Pauline M. Maki, PhD
Leah H. Rubin, PhD
Victor Valcour, MD
Eileen Martin, PhD
Howard Crystal, MD
Mary Young, MD

Kathleen M. Weber, RN

Jennifer Manly, PhD
Jean Richardson, PhD
Christine Alden, BA
Kathryn Anastos, MD

Correspondence to
Dr. Maki:
pmaki@psych.uic.edu

Editorial, page 220

Supplemental data
at Neurology.org

Cognitive function in women with HIV
Findings from the Women’s Interagency HIV Study

ABSTRACT

Objective: In the largest cohort study of neuropsychological outcomes among HIV-infected
women to date, we examined the association between HIV status and cognition in relation to
other determinants of cognitive function (aim 1) and the pattern and magnitude of impairment
across cognitive outcomes (aim 2).

Methods: From 2009 to 2011, 1,521 (1,019 HIV-infected) participants from the Women's Inter-
agency HIV Study (WIHS) completed a comprehensive neuropsychological test battery. We used
multivariable regression on raw test scores for the first aim and normative regression-based
analyses (t scores) for the second aim. The design was cross-sectional.

Results: The effect sizes for HIV status on cognition were very small, accounting for only 0.05 to
0.09 SD units. The effect of HIV status was smaller than that of years of education, age, race,
income, and reading level. In adjusted analyses, HIV-infected women performed worse than unin-
fected women on verbal learning, delayed recall and recognition, and psychomotor speed and
attention. The largest deficit was observed in delayed memory. The association of low reading
level with cognition was greater in HIV-infected compared to HIV-uninfected women. HIV bio-
markers (CD4 count, history of AIDS-defining illness, viral load) were associated with cognitive
dysfunction.

Conclusions: The effect of HIV on cognition in women is very small except among women with low
reading level or HIV-related comorbidities. Direct comparisons of rates of impairment in well-
matched groups of HIV-infected men and women are needed to evaluate possible sex differences
in cognition. Neurology® 2015;84:231-240

GLOSSARY

cART = combination antiretroviral therapy; HAND = HIV-associated neurocognitive disorders; HCV = hepatitis C virus;
HNRC = HIV Neurobehavioral Research Center; HVLT-R = Hopkins Verbal Learning Test-Revised; LNS = Letter-Number
Sequencing Test; SDMT = Symbol Digit Modalities Test; WIHS = Women's Interagency HIV Study; WRAT = Wide Range
Abilities Test.

Compared to HIV-infected men, HIV-infected women may be at greater risk for cognitive
decline due to a higher prevalence of risk factors common in predominantly minority, urban-
dwelling women, such as poverty, low literacy levels, low education, substance abuse, poor
mental health, early life stressors and trauma, barriers to health care service utilization, and
environmental exposures.”> These factors might contribute to low cognitive reserve and confer
increased risks of cognitive dysfunction. Several studies have examined cognition in HIV-
infected women,”™'! but the maximum sample size has been 237. Larger studies are needed
to understand the determinants and patterns of cognitive function in HIV-infected women.
The Women’s Interagency HIV Study (WIHS) is the largest longitudinal study of the natural
and treated history of HIV infection and clinical outcomes in women residing in the United
States.'>"? Here we present the first findings from the largest comprehensive cohort study of
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cognitive function in HIV-infected (n =
1,019) and demographically similar HIV-
uninfected women (n = 502). Our first aim
was to investigate the association between
HIV status and cognition in relation to other
determinants of cognition. We predicted that
low socioeconomic status, low reading level,
illicit substance use, and depressive symptoms
would contribute to decrements across a range
of cognitive domains, and would more
strongly influence cognition in HIV-infected
women. Our second aim was to investigate the
pattern and magnitude of impairment across
cognitive outcomes. Based on prior WIHS
findings,'"'* we predicted that HIV-infected
women would show deficits in psychomotor
speed, attention, verbal learning, and memory.

METHODS Standard protocol approvals, registrations,
and patient consents. Previous reports detail the WIHS
recruitment, retention, and study procedures and demonstrate
that the WIHS cohort reflects the demographic and exposure risk
characteristics of HIV-infected women in the United States.'>'*'>
The study received institutional review board approval at each

WIHS site.

