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Background. Human immunodeficiency virus (HIV)-associated neurocognitive disorders (HAND) can show
variable clinical trajectories. Previous longitudinal studies of HAND typically have been brief, did not use adequate
normative standards, or were conducted in the context of a clinical trial, thereby limiting our understanding of
incident neurocognitive (NC) decline and recovery.

Methods. We investigated the incidence and predictors of NC change over 16–72 (mean, 35) months in 436
HIV-infected participants in the CNS HIVAnti-Retroviral Therapy Effects Research cohort. Comprehensive labo-
ratory, neuromedical, and NC assessments were obtained every 6 months. Published, regression-based norms for NC
change were used to generate overall change status (decline vs stable vs improved) at each study visit. Survival anal-
ysis was used to examine the predictors of time to NC change.

Results. Ninety-nine participants (22.7%) declined, 265 (60.8%) remained stable, and 72 (16.5%) improved. In
multivariable analyses, predictors of NC improvements or declines included time-dependent treatment status and
indicators of disease severity (current hematocrit, albumin, total protein, aspartate aminotransferase), and baseline
demographics and estimated premorbid intelligence quotient, non-HIV-related comorbidities, current depressive
symptoms, and lifetime psychiatric diagnoses (overall model P < .0001).

Conclusions. NC change is common in HIV infection and appears to be driven by a complex set of risk factors
involving HIV disease, its treatment, and comorbid conditions.
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Availability of combination antiretroviral therapy
(cART) has substantially improved medical morbidity
and life expectancy in human immunodeficiency virus

(HIV)-infected (HIV+) individuals. Nevertheless, HIV-
associated neurocognitive disorders (HAND) remain
common [1–3].Although the prevalence of the most se-
vere form of HAND, HIV-associated dementia, has de-
clined since the introduction of cART, milder forms of
HAND persist and may be more prevalent in “earlier”
disease stages that are maintained much longer than in
the pre-cART era [2, 4, 5]. Recent reviews suggest mod-
est neurocognitive (NC) improvement in HIV+ groups
after beginning cART [6–8], but little is known about
the incidence and predictors of NC change over time.

So far only 1 study has used formal NC “norms for
change” to classify significant NC improvement or
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decline in individual participants [9]. One hundred ninety-two
HIV+ and 101 HIV-uninfected (HIV–) Chinese former plasma
donors were followed for 1 year, and results of the HIV– group
were used to develop regression-based norms for change that
adjusted for known factors that may affect follow-up results of
medically stable people (eg, baseline level of performance, nor-
mal variability, and practice effects). Twenty-seven percent of
the HIV+ group evidenced NC decline over 1 year; this change
was predicted by baseline AIDS and lower CD4, and at follow-
up was associated with lack of viral suppression on cART and
lower current CD4.

Here we present the longitudinal CNS HIV Anti-Retroviral
Therapy Effects Research (CHARTER) findings, including
both baseline and time-dependent predictors of NC change.
We used recently published regression-based norms for NC
change, developed with a large US sample that was adminis-
tered the CHARTER test battery over multiple visits [10].

METHODS

Subjects
Four hundred thirty-six CHARTER participants who under-
went 4–7 study visits (16–72 months of follow-up; mean, 35
months) were identified from the longitudinal cohort
(n = 699). This group had a total of 2680 visits, and its demo-
graphic, HIV disease, and treatment characteristics at baseline
are summarized in Table 1.

Procedures
At all study visits, subjects completed a venipuncture, neuromed-
ical assessment, comprehensive NC testing, detailed substance
use history, a fully structured psychiatric interview for lifetime
and current (30-day) diagnoses of major depression and alcohol
and other psychoactive substance use disorders, and a measure of
mood symptoms in the previous 14 days. At visits where the par-
ticipant consented (n = 2408), lumbar puncture was performed.
Details of the CHARTER assessments, including assessment of
comorbidities, are provided in prior publications [1, 2]. All pro-
cedures were approved by the human subjects protection com-
mittees of each participating institution. Written informed
consent was obtained from all study participants.

