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Abstract

Objective—We tested our hypothesis that abdominal obesity when associated with increased
levels of systemic and CNS immuno-inflammatory mediators contributes to neurocognitive
impairment (NCI).

Design—Cross-sectional
Setting—Six Academic Centers

Participants—152 patients with plasma HIVV RNA <1,000copies/ml had clinical evaluations and
cognitive function quantified by global deficit scores (GDS).

Outcome Measures—GDS, waist circumference (WC) and plasma IL-6, sSCD163, and sCD14
and CSF sCD40L, sTNFrll, MCP-1, sICAM, and MMP-9.
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Results—WC and plasma IL-6 levels positively correlated with GDS; the WC correlation was
strongest in the high tertile of 1L-6 (rh0=0.39, p=0.005). IL-6 correlated with GDS only if WC was
=299cm. In the high tertile of CSF sCD40L, a biomarker of macrophage and microglial activation,
the correlation of IL-6 to GDS was strongest (rho=0.60, p<0.0001). Across 3-5 visits within
+1year of the index visit, GDS remained worse in patients with IL-6 levels in the high-versus-low
tertile (p=0.02). Path analysis to explore potential mediators of NCI produced a strong, integrated
model for patients in the high CSF sCD40L tertile. In this model, WC affected GDS both directly
and via a second path that was mediated by IL-6. Inclusion of plasma sCD14 levels strengthened
the model. NCI was more common in men and for individuals with components of the metabolic
syndrome.

Conclusions—NC function was significantly linked to abdominal obesity, systemic
inflammation (high IL-6), and immune activation in plasma (high sCD14) and CSF (high
sCD40L). Abdominal obesity, inflammation, and CNS immune activation are potential therapeutic
targets for NCI in HIV+ patients.

Keywords

Abdominal obesity; HIV Associated Neurocognitive Disorder; Inflammation and immune
activation; Global deficit score; SCD40L; sCD14

INTRODUCTION

HIV-associated neurocognitive disorder (HAND) remains an important complication in the
current antiretroviral therapy era, occurring in up to 50% of persons with HIV, although
most cases are mild or asymptomatic 12. The prevalence, incidence and severity of HAND
may increase as the HIV population ages 3. Even patients who have asymptomatic
neurocognitive impairment (ANI), the mildest and most common form of HAND, progress
to symptomatic HAND more rapidly than patients without HAND 4. The mechanisms for
persistence and progression of HAND despite good suppression of HIV replication with
anti-retroviral therapy (ART) remain uncertain °.

We recently reported that the severity of neurocognitive impairment (NCI) in HIV infected
(HIV+) patients was correlated with waist circumference € suggesting that abdominal
obesity may be contributing to HAND. In HIV uninfected (HIV-) populations, a growing
body of literature provides compelling evidence of the relationship of abdominal obesity and
other components of the metabolic syndrome (MetS) to the increased risk of future NCI and
severity of existing NCI 7-9. The impact of obesity and related cardiometabolic disorders on
NCI in HIV+ and HIV- persons will become increasingly important since nearly 70% of
Americans (~200 million) are obese or overweight 10 and the prevalence of pre-diabetes has
nearly doubled in recent years 11. Already abdominal obesity and cardiometabolic risk
factors, including components of MetS, are also highly prevalent in HIV+ patients 12-14,
although the complete MetS is not as prevalent as expected in some HIV populations 4. We
postulated that the contribution of abdominal obesity, a central component of MetS, to
cognitive impairment may be substantive in HIV infection because of the high background
of chronic inflammation in these patients. Indeed, in observational studies of HIV negative
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persons, the risk of NCI in obese patients is invariably associated with systemic
inflammation 15-18,

