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ABSTRACT

Background: The purpose of this study was to evaluate the relationship between cognitive performance, risk factors for cardiovascular and cerebrovascular disease (CVD), and HIV infection in the
era of highly active antiretroviral therapy.

Methods: We evaluated the cognitive functions of men enrolled in the cardiovascular disease
substudy of the Multicenter AIDS Cohort Study who were aged ⱖ40 years, with no self-reported
history of heart disease or cerebrovascular disease. Results from comprehensive neuropsychological evaluations were used to construct composite scores of psychomotor speed and memory
performance. Subclinical CVD was assessed by measuring coronary artery calcium and carotid
artery intima-media thickness (IMT), as well as laboratory measures, including total cholesterol,
fasting glucose, glycosylated hemoglobin, glomerular filtration rate (estimated), and standardized
blood pressure and heart rate measures.

Results: After accounting for education, depression, and race, carotid IMT and glomerular filtration rate were significantly associated with psychomotor speed, whereas IMT was associated
with memory test performance. HIV serostatus was not significantly associated with poorer cognitive test performance. However, among the HIV-infected individuals, the presence of detectable HIV RNA in plasma was linked to lower memory performance.
Conclusions: These findings suggest that HIV infection may not be the most important predictor
of cognitive performance among older gay and bisexual men in the post– highly active antiretroviral therapy era, at least among those with access to medical care and to appropriate medications.
Medical factors associated with normal aging are significantly associated with performance on
neuropsychological tests, and good clinical management of these factors both in HIV-infected
individuals and those at risk for infection may have beneficial effects in the short term and could
reduce the risk of subsequent cognitive decline. Neurology® 2009;73:1292–1299
GLOSSARY
BP ⫽ blood pressure; CalCAP ⫽ California Computerized Assessment Package; CES-D ⫽ Center for Epidemiologic Studies–
Depression scale; CVD ⫽ cardiovascular and cerebrovascular disease; GFR ⫽ glomerular filtration rate; HAART ⫽ highly
active antiretroviral therapy; HDL ⫽ high-density lipoprotein; HAND ⫽ HIV-associated neurocognitive disorder; Hb ⫽ hemoglobin; IMT ⫽ intima-media thickness; LDL ⫽ low-density lipoprotein; MACS ⫽ Multicenter AIDS Cohort Study; OR ⫽ odds
ratio; RAVLT ⫽ Rey Auditory Verbal Learning Test.

The proportion of persons living with HIV/AIDS older than 50 years in the United States
increased to 24% of all cases in 2005 from 17% in 2001. While the total number of infected
persons increased 20% in that time period, the increase was 58% among individuals older than
50 years (http://www.cdc.gov/hiv/topics/over50/resources/factsheets/over50.htm). With increased use and success of highly active antiretroviral therapy (HAART), nearly three-quarters
of all infected individuals older than 50 years die of non–HIV-related causes.1
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Age is a significant risk modifier for HIVassociated neurocognitive disorder (HAND).2-4
There may be a differential effect of the
APOE*4 allele in older HIV individuals,5 and
diabetes is a critical comorbidity.6 HAART use
may be associated with abnormal amyloid deposition in the brain7 and amyloid-␤ and tau levels
in the CSF may be related to HIV-associated
dementia.8 The pattern of neuropsychological
deficits in HIV⫹ individuals is changing with
HAART to include evidence of more cortical
dysfunction.9 Thus, factors normally associated
with age-related neuropsychiatric syndromes
may become increasingly important in under-

Table 1

Characteristics of study sample
HIVⴚ

HIVⴙ

n

207

428

Statistic†

Age, y

52.0 (8.1)

48.4 (6.4)

6.08 (0.24)*

College education, % (n)

54.9 (95)

45.0 (184)

4.80 (⫺0.09)*

White race, % (n)

64.7 (134)

56.5 (242)

3.88 (0.08)*

Drug use past 5 y, yes/no

102/105

152/276

11.0 (0.13)*

Depression (CESD >16)

30.9 (64)

40.4 (173)

4.41 (0.08)*

Smoking, pack-years

12.4 (18)

14.0 (19)

⫺1.02 (0.04)

Family history (no. risks)

2.55 (2.0)

