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Greater risk of stroke of undetermined etiology in a 
contemporary HIV-infected cohort compared with uninfected 
individuals

Felicia C. Chow, MD, MASa, Richard W. Price, MDa, Priscilla Y. Hsue, MDb, and Anthony S. 
Kim, MD, MASa

aDepartment of Neurology, University of California San Francisco, San Francisco, CA

bDepartment of Medicine (Division of Cardiology), University of California San Francisco, San 
Francisco, CA

Abstract

Background—Although ischemic stroke risk is increased among people living with HIV 

infection, little is known about the epidemiology of ischemic stroke subtypes in contemporary 

HIV-infected cohorts. We examined the distribution of ischemic stroke subtypes among 

predominantly treated HIV-infected individuals to determine if and how the distribution differs 

from that of the general population.

Methods—We studied 60 HIV-infected and 60 HIV-uninfected adults with a history of first-ever 

ischemic stroke between 2000 and 2012. Ischemic strokes were classified as one of five subtypes 

based on established criteria. We used multinomial logistic regression models to compare the 

relative frequency of ischemic stroke subtypes by HIV status.

Results—Large artery atherosclerosis (23%) and stroke of undetermined etiology (23%) were 

the most common stroke subtypes among HIV-infected individuals. The most recent plasma HIV 

viral load before the stroke event differed by subtype, with a median undetectable viral load for 

individuals with large artery stroke and stroke of undetermined etiology. Using cardioembolic 

stroke as the reference subtype, HIV-infected individuals were at higher proportional risk of stroke 

of undetermined etiology compared with uninfected individuals [relative risk ratio (RRR) 8.6, 95% 

CI 1.2–63.7, p=0.04]. Among HIV-infected individuals with virologically suppressed infection, we 

observed a trend toward a greater proportion of strokes attributable to large artery atherosclerosis 

(RRR 6.7, 95% CI 0.8–57.9, p=0.08).
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Conclusions—HIV-infected individuals may be at greater proportional risk of stroke of 

undetermined etiology compared with uninfected individuals. Further investigation is warranted to 

confirm this finding and determine underlying reasons for this greater risk.

Keywords

HIV infection; cerebrovascular disease; ischemic stroke subtype; cerebral infarction

Introduction

In recent large cohort studies, the risk of stroke is increased for people living with HIV 

infection compared with uninfected individuals.1–3 While several studies have evaluated the 

distribution of ischemic and hemorrhagic strokes in HIV infection, less is known about the 

epidemiology of ischemic stroke subtypes. Understanding the distribution of ischemic stroke 

subtypes in HIV would aid in focusing future investigations of the pathogenesis of this 

elevated stroke risk and to develop potential novel interventions to modify stroke risk in HIV 

infection. Many of the prior studies investigating ischemic stroke subtypes in HIV infection 

were performed in cohorts from either before the introduction of antiretroviral therapy 

(ART) or of largely untreated HIV-infected individuals with advanced disease4–7 and are not 

generalizable to people living with HIV infection in the modern era of widely available and 

highly effective combination ART.

In this study of a contemporary cohort of people living with HIV infection and HIV-

uninfected patients followed in outpatient clinics from an urban safety net hospital, we 

examined the distribution of ischemic stroke subtypes to determine if and how, among 

predominantly ART-treated HIV-infected individuals, the distribution differs from that of the 

general population.

Methods

Study design

We identified all HIV-infected individuals 18 years of age and older with a first-ever 

ischemic stroke diagnosed between 2000 and 2012, who were seen on at least two occasions 

by a medical provider in an HIV clinic at an urban safety net hospital in San Francisco. 

Potential cases were first identified by International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) codes for cerebrovascular disease (433, 434, 

436, 437, 443.21 or 443.24). The diagnosis of ischemic stroke was then validated by medical 

record review by a board-certified neurologist (F.C.C.), using criteria adapted from the 

World Health Organization MONICA (Monitoring Trends and Determinants in 

Cardiovascular Disease) project and the Multi-Ethnic Study of Atherosclerosis (MESA).8,9 

Cases were excluded if the stroke event occurred before the diagnosis of HIV. The majority 

of HIV-infected stroke cases were included in a previously published case-control study with 

a different HIV-infected comparator group.10

The HIV-uninfected cohort was frequency-matched in a 1:1 ratio to the HIV-infected cohort 

based on calendar year of ischemic stroke diagnosis from among individuals followed in a 
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primary care clinic in the same urban hospital with an ICD-9-CM code for cerebrovascular 

disease but no ICD-9-CM code for HIV Infection. Ischemic stroke diagnoses in the HIV-

uninfected cohort were also validated by medical record review.

