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Abstract

Background: Most studies of stroke in people living with HIV (PLWH) do not use verified 

stroke diagnoses, are small, and/or do not differentiate stroke types and subtypes.

Setting: CNICS, a U.S. multisite clinical cohort of PLWH in care.

Methods: We implemented a centralized adjudication stroke protocol to identify stroke type, 

subtype and precipitating conditions identified as direct causes including infection and illicit drug 

use in a large diverse HIV cohort.
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Results: Among 26,514 PLWH, there were 401 strokes, 75% of which were ischemic. A 

precipitating factor such as sepsis or same-day cocaine use were identified in 40% of ischemic 

strokes. Those with precipitating factors were younger, had more severe HIV disease, and fewer 

traditional stroke risk factors such as diabetes and hypertension. Ischemic stroke subtypes included 

cardioembolic (20%), large vessel atherosclerosis (13%), and small vessel (24%) ischemic strokes. 

Individuals with small vessel strokes were older, were more likely to have a higher current CD4 

cell count than those with cardioembolic strokes and had the highest mean blood pressure of the 

ischemic stroke subtypes.

Conclusion: Ischemic stroke, particularly small vessel and cardioembolic subtypes, were the 

most common strokes among PLWH. Traditional and HIV-related risk factors differed by stroke 

type/subtype. Precipitating factors including infections and drug use were common. These results 

suggest that there may be different biological phenomena occurring among PLWH and that 

understanding HIV-related and traditional risk factors and in particular precipitating factors for 

each type/subtype may be key to understanding, and therefore preventing, strokes among PLWH.

Keywords

HIV; stroke; ischemic stroke; hemorrhagic stroke; stroke subtypes

INTRODUCTION

Many unaddressed questions exist regarding strokes among people living with HIV 

(PLWH). PLWH have higher stroke rates than those without HIV, due at least in part to 

ischemic strokes1–12, although the extent of these differences particularly which ischemic 

subtypes predominate is unknown. In the current treatment era, antiretroviral therapy (ART) 

has reduced HIV-related morbidity and mortality13–16 and may be reducing stroke rates10; 

however, it is not clear if this applies to all stroke types and subtypes. Understanding stroke 

subtypes among PLWH may be important for future investigations into the pathogenesis of 

elevated stroke risk, including developing novel interventions to modify stroke risk17.

Prior studies of stroke in PLWH have often used strokes that are neither verified nor 

adjudicated, but instead are from billing or administrative diagnosis data (e.g. International 

Classification of Diseases codes)2,7–12,18–23, or based on site event forms rather than 

primary data review for validation24,25. Prior studies were often small, single center, and/or 

with small numbers of strokes26–31, were conducted prior to or early in the ART treatment 

era1,3,8,18,32, and did not differentiate stroke types and subtypes2,5,11,12,18,20,22–24,33–35. This 

has left unanswered questions regarding stroke and stroke types among PLWH.

The study of stroke requires sensitive stroke identification (case ascertainment), accurate 

confirmation of events (expert adjudication), and clearly defined clinical endpoints including 

stroke types. We developed and implemented a stroke adjudication protocol in Centers 

for AIDS Research Network of Integrated Clinical Systems (CNICS). We conducted this 

study to characterize stroke types and subtypes in a large diverse cohort of PLWH to better 

understand strokes and identify their precipitating factors, such as infections and illicit drug 

use.
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METHODS

Study cohort

The CNICS cohort includes PLWH receiving care at 8 sites across the US36. The CNICS 

data repository integrates comprehensive clinical data from all outpatient and inpatient 

encounters36. Individuals who had a potential incident stroke event from 5 sites (Johns 

Hopkins University; University of Alabama at Birmingham; University of California San 

Diego; University of North Carolina at Chapel Hill; and University of Washington) were 

included in these analyses. Sites received human subjects approval for CNICS.