Participants. The WIHS was established in August 1994 at 6
clinical consortia: Brooklyn, New York; Bronx/Manhattan, New
York; Washington, DC; Los Angeles, California; San Francisco/
Bay Area, California; and Chicago, Illinois. In brief, the partici-
pants eligible for this cognitive substudy were enrolled during 2
waves of WIHS recruitment: the first between October 1994
and 1996 (n = 2,623) and the second in 2001-2002 (n =
1,143) for a total of 3,766 (2,791 HIV-infected and 975 HIV-
uninfected). Participants in this cross-sectional investigation
completed a cognitive assessment during the first wave (April
2009-2011) of a comprehensive neuropsychological test battery
administered every 2 years in conjunction with WIHS semiannual
core study visits. At each WIHS core visit, participants undergo a
physical examination, medical and psychosocial interviews, and a
blood draw to assess HIV status/viral load and immune, kidney,
and liver function.

For cognitive testing, we broadly targeted all active English-
speaking WIHS participants (n = 1,908) who completed any
of the 4 semiannual WIHS visits. Exclusionary criteria were es-
tablished in advance but applied after cognitive testing of the
targeted group because variables acquired at the core semiannual
visit (e.g., recent drug abuse) were needed to determine eligibility.
Of these 1,908 women, 1,595 (84%) completed cognitive assess-
ments. Limited attendance at WIHS visits contributed to the
16% missing data; 45% of women who did not complete cogni-
tive testing attended 2 or fewer semiannual visits during the
2-year wave compared to 3% of women who did complete cogni-
tive testing (p < 0.001). Compared to noncompleters, completers
were more likely to be black non-Hispanic; to be less educated; to
have an annual income; to be hepatitis C virus (HCV) antibody
positive; to have recently smoked; to have recently used crack,
cocaine, heroin, and/or marijuana; and to be HIV-seropositive

(table e-1 on the Neurology® Web site at Neurology.org).
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Completers were more likely to be from the Bronx and Brook-
lyn and less likely to be from Los Angeles and Chicago.

We included 1,521 (1,019 HIV-infected; 95% of the active
cohort) participants in analyses after excluding 74 participants
meeting one or more of the following exclusion criteria: (1) pres-
ence of conditions that limit test validity (e.g., hearing loss,
impaired vision, immediate influence of illicit substances; n =
11); (2) history of stroke/cerebrovascular accident (n = 13); and
(3) self-reported use of antipsychotic medication in the past 6
months (n = 50). Sixty-four women had self-reported dementia
or dementia by medical record and completed cognitive assess-
ments. They were included to ensure representation across the
range of cognitive performance.

After completing a standardized training process, certified
testers administered the test battery to a subset (about 25%) of
WIHS participants at each of 4 semiannual visits, thus including
100% of the target sample within a 2-year cycle. Test administra-
tors were required to complete a 3-step certification process
involving (1) face-to-face training at respective sites; (2) central
review, scoring, and feedback for 2 audiotaped administrations
of the test battery; and (3) central review of test administrations
6 and 12 months after initial certification and annually thereafter
to control for “drift” in testing. These training procedures were
shown to be effective, efficient, and low cost in previous work.'®
The test battery was developed by WIHS investigators, reviewed
by external neuroAIDS experts, and designed to enable future
applications of existing HIV-associated neurocognitive disorders
(HAND) research criteria'” and comparisons to the Multicenter
AIDS Cohort Study cohort. A pilot study at the Chicago WIHS
Consortium ensured that the battery was suitable for use in the
WIHS cohort.'" Neuropsychological tests were the Hopkins Verbal
Learning Test—Revised (HVLT-R)"®; Stroop Test'’; Trail Making
Test Parts A and B; Symbol Digit Modalities Test (SDMT); Letter-
Number Sequencing Test (LNS); Letter Fluency (F, A, S); Seman-
tic Fluency (animals); and Grooved Pegboard.

Statistical analysis. We examined differences in demographic
characteristics of included participants by HIV status with inde-
pendent ¢ tests for continuous variables and x? tests for categorical
variables. To assess predictors of neuropsychological outcomes,
we focused on raw test scores. We conducted multivariable regres-
sion analyses to examine the association between HIV status and
cognition, first after controlling for primary covariates of age,
race/ethnicity, education, and reading level as measured by the
Wide Range Abilities Test (WRAT-3 Reading Recognition sub-
test) score, and then also after controlling for study site (of 6),
cohort (1994/1995 vs 2001/2002), annual household income
(=$12,000), Center for Epidemiologic Studies Depression Scale
(cutoff score 16), recent self-reported use of antidepressant
medication, HCV antibody status, smoking status (recent,
former, never), marijuana/hashish use (recent, former, never),
recent heavy alcohol use (heavy use >7 drinks/week or more
than 4 drinks in one sitting, non-heavy alcohol use, abstainer),
and crack, cocaine, and/or heroin use via any means of
administration (recent, former, never). We also adjusted for
number of prior exposures to the Stroop (range 1-4), HVLT
(range 1-2), SDMT (range 1-5), and Trail Making (range
1-5) tests. We then examined the interactive effects of HIV
status and primary covariates on raw scores.