Covariates

Demographics, stroke risk factors, health-related behaviors, and laboratories were abstracted 

from medical records. The presence of vascular risk factors was defined based on problem 

lists in the primary care or HIV clinic documentation and neurology admission notes. All 

health-related behaviors (e.g., smoking, alcohol and substance use) were categorized as 

current versus never or prior use. Individuals for whom no information was available 

regarding health-related behaviors were classified as unknown. The most proximate CD4 

count and plasma HIV RNA level prior to the stroke event for the HIV-infected cases were 

recorded. HIV RNA levels below the limit of detection were coded as 0 log copies/mL.

Ischemic stroke mechanism

The stroke evaluation performed for each case was reviewed in detail by a board-certified 

neurologist (F.C.C.) following protocols from MESA.9,11 Records reviewed included 

discharge summaries; follow up neurology, cardiology, and primary care/HIV clinic notes; 

and all available brain magnetic resonance imaging (MRI) and computed tomography (CT) 

images. Results of electrocardiograms, echocardiograms, Holter monitoring, carotid 

ultrasound, and conventional angiography were also examined. Based on available data, 

ischemic strokes were categorized as large artery atherosclerosis (extra- and intracranial), 

small vessel occlusion (lacunar), cardioembolism, other known etiology, or undetermined 

etiology based on MESA and TOAST criteria.12 According to TOAST criteria, individuals 

for whom a complete ischemic stroke evaluation was not performed were classified as 

undetermined etiology. To be considered complete, an ischemic stroke evaluation had to 

include a minimum of brain imaging (CT or MRI), extra- and intracranial vascular imaging, 

electrocardiogram and echocardiogram.11

Statistical analysis

We compared demographic and clinical characteristics between HIV-infected and uninfected 

stroke cases using Student’s t- or Chi-squared tests and HIV-related laboratories by stroke 

subtype using the Kruskal-Wallis test. We used multinomial logistic regression to determine 

the relative risk of ischemic stroke subtypes by HIV status after first adjusting for 

demographics (Model 1) and then for demographics plus additional vascular risk factors 

identified by forward stepwise selection (Model 2). P values were 2-sided with <0.05 

considered statistically significant. Statistical analyses were performed using Stata 

(StataCorp 2012. Stata Statistical Software: Release 12; Stata Corporation, College Station, 

TX). The institutional review board of the University of California, San Francisco, approved 

the study.

Results

Clinical and demographic data were collected for 60 HIV-infected and 60 HIV-uninfected 

stroke cases (Table 1). HIV-infected individuals tended to be younger at the time of stroke, 
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and there were fewer women in the HIV-infected group. The proportions of White and Black 

HIV-infected stroke cases were greater than among uninfected stroke cases. Median CD4 

count for HIV-infected individuals was 276 cells/mm3 [interquartile range (IQR) 122, 419] 

and median plasma HIV RNA level was 3.24 log copies/mL (IQR 0, 4.35). Sixty-five 

percent (65%) of HIV-infected individuals were on combination ART at the time of the 

stroke and 37% were virologically suppressed in the 6 months preceding the event.

Large artery atherosclerosis and stroke of undetermined etiology were the most common 

ischemic stroke subtypes (23% each) among HIV-infected individuals, followed by small 

vessel occlusion (20%), cardioembolism (20%) and stroke of other determined etiology, 

which included strokes due to infectious and carcinomatous meningitis and a 

hypercoagulable state in the setting of HIV-related malignancy (13%, Table 1). Of the 

strokes of undetermined etiology, six individuals had an incomplete stroke evaluation, four 

had a complete evaluation without an identifiable etiology, and four had a stroke diagnosed 

at a different hospital with insufficient records available for review. Among HIV-uninfected 

individuals, only 3% of strokes were of undetermined etiology, while cardioembolism (40%) 

and small vessel occlusion (33%) were the most common subtypes, followed by large artery 

atherosclerosis (22%) and stroke of other determined etiology (2%). Among the 2 HIV-

uninfected individuals with a stroke of undetermined etiology, both had a complete 

evaluation without an identified etiology.

