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Long-term predictive value of the

Framingham Risk Score for Stroke in
HIV-positive vs HIV-negative men

ABSTRACT

Objective: To test the predictive accuracy of the Framingham Risk Score for Stroke (FRS-S) in
HIV-infected (HIV+) vs HIV-uninfected (HIV—) men.

Methods: The Multicenter AIDS Cohort Study (MACS) is an ongoing prospective study of HIV+
and HIV— men who have sex with men (MSM) enrolled in 4 US cities. We ascertained all reported
stroke events during a recent 15-year timeframe (July 1, 1996 to June 30, 2011) among 3,945
participants (1,776 HIV+ and 2,169 HIV-). For those with strokes, FRS-S were calculated 10
years before the stroke event and assessed according to HIV status.

Results: A total of 114 stroke events occurred, including 57 HIV+ and 37 HIV — participants with
first-ever strokes and 19 fatal strokes. The incidence of first-ever stroke was 1.7/1,000 person-
years among HIV— and 3.3/1,000 person-years among HIV+ participants. Among those with
strokes, HIV+ participants were younger than HIV — participants (median age 51.3 vs 61.8 years,
p < 0.0001). For these men with stroke, the average 10-year risk of stroke was higher for HIV—
MSM (6.6% [range 3%-26%)] vs 4.9% for HIV+ MSM [range 0%-15%)], p < 0.04). Traditional
risk factors for stroke were similar among the Framingham cohort and the MACS HIV+ and HIV—
participants.

Conclusions: FRS-S prediction was systematically different in HIV+ vs HIV— men with stroke events.
The FRS-S underestimates the long-term risk of stroke in HIV+ men. Neurology® 2013;81:2094-2102

GLOSSARY

FRS-S = Framingham Risk Score for Stroke; HAART = highly active antiretroviral therapy; ICD-9 = International Classifi-
cation of Diseases, ninth revision; MACS = Multicenter AIDS Cohort Study; MSM = men who have sex with men.

The Framingham Risk Score for Stroke (FRS-S) was developed in the early 1990s to identify
individuals at substantially increased long-term stroke risk. The score provided impetus for risk
factor modification and drew attention to individuals who were at risk of stroke due to border-
line levels of multiple factors." In the early 1990s, survival of people with HIV infection was
limited, and the Framingham Heart Study Cohort, in whom the FRS-S was developed, was not
tested for HIV serostatus.

With the advent of highly active antiretroviral therapy (HAART) and longer survival of HIV-
infected (HIV+) individuals, the relationships among chronic HIV infection, HAART use, and
vascular disease have become increasingly important.”® The influence of HIV on long-term
stroke risk remains unresolved’~'" even though >50% of all prevalent HIV cases in the United
States will be older than 50 years by 2015."* Longitudinal studies that prospectively ascertain the
effect of HIV on stroke risk in the HAART era are not reported.®

Here, we test the long-term predictive value of the FRS-S in a large prospectively followed
cohort of HIV+ vs HIV-uninfected (HIV—) men who have sex with men (MSM). First,
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we compare the baseline characteristics of the
Framingham cohort vs the Multicenter AIDS
Cohort Study (MACYS) participants for impor-
tant stroke risk factor differences. Second, we
report the stroke incidence in HIV+ and HIV—
men and determine whether the FRS-S 10 years
carlier differed by HIV serostatus among partic-
ipants with strokes. Finally, as a separate analysis,
we calculate the FRS-S at the beginning of the
HAART era for all MACS participants and com-
pare it between HIV+ and HIV— groups.

METHODS Standard protocol approvals, registrations,
and patient consents. The MACS was approved by the Insti-
tutional Review Board at each study site. Each participant pro-

vided his own informed consent to participate in the MACS.

Cohort. The MACS began in 1984 to study the natural history
of AIDS. The enrollment, recruitment, and goals of the MACS
have been reported.’'* MSM were recruited in Baltimore,
Chicago, Los Angeles, and Pittsburgh. Cumulative enrollment
is now at >7,000 participants. MSM were chosen because they
represented a group at high risk of AIDS and could reliably par-
ticipate in a longitudinal follow-up study. The HIV status of the
men at enrollment was unknown. MSM who remained HIV—
served as a comparison group in the present study.