2.73 (2.1)

⫺1.05 (0.04)

Diabetes, % (n)

10.5 (17)

9.9 (34)

0.45 (0.009)

Hypertension, % (n)

58.8 (109)

50.1 (203)

1.16 (⫺0.04)

Systolic BP

123.7 (12.8)

124.4 (12.7)

⫺0.70 (0.03)

Diastolic BP

74.3 (8.1)

75.5 (8.8)

⫺1.52 (0.06)

Pulse pressure

49.3 (9.3)

49.0 (8.9)

0.46 (0.02)

Heart rate

67.8 (10.9)

70.8 (11.9)

⫺2.95 (⫺0.13)*

Body mass index

26.9 (5.1)

25.6 (4.3)

3.36 (0.13)*

Hemoglobin A1c

56.5 (9.9)

53.7 (7.2)

4.02 (0.16)*

Estimated GFR

84.7 (18.1)

90.5 (21.3)

⫺3.33 (0.13)*

Total cholesterol

197.7 (43)

189.6 (47.8)

2.06 (0.08)*

Low-density lipoprotein

119.3 (36)

107.5 (36.7)

4.33 (0.17)*

High-density lipoprotein

49.7 (13.7)

44.6 (14.2)

4.33 (⫺0.17)

Triglycerides

143.3 (166.4)

202.2 (193.6)

⫺3.43 (⫺0.15)*

Right carotid IMT

0.771 (0.129)

0.739 (0.129)

2.85 (0.11)*

Total Agatston score

84.3 (263)

42.9 (130)

2.64 (0.11)*

HIV RNA (log 10)

NA

2.50 (1.28)

—

HIV RNA peak (log 10)

NA

4.75 (0.83)

—

CD4 cell count

NA

535.5 (278.6)

—

CD4ⴙ cell count nadir

NA

295.3 (180.1)

—

AIDS diagnosis, n (%)

NA

48 (11)

—

ⴙ

*p ⬍ 0.05.
†Independent sample t test and point biserial correlation (effect size), except for race and
drug use (2 and Cramer V).
CES-D ⫽ Center for Epidemiologic Studies–Depression scale; BP ⫽ blood pressure; GFR ⫽
glomerular filtration rate; IMT ⫽ intima-media thickness; NA ⫽ not applicable.

standing the etiology of neurocognitive dysfunction occurring in older HIV⫹ patients.
The Multicenter AIDS Cohort Study
(MACS) is a 4-site study of the natural and
treated history of HIV infection among gay and
bisexual men. Study participants were enrolled in 3 waves: 1984/1985 (1,813 HIV⫹ and
3,141 HIV⫺), 1987/1990 (382 HIV⫹ and 286
HIV⫺), and 2001/2003 (688 HIV⫹ and 662
HIV⫺). The MACS has tracked cognitive performance among the study participants for the
past 24 years using screening tools, and a subcohort has been followed up with more detailed
testing for approximately 20 years. In 2002, the
MACS completed detailed evaluations of cardiovascular risk factors in a subgroup of infected
and uninfected men; during the same time period, the entire cohort completed the detailed
neuropsychological testing. This provided an
opportunity to examine the relationship between cardiovascular risk factors and cognition,
and the added effect of HIV serostatus on cognitive performance after accounting for the ageassociated variables. This article reports results of
this initial cross-sectional analysis. We predicted, based on available evidence, that cardiovascular risk variables would exert significant
effects on cognition and that when these effects
were considered in the analysis, HIV-related effects would be attenuated relative to observations before HAART.
METHODS Standard protocol approvals, registrations, and patient consents. The work described in this
report was approved by the ethical standards committee on human experimentation at each of the MACS sites, and written
informed consent was obtained from all participants.