To test our second hypothesis regarding the pattern of perfor-
mance across neuropsychological tests, we used a regression-based
approach to create demographically corrected normative stand-
ards (i.e., # scores) for individual neuropsychological tests.'#2-2!
Based on prior research,'® each outcome was first regressed on

age, years of education, WRAT-3 score, and race/ethnicity in the
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[ Table 1 Demographic characteristics of HIV-infected and HIV-uninfected participants ]

HIV status
HIV-infected HIV-uninfected
Background characteristics (n =1,019) (n = 502) p Value
Age, y, mean (SD) 47.48 (8.79) 43.48 (10.03) <0.001
WRAT-3 reading subtest, mean (SD) 92.39 (17.76) 91.76 (16.98) 0.54
Years of education, mean (SD) 12.39 (2.94) 12.49 (2.77) 0.55
Race/ethnicity, % 0.02
African American, non-Hispanic 64 62
White, non-Hispanic 14 10
Hispanic 18 24
Other 4 4
Annual household income <$12,000/year, % 45 45 0.79
2001/2002 recruits, % 37 52 <0.001
Hepatitis C virus antibody, % 31 19 <0.001
Current depressive symptoms, CES-D 216, % 30 30 0.98
Recent antidepressant medication use, % 18 10 <0.001
Recent heavy alcohol use, % <0.001
Abstainer 60 49
Not heavy 25 26
Heavy 15 25
Marijuana/hashish use, % 0.001
Never 26 20
Former 59 58
Recent 15 22
Smoking, % 0.11
Never 27 23
Former 41 46
Recent 32 31
Crack, cocaine, and/or heroin use, % 011
Never 40 41
Former 55 51
Recent 5 8
HIV disease
Nadir CD4 count, mean (SD) 214.35 (159.08)
CD4 count, cells/pL, %
>500 51
2200 and <500 36
<200 13
Viral load, HIV RNA, copies/mL, %
Undetectable (<48 copies/mL) 53
<10,000 88
210,000 14
Medication use, %
No cART therapy 24
cART <95% adherence ilg
cART >95% adherence 63

Continued
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[ Table 1 Continued

Background characteristics
ART duration, y, mean (SD)?
Years since first HIV+ test, mean (SD)°

History of AIDS-defining illnesses, %

Abbreviations: ART = antiretroviral therapy; CES-D = Cent

HIV status

HIV-infected HIV-uninfected
(h =1,019) (n = 502) p Value

11.80(3.82)
11.89 (3.56)
30

er for Epidemiological Studies Depression scale; cART = com-

bination antiretroviral therapy; WIHS = Women'’s Interagency HIV Study; WRAT-3 = Wide Range Achievement Test stan-

dard score.
Current refers to within the past week. Recent refers to with
previous use, but not in the past 6 months. Heavy alcohol use

in 6 months of the most recent WIHS visit. Former refers to any

reflects >7 drinks per week or more than 4 drinks in one sitting.

2Reflects the mean for 930 of the HIV-infected women (94% of cognitive study sample) who started ART before cognitive

data collection.
b Reflects the mean for 983 HIV-infected women (99%).

HIV-uninfected women (table e-2). We then used the unstan-
dardized B weights of each predictor, the constant, and the stan-
dard error to calculate predicted scores for each test. Finally, to
create £ scores with a mean of 50 and SD of 10 in the controls, we
estimated the difference between the predicted scores and
observed (residual) scores (# score = [(observed score — predicted
score)/standard error of the estimate of the regression] X 10 +
50). These # scores served as outcomes in a series of multivariable
regression analyses for the same covariates (e.g., site, income)
described above. For analyses restricted to HIV-infected women,
we examined current and nadir CD4 T-lymphocyte count <200
cells/mm?, plasma HIV RNA (viral load) (>10,000 cp/mL,
=10,000, undetectable), history of AIDS-defining illness, anti-
retroviral combination antiretroviral therapy (cART) medication
use/adherence (no cART therapy, cART therapy + <95%
adherent, cART therapy + =95% adherent), and duration of
antiretroviral therapy use. The statistical significance level was set
at p < 0.05. Analyses were performed using SAS (version 9.2,
SAS Institute, Cary, NC).