CNICS Data

The CNICS data repository systematically captures diagnoses; laboratory test results; 

medications; and procedure codes such as cerebral angiography for PLWH from the 

electronic health record (EHR) and other institutional data systems36.

Potential stroke events

Potential strokes are identified centrally (ascertained) from the CNICS data repository using 

multiple criteria to enhance sensitivity (Figure 1). Ascertainment dates vary somewhat by 

site but are ~2009–2018. For every potential stroke identified, sites assemble a packet 

including a standardized set of clinical information for central review including elements 

such as provider notes and imaging and procedure results. Completed packets are uploaded 

to the CNICS web-based stroke adjudication platform for review. Packets are centrally 

reviewed by two neurologists (3 if reviews differ) using a secure web-based application 

designed for CNICS stroke adjudication, based on a similar application established for 

CNICS myocardial infarction adjudication37,38. The platform supports efficient management 

of packets and adjudication while allowing reviewers to work remotely, to classify the 

event, and to enter additional standardized data. The CNICS stroke protocol was based 

on and expanded from the Multi-Ethnic Study of Atherosclerosis well-established stroke 

protocol39,40. Strokes were categorized by stroke type (ischemic vs. intraparenchymal 

hemorrhagic vs. subarachnoid hemorrhagic), and by ischemic stroke subtype (small vessel, 

cardioembolic, large vessel atherosclerosis sometimes referred to as atheroembolic, other 

specified subtype, and unknown subtype including those with incomplete work-up or 

without reviewer consensus on subtype) based on Trial of Org 10172 in Acute Stroke 

Treatment (TOAST) criteria41. Reviewers identified precipitating factors including infection 

(such as sepsis, endocarditis, and bacterial meningitis) or illicit drug use (such as same-day 

cocaine or methamphetamine use prior to developing stroke symptoms) identified as a direct 

cause and identified if the patient died as part of the reviewed event (within 31 days).

Statistical analyses

We excluded individuals whose strokes occurred prior to HIV diagnosis or enrollment in 

care. We included all strokes (definite, probable, and possible) but not transient ischemic 

attacks (TIAs) which made up ~2% of all potential events reviewed. We only included 

the first stroke per PLWH. We used Chi-squared tests for categorical variables and t-tests 

for continuous variables to assess differences in demographic and clinical characteristics 
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by stroke type (ischemic vs. hemorrhagic); ischemic stroke among those with and without 

precipitating infections or illicit drug use identified as a direct cause of the stroke; and 

ischemic stroke subtype. For stroke type, we combined intraparenchymal and subarachnoid 

hemorrhagic strokes together as hemorrhagic strokes. Traditional risk factors examined 

included age, sex, self-reported race/ethnicity, smoking, treated hypertension (defined as 

hypertension resulting in pharmacologic treatment), systolic and diastolic blood pressure, 

kidney function (estimated glomerular filtration rate; eGFR)42, and body mass index (BMI) 

based on closest values prior to the stroke. Dyslipidemia was defined as having been 

prescribed lipid-lowering medications, specifically HMG Co-A reductase inhibitors (statins); 

we also examined lipid values prior to the stroke, including total cholesterol, high density 

lipoprotein cholesterol (HDL), non-high density lipoprotein cholesterol (non-HDL), low 

density lipoprotein cholesterol (LDL), and triglyceride values. Diabetes was based on any 

of the following criteria prior to or within 30 days after the stroke: a) hemoglobin A1c 

≥6.5, OR b) use of a diabetes-specific medication such as insulin, OR c) use of a diabetes-

related medication frequently but not exclusively used to treat diabetes (e.g. biguanides) 

in the setting of also having a diabetes diagnosis43. We examined 10-year atherosclerotic 

cardiovascular disease (CVD) risk using the ASCVD Pooled Cohort Equation prior to the 

stroke44. HIV-specific risk factors examined were mode of HIV transmission, CD4 (nadir 

or lowest, and closest prior to stroke), and HIV viral load (closest prior to stroke). We 

examined ART use at the time of the stroke and hepatitis B (HBV) and C (HCV) viral status 

based on laboratory results prior to or up to 365 days after stroke.