Subjects. The 945 participants in the MACS cardiovascular
and cerebrovascular disease (CVD) substudy were used to analyze the relationship between cardiovascular risk and cognitive
function. The MACS CVD substudy was initiated in 2004 and
included men aged ⱖ40 years, with no self-reported history of
heart disease (heart attack, heart surgery, other heart illness) or
cerebrovascular disease. The baseline visits for the substudy were
completed between July 2004 and January 2006. Of these men,
723 had been given a full MACS neuropsychological test battery
within 1 year before or 2.5 years after the baseline CVD study
visit. Of those, 641 men were also given the Trail Making Test,
Symbol Digit Modalities Test, and the Center for Epidemiologic
Studies–Depression scale (CES-D). Six men were subsequently
excluded for not having relevant laboratory data within 21 weeks
of their baseline CVD visit. In summary, neuropsychological
and CVD data were available from 635 participants (figure e-1
on the Neurology® Web site at www.neurology.org). Demographic characteristics of the participants are shown in table 1.
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We compared the subjects who were included in this analysis
to the 310 subjects who were not included (table e-1) on a variety of variables related to vascular disease. Family history of hypercholesterolemia was significantly lower among the subjects
included in the study (2 ⫽ 8.91, df ⫽ 1, p ⫽ 0.012) and the
estimated glomerular filtration rate (GFR) was higher [t(923) ⫽
4.38, p ⬍ 0.001, r ⫽ 0.14]; otherwise, there were no significant
differences between the subjects included in the study and those
who were not.

Neuropsychological evaluation. The neuropsychological
battery uses conventional and computerized tests to assess a
range of cognitive functions, including motor skills, cognitive
flexibility and abstraction, verbal and nonverbal memory, and
visuoconstructional skills. These include the Rey Auditory Verbal Learning Test (RAVLT), the Rey-Osterrieth Complex Figure, the Stroop Color-Interference Task, the Grooved Pegboard
test, the Trail Making Test, the Symbol-Digit Substitution Task,
and the California Computerized Assessment Package (CalCAP)
Simple and Choice Reaction Time program (table e-2).
Cardiovascular disease evaluation. Subclinical CVD was
assessed using electron beam tomography or multidetector CT
to measure coronary artery calcium. Ultrasound examination of
the carotid artery was used to quantify intima-media thickness
(IMT). Standardized blood pressure (BP) and heart rate measures were also determined, as well as total cholesterol, lowdensity (LDL) and high-density (HDL) lipoproteins, and
glycosylated hemoglobin. GFR was estimated using a standard
protocol.10 CVD variables are shown in table 1.

Data reduction. Composite indices of psychomotor speed and
memory were constructed based on performance from individual
tests included in the comprehensive neuropsychological battery.

Table 2

Predictors of poor performance on tests of psychomotor speed
among all study participants
Unadjusted model
OR (95% CI)

Variable
Model 1

Model 2 (added
to above)

Model 3 (added
to above)

Adjusted model
OR (95% CI), p*

Race

4.85 (3.37–6.68)

4.8 (3.13–7.34), ⬍0.001

Depression

1.85 (1.27–2.69)

2.0 (1.28–3.27), 0.003

Education

4.35 (2.82–6.71)

0.52 (0.34–0.79), 0.002

Carotid IMT

1.63 (1.12–2.36)

1.7 (1.08–2.74), 0.023

Hypertension

1.14 (0.828–1.58)

Diabetes

1.78 (0.988–3.21)

GFR

1.17 (0.792–1.72)

Hemoglobin A1c

2.10 (1.31–3.36)

Glucose

0.791 (0.570–1.10)

Metabolic syndrome

0.781 (0.512–1.19)

LDL

0.717 (0.403–1.28)

Total cholesterol

0.725 (0.436–1.20)

CAC

1.88 (0.833–4.26)

BMI

1.22 (0.787–1.55)

Serostatus

0.997 (0.713–1.40)