MACS participants are followed every 6 months via standard-
ized in-person interviews, clinical assessments, neuropsychologi-
cal screening tests, and laboratory evaluation, including
measurements of HIV viral load and T-cell subsets (Roche ultra-
sensitive assay, <50 copies/mL, and standardized and quality-
controlled flow cytometry).'® By late 1996, HAART was initiated
by >50% of all participants, considered as the beginning of the
HAART era.”” Stroke events during a 15-year period of the
HAART era (July 1, 1996 to June 30, 2011) were used here.

Definition of stroke. Stroke was ascertained by either self-report
at the study visit, prospective active reporting by participants
between visits, review of causes of death, or ad hoc when reviewing
medical records to confirm other diagnoses. At each MACS visit,
participants were asked whether they were diagnosed with stroke
since their last visit, and, in April 2004 through March 2005, they
were asked about lifetime history of stroke. Hospitalizations and
diagnoses for vascular and neurologic problems are continuously
monitored. Events are recorded using /CD-9 codes. Reported
strokes were followed up by each study site’s investigators, includ-
ing neurologists, via correspondence to the participant’s physician.

Death of MACS participants is also continuously monitored.
For deaths that were reported by the participant’s contact (e.g.,
partner, physician), death certificates were ascertained and sys-
tematically searched for the diagnosis of stroke. Deaths in the
MACS are also captured and verified via the National Death
Index, Social Security Death Index, credit databases, and scan-
ning of obituaries. Medical records before death were requested.
Fatal stroke was defined as a stroke with a reported death within
30 days after the date of first presentation of stroke.

Any event that fit the definition of “silent stroke,” defined as
imaging findings representative of stroke that were not correlated
with clinical symptoms of stroke, were excluded. Self-reported
stroke events that could not be confirmed were included, and
sensitivity analyses were performed (table e-1 on the Neurology®

Web site at www.neurology.org).

Framingham Risk Score for Stroke. The original FRS-S was
sex-specific and based on 36 calendar years of follow-up of 2,372
men and 3,362 women aged 55 to 84 years." There were 213
strokes in men and 259 strokes in women in the Framingham
Heart Study’s original cohort. The distribution of events diag-
nosed in men was atherothrombotic brain infarction (46%), TTIA
only (24%), cerebral embolus (19%), intracerebral hemorrhage
(5%), subarachnoid hemorrhage (4%), and other (2%). Points
for sex-specific FRS-S were ascribed based on 8 baseline risk
factors, identified via Cox proportional hazards regression mod-
els: age, systolic blood pressure (mm Hg), antihypertensive ther-
apy, diabetes mellitus, cigarette smoking, atrial fibrillation on
ECG, left ventricular hypertrophy on ECG, and history of pre-
viously diagnosed cardiovascular disease (table e-2). Cardiovascu-
lar disease in the original score included coronary heart disease,
history of myocardial infarction, angina pectoris, coronary insuf-

ficiency, cardiac failure, and intermittent claudication.

Vascular risk factor definitions. In the MACS, risk factors for
stroke were defined according to the Framingham Study when-
ever possible. For participants who were younger than 55 years,
the number of points ascribed for age was zero. Diabetes mellitus
was defined as 1) measured fasting glucose levels =126 mg/dL, 2)
measured nonfasting glucose levels =200 mg/dL when fasting
samples were unavailable, or 3) self-reported diagnosis of diabetes
treated with medications. Diabetes was ascertained at study entry
and during regular study visits after April 1, 1999. Cigarette
smokers were current smokers. Consistent with the FRS-S, for-
mer cigarette smokers were not given risk points. Specific cardiac
conditions used in the original FRS were not regularly evaluated
clinically by MACS investigators. ECGs were also not performed
as part of the MACS. It was assumed here that no MACS par-
ticipants had atrial fibrillation or left ventricular hypertrophy;
therefore, no MACS participants received points for these con-
ditions. However, within the MACS, participants were asked
to report their lifetime history between April 2004 and March
2005—and follow-up information on subsequent visits—on
whether or not they had experienced 1) myocardial infarction,
2) angina or chest pain caused by the heart, and 3) congestive
heart failure. Participants who responded affirmatively to these
questions were ascribed the 3 points for cardiovascular disease
defined in the FRS-S (table e-1). All other participants were
ascribed zero points. The FRS-S risk score conversion to the
10-year predicted risk of stroke is based on the percentage points

derived from the original Framingham cohort.’

