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Abstract

In contrast to findings from cohorts comprised primarily of HIV-infected men, verbal memory
deficits are the largest cognitive deficit found in HIV-infected women from the Women’s
Interagency HIV Study (WIHS), and this deficit is not explained by depressive symptoms or
substance abuse. HIV-infected women may be at greater risk for verbal memory deficits due to a
higher prevalence of cognitive risk factors such as high psychosocial stress and lower
socioeconomic status. Here, we investigate the association between perceived stress using the
Perceived Stress Scale (PSS-10) and verbal memory performance using the Hopkins Verbal
Learning Test (HVLT) in 1009 HIV-infected and 496 at-risk HIV-uninfected WIHS participants.
Participants completed a comprehensive neuropsychological test battery which yielded seven
cognitive domain scores, including a primary outcome of verbal memory. HIV infection was not
associated with a higher prevalence of high perceived stress (i.e., PSS-10 score in the top tertile)
but was associated with worse performance on verbal learning (p<0.01) and memory (p<0.001), as
well as attention (p=0.02). Regardless of HIV status, high stress was associated with poorer
performance in those cognitive domains (p’s< 0.05) as well as processing speed (p=0.01) and
executive function (p<0.01). A significant HIV by stress interaction was found only for the verbal
memory domain (p=0.02); among HIV-infected women only, high stress was associated with
lower performance (p’s<0.001). That association was driven by the delayed verbal memory
measure in particular. These findings suggest that high levels of perceived stress contribute to the
deficits in verbal memory observed in WIHS women.

Keywords
HIV; Verbal memory; Stress; Women; Cognition

Introduction

Evidence of a marked sex differences in the stress response (Kajantie and Phillips 2006;
Kudielka and Kirschbaum 2005) provides a strong rationale for studying the association
between high levels of stress and cognitive performance in women separately from men.
Compared to men, women show lower increases in cortisol, a steroid hormone released by
the adrenal glands, following exposures to psychological stressors (Kirschbaum et al. 1992).
Women, however, show a greater vulnerability to the cognitive effects of elevated cortisol
(McCormick et al. 2007; Schoofs et al. 2013; Seeman et al. 1997; Shors et al. 2001; Wolf et
al. 2001). Studies, for example, demonstrate a stronger association between elevated cortisol
and deficits in verbal memory and executive function in women compared with men
(McCormick et al. 2007; Seeman et al. 1997). A biological basis for this female
vulnerability to the cognitive effects of stress is supported by evidence from rat models
where acute stress increases learning and dendritic spine density in the hippocampus of male
rats (Servatius and Shors 1994; Shors et al. 2001; Shors and Servatius 1997) but decreases
learning and spine density in the hippocampus of female rats (Bangasser and Shors 2004;
Shors et al. 1998, 2001).

Findings from cohorts comprised primarily of men indicate that deficits in learning and
executive function are the most frequent cognitive impairments associated with HIV
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infection (Heaton et al. 2011; Woods et al. 2005). In contrast, a recent study of 1521 women
from the Women’s Interagency HIV Study (WIHS) showed that the largest cognitive deficit
associated with HIV infection was in the domain of verbal memory, particularly delayed
verbal memory, as measured by the Hopkins Verbal Learning Test (HVLT) (Maki et al.
2015). Neuroimaging findings from the WIHS link alterations in hippocampal function
during verbal encoding and recognition to deficits on the HVLT (Maki et al. 2009). Deficits
in hippocampal function in HIV reflect neuroinflammation and neurodegeneration. Autopsy
data reveal that microglial/macrophage activation is especially high in the hippocampus of
HIV-infected individuals treated with highly active antiretroviral therapy (Anthony et al.
2005). Neurodegeneration in the hippocampus at the level of dendrites/neuronal cell bodies
and presynaptic terminals is also a strong predictor of overall HI\VV-associated cognitive
impairment (Moore et al. 2006). In predominantly white HIVV-infected men who have sex
with men, acute stressful life events are associated with worse executive function, attention,
and processing speed, but not memory (Pukay-Martin et al. 2003). To date, however, no
studies have examined the association between stressful life events and cognitive
performance in HIV-infected women. This gap in the literature is surprising given that HIV-
infected women report high rates of exposure to acute and chronic stressors including early
childhood trauma, adult sexual assault, and physical violence as well as transactional sex,
unemployment, poverty, and single parenting (Brief et al. 2004; Cohen et al. 2000). In the
WIHS, 31 % of HIV-infected participants report childhood sexual abuse, 66 % report
lifetime domestic violence, and 21 % report domestic violence within the previous 6 months
(Cohen et al. 2000).