1.6 (1.00–2.66), 0.048

0.66 (0.44–0.99), 0.044

0.78 (0.51–1.20), 0.26

*Odds ratios and p values are taken from model 3.
OR ⫽ odds ratio; CI ⫽ confidence interval; IMT ⫽ intima-media thickness; GFR ⫽ glomerular
filtration rate; LDL ⫽ low-density lipoprotein; CAC ⫽ coronary artery calcium; BMI ⫽ body
mass index.
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These cognitive functions were of a priori interest. Psychomotor
slowing is considered a diagnostic hallmark of HAND; memory
deficits have become increasingly common with the advent of
HAART.9,11 The Trail Making Test (Part A), Symbol-Digit Substitution Task, Grooved Pegboard (Non-Dominant Hand),
Stroop Color Naming, and CalCAP (median simple reaction
time) were used to generate the composite measure of Psychomotor Speed. Immediate and delayed recall scores from the
RAVLT and the Rey-Osterrieth Complex Figure were used to
construct the composite Memory measure. Composite scores
were derived by transforming the individual test data into z
scores based on the mean and SD of the HIV-seronegative participants and then calculating the arithmetic mean of the relevant z scores with the signs adjusted such that a positive score
indicates better performance (table 1). The data were further
reduced by creating dichotomous variables; scores less than 0.0
were coded as 1 (impaired), and scores greater than 0.0 were
coded as 0 (normal). The binary outcomes were then the dependent variables in the subsequent logistic regression analyses.
The CVD variables were reduced to categorical variables
(present/absent, normal/abnormal) based on standard criteria or on
the median value of the uninfected men (in the case of estimated
GFR). These included the presence of hypertension (self-reported
diagnosis and use of antihypertensive medications, or diastolic BP
⬎85 or systolic BP ⬎130) or diabetes (self-reported diagnosis and
use of diabetic medications, or fasting glucose ⱖ126 or hemoglobin
[Hb] A1c ⱖ7%), elevated total cholesterol (⬎240), elevated LDL
(⬎100), decreased HDL (⬍40), elevated HbA1c (⬎7.0), low GFR
(⬍73.4), or elevated body mass index (⬎30). Carotid IMT was
classified into 2 groups (⫾0.81), as was the total Agatston score for
coronary calcification (⫾400). Men scoring above 16 on the
CES-D were classified as depressed for this analysis. Education was
classified as less than or greater than a college degree. Race was classified as white or nonwhite. Any abnormal scores, the presence of
disorder, lower education, nonwhite race, and depression were all
coded as 1 (vs 0).
Data analyses proceeded in 3 steps. Initially, the unadjusted
risk of poorer performance on the 2 composite scores for the
critical independent variables was calculated. A multivariate
model for both Psychomotor Speed and Memory measures was
then implemented. There were 3 models in this binary logistic
regression analysis. In the first, education, race, and depression
were entered into the model (forced entry). In the second model,
CVD variables were entered in a forward stepwise fashion (Wald
criteria12). In the third model, HIV serostatus was added. This
process was also repeated for the HIV-infected participants, using CD4⫹ cell counts (⫾200), the presence of detectable plasma
HIV RNA (⬎50 copies), and AIDS (ever had an AIDS indicator
condition) in the place of serostatus.
RESULTS Tables 2–5 present the odds ratios (ORs)
for the unadjusted and adjusted models from the logistic regression analyses of the Psychomotor Speed
and Memory functions. The ORs and associated significance testing are taken from the final model (i.e.,
after all variables had been selected for entry). In 3
cases, the multivariate ORs are from the third and
final model; in the case of Psychomotor Speed
among the HIV⫹ participants, the multivariate ORs
are from the second model.
With regard to Psychomotor Speed, carotid IMT
and estimated GFR were significantly associated with

Table 3

Predictors of poor performance on tests of psychomotor speed
among HIV-infected individuals only

Model 1

Model 2 (added
to above)

Model 3 (added
to above)

Variable

Unadjusted model
OR (95% CI)

Adjusted model
OR (95% CI), p*

Race

5.45 (3.59–8.29)

5.2 (3.14–8.73), ⬍0.001

Depression

1.99 (1.27–3.09)

2.2 (1.27–3.92), 0.005

Education

5.09 (2.93–8.85)

0.56 (0.340–0.939), 0.028

Carotid IMT

1.95 (1.22–3.13)

1.8 (1.03–3.24), 0.040

Hypertension

1.09 (0.738–1.62)

Diabetes

1.32 (0.645–2.72)

GFR

1.07 (0.657–1.75)

Hemoglobin A1c

1.65 (0.921–2.96)

Glucose

0.689 (0.464–1.02)

Metabolic syndrome

0.746 (0.445–1.25)

LDL

0.318 (0.135–0.754)

Total cholesterol

0.753 (0.409–1.39)

CAC

1.23 (0.390–3.88)

BMI

1.06 (0.584–1.91)

AIDS

0.740 (0.397–1.38)