Statistical analysis. Participants with prevalent stroke at
the time of study entry or stroke in the pre-HAART era
were excluded. Among participants with a first-ever stroke during
the HAART era, FRS was calculated using risk factors and
characteristics from the study visit closest to 10 years before the
date of the stroke event. The algorithm provided by the FRS
cohort was used (table e-1). Participants in whom risk factor
information was missing were considered not to have the risk fac-
tor of interest.

As a second measure of stroke risk, calculation of the baseline
FRS-S among the entire MACS cohort was performed and com-
pared between HIV+ and HIV— participants. This was done on
all MACS participants, whether they had a stroke event or not,
and calculated at the beginning of the HAART era (July 1, 1996)
or, if the participant entered the MACS afterward, at the partic-
ipant’s first date of study entry in the HAART era.

Comparison between groups was performed using the Wil-
coxon rank sum tests and 2-sample binomial tests for propor-
FRS-S in the MACS, Cox

tions. To reconstruct the
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proportional hazards models were used, stratified by serostatus
and combined using serostatus as a binary predictor. The date
of data censoring was death, study dropout, or the last follow-

up visit of the participant on or before June 30, 2011.

RESULTS There were 3,945 participants (1,776
HIV+ and 2,169 HIV—) in the MACS during the
study timeframe. The baseline characteristics of this
cohort and incidence of all neurologic disease have been
reported” and are provided by stroke and HIV serosta-
tus in table 1. There were 114 strokes in MACS par-
ticipants recorded, including 19 fatal strokes among

HIV+ participants (n = 12) and HIV— participants
(n = 7). The stroke events occurred throughout the
study observation period (figure e-1).

There were 94 first-ever strokes among 57 HIV+
and 37 HIV— participants with an incidence rate of
first-ever stroke of 1.7/1,000 person-years in HIV—
and 3.3/1,000 person-years in HIV+ participants
(table 1). The median age at the time of first stroke
diagnosis was 55.6 years (range 34.5-8.5 years).
Among HIV+ participants, the median age of first
stroke was 51.4 compared with 61.8 years in HIV—
participants (p < 0.0001). A total of 70 (74%) were

[ Table 1 Comparison of baseline demographic and clinical features related to stroke

MACS, HIV+, 1996-2011

risk in the FHS and MACS ]

MACS, HIV-, 1996-2011

FHS original cohort
(men only), Entire cohort Stroke subjects
Risk factor 1954-1990 (n=1,776) (n=57)

Variables in FRS-S

Mean age (range), y* 65.4 (55-84) 41.0 (17-69) 45.4 (30-66)
Systolic BP, mean (range), mm Hg 139.3 121.7 (83-180) 122.5 (94-150)
Antihypertensive therapy, % 16.1 8.9 214

Diabetes mellitus, % 10.6 15 1.8

Cigarette smoking, % 338 395 429
Cardiovascular disease, %° 222 2.7 8.9

Atrial fibrillation, % 28 Unknown Unknown

Left ventricular hypertrophy, % 315 Unknown Unknown

Other variables, not in FRS-S

HIV-related variables

HIV, % Unknown 100 100
HIV viral load at baseline, NA 24,130 (7,770) 7,194 (340)
mean (IQR), copies/mL®
CD4 count at baseline, NA 688 (401) 760 (481)
mean (IQR), cells/mL
No. of years since HIV NA 5.9 (11.6) 6.4 (11.6)
diagnosis, mean (IQR)
Duration on HAART, mean NA 0.9 (0.3) 1.0 (0.2)
(IQR), y