Determination of Overall NC Change
To determine NC change, we generated a z score for each of 15
neuropsychological variables based on published normative data
[10]. These z scores reflect how well or poorly the person per-
formed at follow-up, relative to normal expectation for someone
with the same baseline NC and other relevant characteristics (eg,
age, education). The z scores were then averaged to provide a
summary regression change score (sRCS). The top 5% of the
sRCS distribution of the normative sample defined the “improve”

range and the bottom 5% defined the “decline” range [10]. The
remaining middle 90% was defined as “stable.” NC change status
from baseline was generated for each follow-up visit. The individ-
ual visit change status for each participant was then merged into
an overall change status: (1) decline: if a participant had at least 1
“decline” status and no “improve” status across visits; (2) im-
prove: if a participant had at least 1 “improve” status and no “de-
cline” status; (3) stable: if a participant had no “decline” or
“improve”NC change status (all visits “stable”). Two participants
out of an original cohort of 438 met criteria for both “improve”
and “decline” during the follow-up period (at different visits) and
were thus excluded from analyses.

The published normative standards for detecting NC change
were derived from 172 HIV– controls and 124 HIV+ individuals
who were selected based on strict criteria for clinical stability
[10]. This provided a broader range of baseline NC perfor-
mance in the total normative sample. The sRCS results were vir-
tually identical for the HIV– and stable HIV+ subgroups (means
across visits in z score units were 0.00 [standard deviation (SD),
0.32] for HIV+ and 0.01 [SD, 0.34] for HIV−; P = .93).

Table 1. Baseline Demographic, HIV Disease, and Treatment
Characteristics of CHARTER Sample With 4–7 Study Visits (n = 436)

Characteristic
Mean (SD), Median

(IQR), or %

Age, y, mean (SD) 43.9 (8.4)
Education, y, mean (SD) 12.9 (2.5)

Sex, male 80%

Race/ethnicity
Non-Hispanic white 43%

Non-Hispanic black 44%

Hispanic 11%
Other 2%

Comorbidity status

Incidental 59%
Contributing 29%

Confounding 12%

AIDS 60%
Nadir CD4 count, cells/µL, median (IQR) 184 (49–320)

Current CD4 count, cells/µL, median (IQR) 459 (289–644)

Currently on cART 70%
Duration current regimen, mo, mean (SD) 18.0 (21.2)

Prior cART only 12%

ART naive 18%
Undetectable HIV in plasma (n = 436) 41% (58% if on ART)

Undetectable HIV in CSF (n = 395) 66% (85% if on ART)

Neurocognitive impairment 46%

Abbreviations: ART, antiretroviral therapy; cART, combination antiretroviral
therapy; CHARTER, CNS HIV Anti-Retroviral Therapy Effects Research; CNS,
central nervous system; CSF, cerebrospinal fluid; HIV, human immunodefi-
ciency virus; IQR, interquartile range; SD, standard deviation.
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Statistical Methods
Participants classified by overall change status were compared
on baseline characteristics using analysis of variance and
Tukey honestly significant difference tests or χ2 tests. No
other adjustments for multiple testing were applied. Initially,
potential time-varying and static predictors of the first time
when any NC change occurred were screened individually
using Cox proportional hazards modeling. Variables univari-
ably significant at a liberal 10% level were then combined into
a Cox time-dependent multivariable model, and backward
elimination with a minimal Akaike information criterion
(AIC) was used to reduce the model. Because the resultant
model was based only on visits having nonmissing data for
all variables in the initial full model, the AIC-based modeling
was repeated on reduced models, thus allowing inclusion
of more visits. The procedure continued until no further
variable reduction occurred. This method identifies a concise
combination of predictors based on maximal available
data and after eliminating variables that fail to contribute to a
better fit if included in the model. The procedure includes var-
iables contributing important information without regard to P
values.

RESULTS

Over the total follow-up period, 99 participants (22.7%) were de-
fined as NC “decliners,” 72 (16.5%) were “improvers,” and 265
(60.8%) were “stable” (Supplementary Digital Data Figure 1).

Decliners had a mean sRCS (z score units) of −0.52 com-
pared with −0.01 for stable participants and 0.42 for improvers
(P < .001); these mean z score differences approximate medium
effect sizes. At the last visit, 61% of decliners were NC impaired,
compared with 37% of the stable participants and 24% of the
improvers (decline > stable > improve; P < .0001). Of the 99
decliners, 66 (66.7%) met criteria for symptomatic NC impair-
ment (impairment with documented functional decline [1])
during their follow-up. This contrasts with 37.5% with sympto-
matic impairment for the improvers and 40.4% for stable par-
ticipants (χ2df = 2 = 22.5, P < .0001). Figure 1 shows the 3 groups’
mean changes in average, demographically corrected NC stan-
dard scores (T scores) from baseline to last visit. This demon-
strates that, even though the visit where a change occurred
usually was well before visit 7 (62% were before visit 4), the
groups evidence very different trajectories across the entire fol-
low-up period: Although NC performance was quite compara-
ble at baseline, the 3 groups were very different at the final visit
(F = 42.98; P < .0001). Importantly, however, although individ-
uals within the total CHARTER group showed variable NC tra-
jectories, the overall prevalence of HAND did not increase:
45.9% had NC impairment at baseline and 40.1% were impaired
at their final visit.

