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Metabolic syndrome (MetS) is a cluster of risk factors, including elevated
mean arterial pressure (MAP), atherogenic dyslipidemia (elevated triglycer-
ides [TRG]), abdominal obesity (increased body mass index [BMI]), glucose
intolerance (elevated glucose [GLU]), and prothrombotic/inflammatory state
(increases in uric acid [UA]), that are associated with increased risk of
cerebrovascular disease. We studied if an association existed between MetS
components and human immunodeficiency virus (HIV)-associated crypto-
genic strokes*those not caused by HIV complications, endocarditis, or
stimulant abuse. We performed a retrospective case-control study. Eleven
cryptogenic strokes were identified from 2346 HIV-infected (HIV�) partici-
pants. Each case was matched by age, sex, and date of stroke diagnosis to five
HIV� controls without stroke. Nonparametric stratified Wilcoxon ranked
sum tests with subsequent mixed effect logistic regression determined the
influence of each MetS component on HIV-associated cryptogenic stroke.
Although each MetS component appeared higher for HIV� cases with
cryptogenic strokes than HIV� controls, only MAP (odds ratio [OR]�5.70,
95% confidence interval [CI]�1.15�28.3) and UA (OR�1.88, 95% CI�1.06�
3.32) were statistically different. A significantly higher percentage of HIV-
associated cryptogenic stroke cases met criteria for MetS (4/11�36%)
compared to HIV� controls (6/55�11%). This observational study suggests
a possible role for MetS components in HIV� cryptogenic stroke cases.
Although MetS is defined as a constellation of disorders, elevated hyperten-
sion and hyperuricemia may be involved in stroke pathogenesis. Reducing
MetS component levels in HIV� patients could therefore protect them from
subsequent stroke. Journal of NeuroVirology (2009) 15, 249�256.
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Introduction

A causal relationship between human immunodefi-
ciency virus (HIV) infection and stroke remains
uncertain (Berger, 2004), with some studies demon-
strating an increased risk compared to HIV-unin-
fected controls (Cole et al, 2004; Engstrom et al,
1989) and others finding no association (Mochan

et al, 2003). Because many strokes are asympto-
matic, the clinical observation of strokes in HIV�
patients (Rabinstein, 2003) is markedly less than at
autopsy (Connor et al, 2000).
The etiology of strokes in HIV-infected (HIV�)

patients can include complications due to HIV (e.g.,
opportunistic infections, malignancies, vasculitis,
and hypercoagulable states), cerebrovascular athero-
sclerosis, chronic inflammation, or risky behaviors
associated with HIV (e.g., stimulant drug abuse or
endocarditis) (Pinto, 1996). Combination antiretro-
viral therapy (cART) has markedly reduced the
mortality and morbidity due to HIV but has also led
to an increase inmetabolic andanthropomorphic side
effects (Falutz, 2007; Germinario, 2003; Nolan, 2003).
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Metabolic syndrome (MetS) is a constellation of
disorders, including abdominal obesity, atherogenic
dyslipidemia, hypertension, glucose intolerance,
and a prothrombotic/inflammatory state, that in-
crease the risk of cerebrovascular disease (Boden-
Albala, 2006). Having just a single condition is not
diagnostic of MetS, but does increase the overall risk
of stroke (Bonora, 2006). MetS components have
been defined to include (1) hypertension as defined
by elevated systolic blood pressure (]130 mm Hg),
elevated diastolic blood pressure (]85 mm Hg), or
elevated mean arterial pressure (MAP) (]100 mm
Hg); (2) dyslipidemia with elevated fasting triglycer-
ides (TRG) (]150 mg/dl) and reduced high-density
lipoprotein cholesterol (HDL-C) (B35 mg/dL [males]
or B39 mg/dL [females]); (3) central obesity, with a
waist:hip ratio �0.90 (males) or �0.80 (females),
and/or elevated body mass index (BMI) (�30 kg/
m2); and (4) elevated fasting plasma glucose (GLU)
(]110 mg/dl) (Pi-Sunyer, 2007). Controversy exists
concerning the completeness and precision of this
MetS definition using these cutoffs. Additional
prothrombotic/inflammatory markers have been
suggested for inclusion (Eckel et al, 2005; Magliano
et al, 2006). Elevations in the proinflammatory
marker serum uric acid (UA) (]5 mg/dl) has been
observed with MetS (Cirillo et al, 2006; Coutinho
Tde et al, 2007; Hjortnaes et al, 2007; Kawamoto et
al, 2006; Onat et al, 2006) and has been associated
with increased risk for subclinical strokes as noted
by white matter magnetic resonance imaging (MRI)
hyperintensities (Schretlen et al, 2007).
Both HIV and MetS could each increase the risk of