Plasma HIV RNA level prior to the stroke event for HIV-infected cases differed by ischemic 

stroke subtype (p=0.04, Figure 1). The median HIV RNA level was undetectable for 

individuals with large artery strokes (IQR 0, 3.28 log copies/mL) and stroke of undetermined 

etiology (IQR 0, 3.68 log copies/mL). For small vessel strokes, the median HIV RNA was 

3.35 (IQR 1.45, 4.87 log copies/mL), for cardioembolism 3.63 (IQR 0, 4.40 log copies/mL), 

and for strokes of other determined etiology 4.65 (IQR 3.55, 5.39 log copies/mL). We 

observed a similar inverse trend for most recent CD4 count before the stroke event, with 

highest CD4 counts among individuals with large artery disease and stroke of undetermined 

etiology (p=0.07, Figure 1).

Using cardioembolism as the reference subtype, the relative risk of having a stroke of 

undetermined etiology was higher for HIV-infected compared with uninfected individuals 

after adjustment for demographics [relative risk ratio (RRR) 8.9, 95% CI 1.6 to 51.4, 

p=0.02] and for demographics plus covariates (hypertension, coronary heart disease and 

atrial fibrillation) chosen by forward stepwise selection (RRR 8.6, 95% CI 1.2 to 63.7, 

p=0.04). There was a trend toward a greater relative risk of having a stroke of other 

determined etiology among HIV-infected versus uninfected individuals (RRR 7.2, 95% CI 

0.7 to 73.2, p=0.10). In an analysis restricted to ischemic strokes in HIV-infected individuals 

who were virologically suppressed in the 6 months before the stroke event (n=22) and all 

HIV-uninfected cases, the increased relative risk of having a stroke of undetermined etiology 

for HIV-infected individuals remained, while the trend toward a higher relative risk of stroke 

of other determined etiology was no longer present (Table 2). In the full model adjusting for 

demographics along with hypertension, coronary heart disease and atrial fibrillation, the 

relative risk of having a stroke due to large artery atherosclerosis compared with 

cardioembolism was increased for HIV-infected versus uninfected individuals, but 
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confidence intervals were too wide to rule out no difference in risk (RRR 6.7, 95% CI 0.8 to 

57.9, p=0.08, Table 2). Although several health-related behaviors were more common 

among HIV-infected individuals (Table 1), none remained in the forward stepwise 

multivariable model.

Discussion

In this study, the largest ever of a contemporary HIV-infected cohort of which more than half 

of individuals were on ART, people living with HIV infection were at proportionally higher 

risk for stroke of undetermined etiology versus cardioembolic stroke compared with HIV-

uninfected individuals. Furthermore, the magnitude of the higher relative risk of stroke of 

undetermined etiology was even more pronounced when we compared the subset of treated, 

virologically suppressed HIV-infected with uninfected individuals.

Elucidating the distribution of ischemic stroke subtypes in HIV infection may guide research 

aimed at understanding the pathogenesis of increased stroke risk in HIV infection. In 

addition, as individual stroke subtypes are associated with different rates of recurrence and 

prognosis,13 understanding the distribution of stroke subtypes in HIV may be crucial to 

developing more specific cerebrovascular risk assessments. Most of the large observational 

studies of HIV and cerebrovascular disease in the current era of ART have relied on billing 

and administrative codes to identify individuals with a history of ischemic stroke. As a 

result, information on ischemic stroke subtype is often lacking in these studies, as subtypes 

cannot be reliably ascertained from ICD codes. Many of the studies that have categorized 

ischemic stroke subtypes in HIV infection have been in cohorts assessed either before the 

introduction of effective combination ART or in primarily untreated HIV-infected 

individuals with advanced disease.4–7 In small but more contemporary studies of ischemic 

stroke subtypes in HIV-infected individuals with variable ART use and virological 

suppression,14,15 the distribution of subtypes has varied (Figure 2).

