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Abstract

Cognitive complications persist in antiretroviral therapy(ART)-treated people with HIV. However,
the pattern and severity of domain-specific cognitive performance is variable and may be
exacerbated by ART-mediated neurotoxicity. 929 women with HIV(WWH) from the Women’s
Interagency HIV Study who were classified into subgroups based on sociodemographic and
longitudinal behavioral and clinical data using semi-parametric latent class trajectory modelling.
Five subgroups were comprised of: 1) well-controlled HIV with vascular comorbidities(n=116); 2)
profound HIV legacy effects(CD4 nadir <250 cells/uL; n=275); 3) primarily <45 year olds with
hepatitis C(n=165); 4) primarily 35-55 year olds(n=244), and 5) poorly-controlled HIV/substance
use(n=129). Within each subgroup, we fitted a constrained continuation ratio model via penalized
maximum likelihood to examine adjusted associations between recent ART agents and cognition.
Most drugs were not associated with cognition. However, among the few drugs, non-nucleoside
reverse transcriptase inhibitor (NNRTIs) and protease inhibitors(PIs) were most commonly
associated with cognition, followed by nucleoside reverse transcriptase inhibitors(NRTIs) and
integrase inhibitors(l1s). Directionality of ART-cognition associations varied by subgroup. Better
psychomotor speed and fluency were associated with ART for women with well-controlled HIV
with vascular comorbidities. This pattern contrasts women with profound HIV legacy effects for
whom poorer executive function and fluency were associated with ART. Motor function was
associated with ART for younger WWH and primarily 35-55 year olds. Memory was associated
with ART only for women with poorly-controlled HIV/substance abuse. Findings demonstrate
interindividual variability in ART-cognition associations among WWH and highlight the
importance of considering sociodemographic, clinical, and behavioral factors as an underlying
contributors to cognition.

Graphical Abstract
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Introduction

Despite substantive decreases in HIV-associated morbidity and mortality following effective
antiretroviral therapy (ART), cognitive complications of the disease remain high.
Approximately 30-60% of people with HIV (PWH) develop cognitive impairment (Cl), with
the majority experiencing milder forms (Grant 2008). Many thought that successful
suppression of HIV with ART would eradicate HIV-related CI. However, investigations in
large-scale cohort studies, such as the Women’s Interagency HIV Study (WIHS) (Rubin et
al. 2017) and others (Simioni et al. 2010; Su et al. 2017), show that CI persists despite viral
suppression. Recent studies demonstrate considerable heterogeneity in cognition among
PWH and HIV-uninfected individuals defined by unique patterns of domain-specific
cognitive function (Brouillette et al. 2016; Rubin et al. 2017; Gomez et al. 2018; Molsberry
et al. 2018; Dastgheyb et al. 2019). Understanding factors that contribute to patterns of
domain-specific cognitive function is of critical importance to understand factors that
contribute to CI.

