linked to 

cognitive impairment in PLWH.56–61 Age-related chronic small vessel ischemic changes, 

which are strongly tied to stroke and dementia in the general population,62 have been shown 

to be more prevalent in PLWH28 and linked to HIV-associated cognitive impairment.63,64 

Confirmation of a major role that CVD plays in the pathophysiology of HIV-associated 

cognitive impairment raises the exciting possibility of targeting CVD risk factors to preserve 

cognitive health. However, much work needs to be done on how these data can be translated 

to interventions that effectively improve cognition or delay cognitive decline in PLWH.

STROKE PREVENTION IN HIV

Due to the lack of specific data guiding primary and secondary stroke prevention for HIV 

infection, the approach to prevention and management of stroke for PLWH should follow, at 

a minimum, current guidelines for the general public. This approach to stroke prevention in 
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PLWH requires early, effective treatment of HIV infection as well as assessment and 

treatment of traditional CVD risk factors (Table).

Predicting Stroke Risk

Current CVD risk prediction models were developed for use in the general population and 

were neither derived from nor validated in HIV-infected cohorts. These risk estimation tools 

may underestimate cardiovascular risk in HIV.65 PLWH have unique factors, such as the 

state of infection and inflammation, whose impacts on stroke risk are difficult to measure. 

There are mixed data regarding which existing risk assessment tool most accurately predicts 

CVD risk among PLWH.66,67 An HIV-specific CVD risk assessment tool derived from the 

D:A:D cohort which included traditional CVD risk factors as well as markers of immune 

function and exposure to two PIs and abacavir demonstrated an improved ability to 

accurately predict CVD events compared with the Framingham Risk Score (FRS).67 Since it 

is unclear how much ART contributes to CVD risk, an updated reduced D:A:D model 

omitted ART and still outperformed the FRS.68 However, generalizability to other HIV-

infected populations is unknown since the tool has only been validated in a subset of the 

D:A:D cohort and not in an external cohort.

The Framingham Stroke Risk Score (FSR-S) combines stroke risk factors (age, sex, systolic 

blood pressure, use of antihypertensive, presence/absence of left ventricular hypertrophy on 

ECG, prevalent CVD, current smoking status, current/previous atrial fibrillation, and 

diabetes) to predict the 10-year probability of stroke. However, the FRS-S may 

underestimate the long-term risk of stroke in PLWH. In the Multicenter AIDS Cohort 

(MACS), despite higher incidence of stroke in HIV-infected men (3.3 vs 1.7 per 1000 

person-years), mean 10-year FRS-S was lower in HIV–infected participants (4.5% vs 6.6%, 

p<0.04).69 Developing a stroke risk prediction tool that integrates traditional stroke risk 

factors along with HIV-related variables associated with stroke may improve our ability to 

identify PLWH at increased cerebrovascular risk. However, addition of HIV-related factors 

to the atherosclerotic cardiovascular disease (ASCVD) risk score in one study of the Centers 

for AIDS Research Network of Integrated Clinical Systems (CNICS) did not improve model 

performance.70

Role of HIV Therapy

While there are contradictory results regarding the negative effect of ART on CVD and 

cerebrovascular risk, ART is essential for stroke prevention in PLWH for several reasons. 

Early initiation of ART reduces serious AIDS-related complications including opportunistic 

infections that cause cerebral vasculitis and secondary strokes. In addition, uncontrolled 

viral load and low CD4 count have been consistently associated with higher rates of CVD, 

including stroke. Suppression of HIV viremia reduces immune activation and inflammation, 

thereby diminishing end-organ damage, including of the heart and brain.71 The SMART trial 

demonstrated that ART treatment interruption is associated with a higher risk of CVD 

events.72 While ART might lower the stroke risk associated with uncontrolled HIV 

infection, in the long term, there is some mixed evidence that it may contribute to the 

progression of atherosclerosis. Therefore, although the data are not clear cut, avoidance of 

ART that may be associated with higher CVD risk (e.g., select PIs, abacavir) and those that 
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may have adverse cardiometabolic effects is reasonable when selecting an ART regimen. 