We found that the median plasma HIV RNA differed significantly among ischemic stroke 

subtypes, with a median undetectable HIV RNA among individuals with strokes due to large 

artery atherosclerosis and undetermined etiologies (Figure 1). This finding prompted us to 

perform a post-hoc analysis restricted to virologically suppressed HIV-infected stroke cases 

in light of previously reported differences in cerebrovascular risk between individuals who 

are viremic and those who are aviremic.1,15,16 Among HIV-infected individuals with well-

controlled infection, the trend toward a higher relative risk of stroke of other determined 

etiology (largely from infectious meningitis and malignancy associated with advanced HIV) 

among HIV-infected individuals was no longer present, which may have been due to 

decreased power. However, we still observed a greater proportion of strokes due to an 

undetermined etiology in the virologically suppressed HIV-infected cohort. The high 

frequency of strokes of undetermined etiology among HIV-infected individuals in this and 

prior studies6,7,14,17 raises the question of whether 1) HIV-infected individuals, even with 

well-controlled infection, may be less likely to receive a complete etiologic evaluation for 

stroke or 2) novel mechanisms may contribute to the increased risk of stroke in HIV 

infection, rendering our standard stroke evaluation inadequate to fully characterize stroke 

risk in HIV-infected individuals. Due to our modest sample size and the fact that the “stroke 
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of undetermined etiology” category, by definition, includes both individuals who have had a 

complete evaluation with no likely etiology identified and those who have had an incomplete 

evaluation, we are not able to draw any further conclusions regarding these two possibilities, 

both of which have implications for stroke risk reduction in HIV infection and merit a more 

systematic evaluation.

Among individuals with well-controlled HIV, we also observed a trend toward a greater 

proportion of ischemic strokes attributable to large artery atherosclerosis in the HIV-infected 

group compared with uninfected individuals after adjusting for demographics and stroke risk 

factors. The pathogenesis of cardiovascular disease in HIV infection is postulated to be due, 

in part, to chronic inflammation and immune activation leading to endothelial dysfunction 

and subclinical atherosclerosis.18 Markers of subclinical large vessel atherosclerosis, such as 

carotid intima-media thickness and prevalence of new focal carotid plaques, have been 

shown to be abnormal even in treated, virologically suppressed HIV-infected individuals 

compared with uninfected controls.19,20 While this was an exploratory analysis, the trend 

toward a greater proportion of large artery atherosclerotic compared with cardioembolic 

strokes suggests that these mechanisms may also be critical in the development of elevated 

cerebrovascular risk in treated HIV infection and underscores the need to understand the 

mechanisms at play in order to develop targeted interventions.

Our study has limitations that must be considered when interpreting the findings. First, the 

relatively small sample of stroke cases in both the HIV-infected and uninfected groups may 

not fully reflect the true population distribution of ischemic stroke subtypes. We observed a 

high proportion of cardioembolic strokes among uninfected individuals, which may have 

impacted comparisons of stroke subtype distribution by HIV status. However, while the 

relative frequency of ischemic stroke subtypes reported in the general population is not 

uniform, several studies of both predominantly white and black populations have 

demonstrated that cardioembolic strokes constitute the single largest subtype of ischemic 

stroke.21–23 Disparities in age, race, and sex certainly affect the relative frequency of stroke 

subtypes. To account for differences by HIV status, we forced the inclusion of demographic 

characteristics into all of the multinomial regression models. In addition, we may have 

missed ischemic strokes that were evaluated outside of our hospital system. However, we 

chose stroke cases only from individuals followed in either HIV or primary care outpatient 

clinics at our hospital to minimize differential misclassification or incomplete capture of 

stroke events by HIV status. Finally, while our study is one of the largest ever in the modern 

era of treatment with more than half of individuals on ART, due to the still modest sample 

size, the comparison of stroke subtypes by HIV status is not intended to be definitive but 

rather to generate novel hypotheses regarding ischemic stroke mechanisms in HIV infection 

that will inform future investigations.

Summary

Our primary goal was to describe the relative frequency of ischemic stroke subtypes among 

a contemporary HIV-infected cohort and, secondarily, to compare the distribution to a group 

of uninfected individuals drawn from the same safety net hospital after adjusting for 

differences in age, racial distribution, sex and select stroke risk factors. Our findings raise 
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the possibility that people living with HIV infection who are ART-treated and virologically 

suppressed may be at greater proportional risk of stroke of undetermined etiology and 

strokes due to large artery atherosclerosis compared with uninfected individuals.
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Figure 1. Plasma HIV RNA level (A) and CD4 count (B) by ischemic stroke subtype among HIV-
infected individuals
The most recent plasma HIV RNA level and CD4 count before the stroke event differed 

significantly by ischemic stroke subtype. HIV-infected individuals with stroke of 

undetermined etiology and large artery atherosclerotic stroke had lowest median viral loads 

and highest median CD4 counts.
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Figure 2. Distribution of ischemic stroke subtypes in more contemporary HIV cohorts
In more recently published studies, although all with less than half of individuals 

virologically suppressed, the distribution of ischemic stroke subtypes in HIV-infected 

cohorts has been variable.

