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Abstract
Background—Cardiovascular disease is increased among HIV-infected patients, but little is
known regarding ischemic stroke rates. We sought to compare stroke rates and determine stroke
risk factors in HIV versus non-HIV patients.

Methods—An HIV cohort and matched non-HIV comparator cohort seen between 1996 and
2009 were identified from a Boston health care system. The primary endpoint was ischemic
stroke, defined using International Classification of Diseases (ICD) codes. Unadjusted stroke
incidence rates were calculated. Cox proportional hazards modeling was used to determine
adjusted hazard ratios (HR).

Results—The incidence rate of ischemic stroke was 5.27 per 1000 person years (PY) in HIV
compared with 3.75 in non-HIV patients, with an unadjusted HR of 1.40 (95% confidence interval
[CI] 1.17-1.69, P<0.001). HIV remained an independent predictor of stroke after controlling for
demographics and stroke risk factors (1.21, 1.01-1.46, P=0.043). The relative increase in stroke
rates (HIV vs. non-HIV) was significantly higher in younger HIV patients (incidence rate ratio
4.42, 95% CI 1.56-11.09 age 18-29; 2.96, 1.69-4.96 age 30-39; 1.53, 1.06-2.17 age 40-49), and in
women (HR 2.16 [1.53-3.04] for women vs. 1.18 [0.95-1.47] for men). Among HIV patients,
increased HIV RNA (HR 1.10, 95% CI 1.04-1.17, P=0.001) was associated with an increased risk
of stroke.

Conclusions—Stroke rates were increased among HIV-infected patients, independent of
common stroke risk factors, particularly among young patients and women.
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Introduction
Despite data supporting an association between human immunodeficiency virus (HIV) and
cardiovascular disease (CVD),[1-4] the effect of HIV on the risk of stroke remains unclear.
Most early studies evaluating the incidence of stroke in individuals with HIV were
confounded by advanced HIV infection and associated opportunistic infections or
malignancy.[5-7] Although a growing body of literature exists describing cardiovascular risk
in patients with HIV in the modern era of antiretroviral therapy (ART), little is known about
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the incidence of and risk factors for ischemic stroke in these patients, the majority of whom
demonstrate well-controlled HIV infection.

The proportion of ischemic strokes attributed to HIV-infected persons was found to increase
in the United States from 1997 to 2006, but stroke incidence rates comparing HIV to non-
HIV patients were not calculated.[8] A recent study demonstrated increased rates of
cerebrovascular events in Danish HIV patients compared to a population-based control
group but was not able to account for multiple potentially confounding variables including
smoking and non-ART medication use.[9] Previous retrospective case-control studies have
identified potential predictors of stroke in HIV-infected individuals with stroke compared to
those without a history of stroke.[10, 11] This study significantly expands on existing
knowledge by comparing the incidence of stroke as a specific primary endpoint in
individuals with HIV to a control population of non HIV-infected patients accounting for
multiple vascular risk factors.

In the present study, we determined the incidence of ischemic stroke in HIV-infected
patients seen at two hospitals and their affiliated outpatient clinics comprising a large U.S.
health care system, compared to a matched HIV-negative control group. We investigated
whether HIV is independently associated with stroke, the relationship of HIV infection to
traditional vascular risk factors, and potential stroke risk factors unique to HIV-infected
individuals.

Methods
Study design and patient population

We analyzed a cohort of 4,308 HIV-infected individuals from the Research Patient Data
Registry (RPDR), a clinical care database of all inpatient and outpatient encounters from
Massachusetts General Hospital and Brigham and Women’s Hospital, the two primary
facilities of Partners HealthCare System. All HIV-infected individuals with at least one
clinical encounter between January 1, 2005 and December 31, 2007 were included in the
cohort. HIV infection was determined by International Classification of Diseases, 9th

revision, Clinical Modification (ICD-9-CM) codes 042 or V08, previously ascertained by a
trained clinical nurse to be 99% sensitive and 89% specific for clinical HIV infection. A
control group was generated by matching non-HIV patients from the RPDR to patients in
the HIV cohort in a 10:1 ratio on the basis of age, gender, and race. Within the HIV and
control cohorts, patients who were 18 years of age or older at the start of the observation
period and had at least one inpatient or two outpatient encounters were eligible for the study.
Patients were excluded if any stroke diagnosis preceded HIV diagnosis or if stroke occurred
prior to 1996. The Partners Human Research Committee approved the study.