ART agents continue to garner interest in the field of neuroHIV as potential contributors to
Cl. In vitro, animal, imaging, and clinical studies provide evidence that some ART agents
may affect cognition (Robertson et al. 2012; Akay et al. 2014; Underwood et al. 2015;
Zhuang et al. 2017). The non-nucleoside reverse transcriptase inhibitor (NNRTI) efavirenz
(EFV) is commonly associated with cognitive function (Decloedt and Maartens 2013).
However, evidence is lacking regarding the directionality and consistency of these
associations among subsets of PWH. While some studies report associations between EFV
and poorer cognitive function (Ciccarelli et al. 2011; Ma et al. 2016; Rubin et al. 2017) or
less cognitive improvement (Winston et al. 2012), others report greater EFV-related
cognitive benefits (Clifford et al. 2005; Clifford et al. 2009; Robertson et al. 2010). Others
have reported no effects of EFV on cognition (Li et al. 2019). Our previous studies also
demonstrated variable patterns of ART-related cognitive change phenotypes in 312 PWH
that were initially tested when ART-naive and again two years after ART initiation (85%
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treated with EFV). We found ART-related domain-specific cognitive patterns of decline in
15% of participants, improvements in 20%, both improvements and declines in 10%, and no
cognitive changes in 54% (Rubin et al. 2019). The results from these studies identified
marked interindividual differences in the cognitive effects of medications. For example, the
effects of ART agents, such as EFV, on cognition may differ based on: 1) biological sex; 2)
age (e.g., age-related metabolic changes (Mangoni and Jackson 2004) and structural changes
in blood brain barrier permeability (Erdo et al. 2017)); 3) genetic background (e.g., intestinal
and hepatic CYP450 enzymes which impact drug metabolism (Zanger and Schwab 2013));
4) host factors, including drug pharmacokinetics (Burger et al. 2006; Winston et al. 2013;
Dhoro et al. 2015); 5) polypharmacy (ART and non-ART drug interactions); and 6) food
intake, which may influence drug bioavailability. Together, these studies point to: 1)
personalized medicine approaches in evaluating potential effects of ART on cognitive
function and 2) acknowledging that ART may be beneficial, detrimental, or have no effect
even when considering socio-demographic, clinical, and behavioral characteristics.

In this analysis, we examined associations between individual ART drugs and domain-
specific cognitive function among subgroups of women with HIV (WWH). We focused on
WWH as biological sex impacts the efficacy, mechanisms of actions, and ART-related
adverse events (Feinberg 1993; Gandhi et al. 2004; Mangoni and Jackson 2004; Lee et al.
2014). We hypothesized that EFV would be associated with cognitive performance among
subgroups of WWH. We also expected the following commonly used ART drugs in our
sample to be associated with cognition because of their average-to much-above-average
CNS penetration (Letendre et al. 2008; Letendre 2011) and because of their link to neuro-
and/or mitochondrial toxicity (Schweinsburg et al. 2005; Robertson et al. 2012; Akay et al.
2014; Zhang et al. 2014; Zhang et al. 2015), cerebral function (Winston et al. 2010), and
functional and structural brain connectivity (Zhuang et al. 2017): NNRTI nevirapine (NVP),
nucleoside reverse transcriptase inhibitors (NRTIs) abacavir (ABC), didanosine (DDI),
stavudine (d4T), zidovudine (ZDV), and protease inhibitor (Pl) atazanavir (ATV).

Study Population

All participants were enrolled in the Women’s Interagency HIV Study (WIHS); full details
of the study design and prospective data collection are described in detail at https://
statepi.jhsph.edu/wihs/wordpress/. The first three waves of study enrollment occurred
between October 1994 and November 1995, October 2001 and September 2002, and January
2011 and January 2013 from six sites (Brooklyn, Bronx, Chicago, DC, Los Angeles, and
San Francisco). A more recent wave of enrollment occurred at sites in the southern US
(Chapel Hill, Atlanta, Miami, Birmingham, and Jackson) between October 2013 and
September 2015. At semiannual visits, participants complete physical examinations, provide
biological specimens, and undergo extensive assessment of clinical, behavioral, and
demographic characteristics via face to-face interviews. A comprehensive
neuropsychological test battery is administered every 2 years in conjunction with WIHS
semiannual core study visits. The first neuropsychological testing occurred between 2009
and 2011.
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We restricted participants in the present study to those with longitudinal data collected at all
WIHS study visits where ART use and neuropsychological testing were collected.
Participants were excluded from analysis if the ART regimen used “at study visit” and
“since last study visit” (~ past 6 months) were discordant, as we wanted to ensure that
participants were on the same ART drugs for at least 6 months. There were 599 observations
out of 4900 (12%) excluded from the study, leaving 4301 observations for analysis with not
all women contributing the same number of visits (mean number of visits per participant=
4.6; range 1 to 11).