Results

Among 26,514 PLWH evaluated, 1045 (3.9%) met ascertainment criteria for a potential 

stroke at least once. Among these, 401 (38% or 1.5% of the total sample) events were 

adjudicated as a first stroke with a case fatality rate of 8%. Among those with an adjudicated 

stroke, 73% were men, the median age was 48 (interquartile range [IQR] 42–56), and the 

current median CD4 cell count was 290 cells/mm3 (IQR 106–561); current CD4 count was 

drawn a median of 56 days before the stroke (IQR 24–148 days).

Among 401 adjudicated strokes, 302 (75%) were ischemic (Figure 2), 52 (13%) were 

hemorrhagic (31 intraparenchymal, 20 subarachnoid, and 1 other), and 47 (12%) the type 

was unidentified. Demographic and clinical characteristics by stroke type are described in 

Table 1. Compared to those who had a hemorrhagic stroke, those who had an ischemic 

stroke were significantly more likely to be Black (61% vs. 50%), on ART (71% vs. 52%), 

and have an undetectable viral load (59% vs. 41%). Treated hypertension, a traditional 

stroke risk factor, was present in 38% of those with ischemic stroke vs. 25% with 

hemorrhagic stroke; lipid and blood pressure values from prior to the stroke were not 

significantly different.

Among the 302 ischemic strokes, 40% occurred in the setting of a precipitating factor. 

Specifically, 16% occurred in the setting of infection such as sepsis and 15% in the setting of 

same-day illicit drug use such as cocaine/crack and methamphetamine (Table 2); another 6% 

occurred in the setting of both infection AND illicit drug use. Individuals whose ischemic 

stroke occurred in the setting of precipitating infection or drug use were younger, more 
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likely to have a CD4 nadir and recent CD4<200 cells/mm3, and more likely to have a 

detectable viral load compared to those whose ischemic stroke occurred in the setting of 

no precipitating factor (Table 2). Traditional stroke risk factors were more common among 

PLWH whose ischemic stroke was not associated with precipitating factors. In particular, 

those without precipitating factors were more likely to have diabetes (24% vs. 9%) and a 

higher mean SBP (135 vs. 125 mmHg) despite being more likely to be receiving treatment 

for hypertension (45% vs. 29%). Those who had an ischemic stroke without precipitating 

factors had higher total cholesterol levels (mean 184 vs. 161 mg/dL) and LDL levels (104 

vs. 93 mg/dL) despite being more likely to be on statin therapy (33% vs. 14%). They 

also had a small but significantly higher BMI and poorer kidney function than those with 

precipitating factors, possibly due in part to age differences. ASCVD risk score among those 

who had an ischemic stroke without a precipitating factor was significantly higher than those 

who had precipitating factor (mean 17 vs. 11) (Table 2).

Ischemic stroke subtypes included cardioembolic (20%), large vessel atherosclerosis (13%), 

small vessel (24%), other (16%), and unknown (24%: 39% of which were due to incomplete 

work-up). Individuals with small vessel strokes were the oldest (median 53 years of age), 

were more likely to have a higher current CD4 cell count than those with cardioembolic 

strokes, and had the highest mean SBP (140mmHg vs. 121–133mmHg) and DBP (85mmHg 

vs. 76–79mmHg) of the stroke subtypes (Table 3). BMI varied significantly by subtype, with 

higher mean values among those with small vessel then cardioembolic subtypes. PLWH with 

large vessel atherosclerosis and small vessel subtypes had greater CVD risk than those with 

cardioembolic stroke subtypes as measured by ASCVD score. PLWH with cardioembolic 

ischemic stroke subtypes were more likely to have identified precipitating factors than those 

with large vessel atherosclerosis or small vessel subtypes (50 vs. 33 or 18% respectively). 