The start of the observation period was defined as the latest of the three possible entry
triggers: January 1, 1996, first ICD-9-CM code for HIV, or first encounter for controls. The
end of the observation period was defined as the earliest of three possible termination points:
stroke event, last encounter if no stroke occurred, or December 31, 2009. Patients with
multiple ICD-9-CM codes for stroke were counted only once and were censored after the
initial stroke event, considered to occur on the date of the first qualifying code.

Outcome
The primary endpoint was ischemic stroke, defined as at least one inpatient or two outpatient
encounters documented with an ICD-9-CM code selected from the category of ischemic
cerebrovascular disease (433, 433.01, 433.1, 433.11, 433.2, 433.21, 433.3, 433.31, 433.8,
433.81, 433.9, 433.91, 434, 434.0, 434.00, 434.01, 434.1, 434.11, 434.9, 434.91, 437, 437.4,
437.5, 443.21, and 443.24). Intracranial hemorrhage was not included as an endpoint due to
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a discrete risk factor profile and transient ischemic attack was not included due to potential
lack of specificity of ICD-based diagnosis.

Validation of the ICD-9-CM codes used for the primary endpoint was performed by a
neurologist using the following criteria adapted from the World Health Organization
MONICA (Monitoring Trends and Determinants in Cardiovascular Disease) project: 1.
Rapidly developing clinical signs of a new focal disturbance of cerebral function lasting
more than 24 hours with no apparent alternative cause; 2. No history, physical findings, or
diagnostic evaluation consistent with another cause, including trauma, seizure, migraine or
space-occupying lesion; 3. Brain imaging, if available, consistent with acute infarct.[12] Use
of a single inpatient ICD code or two of the selected outpatient codes for ischemic stroke
maximized the area under the receiver-operating characteristic curve (AUC 0.75, 95%
confidence interval [CI] 0.65-0.85).

Covariates
Traditional stroke risk factors were defined by the specified ICD-9-CM codes and their
subcategories applied during the observation period and prior to stroke diagnosis or by
corresponding codes used within the Partners HealthCare System electronic health records
(Table 1). Smoking status was ascertained by use of a natural language processing tool, as
described previously.[13] Documentation permitting the determination of smoking status
was available in the large majority of patients, including 84% of HIV and 77% of non-HIV
patients. Patients without smoking-related documentation in the chart were considered non-
smokers. Medication information was extracted for inpatients and outpatients. Antiretroviral
medications were classified according to the three major classes during the observation
period (nucleoside reverse transcriptase inhibitors [NRTI], non-nucleoside reverse
transcriptase inhibitors [NNRTI] and protease inhibitors [PI]) and were represented in the
primary model as ever versus never use. Data on hormonal contraception medication use
was not available. CD4 cell count and HIV RNA laboratory data were collected.

Statistical analysis
The rates of stroke risk factors, HIV parameters including ART use, infections and
malignancy affecting the central nervous system (CNS), and measures of health care use
were calculated for the HIV cohort and control group when applicable. χ2 tests were used to
compare categorical baseline characteristics between the HIV and non-HIV cohorts.
Unadjusted incidence rates of ischemic stroke per 1000 person-years (PY) of observation
time were determined for the two cohorts and after stratification by gender and decade of
age. We calculated unadjusted incidence rate ratios (IRR) with 95% confidence intervals
(CIs) for stroke by HIV status, stratified by age and gender. To determine whether HIV
infection is an independent risk factor for ischemic stroke, we tested a series of Cox
proportional hazards models. The first model predicted risk of stroke associated with HIV
status controlling for age, gender, and race (white vs. nonwhite). The second model added
established risk factors for ischemic stroke (hypertension, diabetes mellitus, dyslipidemia,
smoking, structural heart disease defined as at least one diagnosis of cardiomyopathy, left-
sided valvular heart disease or heart failure, atrial fibrillation, and potential protective
factors including aspirin use and warfarin use). To assess whether an association between
HIV and stroke might be mediated by HIV-related variables and measures of disease
progression independent of demographic characteristics and stroke risk factors, we
constructed exploratory HIV-stratified models given the more limited number of events with
the HIV-only model. Covariates in the HIV-only model included ART use, CD4 cell count
nadir during the observation period in increments of 50 units, recent viral load (log-
transformed), endocarditis, and a history of CNS infection or malignancy. Analyses were
conducted using Stata (StataCorp, 2008. Stata Statistical Software: Release 10. College
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Station, TX: Stata Corporation). All tests were two-sided with P values < 0.05 considered
significant.