Study Outcome: Cognitive function

Covariates

The neuropsychological test battery included the following tests: Hopkins Verbal Learning
Test-Revised (HVLT-R; outcomes=total learning across trials, delayed free recall), Stroop
Test (outcomes=time to completion on word reading trial [trial 1], color naming trial [trial
2], color-word interference trial [trial 3]), Trail Making Test (TMT) Parts A and B
(outcomes=time to completion on each Parts A and B), Symbol Digit Modalities Test
(SDMT; outcome=total correct), Letter-Number Sequencing (LNS; outcomes=total correct
on control and experimental condition), Controlled Oral Word Association Test (COWAT;
outcome=total words generated), category fluency (outcome=total words generated), and
grooved pegboard (GPEG; outcome=time to completion on the dominant and non-dominant
hand). All timed outcome measures were log transformed to normalize distributions and also
reverse scored so that higher values represented higher performance. Demographically-
adjusted T-scores [mean=50, standard deviation=10] were derived for each outcome; and T-
scores were combined into six cognitive domains and motor function: learning, memory,
attention/working memory, executive function, psychomotor speed, fluency, and motor skills
(Maki et al. 2015; Rubin et al. 2017).

The primary covariates of interest were based on prior knowledge of factors that influence
cognitive function in WWH (Maki et al. 2015; Rubin et al. 2017). These included clinic site;
enrollment wave; sociodemographic factors (age, race/ethnicity, years of education,
employment status, average annual household income, and marital status); behavioral factors
(smoking status, recent alcohol use, marijuana use, crack, cocaine, and/or heroin use);
clinical factors (Hepatitis C antibody positive); and metabolic and cardiovascular factors
(body mass index, hypertension, diabetes). HIV-related clinical factors included HIV RNA,
current and nadir CD4 count, and previous AIDS diagnosis.

Statistical Analyses

For each subgroup that was identified from the larger sample (see supplemental materials for
details on methods), we fitted a constrained continuation ratio (CCR) model via penalized
maximum likelihood (via R package glmnetcr) using the ART use information as
independent variables (X) as well as other covariates (e.g., age, BMI) and each cognitive
domain as a dependent variable (Y). The Lasso penalty was used in the model to achieve
better data fitting and prediction. We searched through a sequence of values to identify the
best regularization parameter in the Lasso penalty through cross-validation. For robustness
of the inference on associations of ART drug and cognitive function, we employed a

J Neuroimmune Pharmacol. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

RUBIN et al.

Results

Page 6

bootstrap aggregation procedure to generate 100 bootstrapping datasets by randomly
sampling half of the number of observations without replacement. For robustness of the
inference on ART drug and cognitive domains and adjustment of multiple comparisons, we
employed a bootstrap aggregation procedure to control the false discovery rate (FDR)
(Benjamini and Hochberg 1995). Specifically, we generated 100 bootstrapping datasets by
randomly sampling half of the number of observations without replacement. We then applied
the CCR model to the 100 datasets separately and obtained significant drug-cognitive
domains associations for each of the datasets. The association of a specific drug-domain
item pair was designated as significant if that drug was selected as an important predictor for
that cognitive domain item in at least 90% of the bootstrapped datasets.

Overall Study Sample Characteristics and Subgroups of WWH

Our study sample included 929 WWH who contributed 4,301 observations in the WIHS
from October 2009 to April 2016. This subset of 929 women was similar in terms of
sociodemographic, behavioral and clinical factors, and ART-regimens to the larger sample of
3,434 participants (Williams et al. in press). See Tables 1, 2, and Supplemental Table 1 for
participant characteristics.

Based on our previous analyses using 47,377 observations from the 3,434 participants
(Williams et al. in press), we categorized this subset of 929 WWH as into one of five
mutually exclusive subgroups based on their longitudinal data, which included socio-
demographic, behavioral, and clinical factors. One hundred and sixteen women contributing
380 observations were in Subgroup 1 (controlled HIV [e.g., undetectable HIV RNA] with
vascular comorbidities [hypertension, diabetes]); 275 women contributing 1488 observations
were in Subgroup 2 (H/V legacy effects [e.g., CD4 nadir <250]); 165 women contributing
937 observations were in Subgroup 3 (younger individuals [<45 years of age] with hepatitis
C virus); 244 women contributing 1041 observations were in Subgroup 4 (orimarily 36-55
year olds); and 129 women contributing 455 observations were in Subgroup 5 (substance use
[crack, cocaine, and/or heroin, smoking] and poorly controlled HIV[CD4 nadir <250,
current CD4 <250, HIV RNA >5000 cp/mL]).