In the present investigation, we examine the association between perceived stress and
cognitive performance in HIV-infected compared with HIV-uninfected women. Our primary
aim was to investigate whether the central deficit in verbal memory observed in HIV-
infected women in the WIHS is associated with high levels of perceived stress. We
hypothesized that elevated stress would relate to worse performance on verbal memory and
that the magnitude of the effect of verbal memory will be greater for HIV-infected versus
HIV-uninfected women.

Study population

All participants were enrolled in the WIHS, a multi-site, longitudinal study of women with
and at-risk for HIV. Participants were enrolled at six consortia (Chicago, Bronx, Brooklyn,
Washington DC, San Francisco, Los Angeles) after signing institutional approved consent
forms. Study methodology, standardized data collection, and training of interviewers have
been previously described (Bacon et al. 2005; Barkan et al. 1998). Briefly, study visits were
conducted every 6 months and include a detailed psychosocial, behavioral, and clinical
survey, physical exam, and specimen collection.

This analysis included 1009 HIV-infected and 496 HIV-uninfected participants (mean
age=46.2, 64 % African-American) who completed the first wave of neurocognitive testing
implemented in the WIHS between April 2009 to April 2011 and met all inclusion criteria
(see Maki et al. 2015). For cognitive testing, we targeted all active English-speaking
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participants (n=1908) who completed any of the four semiannual WIHS visits. Exclusion
criteria were established in advance but applied after cognitive testing of the targeted group
because variables acquired at the core semiannual visits (e.g., recent drug abuse) were
needed to determine eligibility. Of 1908 eligible women, 1595 (84 %) women completed the
cognitive test battery. We analyzed 1499 (1009 HIV-infected; 92 % of the cohort) after
excluding 96 participants who met one or more of the following exclusion criteria: 1)
missing data on the perceived stress scale (n=22); 2) presence of conditions that preclude
completion of neurocognitive tests (e.g., hearing loss, impaired vision, being under the
influence of illicit substances) (n=11); 3) history of stroke/CVA (n=13); and 4) self-reported
use of antipsychotic medication in the past 6 months (n=50). Compared to women who did
not complete the cognitive test battery, the women who completed the cognitive testing were
more likely to be Black non-Hispanic, to be less educated, to have a lower annual household
income, to be Hepatitis C virus (HCV) antibody positive, to smoke, to report recent crack,
cocaine, and/or heroin and marijuana use, to be from the Bronx and Brooklyn study sites,
and less likely to be HIV-infected or be from the LA and Chicago study sites (p’s<0.05).

Neuropsychological outcome measures

Seven cognitive domains were assessed. The primary cognitive domain of interest was
verbal memory, which was assessed with the Hopkins Verbal Learning Test (HVLT), a 12-
item list-learning task used to measure verbal learning and memory (Brandt and Benedict
2001). A verbal memory domain T-score was calculated by averaging derived T-scores (see
statistical analysis section) for the following two HVLT indices: 1) number of words
recalled after a 25-min delay (delayed recall) and 2) percent retention (delayed recall/
maximum score on trial 2 or 3).

Secondary cognitive domains assessed included verbal learning, attention and concentration,
executive functioning (behavioral inhibition, mental flexibility, working memory),
psychomotor speed, verbal fluency, and fine motor skills. T-scores were also computed for
each of the secondary cognitive domains. Each cognitive domain was computed by
averaging the derived T-scores of all individual outcomes within each domain. Verbal
learning was assessed with the following two HVLT indices: 1) Trial 1 (single trial learning)
and 2) total words recalled across each of three learning trials (total learning). Attention and
concentration were assessed with Trials 1 and 2 of the Stroop test (Comalli et al. 1962)
(outcome=average time to complete Trials 1 and 2, Trials correlated at r=0.72), Trail
Making Test part A (Reitan 1978) (outcome=time to complete), and the control/attention
condition from the Letter-Number Sequence (LNS) test from the Wechsler Adult
Intelligence Scale IV (WAIS V) (outcome=total correct). Executive functioning was
assessed with Trial 3, the color-word condition (interference) of the Stroop test (Comalli et
al. 1962), which measures behavioral inhibition (outcomes=time to completion), Trail
Making Test part B (Reitan 1978), which measures mental flexibility (outcome=time to
complete), and the working memory condition of LNS (outcome=total correct).
Psychomotor speed was assessed with the Symbol Digit Modalities Test (SDMT) (Smith
1968) (outcome=total number of boxes that were correctly filled within the time limit of 90
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s). Verbal fluency was assessed with a letter fluency task (Benton 1968) (outcome=total
words generated in response to the letters F, A, and S) and a category fluency task
(outcome=total words generated in response to the semantic category of animals). Fine
motor skills was assessed with the Grooved Pegboard Test (Reitan and Wolfson 1985)
(outcome measure=average time to complete the dominant and nondominant hand). All
timed outcomes were skewed to the right and therefore log transformed.