Results
Demographic and clinical characteristics

Table 1 outlines the demographic and clinical characteristics in the HIV and non-HIV
cohorts. The HIV cohort consisted of 4,308 patients and the control cohort of 32,423
patients. The groups were closely matched on age, gender, and race as expected; however,
the small observed differences were statistically significant. The mean duration of
observation was 5.9 years for the HIV cohort and 6.4 years for the non-HIV cohort (P <
0.001).

The proportion of HIV-infected patients with traditional stroke risk factors including
hypertension, diabetes mellitus, dyslipidemia, smoking, cardiomyopathy, left-sided valvular
heart disease, and heart failure was significantly higher than in the non-HIV cohort (P<0.001
for all comparisons). Only the proportion with atrial fibrillation/flutter was similar between
the two groups (3%, P=0.519). Rates of acute myocardial infarction and coronary heart
disease were significantly elevated among HIV-infected patients. With regard to medication
utilization, the rate of warfarin use was significantly higher in the HIV cohort than in the
non-HIV group (6 vs. 5%, P=0.004), while there was a trend for increased use of aspirin in
the HIV group (20 vs.19%, P=0.07).

Rates of ischemic stroke
Stroke incidence rates are presented in Table 2. In total, 36,731 patients (4,308 HIV and
32,423 non-HIV) contributed 233,700 PY (25,100 from the HIV and 208,600 from the non-
HIV cohort) during the observation period. Ischemic stroke was identified in 914 patients,
132 in the HIV cohort and 782 in the non-HIV cohort. The incidence rate of ischemic stroke
was 5.27 per 1000 PY in HIV patients compared with 3.75 per 1000 PY in non-HIV
patients, resulting in an unadjusted hazard ratio (HR) of 1.40 (95% CI 1.17-1.69, P<0.001)
(Figure). Unadjusted age-stratified incidence rates and IRR demonstrate that HIV infection
was associated with higher rates of stroke among those under 50, but not among older
patients (Figure). This effect was more pronounced in women, where it was seen for each
age stratum under 50, than in men where only those HIV patients age 30-39 years had
elevated stroke rates.

The association between HIV and stroke remained significant and was only minimally
attenuated after adjustment for age, gender, and race in a multivariable model (Model 1).
After controlling for traditional stroke risk factors, HIV remained an independent predictor
of stroke (HR 1.21, 95% CI 1.01-1.46, P=0.043) (Model 2, Table 2).

In gender-specific Cox proportional hazard models, the hazard ratio for HIV-infection was
statistically significant for women (HR 2.16; 95% CI 1.53-3.04, P<0.001) but not men (HR
1.18; 95% CI 0.95-1.47, P=0.14). The association between ischemic stroke and HIV
infection remained statistically significant in women after adjusting for demographics alone
or demographics and established stroke risk factors (Table 2).

Predictors of stroke
In addition to HIV status, other significant predictors of ischemic stroke in the overall group
included age, hypertension, smoking, structural heart disease, and atrial fibrillation (Table
3). Dyslipidemia was associated with a decreased risk of stroke. The fully adjusted overall
model showed female gender to be associated with a decreased risk of stroke, despite the
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higher relative contribution of HIV to stroke risk among women in gender-stratified models
(Table 3).

Within the HIV cohort, atrial fibrillation (HR 3.15, 95% CI 1.26-7.87, P=0.014), age (HR
1.06 per year, 95% CI 1.03-1.09, P<0.001), a higher log-transformed viral load (HR 1.10,
95% CI 1.04-1.17, P=0.001), and a history of CNS infections or malignancy (HR 2.75, 95%
CI 1.26-6.03, P=0.011) were associated with an increased risk of stroke. NNRTI use (vs. no
NNRTI use) was associated with a decreased risk of stroke when represented as ever use
(HR 0.38, 95% CI 0.19-0.76, P=0.006) but not when represented as duration of use (HR
0.90, 95% CI 0.73-1.10, P=0.30). Longer duration of any ART use, however, was associated
with a significantly decreased risk of stroke (HR 0.80, 95% CI 0.73-0.88, P=<0.001). When
evaluated as a dichotomous variable, an undetectable viral load defined as HIV RNA ≤ 400
copies/ml was associated with a decreased risk of stroke (HR 0.45, 95% CI 0.25-0.81,
P=0.008). CD4 cell count was not significantly associated with stroke when included as
either the nadir value (Table 4) or the most recent value (HR 0.98 per 50 unit increment,
95% CI 0.93-1.03, P=0.46). Significant risk factors for stroke among the non-HIV cohort are
also shown in Table 4, and are generally similar to those reported previously.[14]