RESULTS Study population. Participants included
1,019 HIV-infected and 502 HIV-uninfected women
(table 1). Age ranged from 25 to 87 years (mean =
46.15, SD = 9.39; range 25.9-87.4 in HIV-infected
and 25.5-77.5 in HIV-uninfected), with 64% non-
Hispanic African American and 20% Latina and 42%
from the 2001/2002 cohort.'>" Lifetime use of illicit
substances was common: 59% formerly used marijuana
and 54% formerly used crack, cocaine, and/or heroin.
Only 21% reported recent use of illicit substances
(6% crack, cocaine, and/or heroin; 17% marijuana),
where recent was defined as use since the previous
visit, typically 6 months earlier. HIV-infected women
were less likely than HIV-uninfected women to report
recent use of marijuana and recent hazardous alcohol use
(p < 0.001) and were more likely to be hepatitis C
infected and to report use of antidepressant
medication. Among HIV-infected women, 13% had a
current CD4 T-lymphocyte count <200 cells/pL, 53%
had undetectable plasma HIV RNA, and 63% were
adherent by self-report to =95% of prescribed cART
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doses. A total of 97% of women completed the
neuropsychological assessment at the core visit, and
3% at a separate Visit.

HIV effects on cognition. Table 2 shows the comparison
of neuropsychological test scores between groups.
HIV-uninfected women served as the reference
group and negative 3 coefficients referred to worse
performance among infected women. In unadjusted
models, significant group differences were observed
on the HVLT, Stroop, Trail Making Test, SDMT,
Grooved Pegboard, Semantic Fluency, and LNS
Attention. In adjusted analyses, HIV-infected women
performed worse on all but one (learning slope) HVLT
outcome measure (trial 1 learning, total learning across
trals 1-3, delayed recall, recognition, percent
recognition) (ps < 0.05) and on measures of
attention (Stroop trial 1 and 2; LNS attention trial)
(ps < 0.05). HIV-infected women also performed
worse on incidental recall on the SDMT. These
same patterns of HIV effects were mirrored in
regression analyses using demographically adjusted #
scores (table 3). In both analyses, the largest HIV
effect was observed for HVLT delayed recall (Cohen
& = —0.20). This effect remained after controlling for
the total words learned (p = 0.02; Cohen & = —0.13).

Effect of HIV status in relation to other determinants of
cognitive function. Table 4 shows the standardized B
coefficients from the multivariable regression on raw
test scores, where the coefficients are adjusted for all
factors in the model. Generally, the effect sizes for
HIV status on cognition were very small, accounting
for 0.05 to 0.09 SD units. The HIV effect was smaller
than effects of years of education, age, race/ethnicity,
annual household income, and reading level as indexed
by the WRAT-3, which is used as a marker of education
quality.”” Reading level was the strongest predictor of
cognition, predicting all but one outcome and yielding



[ Table 2 Results from unadjusted and adjusted analyses of HIV status on raw cognitive test scores ]