We hypothesized that in HIV+ patients, systemic and central nervous system (CNS)
inflammation and immune activation link abdominal obesity to NCI. In support of this
hypothesis, when adipocytes accumulate excessive amounts of lipid, pro-inflammatory
macrophages infiltrate adipose tissue and secrete pro-inflammatory cytokines (e.g. I1L-6,
TNFa), reactive oxygen species, and chemokines (MCP-1) 19-21, These mediators may enter
the systemic circulation 2122, increasing systemic inflammation and immune activation (e.g.
elevations in sCD163) reflecting monocyte activation 2324, Immune activation may also be
due to intestinal translocation of microbial products including lipopolysaccharide 2526 as
reflected by increases in sSCD14 2627 that can further enhance adipose tissue inflammation
via TLR signaling 21:28.29, We further postulate that these effects are super-imposed on
chronic inflammation and immune activation from HIV that persists even when HIV
infection is well-controlled 26:30,

We examined the relationship of measures of abdominal obesity to neurocognition and to
immuno-inflammatory mediators obtained at a single study visit. Mediators included
markers of systemic inflammation (IL-6) and immune activation (SCD163 and sCD14) and
CSF biomarkers, including sTNFrll (inflammation), SICAM (vascular damage), MMP-9
(basement membrane remodeling), MCP-1 (monocyte chemotaxis) and sCD40L (CNS
immune activation). We also explored the possibility that cardiometabolic variables
associated with obesity such as blood pressure, plasma lipids, insulin resistance, and
adiponectin levels enhance risks for NCI.

METHODS

Patient Selection and Characterization

Study subjects provided written informed consent approved by the local institutional review
board of the participating institutions. Participants in the CNS HIV Antiretroviral Therapy
Effects Research (CHARTER) study 1 were selected for this analysis (n=152) if they had all
of the following: a) stored samples of plasma and CSF, b) plasma HIV RNA
<1000copies/ml, c) comprehensive neuropsychological assessment, and d) no conditions
such as developmental delay, head trauma, or prolonged substance abuse that would
confound assessment of their cognitive performance. All participants in the CHARTER
cohort were included if they met all four entry criteria. For persons with multiple qualifying
visits, data from the first visit was used as the index visit for this substudy. This CHARTER
sample overlapped that of our prior metabolic substudy (N=130) by 42% 6.

Mid waist circumference was measured in triplicate by a standardized anthropometric
protocol used across the CHARTER study sites. Blood and CSF were collected at the index
visit after an overnight fast and processed for clinical laboratory tests, T-lymphocyte
subsets, and HIV RNA (Roche Amplicor; lower limit of quantitation 50 copies/mL) and
additional aliquots were stored at -80C until assayed.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2016 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

SATTLER etal.

Page 4

Neurocognitive Assessment

A senior neuropsychologist (RH) used guidelines from a consensus panel along with all
available historical and testing data to rate cognitive co-morbidity in participants from all six
CHARTER sites 1. A standardized battery of 12 neuropsychological tests that assess
cognitive domains commonly affected by HIV was administered to all participants (average
time = 2-2.5 hours) and scored by centrally-certified research psychometrists. The
component tests in this battery have been described previously 1. To adjust for age,
education, and race/ethnicity, raw test scores were converted to demographically-corrected
deficit scores using published methods and best available normative data 31.

Global deficit scores (GDS), ranging from 0-5, are calculated by averaging the individual
deficit scores from each test. Higher scores indicate poorer cognitive functioning. A GDS-
based diagnosis of NCI requires an average score for all tests of =20.50, which indicates
mildly impaired performance on at least half of the tests 32. Neurocognitive impairment was
also evaluated by the Clinical Rating (CR) score 31 in this cohort. The correlations of the
independent variables to GDS and the CR scores were similar but generally stronger with
GDS. We elected to report our results as GDS, the more objective measure of cognitive
impairment.

Biomarker Measurements

Plasma and CSF specimens stored at -80C were thawed once and tested using commercially
available immunoassays according to manufacturers’ protocols. Four biomarkers (high
sensitivity 1L-6, soluble CD14, soluble CD163, soluble CD40L) were measured by
traditional, plate-based enzyme-linked immunosorbent assays (Quantikine; R&D Systems,
Minneapolis, MN USA). The other four biomarkers (MCP-1, sTNFr-Il, sSICAM-1, MMP-9)
were assayed using individual single-plex bead-based immunoassays (EMD Millipore,
Billerica, MA). Plasma samples were tested for hs-1L-6, sSCD14 and sCD163; CSF samples
were tested for sSCD40L, MCP-1, sTNFr-11, SICAM-1, and MMP-9. Precision was ensured
by assaying specimens in duplicate and repeating the assays for samples with coefficients of
variation greater than 20% or outliers that were more than three standard deviations from the
mean levels of each biomarker.

