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Abstract

Objective: The presentation of cognitive impairments in HIV-infected individuals has
transformed since the introduction of antiretroviral therapies (ART). Although the overall
prevalence of cognitive impairments has not changed considerably, frank dementia is now
infrequent, and milder forms of cognitive impairments predominate. Mechanistic insights to the
underlying causes of these residual cognitive impairments have been elusive, in part due to the
heterogenous etiology of cognitive dysfunction in this population. Here we sought to categorize
longitudinal change in HIV-infected patients based on the performance in specific cognitive
domains.

Design: This study consisted of 193 participants from the CHARTER cohort with detailed
demographic, clinical and neuropsychological testing data obtained from two study visits
interspersed by ~6 months. Cognitive testing assessed executive function, learning and delayed
recall, working memory, verbal fluency, speed of information processing, and motor skills. Change
scores were calculated for each domain between the two study visits. Dimension reduction and
clustering was accomplished by principal component analysis of change scores and A~-means
clustering to identify cognitive domains that group together, as well as groups of subjects with
similar patterns of change.

Results: We identified four distinct cognitive change phenotypes that included declines in: 1)
verbal fluency, 2) executive function 3) learning and recall, and 4) motor function, with
approximately equal numbers of participants in each phenotype.

Conclusion: Each of the four cognitive change phenotypes identify deficits that imply
perturbations in specific neural networks. Future studies will need to validate if cognitive change
phenotypes are associated with alterations in associated neural pathways.
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INTRODUCTION

The HIV epidemic is well into its third decade, and since the advent of antiretroviral therapy
(ART), patients are living much longer lives. This longer lifespan is accompanied by a
greater frequency of comorbid conditions compared with uninfected individuals including
cardiac disease, hypertension, hyperlipidemia, renal disease, endocrine disease, decreases in
bone density, and cognitive changes (among others) (reviewed in 1-3). Early in the epidemic,
cognitive impairments were frequent, progressive, and severe. Frank dementia (HIV-
Associated Dementia; HAD) became infrequent with widespread ART, and the nosology of
cognitive impairments in HIV-infected patients was redefined in 20074, to better reflect the
current symptomology. HIV-Associated Neurocognitive Disorders (HAND) were grouped as
Asymptomatic Neurocognitive Impairment (ANI), Mild Neurocognitive Disorder (MND),
and HAD, with the largest proportion of current patients on ART falling into the ANI and
MND categories. Most investigators would agree that HAND is a neurological disease of
heterogeneous etiology with some combination of viral infection, long-term ART, genetics,
and legacy effects contributing to the development and trajectory of HAND. Staging
strategies that combine the results from neuropsychological testing of multiple cognitive
domains may not readily identify the neurological representation of different disease
phenotypes.

The presence and severity of HIV-Associated Neurocognitive Disorders (HAND) has been
defined by a Global Deficit Score (GDS; among other measures) that considers the number
and severity of impairments in neuropsychological testing across 7 cognitive domains
(executive function, learning, delayed recall, working memory, verbal fluency, speed of
information processing, and motor skills) to produce a summary score. Longitudinal changes
in cognition have been defined using a summary regression change score (SRCS) that
considers change in performance for all cognitive domains to also produce a summary score.
Although these approaches have been extremely useful to identify HIV-infected subjects
with cognitive impairments, to stratify severity of cognitive impairments, and to track the
trajectory of cognitive impairments, these summary scores do not take into account possible
heterogeneity in the direction and trajectory of change in different cognitive domains. In this
work we used a progressive modelling approach to identify 4 cognitive change phenotypes
based on longitudinal declines in specific or related cognitive domains.

METHODS

Participants and cognitive testing:

This study consisted of 193 participants from the CHARTER cohort®. Subjects were
predominantly male (84.5% n=163). All subjects were HIV+ and on ART for at-least three
months prior to the baseline visit (V1), with a second study visit (V2) approximately six
months later (median 6.5 months). Visit 1 occurred between the years of 1999 and 20011,
with 75% of participants falling between 2004 and 2009. At each study visit participants
underwent a comprehensive neuropsychological (NP) test battery evaluating seven cognitive
domains: executive function 87, learning and delayed recall 810, working memory 1112,
verbal fluency 6, speed of information processing /1112 and motor skills 13. Raw test scores
were converted to standardized T-Scores for each cognitive domain that were corrected for
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age, education, sex, and ethnicity with the best available normative standards ° to have a
mean of 50 and a standard deviation of 10. Baseline impairment in each cognitive domain at
V1 was defined as a T-Score of 45 or less. Change scores for each cognitive domain were
calculated by subtracting the T-Scores at V1 from V2.