Baseline Predictors of NC Change
Although decliners, improvers, and stable participants did not
differ on most baseline demographics, disease, or treatment var-
iables, there were a few differences (Table 2). Decliners were
more likely than improvers to be female, Hispanic, and to
have detectable virus in plasma and cerebrospinal fluid (CSF)
(overall, and if on antiretroviral therapy [ART]); in all of
these respects, the stable group was intermediate between de-
cliners and improvers. Although decliners tended to have
more severe non-HIV comorbidities than both other groups,
the comparison was statistically significant only vs the stable
group for confounding conditions.

Stability of Viral Suppression and NC Change
We classified participants as being “always undetectable” (plas-
ma HIV RNA at all visits ≤50 copies/mL), “always detectable”
(plasma HIV RNA at all visits >50 copies/mL), and “sometimes
detectable” (plasma HIV RNA at least 1 visit ≤50 copies/mL,
and at least 1 visit >50 copies/mL). We then compared these
groups on their average sRCS across all visits. The “always de-
tectable” group had a lower average sRCS score than both the
“always undetectable” and “sometimes detectable” groups
(−0.26 vs −0.06 and 0.003, respectively; P = .002), indicating
greater NC decline in the “always detectable” group compared
with the other groups (see Figure 2).

Predictors of Earlier NC Decline or Improvement
Univariable survival analyses using a combination of both time-
invariant and time-dependent predictors were run to explore
the effects of these predictors on incident NC change. “Time de-
pendent” in this context means that the values of these variables
are subject to change from visit to visit. Potential predictors uni-
variably screened for subsequent multivariable analysis includ-
ed demographic, disease, treatment, laboratory, and psychiatric
variables. Table 3 displays the predictors identified as candi-
dates for multivariable modeling (P < .10).

Figure 1. Mean neurocognitive T score at baseline and last follow-up for
3 change groups.
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Candidate predictors for multivariable modeling of either
decline or improvement included time-dependent HIV
treatment status (on/off ART) and disease severity indicators
(degree of immunosuppression, HIV RNA load in plasma
and CSF, serum total protein, albumin, hematocrit, high-den-
sity lipoprotein [HDL], and aspartate aminotransferase
[AST]), all in the “expected” direction of worse medical
management/status being associated with decline, and better
management/status with improvement. In addition, overall
severity of non-HIV comorbidities [2] and some specific (sub-
stance and mood related) psychiatric diagnoses as well as high-
er depressive symptoms were associated with earlier NC
decline, whereas absence of lifetime major depression and sub-
stance use diagnoses were predictors of earlier improvement.

Table 2. Comparison of Neurocognitive Change Groups on Baseline Demographic, Treatment, and Disease Characteristics

Characteristic Decline Stable Improve
Group Differencesa

P< .05

No. of visits, mean (SD) 6.2 (1.1) 6.1 (1.2) 6.2 (1.2)

Age, y, mean (SD) 42.7 (8.4) 44.2 (8.7) 43.8 (7.5)

Education, mean (SD) 12.5 (2.6) 12.9 (2.4) 13.3 (2.4)

Male sex 72% 81% 86% D< I

Race/ethnicity

Non-Hispanic white 36% 44% 50%

Non-Hispanic black 39% 46% 44%

Hispanic 20% 8% 6% D> I, S

Other 5% 2% 0%

WRAT-3 Reading subtest, mean (SD) 92.8 (15.2) 93.8 (14.8) 96.6 (15.0)

Comorbidity

Incidental 48% 65% 58%

Contributing 32% 27% 31%

Confounding 20% 8% 11% D> S

NC impaired 51% 45% 42%

AIDS 55% 62% 61%

Nadir CD4, median (IQR) 206 (60–354) 180 (41–327) 171 (26–303)

Current CD4, median (IQR) 432 (264–617) 469 (295–659) 432 (245–588)

