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Abstract Although the incidence of HIV in the United
States is higher among men compared to women, the global
proportion of women versus men who are infected has been
approximately 50% since the late 1990s. Women have been
under-represented in neuropsychological studies of HIV. A
small number of studies have reported a significantly higher
prevalence of neurocognitive impairment among HIV+
women compared to HIV— controls regardless of symptom
status and with or without an AIDS diagnosis. Impairment
was most evident on psychomotor tasks. The risk of
neuropsychological impairment was increased among
HIV+ women not on antiretroviral therapy. Age and
depressive symptoms also increase neurocognitive risk. New
neurocognitive studies of ovarian steroid hormones, PTSD
and other psychiatric conditions are critical for addressing
potential female-specific aspects of HIV-Associated Neuro-
cognitive Disorder. Such studies will also address questions
regarding involvement of the hippocampus and verbal
memory, which may be of particular significance among
HIV+ women.
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Epidemiology of HIV in Women

In the United States, the incidence of HIV is higher in men
than women in every ethnic group. A recent report from the
Centers for Disease Control indicates that in 2006, the
incidence rate of HIV per 100,000 men versus women was
19.6 versus 3.8 among whites, 115.7 versus 55.7 among
blacks, and 43.1 versus 14.4 among Hispanic/Latinos (CDC
2006). These estimates indicate that the rate among
black women was nearly 15 times higher than that of white
women and about four times higher than Hispanic/Latina
women. Historically, the incidence of HIV among females
increased more slowly than men until the late 1980s,
decreased toward the early 1990s, and then remained
relatively stable from 2002 (Hall et al. 2008). In 2007
HIV/AIDS rates among adults and adolescents in the
United States were 38.8 per 100,000 among males and
12.9 per 100,000 among females, and by 2007 women
accounted for 26% of people living with HIV/AIDS (CDC
2007). The Joint United Nations Programme on HIV/AIDS
(UNAIDS) estimates that the global proportion of women
versus men who are infected has been approximately 50%
since the late 1990s, while coverage of antiretroviral
treatment for women is higher than or equal to that of
men (UNAIDS 2008). The proportion of women affected
by HIV varies by global region. In sub-Saharan Africa,
nearly 60% of those infected with HIV are women, whereas
in Latin America, Eastern Europe/Central Asia, and Asia
30-35% of those infected with HIV are women.
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Neurological Function in HIV+ Women Versus Men

It is not altogether surprising that our understanding of
neurocognitive complications of HIV is based largely on
studies involving men. Higher representation of men in
these studies might reflect the higher incidence of HIV
among men than women in the United States, the
predominance of HIV among men who have sex with
men (MSM) throughout most of the epidemic (except in the
late 1980s and early 1990s), and the frequency of HIV
among MSM and injection drug users (Hall et al. 2008). On
the other hand, evidence indicates that women are still
under-represented in neuropsychological studies of HIV. A
review of 236 studies of neurological and neuropsycholog-
ical complications of HIV indicated that from 1988 to 1997
only 31% of the studies included women with approximate
representational parity, where representational parity meant
that the representation of women was greater than or equal
to 75% of the proportion of new cases of AIDS involving
women (e.g., in 1988, to be classified as comparable, a
study sample had to include at least 7.8% women, 7.8%
being equal to 75% of new AIDS cases that were diagnosed
among women in 1988 [10.4%]) (Fox-Tierney et al. 1999).
More recent data on representational parity in HIV research
is lacking. Challenges in recruiting minorities, particularly
African American women, into research studies further
limit our knowledge of neurocognitive complications of
HIV/AIDS in women.

There have been some indications that women might be
more vulnerable to the development of neuroAIDS. For
example, in a retrospective review of 6,548 AIDS cases, the
AIDS in Europe Study Group found that the risk of AIDS
dementia complex (now termed HIV-associated dementia)
in Europe from 1979 to 1989 was twice as high in women
than men (Chiesi et al. 1996). On the other hand, a
prospective study of 146 adult cases in the southeastern
United States found no sex difference in neurocognitive
complications (Robertson et al. 2004). Similarly, the
Concerted Action on Seroconversion to AIDS and Death
in Europe (CASCADE) study found that among 15,380
seroconverters studied from before the introduction of
highly active antiretroviral therapy (HAART;, pre-1997) to
2006, the risk of HIV-associated dementia was similar in
men and women, with a relative risk among men versus
women of 1.08 (95% Confidence Interval, 0.75 to 1.55)
(Bouwman et al. 1998). Similarly, a small study of 49 HIV-
1-seropositive women living in Puerto Rico found that rates
of cognitive impairment (77.6%), asymptomatic cognitive
impairment (32.7%), minor cognitive motor disorders
(16.3%), and HIV-associated dementia (28.6%) were
similar to rates found among men in the United States,
Europe, and Australia (Wojna et al. 2006). It has been
posited that earlier reports of a vulnerability to HIV-related