Statistical Analysis:

RESULTS

Subject demographics and disease characteristics at V1 were summarized descriptively.
Normally distributed data was compared using a one-way analysis of variance followed by
Tukey’s multiple comparison. Non-normally distributed data was analyzed using a Kruskal-
Wallis test, and categorical data was compared using chi-square. Correlations between
cognitive domains were calculated using Pearson’s correlation and visualized using the
‘corrplot’ package in R 14, Dimension reduction and clustering was accomplished by
conducting a principal components analysis (PCA) of change scores for each domain to
produce a new smaller set of uncorrelated variables (the principal components; PCs)!°. The
minimum number of PCs that explained at-least 85% of the total variance in the data were
retained for further analyses. Coefficients (loadings) obtained from the PCA show the
relative contribution of each domain change score to a PC. We further examined the loadings
using A-means clustering® with the Hartigan-Wong algorithm7 to identify cognitive
domains that grouped together using the ‘stats’ package in R18. This partitions the cognitive
domains into A-groups that best fit the contributions of the domain change scores to the PCs,
creating clusters of related cognitive trajectories. The optimal number of clusters were
determined by the “elbow” in the total within group sum of squares (WSS) plot for n=1to 6
clusters1®. The goodness of fit for clusters was evaluated using the ratio of the between
groups sum of squares to the total sum of squares (BSS:TSS)20, followed by k-means
clustering of the PCs to identify groups of subjects with similar cognitive trajectories.
Silhouette plots of these groupings were used to confirm the clustering?L. Within each
group, an effect size (Cohen’s D) was calculated to determine meaningful change using a
standard deviation of 0.5SD?2,

Baseline T-Scores for all cognitive domains were normally distributed with means ranging
from 44.84 to 48.24 (Fig.1A). At baseline, all cognitive domain T-Scores were positively
correlated, with the highest correlations between the learning and recall (R =0.89, p
p<0.0001), followed by speed of information processing and working memory (R = 0.58,
p<0.0001), speed of information processing and executive function (R = 0.58, p<0.0001).
The weakest (but still significant) correlation was between verbal fluency and motor
function (R = 0.19, p<0.01) (Fig.1B). We calculated baseline impairment in each cognitive
domain and found that 16.6% (n=42) of subjects did not exhibit impairment in any domain,
18.1% (n=35) showed impairment in one domain, 15.5% (n=30) showed impairment in two
domains, 7.7% (n=15) showed impairment in three domains, 12.4% (n=24) showed
impairment in 4 domains, and 29.5% (n=57) showed impairment in 5 or more domains. At
baseline, 32.1%(n=62) of subjects were impaired in Verbal Fluency, 43.0%(n = 83) were
impaired in Executive Function, 36.8%(n=71) were impaired in Speed of Information
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Processing, 45.6%(n=88) were impaired in Learning, 43.05(n=83) were impaired in Recall,
and 48.7%(n=94) were impaired in Motor Function.

Cogpnitive change scores in each domain were normally distributed with means ranging from
-1.68 to —0.08 (Fig.1C). Pearson’s correlation showed that not all change scores in all
domains were highly correlated (Fig.1D). However, the change scores in the cognitive
domains of learning and recall were highly correlated (R=0.65, p<0.0001), as were the
domains of working memory and speed of information processing (R=0.38, p<0.0001),
motor function and memory (R= 0.23, p<0.05). Change scores in executive function were
not highly correlated with any other cognitive domain (Fig.1D). All significant correlations
were positive.