Limited data have suggested that stroke risk may be elevated in the period after initiation of 

ART in immunosuppressed patients, possibly due to an immune reconstitution inflammatory 

phenomenon. However, this finding should be interpreted with caution as it is based on a 

small number of people who started ART in a case-control study.29

Managing Traditional CVD Risk Factors

Traditional stroke risk factors such as hypertension, dyslipidemia, and smoking should be 

managed aggressively in PLWH. As in the general population, adherence to a healthy 

lifestyle is an essential first step for primary and secondary stroke prevention in PLWH. 

Smoking cessation is particularly important given the high prevalence of smoking among 

PLWH and the clear role of smoking in atherosclerosis and stroke. Regular physical activity 

is also an essential aspect of lifestyle optimization in HIV given the association of improved 

inflammation and cardiometabolic health with increasing physical activity in HIV.73–75 

Absent HIV-specific data on optimal diets to prevent stroke, adherence to ACC/AHA dietary 

guidelines is reasonable.76 Similarly, diabetes, hypertension, and dyslipidemia should be 

managed per guidelines for the general population given insufficient data to recommend a 

divergent approach in HIV.

Statin Therapy

In the general population, the evidence supporting statin therapy in primary prevention of 

strokes is derived mainly from studies designed to evaluate the efficacy of statins for 

prevention of coronary heart disease in patients with high CVD risk, including hypertension 

and diabetes. These trials found a relative risk reduction of stroke ranging from 18–51%.77 

In a meta-analysis of 47 trials, high-dose statin was associated with reduced risk of stroke by 

17% compared with low-dose statin therapy.78 Current 2014 AHA/ASA guidelines for 

primary prevention of ischemic stroke recommend a statin in patients estimated to have a 

high 10-year risk for CVD events79. Given the aforementioned limitations in reliably 

incorporating HIV infection into CVD risk models, whether further intensification or earlier 

initiation of statin therapy among people with HIV would be warranted is unclear.

For patients who have had a TIA or ischemic stroke of atherosclerotic origin, high-intensity 

statin therapy is recommended for secondary stroke prevention, independent of the baseline 

low density lipoprotein (LDL) cholesterol.76,80 The Stroke Prevention by Aggressive 

Reduction in Cholesterol Levels (SPARCL) trial was the first to show the benefits of 

atorvastatin 80mg for patients with a history of recent non-disabling stroke or TIA and no 

coronary heart disease or hypercholesterolemia, with a 16% relative risk reduction in 

recurrent stroke.81 An LDL cholesterol level of < 70mg/dL was related to a 28% reduction 

in risk of stroke. Therefore, LDL cholesterol remains the primary lipid treatment target for 

reduction of stroke risk. PLWH who have a history of ischemic stroke of atherosclerotic 

origin should have a goal LDL of <70 mg/dL.

There is a paucity of large, randomized clinical trial data to inform management of 

dyslipidemia and stroke prevention in HIV-infected populations. Statins may be useful in 

PLWH as they have the advantage of lowering LDL cholesterol but may also reduce immune 
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activation and inflammation. Given the increased prevalence of dyslipidemia and earlier 

incidence and progression of atherosclerosis in PLWH, statin therapy might be particularly 

beneficial for PLWH. However, there is a dearth of quality trial data evaluating clinical 

outcomes in PLWH on simultaneous ART and statin therapy. The risk estimation tools used 

to guide management of dyslipidemia in primary stroke prevention were not derived from 

nor validated in HIV-infected cohorts.82 Furthermore, statin therapy may be underutilized in 

PLWH. Despite the prevalence of dyslipidemia in up to 80% of PLWH, as few as 5.9% of 

PLWH on ART are on statins.83 In a cohort study of 258 PLWH, 14% (36/258) were at a 

high risk of stroke based on the 10-year stroke FRS and although 97.2% (35/36) of those 

patients required statin therapy, only 37.1% (13/35) were receiving a statin.84 The low rates 

of statin prescription may be due to clinicians’ concerns regarding statin metabolism and 

potential drug-drug interactions between ART and several statins.