Primary explanatory variable

Covariates

Perceived Stress Scale—The Perceived Stress Scale (PSS-10) (Cohen et al. 1983;
Cohen and Williamson 1988) is a widely used self-report instrument measuring the degree
to which situations the previous month in one’s life are appraised as stressful. Items assess
the degree to which respondents have found their lives unpredictable (e.g., How often have
you been upset because of something that happened unexpectedly?), uncontrollable (e.g.,
How often have you felt that you were unable to control the important things in your life?),
and overloaded (e.g., How often have you felt difficulties were piling up so high that you
could not overcome them?) in the last month. Each of the 10 items was rated on a 5-point
Likert scale (O=never, 1=almost never, 2=sometimes, 3=fairly often, 4=very often). A total
score was computed by summing item responses (reverse scored when needed), with higher
scores indicating greater perceived stress (scores range from 0 to 40). A Cronbach Alpha of
0.88 indicated excellent internal consistency. Consistent with previous WIHS studies
(Massad et al. 2011), we categorized perceived stress as higher when PSS-10 scores were in
the top tertile (for the present sample>18). Perceived stress was categorized as lower (low-
to-moderate) when PSS-10 scores were <18 (bottom two tertiles).

Sociodemographic variables and risk factors for cognitive impairment were selected based
on a comprehensive analysis of the wave one findings (Maki et al. 2015) and included:
annual household income; Center for Epidemiologic Studies Depression Scale (CES-D,
cutoff score of 16); Hepatitis C virus antibody (HCV) status (indicative of HCV exposure);
self-reported recent (within 6 months), former (>6 months), or never use of marijuana,
crack, cocaine, and/or heroin and smoking; self-reported recent heavy alcohol use for
women defined by the National Institute on Alcohol Abuse and Alcoholism (NIAAA) (>7
drinks/week or >4 drinks in one sitting); recent antidepressant use; and study geographic
site. Additional HIV-related clinical variables of interest included combination antiretroviral
therapy (CART) use (i.e., no cCART therapy, cCART therapy and self-reported <95 % adherent
with medication as prescribed, CART therapy and self-reported =95 % adherent with
medication as prescribed), duration of antiretroviral therapy use, current CD4 count <200
cells/mm3, current viral load (undetectable, <10,000 cp/ml, 10,000 cp/ml), and nadir CD4
count <200 cells/mm3 during WIHS study observation.

Statistical analysis

Differences between groups (HIV-uninfected not high stress; HIV-uninfected high stress;
HIV-infected not high stress; HIV-infected high stress) in demographic characteristics were
examined using two-way between subjects analysis of variance (ANOVA) for continuous
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variables and chi-square tests for categorical variables. In the absence of published cognitive
test norms for low income minority women, we followed Heaton and colleagues (1991) and
prior work within the WIHS (Maki et al. 2015; Manly et al. 2011; Rubin et al. 2014), using a
regression approach to estimate premorbid levels of function for the total sample based on
scores of the comparison group (HIVV women). We did this by regressing age, years of
education, race/ethnicity, and Reading Recognition subtest from the Wide Range
Achievement Test-Revised (WRAT-R) (Wilkinson 1993), as a proxy for educational quality
(Manly et al. 2002), on each cognitive outcome. The resulting unstandardized beta weights,
constants, and standard errors were used to calculate predicted scores for each test that were
then subtracted from each woman’s actual score and transformed to scores (using means of
50 and standard deviations of 10) that could be more easily compared across all cognitive
outcomes.

In the overall sample, we used multivariable linear regression analyses to examine the
separate and interactive associations of HIV status and perceived stress on the primary and
secondary cognitive domains (p<0.05). Where significant effects were observed in cognitive
domains, we also examined the separate and interactive associations of HIV and perceived
stress on the individual outcomes (also T-scores) contributing to the domain scores. The
model adjusted for confounds shown to be associated with cognitive functioning in the
primary analysis of these cognitive data (Maki et al. 2015) including marijuana use; crack,
cocaine, and/or heroin use; smoking; heavy alcohol use; antidepressant use; HCV antibody
status; annual household income; and study site. We also adjusted for number of prior
exposures to tests that were previously administered as part of an abbreviated WIHS
cognitive battery ((Trail Making Test (range 1-5), and SDMT (range 1-5)), and previous
cross-sectional and site-specific studies ((HVLT (range 1-2), Stroop test (range 1-4)).
Interactions between HIV status and perceived stress were retained in the final model if
p<0.10; stratum-specific estimates within HIV status are reported for interactions. For
significant interactions, a final model was run for the HIV-infected women only including
the additional covariates of recent CD4 count and HIV viral load, nadir CD4 count, and
CART use and adherence. Planned exploratory analyses in HIV-infected women were also
conducted to examine interactions between stress, HIV clinical characteristics (HIV viral
load, recent and nadir CD4 count, CART use and adherence), and HCV status. Significance
is defined as p<0.05 (two-sided). Cohen’s d effect sizes are also reported (small effect=0.2;
medium effect=0.5; large effect=0.8) (Cohen 1992). Analyses were performed using SAS
PROC GENMOD (version 9.2, SAS Institute Inc, Cary, NC).