HIV status Regression models, B? (SE)
HIV-infected HIV-uninfected el
Adjusted for premorbid® +
Measure No. Mean (SD) No. Mean (SD) Unadjusted model premorbid factors® additional factors®
HVLT
Trial 1 1,009 5.74 (1.64) 500 6.15 (1.72) —0.41 (0.09)* —0.30 (0.09)* —0.29 (0.09)
Total trials 1-3 1,009 22.55 (4.68) 500 23.66 (4.76) -1.11 (0.26)* -0.75 (0.24) -0.68 (0.23)
Learning slope 1,009 1.56 (0.21) 500 1.58 (0.21) -0.02 (0.01) -0.01 (0.01) -0.01 (0.01)
Delayed free recall 1,009 7.85 (2.38) 500 8.52 (2.39) —-0.68 (0.13)* —-0.49 (0.12)* —-0.47 (0.122)*
Recognition 1,008 10.30 (1.91) 500 10.62 (1.58) -0.31 (0.10) -0.23 (0.10) —-0.21 (0.10)
Percent retention 1,009 85.75 (19.58) 500 89.95 (19.50) —-4.20 (1.07)* -3.14 (1.07) -3.30 (1.09)"
Stroop*
Trial 1 1,009 70.84 (19.41) 495 66.41 (14.90) —0.06 (0.01)* —-0.04 (0.01) —-0.03 (0.01)
Trial 2 1,007 54.62 (15.13) 497 51.61 (11.26) —0.05 (0.01)* -0.03 (0.01) —-0.03 (0.01)
Trial 3 971 131.82 (35.28) 478 123.97 (29.59) -0.05 (0.01)* -0.02 (0.01) -0.01 (0.01)
Trail Making Test?
A 1,009 3717 (15.77) 498 34.61 (14.95) -0.07 (0.02)* -0.03(0.02) —-0.02 (0.02)
B 982 90.45 (49.77) 487 81.44 (42.59) —0.09 (0.03)* —0.04 (0.02) —0.01 (0.02)
Symbol digit
Correct 1,003 44,01 (11.90) 498 46.86 (12.61) -2.85 (0.67)* -1.16 (0.56) -0.88 (0.56)
Incidental recall 999 467 (2.78) 498 5.28 (2.85) -0.62 (0.15)* -0.35 (0.15) -0.32 (0.15)¢
Fluency
Phonemic 1,007 3455 (12.11) 495 34.85 (11.06) —-0.30 (0.65) —-0.25 (0.58) 0.31 (0.58)
Semantic 1,009 18.16 (4.89) 495 18.71 (4.95) -0.55 (0.27})t -0.36 (0.26) —-0.23(0.26)
Grooved pegboard?
Dominant 993 90.43 (35.22) 492 85.77 (32.64) -0.05 (0.02) -0.00 (0.02) 0.00 (0.02)
Nondominant 941 103.65 (41.20) 489 97.94 (39.76) —0.06 (0.02) —0.01 (0.02) —0.01 (0.02)
Average 968 96.28 (34.91) 488 91.59 (34.03) -0.05 (0.02) —-0.01 (0.01) —0.00 (0.01)
Letter Number Sequence
Attention 908 15.74 (4.11) 439 16.42(3.91) -0.68 (0.24) -0.65 (0.22) -0.55 (0.22)
Working memory 877 12.11 (3.98) 434 12.52 (3.57) -0.41 (0.23) —-0.33(0.20) —-0.16 (0.20)

Abbreviation: B = parameter estimate reflecting the difference between HIV-infected and HIV-uninfected women; HVLT = Hopkins Verbal Learning Test;
WIHS = Women's Interagency HIV Study.

*p < 0.001; *p < 0.01; p < 0.05.

2B coefficient of the difference in performance between HIV-uninfected and HIV-infected women (HIV-uninfected — HIV-infected); negative coefficients
are interpreted as HIV-infected women performing worse than HIV-uninfected women.

b Premorbid factors included age, years of education, Wide Range Achievement Test standard score, and race/ethnicity.

¢ Additional factors included site, cohort, household income, smoking status, depressive symptoms, antidepressant medication, hepatitis C virus antibody
status, and alcohol, marijuana, crack, cocaine, and/or heroin use as presented in table 1. For the HVLT, Trail Making Tests, Symbol Digit, and Stroop, we also
controlled for the number of times a woman was exposed to the test as part of the WIHS. Totals do not add to 1,521 because not all women completed all
cognitive tests due to participant refusal or other known (e.g., external disturbance) or unknown reasons.

9Higher scores indicate worse performance and these tests were log transformed for analyses.

effect sizes equivalent to 0.15 to 0.38 SD units. By
comparison, although significant, the effect size for
years of education ranged from 0.08 to 0.18 SD unis.

Interaction between HIV status and cohort. To evaluate
whether the effect of HIV serostatus on cognition
varied by cohort (1994/1995 vs 2001/2002), we
conducted a separate model that also included a

serostatus by cohort interaction term. No interactions
were significant on any outcome.

Interaction between HIV status and education/age. HIV
status significantly interacted with WRAT-3 on Stroop
trials 1 and 2 (ps < 0.01), Trails B (p = 0.03), and
Grooved Pegboard (dominant hand, p = 0.02). For
Stroop trial 1, a negative effect of HIV serostatus was
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Table 3 HIV status and cognition: Results from regression-based analyses® on demographically adjusted