Statin therapy may confer additional protection against CVD beyond lipid-lowering by 

decreasing biomarkers of arterial inflammation and thrombosis. Immune activation, even in 

individuals with well-controlled infection, may mediate increased CVD risk in PLWH, 

resulting in increased CVD events. A randomized control trial in PLWH (SATURN-HIV) 

suggested that rosuvastatin 10mg was associated with a reduction in some markers of 

inflammation, monocyte activation, and vascular inflammation compared with placebo.85,86 

However, other studies have not demonstrated similar effects of statins on inflammatory 

indices (e.g., IL-6 hsCRP, and D-dimer).87,88 Rosuvastatin 10mg was associated with 

0.019mm (95% CI 0.002–0.037mm) lower carotid IMT change over 96 weeks in SATURN-

HIV.89 It remains to be established if the pleiotropic effects of statin on plaque indices and 

inflammatory markers translates to a reduction of CVD events.87

Statin use in HIV is complicated by potential drug interactions, although newer statins and 

ART may have fewer drug-drug interactions. Statins such as simvastatin and lovastatin and, 

to a lesser extent, atorvastatin are metabolized by cytochrome P (CYP) 450 3A4, which is 

inhibited by PIs and pharmacokinetic boosters such as cobicistat, resulting in increased 

statin systemic concentration. In an open-label study, the addition of an older PI nelfinavir to 

simvastatin was associated with a 505% and 517% increase in steady-state and maximum 

concentrations of simvastatin.90 Therefore, simvastatin is contraindicated in PLWH on PIs. 

Pravastatin, rosuvastatin, and pitavastatin appear to have the most benign safety profiles 

among statins when co-administered with ART and may not require dose adjustment. 

Atorvastatin, for which there is the most evidence for secondary stroke prevention, is used 

most often clinically, though usually at a lower dose in patients on PIs. Although some 

NNRTIs may induce CYP enzymes (resulting in lower statin concentrations in blood and 

tissues), dose adjustments when administered with statins may not be required. Careful 

monitoring is advised, however, particularly for PLWH on high-dose statins.91

At this time, there are insufficient large-scale, randomized data to form evidence-based 

recommendations regarding statin therapy in primary prevention of stroke in the HIV-

infected population. Given the risk of accelerated atherosclerosis and CVD associated with 

HIV, it is reasonable to treat PLWH on ART at least as aggressively as the general 

population, though providers should be mindful of potential drug-drug interactions between 

statins and ART. Results from the National Institutes of Health-funded Randomized Trial to 
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Prevent Vascular Events in HIV (REPRIEVE), a randomized double-blind trial currently 

underway of pitavastatin 4mg versus placebo for primary CVD prevention in >7,500 PLWH 

with low or moderate risk of CVD, are eagerly awaited.92 The primary outcome of 

REPRIEVE is major adverse CVD events, including CVD-related mortality, myocardial 

infarction, stroke, unstable angina, peripheral artery disease, and cardiac revascularization. 

REPRIEVE will also include a substudy of 800 participants investigating the mechanism of 

action of pitavastatin, particularly in reducing immune activation and inflammation.93

Antiplatelet Therapy

For decades, aspirin has been recommended for cardiac but not stroke prevention in the 

general population. Recent primary prevention trials have shown less overall benefit of 

prophylactic aspirin for CVD94,95. As a result, the new 2019 ACC/AHA guidelines for 

primary prevention of ASCVD suggest that aspirin for ASCVD prophylaxis (including but 

not specific to stroke) may be considered among select adults 40 to 70 years of age who are 

at higher ASCVD risk but not at increased bleeding risk.82 A meta-analysis of 9 clinical 

trials including 50,868 participants found no overall benefit of aspirin for primary prevention 

of stroke.79,96 Any potential benefit of aspirin in preventing ischemic stroke appears to be 

offset by an increase in hemorrhagic stroke.97 However, there are certain populations in 

whom aspirin may be more beneficial for stroke primary prevention. Aspirin may be useful 

for the prevention of a first stroke among women, including those with diabetes, whose risk 

is sufficiently high for the benefits to outweigh the risks associated with treatment.79,98