We next conducted a PCA of change scores for all seven domains to produce a smaller set of
uncorrelated components. PC1 accounted for 33.2% of the total variance, with the first four
components cumulatively accounting for 87.1% of the total variance (Fig.1E). Visual
inspection of the loading plot showed apparent groupings between some, but not all domains
(Fig.1D). K-means clustering was performed to identify cognitive domains that grouped
together. Calculating the WSS for n=1 to 6 clusters demonstrated that 4 clusters optimally
grouped the 7 cognitive domains (data not shown) with the following groupings: 1)
executive function, 2) recall & learning, 3) motor, 4) working memory, verbal fluency &
speed of information processing (Fig.1F). The BSS:TSS ratio was 0.909, indicating that
90.9% of total variance in the variable loadings was explained by these 4 clusters. Next, we
identified cognitive trajectory phenotypes by conducting k-means clustering on the using
k=4 components. This produced a model where cluster 1 included 23.7%(n=45), cluster 2
included 16.3%(n=31), cluster 3 included 28.4%(n=54), and cluster 4 included 31.6%(n=60)
of the subjects. The silhouette plot confirmed an excellent separation of subjects using these
4 clusters (Fig.1G). The distribution of domain-specific change scores in each cluster is
summarized in Fig.2A. Phenotype 1 consisted of an isolated decline in verbal fluency,
phenotype 2 consisted of an isolated decline in executive function, phenotype 3 showed
declines in learning and recall, while phenotype 4 showed a selective decline in motor
function (Fig 2A-B). We used Cohen’s D to calculate the effect size for each cognitive
change phenotype and found medium effect sizes associated with change in verbal fluency
(phenotype 1, d=-.86). Large effects sizes were associated with change in executive function
(phenotype 2, d=-2.18), changes in learning and recall (phenotype 3, d=-1.7, -1.7), and
change in motor function (phenotype 4, d=—1.9)(Fig 2C).

When we stratified subjects at baseline based on cognitive change phenotype, the T-scores
for executive function were higher in phenotype 2 (p<0.0001), learning and recall were
higher in phenotype 3 (0<0.001), baseline working memory was highest in phenotype 3
(p<0.05), and baseline motor function was highest in phenotype 4 (p<0.01). Patients in
phenotype 1 (Verbal) had significantly lower cholesterol levels (p<0.01). A greater number
of patients in phenotype 3 (learning and recall; p<0.01) had Emtricitabine included in their
ARV regimen, and a greater number of patients in phenotype 4 (motor; p<0.05) had
Nevirapine included in their ARV regimen. Phenotype 1 (Verbal), had the lowest number of
patients with lifetime depressive symptoms (p<0.05) . There were no significant differences
in baseline age, ethnicity, CDC stage, current or nadir CD4, plasma viral load, HIV duration,
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HDL or triglycerides, HCV infection, duration of HIV infection, plasma glucose, CPE score,
or any drugs of abuse between the 4 cognitive phenotypes (Table 1).

DISCUSSION

Using longitudinal neuropsychological testing data obtained from HIV-infected subjects
enrolled in the CHARTER study, we analyzed cognitive trajectory as a function of change in
individual or groups of cognitive domains. We identified 4 distinct cognitive change
phenotypes with approximately equal numbers of subjects falling into each phenotype. Each
of the phenotypes are discussed below with reference to known biological, demographic,
and behavioral covariates that have been associated with performance in the respective
domains. Although we discuss these relationships separately for each phenotype, it is
important to note that it is uncommon for a biological, demographic or behavioral covariate
to associate with performance in a single cognitive domain; in the vast majority of reports,
covariates associate with performance across multiple cognitive domains. In our longitudinal
analysis of change in performance we did not find any baseline clinical, demographic or
behavioral (i.e drug use) covariates that associated with any of the identified phenotypes.