Detectable virus

1.53 (1.04–2.26)

⫹

CD4 cell count

0.59 (0.36–0.97), 0.037

1.62 (0.852–3.07)

*Odds ratios and p values are taken from model 2 (the final significant model).
OR ⫽ odds ratio; CI ⫽ confidence interval; IMT ⫽ intima-media thickness; GFR ⫽ glomerular
filtration rate; LDL ⫽ low-density lipoprotein; CAC ⫽ coronary artery calcium; BMI ⫽ body
mass index.

poorer performance (table 2). However, HIV
serostatus was not associated with the Psychomotor
Speed variable after the remaining variables had been
entered into the model. Among the HIV-infected individuals, there was no association between the presence of detectable HIV RNA, CD4⫹ cell counts, or
AIDS and test performance, although abnormal levels of coronary artery calcification increased risk of
impaired (slower) performance (table 3).
For the Memory composite, the extent of coronary calcium was marginally associated with Memory
functions (table 4). Unlike the results for the Psychomotor Speed variable, HIV serostatus was significantly associated with Memory performance by
protecting against lower test scores. Among the HIVinfected individuals only, the presence of detectable
HIV RNA in plasma significantly increased risk of
poorer memory performance (table 5). An examination of the bivariate associations between GFR and
the Memory scores reveals a difference in the size and
direction of the associations when the entire cohort
was studied (table 4) and when only the HIVinfected participants were analyzed (table 5). The apparent protective effect of abnormal GFR seen in the
entire cohort, compared with the apparent increase
in risk for impairment with abnormal GFR among

the HIV⫹ participants, suggests the possibility of an
interaction between GFR and serostatus. Further
analysis indicated that GFR was a risk factor for impaired Memory performance among the HIV⫹ participants, but the effect was not significant (OR ⫽
2.09).
These findings suggest that HIV infection may not be the most important predictor of
cognitive functions among older gay and bisexual
men in the post-HAART era, at least among those
with access to medical care and to appropriate medications. Medical factors associated with normal aging, specifically those related to CVD and to
metabolic disorders, are significantly associated with
performance on neuropsychological tests. Good clinical management of these factors both in HIVinfected individuals and those at risk for infection
may have beneficial effects in the short term and
could reduce the risk of subsequent cognitive decline
(e.g., references 13 and 14).
These findings support other data from the
MACS indicating that in individuals with wellcontrolled viral replication and immune competence,
there is little progression of clinical brain disease.15 In
that analysis, the measures were the same ones that
went into our Psychomotor Speed composite variable, but memory functions were not examined.
Were we to track our current variables over time (i.e.,
both Psychomotor Speed and Memory), we would
predict that performance on memory tests would also
show little change in the face of viral suppression and
good immunologic status.
The relationship between psychomotor speed and
CVD measures is consistent with models of cognitive
aging (e.g., reference 16). Individual measures comprising this composite score are highly sensitive to
cognitive dysfunction but nonspecific as to underlying cause.17 Therefore, it is surprising that there was
no significant association with HIV serostatus. The
fact that detection of HIV RNA in plasma was a
significant risk for poorer Memory scores is consistent with other findings indicating more prominent
memory impairment in the HAART era (e.g., reference 9). Perhaps there are other HIV-associated factors not assessed in this study that are better markers
of cognitive dysfunction than CD4⫹ cell counts and
HIV RNA levels. For example, the level of proviral
HIV DNA in peripheral blood mononuclear cells
may have a stronger association with HIV-associated
dementia18 and performance on individual neuropsychological tests19 than either CD4⫹ cell counts or
viral load in plasma.
Chronological age is often entered as a covariate
in the analysis of neuropsychological test data. HowDISCUSSION
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Table 4

Predictors of poor performance on delayed verbal and nonverbal
memory among all study participants

Model 1

Model 2 (added
to above)

Model 3 (added
to above)

Variable

Unadjusted model
OR (95% CI)

Adjusted model
OR (95% CI), p*

Race

3.83 (2.74–5.34)

3.0 (1.98–4.49), ⬍0.001

Depression

1.63 (1.12–2.36)

1.5 (0.95–2.32), 0.085

Education

3.64 (2.40–5.51)