t scores
Regression-based results
Measure No. B (SE) p Value Cohen § (95% Cl)
HVLT
Trial 1 1,509 -1.71 (0.55) 0.002 -0.18 (-0.28 to —0.07)
Total trials 1-3 1,509 -1.44 (0.55) 0.008 -0.15 (-0.04 to —0.26)
Learning slope 1,509 —-0.14 (0.55) 0.80 —0.01 (-0.12 to 0.09)
Delayed recall 1,509 -1.92 (0.55) <0.001 -0.20 (-0.09 to —-0.31)
Recognition 1,508 -1.39 (0.65) 0.03 -0.12 (-0.01 to —-0.23)
Percent retention 1,509 -1.58 (0.57) 0.005 -0.16 (-0.27 to —0.05)
Stroop®
Trial 1 1,504 -1.58(0.63) 0.01 —-0.14 (-0.04 to —0.25)
Trial 2 1,504 -1.55(0.62) 0.01 —-0.14 (-0.04 to —0.25)
Trial 3 1,449 -0.48 (0.73) 0.51 —-0.04 (-0.15 to 0.07)

Trail Making Test®

A 1,507 -0.44 (0.57) 0.44 —0.04 (-0.15 to 0.06)

B 1,469 -0.35(0.58) 0.55 —0.03 (-0.14 to 0.07)
Symbol digit

Correct 1,501 —-0.73 (0.54) 0.17 —0.08 (—0.18 to 0.03)

Incidental recall 1,497 -1.12(0.56) 0.048 —-0.11 (-0.22 to —0.01)
Fluency

Phonemic 1,502 0.18 (0.58) 0.76 0.01 (-0.09 to 0.12)

Semantic 1,504 —0.46 (0.55) 0.40 —0.05 (—0.15 to 0.06)

Grooved pegboard®

Dominant hand 1,485 0.27 (0.58) 0.64 0.03 (-0.08 to 0.13)
Nondominant hand 1,458 —0.06 (0.61) 0.92 —-0.00 (-0.11 to 0.11)
Average 1,456 0.18 (0.58) 0.76 0.02 (-0.09 to 0.13)

Letter Number Sequence

Attention 1,347 -1.67(0.61) 0.006

Working memory 1,311 —0.63 (0.65) 0.33

—-0.17 (-0.28 to —0.05)

—0.06 (~0.17 to 0.05)

Abbreviations: Cl = confidence interval; HVLT = Hopkins Verbal Learning Test; WIHS = Women's Interagency HIV Study.
2 Analyses conducted on demographically corrected t scores, where t scores were calculated based on age, years of
education, Wide Range Achievement Test standard score, and race/ethnicity. The regression then adjusted for all of the
following factors: site, cohort, income, smoking status, self-reported rates of depressive symptoms and antidepressant
medication, hepatitis C virus antibody status, and alcohol, marijuana, crack, cocaine, and/or heroin use. For the HVLT, Trail
Making Test, Symbol Digit, and Stroop, we also controlled for the number of times a woman was exposed to the test during
WIHS participation. B = parameter estimate reflecting the difference between HIV-infected and HIV-uninfected women.

b og-transformed scores were used.

evident when WRAT scores were 0.5 SD below the
mean (i.e., scaled score of <95), and for Stroop trial 2,
Trails B, and Grooved Pegboard when WRAT scores
were at least 2 SD below the mean (i.e., <68). For
semantic fluency, HIV-infected women performed
worse than HIV-uninfected women when years of
education were 9 years or less (ps < 0.05). Age did not
interact with HIV status to influence cognitive function.

Clinical determinants of cognitive dysfunction. Among
HIV-infected women, current CD4 T-lymphocyte
count <200 cells/pL was associated with lower # scores

Neurology 84 January 20, 2015

on Stroop trial 1 (p = 0.03) and LNS working memory
(p = 0.02). Having a prior AIDS-defining illness was
associated with worse performance on HVLT delayed
recall (p = 0.04) and the LNS attendon trial (p =
0.007). Detectable HIV  plasma viral load was
associated with slower average performance on the
Grooved Pegboard (<<10,000 vs undetectable, p =
0.02; >10,000 vs undetectable, p = 0.005).

