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ABSTRACT

Objective: To evaluate relationships between HIV-associated neurocognitive disorder and meta-
bolic variables in a subgroup of HIV� participants examined in a prospective, observational, mul-
ticenter cohort study.

Methods: In a cross-sectional substudy of the CNS HIV Anti-Retroviral Therapy Effects Research
(CHARTER) cohort, 130 HIV� participants provided fasting blood samples. Neurocognitive im-
pairment (NCI) was defined by performance on neuropsychological tests adjusting for age, educa-
tion, gender, and race/ethnicity. Global ratings and global deficit scores were determined.
Demographics, biomarkers of HIV disease, metabolic variables, combination antiretroviral ther-
apy (CART) history, other drug exposures, and self-reported diabetes were examined in multivari-
ate models predicting NCI. Separate models were used for body mass index (BMI) alone (n � 90)
and BMI and waist circumference (WC) together (n � 55).

Results: NCI (global impairment rating �5) was diagnosed in 40%. In univariate analyses, age,
longer duration of HIV infection, obesity, and WC, but not BMI, were associated with NCI.
Self-reported diabetes was associated with NCI in the substudy and in those �55 in the entire
CHARTER cohort. Multivariate logistic regression analyses demonstrated that central obesity (as
measured by WC) increased the risk of NCI and that greater body mass may be protective if the
deleterious effect of central obesity is accounted for.

Conclusions: As in HIV-uninfected persons, central obesity, but not more generalized increases in
body mass (BMI), was associated with a higher prevalence of NCI in HIV� persons. Diabetes
appeared to be associated with NCI only in older patients. Avoidance of antiretroviral drugs that
induce central obesity might protect from or help to reverse neurocognitive impairment in HIV-
infected persons. Neurology® 2012;78:485–492

GLOSSARY
AIC � Akaike Information Criterion; ARV � antiretroviral; BMI � body mass index; CART � combination antiretroviral ther-
apy; Ch � choline; CHARTER � CNS HIV Anti-Retroviral Therapy Effects Research; DM � diabetes mellitus; GDS � global
deficit scores; HAND � HIV-associated neurocognitive disorder; HDL � high-density lipoprotein; HOMA-IR � homeostasis
model assessment of insulin resistance; LDL � low-density lipoprotein; MetS � metabolic syndrome; NAA � N-acetylaspar-
tate; NCI � neurocognitive impairment; OR � odds ratio; WC � waist circumference; WHR � waist to hip ratio; WMH � white
matter hyperintensity.

Combination antiretroviral therapy (CART) prolongs survival with HIV. Metabolic syndrome
(MetS), which is associated with increased risk of type 2 diabetes and atherosclerosis, is a
possible complication of CART. MetS components include hyperglycemia attributable to in-
sulin resistance, hypertension, obesity, and dyslipidemias (elevated triglycerides and low-
density lipoprotein [LDL] cholesterol and decreased high-density lipoprotein [HDL]
cholesterol).1,2 These features can develop soon after starting CART, especially if regimens
include protease inhibitors. Obesity, a component of MetS, may be as common in the HIV-
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infected (HIV�) in the CART era as in the
general population. Weight distributions are
now similar in HIV� and HIV-uninfected
(HIV�) US military populations.3

In the CART era, neurocognitive impair-
ment (NCI) remains prevalent in about half
of HIV-infected individuals, ranging from
mild deficits to severe dementia.4–6 This per-
sistence suggests that HIV-related CNS dam-
age may be only partially reversible with
successful systemic therapy, may be inade-
quately treated by current CART, or could
result from toxicity or secondary metabolic
side effects of CART.7 Links between compo-
nents of the metabolic syndrome including
diabetes and NCI in HIV-uninfected persons
has been well-documented.8–10

Dementia in older HIV-infected patients
has been associated with diabetes, hyperglyce-
mia, and insulin resistance.8–12 Thus, we stud-
ied if metabolic variables, obesity, and
diabetes might contribute to risk of NCI in
HIV-infected patients in the HAART era.

METHODS Study design. CNS HIV Anti-Retroviral Ther-

apy Effects Research (CHARTER), a prospective, cross-sectional

and longitudinal, observational cohort study examined the ef-

fects of CART on the nervous system in patients who are cared

for at the HIV clinic at 6 US academic sites. All participants

completed a cross-sectional evaluation consisting of comprehen-

sive neuropsychological and neuromedical assessments and phle-

botomy, and most underwent lumbar puncture.