0.41 (0.274–0.618), ⬍0.001

CAC

1.69 (0.765–3.75)

2.3 (0.921–5.61), 0.075

Hypertension

1.35 (0.976–1.86)

Diabetes

1.55 (0.870–2.78)

GFR

0.866 (0.586–1.28)

Hemoglobin A1c

1.66 (1.05–2.64)

Glucose

0.764 (0.551–1.06)

BMI

1.24 (0.802–1.91)

LDL

0.665 (0.371–1.19)

Total cholesterol

0.553 (0.328–0.934)

Carotid IMT

1.36 (0.937–1.97)

Metabolic syndrome

0.795 (0.523–1.21)

Serostatus

0.701 (0.502–0.979)

0.59 (0.381–0.903), 0.015

*Odds ratios and p values are taken from model 3.
OR ⫽ odds ratio; CI ⫽ confidence interval; CAC ⫽ coronary artery calcium; GFR ⫽ glomerular filtration rate; BMI ⫽ body mass index; LDL ⫽ low-density lipoprotein; IMT ⫽ intimamedia thickness.

ever, in many of these studies, and this one in particular, the use of age as a covariate would be
inappropriate. We agree with others (e.g., reference
20) that there is little effect of age per se on performance, but that it is the medical concomitants of
“normal” aging that account for many of the changes
in cognition and in brain structure and function.
Consequently, controlling for chronological age
(which is highly correlated with the presence of
CVD) would severely attenuate (or remove) any effects related to the medical factors that are the subject
of this study. Similarly, using “age-adjusted” standard scores from published test normative databases
would have the same effect, because those standardized scores would be adjusted for age-related changes
in performance. Were age to be included in our analyses as a covariate, the result would be that the variables of interest (i.e., IMT) would actually be testing
an interaction: the effect of IMT on performance
must be greater than that expected for an individual
of that age (which already accounts for increases in
IMT).
One important predictor of CVD is hypertension, which is a pathway to cognitive loss and (later)
dementia.21 Hypertension has been linked to HIV
serostatus and to treatment.22 Chronic high BP increases the risk of damage to target organs and is
associated with cerebrovascular disease (strokes,
white matter hyperintensities, and cortical atro1296
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phy),23,24 subclinical renal dysfunction,25 left ventricular hypertrophy,26 increased IMT (as a marker of
atherosclerosis),25 and retinal arteriolar narrowing.27
BP measures28 and pulse pressure and pulse wave velocity, as markers of arterial stiffness, have been associated with decreased cognitive function.29 Markers
of kidney function are associated with the long-term
effects of hypertension on the kidney and on the
brain.30 Thus, markers of renal (e.g., GFR) and cardiac (e.g., coronary artery calcium) integrity provide
evidence of the deleterious effects of CVD on the
brain.
There are some important points to consider in
interpreting the findings of this investigation. First,
these are older subjects (i.e., aged ⬎40 years), who
tended to be from the original MACS cohort and
may have introduced a significant survivorship bias.
That is, these are the individuals who (in the case of
those with HIV infection) successfully survived for
15 to 25 years with the virus. It is likely that these
individuals have a different biologic substrate than
those individuals who succumbed to the infection.
Second, among the older participants, both infected
and uninfected, age-related conditions may have
started to take their selective toll on the cohort. Data
from the Veterans Administration Cohort Study
show that the majority of deaths among HIVinfected veterans are not from HIV-related causes.1
Thus, stroke, heart disease, (non–AIDS-related) cancer, and other causes of death are selectively reducing
the number of living participants who are able to
provide both CVD and neuropsychological data to
our study. In addition, there seems to be an increase
in stroke in HIV-infected individuals,31 which would
also result in a sample bias for this study (in terms of
both physical survival and study inclusion criteria).
Third, there is survivor bias among the seronegative
participants. Although their risk of mortality may be
lower than that of their HIV⫹ counterparts, they
nevertheless remained active participants in the cohort and maintained a willingness to undergo additional research testing even though not infected with
HIV. Fourth, the rates of many of the CVD risk
factors were actually lower among the HIV-infected
participants, in keeping with what has been reported
previously by the MACS.32 We interpret this observation as another example of bias in the sample; because the majority of our HIV-infected men were
receiving medical care and because they all receive
regular medical testing from the MACS clinics,
the treating physicians may be more aggressive in the
care of cardiovascular risk factors. This is reflected in
a weak association between HIV infection status and
a higher rate of using lipid-lowering agents (2 ⫽
2.09, p ⫽ 0.09 [1-tailed], OR ⫽ 1.33 [0.903–1.96]).