These differences were significantly higher for precipitating infections for cardioembolic vs. 

both large vessel atherosclerosis and small vessel subtypes and for precipitating drug use for 

small vessel (Table 3).

DISCUSSION

We examined strokes including stroke types, subtypes, and precipitating factors among 

PLWH in care at multiple sites across the U.S. resulting in one of the largest, most diverse 

evaluations to date. Ischemic strokes were more frequent than hemorrhagic strokes, with 

small vessel and cardioembolic most common among the identified ischemic subtypes. 

PLWH suffering ischemic vs. hemorrhagic strokes had different demographic and clinical 

characteristics, including current ART use. Precipitating factors such as illicit drug use and 

infections were common, occurring in 40% of ischemic strokes. Those with precipitating 

factors were younger, had more severe HIV disease as measured by CD4 counts, and 

fewer traditional stroke risk factors. These differences highlight that there may be different 

biological phenomena occurring among PLWH with different stroke types and subtypes, and 

particularly among those with precipitating factors.
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Stroke types

Ischemic strokes and intracerebral hemorrhages have distinct mechanisms and risk factors, 

therefore the impact of HIV on these endpoints may not be the same45. Despite these 

differences, studies often use a composite stroke endpoint or stroke combined with other 

CVD outcomes and/or death33,46–51. We found that most strokes were ischemic rather 

than hemorrhagic, similar to the proportions observed in the general population52,53. The 

preponderance of ischemic strokes in PLWH has been seen previously9,26, although data 

from large multi-site cohorts with validated endpoints rather than diagnosis codes are 

limited. A study of 82 strokes from an earlier era with only 37% of PLWH on ART 

found 77 (94%) events were ischemic and 5% were hemorrhagic54. A Baltimore study 

of 125 strokes in predominantly Black PLWH found that 69% had ischemic events26. In 

contrast, one of the larger case series to date, which identified hospitalized PLWH with 

cerebrovascular disease ICD-9 codes from 2002–2014 and then confirmed stroke types, 

found 115 ischemic vs. 7 hemorrhagic strokes55, a much higher proportion of ischemic 

events than we found, although they included TIAs as ischemic strokes. The difference 

in percentages of ischemic vs. hemorrhage strokes across studies is likely multifactorial, 

including differing populations, ascertainment approaches, HIV treatment era, and in the 

case of some studies, the inclusion of TIAs in the ischemic stroke category.

Stroke subtypes

Understanding stroke etiology or mechanisms, including ischemic stroke characterization, is 

key to risk factor modification and stroke prevention56,57. It has therefore been proposed 

to move from defining stroke as a homogenous endpoint to focus on stroke subtype 

pathophysiology55, as the distribution of stroke subtypes could provide insight into possible 

mechanisms leading to higher stroke risk among PLWH45, as well as guidance in predicting 

recurrent stroke risk and prognosis58. While the TOAST criteria are not the only way to 

categorize ischemic strokes, they are the most commonly used classification scheme56. 

There are three identified ischemic stroke subtypes: cardioembolic due to causes such as 

atrial fibrillation or endocarditis; large artery atherosclerosis due to large vessel stenosis such 

as in the internal carotid arteries; and small vessel or lacunar strokes. Ischemic strokes can 

also be categorized as other specified subtype or unknown subtype.

Several studies have applied TOAST criteria to PLWH, although they were often small, 

single-site studies or early in the ART treatment era with a lower proportion on ART. 