ART 68% 70% 72%

CPE scoreb 7.8 (2.2) 7.6 (1.9) 7.8 (2.0)

Detectable plasma 66% 59% 50% I < D

Detectable on ART 50% 44% 31% I < D

Detectable CSF 47% 40% 28% I < D, S

Detectable on ART 30% 24% 8% I < D, S

PI-based regimen 60% 56% 46%

HCV infected 31% 24% 25%

Abbreviations: ART, antiretroviral therapy; CPE, central nervous system penetration effectiveness; CSF, cerebrospinal fluid; HCV, hepatitis C virus; IQR, interquartile
range; NC, neurocognitive; PI, protease inhibitor; SD, standard deviation; WRAT-3, Wide Range Achievement Test, 3rd ed.
a D, decliner; I, improver; S, stable.
b Letendre et al [11].

Figure 2. Plasma viral load over time vs average neurocognitive (NC)
change score. Abbreviations: Det, detectable; Undet, undetectable.
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Finally, younger age, female sex, and Hispanic ethnicity in-
creased risk for decline, whereas higher education level and
premorbid intelligence quotient (IQ) estimate (reading level)
were associated with improvement.

In the final multivariable model, Hispanic ethnicity (vs non-
Hispanic: relative risk [RR], 2.16 [95% confidence interval {CI},
1.29–3.61]); confounded comorbidity status (vs incidental: RR,
2.12 [95% CI, 1.22–3.67]); being off ART (vs on ART: RR, 1.94
[95% CI, 1.26–3.00]); having low albumin (vs 1 unit higher: RR,
1.58 [95% CI, .99–2.52]) and low hematocrit (vs 1 unit higher:
RR, 1.08 [95% CI, 1.03–1.13]); and having a lifetime metham-
phetamine use diagnosis (vs none: RR, 1.87 [95% CI, 1.16–
3.02]) and more depressive symptoms (vs 1 unit lower: RR,

1.02 [95% CI, 1.00–1.04]) were associated with earlier time to
NC decline (model P < .0001). The multivariable combination
of predictors of improvement included higher premorbid IQ
estimate (vs 1 unit less: RR, 1.02 [95% CI, 1.00–1.04]); lower
total protein (vs 1 unit higher: RR, 1.85 [95% CI, 1.30–2.63]);
lower AST (vs 1 unit higher: RR, 1.01 [95% CI, 1.00–1.03]);
and no lifetime major depressive disorder (vs positive history:
RR, 2.09 [95% CI, 1.27–3.45]) (model P < .0001).

DISCUSSION

Whereas previous cross-sectional and longitudinal research
assessed clinical correlates of NC impairment in HIV-infected

Table 3. Univariable Predictors of Time to Neurocognitive Change (Decline or Improvement)

Predictor

Decline Improvement

Risk Reference RR P Value Risk Reference RR P Value*

Age Younger 1 ya 1.02 .0937
Sex Female Male 1.76 .0153

Ethnicity Hispanic Non-Hispanic 2.35 .0018

Education Higher 1 yb 1.10 .0534
Premorbid IQc Higher 1 unitb 1.02 .0473

ART statusd Off ART On ART 1.91 .0038

CD4d Lower 100 cellsa 1.14 .0024
Nadir CD4 Higher 100 cellsb 1.09 .0833

Plasma VLd Higher 1 log10
b 1.26 .0026 Lower 1 log10

a 1.27 .0295

Det/Undetd Undet Det 1.53 .0876
CSF VLd Higher 1 log10

b 1.26 .0552 Lower 1 log10
a 1.47 .0476

Det/Undetd Det Undet 1.50 .0790 Undet Det 1.73 .0952

ASTd Lower 1 unita 1.01 .0172
Protein totald Lower 1 unita 1.96 <.0001

Albumind Lower 1 unita 2.36 <.0001

HDLd Lower 1 unita 1.01 .0367
HCTd Lower 1 unita 1.10 <.0001 Higher 1 unitb 1.06 .0244