Table 1 shows demographic and clinical information for the HIV-infected (n=1003; 619
lower stress, 384 higher stress) and HIV-uninfected women (n=496; 317 lower stress, 179
higher stress). Participants ranged in age from 25 to 87 years (M=46.2, SD=9.4), with high
minority representation (64 % African-American, 20 % Hispanic). Compared with HIV-
uninfected women, HIV-infected women were significantly older, had a higher minority
representation, were more likely to have positive HCV serology and to use antidepressant
medication, and were less likely to engage in heavy alcohol use and marijuana (p’s<0.05;
Table 1). The proportion of HIV-uninfected (36 %) and HIV-infected (38 %) women with
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higher perceived stress was similar (p=0.41). Regardless of HIV status, women with higher
compared to lower perceived stress were older, less educated, had a lower annual household
income, more likely to have positive HCV serology and to use antidepressant medication,
more likely to smoke, use marijuana, crack cocaine, powder cocaine, and/or heroin and to
have more depressive symptoms (p’s<0.05; Table 1). Among HIV-infected women, women
with higher perceived stress had lower CD4 count and higher viral load than women with
lower perceived stress (p’s<0.05; Table 1).

In multivariable analyses controlling for the full set of model variables, HIV-infected
women performed significantly worse than HIV-uninfected women on the verbal learning
(p=0.003, d=0.17) and memory (p<0.001, d=0.0.19) and attention and concentration
(p=0.02, d=0.14) domains (Table 2). Consistent with our previous publication (Maki et al.
2015), HIV-infected women performed significantly worse than HIV-uninfected women on
all individual HVLT indices (p’s<0.05), Stroop trials 1 and 2 (p=0.01), and LNS control
(p=0.007).

Regardless of HIV status, perceived stress was significantly and inversely associated with
cognitive performance (Table 2). Women with higher perceived stress performed worse than
women with lower perceived stress on the verbal learning (p=0.004, d=0.16) and memory
(p=0.003, d=0.17), attention and concentration (p=0.004, d=0.17), executive functioning
(p=0.005, d=0.17), and psychomotor speed (p=0.01, d=0.14) domains. Specifically, women
with higher perceived stress performed worse than women with lower perceived stress on all
HVLT indices (p’s<0.05, d’s 0.11-0.19), Stroop trials 1 and 2 (p=0.01, d=0.15), Stroop trial
3 (p=0.02, d=0.13), Trails B (p=0.01, d=0.14), and SDMT (p=0.01, d=0.14).

Interactions between perceived stress and HIV status on cognition

As hypothesized, perceived stress interacted with HIV status to significantly influence the
verbal memory domain, specifically on delayed recall (p’s < 0.05; Table 2/Fig. 1). Among
HIV-infected women, those reporting the highest perceived stress performed significantly
worse than women with perceived stress scores in the lowest two tertiles on the verbal
memory domain (B=—2.24, SE=0.62, p<0.001; Cohen’s d=0.24). Follow-up analyses on
individual HVLT indices revealed that this interaction was driven specifically by delayed
recall (B=-2.24, SE=0.65, p<0.001; Cohen’s d=0.23). Both interactions remained significant
(p’s < 0.05) even after adjusting for depressive symptoms (defined by a Center for
Epidemiologic Studies Depression Scale score 216) as an additional covariate. The
interaction between perceived stress and HIV status also remained significant on delayed
recall even after controlling for the total words learned (p=0.04). In contrast, among the
HIV-uninfected women, there were no significant differences on the verbal memory domain
(B=-0.004, SE=0.88, p=0.99) or on delayed recall between women with higher and lower
levels of perceived stress (B=0.28, SE=0.93, p=0.76). There were no other significant
interactions between perceived stress and HIV status on the verbal learning, executive
functioning, attention, fine motor skills, or processing speed domains.

In multivariable analyses of HIV-infected women only, those with higher perceived stress
performed significantly worse than women with lower perceived stress on the verbal
memory domain (B=-2.13, SE=0.62, p<0.001) and on delayed recall (B=—2.03, SE=0.65,
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p=0.002) after controlling for HIV disease characteristics, including current CD4 count, HIV
viral load, cART medication use, and duration on ART. To ensure that the stress-cognition
association was not driven by uncontrolled viremia, we conducted analyses among a subset
of HIV-infected women with suppressed HIV RNA in plasma (n=525) and demonstrated
that the association between perceived stress and performance on the verbal memory domain
(p=0.01) and delayed recall in particular (p=0.01) remained significant.