Sensitivity Analyses
Sensitivity analyses were performed investigating the effects of dyslipidemia on stroke risk.
In the overall model, dyslipidemia alone (HR 1.28, 95% CI 1.12-1.46, P<0.001) was
associated with increased stroke risk. In a model with HIV added, both HIV status (HR 1.37,
95% CI 1.14-1.65, P=0.001) and dyslipidemia (HR 1.26 95% CI 1.10-1.44, P=0.001) were
independently associated with increased stroke risk. Among females, dyslipidemia alone
was associated with increased stroke risk (HR 1.65, 95% CI 1.26-2.17, P<0.001) but was not
significantly associated with stroke when age was added (HR 1.01, 95% CI 0.76-1.34,
P=0.93). Among males, dyslipidemia alone was not significantly associated with stroke (HR
1.09, 95% CI 0.94-1.27, P=0.27) but was associated with decreased stroke risk when age
was added (HR 0.84, 95% CI 0.72-0.98, P=0.029).

In a separate sensitivity analysis, statin use was associated with decreased stroke risk when
included in the overall model (HR 0.77, 95% CI 0.65-0.93, P=0.005) and in the HIV-only
model (HR 0.43, 95% CI 0.18-1.03, P=0.059). There was no interaction between statin use
and dyslipidemia with respect to stroke risk in the analysis.

Discussion
We observed higher stroke rates among HIV-infected patients compared to non HIV-
infected patients in a large clinical care observational cohort in an era of combination ART
use, following more than 4,000 HIV-infected patients for over 25,000 person years. Our data
suggest that HIV is an independent predictor of ischemic stroke, after adjusting for known
stroke risk factors. The increase in stroke risk was most pronounced in HIV-infected women
and in younger age groups. Furthermore, within HIV-infected patients, stroke risk was
increased in association with increasing viral load, suggesting that poorer virologic control
and its inflammatory and immunologic sequelae may increase cerebrovascular risk.

There are only limited studies of stroke in HIV patients. Much of our understanding of the
natural history of cerebrovascular disease in patients with HIV infection stems from case
reports and retrospective studies of patients with advanced disease and severe
immunosuppression,[6, 15, 16] many before the widespread use of ART.[5, 7]
Cerebrovascular events in these early studies were frequently attributable to concomitant
opportunistic infections, lymphoproliferative disorders and other malignancies, endocarditis,
or cardiomyopathy. Previous estimates of the prevalence of stroke in HIV-infected patients,
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ranging from 4 to 30%, originate from autopsy studies of patients dying from AIDS.[17-21]
More recent estimates range from an annual incidence of 216 transient ischemic events and
strokes per 100,000 population[22] to 166 ischemic strokes per 100,000 patient-years.[10]
Most recently a Danish study compared rates of a broad cerebrovascular endpoint in HIV
patients versus a population-based control group and found rates to be increased in the HIV
group, with rate ratios similar to those found in the present study.[9] Risk was increased in
patients both with and without vascular risk factors; however, multivariate modeling
including vascular risk factors such as smoking as well as HIV-related factors was not
performed. Our data advance this understanding by investigating stroke rates in an HIV
cohort over a period of widespread ART use, using a validated, specific endpoint definition,
adjusting for individual stroke risk factors including smoking, and investigating the
association of stroke with clinical stage of HIV infection and with specific ART classes.

Our data demonstrate overall stroke rates of 5.27 per 1000 PY in HIV versus 3.75 in non-
HIV patients, for a hazard ratio of 1.40. Overall stroke rates were comparable to established
rates for the general population.[23, 24] The hazard ratio was attenuated in part accounting
for traditional stroke risk factors consistent with the conclusion that these risk factors play a
role in the pathogenesis of stroke in the HIV population. In particular, smoking and
hypertension were risk factors that were more highly prevalent among the HIV population
and significantly associated with stroke in the fully adjusted model. Our data suggest that
these risk factors might therefore be particularly targeted for intervention in the HIV
population.