Overall, these studies have suggested that large vessel atherosclerosis and small vessel 

subtypes may be more common than cardioembolic subtypes58. For example, a Baltimore 

study from 2000–2012 found 72 ischemic strokes among 105 Black PLWH who had a 

stroke; of these ischemic strokes, small vessel was the most commonly identified subtype 

(44%), but in contrast to our findings, the next most common subtype was large vessel 

atherosclerosis (31%)26. Similarly, a study from 1999–2010 found that among 31 ischemic 

strokes, 13 (42%) were large vessel atherosclerosis, 11 (35%) were small vessel, and 

1 (3%) was cardioembolic59. Another study from Madrid, Spain identified 22 ischemic 

strokes between 1996–2008 among PLWH on ART of which 6 (24%) were large vessel 

atherosclerosis, 6 (24%) small vessel, and 2 (8%) cardioembolism60. While these results are 

interesting, they are based on small numbers. We found that among 302 ischemic strokes, 
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small vessel (24%) and cardioembolic (20%) subtypes were the most commonly identified 

types, followed by large vessel atherosclerosis (13%). A similar pattern was reported in a 

single site study in PLWH between 1996–2005 that found of 77 ischemic strokes, 19% were 

small vessel, 19% cardioembolic, and 13% large vessel atherosclerosis54.

A key finding of prior work is that the proportion of events that cannot be classified as one 

of the 3 main TOAST subtypes, but instead are classified as unknown or cryptogenic or due 

to multiple etiologies, is higher in PLWH than the general population54,61, although rates 

of cryptogenic stroke even in the general population have been variable, ranging from 13 

to 51%62. We found that among ischemic strokes, 16% were subtyped as other (specified) 

and 28% were classified as unknown (39% of which had an incomplete workup). The higher 

proportion of unknown/cryptogenic ischemic strokes has raised the question of whether this 

is due to practice variation in the work-up of strokes vs. novel stroke mechanisms among 

PLWH58.

Precipitating factors

In addition to vascular risk factors, which increase the likelihood of stroke in the general 

population, precipitating factors have been identified as “stroke triggers”63. While many 

stroke triggers have been considered in the general population, such as being postpartum and 

cervical manipulation, their absolute contribution to stroke risk remains small64. We focused 

on two categories that are prevalent among PLWH, specifically infections and drug use, and 

identified direct precipitating factors in 40% of ischemic strokes in PLWH, a rate higher 

than other populations64. Early studies among PLWH found that strokes often occurred 

in the setting of advanced AIDS and opportunistic infections, including cryptococcosis, 

tuberculosis, zoster vasculitis, or other infections such as endocarditis65, but much less is 

known about the role of opportunistic and other infections in the current treatment era. 

One of the largest case series among PLWH to date found that among 115 PLWH with 

ischemic stroke, the most common infections were bacterial endocarditis (n=6) and varicella 

zoster (n=5)55. In our study, while infections were common precipitating conditions, the 

most common infections were bacterial endocarditis (n=22) and sepsis (n=14) rather than 

opportunistic infections.

We found that there were substantial differences in traditional stroke risk factors among 

those with ischemic strokes with and without precipitating factors. For example, in contrast 

to some general population studies, we did not find older median age among those with 

cardioembolic strokes vs. other stroke subtypes66. However, half of cardioembolic strokes 

were associated with precipitating factors which occurred among younger PLWH (57% of 

strokes among those <50 were associated with a predisposing factor vs. 22% among those 

≥50). Table 2 shows the characteristics of PLWH with ischemic strokes without precipitating 

conditions more closely resembles what might be expected from a general population with 

ischemic stroke.

The high proportion of younger PLWH with ischemic stroke with precipitating factors who 

had poorer HIV disease status and less traditional stroke risk factors appears analogous 

to observations of myocardial infarctions (MIs). Specifically, almost half of all MIs in 

PLWH are type 2 MIs occurring in the setting of causes such as sepsis and cocaine-induced 
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vasospasm38 rather than traditional atheroembolic type 1 MIs. Those with type 2 MI are 

younger, have more advanced HIV disease, and fewer cardiovascular risk factors compared 

with PLWH with type 1 MIs, raising the question of broader approaches to prevention 

than just targeting traditional CVD risk factors. This may also apply to PLWH with stroke 

particularly those with precipitating conditions.