Exploratory multivariable regression analyses tested whether perceived stress interacted
with any HIV clinical characteristics and HCV antibody status on the verbal memory
domain and on delayed recall specifically. There was a significant interaction between
perceived stress and HIV viral load on the verbal memory domain (p=0.04; Fig. 2) and on
delayed recall (p=0.04) after adjusting for other clinical characteristics. In follow-up
analyses, stress had marked negative associations with the verbal memory domain (B=-4.54,
SE=1.61, p=0.005) and delayed recall (B=-4.42, SE=1.70, p=0.009) in HIV-infected women
with viral loads =10, 000 copies/ml. The magnitude of this difference was sizable (~4.5 T-
score points or ~0.50 standard deviations). Perceived stress also interacted with HCV
antibody status on the verbal memory domain (p=0.02) and on delayed recall (p=0.03). In
follow-up analyses, stress was only negatively associated with the verbal memory domain
(B=-4.20, SE=1.25, p=0.005) and delayed recall (B=—4.19, SE=1.31, p=0.001) in HIV-
infected women who were HCV antibody positive.

Discussion

We found that regardless of HIV status women with higher levels of perceived stress
performed worse than women with lower perceived stress on measures of verbal learning
and memory, attention, processing speed, and executive function. Consistent with our
previous study (Maki et al. 2015), HIV status was associated with poorer performance on
measures of verbal learning and memory and attention. Most notably and as expected, there
was a significant interaction between perceived stress and HIV status in that perceived stress
was significantly associated with verbal memory among only the HIV-infected women. This
association could not be attributed to higher levels of stress in HIV-infected women, as HIV-
infected and HIV-uninfected women reported similar levels of perceived stress.

Consistent with prior literature (Seeman et al. 1997; VonDras et al. 2005; Wolf et al. 2001),
women with higher levels of perceived stress in our cohort performed worse on measures of
verbal learning and memory, attention, processing speed, and executive function compared
to women with low perceived stress. These effects were small (d’s 0.14-0.19) with the
largest effect being on verbal memory (d=0.19). Importantly, difficulties in verbal memory
as well as executive functions and psychomotor speed are associated with increased risk of
antiretroviral nonadherence (Hinkin et al. 2002, 2004). Insights into the neural circuitry of
stress and memory associations are provided by studies in HIV-uninfected individuals.
These studies have reported morphometric abnormalities in the medial prefrontal cortex
(including the anterior cingulate) and hippocampus (Bremner 2007; Cohen et al. 2006;
Lupien et al. 2009; McEwen 2000), brain areas important for attention, executive functions,
and learning and memory (Carter et al. 1998; Kim and Diamond 2002). The prominent
association between stress and memory might be due to stress-induced changes in the
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hippocampus, as exposure to psychological trauma is associated with smaller left, right, and
total hippocampal volumes in HIV-uninfected adults (Woon et al. 2010). Perceived stress is
also associated with grey matter volumes in the bilateral parahippocampal gyrus, fusiform
cortex, and entorhinal cortex (Li et al. 2014). Midlife psychological stress is linked to late
life brain temporal lobe atrophy and an increased risk of dementia (Johansson et al. 2010,
2012). Additionally, early life stress is linked to smaller anterior cingulate volumes in 1045
adults (Cohen et al. 2006). Laboratory-induced stressors such as social stress and restraint
stress in animal studies also produce structural changes (e.g., dendritic remodeling) in the
hippocampus (Buwalda et al. 2005; Luine et al. 1996). In humans, laboratory-induced stress
(e.g., Trier Social Stress Test) produces impairments in memory, attention, and executive
functioning (Kirschbaum et al. 1996; Olver et al. 2014; Plessow et al. 2011). Although
previous studies demonstrate that psychosocial stressors impair working memory (Olver et
al. 2014; Schoofs et al. 2008), we did not find an association between stress and working
memory in the present cohort.

Consistent with our hypothesis, we found that perceived stress interacted with HIV status to
influence verbal memory, in particular delayed verbal recall. This finding contrasts with a
study in HIV-infected men where stress was associated with only attention, processing
speed, and executive functioning (Pukay-Martin et al. 2012). The finding that stress is
associated with deficits in delayed verbal memory lends new insights into the predominance
of deficits in delayed verbal memory in WIHS women (Maki et al. 2015). Compared to men,
women are more vulnerable to the negative effects of stress hormones on hippocampal-
dependent tests (Seeman et al. 1997). This finding is notable in light of marked sex
differences in the hypothalamic pituitary adrenal (HPA) axis response patterns (Kajantie and
Phillips 2006; Kudielka and Kirschbaum 2005), the vulnerability of the hippocampus to
stress (Alderson and Novack 2002; Diorio et al. 1993; Magarinos et al. 1987; McEwen
2007; McEwen et al. 1986; McEwen and Sapolsky 1995; Meaney and Aitken 1985; Sanchez
et al. 2000), the profound effects of stress on immune function (DeVries et al. 2007), and the
heightened vulnerability of individuals with post-traumatic stress disorder to the negative
impact of glucocorticoids on verbal memory (Bremner et al. 2004; Grossman et al. 2006;
Yehuda et al. 2007).