Subjects. Of 1,574 HIV-infected subjects enrolled in the

CHARTER study, 145 were selected for the metabolic substudy

if they provided a fasting blood specimen and underwent neuro-

psychological assessment at the same visit between June 2006

and September 2007. Of the 145, 15 were excluded for con-

ditions that confounded the interpretation of their cognitive

performance, leaving 130 for this analysis.13 A senior neuro-

psychologist (R.K.H.) used guidelines from a consensus panel14

and available historical and testing data to rate cognitive comor-

bidity in patients.

Standard protocol approvals, registrations, and patient
consents. These procedures were approved by the Human Sub-

jects Protection Committees of each institution. Written in-

formed consent was obtained from all study participants.

HIV disease characteristics. Current blood CD4 cell counts

were measured by flow cytometry and HIV RNA concentrations

in both plasma and CSF were assayed by ultrasensitive (lower

limit of detection, 50 copies/mL) reverse transcriptase PCR

(Amplicor®, Roche Diagnostic Systems, Indianapolis, IN).

Details of medical and antiretroviral (ARV) history includ-

ing the dates, dose, and schedule for each ARV drug were cap-

tured through self-report using a structured questionnaire by

clinicians. For analysis, CART was categorized as currently on,

past use, or never used. Current use of other medications was
also assessed at baseline.

Cognitive functioning. All subjects completed a standard-
ized battery of 12 neuropsychological tests that assessed cognitive
domains commonly affected by HIV. The battery was adminis-
tered (average time � 2–2.5 hours) and scored by centrally certi-
fied research psychometrists. Details of the battery and
adjustments for each subject’s age, education, gender, and eth-
nicity are described elsewhere.13,15,16 Two approaches to diagnosis
of NCI were used: 1) a standardized clinical rating algorithm
that conforms to recently published criteria for classifying HIV-
associated neurocognitive disorders13,14 and 2) automated global
deficit scores (GDS).15 These methods agree in most cases, but
the standard GDS cutoff of �0.50 is more conservative in classi-
fying impairment because it requires at least mildly impaired
performance on at least half of the administered tests for a diag-
nosis of NCI.

Global ratings were derived using a manualized clinical rat-
ing system for classifying the severity of overall neurocognitive
impairment that conformed to Frascati criteria for HIV-
associated neurocognitive disorder (HAND).15 Global rating
scores range across a 9-point scale from normal (1–4) to mildly
impaired (5–6) to moderately or severely impaired (7–9).14 The
GDS ranges in value from 0 to 5; higher scores indicate poorer
cognitive functioning. Subjects with GDS greater than or equal
to 0.5 were considered cognitively impaired.15

Insulin resistance and other metabolic variables. Data
of diagnosis of diabetes mellitus and use of medications for dia-
betes were self-reported. Blood pressure was measured in the
sitting position with an automated sphygmomanometer. Height
and weight at entry into the larger cohort study were used to
calculate body mass index (BMI). Standardized midwaist cir-
cumference was measured supine at the level of the upper border
of the ilium at full exhalation.

Fasting (�6 hours) blood samples for glucose, total choles-
terol, triglycerides, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) were collected, processed, and assayed
by standard methods in the certified clinical laboratories of each
institution. Insulin and leptin were measured centrally at UCSD
using a microbead-based assay (Milliplex MAP, Millipore Corp,
Billerica, MA) read by a laser-based analytic system (Luminex,
Austin, TX). To evaluate insulin resistance, homeostasis model
assessment of insulin resistance (HOMA-IR) was calculated us-
ing the formula (insulin in �IU/mL � glucose in nM)/22.5.
Insulin, HOMA-IR, and leptin were log-transformed to normal-
ize distribution.

Statistical analysis. Univariate analyses were performed to
assess demographic and clinical differences between subjects
with and without NCI using the �2 test or Fisher exact test for
categorical variables and t tests or Wilcoxon rank sum test for
continuous variables, depending on whether or not the continu-
ous variable was normally distributed. No correction for multi-
ple comparisons was applied to the univariate analyses, as it was
understood the results would require further validation in multi-
variate modeling that selected factors independently of the bi-
variate analysis.

Multivariate logistic regression analysis was used to model
categorical diagnosis of NCI as a function of demographic, med-
ical, and metabolic factors. Stepwise regression based on Akaike
Information Criterion (AIC) was used to select the optimal
models. The AIC combines the models’ overall accuracy with a
penalty for overfitting that allows competing models to be
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ranked in terms of estimated predictive accuracy. This
method is a preferred alternative to coefficient-based stepwise
regression since it avoids selecting models on the basis of
apparent significance of the individual terms or global fit,

both of which are likely to be overstated. The best model may
contain a predictor (or predictors) that do not reach statistical
significance and still perform better, on average, than avail-
able alternatives.