Fasting glucose, insulin and adiponectin levels in plasma were assayed using an automated
chemiluminescent analyzer (Immulite 1000, Siemens Healthcare Diagnostics, Deerfield,

IL) 33. Plasma for lipopolysaccharide (LPS) was quantified using the Endpoint Chromogenic
LAL assay (Lonza, Basel, Switzerland) 34.

Statistical Analysis

Characteristics of the study cohort at the index visit are presented as median with first and
third quartile for continuous variables. Frequencies and percentages were reported for binary
or categorical variables. The primary cross-sectional analyses used biomarker measures at
the index visit. A correlation matrix was used to assess associations among waist
circumference , cognition (GDS) and index visit biomarkers levels. To examine the possible
non-linear effects of biomarkers on the relationships between cognition (GDS) with
abdominal obesity and inflammation (IL-6), the cohort was then divided into sub-groups
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defined by high or low tertile of plasma and CSF biomarkers. Pearson's correlation and
linear regression were used to analyze the relationships of waist circumference and
biomarkers to GDS. Estimated correlation coefficients and regression slopes were compared
between high versus low tertile subgroup for each biomarker.

Because GDS had been measured every 6 months in CHARTER participants, we
investigated effects of high versus low IL-6 from the index visit relative to changes in GDS
at 6 and 12 months before and after the index visits. To account for each participant having
multiple GDS scores, repeated measure analysis was adopted to examine trajectories of GDS
over multiple visits between high versus low IL-6 tertile subgroups. Within each gender,
participants were also divided into abdominally obese and non-obese subgroups using
metabolic syndrome criteria (waist circumference of =88cm for women and =102cm for
men) 35, Prevalence of NCI, components of metabolic syndrome, and plasma adiponectin
were compared between obese versus non-obese subgroup within each gender by Wilcoxon
signed rank test or T-test if data was normally distributed. The differences between female
obese and male obese participants were evaluated using the Wilcoxon test.

Path analysis was used to identify statistically acceptable models describing the data 36.
Assuming linear relationships, several linear path models were fitted by analyzing the
covariance matrices. The goodness of fit (GOF) of the overall model was assessed using the
chi-square test. Two other GOF indices, the non-normed fit index 37 and the comparative fit
index (CFI), were also examined (Bentler, PM in BMDP Software [1989], Los Angeles,
California). Models were further investigated if the GOF p-value was >0.1, and both NNFI
and CFI were >0.90, suggesting that the model fits the data well since higher p values
indicate better performance in path analysis.

RESULTS

Patient Characteristics

The 152 participants averaged almost 50 years of age, were 85% male and about half were
White. They had been receiving ART for an average of nearly 15 years (Table 1). Although
their self-reported nadir CD4+ T-cells was 117cells/mm3, the majority had achieved
excellent immune recovery with current CD4+ T-cell counts of over 500cells/mm3. Eighty
two percent had undetectable plasma HIVV RNA and 93% of patients had no detectable HIV
in their CSF. Their cardiometabolic characteristics including systolic blood pressure, fasting
plasma lipids and glycemic control were generally good and none had prior myocardial
infarction or stroke (data not shown). Their neurocognitive function varied from normal to
moderately impaired. Twenty eight percent had NCI (GDS =0.5).

Abdominal Obesity and Neurocognitive Function

Waist circumference varied widely (70-136 cm) and correlated with GDS across the entire
cohort (rho=0.26, p=0.001; Figure 1a). Moreover, GDS was significantly greater for patients
defined as abdominally obese (n=51) according to criteria for metabolic syndrome, than for
non-obese patients (0.29 compared to 0.14, p=0.04; Table 1). Further, 43% of these
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abdominally obese patients versus only 21% of non-obese patients met criteria for global
NCI (odds ratio=2.89, p=0.004).