In the present study, perceived stress interacted with HIV status in relation to delayed verbal
recall, but not learning, or retention on the HVLT. A pattern of impaired delayed recall, but
not retention, suggests that HIV status and perceived stress interact to influence retrieval of
information. Similar interactive effects of HIV status and perceived stress on acquisition
(e.g., information not encoded as efficiently) and retention (e.g., information is not retained
over a short time period) approached, but did not meet statistical significance (p’s< 0.10).
Importantly, the interaction between perceived stress and HIV status remained for delayed
verbal recall even after controlling for the total words learned. This finding suggests that the
interaction on delayed verbal recall was not simply a result of poor acquisition. Taken
together, the pattern of interactions provides tentative support that retrieval in particular is
highly sensitive to the negative effects of stress among HIV-infected women.

The pattern of interactions on the HVLT outcomes also provides tentative support that stress
and HIV among women might interact to particularly compromise hippocampal and
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prefrontal integrity and function and thus negatively influence performance on
neurocognitive tests (Lupien et al. 2005, 2009; Lupien and Lepage 2001) which are
associated with managing antiretroviral treatment (Hinkin et al. 2002, 2004) and are
critically dependent on the integrity of prefrontal-hippocampal circuitry. In a previous
WIHS functional magnetic resonance imaging (fMRI) study, hippocampal function
correlated with both acquisition and delayed recall (Maki et al. 2009). Moreover, the
hippocampus was overactive in HIV-infected women during delayed recall and the degree
of activation correlated with impaired recall, which suggested a compensatory response
(Maki et al. 2009). The hippocampus is particularly vulnerable to the effects of
uncontrollable stress and excess cortisol (primary stress hormone) and is a prominent site of
glucocorticoid receptors (Magarinos et al. 1987). Psychological stress and enhanced
glucocorticoid levels disrupt long-term potentiation, suppress excitability, and cause
neuronal death and atrophy in the hippocampus (Alderson and Novack 2002; McEwen and
Sapolsky 1995).

Although viral load and HCV status did not individually predict verbal memory in HIV-
infected women, these factors interacted with stress in analyses of verbal memory outcomes.
Specifically, the associations of elevated perceived stress and verbal memory were quite
marked among women whose viral loads were >=10,000 cp/ml and among women who were
HCV antibody positive. The viral load finding, though exploratory, is novel in the HIV adult
literature, but a study of cognitive function found evidence for cognitive compromise, as
measured by 1Q, in HIV-infected children who were under high levels of stress (Hochhauser
et al. 2008). In animal models, glucocorticoid exposures at levels similar to those following
stressors but not at lower levels, exacerbated the deleterious effects of gp120, an HIV
envelope protein, on hippocampal explants from the CA1 region of the hippocampus (Yusim
et al. 2000), in part by increasing the release of toxins from microglia in the context of
sustained stress (Brooke and Sapolsky 2002). The stronger associations between elevated
stress and verbal memory observed in HCV antibody positive women compared to HCV
antibody negative women is most likely due to HCV serology being a proxy of past
intravenous drug use (Armstrong et al. 2006) rather than HCV status itself. In the present
sample, 84 % of women who were HCV antibody positive also had a history of intravenous
drug use. There is growing evidence that stress and drug use effect brain functioning
including the prefrontal cortex and hippocampus (Sinha 2008; Sinha et al. 2005).

The present study has several limitations. First, the analyses were cross-sectional. We
presumed that high levels of stress led to decreased cognitive functioning; however, it is
possible that cognitive difficulties may have preceded high levels of stress for at least some
women. Longitudinal assessments are underway to determine the robustness of these
associations as well as mechanistic studies to understand the mechanisms by which stress
can negatively impact cognition in HIV-infected women. Additionally, although stress is
associated with depressive symptoms generally and in the present study, the interaction
between HIV status and perceived stress on verbal memory in our study remained
significant even after controlling for depressive symptoms.
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Conclusions