stroke by common pathways (Mangili et al, 2007).
Overlapping mechanisms of vasculopathy could
include lipid abnormalities, elevated proinflamma-
tory cytokines, endothelial dysfunction, and oxida-
tive stress (Bandaru et al, 2007; Sacktor et al, 2004).
Estimates of the prevalence of MetS in HIV�
patients are quite variable and range from 25% to
96% (Carr et al, 1999; Fantoni et al, 2002).
We evaluated the relationship between MetS

components and HIV-associated cryptogenic strokes
by taking advantage of a comprehensive database
available on 2346 HIV� persons evaluated at the
University of California San Diego (UCSD) HIV
Neurobehavioral Research Center (HNRC). Specifi-
cally, we compared MetS components in cases of
HIV� persons with symptomatic cryptogenic
strokes to HIV� controls without strokes matched
for age, sex, and date of stroke diagnosis.

Results

Table 1 shows the demographic features of the 11
HIV� cases with cryptogenic strokes. This group
was mostly male (82%), Caucasian (64%), with an
average age of 4196 years. There was no difference

in self-reported duration of infection between those
with strokes (124957 months) compared to those
without strokes (118975 months). Of the 11 HIV�
cases, 8 had carotid Doppler studies of the neck
arteries, 5 had transthoracic echocardiograms (TTEs)
for assessment of possible endocarditis, and 3 had
coagulation panels for hypercoagulable states per-
formed as part of their clinical evaluation. Moderate
stenosis (B55% patency) of the internal carotid
artery corresponding to the side of stroke was
observed in 3 of the 8 cases examined (patients 1,
9, and 11). None had evidence of endocarditis or
coagulation abnormalities. When available, neuroi-
maging results were reviewed. Radiological confir-
mation of stroke was confirmed in 64% of the
patients. The 11 cryptogenic strokes were primarily
ischemic (82%), with clinical presentation typically
consisting of unilateral weakness and occasionally
sensory changes (Table 1). Ten of the 11 cases were
tested serologically for syphilis and all were un-
reactive.
MetS components were compared between HIV�

cases with cryptogenic strokes and matched HIV�
controls (Table 2). On average, recorded outpatient
laboratory measures were obtained at 2393 months
after the onset of stroke symptoms and ensured that
acute effects due to stroke did not contribute to
observed elevations in these values. Although each
MetS component (MAP, random TRG, random GLU,
BMI, and serum UA) appeared higher for HIV�
associated cryptogenic cases compared to the
HIV� controls, only mean MAP and serum UA
were significantly different. Overall, 72% of the
HIV� associated cryptogenic cases had hyperten-
sion, whereas only 20% of the HIV� controls met
the criteria (P�.0003). The odds ratio (95% con-
fidence interval [CI]) for each 10 mm Hg increase in
MAP was 5.70 (1.15�28.3) and for each 1 mg/dl
increase in serum UA was 1.88 (1.06�3.32).
Although we identified a relatively small cohort,
the effect size as determined by Cohen’s d value for
MAP (Cohen’s d�1.46) and serum UA (Cohen’s d�
0.96) were large.
Because hemorrhagic strokes are more common in

hypertensive cases, we hypothesized that our two
cases of hemorrhagic stroke might have influenced
observed relationships. However, even after exclud-
ing two cases with hemorrhage, MAP remained a
risk factor in the remaining nine patients with
ischemic stroke. These cases remained included in
the analysis as we were unsure if the initial event
was ischemic with hemorrhagic conversion.
Because MetS reflects a syndromic combination of