Other variables
Race, % Caucasian-black-other Predominantly 65-29-7 75-20-5

Caucasian

Body mass index, mean Unknown 24.2 (4.0) 24.4 (5.1)
(IQR), kg/m?
Alcohol, average no. drinks/wk, NA 7.0 (10.0) 7.1 (10.1)
mean (IQR)
Use of cocaine or crack in NA 35) 20

the past 2y or
the previous study visit, %

Any other drug abuse by history, NA 68 71
including poppers, marijuana, hash,
“uppers,” or other drugs, %°

Comparison of HIV+
Entire cohort Stroke subjects and HIV- MACS
(h =2,169) (nh = 37) participants

43.4 (18-82) 53.4 (38-72) <0.001
122.6 (80-201) 128.2 (100-178) 0.06
52 13.2 0.41
1.5 2.6 0.98
33.2 36.8 <0.001
1.5 7.9 1
Unknown Unknown =
Unknown Unknown —

0] 0 <0.001
NA NA NA
957 (450) 947 (381) <0.001
NA NA NA

NA NA NA
79-18-4 82-16-3 <0.001
24.6 (4.4) 25.2 (3.5) 0.05
7.4 (9.6) 6.6 (8.4) <0.001
29 29 <0.001
69 74 0.37

Abbreviations: BP = blood pressure; FHS = Framingham Heart Study; FRS-S = Framingham Risk Score for Stroke; HAART = highly active antiretroviral
therapy; IQR = interquartile range; MACS = Multicenter AIDS Cohort Study; NA = not applicable.

2 At the time of study entry in the HAART era.

b As stated in methods section in the MACS.

¢More than 50% of participants had missing values.
9Includes crystal meth, meth, speed, and ice.
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enrolled in the MACS for =10 years before their first
stroke event.

Among HIV+ participants with first-ever stroke, 52
(91%) occurred while the participant was taking
HAART. CD4 count within 60 days before the stroke
event was available for 42 of 57 HIV+ participants with
stroke (mean 484 cells/mL, range 17-1,256). Among

this group, 8 had a CD4 count <200 cells/mL of whom
7 reported being on HAART.

For HIV+ participants with stroke, the FRS-S 10
years before stroke, for 10-year prediction of stroke,
averaged 4.9% (range 0%-15%) compared with
HIV— participants with stroke whose baseline FRS-S
averaged 6.6% (range 3%—-26%) (p < 0.04). When

[ Figure 1 Histograms of FRS-S point composition of the entire MACS cohort at the beginning of the HAART era ]
All Age
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2] o
o o
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T T T T T T T T
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Points Points
Hypertension Diabetes
1.00
0.3+
0.75-
c c
O 0.2 o
= =
g g 0.50-
o 2]
o o, o
’ 0.25-
00 = 0.00- ——
T T T T T T T T T
0 4 8 0 1 2 3 4 5
Points Points
Smoking Cardiovascular disease
1.00
0.6 -
0.75+
c c
S 04- Ke]
5 5 0.50-
Q. Q.
2] 2]
o o
0.2 0.25-
0.0 - 0.00+ —
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Points Points

FRS-S points for all MACS participants by HIV serostatus. FRS-S = Framingham Risk Score for Stroke; HAART = highly active antiretroviral therapy;
MACS = Multicenter AIDS Cohort Study.
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considering only the subgroup of MACS participants
who were enrolled in the cohort study for 10 years or
longer, the difference in mean FRS-S between HIV+
and HIV— participants was still significant (4.0% vs
5.9%, p < 0.02). Notably, 3 HIV+ participants with
strokes and more than 10 years of follow-up had an
FRS-S predicted risk of zero.

The distribution of risk factors for HIV+ and HIV—
men with stroke events is reported in figure 1. Overall,
HIV+ participants were more likely to be younger and
smoke cigarettes. HIV— participants were marginally
more likely to have hypertension. The distribution of his-
tory of diabetes and history of myocardial infarction was
similar between HIV+ and HIV— men with strokes.