While traditional stroke risk factors are likely to play a role in HIV-related stroke risk, HIV
remained an independent predictor of stroke after adjustment for these factors. Taken
together with the increased stroke rate seen in association with increasing viral load among
the HIV group, these data suggest that stroke risk in the HIV population is attributable, in
part, to factors other than known traditional vascular risk factors. Hypotheses to explain this
excess risk include inflammation, endothelial dysfunction, and macrophage activation.
Inflammation underlies the pathogenesis, progression and complications of atherosclerosis.
[25] HIV itself, independent of ART use, has been shown to induce endothelial dysfunction,
an early marker of atherosclerosis,[26, 27] and multiple studies have demonstrated increased
levels of inflammatory markers in HIV-infected patients.[28] Moreover, an immune-
mediated prothrombotic state with elevated d-dimer,[29] tissue plasminogen activator
antigen, and plasminogen-activator inhibitor-1, markers of impaired fibrinolysis associated
with risk of CHD, may also confer stroke risk.[30, 31] Macrophage activation, seen even
among those with well-controlled infection and recently associated with non-calcified
plaque, may also play a role in the premature development of atherosclerosis.[32]

Gender-specific analyses revealed a striking increase in ischemic stroke risk in HIV-infected
women compared to non-HIV controls. Importantly, the study included sufficient data on
women, who represented 36% of the total person years. Prior studies have demonstrated a
greater relative risk of myocardial infarction in women comparing HIV-infected to HIV-
uninfected patients.[3, 4] This study shows a similar gender effect for stroke, which may be
due in part to a lower baseline risk for stroke in women, amplifying the relative impact of an
HIV-specific effect in this gender. The increased relative risk of ischemic stroke in HIV-
infected women may also be explained by increased use of oral contraception or hormone
replacement therapy among HIV-infected women; relatively greater differences in rates of
traditional stroke risk factors including abdominal adiposity and inflammation;[33, 34]
differing efficacy of stroke prevention measures by gender;[35] or lower rates of stroke risk
factor modification in women due to perception of lower risk by physician[36] or patient.
[37, 38] Relatively increased stroke rates in HIV-infected women may also be explained by
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higher levels of immune activation compared to HIV-infected men after accounting for HIV
RNA level.[39]

The increased risk of ischemic stroke in the HIV cohort was limited to younger age groups
(18-49 years). A similar pattern was seen in a retrospective analysis of coronary heart
disease (CHD) in HIV-infected patients using California Medicaid claims data.[1] The effect
of HIV on stroke may be more pronounced in younger patients before traditional age-related
vascular risk factors begin to play a major role in the development of clinically apparent
ischemic stroke, as CVD risk is generally very low in apparently healthy young people. The
observed increase in stroke risk in younger age groups identifies an obvious need to
determine the etiology of increased strokes among young HIV-infected patients and
underscores the need for early identification of those at risk accompanied by appropriate risk
factor modification.

Within the HIV-infected cohort, higher viral load was associated with an increased risk of
ischemic stroke. Previous studies have linked viral load to subclinical atherosclerosis[40]
and endothelial dysfunction,[41, 42] and patients treated with interrupted ART in the
SMART trial had higher rates of cardiovascular events.[29] Likewise, lower CD4 count has
been associated with increased subclinical carotid atherosclerosis and progression of
disease[43, 44] and to increased rates of cardiovascular events.[45, 46] Higher viral load and
lower CD4 count may serve as surrogate markers for chronic inflammation and immune
dysfunction which have been hypothesized to confer increased vascular risk. Conversely,
being virologically suppressed for an extended time period might decrease vascular risk. In
this study, longer duration of ART within the HIV cohort was associated with a decreased
risk of stroke. Consistent with our data, shorter duration of any ART use has been shown to
be an independent predictor of ischemic cerebrovascular events,[10] and improvement in
intracranial vessel stenoses has been shown to occur six months following ART initiation.
[15]

The use of NNRTIs at any point in time was found to be associated with a decreased risk of
ischemic stroke risk. In contrast to PIs and NRTIs which have been shown to confer
increased risk of CVD in previous studies,[47, 48] no consistent association between
NNRTI use and risk of CVD has been identified. NNRTIs have been specifically linked to
an improved lipid risk profile and elevation of HDL, an association which may help to
explain the protective effect of this class of drugs. When represented as duration of
medication use, however, NNRTIs were not associated with decreased stroke risk.
Medication data in clinical care cohorts is subject to confounding by indication, although
one would expect preferential use of NNRTIs in patients at high vascular risk (by clinicians
who avoid the PI class) to lead to increased rather than decreased stroke risk.