DISCUSSION We report findings from the largest
comprehensive cognitive study to date in HIV-infected



Table 4 Primary factors contributing to cognitive outcomes showing a significant HIV effect: Results from adjusted multivariate analyses on

raw scores
Neuropsychological tests
HVLT Stroop
Symbol
Total digit, LNS,
trials Delayed Recognition, Percent Trial 1, incidental attention,

Contributing factors Trial 1, g 1-3,8 recall, g B retention, B Trial 2, B recall, p B
HIV+ (vs HIV-) -0.08* -0.07* —0.09* -0.05% -0.08* -0.06% —0.06* —0.05¢ —-0.06%
Age (per year) -0.20* =0}l =016 -0.11* —0.08t% -0.18* -0.16* -0.24* -0.11*
Years of education 0.14* 0.18+* 0.17* 0.11% 0.09* 0.09* 0.08* 0.09* 0.08*
WRAT-3 0.18* 0.20* 0.17* 0.15% NS 0.25* 0.38* 0.16* 0.30*
African American -0.07¢ -0.12* -0.11* -0.10* NS NS NS =(0LLER -0.07¢
Hispanic -0.10* -0.12* NS —0.08t% NS —0.09* NS NS -0.17*
2001/2002 recruits NS NS NS NS NS NS NS NS NS
Depressive symptoms?® -0.10* —0.09* -0.07* -0.07* NS —0.09% —0.06* —0.06% —0.09*
Antidepressant medication NS NS NS NS NS NS NS NS NS
(vs none)
HCV antibody+ NS NS NS NS NS NS -0.08* NS NS
Smoking (vs never)

Former -0.07% -0.07% -0.07% NS NS NS NS NS NS

Recent NS NS NS NS NS NS NS NS NS
Crack, cocaine, and/or heroin
use (vs never)

Former NS NS NS NS NS NS NS NS NS

Recent NS NS NS NS NS NS NS NS NS
Marijuana use (vs never)

Former NS NS NS NS NS 0.07¢ 0.08* NS NS

Recent NS NS NS NS NS 0.07¢ NS 0.10* 0.08t
Recent alcohol use (vs
abstainer)

Not heavy NS NS NS 0.06% NS NS NS NS NS

Heavy NS NS NS NS NS NS NS NS NS

Income <$12,000/y (vs -0.06% -0.09* -0.08* NS NS -0.07+  -0.09* -0.08" NS

>$12,000)
Greater test exposure
(vs 1)

2 0.05¢% NS NS NS NS NS NS NS =

3 — = — - - NS NS NS =

4 NS NS NS

5 = = 0.12¢
Site (vs Bronx)

Brooklyn -0.10* —0.14* -0.17* -0.16* -0.10* NS NS -0.09* -0.18*

DC NS -0.11* =03l -0.10* —-0.06 NS NS NS NS

Los Angeles -0.07¢ —-0.08" —-0.10* -0.09* —-0.09" NS NS NS -0.10*

San Francisco NS NS -0.09* -0.08t% -0.08¢% =@LE NS NS -0.18*

Chicago 0.06* 0.06* NS NS NS NS NS NS -0.16*

Abbreviations: HCV = hepatitis C virus; HVLT = Hopkins Verbal Learning Test; LNS = Letter Number Sequence; NS = not significant; WIHS = Women's
Interagency HIV Study; WRAT-3 = Wide Range Achievement Test standard score.

B = standardized B weights in SD units adjusted for other factors in the model. Recent refers to within 6 months of the most recent WIHS visit. Former
refers to any previous use, but not in the past 6 months. Heavy alcohol use reflects >7 drinks per week or more than 4 drinks in one sitting.

*p < 0.001; 'p < 0.01; #p < 0.05.

2 Center for Epidemiological Studies Depression scale using a cutoff =16.
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women with a demographically similar uninfected
comparison group (n = 1,521). In analyses
adjusting for age, years of education, reading level
(WRAT-3),>  race/ethnicity, and  depressive
symptoms, HIV-infected women showed lower
performance only on measures of verbal learning
and memory (HVLT), speed of information
processing (Stroop trials 1 and 2), and attention
(LNS control test). These effects were very small
(0.05-0.09 SD units) but were significant given the
large sample size. Reading level, age, years of
education, and race were more strongly associated
with cognitive performance than HIV status.
Certain HIV-infected women were vulnerable to
greater cognitive deficits, including those with low
education and those with low CD4 counts, high
viral load, or an AIDS-defining illness. Generally,
these findings confirm previous findings suggesting
that low cognitive reserve might exacerbate

cognitive deficits in HIV-infected individuals.!**24

In male-dominant HIV cohorts,” including the
HIV Neurobehavioral Research Center (HNRC)
cohort, deficits in learning and executive function
are the most frequent cognitive impairments post
cART.?® The HNRC examined the categorical out-
come of cognitively impaired vs unimpaired, whereas
this analysis of WIHS focused on cognition as a con-
tinuous outcome. In the WIHS, the largest effect was
found on verbal memory, but that effect was very
small (0.08 SD units). To examine possible sex differ-
ences in clinically relevant levels of cognitive impair-
ment in HIV, it is necessary to directly compare the
rates of cognitive impairment in women and men
who are matched on demographic variables and
comorbidities.