Figure 2 Histograms of FRS-S point composition of the MACS participants who experienced a stroke during

the study timeframe
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Multicenter AIDS Cohort Study.
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Regression coefficients and relative risks for significant risk factors in Cox proportional hazards regressions for stroke profiles in male Framingham participants aged 55 to 84 years and

MACS participants

{ Table 2

Total MACS cohort (n = 3,945)

Framingham Heart Study (n = 2,372)

p Value

Relative risk (95% CI)

MACS HIV- (n = 1,531),
relative risk (95% CI)

MACS HIV+ (n = 2,042),
relative risk (95% CI)

Relative risk
(95% CI)®

Coefficient

Risk factor

<0.001

2.55 (1.89-3.46) 219 (1.74-2.75)

1.80 (1.26-2.55)

1.63 (1.33-1.99)°

0.049

Age, per 10 y

0.77

1.10 (0.76-1.18) 1.03 (0.89-1.20)

0.97 (0.78-1.20)

1.16 (1.10-1.24)

0.015

Systolic BP

0.05

8.0 x 104 (1.6 x 1074, 1.4 x 109 4.5 %104 (-8.0 x 105,9.1 x 104

3.3 x 104 (1.5 x 104, 1.4 x 10°9)

0.00019

Antihypertensive therapy/systolic

BP term (per 10 mm Hg increase)

0.66

0.38 (0.04-3.62) 0.75(0.17, 3.25)

0.83 (0.11-6.28)

1.41 (0.97-2.04)

0.34

Diabetes mellitus

0.33

1.29 (0.66-2.55) 1.24 (0.80-1.90)

1.20 (0.69-2.10)

1.69 (1.27-2.23)

0.52

Cigarette smoking

<0.01

3.78 (0.98-14.6) 3.12(1.38-7.04)

3.11 (1.09-8.9)

1.73 (1.68-1.78)

0.55

Cardiovascular disease®

1.82 (1.01-3.29)

0.60

Atrial fibrillation

2.20 (1.26-3.84)

0.79

Left ventricular hypertrophy

<0.001

2.16 (1.39-3.31)

HIV

Multicenter AIDS Cohort Study.

blood pressure; Cl = confidence interval; MACS

Abbreviations: BP

2Given for 10-unit changes, per the original Framingham study; all other variables reported dichotomously. In The Framingham Heart Study, all variables were significant at a p < 0.05 level.

b Coefficient from predictive model, as opposed to relative risk of stroke, because of nonlinearity.

¢In MACS, limited to self-reported myocardial infarction ascertainment.

In the entire cohort of HIV+ men without a
stroke (median and mean age at first visit during
the HAART era 41 years), the mean 10-year pre-
dicted risk of stroke was 4.11% (range 0%—26%) vs
4.05% (0%—-22%) in HIV— men (median and mean
age 43 years) (p < 0.02). In participants without
known stroke, hypertension and cigarette smoking
were more likely among HIV+ men (figure 2).

In the analysis of baseline stroke prediction, the
association between stroke and traditionally measured
risk factors in the FRS-S was similar between the Fra-
mingham cohort participants and the MACS partici-
pants, but there was a significant added risk of HIV
status among HIV+ MACS participants (p <
0.0001, table 2).

DISCUSSION Several studies have suggested an
increased risk of stroke in HIV+ adults,#1%-16-18
but prospectively followed HIV+ individuals over
=10 years with incident stroke have not previously
been available. Many studies of HIV+ adults are lim-

9:10.16.19.20 9 nd none has

ited to small numbers of stroke,
had the opportunity to compare baseline risk with
long-term incidence of stroke. The comparison of
baseline risk and long-term outcome remains of critical
importance to HIV+ individuals. Traditional scores
for risk prediction appear to be insufficient to accu-
rately inform long-term cerebrovascular health status
in chronic HIV infection. We observed a higher inci-
dence of first-ever strokes in HIV+ vs HIV— partic-
ipants (3.3 vs 1.7/1,000 person-years); however, the
average 10-year FRS-S predicted risk at baseline was
lower in HIV+ vs HIV— subjects (4.9% vs 6.6%).
Remodeling of the baseline stroke risk in the MACS
demonstrates that HIV adds a significant risk of stroke.