Adjudication

We used centralized ascertainment and adjudication to identify strokes, an improvement 

over studies that used administrative or diagnosis data2,7–11,18–23. While the Cardiovascular 

Health Study (CHS) previously found agreement was fairly high for those with inpatient 

stroke diagnosis codes also having a stroke by adjudication (71 of 79 events with diagnoses, 

or 89.9%)67, unfortunately they also found a substantial number that did not have a 

stroke diagnosis (16 of 144 adjudicated events, or 11.1%, had a stroke but did not have 

stroke diagnoses) and therefore would be missed without broad ascertainment approaches67. 

Prior studies demonstrated for endpoints such as myocardial infarction (MI) that central 

adjudication is preferable to local event adjudication with or without secondary central 

review of case report forms which have inherent errors. Local adjudication has been shown 

to miss more true events than systematic centralized approaches68 and higher rates have 

been found in studies employing central adjudication compared with relying on local 

investigator reviews or case report forms69–72. Two of the more rigorous HIV stroke studies 

to date were based on diagnoses with confirmation of endpoints by neurology reviews 

of 125 strokes26 and 53 strokes59. Relying solely on diagnosis data without adjudication 

leads to disease misclassification for cardiovascular endpoints37,67. Furthermore, centralized 

adjudication provides an opportunity not only to capture whether or not a stroke occurred 

but also stroke types, subtypes, and precipitating factors, all of which require adjudication by 

expert reviewers of primary data (here done by neurologists).

Limitations

We ascertained strokes using clinical data without also obtaining Medicare hospitalization 

data. While it is possible more events would be ascertained by adding this approach, the 

CHS study found that using Medicare data added little67 and claims-based approaches 

undercapture events73. Additionally, we could have missed those with subtle clinical 

symptoms that patients and providers failed to recognize as a stroke. We did not capture 

strokes that resulted in death before hospitalization. We do not know if identifying 

predisposing factors such as sepsis influenced subtype selection by reviewers. Lastly, our 

population is PLWH in clinical care. While this increases the likelihood of capturing relevant 

events, it decreases generalizability to those not in care or with undiagnosed HIV.

Strengths

To our knowledge this is the largest study to date describing strokes in PLWH in the setting 

of comprehensive clinical data, with centrally adjudicated strokes based on primary data. 

Adjudication facilitates capturing stroke type and subtypes and potential precipitating factors 

which are not otherwise available. The CNICS cohort provides geographic, racial/ethnic, 

and clinical diversity. Furthermore, this study focused on well-defined strokes rather than 

composite endpoints or TIAs55,74, which were often included in prior studies.
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Future studies

The importance of understanding strokes is likely only to increase given the aging 

population of PLWH in places such as the U.S., and the potential compounding effects of the 

high HIV prevalence in low and middle-income countries where stroke burden is high75,76. 

The potential implications of COVID-19 on HIV-related stroke is another future research 

area. Furthermore, stroke subtypes may impact long-term outcomes; long-term outcomes 

after ischemic strokes differ by stroke type in the general population77 but little is known 

about long-term outcomes after strokes among PLWH.

Conclusions

Large epidemiological studies with carefully adjudicated strokes and clearly defined stroke 

types, subtypes, and comprehensive clinical data to better understand risk factors and causes 

of stroke will better inform interventions designed to improve clinical management and 

reduce risk. Ischemic stroke, particularly small vessel and cardioembolic ischemic stroke 

subtypes, are the most common strokes among PLWH. This study is the first to report 

the high proportion of strokes among PLWH with precipitating factors (40% of ischemic 

strokes). Those with precipitating factors were younger, had more severe HIV disease, 

and fewer traditional stroke risk factors, highlighting that traditional stroke prevention 

approaches may work less well in PLWH. These differences suggest that there may be 

different biological phenomena occurring among PLWH with strokes and that understanding 

types, subtypes, and precipitating factors is key to understanding, and therefore preventing, 

strokes among PLWH.
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Figure 1. 
Stroke ascertainment and adjudication at five sites across the United States in the CNICS 

cohort
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Figure 2. 
Stroke types and ischemic stroke subtypes among people living with HIV at 5 sites across 

the United States in the CNICS cohort
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Table 1.