Effects of Immuno-inflammatory Markers on GDS

Appendix Table 1 summarizes the correlations of between biomarkers, waist circumference
and GDS. For the entire group, only plasma IL-6 correlated significantly with GDS
(rho=0.18, p=0.003, Figure 1b); however, this correlation was limited to patients with waist
circumference =99cm (rho=0.33, p=0.02). To understand how the biomarkers of immune
activation and inflammation might affect the relationship of GDS to waist circumference or
IL-6, each biomarker was divided into tertiles. Pearson correlations of GDS to waist
circumference or IL-6 were compared between the high and low tertiles for each biomarker
(Appendix Table 2). For waist circumference, the subgroups with the high tertile of each
biomarker had larger correlation coefficients than the low subgroups for all of the
biomarkers except for MCP-1. However, the difference between the high and low tertiles
was statistically significant only for IL-6 (p=0.03). In the high tertile of IL-6, waist
circumference correlated with GDS (rho=0.39, p=0.005), which is a stronger correlation
than for the entire cohort of 152 patients (rho=0.26; Figure 1c compared to Figure 1a); if the
28 patients with detectable plasma viral loads were excluded (remaining n=124), the
respective correlation coefficients were rho=0.42 (p=0.006) and rho-0.36 (p=0.02)—data not
shown.

We assessed the relationship of IL-6 to GDS in the subgroups composed of patients in the
high and low tertiles of other markers (Appendix Table 2). Patients in the high tertile of CSF
sCD40L, had the strongest correlation of IL-6 to GDS (rho=0.60, p<0.0001; Figure 1b
compared to Figure 1d). This was a substantially greater correlation than in the entire cohort
(rho=0.18). In contrast, in patients in the lowest tertile of SCD40L, IL-6 levels were
unrelated to GDS (rho=0.01, p=0.93). The correlations of IL-6 to GDS in the high versus
low tertile for other biomarkers did not differ (Appendix Table 2).

Path Analysis and Models

We conducted path analysis to further investigate the relationships of waist circumference
and IL-6 to GDS and the interaction of these relationships with levels of other biomarkers.
The model that best fit the data was for patients who had CSF sCD40L in the high tertile
(goodness of fit p=0.82, Chi-square of 0.41 with two degrees of freedom, Figure 2). In path
analysis, larger p values indicate a better fit of the model to the data. In this model, waist
circumference was a direct predictor of GDS, and also involved a second pathway in which
IL-6 mediated the effects of waist circumference on GDS. Inclusion of SCD14 as an
interaction term with waist circumference increased the model's goodness of fit from p=0.55
to p=0.82. Inclusion of other biomarkers or cardiometabolic variables (e.g. blood pressure,
lipids, insulin sensitivity, and adiponectin) as predictors, mediators or interaction terms did
not further improve the goodness of fit.

Effects of Gender and Metabolic Syndrome Components on GDS

We investigated the effects of metabolic syndrome components and gender on the
relationship of waist circumference to GDS. In the 23 women in our cohort, GDS was higher
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in abdominally obese than in non-obese women (p=0.05 by t-test; Table 2). Likewise, GDS
was higher in obese than non-obese men (p=0.01). Almost half (49%) of obese men had NCI
compared to 22% of non-obese men (p=0.04). GDS in obese men was two-fold higher than
in obese women, but the number of obese women was relatively small (N=16) and the
difference between genders did not reach statistical significance (p=0.08). For the obese
men, components of metabolic syndrome (systolic blood pressure, HDL-C, fasting
triglycerides, insulin resistance by HOMA-IR) and plasma adiponectin were significantly
worse than for obese women (Table 2).

Potential Confounding by Other Inflammatory Conditions

We examined whether other inflammatory conditions affected GDS. In this subgroup of the
CHARTER cohort, Hepatitis C virus (HCV) seropositivity, lifetime intravenous drug use,
lifetime cigarette smoking, and alcohol use 38 were similar in persons with and without NCI
(data not shown). Inclusion of these parameters into the path analysis did not strengthen and
actually weakened the model (data not shown).