To date, the HIV literature has examined the association between stress and cognition only
in men. Here, we demonstrate that in contrast to those findings, women displayed a deficit in
verbal memory that appears to relate to perceived stress. This finding suggests a female-
related vulnerability to memory impairment related to stress. These findings underscore the
importance of screening for and treating stress in HIV-infected women as it may increase
vulnerability to memory dysfunction, resulting in decreased treatment adherence (Gorman et
al. 2009) and poorer quality of life. Additionally, our findings suggest a possible movement
toward written versus verbal instruction in the clinical setting to improve treatment
adherence and long-term comprehension about health and treatment.
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Fig. 1.
Perceived stress (lower vs. higher) is associated with the verbal memory domain and

delayed recall only in the context of HIV. Note. *p<0.001. There was a significant
interaction between perceived stress and HIV status on the verbal memory domain (p=0.03)
and specifically on delayed recall (p=0.02). Among HIV-infected women, women with
higher perceived stress performed worse than women with lower perceived stress on the
verbal memory domain and on delayed recall (p’s< 0.001). Conversely, among HIV-
uninfected women, women with higher and lower perceived stress performed similarly on
the verbal memory domain and on delayed recall (p’s>0.76). The model is adjusted for
marijuana use; crack, cocaine, and/or heroin use; smoking; hazardous alcohol use;
antidepressants; HCV; income; study site; and number of exposures to the Hopkins Verbal
Learning Test
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Fig. 2.
The interactive association between perceived stress (lower vs. higher) and viral load on the

verbal memory domain in HIV-infected women. Note. **p<0.01. There was a significant
interaction between perceived stress and viral load on the verbal memory domain (p=0.04).
Among HIV-infected women with viral loads >10,000 cp/ml, those women with higher
perceived stress performed significantly worse than women with lower perceived stress (B=
-4.54, SE=1.61, p < 0.01). HIV-infected women with higher and lower perceived stress
performed similarly if their viral loads were <10,000 cp/ml (B=0.23, SE=1.13, p=0.84) or
undetectable (B=—1.17, SE=0.93, p=0.21). The model is adjusted for marijuana use; crack,
cocaine, and/or heroin use; smoking; hazardous alcohol use; antidepressants; HCV; income;
study site; number of exposures to the Hopkins Verbal Learning Test; recent CD4 count and
viral load; nadir CD4 count; and cART use and adherence
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Background characteristics of HIV-infected and HIV-uninfected women as a function of perceived stress

(lower vs. higher)

Table 1

HIV- HIV+
Lower Higher Lower Higher
(n=317) (n=179) (n=619) (n=384)
Characteristics n (%) n (%) n (%) n (%)
Background characteristics
Age, M (SD)a bc 42.21(10.36) 45.94 (8.95) 47.31(9.19)  47.70 (8.10)
WRAT-R, M (SD)b 93.01 (16.94) 89.73(16.620 94.41(17.46) 89.03 (18.82)
Years of education, M (SD)b 12.75(2.54)  11.99 (3.07)  1271(2.86)  11.95(2.98)
..a
Race/ethnicity
African-American, non-Hispanic 207 (65) 101 (56) 416 (67) 233 (61)
White, non-Hispanic 26 (8) 24 (13) 80 (13) 56 (15)
Hispanic 72 (23) 44 (25) 96 (16) 83(22)
Other 12 (4) 10 (6) 27 (4) 12 (3)
Hepatitis C virus antibody (HCV)a b 56 (18) 872 178 (29) 134(35)
Recentd
Average annual household income, 3.91(2.29) 2.87 (1.96) 4.06 (2.30) 3.16 (2.05)
M (SD)°
Alcohol use?
Abstainer 151 (48) 92 (52) 367 (59) 239 (62)
Not heavy 95 (30) 36 (20) 158 (26) 85 (22)
Heavy 71 (22) 51 (28) 94 (15) 60 (16)
Antidepressant medication use® be 1509 33 (18) 90 (15) 89(23)
Depressive symptoms (CES-D216)b 32 (10) 118 (66) 67 (11) 234 (61)
Perceived stress (PSS-10)b 9.76 (5.23) 23.24 (4.76) 9.55 (5.03) 22.58 (4.00)
Smokingb
Never 88 (28) 26 (15) 200 (32) 71 (19)
Former® 130 (41) 102 (57) 210 (34) 201 (52)
Recent 99 (31) 51 (28) 209 (34) 112 (29)
Marijuana use® b
Never 70 (22) 28 (16) 180 (29) 82 (21)
Former® 178 (56) 112 (62) 354 (57) 237 (62)
Recent 69 (22) 39(22) 85 (14) 65 (17)
Crack, cocaine, and/or heroin useb
Never 153 (48) 50 (28) 277 (45) 121 (32)
Former® 147 (47) 107 (60) 326 (53) 225 (58)
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HIV- HIV+
Lower Higher Lower Higher
(n=317) (n=179) (n=619) (n=384)
Characteristics n (%) n (%) n (%) n (%)
Recent 17 (5) 22 (12) 16 (2) 38 (10)
HIV-related clinical characteristics
Nadir CD4 count (cells/ul), M (SD) - - 218 (158) 208 (157)
CD4 count (cells/ul)b B -
>500 342 (55) 169 (44)
>200 and <500 208 (34) 155 (40)
<200 69 (11) 60 (16)
Viral load (HIV RNA (cp/ml))? - -
Undetectable 343 (55) 182 (47)
<10,000 196 (32) 141 (37)
>10,000 80 (13) 61 (16)
Medication use - -
No CART 141 (23) 95 (25)
CART+ <95 % medication adherence 66 (11) 66 (17)
CcART+ 295 % medication adherence 412 (66) 223 (58)
ART duration (years), M (SD) - - 11.21 (4.59) 11.01 (4.60)

