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Background: Although ischemic stroke risk is increased among people living with
HIV infection, little is known about the epidemiology of ischemic stroke sub-
types in contemporary HIV-infected cohorts. We examined the distribution of ischemic
stroke subtypes among predominantly treated HIV-infected individuals to deter-
mine 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
1 of 5 subtypes based on established criteria. We used multinomial logistic re-
gression models to compare the relative frequency of ischemic stroke subtypes
by HIV status. Results: Large artery atherosclerosis (23%) and stroke of undeter-
mined 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 (rela-
tive risk ratio [RRR]: 8.6, 95% confidence interval [CI]: 1.2-63.7, P = .04). Among
HIV-infected individuals with virologically suppressed infection, we observed a
trend toward a greater proportion of strokes attributable to large artery athero-
sclerosis (RRR: 6.7, 95% CI: .8-57.9, P = .08). Conclusions: HIV-infected individuals
may be at greater proportional risk of stroke of undetermined etiology com-
pared with uninfected individuals. Further investigation is warranted to confirm
this finding and determine underlying reasons for this greater risk. Key Words:
HIV infection—cerebrovascular disease—ischemic stroke subtype—cerebral infarction.
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Introduction

In recent large cohort studies, the risk of stroke is
increased for people living with HIV infection com-
pared with uninfected individuals.'® Although several
studies have evaluated the distribution of ischemic and
hemorrhagic strokes in HIV infection, less is known about
the epidemiology of ischemic stroke subtypes. Under-
standing 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 per-
formed in cohorts from either before the introduction of
antiretroviral therapy (ART) or of largely untreated HIV-
infected individuals with advanced disease,*” 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 fol-
lowed in outpatient clinics from an urban safety net
hospital, we examined the distribution of ischemic stroke
subtypes to determine if and how, among predomi-
nantly 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 diag-
nosed 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 the International Classifica-
tion 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).5*
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.

The HIV-uninfected cohort was frequency-matched in
a 1:1 ratio to the HIV-infected cohort based on the cal-
endar year of ischemic stroke diagnosis from among
individuals followed in a primary care clinic in the same
urban hospital with an ICD-9-CM code for cerebrovas-
cular disease but no ICD-9-CM code for HIV infection.
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Ischemic stroke diagnoses in the HIV-uninfected cohort
were also validated by medical record review.

Covariates

Demographics, stroke risk factors, health-related be-
haviors, 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 avail-
able 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 re-
viewed in detail by a board-certified neurologist (F.C.C.)
following protocols from MESA.”'' The records re-
viewed included discharge summaries; follow-up neurology,
cardiology, primary care and HIV clinic notes; and
all available brain magnetic resonance imaging and
computed tomography images. The results of electrocar-
diograms, echocardiograms, Holter monitoring, carotid
ultrasound, and conventional angiography were also ex-
amined. Based on available data, ischemic strokes were
categorized as large artery atherosclerosis (extra- and in-
tracranial), small vessel occlusion (lacunar), cardioembolism,
other known etiology, or undetermined etiology based
on MESA and TOAST (Trial of Org 10172 in Acute Stroke
Treatment) criteria.'” According to TOAST criteria, indi-
viduals for whom a complete ischemic stroke evaluation
was not performed were classified as stroke of undeter-
mined etiology. To be considered complete, an ischemic
stroke evaluation had to include a minimum of brain
imaging (computed tomography or magnetic resonance
imaging), extra- and intracranial vascular imaging, elec-
trocardiogram, and echocardiogram."

Statistical Analysis

We compared demographic and clinical characteris-
tics between HIV-infected and uninfected stroke cases using
Student’s t-test or chi-square test and HIV-related labo-
ratories 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 two-sided, with <.05 considered
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