Cognitive Function Among Subgroups of WWH

On average, each of the subgroups of women had domain-specific T-scores falling into the
average range (mean ~50, SD=10) (Table 3; Supplemental Figure 1). However, the
subgroups differed on the pattern of domain-specific cognitive impairment (1 standard
deviation [SD] below the T-score mean of the HIV-uninfected WIHS women) (Supplemental
Figure 1). Women with controlled HIV with vascular comorbidities (Subgroup 1)
demonstrated the greatest impairment on memaory (versus all other groups). In contrast,
women with profound HIV legacy effects (Subgroup 2) had the greatest impairment in
executive function. Women primarily 36-55 years of age (Subgroup 4) had the greatest
impairment in fluency and motor function. Substance users with poorly controlled HIV
(Subgroup 5) had impaired psychomotor speed. Finally, women primarily <45 years of age
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(Subgroup 3) demonstrated the least impairment on memory and attention/working memory
(versus other groups).

Associations between Individual ART Drugs and Cognitive Function in Subgroups of WWH

Figure 1 provides the results of the associations between ART drug and cognition in
subgroups of WWH. Blue lines indicate better cognitive performance, while red lines
indicate poorer performance. The weight of the line indicates the magnitude of the
association. Table 4 provides the magnitude of the associations (or edge weight) between
ART and domain-specific cognitive function (continuous T-scores) among subgroups of
WWH, whereby a positive edge weight is associated with improved cognition and a negative
edge indicates that the ART drug is associated with poorer cognitive function. Although all
ART agents were included in the models, we focused on ART drugs being used >5% in the
overall sample. Most ART drugs were not associated with cognition. However, among the
few that were, NNRTI’s (NVP, rilpivirine [RPV], EFV) and PI’s (ATV, NFV, darunavir
[DRV]) were most commonly associated with cognition, followed by NRTI’s (DDI, ZDV)
and II’s (raltegravir [RAL], DTG). Despite these associations, the directionality of ART-
cognition associations varied substantially by subgroup.

Psychomotor speed and fluency were most commonly associated with ART for women with
well-controlled HIV with vascular comorbidities (Subgroup 1). NVP was the only ART drug
associated with cognition for women in this subgroup. Interestingly, NVP was associated
with better psychomotor speed (9 point higher T-score, ~1 SD) and better fluency (8 point
higher T-score; ~1 SD) (Table 4, Figure 1a).

In addition to fluency, executive function was also most commonly associated with ART for
women with profound HIV legacy effects (Subgroup 2). WWH in this subgroup exhibited
both positive and inverse associations among ART agents and cognition (Table 4, Figure 1b).
Specifically, ZDV was associated with better executive function. However, not all ART
drugs were positively associated with cognition, as DDI was associated with poorer fluency
(-5 point lower T-score) and RAL with poorer executive function.

Motor function was associated with ART exclusively for younger WWH (Subgroup 3) and
primarily 35-55 year olds (Subgroup 4). Similar to what occurred in those with H/V legacy
effects (Subgroup 2), Subgroups 3 and 4 had both positive and inverse associations between
type of ART drugs and motor function (Table 4, Figure 1c-1d). Specifically, in Subgroup 3,
ATV was associated with poorer motor function, while EFV was associated with better
motor function. In Subgroup 4, ZDV and DRV were associated with poorer motor function,
whereas ATV and NFV were associated with better motor function. DTG was also
associated with better motor function for WWH in Subgroup 4.