In a 2005 study, Lojek and Bernstein identified 4 individual neurocognitive patterns in HIV-
infected patients that they termed “clusters”. These cross-sectional clusters were incredibly
similar to those we identified using a separate cohort with a distinct modeling scheme. The
clusters they identified included psychomotor speed (Cluster 1), deficits in learning and
memory (Cluster 2), deficits in multiple domains (Cluster 3), and normal neurocognitive
performance (Cluster 4). These patterns of impairment were relatively stable over time24. A
more recent cross-sectional study used a cluster variable selection algorithm to identify 3
cognitive phenotypes in patients from the Multicenter AIDS Cohort Study?3. Patients that
grouped into Profile 1 showed below average performance in all cognitive domains. Patients
in Profile 2 exhibited a mixed phenotype with average performance in executive functioning,
motor, and speed of information processing, but exhibited below average performance in
learning and memory. Patients in Profile 3 performed above average in all cognitive
domains. There were several demographic, cognitive, and social factors that were associated
with profile membership23. In the current study, we used a cognitive change approach to
identify longitudinal patterns of change in individual cognitive domains, and identified 4
cognitive change phenotypes which included a decline in verbal fluency (Phenotype 1), a
decline in executive function (Phenotype 2), declines in learning and recall (Phenotype 3),
and declines in motor function (Phenotype 4). As the clinical presentation of cognitive
decline is likely related to the brain regions involved, each of the 4 cognitive phenotypes is
described below with reference to the underlying neural circuitry, as informed by data from
multiple types of imaging modalities.

Phenotype 1: Decline in verbal fluency.

The first phenotype we identified showed a selective decline in verbal fluency. This
cognitive domain is considered a measure of both verbal ability and executive control.
Verbal ability is a measure of a subjects’ ability to retrieve grammatical representations and
sound forms of words from their mental lexicon?®. It most frequently used as a screening
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instrument for general verbal functioning. Executive control regulates goal directed
behaviors through a series of complex cognitive abilities that include attention, working
memory, cognitive flexibility, and impulse inhibition. Impairments of verbal fluency appear
early in HIV infection28, and can continue, or reemerge HIV-infected patients despite ART
with well-controlled plasma viral loads?”. HIV-infection appears to accelerate age-related
declines in verbal fluency, with impairments in the executive components of semantic
fluency, and relative sparing of semantic memory stores28. Childhood trauma??, poor sleep
quality30:31, use of efavirenz32, alcohol and substance abuse26, low CD4 nadir and current
CD4 are associated with poor verbal fluency performance. While most of these studies are
cross sectional, longitudinal approaches have found that impairments in verbal fluency
predict frailty, and incident cognitive impairment at follow up3334,

Verbal fluency tasks are thought to be a reflection of frontostriatal network integrity. In the
early stages of neural degeneration, when performance on verbal fluency tasks is similar in
HIV+ compared with HIV- subjects, BOLD fMRI studies show evidence for hyperactivity
of basal ganglia in HIV+ patients during a phonemic fluency task, with no activation
differences apparent during a semantic fluency task3®. This hyper-recruitment of basal
ganglia structures suggests that HIV+ patients may recruit basal ganglia to compensate for
deficits in verbal learning networks. In HIV-infected patients with symptomatic cognitive
impairment, or frank dementia, brain regional volumes in subcortical frontal and caudate
regions correlate with verbal fluency performance36. BOLD fMRI imaging studies have
shown that performance on word generation tasks which use auditory presentation of a letter
(i.e. F, A, S) to cue subjects to generate as many different words as possible beginning with
that letter correlate with activity in the caudate, putamen, and inferior frontal gyrus. The
number of phonemic switches correlates with the supplementary motor area, caudate,
putamen, and inferior frontal gyrus, and the number of semantic switches correlates with
activity of the supplementary motor area, and inferior frontal gyrus. In this phonemic
fluency task, HIV+ individuals demonstrate significantly greater activation in BG structures
(caudate, putamen) than HIVV- individuals. There were no significant differences in frontal
brain activation between HIV status groups during the phonemic fluency task, nor were
there significant brain activation differences during the semantic fluency task3®. These data
suggest that phenotype 1 may reflect frontostriatal network degeneration.

Phenotype 2: Decline in executive function.