multiple components, we assessed for differences in
prevalence of zero, one, two, or there or more of
these factors between groups. There was no signifi-
cant difference between HIV� associated crypto-
genic stroke cases and HIV� controls in regards to
number of MetS components present (data not
included). Although none of the HIV� cases with
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cryptogenic strokes were clinically diagnosed with
MetS, 4 of 11 cases (36%) met criteria the National
Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel
III) criteria (Grundy et al, 2005). This prevalence of
retrospectively diagnosed MetS was greater than in
HIV� controls (6/55�11%; P�.031).
We also assessed the possible impact of other

laboratory and clinical variables on HIV-associated
cryptogenic strokes. Neither clinical (duration of
infection, duration of antiretroviral use, history of
substance abuse, history of stimulant abuse, or
Centers for Disease Control and Prevention [CDC]
classification) nor laboratory (hemoglobin, hemato-
crit, platelet count, total serum cholesterol, CD4
lymphocyte counts, nadir CD4, plasma HIV RNA
levels) variables significantly differed between the
HIV� cryptogenic cases and HIV� controls (Table
3). HIV� cases were also classified at the outpatient
visit according to their cART regimen (either pro-
tease inhibitor [PI] or not PI based). Although a
higher percentage of HIV� cases with cryptogenic
strokes were taking PIs (55%) than HIV� control
(33%), this difference was not statistically signifi-
cant (P�.34; 95% CI: �0.12, 0.43) (Table 3).

Discussion

In this case-control study we found a 3-fold higher
prevalence of retrospectively diagnosed MetS com-
ponents in the HIV-associated cryptogenic stroke
patients than in HIV� controls without strokes.
Although the mean values of MetS components
appeared to be higher in the 11 HIV-related crypto-
genic stroke cases than in the 55 HIV� controls
matched for age, sex, and date of stoke diagnosis,
only mean arterial pressure (MAP) and serum uric
acid (UA) were statistically different between the
two groups.
This study, like earlier analyses, has shown that

cerebral infarction and not hemorrhage is the pre-
dominant form of stroke in HIV� patients (Cole

et al, 2004; Engstrom et al, 1989; Ortiz et al, 2007;
Qureshi et al, 1997). This finding and the normal
platelet counts in our patients suggests that
immune-mediated thrombocytopenia, a common
HIV-associated complication, does not frequently
contribute to HIV-associated cryptogenic strokes
(Pinto, 1996).
Neither HIV replication rates, as assessed by

plasma HIV levels, nor degree of immunosuppres-
sion (current or nadir CD4 lymphocyte cell counts)
contributed to risk of stroke (Ortiz et al, 2007). This
study does not address the role of HIV-associated
immunosuppression in risk of stroke-like symptoms
from central nervous system (CNS) opportunistic
infections and malignancies, as such cases were
excluded by design. Risk of such strokes is likely to
be increased with advanced immunosuppression.
Both MAP and UA, a proinflammatory marker,

were significantly greater for HIV� cases with
cryptogenic strokes than HIV� controls. In regards
to serum UA, normal elderly adults with higher UA
values have a 4- to 5-fold increase in risk of cerebral
ischemic disease, as assessed by hyperintensities in
white matter by MRI (Schretlen et al, 2007).
Although the mechanism remains unknown, our
findings support a link between elevations in serum
UA and cerebrovascular disease. UA can damage the
vascular endothelium (Reynolds, 2007) causing
accelerated atherosclerosis (Kanellis and Kang,
2005). UA can also produce superoxide anions and
lead to increases in oxidative stress. A similar
mechanism has been proposed for vascular damage
caused directly by HIV infection (Sacktor et al,
2004).
The use of combined antiretroviral therapy

(cART), in particular PIs, has been associated with
the development of MetS (Wang et al, 2007). How-
ever, we found no correlation between cART and
stroke, even after controlling for PI use. Our results
are similar to those of a recent study that demon-
strated no relationship between PI use and MetS
(Mangili et al, 2007). In addition, the self-reported
duration of exposure to cART was similar for both
groups, suggesting that the observed increases in

Table 1 Demographic and clinical characteristics of the 11 HIV-infected cases with cryptogenic strokes