Comorbiditye Severe Minimal 2.47 .0007

Utoxd Positive Negative 1.58 .0497
LT cannabis Dxd No Yes 1.58 .0863

LT methamphetamine Dxd Yes No 1.81 .0148

LT any substance Dxd No Yes 1.63 .0576
MDD (last 30 d)d Yes No 1.68 .0659

LT MDDd Yes No 1.71 .0118 No Yes 1.63 .0396

Beck (total)d Higher 1 unitb 1.03 .0051

Abbreviations: ART, antiretroviral therapy; AST, aspartate aminotransferase; Beck, Beck Depression Inventory II; CSF, cerebrospinal fluid; Det, detectable viral load;
Dx, history of abuse or dependence diagnosis; HCT, hematocrit; HDL, high-density lipoprotein; IQ, intelligence quotient; LT, lifetime; MDD, major depressive
disorder; RR, relative risk; SD, standard deviation; Undet, undetectable viral load; Utox, urine toxicology for drugs with central nervous system effects; VL, viral load.
a Higher/older.
b Lower.
c Measured using Wide Range Achievement Test, 3rd ed, Reading Standard Score (population mean = 100, SD = 15).
d Variable modeled in a time-dependent manner.
e Comorbidity rating [1, 2]: minimal/incidental, moderate/contributing, severe/confounded.

*P < .10 was considered significant.
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individuals (ie, HAND), our focus was on the incidence, na-
ture, and predictors of NC change. Importantly, we employed
recently published, regression-based norms that allowed us to de-
tect significant NC change in individual participants, while con-
trolling for normal test–retest variability, practice effects, and
statistical artifacts. We found that almost 40% of subjects showed
NC change, with 23% declining and 17% improving. The clinical
significance of “decliner” status, in particular, is supported by sig-
nificantly higher rates of symptomatic NC impairment in this
group compared with those who were stable or improved.

We identified many univariable candidate predictors of NC
decline or improvement when time-dependent clinical and
laboratory findings were considered. These included several
predictors specific to HIV and its treatment (ART status, immu-
nosuppression, and plasma and CSF HIV RNA load), as well
as others reflecting more general health status (AST, serum pro-
tein, albumin, HDL, and hematocrit). The multivariable model
predicting time to decline reflected significant combined effects
of 5 time-dependent variables (being off ART and having a
lower hematocrit, lower albumin, a lifetime methamphetamine
use diagnosis, and more depressive symptoms) and 2 static pre-
dictors (more significant non-HIV risks for NC impairment
and Hispanic ethnicity). By contrast, a significant combination
of multivariable predictors of NC improvement included
3 time-dependent variables (lower serum protein, lower AST,
and absence of any lifetime history of major depressive disor-
der) and 1 static predictor (higher estimated premorbid IQ).

As an observational study, CHARTER is unable to demonstrate
ART effects. Nevertheless, beneficial effects of cART on VL and
immune function are well established [6–8], so the joint, time-de-
pendent links of ART status and associated HIV biomarkers with
both positive and negative NC outcomes are potentially impor-
tant. Specifically, our findings suggest that being off ARTuniquely
increases risk for NC decline, and current virologic control and
degree of immunocompetence were univariable predictors of
both types of NC change. Also consistent with the CHARTER
findings, in the 1 prior observational study that used regression-
based NC norms for change to identify significant NC decline,
such decline was associated with lower follow-up CD4 and lack
of viral suppression in a large HIV+ Chinese sample [9].

Considered together, the current and previously published
findings suggest that protection of the central nervous system
(CNS) and favorable NC outcomes may be achieved by institut-
ing cART early [12] and monitoring patients carefully to ensure
maintenance of viral suppression and immunocompetence. In
practice, however, these treatment goals often are not fully real-
ized: Only 79 of the 436 (18.1%) longitudinal participants in
CHARTER had undetectable virus in plasma during all study vis-
its. Furthermore, sustained viral suppression does not in itself
preclude persisting or even incident HAND [7]. The mechanisms
of NC decline in virally suppressed patients are uncertain, but

ART toxicity [13] and other non-HIV-related factors may be in-
volved in some cases.

In addition to HIV disease and treatment predictors, we iden-
tified several other participant characteristics that may influence
NCoutcomes over time (Table 3). Factors that appeared beneficial
include the combination of higher education level and reading-
based estimate of premorbid IQ. These 2 variables are indicators
of “cognitive reserve” [14], a concept used to explain individual
differences in the threshold of CNS insult required to produce
symptomatic neurologic disease. In particular, our finding that
higher premorbid IQ was a unique predictor of NC improvement
extends prior cross-sectional [15, 16]and longitudinal [17] studies
supporting positive effects of cognitive reserve in HIV.