Table 1 Demographic and clinical characteristics for the CHARTER metabolic substudy group combined
and stratified by cognitive impairment

Metabolic group
(n � 130)

Impaired
(n � 52)

Unimpaired
(n � 78) p Valuea

Demographic characteristics

Age, y, mean � SDb 46.2 � 8.8 48.3 � 7.5 44.9 � 9.4 0.02

Gender, male, n (%)b 113 (87) 45 (87) 68 (87) 0.92

Ethnicity, white, n (%)b 74 (57) 35 (67) 39 (50) 0.07

Education, y, mean � SD 13.1 � 2.6 13 � 2.4 13 � 2.8 0.68

HIV disease status

AIDS diagnosis, n (%)b 91 (70) 41 (79) 50 (64) 0.08

Duration of HIV infection, y, mean � SDb 13 � 6.5 14.5 � 6.0 12.0 � 6.7 0.03

Current CD4, cells/mm3, median (IQR)b 501 (305–708) 556 (326–757) 458 (305–669) 0.09

Nadir CD4, cells/mm3, median (IQR)b 120 (50–250) 101 (50–217) 175 (58–254) 0.20

Plasma viral load

Cells/mL (log10), median (IQR) 1.7 (1.7–2.4) 1.7 (1.7–2.1) 1.7 (1.7–2.4) 0.51

Detectable, n (%)b 40 (35) 16 (33) 24 (36) 0.84

CSF viral load (n � 99)

Cells/mL (log10), median (IQR) 1.7 (1.7–1.7) 1.7 (1.7–1.7) 1.7 (1.7–1.7) 0.65

Detectable, n (%) 15 (17) 6 (15) 9 (18) 0.78

Antiretroviral characteristics

ARV status, n (%)b 0.90

Currently on 107 (82) 43 (83) 64 (82)

Past use only 14 (11) 6 (12) 8 (10)

ARV naive 9 (7) 3 (6) 6 (8)

Duration of current regimen, mo, median (IQR) 21 (13–40) 23 (14–46) 21 (11–38) 0.57

Metabolic parameters

Body mass index, kg/m2, mean � SDb 26 � 5 26 � 5 25 � 5 0.34

Waist circumference, cm, mean � SD 93 � 12 99 � 14 88 � 9 0.0005

Systolic blood pressure, mm Hg, mean � SDb 127 � 16 126 � 17 127 � 16 0.75

Diastolic blood pressure, mm Hg, mean � SDb 80 � 11 81 � 12 80 � 10 0.54

Total cholesterol, mg/dL, mean � SD 185 � 50 192 � 55 180 � 45 0.17

HDL, mg/dL, mean � SDb 48 � 22 46 � 14 49 � 26 0.38

LDL, mg/dL, mean � SDb 100 � 36 104 � 42 98 � 31 0.46

Triglycerides, median (IQR)b 148 (84–223) 174 (102–252) 136 (79–203) 0.19

Fasting glucose, mg/dL, mean � SD

Plasmab 89.2 � 21.7 89.5 � 22.1 89.0 � 21.6 0.91

CSF 61.3 � 9.6 61.7 � 11.0 61.0 � 8.7 0.72

Insulin, median (IQR) 17.8 (11.1–36.3) 23.6 (9.7–44.1) 16 (11.2–31.2) 0.24

HOMA-IR, median (IQR) 3.7 (2.1–8.5) 5.8 (1.9–10.7) 3.4 (2.2–7.8) 0.34

Leptin, median (IQR) 435 (209–848) 574 (230–1135) 377 (201–703) 0.10

Diagnosis of diabetes mellitus, n (%)b 10 (8) 8 (15) 2 (3) 0.007

Abbreviations: ARV � antiretroviral; CHARTER � CNS HIV Anti-Retroviral Therapy Effects Research; HDL � high-density
lipoprotein; HOMA-IR � homeostasis model assessment of insulin resistance; IQR � interquartile range; LDL � low-density
lipoprotein.
a p Value from t test, Fisher exact test, �2, or Wilcoxon rank sum.
b Variables examined in multivariate analysis of neurocognitive impairment described in the Results section.
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Odds ratios (OR) for NCI were obtained from the final
models. Because of missing data, the 2 logistic regression analy-
ses were limited to 90 and 55 subjects depending on the avail-
ability of data for specific variables. Analyses were performed
using JMP statistical package (version 6.0, SAS Institute Inc.)
and R statistical software (version 2.10.1, R Foundation for Sta-
tistical Computing, Vienna, Austria).