Interestingly, memory was uniquely associated with ART only for women with poorly-
controlled HIV and substance use (Subgroup 5). In contrast to all of the other subgroups,
memory was the only domain associated with ART agents (Table 4, Figure 1e). ATV (-11
point lower T score) was associated with a one SD lower score on memory, whereas RAL
was associated with better memory.
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Discussion

In these analyses, we utilized a bootstrap aggregation procedure to evaluate associations
between ART drugs and cognitive function among subgroups of WWH and found that the
direction and magnitude of associations between ART agents and domain-specific cognitive
function is highly dependent on socio-demographic, behavioral, and clinical characteristics.
Motor function was the domain most frequently associated with ART, which occurred for
women in two of 5 subgroups (Subgroups 3 and 4). Fluency (Subgroups 1 and 2) and
executive function (Subgroups 2 and 3) were the only cognitive domains that were
associated with ART across multiple subgroups. This finding suggests that the neural
circuitry regulating motor function, fluency, and executive function may be particularly
sensitive to ART. Despite these common associations across subgroups, the individual drugs
for which these associations occurred differed substantially. For example, executive function
was associated with ZDV (NRTI) and RAL (I1) for women in Subgroup 2, and with RPV
(NNRTI) for women in Subgroup 3. It is important to note that there were no associations
between individual ART drugs and any cognitive domain that occurred consistently among
all of the subgroups. In fact, we identified psychomotor speed (Subgroup 1) and memory
(Subgroup 5) as cognitive domains showing highly specific associations with ART. These
findings provide insight into the multifactorial nature of the impact of ART on cognition and
demonstrate that associations obtained from individual sociodemographic, phenotypic or
clinical subgroups are not necessarily generalizable— even among individuals enrolled in the
same study. These findings may explain, in part, inconsistencies in the observed associations
between ART and cognitive function reported in the literature.

Our data also warn against the generalization of individual ART drugs when evaluating
associations with cognitive function. ART agents, even those within the same drug class, are
distinct pharmacologic entities with different pharmacokinetics, half-lives, and molecular
structures that may each have unique impacts on physiological functions unrelated to their
effects on HIV. Our findings demonstrated that it is possible for only one ART drug in a
particular class to have an association with domain-specific cognitive function. As a result,
we propose that the nuances of individual ART drugs needs to be considered when
determining associations of ART and cognition among heterogeneous groups of PWH/
WWH.

When evaluating individual ART drugs across subgroups, the most common ART agents
associated with cognitive function included: ATV (PI; 3 of 5 subgroups), DDI and ZDV
(NRTISs; 2 of 5 subgroups), and RAL (I1; 2 of 5 subgroups). The CNS penetrance efficacy
(CPE) scores (Letendre 2011) and the toxic potentials of these ART drugs may contribute to
their associations with cognitive function. ATZ has an average CPE (Letendre 2011) and is
toxic to neurons (Robertson et al. 2012). Consistent with this notion, we found that ATV was
associated with poorer memory performance among WWH who were substance users with
poorly controlled HIV (Subgroup 5, ~1 SD), and among younger women with Hepatitis C
(Subgroup 3, 0.2 SD). In contrast, ATV was associated with better motor function (0.2 SD)
among middle-aged women (Subgroup 4), who did not abuse recreational drugs, and were
virologically controlled. DDI also has an average CPE (Letendre 2011) and has been
associated with reductions in neuronal integrity (Winston et al. 2010) and mitochondrial
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toxicity (Schweinsburg et al. 2005). These previous data are consistent with our findings
showing that DDI relates to poorer attention/working memory (~1/2 SD) among younger
women with hepatitis C (Subgroup 3) and poorer fluency (~0.5 SD) among women with
profound HIV legacy effects (Subgroup 2). ZDV has a much higher than average CPE
(Letendre 2011) and yet showed both negative (lower motor among middle-aged women)
and positive associations (higher executive function among those with profound HIV legacy
effects) with cognitive function. These findings are in part consistent with a number of
studies demonstrating that ZDV induces both neural and mitochondrial dysfunction (Kline et
al. 2009; Giunta et al. 2011), and other studies demonstrating cognitive benefits (Portegies et
al. 1989; Tozzi et al. 1993; Winston et al. 2010). RAL has an above average CPE (Letendre
2011) and has been associated with CNS symptoms (Madeddu et al. 2012), consistent with
our findings that show associations of RAL in women with legacy effects (poorer executive
function) and lack of association in women with substance use and poorly controlled HIV
(better memory).