Patient no. Age Race Sex Stroke type Symptoms MAP BMI GLU TRG UA

1 37 Cauc F Isch Right leg paresis 95 26 91 242 5.9
2 42 Hisp M Hem Left hemiplegia NA 36 110 151 3.6
3 41 Cauc M Isch Right arm paresis 102 42 130 735 5.2
4 35 Cauc M Isch Right arm parsesis 101 22 91 NA NA
5 53 AA F Isch Left hemiparesis 97 23 67 126 10.9
6 48 Cauc M Isch Right hemiparesis 104 41 279 771 NA
7 41 AA M Hem Coma 77 27 78 129 6
8 41 Cauc M Isch Left hemiparesis 96 23 76 147 5.1
9 34 Cauc M Isch Left leg paresis 119 25 118 427 5.6
10 34 Cauc M Isch Left arm paresis 111 30 138 NA 8
11 48 Cauc M Isch Right arm paresis 103 31 91 238 5.9

Note. Cauc�Caucasian; Hisp�Hispanic; AA�African American; MAP�mean arterial pressure; BMI�body mass index; GLU�
glucose; TRG�triglycerides; UA�serum uric acid; NA�not available; Isch�ischemia; Hem�hemorrhagic.
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MAP and serum UA may act through other mechan-
isms. There was no significant difference in the
frequency of PI-based regimens between HIV�
stroke patients and HIV� controls (55% versus
33%). A possible contribution of PIs to risk of
cryptogenic stroke was assessed by post hoc power
calculations (Hoenig and Heisey, 2001). For exam-
ple, we have calculated that the calculated differ-
ences in PI use between these two groups could in
fact be as small as �12% or as large as 43% due to
the limited sample size (Table 3). Larger powered
studies are required.
This study has multiple limitations. First,

although over 2000 cases were examined, the sam-
ple size was small, reflecting the relatively low rate
of cryptogenic strokes. It is possible that our ob-
served values actually underestimate the prevalence
of HIV-associated strokes due to the loss of patients
who died, who may have dropped out because of
disabilities associated with their strokes, or who
failed to recall or recognize subtle clinical symptoms
(Wright et al, 2008). Second, only random outpatient
blood GLU and TRG levels were available, introdu-
cing variation that may have obscured relationships
between stroke and both these variables and MetS,
of which they are components. However, random
and fasting levels have been found to correlate in
patients with MetS, suggesting that the former may
be used as a surrogate for the latter (Ahmadani et al,
2008). Third, because only BMI, but not waist -
circumference or anterior-posterior waist diameter,
was available, we used BMI to assess central obesity.
Fortunately, the relationship between BMI and waist
circumference is linear for BMI values between 20
and 30 kg/m2 (Booth et al, 2000). Fourth, we were
unable to exclude with certainty HIV complications
and endocarditis as mechanisms of strokes because
only 73% had carotid imaging to detect large vessel
atheromas, 45% had TTE for evaluation of endocar-
ditis, and 27% had other tests for cerebral vasculo-
pathy and hypercoagulation (Ortiz et al, 2007).
Previous studies have demonstrated that these con-
ditions could increase the risk of both ischemic and
hemorrhagic stroke with HIV infection (Berger,
2004). Finally, MetS risk factors were assessed an
average of nearly 2 years after diagnosis of stroke,
allowing for greater variation compared to the
extended period before the stroke when they may
have operated to increase risk. Although we were
surprised that laboratory values for some MetS risk
factors were elevated at these later time points, we
believe that the observed effects may be even greater
for longitudinal studies that assessed cases earlier
after their event. Future larger prospective studies to
assess these metabolic risk factors are needed to
confirm these findings.
This is first study to examine the relationship of

MetS and its components to HIV-related stroke in
the cART era and in comparison to matched HIV-
infected patients without stroke (Ortiz et al, 2007).T
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Comparisons in the pre-cART era could not examine
stroke risk associated with the antiretroviral pro-
tease inhibitors or non-nucleoside reverse transcrip-
tase inhibitors that contribute to MetS. The fact that
that the effect sizes were quite robust for hyperten-
sion and hyperuricemia (Cohen’s d�1.46 for MAP
and for 0.96 for serum UA) suggests the importance
of examining these potential predictors in larger
cohorts.
We conclude that detecting elevations in MetS

components, especially hypertension and hyperur-
icemia, and reducing them by lifestyle modifica-
tions and/or pharmacological therapy may benefit
the increasingly aging HIV� population of most
developed countries by preventing strokes.