Our study was limited by our necessary reliance on ICD codes to establish diagnoses of
outcome and covariates. To strengthen the reliability of these data, we conducted a rigorous
validation study to maximize sensitivity and specificity of codes for ischemic stroke.
Importantly, the overall rates of ischemic stroke in our non-HIV reference group are
comparable to those published from large population-based cohorts.[23, 24] In our study,
data on certain stroke risk factors, such as intravenous drug use (IVDU), were not available
for the majority of the patients in the cohort. However, IVDU was not thought to be
appropriate for inclusion in the primary analyses due to its potential for collinearity with
valvular heart disease and endocarditis. Importantly, we were able to include data on
smoking – a known major stroke risk factor – through use of a novel natural language
processing tool to extract smoking data from free text notes.
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As the HIV population ages, chronic diseases, particularly those of a vascular nature, have
become increasingly clinically relevant. We demonstrate the novel finding that stroke risk is
increased for HIV patients relative to control patients and that this risk persists in part after
accounting for traditional stroke risk factors. Furthermore, we show that increased stroke
risk is driven, in large part, by events in women and young patients. The demonstrated
association between HIV and stroke should prompt medical providers to view HIV as a risk
factor for stroke and to have a low threshold to aggressively modify vascular risk,
particularly in women and the young – groups not typically identified as high-risk. Long-
term prospective studies with HIV-negative controls are necessary to further elucidate the
interaction of chronic HIV infection, ART, and traditional vascular risk factors and their
effect on the risk of cerebrovascular disease.
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Figure 1.
Stroke Rates in HIV-Infected versus Non HIV-Infected Patients
Ischemic stroke incidence rates per 1000 PY are shown. The bars indicate incidence rates in
the overall HIV (black) and non-HIV (white) cohorts. The lines indicate incidence rates by
age group, comparing the HIV (black, solid line) and non-HIV (white, dotted line) cohorts.
Asterisks indicate statistically significant differences. The hazard ratio for stroke given HIV
infection was 1.40 (95% CI 1.17-1.69, P < 0.001).
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Table 1

Demographic and Clinical Characteristics of Study Cohorts*

HIV (N=4,308) Control (N=32,423) P value

Age (years), mean (SD)
† 41.6 (11.4) 40.8 (11.8) <0.001

Women, No. (%) 1350 (31) 11204 (35) <0.001

Race 0.001

 White, No. (%) 2267 (53) 16919 (52)

 Black, No. (%) 899 (21) 7288 (22)

 Hispanic, No. (%) 724 (17) 5604 (17)

 Other, No. (%) 133 (3) 862 (3)

 Unknown, No. (%) 285 (7) 1750 (5)