Antiplatelet therapy is the mainstay of secondary prevention of ischemic stroke in patients 

with a history of non-cardioembolic stroke or TIA. In a meta-regression analysis of placebo-

controlled trials of aspirin therapy for secondary stroke prevention, the relative risk reduction 

for any type of stroke was 15%.99 Aspirin monotherapy or a combination of aspirin is 

indicated as initial therapy after TIA or ischemic stroke for secondary prevention, although 

clopidogrel monotherapy is also a reasonable option.80 Short-term dual antiplatelet therapy 

(aspirin and clopidogrel for 21 days) is recommended in patients with a recent minor 

ischemic stroke or high-risk TIA100,101 and for 90 days in patients with symptomatic large 

artery intracranial atherosclerosis.102 However, there is currently no indication for long-term 

dual antiplatelet therapy for secondary stroke prevention.

There are limited data evaluating whether the benefit of antiplatelet therapy for stroke 

prevention in PLWH differs from the general population. Underutilization of aspirin for 

prevention of CVD in PLWH has been reported.84,103–105 An Italian multicenter prospective 

cohort study found that only about 50% of PLWH requiring aspirin for primary and 

secondary CVD prevention were prescribed aspirin.106 No studies are available regarding 

the utilization of aspirin specifically for secondary stroke prevention in PLWH. Of the 

antiplatelet agents, aspirin has fewer drug-drug interactions with ART than clopidogrel or 

dipyridamole. Aspirin reduces abacavir-induced in vivo platelet activation and platelet 

hyperactivity in PLWH, and may reduce the risk of recurrent ASCVD events for PLWH who 

remain on abacavir after an initial event,107,108 These studies raise the question of whether 

aspirin should be prescribed for all PLWH on abacavir-containing ART. In addition, the 

utility of aspirin may extend beyond its antiplatelet properties to include immunomodulatory 
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benefits. In a pilot study, aspirin was shown to reduce platelet aggregation and markers of T-

cell and monocyte activation in virologically suppressed PLWH.109 However, in a larger 

randomized controlled trial, aspirin had no significant effect on markers of inflammation, T-

cell or monocyte activation, or endothelial function compared with placebo among PLWH 

on suppressive ART.110

Extracranial Carotid Atherosclerosis

Given the risk of accelerated atherosclerosis in HIV,40–42 management of extracranial 

carotid atherosclerosis is a critical component of stroke prevention for PLWH. The 

prevalence of HIV among those undergoing carotid intervention increased between 2004 and 

2014, and PLWH who undergo carotid intervention tend to be younger than individuals 

without HIV infection.111 It is unclear if the benefit of revascularization in carotid stenosis 

differs between PLWH and non-HIV infected individuals. In the absence of specific data 

guiding carotid stenosis management in HIV infection, the approach to prevention of stroke 

in PLWH with carotid stenosis should follow current guidelines for the general public. 

Revascularization with carotid endarterectomy (CEA) is recommended for individuals with 

recent TIA or ischemic stroke due to ipsilateral severe (70%−99%) carotid artery stenosis 

and in select patients with moderate (50%−69%) carotid stenosis.80 Carotid stenting may be 

an alternative to CEA for symptomatic patients with severe carotid artery stenosis whom are 

younger or at low risk of complications associated with endovascular intervention.80 Patients 

with asymptomatic carotid stenosis should receive medical management including aspirin, 

statin and optimization of CVD risk factors. It is reasonable to consider CEA in individuals 

with asymptomatic severe (>70%) stenosis of the internal carotid artery, though its 

effectiveness compared with contemporary best medical management alone is not well 

established.79,80 Results from the ongoing CREST-2 trial, a large randomized controlled trial 

comparing carotid revascularization versus contemporary medical management alone for 

preventing stroke in patients with asymptomatic high-grade carotid stenosis, will help to 

address this uncertainty.