There are several reasons that the FRS-S may have
underestimated stroke risk in HIV+ men in this
study. Risk difference using the FRS-S between
HIV+ and HIV— men may be partly accounted
for by the younger onset of stroke in HIV+ men
therefore leading to lower FRS-S point calculation
at 10 years before the event. The original FRS-S
was designed in men aged 55 to 84 years and was
not modeled for young-onset stroke prediction. In
the current study, the median age for stroke was in
the fifth and sixth decades of life for both HIV+ and
HIV— MSM.

HIV+ individuals may have unique risk factors
for stroke that are measurable and can therefore lead
to adjustment in their FRS-S. One study from
Spain'® found that high alcohol intake, a history of
a diagnosis of AIDS, and fewer months on HAART
increased the risk of stroke, although only 25 patients
with stroke were identified. HIV infection itself may
portend a higher stroke risk, even when accounting
for demographic and traditional stroke risk factors.
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Most studies in high-income settings suggest that
HIV increases stroke risk (table 3).#%11¢=24 [n South
Africa, however, most studies report similarities in
patient characteristics and stroke incidence between
HIV+ and HIV— groups."?~*'

The reasons for increased rates of stroke among
HIV+ men could include such mechanisms as
chronic inflammation leading to atherogenic ten-
dency of the endothelium, remodeling of the intra-
cranial and carotid vasculature, and higher frequency
of circulating inflammatory markers.?>*>"%” In the
multinational STACCATO study,”® inflammatory
markers associated with increased cardiovascular
risk, such as sVCAM-1 (soluble vascular adhesion
molecule-1), were associated with HIV RNA replica-
tion and decreased with HAART initiation. In a sep-
arate study by the SMART/INSIGHT and D.A.D.
working groups,” abacavir, found in some HAART
regimens, was associated with an increased risk of all-
cause cardiovascular disease, which included stroke.
The reladonship between HAART and long-term
stroke risk requires further investigation.

There may be important risk factors that con-
found the relationship between stroke and HIV such
as injection drug abuse with cocaine, excessive alcohol

use, or poor medication adherence. Given that the
majority of the HIV+ cohort with strokes was
HAART -treated, it is unlikely that the strokes were
caused by opportunistic infections; however, a frac-
tion of the HIV+ participants with stroke had lower
than expected CD4 counts and should be considered
immunosuppressed. The MACS represents mostly
HAART-treated adults, a situation that almost cer-
tainly mimics the clinical scenario in most high-
income settings.

Our study had several limitations. Stroke ascer-
tainment in this cohort was partially dependent on
self-reported events that were later verified by physi-
cians and study investigators. In some cases, medical
records from the patient could not be verified by the
study site and diagnosis could only be based on the
participant’s  provided information. Although a
majority of strokes received an /CD-9 designation
by the treating physician, there were several events
that were not subclassified by mechanism or stroke
type. We were unable to report the number of strokes
by subtype and compare them with the original
Framingham Heart Study cohort; nonetheless, the
FRS-S is useful for general risk of stroke and not
specific to subtype. Assessments related to stroke

Table 3

patients (July 1996 to June 2013)

Year of publication
and ref. no.

2000*°

20036

20032°

2004°

20052*

200722

200722

2009%°

201024

20114

2011t

2012%7

201318

No. of stroke
events in HIV+

Study design Study location individuals

Retrospective case control KwaZulu Natal, South 22
Africa

Prospective academic medical Mdunster, Germany 15

center-based cohort

Prospective hospital-based Johannesburg, South 35

study Africa

Retrospective medical records Central Maryland and 12

review of 46 hospitals Washington, DC

Hospital-based retrospective ~ KwaZulu Natal, South 56

chart review Africa

Hospital-based retrospective ~ Miami 82

chart review

Prospective hospital-based Cape Town, South Africa 67

study

Retrospective hospital-based  Madrid, Spain 25

cohort study

Events recorded in a clinical trial US, multicenter 38

of HIV+ participants

Population-based cohort using Denmark 140

active register

Retrospective hospital-based  Nationwide inpatient 10,944

national registry sample, US

Cohort study Boston 132

Retrospective cohort study with North Carolina 53

scheduled chart reviews

Abbreviation: HAART = highly active antiretroviral therapy.