Effects of Systemic Inflammation on GDS over Time

Of the 152 participants, 144 had at least three visits 6 months apart within £ 12 months of
the index visit. The average difference in GDS was 0.22 in the high versus low tertiles of
IL-6 (p=0.02) and the difference was stable over time (Figure 3).

DISCUSSION

In this subgroup of the CHARTER cohort, we confirmed our earlier finding that waist
circumference correlated with neurocognitive function as measured by GDS 6. In the current
study, waist circumference was correlated with GDS only in abdominally obese patients.
Indeed, the odds ratio for NCI in obese subjects was nearly three times greater than in non-
obese patients. We found that the correlation of waist circumference to GDS was
substantially greater in patients with the highest plasma levels of IL-6 (rho=0.39) compared
to the entire cohort of 152 patients (rho=0.26). In addition, systemic IL-6 was correlated
strongly with GDS in the high tertile of CSF sCD40L (rho=0.60). A model generated by
path analysis confirmed these findings and indicated that increasing waist circumference
was directly predictive of abnormalities in GDS and by a separate path in which IL-6
mediated the effects of waist circumference on GDS. The model was strongest in the group
with highest levels of CSF sCD40L, a marker of microglial and CNS macrophage activation,
and when plasma sCD14, was included as an interaction term with waist circumference. In
addition to these cross-sectional findings, patients in the highest IL-6 tertile at their index
visit had higher GDS than those in the lowest IL-6 tertile and the difference was stable over
one-to-two years.

Waist circumference and IL-6 were most strongly linked to NCI for patients with the highest
levels of CSF sCD40L, the soluble form of the transmembrane glycoprotein ligand that
binds CD40. The severity of NCI in HAND is related to the number of activated microglia,
which express the CD40 transmembrane protein. Similarly, microglia bearing primarily the
CDA40 epitope occur with other neurodegenerative disorders including Alzheimer's, multiple
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sclerosis and Parkinson's disease 3°. In HIV, CD40 signaling in microglia synergize with the
effects of HIV Tat further enhancing CNS inflammation and contributing to dementia 4°.
Blood sCD40L or CD40L bearing T and B lymphocytes entering the CNS may bind to and
activate CD40 bearing microglia to secrete pro-inflammatory mediators (TNFa, IFNYy, nitric
oxide, and other neurotoxins) important in neurodegeneration. Further, endothelial cells in
the brain avidly bind sCD40L 4142 which could contribute to inflammation and leakage of
SCDA40L from the neurovascular unit into CSF 4345, Finally, plasma and CSF levels of
sCD40L have been correlated with NCI in patients with HIV and may remain elevated and
are often unaffected by cART 40, However, we did not measure SCD40L in plasma. It is thus
possible that SCD40L in the CSF originated in part from CDA40 bearing inflammatory
macrophages in abdominal adipose tissue 4647 or platelet aggregation (a rich source of the
ligand) elsewhere 48. Defining the source of SCD40L will be important in unraveling the
mechanism linking obesity and NCI in HIVV+ and possibly in HIV- populations.

Inclusion of sCD14 improved our path model, suggesting that it may contribute to
neurocognitive impairment. sCD14 reflects systemic immune activation resulting from
intestinal translocation of bacterial products including lipopolysaccharide (LPS). We were
unable to correlate levels of LPS with sSCD14 or GDS, but that may be due to widely
acknowledged technical difficulties with the LPS assay. Regardless, adipocytes and
microglia have toll-like receptors and in conjunction with CD14 avidly bind the TLR-4
ligand LPS, which leads to their activation and outpouring of pro-inflammatory mediators
leading to adipose tissue inflammation 28:2% and neuro- inflammation 49-52, Moreover,
elevated plasma sCD14 has been associated with HIV dementia 23. Our model is consistent
with the postulate that intestinal translocation of microbial products promotes inflammation
and immune activation and may be important in the pathogenesis of neurocognitive
impairment.