Authors Ischemic strokes in 
PLWH, n

Years % on ART / % 
virologically 
suppressed

Mean or median 
CD4 count 
(cells/mm3)

Chow et al. (current study) 60 2000–2012 65 / 37 276

Ortiz et al.7 77 1996–2005 37a / NA 113a

Corral et al.14 25 1996–2008 100 / 48 355

Vinikoor et al.15 31 1999–2010 94b / 43b 267b

Abbreviations: PLWH, people living with HIV infection; ART, antiretroviral therapy; NA, not available
a
Of 82 HIV-infected patients presenting with both ischemic and hemorrhagic stroke

b
Of 53 HIV-infected patients presenting with both ischemic and hemorrhagic stroke
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Table 1

Clinical characteristics of HIV-infected and uninfected individuals with a history of ischemic stroke at an 

urban safety net hospital

HIV-infected individuals n=60
No. (%)a

HIV-uninfected individuals n=60
No. (%)a

P value

Demographics

Age (years), mean (SD) 50 (8) 60 (12) <0.001

Women 12 (20) 23 (38) 0.03

Race

 White 26 (43) 15 (25)

<0.001
 Black/African-American 28 (47) 15 (25)

 Latino/Hispanic 1 (2) 17 (28)

 Other/Unknown 5 (8) 13 (22)

Stroke risk factors

Hypertension 44 (73) 46 (77) 0.67

Dyslipidemia 25 (42) 32 (53) 0.20

Diabetes mellitus 10 (17) 22 (37) 0.01

Coronary heart disease 15 (25) 16 (27) 0.84

Heart failure/cardiomyopathy 10 (17) 14 (23) 0.35

Atrial fibrillation/flutter 4 (7) 17 (28) 0.002

Current substance use and health-related behaviors

Smoker 36 (60) 20 (33) <0.001

Alcohol 22 (37) 9 (15) 0.018

Methamphetamine 10 (17) 2 (3) 0.05

Cocaine 23 (38) 4 (7) <0.001

Heroin 5 (8) 1 (2) 0.21

Ischemic stroke subtype

Large artery 14 (23) 13 (22)

<0.001

Small vessel 12 (20) 20 (33)

Cardioembolic 12 (20) 24 (40)

Undetermined etiology 14 (23) 2 (3)

Other etiology 8 (13) 1 (2)

a
Unless otherwise indicated
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Table 2

Adjusted relative risk of ischemic stroke subtype in HIV-infected versus uninfected individuals at a safety net 

hospital

Model 1a Relative risk ratio 
(95% CI)

P value Model 2b Relative risk ratio (95% 
CI)

P value

All HIV-infected + uninfected individuals (n=120)

Cardioembolic stroke (n=36) Reference ---- Reference ----

Large artery stroke (n=27) 2.0 (0.6–6.3) 0.25 1.6 (0.4–5.9) 0.50

Small vessel occlusion (n=32) 1.6 (0.5–5.1) 0.43 1.3 (0.4–4.8) 0.65

Stroke of undetermined etiology (n=16) 8.9 (1.6–51.4) 0.01 8.6 (1.2–63.7) 0.04

Stroke of other determined etiology (n=9) 7.2 (0.7–73.2) 0.10 8.7 (0.7–116.2) 0.10

Virologically suppressed HIV-infected + all uninfected individuals (n=82)

Cardioembolic stroke (n=28) Reference ---- Reference ----

Large artery stroke (n=21) 3.0 (0.6–14.2) 0.17 6.7 (0.8–57.9) 0.08

Small vessel occlusion (n=23) 1.5 (0.3–8.6) 0.68 3.2 (0.4–29.2) 0.31

Stroke of undetermined etiology (n=8) 16.5 (1.8–151.3) 0.01 31.8 (2.2–459.6) 0.01

Stroke of other determined etiology (n=2) 3.4 (0.04–284.5) 0.59 7.0 (0.01–3876.7) 0.55

a
Adjusted for age, sex and race.

b
Adjusted for age, sex, race, hypertension, coronary heart disease and atrial fibrillation.
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