RESULTS In table 1, demographic, clinical, and
metabolic characteristics are presented for all 130
participants in the substudy who had no confound-
ing neurologic history or conditions. This substudy
group differed at first CHARTER visit in some de-
mographic and HIV-related variables from the re-
mainder of the CHARTER participants who were
also free of serious confounding neurologic condi-
tions (n � 1,195). However, their metabolic profiles
were similar to those of the CHARTER cohort ex-
cept for lower BMI and higher triglycerides. The
metabolic substudy group also differed from all US
HIV-infected patients based on the CDC 2005
HIV/AIDS surveillance report.17 For example, our
study subjects were on average 9 years older (mean
age of 46 vs 37 years) and more likely to be Cauca-
sian (57% vs 31%) and male (87% vs 74%).

The majority of participants had experienced
CART-induced immune reconstitution based on
having ARV therapy at the time of their study visit
(82%), high current CD4 counts (median � 501
cells/mm3) compared to either much lower nadir
CD4 counts (median � 120 cells/mm3) or AIDS
diagnoses (70%), and median plasma HIV concen-
trations below the limit of detection (1.7 log copies/
mL). The average duration of known HIV infection
was 13 years.

Cognitive impairment (global rating �5) was
common (52/130 � 40%). When demographic and
clinical characteristics were compared between cog-
nitively impaired and unimpaired subjects (table 1),
impaired subjects were older (age 48.3 vs 44.9 years,
p � 0.02), had longer self-reported durations of HIV
infection (14.5 vs 12.0 years, p � 0.04), had larger
waist circumferences (WC) (99 vs 88 cm, p �
0.0005), and were more likely to have been diag-

nosed with diabetes mellitus (DM II) (15% vs 3%,
p � 0.007). Impaired and unimpaired participants
were similar in other demographics and HIV disease
indicators including current and nadir CD4 count,
plasma and CSF viral loads, and ARV exposure.

Levels of most metabolic variables were also simi-
lar for the 2 groups, but several were nonsignificantly
higher in the impaired group. DM II was self-
reported by 10 of 130 (8%) subjects. DM II patients
were more likely to be cognitively impaired than
nondiabetic patients (80% [8/10] vs 37% [44/120],
OR � 6.9, p � 0.01). Similarly, cognitive GDS were
higher in diabetic than nondiabetic patients (median
GDS � 0.60 vs 0.13, p � 0.0012). These differences
appear unrelated to CART because diabetic and non-
diabetic participants were similar for proportions on
antiretroviral therapy currently, time on their current
regimen, and class of CART drugs taken (data not
shown, p � 0.18 for all comparisons).

To examine the association between diabetes and
NCI further, we assessed 1,325 participants in the
entire CHARTER cohort who had self-reported dia-
betes and had no conditions that confounded their
cognitive assessment. In these participants, preva-
lence of NCI by global rating was similar in diabetic
and nondiabetic patients (55/115 [48%] vs 563/
1,210 [47%], p � 0.79). Because the effects of diabe-
tes on NCI had been demonstrated in older HIV-
infected patients in a prior study,12 we examined
effects of diabetes in patients aged �55 years (table
2). Prevalence of NCI was significantly higher in
these older HIV� diabetic patients as diagnosed by
GDS of �0.5 (11/21 [52%] vs 29/97 [30%], p �

0.05), but not when diagnosed by global ratings
(13/21 [62%] vs 43/97 [44%], p � 0.14). Thus, if
diabetes contributes to NCI, it may do so only in
older patients.

Multivariate logistic regression analysis was per-
formed using the 90 substudy participants with com-
plete data for 17 of the 26 variables that are marked
with superscript b in table 1. As the measure of obe-
sity in our first model, we used BMI instead of WC

Table 2 Relationship of diabetes and NCI (by GDS and global rating) in the CHARTER cohort and in those
aged 55� (excluding cognitively impaired group)

CHARTER cohort (n � 1,325) Age >55 y (n � 118)

Diabetic
(n � 115)

Nondiabetic
(n � 1,210) p Valuea

Diabetic
(n � 21)