When abdominal obesity was analyzed by sex-specific waist circumference criteria that
define obesity for the metabolic syndrome (MetS) 35, the association of waist circumference
on cognitive function was greater in men than women. Specifically, abdominally obese men
(waist circumference =102cm) had double the GDS and 50% more of them met criteria for
NCI than abdominally obese women (waist circumference =88). However, the number of
women was relatively small and the prevalence of abdominal obesity was very high in
women (70%), raising concern about the validity of these gender differences.

Components of the MetS (systolic blood pressure, HDL-C, fasting triglycerides and insulin
resistance) and low adiponectin were significantly worse in obese than non-obese men.
Thus, in obese HIV+ patients, components of MetS could increase risks for NCI °* as
demonstrated in non-infected populations 15-18:55. They may also mediate the effects of
waist circumference on NCI, despite the fact that their individual inclusion in the path
analysis did not improve the goodness of fit of the data to the model.

This study had several limitations. First, its design was primarily cross-sectional except for
the measurement of change in cognitive impairment (GDS) over time. Thus, we can only
speculate that there might be a causal relationship of obesity, inflammation, and immune
activation to NCI, but the observed correlations support our a priori hypotheses. Based on
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our entry criteria of HIV viral load of <1000 copies/ml, availability of waist circumference,
and stored samples of both plasma and CSF, too few subjects satisfied all of the
requirements over time to evaluate whether our observed immunologic correlations with
NCI were truly causative. Second, without abdominal adipose tissue biopsies, we cannot be
certain that systemic IL-6 levels were primarily from inflamed abdominal fat. Other
unidentified sources of inflammation (e.g. toxins, subclinical infections, or from mediators
emanating from gut associated lymphoid tissue) may have contributed to elevations in
plasma IL-6. These other sources of inflammation should be evaluated in larger, prospective,
longitudinal studies to assess their contribution and relationship to NCI. Third, we did not
measure sCD40L in plasma and thus its origin in CSF is uncertain. Fourth, the lack of
relationship of GDS to other CSF inflammatory biomarkers was surprising but consistent
with differences reported in prior studies °6. We suspect that this variability may relate to
differences in study populations, concurrent cardiometabolic variables, neurocognitive test
instruments, or laboratory methods (multiplex versus single platform assays).

Currently, cART is the only established treatment for HAND and appears to leave many
patients with persisting NCI. Our study suggests several possible therapeutic strategies that
should be evaluated to prevent or treat HAND, namely by reducing abdominal obesity
and/or systemic and CNS inflammation/immune activation. For example, life style
interventions of diet and exercise can reduce obesity. If those are unsuccessful, tesamorelin,
a growth hormone releasing hormone (GHRH) analogue that selectively reduces abdominal
VAT, has improved neurocognition in HIV-uninfected participants ®/. Another option
includes anti-inflammatory drugs that are being studied in HIV+ patients and could be
evaluated for their effects on NC performance. Finally, because of the association of insulin
resistance with NCI in obese HIV+ patients as suggested by our data and other

studies 545860 insulin-sensitizing therapies offer another option to improve cognition.
Thus, in HIV+ patients with abdominal obesity, a number of strategies for treatment and
prevention of NCI could be evaluated along with studies to define the underlying
mechanisms of their effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure shows relationship of global deficit scores (GDS) to waist circumference (left panels)
and logyg IL-6 levels (right panels). Data is for the entire study population (Fig 1a and 1b)
and for the highest tertiles of 1L-6 (Fig 1c) and of SCD40L (Fig 1d). Correlations of GDS
with either WC or IL-6 were stronger in those patients with the highest tertiles of IL-6 and

of sCD40L.
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Figure 2.
Figure depicts the model derived from path analysis and regression coefficients linking

waist circumference (WC) to global deficit scores (GDS) in patients with high CSF levels of
sCD40L. Solid lines represent regression coefficients each with p<0.05 and arrows show the
direction of the relationship. For sCD14, p=0.07 and is an interaction term with waist
circumference (WC). The Path analysis generated the following relationship:

1. Log (IL-6)=0.011*WC: 10cm increase in WC => 12% increase in IL-6
(exp[0.011*10]=1.116=111.6%)

2. WC = 0.006*sCD14 (in 1000): 100,000 increase in sCD14 => 0.6cm increase in WC

3. Sgrt (GDS) = 0.005*WC + 0.28*log(IL-6).

In the top pathway, WC is a predictor of GDS and its effects are mediated by IL-6. In the
lower pathway, WC is direct predictor of GDS. In Path analysis, higher P values reflect
better fit of data to the model and, thus, this is a strong model since p=0.82.
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Figure 3.