Alternatively the different pattern of drug-cognition associations among subgroups may also
be explained by inter-individual variability in pharmacokinetic profiles or genetic
considerations. For example, while RAL is estimated to have a high CPE, calculations used
to derive CPE do not consider these individual differences (Brainard et al. 2011). CSF-to-
plasma RAL concentration ratios vary as much as 50-fold between individuals (Yilmaz et al.
2009; Croteau et al. 2010). RAL is also a substrate for drug efflux transporters that are
highly polymorphic, particularly among African-Americans which is the majority of our
cohort, which can greatly affects its’ CSF concentrations (Hoffmeyer et al. 2000; Chinn and
Kroetz 2007; Hoque et al. 2015). Other biological considerations, including bilirubin levels,
impact RAL (Arab-Alameddine et al. 2012). Thus, it may be possible that these inter-
individual differences exist among our subgroups which may not be explained by CPE.

Additionally, other ART agents associated with cognitive function in at least one group
included the following NNRTIs (NVP, RPV), PIs (DRV, NFV), and Ils (DTG). Among the
NNRTIs, NVP has a higher than average CPE whereas ETR and RPV has an average CPE
(Letendre 2011). NVP has been shown to have a high risk of neurotoxic effects (Streck et al.
2008; Robertson et al. 2012), yet we found that NVP was associated with better processing
speed and fluency among women with controlled HIV and vascular comorbidities (Subgroup
1). Among the Pls, DRV has above average CPEs, whereas NFV has a below average CPE
(Letendre 2011). DRV was associated with poorer motor function (subgroup 4), whereas
NFV (subgroup 4) was associated with better motor function. Unexpectedly, EFV was not
widely associated with cognitive function. In fact, EFV was associated with better motor
function for one subgroup (younger women with hepatitis C). The association of EFV with
higher NP function in our study is consistent with some (Clifford et al. 2005; Clifford et al.
2009; Robertson et al. 2010) but not all studies (Streck et al. 2008; Ciccarelli et al. 2011;
Winston et al. 2012; Ma et al. 2016; Rubin et al. 2017; Li et al. in press).

Limitations of our analyses include a cross-sectional approach to examining the associations
of ART drugs on cognition. Thus, we are unable to provide mechanistic insight as to why
specific subgroups demonstrated specific ART-domain-specific cognitive associations
compared to other subgroups. Additionally, our focus was on specific ART agents rather
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than examining standard drug combinations. New analytic methods are currently under
development to address both of these issues. Other limitations include the availability of
certain ART agents over the longitudinal course of WIHS which confines the clinical
applicability of the findings. For example, given the time span of the study not all WWH at
all visits had the opportunity to be evaluated on all of the ART agents. This concern is
somewhat mitigated as the distribution of enrollment periods and follow-up time/dropout
was not substantially different between the identified cluster groups. Additionally, our
findings are only generalizable to WWH and the pattern of associations may not be the same
among men with HIV which we plan to examine in future analyses.

In summary, we took a novel approach to evaluate the impact of ART on cognition in WWH.
Through our analysis of five subgroups, we determined that, as a whole, fluency, executive
function, and motor function were most frequently associated with ART. However, the
individual ART drugs and the direction of the association were highly dependent on the
subgroup of WWH evaluated. There was no association with any ART drug that occurred for
all subgroups, highlighting the importance of evaluating the heterogeneous impact of ART
on cognitive function. Our findings provide insight into a precision medicine based approach
that may be useful to mitigate the potential neurotoxic effects of ART by considering the
unique socio-demographic, behavioral, and clinical characteristics of an individual when
prescribing a treatment regimen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Associations between ART drugs and domain-specific cognitive function in subgroups of