dementia among women may reflect the lower education
and higher proportion of injection drug use among HIV+
women than men and access to antiretroviral therapy
(Lopez et al. 1999).

HIV-infected women may be at greater risk than HIV-
infected men for cognitive decline due to the high
prevalence of psychosocial and mental health problems,
lower cognitive reserve due to lower education and
premorbid intelligence, and increasing age (Basso and
Bornstein 2000; Farinpour et al. 2003). Poverty, low
literacy levels, substance abuse, poor mental health, barriers
to health care services, and several relevant genetic risk
factors and environmental exposures prevalent in predom-
inantly minority urban dwelling women can also influence
HIV+ women’s vulnerability for acquisition and early
development of a range of systemic diseases with known or
hypothesized CNS effects, such as inflammatory conditions,
hepatitis C and other viruses, cardiovascular disease, meta-
bolic disorders including diabetes, and psychiatric illnesses.
[See Paul and Martin-Thormeyer (this issue) for a review of
effects of drug abuse and hepatitis C disease, two major
comorbid conditions with HIV disease].

Neuropsychological Performance in HIV+ Women
Review of Individual Studies

Table 1 shows a summary of published neuropsychological
investigations of HIV and neurocognitive performance
involving all-female samples of participants. To date, six
studies have reported on neuropsychological functioning in
HIV+ women compared to controls using standardized
clinical neuropsychological tests. Each of these studies
involved a cross-sectional design and compared HIV+
women versus seronegative controls. The first of these
studies was by Stern and colleagues (Stern et al. 1998), who
compared performance of 17 asymptomatic HIV+ women
and 14 matched controls on a battery of standardized
clinical neuropsychological tests. They found no significant
differences in neuropsychological performance, but noted the
possibility that the tests administered were not necessarily
adequately sensitive to any neurocognitive impairments
among this small sample of women with no symptoms of
disease. A related study by this team of investigators focused
primarily on EEG but also noted no differences between the
two groups on a continuous performance test (Costa et al.
1997).

The second study was a preliminary investigation by
Mason and colleagues that targeted African American
women with a history of drug use (Mason et al. 1998).
The sample size included 10 HIV— women, 9 asymptomatic
HIV+ women, 13 symptomatic HIV+ women, and 10
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Table 1 Summary of neuropsychological studies in HIV+ women

Author N (HIV+/-) Study groups Cognitive test Results
(Year) mean age (SD)
Stern et al 31 (17/14) HIV—: 34.7 Adaptive Rate Continuous Performance Test; HIV— = HIV+
(1998) (6.1) Performance Assessment Battery; Simple and
HIV+: 35.7 Choice Reaction Time; Paced Auditory All neurocognitive outcomes
(6.8) Serial Addition Test; Rey-Osterreith
Complex Figure; Color Trails 1 & 2;
Grooved Pegboard; CVLT
Mason et 43 (33/10)*  HIV—: 40.1 WAIS-R Vocabulary subtest; Digit Span; Trail HIV+ = HIV- > AIDS®
al. (1998) (6.4) Making A & B; WMS-R Visual Reproduction;
HIV+ asym: CVLT Trail Making A and CVLT (lists 1-5, free
35.8 (7.6) recall short delay, cued recall short delay,
HIV+symp: free recall long delay, and cued recall
393 (7.4) long delay)
AIDS: 35.3
(7.2)
Durvasula 237 (136/91)° HIV-: 35.2 Verbal Memory Factor Score (WHO-AVLT); HIV—> HIV+
et al. 9.5) Psychomotor Factor Score (Symbol Digit
(2001) HIV+: 36.1 Modalities Test; Cal CAP); Motor Factor Psychomotor factor score
(7.2) Score (Grooved Pegboard)
AIDS: 38.2
(8.9)
Richardson 231 (149/82)% HIV—: 34.6 Color Trails 1 & 2; WHO/UCLA Auditory HIV—> HIV+
et al. (8.8) Verbal Learning Test; Grooved Pegboard;
(2002) HIV+: 36.3 Symbol Digit Modalities Test; Visual Color Trails 2; Grooved Pegboard
(7.5) Reproduction Subtest of the Wechsler Visual (nondominant)”; Mental Alternations;
AIDS: 37.7 Memory Scale-Revised; Mental Alternations Test ~ Symbol Digit
(7.2)
Richardson 220 (145/75)° HCV—/HIV—:  Color Trails 1 & 2; WHO/UCLA Auditory HIV+ > HIV—
et al. (2005) 33.0 (8.6) Verbal Learning Test; Grooved Pegboard;
HCV+/HIV—: Symbol Digit Modalities Test; WMS-R Visual Risk of neuropsychological impairments
37.3 (9.2) Reproduction; Mental Alternations Test
HCV-/HIV+:
33.8(7.2)
HCV+/HIV+:
39.6 (6.5)
Maki et al. 63 (51/12) HIV—: 43.37 Hopkins Verbal Learning Test; Rey Osterreith HIV— > HIV+
(in press) (6.79) Complex Figure Task; Stroop; Letter-Number
HIV+: 42.92 Sequence Test HVLT Learning and Delayed Recall;
(5.52) Rey-Osterreith Copy and Immediate