2100
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Selected clinical studies of stroke in HIV-infected adult patients performed in the HAART era with >10 HIV-infected stroke

Conclusions

Incidence rate similar between HIV+ and HIV— young Africans
but higher incidence of large-vessel cryptogenic strokes in
HIV+

Ischemic stroke more common in HIV+ individuals

Similar patient characteristics between HIV+ and HIV—

patients

AIDS is strongly associated with both ischemic and
hemorrhagic stroke

No difference in angiographic, cardiac, or serologic tests
between HIV+ and HIV— groups

High incidence of vasculopathy and hypercoagulability but
mostly immunocompromised patients

HIV vasculopathy occurred in 20% of patients
Stroke incidence is increased in HIV treated with HAART
55% of strokes were confirmed based on defined criteria vs

5% probable and 39% unconfirmed

Increased risk of ischemic stroke in HIV, with and without
proven risk factors

Increased no. of admitted stroke patients with HIV in recent
years

Ischemic stroke rates increased in HIV, especially younger
patients and women

Ischemic stroke incidence ~1.5 times higher than a population-
based cohort; risk not associated with antiretroviral therapy



severity, functional outcome, and neuroimaging con-
firmation were not consistently available in the
MACS. This is true in most study cohorts of HIV+
individuals in whom vascular disease, particularly
stroke, was not a priority condition to study. Because
MACS began studying self-reported strokes in detail
in 20006, it is possible that strokes that occurred earlier
in the HAART era were not all ascertained. However,
given our definition of the HAART era as 1996 and
beyond, the inclusion of stroke in 2006 on interview
forms is still appropriate for assessment of risk at the
required time point of 10 years earlier.

Some MACS participants had a stroke event
before 2006, and pre-HAART era years were
included in their risk period. This occurred in
a minority of cases. Diabetes mellitus was ascertained
regularly from April 1999 onward and at the time of
the participant’s entry into the MACS. Notably, a
participant who developed diabetes between his study
entry and April 1999 may not have the date of dia-
betes diagnosis recorded with the MACS cohort until
1999. This would lead to underestimation of his
FRS-S because points would not have been ascribed
for diabetes in that individual in that timeframe.

Our study was limited to adult MSM. It is pos-
sible that our findings are not generalizable to other
HIV+ populations such as women, or persons with
other high-risk behaviors for stroke such as injec-
tion drug abuse. There are more African Americans
in the MACS compared with the Framingham
Heart Study, which may lead to a differing baseline
risk of stroke. Race is not part of the FRS-S but has
been studied in cardiovascular disease prediction.?
Also, access to care may be better among MACS
participants.

This study had several strengths. The MACS has the
advantage of enrollment of both HIV+ and HIV—
MSM in the same prospective cohort study and does
not derive its control group from other databases or
registries. Many other cohorts lack an HIV— control
group, making it difficult to discern the relative contri-
butions of age, other HIV-related risk factors, and HIV
infection. The number of strokes in the MACS is
among the highest of any HIV+ cohort with well-
described cardiovascular risk factor variables and HIV
status information. Despite the high number of reports
suggesting that HIV is an important risk factor for
stroke, the number of reported patients with both
HIV and stroke is small. Other studies have survival
bias, such that an increased number of HIV+ individ-
uals experiencing stroke in the HAART era may be
inaccurately equated with HIV as a risk factor for stroke.
In the MACS, we had the unique opportunity to ret-
rospectively calculate the FRS-S in participants 10 years
before stroke events. Because events were ascertained
prospectively, there is no recall bias. Also, our finding

that some individuals with stroke had an FRS-S of zero
suggests that there are particular individuals at high risk,
which is difficult to predict using standard scores.
Adjustment and calibration of the FRS-S may be
of high future udlity in the HIV+ adult pop-
ulation.>' 3% Follow-up of existing cohorts, with ded-
icated attention to vascular outcomes, is imperative to
understand the accuracy of stroke prediction in
HIV+ populations with various baseline risks.
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