Demographic and clinical characteristics of people living with HIV in clinical care at 5 CNICS sites across the 

U.S. with adjudicated stroke by stroke type

Characteristic Total N (%) Ischemic N (%) Hemorrhagic N (%) Unknown/Other N 
(%)

p-value^ p-value 
overall

N (% of total) 401 302 (75) 52 (13) 47 (12)

Female sex 108 (27) 82 (27) 12 (23) 14 (30) 0.5 0.7

Age (years)

 <40 86 (21) 58 (19) 13 (25) 15 (32) 0.6 0.1

 40–49 127 (32) 101 (33) 19 (37) 7 (15)

 50–59 132 (33) 98 (32) 15 (29) 19 (40)

 ≥60 56 (14) 45 (15) 5 (10) 6 (13)

Race/ethnicity

 White 124 (31) 93 (31) 17 (33) 14 (30) 0.009 0.03

 Black 240 (60) 185 (61) 26 (50) 29 (62)

 Hispanic 30 (7) 21 (7) 5 (10) 4 (9)

 Other 7 (2) 3 (1) 4 (8) 0 (0)

HIV transmission risk factor

 MSM 128 (32) 90 (30) 21 (40) 17 (36) 0.2 0.045

 IDU 113 (28) 88 (29) 18 (35) 7 (15)

 Heterosexual 135 (34) 103 (34) 10 (19) 22 (47)

 Other 25 (6) 21 (7) 3 (6) 1 (2)

CD4+ cell count (nadir, cells/

mm3)*

 <200 217 (67) 180 (68) 27 (71) 10 (53) 0.9 0.9

 200–349 56 (17) 46 (17) 5 (13) 5 (26)

 350–499 24 (7) 19 (7) 3 (8) 2 (11)

 ≥500 26 (8) 21 (8) 3 (8) 2 (11)

CD4+ cell count (current, cells/

mm3)*

 <200 121 (37) 100 (38) 18 (47) 3 (16) 0.7 0.2

 200–349 58 (18) 46 (17) 6 (16) 6 (32)

 350–499 48 (15) 38 (14) 5 (13) 5 (26)

 ≥500 96 (30) 82 (31) 9 (24) 5 (26)

Currently receiving ART 259 (65) 213 (71) 27 (52) 19 (40) 0.008 <0.001

Current undetectable viral 
load (<400 copies/mL)*

186 (58) 155 (59) 16 (41) 15 (75) 0.03 0.03

Hepatitis C virus 101 (25) 82 (27) 18 (35) 1 (2) 0.3 <0.001

Hepatitis B virus 26 (6) 21 (7) 4 (8) 1 (2) 0.8 0.4

Diabetes 66 (16) 55 (18) 7 (13) 4 (9) 0.4 0.2

Treated hypertension 139 (35) 116 (38) 13 (25) 10 (21) 0.06 0.02

Blood pressure (mean, SD)

 Systolic 132 (23) 131 (22) 133 (23) 142 (33) 0.6 0.2
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Characteristic Total N (%) Ischemic N (%) Hemorrhagic N (%) Unknown/Other N 
(%)

p-value^ p-value 
overall

 Diastolic 80 (12) 79 (12) 81 (13) 81 (12) 0.6 0.8

Statin use 95 (24) 77 (26) 7 (13) 11 (23) 0.6 0.2

 Lipid levels (mean, SD)

 Total cholesterol 176 (53) 175 (50) 173 (69) 191 (60) 0.9 0.5

 HDL 43 (17) 43 (17) 49 (18) 47 (16) 0.09 0.1

 LDL 101 (41) 101 (39) 100 (59) 103 (36) 0.9 1.0

 Triglycerides 185 (144) 185 (147) 160 (104) 227 (170) 0.2 0.3

Smoking 141 (35) 113 (37) 20 (38) 8 (17) 0.9 0.02

Kidney function (mL/min/
1.73m2; mean, SD)