and Delayed Recall; Letter-Number
Sequence

WAIS-R Wechsler adult intelligence scale-revised; WMS-R Wechsler memory scale-revised; CVLT California verbal learning test; WHO-AVLT
world health organization auditory verbal learning test; Cal CAP California computerized assessment package; HCV hepatitis C virus; HVLT
Hopkins verbal learning test

#Of the 33 HIV+ women, 10 were asymptomatic (CDC category A), 13 were symptomatic (CDC category B) and 10 were diagnosed with AIDS
(CDC category C)

® Significant differences were found between groups for verbal memory errors, verbal memory recognition, and visual memory but were due to
differences between groups on the Beck Depression Inventory

€ Of the 136 HIV+ women, 91 were without AIDS and 45 were diagnosed with AIDS. See Text for primary analysis, a multivariate analysis of
factor scores

40f the 149 HIV+ women, 108 were without AIDS and 41 were diagnosed with AIDS
€Of the 75 HIV— women, 48 had hepatitis C virus (HCV) and 27 did not. Of the 145 HIV+ women, 70 had HCV and 75 did not

T Statistical trend
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women with AIDS. Women with AIDS performed signif-
icantly worse than women in the other subgroups on tests
of psychomotor speed (Trail Making Test Part A), verbal
learning on California Verbal Learning Test (CVLT), and
verbal recall on the CVLT (i.e., short- and long-delayed free
and cued recall). These impairments were not related to
drug use or depressive symptoms. Performance differences
were not observed between other groups, and no differences
were found on tests of figural memory (Visual Reproduction
subtest of the Wechsler Memory Scale-Revised; WMS-R) or
immediate or working memory (Digit Span). Although the
sample size was small, these preliminary results suggested that
there were no detectable cognitive impairments in the early
stages of HIV infection, even in relation to drug use or
depressive symptoms.

The third study focused on baseline cognitive function
among a sample of 237 community-dwelling HIV+ and
HIV— women participating in the UCLA/Drew Women and
Family Project (WFP)(Durvasula et al. 2001). The sample
included 91 HIV- women, 91 HIV+ women without
AIDS!, and 45 women with AIDS. The racial/ethnic
distribution of the sample was approximately evenly
distributed among African American, White, and Latina
women. Alcohol use, drug use, and psychological distress
(i.e., depression and anxiety) were used as additional
predictors of neuropsychological function. A principal
components analysis yielded three factors—verbal memory,
psychomotor speed, and motor speed. (See Table 1 for
individual tests). Multivariate analyses revealed that HIV+
serostatus was a significant predictor of slower psychomotor
speed, but not of the other three factors. Depressive symptoms
and African American ethnicity were strong predictors of
worse verbal memory, alcohol use and education were strong
predictors of psychomotor slowing, and drug use, older age
and African American ethnicity were strong predictors of
motor slowing. Overall, the finding that that HIV seropositiv-
ity predicts psychomotor slowing paralleled studies in men
and was consistent with the “subcortical” model of HIV-
associated neurocognitive impairment observed prior to the
introduction of highly active antiretroviral therapy (HAART).