The second cognitive phenotype we identified showed a selective deterioration in executive
function. Although impairments in executive function are common in HIV-infected patients,
most often executive dysfunction has been reported simultaneously with impairments in
other cognitive domains. Worse EF has been associated with monocyte activation (increased
sCD14), inflammation (increased SCD163 levels)37, age (older), sex (female), education
(lower), current and nadir CD4 (lower)38, frailty39, substance and alcohol use disorders38:40,
race (Latinos)*1. Impairments in executive function often persist despite ART with effective
viral suppression*2. Moreover, some ARVs such as efavirenz may worsen executive
function32:43, Deficits in executive function are apparent in acute and early HIV infection?4,
and executive function deficits are associated with substance abuse?®4%, and risky sexual
behavior4®. This complex relationship of EF function to risky behavior makes it difficult to
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determine if individuals with lower executive function are more likely to become infected by
HIV, or if HIV-infection (and/or ART) itself impairs executive function networks.
Regardless, our longitudinal findings suggest that there may be a population of HIV-infected
individuals who are vulnerable to a selective worsening of executive function.

Executive functions are largely (but not exclusively) regulated through prefrontal regions
including the dorsolateral prefrontal cortex, anterior cingulate cortex, and the orbitofrontal
cortex. As these frontal regions have multiple connections to cortical, subcortical, and brain
stem regions, executive functions are often referred to as top-down processing. Functional
imaging studies in HIV-infected patients have identified reduced connectivity in the
executive function networks that connect the dorso-lateral prefrontal cortex to the striatum
and posterior inferior parietal areas*’. HIV-infected patients also adapt less quickly to
changing task demands and this behavior is correlated with reduced brain activations in the
dorsal anterior cingulate cortex*8, Neuroimaging findings suggest that in HIV-infected
patients, EF dysfunction is associated with abnormalities in subcortical structures that
include smaller volumes in the right and left caudate, accumbens, right putamen, and globus
pallidum??, reduced white matter volume, white matter hyperintensities®C.

Phenotype 3: Declines in Learning and Recall.

The third phenotype identified showed selective declines in learning and recall. It is worth
noting that in this neuropsychiatric test battery, the learning and recall domain scores were
calculated based on aspects of the same cognitive tests (the Hopkins Verbal Learning Test-
Revised and the Brief Visuospatial Memory Test — Revised), which may account for the high
correlation between learning and subsequent recall.

Verbal learning and recall tests evaluate a wide diversity of functions including short-term
auditory-verbal memory, rate of learning, learning strategies, retroactive, and proactive
interference, retention of information, and differences between learning and retrieval.
Impairments of learning and recall in HI\-infected patients can occur early following
infection®L, and are observed in patients with asymptomatic neurocognitive impairment>2
suggesting that learning and recall may be impaired in some individuals at very early stages
of HIV infection. HIV patients with a Impairments in verbal learning are have greater odds
of being-non adherent with ARVs®3, and verbal learning impairments are associated with
monocyte activation (increased sSCD14), inflammation (increased sSCD163 levels)37,
negatively correlate with viral loads®?, are worse in HIV-infected patients who are
diabetic®4, heavy current alcohol users®®, heavy marijuana users®®, cocaine (crack) users®’,
and decline faster with age compared to non-infected age-matched subjects®8. HIV-infected
patients with a HAND defined cognitive impairment show the highest rates of retrieval vs.
encoding deficits compared to other neurodegenerative diseases, consistent with a
subcortical retrieval deficit in HIV>, High stress is associated with worse verbal memory
performance®, as are smaller volumes in the parahippocampal gyrus, superior frontal gyrus,
middle frontal gyrus, and inferior frontal gyrus8l. Low-dose hydrocortisone improves verbal
memory in HIV-infected patients for a short time following drug administration in
accordance with the time-frame for elevation of plasma cortisol levels®2, suggesting that
chronic inflammation and/or immune activation may contribute to impairments in verbal
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learning that are associated with abnormalities in hippocampal and parahippocampal
structures. This conclusion is supported by magnetic resonance spectroscopy findings that
showed negative correlations between Cho and Cho/Cr in hippocampus and
parahippocampal gyrus, and positive correlations between N-acetylaspartate/creatine ratios
of the left hippocampus and verbal learning®®.

Phenotype 4. Declines in Motor Function.