85 (36) 88 (35) 71 (41) 74 (29) 0.02 0.007

BMI (kg/m2; mean, SD) 26 (6) 26 (6) 24 (6) 27 (6) 0.054 0.09

ASCVD risk score (mean, SD) 15 (14) 15 (13) 12 (16) 21 (18) 0.5 0.1

*
CD4 count values available from 323 PLWH; viral load values from 320 PLWH

^
Tests ischemic vs. hemorrhagic strokes

ASCVD risk score: 10-year atherosclerotic cardiovascular disease risk as measured by the ASCVD Pooled Cohort Equation; BMI: body mass 
index; IDU: injection drug user; MSM: men who have sex with men;
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Table 2.

Demographic and clinical characteristics of people living with HIV in clinical care at 5 CNICS sites across the 

U.S. with ischemic stroke, by whether or not predisposing infection or drug use was identified at the time of 

the stroke

Characteristic Ischemic stroke, no precipitating 
infection or drug use N (%)

Ischemic stroke, precipitating 
infection and/or drug use N (%) p-value

N (% of ischemic strokes) 180 (60%) 122 (40%)

Female Sex 50 (28) 32 (26) 0.8

Age (years)

 <40 19 (11) 39 (32) <0.001

 40–49 49 (27) 52 (43)

 50–59 76 (42) 22 (18)

 ≥60 36 (20) 9 (7)

Race/ethnicity

 White 64 (36) 29 (24) 0.1

 Black 105 (58) 80 (66)

 Hispanic 10 (6) 11 (9)

 Other 1 (1) 2 (2)

HIV transmission risk factor

 MSM 56 (31) 34 (28) 0.08

 IDU 43 (24) 45 (37)

 Heterosexual 69 (38) 34 (28)

 Other 12 (7) 9 (7)

CD4+ cell count (nadir, cells/mm3)

 <200 96 (60) 84 (80) 0.007

 200–349 35 (22) 11 (10)

 350–499 14 (9) 5 (5)

 ≥500 16 (10) 5 (5)

CD4+ cell count (current, cells/mm3)

 <200 41 (25) 59 (56) <0.001

 200–349 28 (17) 18 (17)

 350–499 26 (16) 12 (11)

 ≥500 66 (41) 16 (15)

Currently receiving ART 133 (74) 80 (66) 0.1

Current undetectable viral load (<400 copies/mL) 107 (68) 48 (46) <0.001

Hepatitis C virus 44 (24) 38 (31) 0.2

Hepatitis B virus 11 (6) 10 (8) 0.5

Diabetes 44 (24) 11 (9) 0.001

Blood pressure (mean, SD)

 Systolic 135 (22) 125 (20) 0.001

 Diastolic 81 (11) 78 (13) 0.1

Treated hypertension 81 (45) 35 (29) 0.004
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Characteristic Ischemic stroke, no precipitating 
infection or drug use N (%)

Ischemic stroke, precipitating 
infection and/or drug use N (%) p-value

Lipid levels (mean, SD)

 Total cholesterol (mg/dL) 184 (51) 161 (46) <0.001

 HDL (mg/dL) 44 (17) 40 (16) 0.07

 LDL (mg/dL) 104 (39) 93 (38) 0.047

 Triglycerides (mg/dL) 195 (167) 167 (99) 0.1

Statin use 60 (33) 17 (14) <0.001

Smoking 62 (34) 51 (42) 0.2

Kidney function (mL/min/1.73 m2; mean, SD) 80 (34) 101 (34) <0.001

BMI (kg/m2; mean, SD) 27 (6) 25 (5) 0.03

ASCVD risk score (mean, SD) 17 (13) 11 (10) 0.003

ASCVD risk score: 10-year atherosclerotic cardiovascular disease risk as measured by the ASCVD Pooled Cohort Equation; BMI: body mass 
index; IDU: injection drug user; MSM: men who have sex with men;
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