Atrial Fibrillation

HIV-related immunosuppression and traditional CVD risk factors have been shown to be 

associated with increased risk of atrial fibrillation/atrial flutter among PLWH.112 

Cardioembolic stroke may account for up to 20% of ischemic stroke among PLWH.23,112 

Risk stratification tools such as CHA2DS2-VASc and HAS-BLED scores estimate 

cardioembolic stroke and hemorrhagic complications of anticoagulation therapy, 

respectively, and are used to guide stroke prevention in the general population with atrial 

fibrillation. The reliability of these scores in PLWH is unclear,113 as is the safety of 

anticoagulants and their interactions with ART.114,115 European and American guidelines 

for the management of atrial fibrillation recommend direct oral anticoagulants (DOACs) and 

warfarin as equivalent options in the general population; however, there are limited data on 

the use of anticoagulants in PLWH taking ART. Warfarin was previously the mainstay of 

anticoagulation in people with HIV due to providers’ familiarity with warfarin and the 

ability to monitor with INRs; however, it has significant interactions with antiretrovirals that 

are metabolized via CYP450 pathways. DOACs are an appealing alternative to warfarin and 

there is some evidence for the safety and efficacy of concomitant dabigatran and ART.116,117 
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For PLWH on PIs or NNRTIs, dabigatran has no significant interactions, while the strong 

interaction with rivaroxaban precludes coadministration, and the interaction with apixaban 

may require dose reduction (to 2.5mg twice daily). Integrase inhibitors, which are 

commonly recommended as first-line antiretrovirals worldwide, do not have any significant 

interactions with DOACs.114,118

Managing Novel Risk Factors

Alternative and adjunctive approaches are needed to reduce excess CVD and stroke risk in 

HIV. Studies evaluating the efficacy of strategies that address risk factors unique to PLWH, 

such as persistent inflammation and immune activation, will be essential to develop more 

targeted stroke prevention strategies in the future. The aforementioned REPRIEVE trial is 

underway to assess the effect of statin use for primary prevention of CVD events in PLWH 

without known CVD.119 In non-HIV populations, large studies have demonstrated that 

aggressive LDL cholesterol lowering in populations at high CVD risk reduces CVD events.
120–122 Proprotein convertase subtilsin-kexin type 9(PCSK9), which binds and degrades 

LDL receptors and results in an increase in LDL cholesterol, is increased in PLWH, 

especially in those with HCV co-infection.123 PCSK9 is also increased in parallel with 

inflammatory markers, such as interleukin (IL)-6,123 especially in those who are ART naive.
124 PCSK9 inhibitors are monoclonal antibodies with minimal significant drug-drug 

interactions that reduce LDL cholesterol by ~60% even in the setting of high-intensity statin 

therapy.121 The EPIC-HIV study is currently underway to investigate the impact of PCSK9 

inhibitor therapy on lipids, inflammatory markers, and subclinical ASCVD in PLWH.125(p9)

While early initiation of ART lowers inflammation in HIV, inflammatory markers remain 

high compared with HIV-uninfected individuals126,127 and are associated with increased 

CVD risk.128 The IL-1 pathway, which has been implicated in both atherogenesis and HIV 

disease pathogenesis, is an attractive target to reduce inflammation and potentially prevent 

CVD, including stroke, in PLWH. CANTOS (Canakinumab Anti-Inflammatory Thrombosis 

Outcomes Study), a randomized, placebo-controlled trial of over 10,000 participants which 

specifically excluded PLWH, demonstrated that canakinumab, a monoclonal antibody 

targeting IL-1β, significantly reduced IL-6 and high-sensitivity C-reactive protein (hsCRP) 

and led to lower rates of recurrent CVD events in individuals with known CVD and hsCRP 

> 2mg/L.98 Although there was no significant difference in all-cause mortality between the 

canakinumab and placebo groups, a higher rate of fatal infections was observed in those 

assigned to canakinumab. A placebo-controlled trial of canakinumab to reduce 

atherosclerotic inflammation in PLWH is in progress; preliminary results demonstrated a 

significant reduction in inflammatory markers and atherosclerotic inflammation in the aorta 

and carotids measured by FDG-PET.129 A recent phase II trial of low-dose methotrexate to 

improve endothelial function and inflammation in people with treated, virologically 

suppressed HIV demonstrated more adverse events in those receiving methotrexate 

compared with placebo.130 Although the prespecified noninferiority margin of 15% was not 

exceeded in the trial, the results underscore the critical balance between potential benefits 

and risks of anti-inflammatory interventions in HIV-infected populations, even in PLWH 

with treated, suppressed infection.
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CONCLUSION AND FUTURE DIRECTIONS