The prominent deficit in verbal memory observed
in the WIHS might reflect the influence of sex steroid
hormones, stress/trauma, or other factors. Women
show a lifelong advantage in verbal memory com-
pared to men,” due at least in part to their higher
estradiol levels,”® which promote hippocampal and

29-31

prefrontal function.””=! Verbal memory worsens dur-

3233 and the average

ing the menopausal transition,
age of women in our study was 47 years. Thus, repro-
ductive age might be associated with changes in verbal
memory. Additionally, compared to men, women are
more vulnerable to the negative effects of stress hor-
mones on hippocampal-dependent tests.** Childhood
trauma (31%) and domestic violence (66%) are com-
mon in WIHS.?

A previous WIHS functional MRI study suggests
that the deficits in verbal learning and memory
observed in this study might reflect hippocampal dys-
function."" Compared to HIV-uninfected controls,
HIV-infected women showed hippocampal hyperac-
tivation during verbal encoding and hippocampal
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hypoactivation during recall."" Alterations in hippo-
campal function during verbal encoding and recall
were associated with lower HVLT performance. Al-
terations in prefrontal cortex also likely contribute to
the observed deficit in delayed verbal memory,
because HIV-associated deficits in verbal memory
are characterized by deficits in executive control of
encoding and retrieval mechanisms,” a pattern con-
sistent with frontal-subcortical involvement.
Although verbal memory was the cognitive
domain showing the largest association with HIV se-
rostatus, reading level, years of education, and age
showed stronger associations. For verbal learning,
the effect size for HIV was about one-third of the
effect sizes for reading level, age, and years of educa-
tion, but similar to the effect sizes for depressive
symptoms and poverty. Generally, low reading level
was the strongest predictor of performance, predict-
ing all but one outcome and yielding effect sizes
equivalent to 0.15 to 0.38 SD units. By comparison,
although significant, the effect size for years of educa-
tion ranged from 0.08 to 0.18 SD units. That finding
is consistent with findings from studies in predomi-

nantly male cohorts®®?”

and extends previous demon-
strations that reading level is a stronger predictor of
cognitive function than years of school in cohorts

2

with large African American representation,” such

as the WIHS."

Our large sample size and well-matched control
group provided sufficient statistical power to investi-
gate the hypothesis that low education and education
quality (as indexed by reading level) might interact
with HIV status, resulting in a more negative effect
in HIV-infected women. Our analyses supported that
hypothesis for processing speed, executive function,
and fine motor skills, but not verbal learning and
memory. Broadly, those findings indicate that a lack
of cognitive reserve may predispose women with
HIV to cognitive impairments.

This study had several limitations. First, the sam-
ple underrepresented women who miss semiannual
visits and excluded participants with advanced
dementia who do not attend WIHS study visits.
These sampling issues likely counterbalance each
other because women with dementia perform poorly
and women who missed visits had higher educational
achievement and other cognitive advantages. Second,
11% of participants missed LNS outcomes, leading to
a probable underestimation of the association
between HIV and working memory. Third, our abil-
ity to detect any interaction between age and HIV on
cognition is limited by the small number of women
over age 60 (n = 93) and survival bias. Fourth, we
measured HIV effects on cognitive scores measured as
continuous outcomes, so the clinical significance of
these effects is unclear. Assessments of HAND are



underway in the WIHS and will address questions
about the clinical significance of cognitive deficits
and whether the patterns of cognitive deficits are sim-
ilar when cognitive impairment is the outcome. Fifth,
it is surprising that the effect of HIV on cognition was
not influenced by cohort (1995/1996 vs 2001/2002),
even though the earlier recruits were less likely to be
exposed to cART early in the course of the disease.
Survivor bias might lead to an underrepresentation of
women with cognitive impairment in the earlier
cohort and might minimize any cognitive differences
between the cohorts. Nevertheless, the WIHS women
are generally representative of the HIV epidemic in
the United States.'>'*"> Finally, the design is cross-
sectional and a longitudinal study is underway.

Opverall, this investigation addresses the need for
large-scale investigations to improve scientific knowl-
edge about cognitive function in HIV-infected
women compared to well-matched controls. Clini-
cians can advise female patients that the magnitude
of the HIV effect is very small, and most evident
among women with low reading levels and those with
HIV-associated comorbidities, low CD4, or high viral
load.
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