As noted in the CHARTER baseline report, this HIV+ popu-
lation had many and diverse non-HIV-related comorbid condi-
tions that may confer increased risks for NC impairment [2].All
participants were classified at baseline into 1 of the 3 specified
comorbidity levels [1], and each successive level had more of
such comorbidities (averaging 1.5, 3.2, and 4.2 conditions, re-
spectively; P < .01 for all comparisons). In addition, successive
groups had more severe comorbidities, as well as higher rates
of NC impairment (40%, 59%, 83%). Past research has tended
to exclude people with the highest level of comorbidities (those
that represent “confounds”), and we are not aware of any pre-
vious, systematic attempt to relate comorbidity level to NC
change over time. Here we found that the rate of NC decline
was much higher in the participants who were classified as con-
founded at baseline (38.5%, vs 24.6% for those with “contribut-
ing” and 18.3% for those with “incidental” comorbidities). The
specific reasons for these differences undoubtedly are as varied
and complex as the patterns of comorbid conditions involved,
and could not be established here with any certainty. Neverthe-
less, the published comorbidity classification system [1] has
shown good interrater reliability in CHARTER [2], and succes-
sive levels of comorbidity appear to confer increased risk not
only for cross-sectional NC impairment, but also for NC decline
over time. These associations may justify more frequent or in-
tensive medical monitoring and support for HIV+ patients who
have higher comorbidity burdens.

We propose that, in univariable analyses, lower age and higher
nadir CD4 appeared as marginal (P < .10) predictors of time to
NC decline only because of their associations with other partici-
pant characteristics in this cohort. In fact, among ourNCdecliners,
lower age was significantly associated not only with shorter dura-
tion of HIV infection and higher nadir CD4 counts, but also with
higher likelihood of coinfection with hepatitis C virus, higher
AST, and increased likelihood of a lifetime methamphetamine
use diagnosis. As noted, neither age nor nadir CD4 cell count was
identified as a contributor to the multivariable prediction models.

We did not anticipate a higher rate of NC decline to be asso-
ciated with Hispanic ethnicity, but there are multiple factors
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that may be contributing to worse outcomes in this group. In
general, Hispanics in the United States tend to have lower access
to healthcare than non-Hispanic whites [18, 19]. They are much
less likely to have health insurance coverage [18] or a usual
source of healthcare [19]. HIV+ Hispanics tend to be late to
be tested for the virus [20, 21], to obtain medical care, and to
initiate therapy after diagnosis [22]. They also may be more likely
to receive suboptimal HIV care [23]. Thus, not surprisingly, they
have been observed to have worse HIV disease characteristics, in-
cluding lower CD4 counts, higher plasma viral loads, more op-
portunistic infections, and higher rates of AIDS [24, 25].
Among HIV+ adults, reduced life expectancy from late initiation
of therapy and from early discontinuation of therapy are greatest
for Hispanics [26]. Few studies have examined the prevalence
and pattern of NC impairment among HIV+ Hispanics. The lim-
ited data available are cross-sectional and typically include select-
ed groups with small numbers [27–30].Although there have been
inconsistent findings [22],most studies have found Hispanic eth-
nicity to be associated with worse NC status [27, 29, 30].

Future research should attempt to clarify factors within the
HIV+ Hispanic population that may influence disease outcomes
in general, and NC decline in particular. CHARTER was not de-
signed for this goal. Even though all CHARTER participants
were receiving care during this study, it is of interest that, com-
pared to non-Hispanic whites, Hispanics in CHARTER had a
higher rate of AIDS (74% vs 58%, P = .03) and lower nadir
CD4 cell count (median of 96 vs 190, P = .04). Other factors
that may be relevant to consider in future research include im-
migration status, country of origin, time living in the United
States, housing, employment, nutrition, acculturation, language
barriers, and health literacy, to name a few (see [31]).

A major limitation of the current study is that it is observa-
tional, without control (other than statistical adjustments) over
the many treatments, diseases, and other factors that may affect
NC outcomes over time. Causation is difficult to assign in ob-
servational research. However, our finding of significant, time-
dependent clinical and biological predictors of NC change, and
the fact that many such associations are consistent with those in
prior longitudinal studies, suggests that the observed associa-
tions may be clinically meaningful. Furthermore, they suggest
that consistent use of ART to maintain virologic control and
avoid serious immunosuppression may have beneficial long-
term effects in protecting the CNS and improving NC out-
comes. Finally, increased comorbidity burden and factors asso-
ciated with Hispanic ethnicity deserve more attention in clinical
care of HIV+ individuals.
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