Nondiabetic
(n � 97) p Valuea

GDS >0.5, n (%) 44 (38.3) 418 (34.6) 0.43 11 (52.4) 29 (29.9) 0.05

Global rating, n (%) 55 (47.8) 563 (46.5) 0.79 13 (61.9) 43 (44.3) 0.14

Abbreviations: CHARTER � CNS HIV Anti-Retroviral Therapy Effects Research; GDS � global deficit scores; NCI � neuro-
cognitive impairment.
a p Value from �2 or Fisher exact test.
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because only 55 subjects had WC measurements and
WC is highly correlated with BMI (r � 0.83). This
model which used AIC as a selection criterion con-
tained age (OR � 1.06/per year, p � 0.027) and
BMI (OR � 1.12/kg/m2, p � 0.039) as predictors of
NCI (table 3). Diabetes appeared to increase the
goodness of fit for the model, but its individual effect
did not reach statistical significance (p � 0.12).
However, the overall fit of this model based on the
AIC was better with diabetes included than in com-
peting models.

Finally, we examined WC in a second model of
NCI based on the 55 patients with measurements of
this and all other variables (table 4). BMI (OR �
0.69, p � 0.038) and WC (OR � 1.34 per cm, p �
0.001) both entered the model with the best good-
ness of fit along with diagnosis of AIDS (OR � 49.6,
p � 0.027), diabetes (OR � 17.6, p � 0.07), and
triglycerides (OR � 0.32, p � 0.09) (table 4). In this
model both BMI and triglycerides have ORs less
than 1.0 and thus appear protective rather than pre-
disposing, an unexpected finding. The C-statistic
(area under the curve of the receiver operating char-
acteristic curve) for this model (0.893) was greater
than that of the first model (0.722).

Reversal of the effect of BMI when WC enters the
model suggests that WC is the component of obesity
that is most correlated with NCI and that BMI may
correlate only because it is a marker of WC. As ex-
pected, BMI and WC were highly correlated (r �

0.83). The impaired group had larger WC than the
unimpaired group at any level of BMI, consistent
with findings from the multivariate models.

DISCUSSION This study examined multiple demo-
graphic, HIV-associated, and metabolic factors for
their effects on prevalence of NCI in HIV-infected
patients in care at 6 US academic centers. Age, dura-
tion of HIV infection, WC, and self-reported DM
were significantly associated with NCI in univariate
comparisons, but BMI was not. When BMI was the
only measure of obesity in a multivariate model,
higher BMIs were associated with NCI. However,
the best multivariate model for predicting NCI in-
cluded both WC and BMI. Greater WC and lower
BMI, as well as a diagnosis of AIDS or diabetes and
lower serum triglycerides, were significant predictors
of NCI. Thus, of the 2 measures of obesity, only
WC, a measure of central obesity and a risk factor for
insulin resistance and atherosclerosis,18 contributed
to NCI. The reversal of the effect of BMI on NCI
when WC is accounted for suggests that central
rather than generalized obesity conveys increased risk
factor for NCI. These findings suggest that selection
of CART that induces less central obesity might re-
duce the risk of HIV-associated brain damage and
cognitive impairment.

Studies of HIV-uninfected persons have revealed
complex, nonlinear relationships of obesity (BMI) to
cognitive functioning. For example, impairment was
more prevalent in persons with either lower or higher
than normal BMIs.19 In a study of 2606 Finnish
twins, BMI, cardiovascular disease, hypertension,
and diabetes in midlife were each associated with
cognitive impairment in old age when adjusted for
sex, education, birth year, and age at interview.20 In
contrast, higher BMI later in life appears to be associ-
ated with better cognitive function.21 This latter asso-
ciation could be related to “frailty,” a syndrome with
components of decreased body mass and impaired
cognition.

Recent studies have identified nonlinear effects
on cognition by central obesity as measured by WC
or waist to hip ratio (WHR).22–24 In a cross-sectional
study of 7,163 normal and overweight (BMI �

20.0–29.9 kg/m2) women aged 65 to 80 without
dementia, increased WHRs (�0.80) were associated
with greater risk of cognitive impairment than were
higher BMIs. BMI had the most pronounced associ-
ation with poorer cognitive functioning in women

Table 3 Multivariate regression model selected
based on AIC to model NCI as a
function of demographic, medical,
and metabolic predictors of interest
including BMI (n � 90)

Variable Odds ratio 95% CI p Value

Age, year 1.06 1.01, 1.12 0.027

Diabetes 6.08 0.61, 60.7 0.12

BMI, kg/m2 1.12 1.01, 1.24 0.039

Abbreviations: AIC � Akaike Information Criterion; BMI �

body mass index; CI � confidence interval; NCI � neurocog-
nitive impairment.