women with HIV (WWH). Blue lines indicate that the ART drug is associated with better

cognition and red lines indicate that the ART type is associated with poorer cognition. The
weight of the line indicates the magnitude of the association. The circle colors reflect the
ART agent type (e.g., integrase inhibitor, etc).
Note. NRTI= nucleoside reverse-transcriptase inhibitors; NNRTI= non-nucleoside reverse-
transcriptase inhibitor; l1= integrase inhibitor; P1= protease inhibitor
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Table 2.

Number of specific antiretroviral drugs that were being used in the overall sample and by each subgroup of
women with HIV (WWH).

Subgroup
Drug Overall 1(n=116) n 2 (n=275)n 3(n=165)n 4 (n=244)n 5(n=129) n
Drug Class (N=929) (%) (%) (%) (%) (%) P-Value
Tenofovir NRTI 677 (73) 76 (66) 208 (76) 123 (75) 175 (72) 95 (74) 0.32
disoproxil fumarate
(TDF)
(EFr?tCri)citabine NRTI 616 (66) 71 (61) 189 (69) 110 (67) 161 (66) 85 (66) 0.72
Lamivudine (3TC) NRTI 364 (39) 46 (40) 112 (41) 76 (46) 85 (35) 45 (35) 0.17
Abacavir (ABC) NRTI 219 (23) 24 (21) 63 (23) 42 (26) 61 (25) 28 (22) 0.84
Zidovudine (ZDV) NRTI 216 (23) 28 (24) 69 (25) 52 (32) 49 (20) 18 (14) 0.84
Didanosine (DDI) NRTI 69 (7) 2(2) 17 (6) 22 (13) 19 (8) 9(7) 0.006
Stavudine (d4T) NRTI 45 (5) 4(3) 15 (6) 8 (5) 11 (5) 7(5) 0.93
Tenofovir NRTI 2 (<1) 0 (0) 1(<1) 0(0) 1(<1) 0 (0) 0.81
alafenamide (TAF)
Zalcitabine (DDC) NRTI 1(<1) 0 (0) 0(0) 0(0) 1(<1) 0(0) 0.59
Efavirenz (EFV) NNRTI 238 (26) 23 (20) 85 (31) 36 (22) 64 (26) 30 (23) 0.10
Nevirapine (NVP) NNRTI 88 (9) 14 (12) 26 (10) 15 (9) 18 (7) 15 (12) 0.58
Rilpivirine (RPV) NNRTI 79 (9) 8(7) 22 (8) 18 (11) 21 (9) 10 (8) 0.77
Etravirine (ETR) NNRTI 35 (4) 2 11 (4) 9 (6) 10 (4) 3(2) 0.48
Delavirdine (DLV) NNRTI 1(<1) 0(0) 0(0) 0(0) 0(0) 1(<1) 0.18
Ritonavir (RTV) Pl 356 (38) 33 (28) 114 (42) 74 (45) 92 (38) 43 (33) 0.04
Atazanavir (ATV) Pl 276 (30) 21 (18) 93 (34) 71 (43) 65 (27) 26 (20) <0.001
Darunavir (DRV) PI 134 (14) 14 (12) 39 (14) 23 (14) 38 (16) 20 (16) 0.92
Lopinavir (LPV) Pl 123 (13) 16 (14) 36 (13) 28 (17) 28 (12) 15 (12) 0.56
Nelfinavir (NFV) Pl 56 (6) 8(7) 20 (7) 12 (7) 12 (5) 4(3) 0.43
Fosamprenavir PI 28 (3) 3(3) 9(3) 5(3) 9(4) 2(2) 0.83
(FPV)
Saquinavir (SQV) Pl 19 (2) 0 (0) 7(3) 6 (6) 5(2) 1(1) 0.21
Indinavir (IDV) Pl 9 (<1) 0 (0) 5(2) 0(0) 2 (<1) 2(2) 0.26
Tipranavir (TPV) Pl 4(<1) 0 (0) 3(1) 0 (0) 1(<1) 0 (0) 0.33
Amprenavir (APV) Pl 2 (<1) 0 (0) 0 (0) 0 (0) 2 (<1) 0 (0) 0.23
Raltegravir (RAL) 1l 127 (14) 15 (13) 41 (15) 30 (18) 21 (9) 20 (16) 0.06
Dolutegravir 1l 64 (7) 4(3) 18 (7) 7(4) 20 (8) 15 (12) 0.06
(DTG)
Elvitegravir (EVG) 1l 51 (5) 6 (5) 11 (4) 9 (6) 20 (8) 5(4) 0.26
Maraviroc (MRV) El 10 (<1) 22 2 (<1) 2(1) 2 (<1) 2(2) 0.87
NRTI= nucleoside reverse-transcriptase inhibitors; NNRTI= non-nucleoside reverse-transcriptase inhibitor; 11= integrase inhibitor; Pl= protease