The risk of stroke is elevated in PLWH compared with the general population, and the 

prevalence of stroke will continue to increase as PLWH age. Optimal stroke risk reduction 

strategies in HIV are not well defined given the lack of large-scale data on stroke risk 

stratification, prevention, and clinical outcomes in PLWH. At a minimum, PLWH should be 

treated as aggressively as the general population for stroke prevention and management as 

per current guidelines. Further investigation into the pathogenesis of stroke and the 

mechanisms underlying increased stroke risk will be essential to developing targeted 

interventions to lower cerebrovascular risk in PLWH. Future studies should also address 

knowledge gaps in successful implementation and uptake of stroke risk reduction strategies 

for PLWH. Aggressive public health measures and a primary care-focused approach to 

combat the high prevalence of traditional vascular risk factors in PLWH will be crucial for 

effective primary and secondary stroke prevention in HIV infection.
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Abbreviations:

ART antiretroviral therapy

ASCVD atherosclerotic cardiovascular disease

CEA carotid endarterectomy

CNS central nervous system

CVD cardiovascular disease

CYP cytochrome P

DOAC direct oral anticoagulant

FRS Framingham Risk Score

hsCRP high sensitivity C-reactive protein

IL interleukin

LDL low density lipoprotein

LMIC low- and middle-income countries

NNRTI nonnucleoside reverse transcriptase inhibitor

NRTI nucleoside reverse transcriptase inhibitor
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PI protease inhibitors

PLWH people living with HIV

PCSK9 proprotein convertase subtilsin-kexin type 9

TIA transient ischemic attack
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Figure 1: Mechanisms of Ischemic Stroke in HIV
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Table:
Key stroke prevention strategies in HIV.

Primary prevention should focus on early initiation of ART and accurate assessment and optimization of 

vascular risk factors. Secondary prevention for non-cardioembolic strokes includes aspirin, high-intensity 

statin, and aggressive management of vascular risk factors. Carotid revascularization should be considered for 

moderate/severe stenosis. Cardioembolic strokes should be treated with anticoagulation.

Primary 
Prevention

Strategy

Antiretroviral Therapy *

Assess and optimize vascular risk factors (e.g., hypertension, hyperlipidemia, diabetes mellitus)

Lifestyle modification (e.g., tobacco cessation)

Secondary 
Prevention

Ischemic Stroke 
Subtype

Strategy Comments

Small vessel disease Aspirin Consider short-term dual antiplatelet therapy

• Minor stroke/high-risk TIA: 21 days

• Symptomatic severe intracranial stenosis: 90 days

Statin therapy:

• Atorvastatin or rosuvastatin: initiate at lowest 
recommended dose and monitor for adverse 
effects

• Pitavastatin: an alternative without significant 
DDI

Intracranial stenosis High-intensity statin** 
(atorvastatin or 
rosuvastatin)

Carotid 
Atherosclerosis

Carotid revascularization 
for moderate/severe 
stenosis

CEA is preferred revascularization procedure for most patients

Aspirin Carotid stenting may be alternative to CEA for select patients 
(i.e. younger or low risk of endovascular complications)

High-intensity statin** 
(atorvastatin or 
rosuvastatin)

Atrial Fibrillation Anticoagulation** Integrase inhibitors do not have any significant DDI with 
DOACs

Dabigatran is preferred for PLWH on PIs or NNRTIs

Warfarin and Factor Xa inhibitors have DDI with ARVs that 
inhibit or induce CYP450 pathways

*
Careful selection of cART to avoid DDI and minimize vascular risk factors (consider avoiding abacavir if high baseline CVD risk)

**
Caution with DDI

CEA, carotid endarterectomy; TIA, transient ischemic attack; DDI, drug-drug interactions; DOACs, direct oral anticoagulants
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