Hypertension, No. (%) 1600 (37) 10149 (31) <0.001

Diabetes mellitus, No. (%) 956 (22) 4830 (15) <0.001

Dyslipidemia, No. (%) 1734 (40) 9633 (30) <0.001

Smoking, No. (%) 2070 (48) 9699 (30) <0.001

Structural heart disease
‡
, No. (%) 675 (16) 3105 (10) <0.001

 Cardiomyopathy, No. (%) 201 (5) 1024 (3) <0.001

 Valvular heart disease, No. (%) 426 (10) 2007 (6) <0.001

 Heart failure, No. (%) 341 (8) 1426 (4) <0.001

Endocarditis, No. (%) 153 (4) 244 (1) <0.001

Atrial fibrillation/flutter, No. (%) 137 (3) 1092 (3) 0.519

Acute myocardial infarction, No. (%) 334 (8) 1602 (5) <0.001

Coronary heart disease, No. (%) 772 (18) 4572 (14) <0.001

Aspirin use, No. (%) 850 (20) 6026 (19) 0.07

Warfarin use, No. (%) 241 (6) 1494 (5) 0.004

Statin use, No. (%) 695 (16) 5738 (18) 0.01

NRTI use, No. (%)
§ 2001 (95) N/A

NNRTI use, No. (%)
§ 1178 (56) N/A

PI use, No. (%)
§ 1406 (67) N/A

CD4 count (cells/mm3), mean (SD)
∥ 473 (317) N/A

Nadir CD4 count (cells/mm3), mean (SD)
¶ 271 (252) N/A

HIV RNA (log, copies/mL), median (IQR)
∥ 0 (0, 868) N/A

HIV RNA≤400 copies/ml, No. (%)
∥ 1716 (73) N/A

CNS infection/malignancy, No. (%) 153 (4) 39 (<1) <0.001

Duration follow-up in years, mean (SD) 5.9 (4.1) 6.4 (4.7) <0.001

Abbreviations: SD = standard deviation; ART = antiretroviral therapy; NRTI = nucleoside reverse transcriptase inhibitor; NNRTI = non-nucleoside
reverse transcriptase inhibitor; PI = protease inhibitor; CNS = central nervous system.
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*
ICD-9-CM codes used to identify diagnoses: hypertension, 401; diabetes mellitus, 250; dyslipidemia, 272 (excluding 272.3 and 272.6),

cardiomyopathy, 425; valvular heart disease, 394-396,398.91,424.0, 424.1; heart failure, 428.0, 428.1, 428.2, 428.4. 428.9; endocarditis, 421,
424.9; atrial fibrillation/flutter, 427.3; acute myocardial infarction, 410; coronary heart disease, 410-414 (excluding 413.1); CNS infection/
malignancy, 013 (tuberculosis), 321.0 (cryptococcus), 112.83 (candida), 054.3, 054.72 (herpes simplex virus), 130.0 (toxoplasma), 053.0, 053.10
(herpes zoster virus), 046.3 (progressive multifocal leukoencephalopathy) , 200.5 (CNS lymphoma), 094.81, 094.9, 094.2, 091.81 (syphilis). All
subtypes included unless otherwise indicated.

†
At beginning of observation period.

‡
Any ICD-9-CM code from cardiomyopathy, valvular heart disease or heart failure.

§
Percentages are from patients with ART data available (N=2105).

∥
Most recent value prior to end of observation.

¶
Lowest at any point during observation period.
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Table 4

Hazard Ratios for Stroke in HIV-Stratified Models

HIV (N= 2255) Control (N=32423)

HR (95% CI) P value HR (95% CI) P value

Female gender 0.97 (0.50-1.89) 0.921 0.54 (0.46-0.65) <0.001

Age 1.06 (1.03-1.09) <0.001 1.07 (1.07-1.08) <0.001

White race (vs. all others) 1.40 (0.80-2.46) 0.235 0.99 (0.85-1.15) 0.846

Hypertension 0.79 (0.44-1.45) 0.451 1.30 (1.09-1.55) 0.003

Diabetes 0.59 (0.28-1.23) 0.159 1.17 (0.98-1.39) 0.077

Dyslipidemia 0.99 (0.55-1.80) 0.987 0.75 (0.63-0.88) 0.001

Smoking (ever vs. never) 0.83 (0.49-1.40) 0.483 1.29 (1.11-1.49) 0.001

Structural heart disease 1.24 (0.62-2.44) 0.544 2.25 (1.87-2.69) <0.001

Endocarditis 0.91 (0.27-3.04) 0.881 2.18 (1.56-3.04) <0.001

Atrial fibrillation 3.15 (1.26-7.87) 0.014 1.24 (0.96-1.60) 0.100

Aspirin use 1.73 (0.91-3.28) 0.096 0.70 (0.58-0.83) <0.001

Warfarin use 0.70 (0.26-1.89) 0.484 0.71 (0.54-0.93) 0.012

NRTI use 1.19 (0.51-2.79) 0.681 N/A N/A

NNRTI use 0.38 (0.19-0.76) 0.006 N/A N/A

PI use 0.63 (0.30-1.33) 0.226 N/A N/A

CD4 count (cells/mm3)* 0.97 (0.90-1.05) 0.477 N/A N/A

HIV RNA (copies/ml)
† 1.10 (1.04-1.17) 0.001 N/A N/A

CNS infection/malignancy 2.75 (1.26-6.03) 0.011 N/A N/A

Abbreviations: HR = hazard ratio; NRTI = nucleoside reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse transcriptase inhibitor; PI =
protease inhibitor; CNS = central nervous system.

*
CD4 cell count nadir expressed in increments of 50.

†
HIV RNA expressed as log value of continuous variable.
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