Table 4 Multivariate regression model selected
based on AIC to model NCI as a
function of demographic, medical,
and metabolic predictors of interest
including BMI and average mid waist
circumference (n � 55)

Variable
Odds
ratio 95% CI p Value

AIDS 49.57 2.26, 1089 0.013

Diabetes 17.6 0.76, 409 0.07

BMI, kg/m2 0.69 0.49, 0.98 0.038

Waist circumference, cm 1.34 1.13, 1.60 0.001

Triglycerides, mg/dL 0.32 0.09, 1.21 0.09

Abbreviations: AIC � Akaike Information Criterion; BMI �

body mass index; CI � confidence interval; NCI � neurocog-
nitive impairment.
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with less central obesity (WHR). In contrast, for
women with the highest WHR, cognitive scores ac-
tually increased with BMI, suggesting that more gen-
eral increased body mass was protective. This
observation is consistent with the protective effect of
high BMI that we found when WC was entered into
our second model.22,23

The mechanisms underlying these relationships
are unclear. Both white matter hyperintensities
(WMH) and decreased hippocampal volume have
been associated with central obesity. In healthy
middle-aged adults, visceral fat volume was associ-
ated with lower overall brain volume, but not with
volume of WMH, temporal horn volume (reflecting
hippocampal volume), or number of brain infarcts.25

Higher midlife body mass index was associated with
lower concentrations of N-acetylaspartate (NAA)
and choline (Ch) in the frontal white matter on MRI
spectroscopy, suggesting axonal and myelin injury.26

Thus, one or more of the multiple consequences of
obesity including systemic inflammation, diabetes,
insulin resistance, or adipose tissue– derived hor-
mones may mediate generalized or focal cerebral de-
generation that leads to cognitive dysfunction.

Self-reported diabetes was associated with NCI in
univariate analysis in our metabolic substudy group
and in patients older than 55 years within the larger
CHARTER cohort. In the younger HIV-infected
persons in the CHARTER cohort, the association
was not statistically significant. Diabetes entered
both of our models selected by the AIC method for
maximal predictive accuracy for NCI, but alone was
not a statistically significant contributor. Surpris-
ingly, several correlates of diabetes such as fasting
blood levels of glucose and insulin and insulin resis-
tance (HOMA-IR) were not significantly related to
NCI. Moreover, variables related to atherosclerosis
such as blood levels of high- and low-density choles-
terol and systolic and diastolic blood pressure were
also not significantly associated with NCI.

Likely mechanisms for the effect of diabetes on
risk of NCI are either direct damage to the brain
from hyperglycemia or increased risk for cerebral ath-
erosclerosis. The decades required for diabetes to
cause atherosclerosis could explain the why diabetes
increased risk only in older persons. Greater BMI
and WC predispose to insulin resistance and diabetes
and diabetes increases risk of cognitive impair-
ment.27,28 Another possible explanation is disruption
of the blood–brain barrier by HIV since HIV pro-
teins29 alter the tight junctions of the blood–brain
barrier, potentially increasing brain exposure to
higher levels of glucose or other damaging molecules.
While we found that CSF glucose levels were higher

in diabetic than nondiabetic patients, the difference
was not dramatic and seems unlikely to account for
the dysfunction. However, glucose levels in CSF may
not reflect those in the brain.

Diabetes has been associated in some imaging
studies with cerebral macrovascular and microvascu-
lar disease that damages the brain in a predominantly
subcortical pattern similar to the pattern of HIV
damage.30–32 Moreover, 2 recent studies have associ-
ated both risk factors for atherosclerosis (prior car-
diovascular disease, hypercholesterolemia, and
hypertension) or structural evidence for it (increased
carotid artery intima–media thickness) with cogni-
tive impairment in patients with HIV. Alternatively,
insulin resistance in the brain may attenuate the in-
tracerebral neuroprotective effects of insulin.33

This effect of diabetes on NCI is similar to, but
larger than, that reported by other studies of both
HIV-infected and HIV-uninfected adults.9,10,12,34–37

NCI has been correlated with abnormal glucose me-
tabolism, including diabetes and less severe abnor-
malities, in HIV-infected individuals.12

Limitations of the study include its cross-sectional
design, relatively small size and few diabetic patients,
and lack of an HIV-uninfected comparison group or
direct measures of body composition. Moreover, we
may have been underpowered to detect effects of
some metabolic variables because our substudy pop-
ulation was relatively young.38–40
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