Materials and methods

A retrospective chart and database analysis was
performed of 2346 participants followed at the HIV
Neurobehavioral Research Center (HNRC) of the
University of California San Diego (UCSD) in multi-
ple longitudinal studies. All participants consented
to participation in the parent studies, to the use of
their available clinical data, and to post hoc analyses
of their data. The Institutional Review Board (IRB) at
UCSD approved all HNRC studies. From this group
of systematically surveyed volunteers, cases of
stroke-like illnesses were selected based on reported
International Classification of Disease, 9th revision
(ICD-9) codes (Reker et al, 2002). Codes included the
following potential stroke classifications: 342:

Hemiplegia and Hemiparesis; 430: Subarachnoid
hemorrhage; 431: Intracerebral hemorrhage; 432:
Other and unspecified intracranial hemorrhage;
433: Occlusion and stenosis of precerebral arteries;
434: Occlusion of cerebral arteries; 435: Transient
cerebral ischemia; 436: Acute, but ill-defined cere-
brovascular disease; 437: Other and ill-defined
cerebrovascular disease; 438: Late effects of cerebro-
vascular disease. Stroke was defined according to
World Health Organization (WHO) criteria (Bonita et
al, 2004) as a condition characterized by rapidly
developing symptoms and signs of a focal brain
lesion, with symptoms lasting for more than
24 hours or leading to death, with no apparent cause
other than that of vascular origin. All strokes were
classified as either ischemic or hemorrhagic using
National Institute of Neurological Disorders and
Stroke criteria (Ballard et al, 2004).
From these coding procedures, 21 cases were

initially identified. Charts were subsequently re-
viewed, with strokes classified by likely etiology
based on existing additional evidence of confound-
ing factors, such as intracerebral HIV-related pathol-
ogies (opportunistic infections, primary central
nervous system lymphoma, metastatic malignancy,
meningoencephalitis, progressive multifocal leu-
koencephalopathy, cerebral abscesses, and tubercu-
losis), endocarditis, or stimulant abuse (according to
the Diagnostic and Statistical Manual of Mental
Disorders- Fourth Edition [DSM-4] criteria). Of these
21 HIV� cases, 10 had stroke-like illnesses most
likely due to either endocarditis (n�2), primary
central nervous system lymphoma (n�2), metastatic

Table 3 Additional HIV-related clinical and laboratory factors in stroke cases and HIV-infected controls

HIV-related
cryptogenic

stroke (n�11)

HIV-infected
controls
(n�55)

P
value

Difference in
proportion

(95% confidence
interval)

Odds ratio
(95% confidence

interval)

Cohen’s
d effect
size

Center for Disease Control (CDC)
classification (% AIDS)

73% 67% .89 8% (�16%, 43%) 1.45 (0.33, 6.44)

Duration of known HIV infection in
months

139957 118975 0.42 22 (�24, 68) 1.35 (0.59, 3.11) 0.30

% taking combination
antiretroviral therapy

82% 70% 0.68 12% (�10%, 49%) 1.89 (0.35, 10.37)

% taking protease inhibitors (PIs) 55% 33% 0.34 22% (�12%, 43%) 2.40 (0.61, 9.38)
Duration of combination antiretroviral
therapy (cART) in months

25928 19919 0.77 6 (�14, 25) 1.30 (0.52, 3.25) 0.28

% history of previous substance abuse 64% 71% 0.29 �7% (�27%, 25%) 0.72 (0.18, 2.94)
% history of previous stimulant abuse 45% 44% 0.70 1% (�29%, 28%) 1.08 (0.28, 4.14)