The fourth study reported on neurocognitive function
among 82 HIV— and 149 HIV+ women enrolled in the
Women’s Interagency HIV Study (WIHS) (Richardson et
al. 2002). The HIV+ group included 41 women with AIDS-
defining (<200) CD4 counts and 108 women without an
immunologic AIDS diagnosis. Consistent with the earlier
report by Durvasula and colleagues (2001), deficits among
the HIV+ participants were most evident on psychomotor

! The majority of AIDS participants in these studies met criteria for
the diagnosis because of a CD4 count of<200 rather than opportu-
nistic conditions such as pneumocystis carinii pneumonia (PCP).

measures such as the Symbol Digit Modalities Test and the
Color Trails Test-2, p<.05 for each comparison. HIV+
women with or without an AIDS diagnosis showed a
significantly higher frequency of abnormal neuropsycho-
logical protocols overall compared to controls. Critically,
the risk of NP impairment was over two times higher for
women not receiving than receiving antiretroviral therapy
but no higher for HIV+ women on therapy compared with
HIV- controls. These effects survived multivariate analyses
controlling for multiple potential confounding factors,
including head injury and history of substance dependence.
These results support an earlier report by Cohen et al.
(2001), who studied longitudinal NP performance among
126 antiretroviral naive HIV+ women at baseline testing
prior to initiation of HAART. They found that neuro-
cognitive performance among women receiving HAART
improved significantly at 18 month follow-up compared to
baseline testing but neuropsychological performance of an
untreated control group declined.

Consistent with Durvasula et al. (2001), Richardson et
al. (2002) found that both psychological distress as indexed
by the Center for Epidemiological Studies Depression Scale
(CES-D) and older age were associated with an increased
risk of neuropsychological impairment, and these effects
persisted in the multivariate model. Psychological distress
does not account completely for neurocognitive impairment
among HIV+ individuals (Bornstein et al. 1993; Heaton et
al. 1995). However, given the higher prevalence of
depression among HIV+ women compared with HIV+ men
(Semple et al. 1996; Wisniewski et al. 2005), one might
speculate that the effects of depression on neuropsycholog-
ical function are more pervasive among HIV+ women.

A later study with the WIHS cohort evaluated neuro-
cognitive effects of hepatitis C among HIV+ and HIV—
women (Richardson et al. 2005). In that study the risk for
cognitive impairment was significantly greater among
women coinfected with HIV and hepatitis C virus than in
groups of monoinfected or uninfected participants but only
among younger subjects.

The sixth study came from the WIHS-Chicago Consor-
tium and was aimed at obtaining preliminary data on the
integrity of delayed verbal episodic memory and its neural
correlates in 51 HIV infected and 12 matched HIV—
controls (Maki et al. in press). Participants completed the
Hopkins Verbal Learning Test (HVLT) as part of a longer
neurocognitive battery. HIV+ women performed signifi-
cantly more poorly compared with HIV— controls on
learning and delayed recall, as well as measures of visual
episodic memory and working memory. A subset of 11
women (7 HIV+) underwent functional magnetic resonance
imaging (fMRI) during encoding and recognition phases of
a delayed episodic verbal memory task. Neuroimaging
findings revealed decreased activation in left hippocampal
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function during verbal encoding and increased activation in
the right hippocampal function during verbal retrieval.
These functional differences in the hippocampus correlated
with performance on the HVLT, such that the alterations
observed in HIV+ women at encoding and retrieval were
each associated with worse verbal memory on the HVLT.
Additionally, self-reported illicit drug use within the previous
six months showed a nonsignificant trend (p<.10) as an
independent predictor of HVLT scores among HIV+ women,
raising the possibility of independent and additive effects of
drugs of abuse and HIV on verbal memory.

In summary, initial studies of neuropsychological perfor-
mance among all-female participants reported no evidence of
impairment among HIV+ women. However, the sample sizes
were small. The larger studies (Durvasula et al. 2001;
Richardson et al. 2002) reported a significantly higher
prevalence of cognitive impairment among HIV+ women
compared to HIV— controls regardless of symptom status
and with or without an AIDS diagnosis. Impairment was
most evident on psychomotor tasks. Additionally, the
Richardson findings showed that although both age and
psychological distress contributed to risk of neurocognitive
impairment, effects of serostatus on neuropsychological
performance were driven primarily by antiretroviral therapy
status at testing (Richardson et al. 2002). The risk of
neuropsychological impairment among HIV+ women on
therapy was no higher than the risk for the control group,
while the risk was two and a half times as high for the
untreated group.