Heavy alcohol use=>7 drinks per week or >4 drinks at a sitting; Undetectable=<48 copies/ml; For income: 1=<$6000; 2=$6001- $12000; 3=
$12001-$18000; 4=$18001-$24000; 5=$24001- 30000; 6=$30001-$36000; 7=$36001-$75000; 8=>$75000

WRAT-R Wide Range Achievement Test Standard Score, CES-D Center for Epidemiologic Studies Depression Scale, PSS-10 Perceived Stress

Scale, CART combination antiretroviral therapy, ART antiretroviral therapy
aMain effect of HIV status is significant at p<0.05

bMain effect of Perceived Stress is significant at p<0.05

CI nteraction between HIV status and perceived stress is significant at p<0.05
d“Recent" refers to within 6 months of the most recent WIHS visit

e . -
“Former” refers to any previous use but not within the past 6 months

J Neurovirol. Author manuscript; available in PMC 2015 September 08.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Rubin et al. Page 20

Table 2

Multivariable linear regression analyses for the primary and secondary outcome measures: separate and
interactive associations of HIV status and stress on cognitive test performance

Separate and interactive effects

HIV infection (HIV+ vs. HIV-)  Stress (higher vs. lower) HIV infectionxstress
Cognitive domains n B (SE) Cohen’s d B (SE) Cohen’sd B (SE)
Primary outcome
Verbal memory 1495 -1.78 (0.52)*** 0.19 -1.54 (0'51)*** 0.17 —2.24 (105)*
HVLT: delayed free recall 1495 -1.94 (0_55)*** 0.20 -1.45 (0_55)** 0.15 -252 (1_11)*
HVLT: percent retention 1495 -1.62 (0.57)** 0.16 -1.64 (0.56)** 0.16 -1.95 (1.14)1—
Secondary outcomes
Verbal Iearning 1495 -1.55 (0_51)** 0.17 -1.45 (0_51)** 0.16 —2.02 (1.04)1-
HVLT: Trial 1 1495 _166 (0_55)** 0.17 181 (0_54)*** 0.19 211 (1.11)T
HVLT: total Trials 1-3 1495  _144 (0_55)** 0.15 -1.09 (0_54)* 0.11 -1.79 (1.10)1-
Attention and concentration 1320 _q o1 (0.43)* 0.14 121 (0.42)** 0.17 -0.34 (0.86)
Stroop Trials 1 and 2 1475 _154 (0.62)* 0.14 -168 (0.61)** 0.15 -1.29 (1.25)
Trail Making Test part A 1493 -0.51(0.57) 0.05 ~1.05(0 56)T 0.10 -1.17 (1.15)
LNS attention 1334 _164 (0.61)** 0.16 ~110(0 61)T 0.11 0.30 (1.24)
Executive functions 1252 -0.44 (0.49) 0.05 -1.36 (0.49)"" 017 0.23 (0.99)
StrOOp Trial 3 1430 -0.50 (072) 0.04 -1.66 (071)* 0.13 -1.58 (1.45)
Trail Making Test part B 1455  -0.45 (0.58) 0.04 —1.42 (0.58)* 0.14 -0.56 (1.17)
LNS working memory 1299 -0.63 (0.65) 0.06 -0.81 (0.64) 0.08 1.37 (1.12)
Psychomotor speed 1487  -0.80 (0.54) 0.08 -1.31 (0.54)" 0.14 -1.40 (1.09)
Fluency 1486 -0.21 (0.48) 0.02 -0.51 (0.42) 0.06 0.59 (0.97)
Fine motor skills 1442  0.21(0.58) 0.02 -0.28 (0.58) 0.03 0.04 (1.18)

All models are adjusted for site, marijuana use, crack, cocaine, and/or heroin use, smoking, heavy alcohol use, antidepressants, HCV, income,
study site, and number of previous cognitive test exposure

HVLT Hopkins Verbal Learning Test, LNS Letter-Number Sequence, Stress perceived stress scale, B parameter estimates, SE standard errors

p<0.10

*%

*

p<0.001;
**

p<0.01;
*

p<0.05;

Tp>0.05;
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