Laboratory values
Hemoglobin (g/dL) 14.491.6 13.691.7 0.12 0.7 (�0.2, 1.7) 1.64 (0.78, 3.46) 0.46
Hematocrit (%) 4392 4095.0 0.086 2.4 (�0.4, 5.3) 1.81 (0.82, .4.01) 0.52
Platelets (103/ml) 2629113 232974 0.47 35 (�16, 86) 1.53 (0.77, 3.06) 0.46
Cholesterol (mg/dL) 192947 174939 0.60 18 (�12, 47) 1.55 (0.73, 3.28) 0.44
CD4 count (cells/mL) 4419383 3739276 0.78 �1.9 (�8.2, 4.5)

(on square root scale)
0.81 (0.38, 1.69) 0.19

CD4 nadir (cells/mL) 2199319 2109240 0.61 �0.7 (�5.9, 46)
(on square root scale)

0.92 (0.46, 1.85) 0.08

plasma HIV-1 RNA viral load
(% detectable)

50% 49% 0.84 �1% (�33%, 32%) 0.96 (0.20, 4.57)

Note. Data are mean9SD.
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Kaposi sarcoma (n�1), progressive multifocal leu-
koencephalopathy (n�3), or cerebral abscess (n�2).
The remaining 11 HIV� cases were classified as
‘‘cryptogenic’’ strokes (i.e., not attributable to central
nervous system complications of HIV infections,
endocarditis, or stimulant drug abuse) (Figure 1).
For each cryptogenic stroke case, five HIV� control
participants without stroke were identified from the
same HNRC cohort using the following matching
criteria: age (94 years), sex, and outpatient visit date
(94 years).
For these 66 participants (11 HIV� cryptogenic

stroke and 55 HIV� controls), MetS components
(MAP, TRG, BMI, GLU, and UA), clinical, and
additional laboratory data were assessed. All BP
measurements were obtained at the HNRC using a
calibrated mercury sphygmomanometer and appro-
priate cuff size. Both systolic and diastolic BP
measures were obtained from a subject in the sitting
position to ensure standardized conditions (Banegas
et al, 2007; Pickering et al, 2005). For all partici-
pants, MetS laboratory component values were
extracted from outpatient research records closest
to the reported stroke. Only random and not-fasting
TRG and GLU were available. Additional variables
surveyed included the self-reported duration of
infection, history of previous substance abuse (co-
caine, amphetamines, alcohol, cannabis, opioids,
and hallucinogens), medication history, cholesterol,
hemoglobin, hematocrit, platelets, current and low-
est (nadir) reported blood CD4� cell count, and
plasma viral load. Participants were also classified
as having acquired immunodeficiency syndrome
(AIDS) according to the Centers for Disease Control

and Prevention (CDC) classification (i.e., CD4 count
less than 200 or an AIDS-defining illness) (Buehler
and Ward, 1993).
To assess for possible differences in MetS compo-

nents between HIV� cases with cryptogenic strokes
and HIV� controls, we performed nonparametric
Wilcoxon ranked sum tests controlled for matching.
A logarithmic transformation was used for random
TRG, random GLU, UA, and BMI due to their
skewness and unequal variances (homoscedasti-
city). The difference in the means (and 95% CI)
was determined between HIV� cases with crypto-
genic strokes and HIV� controls. These differences
were computed using linear mixed-effects models,
with a random effect for the matching groups. A log
transformation was used for random TRG, random
GLU, UA, and BMI with differences (and 95% CI)
back-transformed to the natural scale (Breslow and
Clayton, 1993). To assess for possible differences in
clinical and laboratory values between HIV� cases
with cryptogenic strokes and HIV� controls, we
performed either a nonparametric stratified Wil-
coxon ranked sum test (for plasma viral load) or a
stratified Gehan-Wilcoxon rank test, which ac-
counted for values censored below the limit of
detection of the assay. To assess effects sizes, a
Cohen’s d value was determined for each MetS
component. To delineate if MetS components were
associated with protease inhibitor (PI) exposure or
duration, for each individual we classified cART
regimens as either PI containing or not PI containing
and used Cochran-Mantel-Haenszel tests to compare
HIV� cases with cryptogenic strokes to HIV�
controls.

Figure 1 Selection criteria for identifying cases with cryptogenic strokes not due to HIV complications (n�11). HNRC�HIV
Neurobehavioral Research Center; UCSD�University of California San Diego; ICD9�International Classification of Disease, 9th
revision; PML�progressive multifocal leukoencephalopathy.
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