Figure shows change in Global Deficit Score (GDS) Over Time in High and Low IL-6
tertiles. Pre-2 and Pre-1 are CHARTER visits at -12 and -6 months before the index visit,
respectively. Post-1 and Post-2 are visits 6 and 12 months, respectively, after the index visit
when IL-6 was measured. The lines with boxes are GDS values for subjects with IL-6 in
high tertile and line with diamonds are for subjects in low IL-6 tertile. The average
difference in GDS over time between the two groups is 0.22 (p=0.02).
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Patient Characteristics at the Index Visit

Table 1

Total Cohort (N=152)  Non-obese (N=101) Obese** (N=51) P value
Age, years 49 (22, 69) * 50 (22, 68) 49 (31, 69) 0.82
Gender, Male (%) 129 (85%) 94 (94%) 35 (69%) <0.0001
Education, years 13 (7, 20) 13(7,18) 13 (9, 20) 0.43
Ethnicity/Race
White (%) 79 (52%) 53 (52%) 26 (51%) 0.86
Hispanic (%) 22 (14%) 12 (12%) 10 (20%) 0.20
African American (%) 48 (32%) 35 (35%) 13 (25%) 0.25
Comorbid Conditions
Tobacco exposure ever (%) 120 (79%) * 78 (77%) 42 (82%) 0.47
1V drug use ever (%) 38 (25%) 39 (29%) 9 (18%) 0.14
Alcohol exposure 4.0(2.7,7.6) 4.0(25,7.3) 4.2(29,7.6) 0.67
HCV antibody positive 42 (26%) 28 (26%) 14 (25%) 0.92
Body mass index kg/m? 25.4(17.3,41.1) 23.6 (17.3,31.1) 30.9 (22.0,41.1) N/A
WC for men, cm 94 (71, 140) 90 (71, 101) 108 (102, 140) N/A
WC for women, cm 94 (75, 133) 78 (75, 85) 96 (88, 133) N/A
Diagnosis of diabetes (%) 15 (10%) 9 (9%) 6 (12%) 0.58
HIV Disease Status
AIDS CDC diagnosis 114 (75%) 78 (77%) 36 (71%) 0.37

Duration of HIV, years
Current CD43, cells/mm?3
Nadir CD43, cells/mm3
Plasma VL, c¢/mL (log;o)
Plasma VL, undetectable
CSF VL, ¢/mL (logyq)

CSF VL detectable (%)
Currently on ARV (%)
Duration of current ARV mo.
Neurocognitive Impairment
Global deficit score (GDS)
No. with HAND (%)

14.9 (1.5, 29.5)
549 (65, 3199)
117 (0, 816)
1.7 (1.6, 3.0)
124 (82%)
1.7 (1.6, 3.5)
10 (7%)
151 (99%)
26 (13-42)

0.21 (0.00, 2.36)
43 (28%)

15.5 (2.7, 28.6)
504 (65, 1869)
101 (0, 816)
1.7 (1.6, 3.0)
80 (79%)
1.7 (1.6,3.5)
8 (8%)
100 (99%)
26 (15, 42)

0.14 (0.00, 2.36)
21 (21%)

145(15,295) 043
612 (75, 3199) 0.04

155 (0, 369) 057
1.6 (1.6, 2.6) 0.03
44 (86%) 0.29
1.6 (1.6, 2.5) 0.04
2 (4%) 0.35
51 (100%) 0.66
26 (12, 42) 0.79

0.29(0.00,1.93)  0.04
22 (43%) 0.004

Fk

*
Median (first and third quartiles) or frequency (percentage)

Waist circumference =88cm for women and =102cm for men
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