inhibitor; El=entry inhibit
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Table 3.

Performance on each cognitive domain averaged over all visits for the overall sample and for each subgroup of
women with HIV (WWH).

Subgroup
Global T-score
Overall M 1 (n=116) 2 (n=275) 3 (n=165) 4 (n=244) 5 (n=129) proportion
Domain (SD) M (SD) M (SD) M (SD) M (SD) M (SD) P-value impaired
Learning 49.10 (9.65)  47.91(9.40) 49.06 (9.46)  49.06 (9.46) 49.37 49.82 0.10 17.94%
(10.43) (10.22)
Memory 49.27 (9.52)  47.86(9.06) 49.19 (9.71) 49.19(9.71)  49.67 (9.94) 49.30 0.19 16.41%
(10.40)
Attention/WM 48.60 48.13(9.99) 48.61(9.76)  48.61 (9.76) 48.85 47.95 0.94 17.96%
(10.00) (10.38) (11.18)
Executive 49.30 49.60 (9.77) 49.18 49.18 49.55 50.49 0.08 17.37%
Function (10.22) (10.76) (10.76) (10.40) (10.09)
Fluency 49.40 (9.74)  49.87 (8.93) 49.39 49.39 48.65 50.15 (8.25) 0.71 14.33%
(10.06) (10.06) (10.47)
Psychomotor 48.81(9.81) 48.19(9.78)  49.04 (9.77)  49.04 (9.77)  49.29 (9.75) 48.54 0.71 16.01%
Speed (10.72)
Motor 4954 (9.30) 51.25(8.96) 49.33(9.87) 49.33(9.87) 49.68(9.37)  50.00 (9.46) 0.91 12.59%

Note. WM=working memory
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Edge weights (magnitude of ART drugs and domain-specific cognitive function [continuous T-score]) for each
subgroup of women with HIV (WWH).

Drug Class Edge Subgroup  Cognitive Domain  Weight
NRTI Didanosine (DDI) 2 Fluency -5.80
3 Attention/WM -6.83
Zidovudine (ZDV/AZT) 2 Executive 2.37
4 Motor -4.98
NNRTI Nevirapine (NVP) 1 Psychomotor speed  8.06
1 Fluency 8.25
Rilpivirine (RPV) 3 Executive 3.50
Efavirenz (EFV) 3 Motor 1.30
Pl Atazanavir (ATV) 3 Motor -1.59
4 Motor 1.76
5 Memory -2.85
Nelfinavir (NFV) 4 Motor 4.30
Darunavir (DRV) 4 Motor -2.36
1 Raltegravir (RAL) 2 Executive -1.30
5 Memory 2.68
Dolutegravir (DTG) 4 Motor 3.40

Note. WM=working memory; NRTI= nucleoside reverse-transcriptase inhibitors; NNRTI= non-nucleoside reverse-transcriptase inhibitor; 11=
integrase inhibitor; P1= protease inhibitor; El=entry inhibitor
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