The final phenotype identified showed a selective decline in motor function. Similar to the
other three phenotypes identified, deficits in motor functions are known to associate with
multiple disease markers including monocyte activation (increased sCD14), inflammation
(increased sCD163 levels)37, and viral loads®3. Motor impairments are apparent in roughly
one third of patients early following HIV-infection, and largely remit following initiation of
ARTS4. However, in HIV-infected individuals on stable ART there are significant
interactions between age and motor speed®:66, with gait and balance impairments that are
more pronounced during challenging conditions®’. These results are supported by the
findings of an separate study that showed a multitasking paradigm unmasked “latent”
impairments in the motor component of the multitask while sparing cognitive
performance®®. HIV-infected women show greater impairments in fine motor functions
compared with men, while no sex differences are apparent in uninfected women compared
with men®9, and these motor impairments appear equally in virally suppressed and non-
virally suppressed women?2. Heavy alcohol use®®, opiate dependence’®, and
psychostimulant use, that was associated with decreased white matter integrity in all white
matter tracts’L. Impairments in fine motor skills are accompanied by decreased cortical
thickness that is pronounced in the bilateral primary sensimotor areas, extending to the
prefrontal cortices with left retrosplenial cortical thinning’2. Reduced grey matter volume
has likewise been reported in bilateral posterior insula cortex, premotor cortex and
supramarginal gyrus’3. Although we found that approximately half of patients taking and
ARV regimen containing nevirapine were in phenotype 4 (motor; 10 of 20 patients taking
nevirapine), the implications of this association are not straight forward, as this drug has not
be linked to neuropathy or motor impairment.

Some caveats of this study include a relatively small sample size, and skewed sex (patients
were largely male). We also cannot determine from this study if these specific cognitive
change phenotypes will be widely applicable to HIV-infected patients regardless of their
current cognitive status. For example the cognitive change phenotypes we identified in this
study may be more applicable to patients with mild forms of cognitive dysfunction where
there is impairment in single cognitive domain. However, 65% of our patients were impaired
in 2 or more domains at baseline, but the majority of these individuals showed progressive
worsening in a single cognitive domain, or domains related by phenotypical functions,
suggesting that this approach could be more widely used. Likewise, we cannot fully
determine if functional changes in specific cognitive domains are due to legacy damage to
brain parenchyma, or are the result of cumulative damage resulting from low-level
inflammation, chronic low-level ciral production or long-term ARV therapy, or how other
comorbid conditions would contribute to these phenotypes. Future studies using larger
patient numbers are necessary to confirm the frequency of the cognitive change phenotypes
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identified, and to determine if additional cognitive change phenotypes can be identified.
Approaches that identify cognitive change phenotypes may be useful to differentiate groups

of

HIV-infected patients with active degeneration in specific brain regions and/or neural

circuits that could be selectively targeted using personalized therapeutic approaches.
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of the variance explained by each principal component of the cognitive change scores. F)
Loading plot of the domain variables for the first three principal components. The vectors
represent the coefficient of the variables on the components. Cognitive domain change
scores that cluster together are represented by color. Executive function (green), Working
memory, speed of information processing, and verbal fluency (red), motor function (black),
and learning with recall (blue). G) Silhouette plot showing subject clustering based on their
principal component values. n=193 subjects. * = p <0.01, ** = p < 0.001, *** = p < 0.0001.
Pearson’s Product Moment Correlation.
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Figure 2:

Cogpnitive trajectory phenotypes. A) Boxplots representing the pattern of cognitive domain
change scores for each of the indicated phenotypes. B) Line plots showing the average
change in T-scores from visit 1 to visit 2 for each of the 4 cognitive phenotypes. The 95%
confidence intervals are indicated by shaded areas. C) Effect size calculated for each
cognitive domain stratified by cognitive phenotype.
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Table 1.

Demographic and clinical information.

Page 16

Data are represented as mean = SD and 77 (%), or median (IQR). Student’s #test, Chi-square test, Kruskal

Wallis Test.
Variable Phenotypel  Phenotype2  Phenotype3 Phenotype 4 p-val
(n=57) (n=43) (n=47) (n=46)

Age, years 44.35(8.03) 45.86(8.96) 46.11(7.95) 45.3(8.7) 0.7172
Education, years 12.91(3.07) 12.44(2.68 13.11(2.24) 13.5(2.07) 0.2764
Race/ethnicity, n (%) 0.0598

White 20(35.09) 28(65.12) 29(61.7) 26(56.52)

Black 18(31.58) 9(20.93) 13(27.66) 12(26.09)