Table 5

Predictors of poor performance on delayed verbal and nonverbal
memory among HIV-infected participants only

Model 1

Model 2 (added
to above)

Model 3 (added
to above)

Variable

Unadjusted model
OR (95% CI)

Adjusted model
OR (95% CI), p*

Race

4.79 (3.17–7.25)

3.1 (1.92–5.17), ⬍0.001

Depression

1.68 (1.08–2.61)

1.5 (0.884–2.66), 0.128

Education

5.38 (3.01–9.46)

0.35 (0.211–0.582), ⬍0.001

GFR

1.71 (0.956–3.07)

Carotid IMT

1.24 (0.774–1.98)

Hypertension

1.39 (0.934–2.06)

Diabetes

1.63 (0.800–3.31)

GFR

1.08 (0.662–1.77)

Hemoglobin A1c

1.71 (0.956–3.07)

Glucose

0.687 (0.462–1.02)

Metabolic syndrome

0.718 (0.426–1.21)

LDL

0.295 (0.119–0.733)

Total cholesterol

0.460 (0.236–0.895)

CAC

0.973 (0.304–3.12)

BMI

0.871 (0.479–1.58)

CD4⫹ cell count

1.44 (0.763–2.74)

Detectable virus

2.62 (1.76–3.89)

AIDS

0.804 (0.433–1.49)

2.1 (1.30–3.45), 0.003

*Odds ratios and p values are taken from model 3.
OR ⫽ odds ratio; CI ⫽ confidence interval; GFR ⫽ glomerular filtration rate; IMT ⫽ intimamedia thickness; LDL ⫽ low-density lipoprotein; CAC ⫽ coronary artery calcium; BMI ⫽
body mass index.

cognition. Rather, under the conditions in which we
evaluated the participants—ambulatory and without
overt CVD—the effects of HIV on cognition are
overshadowed by the effects of subclinical CVD and
related metabolic abnormalities. Findings that HIV
can infect arterial smooth muscle cells raise the
possibility that such infection may exacerbate any
vasculopathy found among HIV⫹ individuals.34
Longitudinal studies are needed to determine the
independent and interactive contributions of HIV
infection and CVD on brain structure and development of clinical cognitive disorder in infected
individuals.
These findings add to evidence that control of
viral replication and of immunologic competence
may protect against the cognitive impairment that
was so common before the introduction of HAART.
However, infected individuals remain vulnerable to
the consequences of a Western lifestyle and aging,
and these factors influence cognitive decline. As risk
factors for HAND continue to change35 and we develop a better understanding of the multiple factors
that can affect brain structure and function, being
able to place HAND in the context of normal agerelated processes becomes increasingly important.
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Earn Practice Management CME with AAN Audio
Conferences
The Academy is helping members take some of the confusion out of coding with a four-part series.
The 2009 Coding Audio Conferences will review proper coding in common circumstances, helping
participants to code with greater precision. Upon completion, physician participants will receive 1
CME credit per call, up to 4 CME credits total. Non-neurologists (e.g., practice managers) will
receive a certificate of completion redeemable for credits. Special pricing is available when you
register for more than one call and several people can listen in from one office—making these
sessions particularly cost effective as well as educational.
For details on savings and to register, visit www.aan.com/codingcme.

Save These Dates for AAN CME Opportunities!
Mark these upcoming dates on your calendar for these exciting continuing education
opportunities, where you can catch up on the latest neurology information.
AAN Regional Conference
● November 6 – 8, 2009, Las Vegas, Nevada, Planet Hollywood Resort and Casino
AAN Annual Meetings
● April 10 –17, 2010, Toronto, Ontario, Canada, Metro Toronto Convention Centre
● April 9 –16, 2011, Honolulu, Hawaii, Hawaii Convention Center

Neurology 73

October 20, 2009

1299