Hispanic 16(28.07) 5(11.63) 4(8.51) 5(10.87)

Other 3(5.26) 1(2.33) 1(2.13) 3(6.52)
Male, n (%) 46(80.7) 39(90.7) 40(85.11) 38(82.61) 0.5677
AIDS, n (%) 42(73.68) 31(72.09) 36(76.6) 32(69.57) 0.9950
Current CD4, median [IQR] 301(423.25)  487(390.75)  360(355.75)  517(349) 0.0995
Nadir CD4, median [IQR] 126(182) 127.5(206) 72(181.5) 97.5(261) 0.4049
Viral Load, median [IQR] 115(13715) 374(7247.25)  409(7877.5)  189(21547.75)  0.8056
Undetectable Viral Load, n (%) 14(24.56) 8(18.6) 10(21.28) 4(8.7) 0.2096
HCV, n (%) 10(17.54) 2(4.65) 6(12.77) 4(8.7) 0.1668
HIV Duration (years) 12.41(6.7) 13.51(7.9) 11.51(6.09) 12.78(6.49) 0.5806
Glucose, median [IQR] 92.5(30) 96(24.75) 91(25.75) 93(24.25) 0.6979
Cholesterol 169.9(33.69)* 192.44(47.52) 196.14(42.47) 176.95(37.15)  0.0083
CPE 7.86(2.06) 7.86(1.75) 7.67(1.79) 8.27(2.45) 0.7448
Baseline GDS-defined impaired, n(%) 32(56.14) 17(39.53) 12(25.53) 15(32.61) 0.0121
Follow-up GDS-defined impaired, n(%) 26(45.61) 19(44.19) 17(36.17) 19(41.3) 0.7694
Change Score: Verbal Fluency -4.32(4.91)*  0.62(5.36) 2.43(5.32) 1.94(5.22) <0.0001
Change Score: Executive Function 4.13(6.99) -10.93(6.3)*  2.48(6.18) -0.68(6.98) <0.0001
Change Score: Speed of Information Processing  0.26(5.08) 0.63(6.07) -1.43(5.33) -1.49(5.73) 0.1336
Change Score: Learning 1.63(6.37) 0.87(5.37) -8.32(6.54)*  -1.3(6.94) <0.0001
Change Score: Recall 2.54(6.76) -1(7.6) -8.54(6.82)*  0.06(6) <0.0001
Change Score: Working Memory 0.66(5.09) 0.59(5.73) -2.5(5.74)* 0.26(6.91) 0.0253
Change Score: Motor 0.04(5.28) 1.81(5.54) 0.83(7.25) -9.62(4.97)* <0.0001
Lifetime MDD, n (%) 20(35.09)* 27(62.79) 21(44.68) 25(54.35) 0.0286
Lifetime Cannabis Abuse, n (%) 7(12.28) 6(13.95) 13(27.66) 7(15.22) 0.1152
Lifetime Cocaine Abuse, n (%) 6(10.53) 1(2.33) 4(8.51) 5(10.87) 0.3623
Lifetime Methamphetamine Abuse, n (%) 1(1.75) 2(4.65) 1(2.13) 2(4.35) 0.7828
Lifetime Hallucinogen Abuse, n (%) 4(7.02) 3(6.98) 2(4.26) 4(8.7) 0.8394
Lifetime Inhalant Abuse, n (%) 1(1.75) 1(2.33) 1(2.13) 2(4.35) 0.8162
Lifetime Opioid Abuse, n (%) 1(1.75) 0(0) 1(2.13) 0(0) 0.6170
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Variable Phenotypel  Phenotype2  Phenotype3 Phenotype 4 p-val
(n=57) (n=43) (n=47) (n=46)
Lifetime PCP Abuse, n (%) 1(1.75) 0(0) 1(2.13) 1(2.17) 0.8014
Lifetime Sedative Abuse, n (%) 0(0) 3(6.98) 2(4.26) 1(2.17) 0.2573
Baseline BDI, median[IQR] 7[13] 10[16] 6[8.25] 8.5[15] 0.6772
Follow-up BDI, median[IQR] 6.5[2.5] 10[12] 9[9.5] 9[15] 0.4755
PAOFI, median[IQR] 1[5] 3[10] 1[5] 3[7] 0.4609
Efavirenz, n (%) 15(26.32) 11(25.58) 12(25.53) 9(19.57) 0.8585
Atazanavir, n (%) 15(26.32) 14(32.56) 14(29.79) 9(19.57) 0.5388
Emtricitabine, n (%) 21(36.84) 18(41.86) 25(53.19)* 11(23.91) 0.0343
Ritonavir, n (%) 21(36.84) 18(41.86) 24(51.06) 15(32.61) 0.2937
Tenofovir, n (%) 25(43.86) 26(60.47) 31(65.96) 21(45.65) 0.0708
Abacavir, n (%) 12(21.05) 13(30.23) 6(12.77) 11(23.91) 0.2419
Zidovudine, n (%) 13(22.81) 4(9.3) 7(14.89) 9(19.57) 0.3191
Lopinavir, n (%) 5(8.77) 2(4.65) 7(14.89) 5(10.87) 0.4260
Lamivudine, n (%) 28(49.12) 15(34.88) 13(27.66) 20(43.48) 0.1294
Stavudine, n (%) 5(8.77) 1(2.33) 3(6.38) 2(4.35) 0.5501
Nevirapine, n (%) 5(8.77) 4(9.3) 2(4.26) 10(21.74)* 0.0441
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Meaningful change was defined as a T-Score difference of at least 5 (half a standard deviation) in any direction
between the two visits. Subjects classified as “Improved” had a change score > 5, subjects classified as

Table 2.
Domain-specific classification of cognitive changes.

“Declined” had a change score < -5, and all others were classified as “Stable”.

Verbal Executive SIP Learning Recall WrkMem Motor

n(%) n(%) n(%) n(%) n(%) n(%) n(%)
Improved 38 (19.7%) 44(22.8%) 34(17.6%)  40(20.1%) 41(21.2%) 40(20.7%)  33(17.1%)
Overal  Declined  40(20.7%)  54(280%) 40(20.7%)  67(47%) T2(37.3%) 43(22.3%)  67(34.7%)
Stable 115(59.6%) 95(49.2%) 119(61.7%) B86(44.6%) 80(41.5%) 110(57.0%) 93(48.2%)
Improved  2(3.5%) 22(38.6%) 11(19.3%)  18(31.6%) 22(38.6%) 11(19.3%)  11(19.3%)
Phﬁ“ftg’fel Declined  27(47.4%)  4(7.0%)  9(15.8%)  9(15.8%) 7(12.3%)  8(14.0%)  15(26.3%)
Stable 28(49.1%)  31(54.4%) 37(64.9%)  30(52.6%) 28(49.1%) 38(66.7%)  31(54.4%)
Improved 9(21.0%)  0(0%) 13(30.2%)  14(32.6%) 10(23.3%) 11(25.6%)  11(25.6%)

F’hﬁ‘gtggﬂ Declined  7(16.3%)  35(81.4%) 7(16.3%)  6(14.0%)  17(39.5%) 9(20.9%)  5(11.6%)
Stable 27(62.8%)  8(18.6%)  23(53.5%)  23(535%) 16(37.2%) 23(53.5%)  27(62.8%)
Improved 11(23.4%)  15(31.9%) 5(10.6%)  1(2.1%)  0(0%) 5(10.6%)  11(23.4%)

Ph?pgtggﬂ Declined  1(2.1%) 5(10.6%)  13(27.7%)  36(76.6%) 35(74.5%) 15(31.9%)  8(17.0%)
Stable 35(745%)  27(57.4%) 29(61.7%)  10(21.2%) 12(25.5%) 27(57.4%)  28(59.6%)

Improved 16(34.8%)  7(15.2%)  5(10.9%)  7(152%) 9(19.6%)  13(28.3%)  0(0%)
F’hﬁ‘gtgge“ Declined  5(10.9%)  10(21.7%) 11(23.9%)  16(34.8%) 13(28.3%) 11(23.9%)  39(84.8%)
Stable 25(53.3%)  29(63.0%) 30(65.2%)  23(50%)  24(52.2%) 22(A7.8%)  7(15.2%)
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