It must be emphasized that multiple comorbid disorders
with potential confounding effects on neuropsychological
function, including drug use, head injury and depression,
were highly prevalent among both HIV+ and HIV— groups
in these studies. Approximately 28% of HIV— participants
in the Richardson study showed neuropsychological im-
pairment (Richardson et al. 2002), in contrast with the 17%
rate among the higher functioning HIV— controls partici-
pating in the HNRC 500 study (Heaton et al. 1995).
Consequently, some additional, subtle differences in neuro-
cognitive performance between seronegative and seropositive
subjects may be difficult to detect without comprehensive
neurocognitive testing of larger sample sizes.

Sex Differences in Cognitive Function in HIV

Only a few published studies directly compared the neuro-
cognitive performance of men and women with HIV.
Wisniewski and her colleagues administered two neuro-
cognitive measures to a sample of men and women of
varying serostatus and history of injection drug users and
reported an interaction between sex and serostatus such that
infected men performed the worst, and uninfected women
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performed the best, on a test of verbal memory (Wisniewski
et al. 2005). A recent study reported that HIV+ men (n=57)
and women (7=31) had cognitive impairment rates of 52%
and 55% respectively, compared to 0% in HIV— men (n=
18) and women (n=16); however, the serostatus findings
were confounded by significantly higher prevalence of
substance use disorders among HIV+ participants compared
to controls (75% of HIV+ versus 0% of HIV—) (Failde-
Garrido et al. 2008). Although there was no direct statistical
test comparing the sexes in terms of impairment within
select domains of cognitive function, the largest differences
between the sexes were in verbal memory for texts, with a
higher proportion of females showing impairment (42%)
compared to men (<10%). Other studies have not found sex
to be a significant predictor of cognitive impairment in
HIV+ individuals (Pereda et al. 2000). The literature on sex
differences in cognition is limited by small sample sizes.
Importantly, none of the previous studies of HIV and
neurocognitive function among all-female or mixed sam-
ples of men and women have examined the effects of
female-specific characteristics or of highly prevalent
comorbid factors on neurocognitive function. In the
following section we include known and hypothesized
effects of ovarian steroid hormones and post traumatic
stress on neurocognitive function that provide unique
opportunities to characterize HIV-associated neurocognitive
disorder and its potential mechanisms among women.

New Directions for NeuroAIDS Research in Women
Memory and the Hippocampus

Until recently, the functional integrity of medial temporal
systems in neuroAIDS has received relatively little atten-
tion despite considerable evidence of hippocampal injury
associated with human immunodeficiency virus (Fujimura
et al. 1997; Wiley et al. 1998). Recent studies of neuro-
AIDS and cognition have expanded the focus of inquiry
beyond integrity of striatal-prefrontal systems to include
neurocognitive functions dependent on the integrity of
circuitry involving parietal cortex and hippocampus (Castelo
et al. 2006; Moore et al. 2006; Olesen et al. 2007). For
example, Moore and colleagues reported that postmortem
regional neurodegeneration of hippocampus and putamen
each contributed unique variance in prediction of antemortem
HIV-associated neurocognitive status (Moore et al. 2000).
Similarly, an fMRI study by Castelo et al. (2006) reported
abnormally lower hippocampal activity during a memory
encoding task among HIV+ participants than controls.
Numerous basic science studies demonstrate sex differ-
ences in, and sex hormone influences on, hippocampal
structure and function and hippocampal-dependent memory,
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with better memory and function associated with the female
sex and with high levels of estrogen (Bethea et al. 1998; Farr
et al. 2000; Gibbs 1999; McEwen and Woolley 1994; Pan et
al. 1999; Singh et al. 1994; Toran-Allerand et al. 1992;
Woolley et al. 1990; Woolley and McEwen 1994). Human
studies also demonstrate a sex difference in favor of women
in episodic verbal memory, a hippocampal-dependent cog-
nitive function (Kramer et al. 1988, 2003). There is evidence
of enhanced hippocampal metabolism in women compared
to men, but after midlife (at the time of menopause) women
no longer show this enhancement (Murphy et al. 1996).
Estrogen therapy is also associated with enhanced hippo-
campal blood flow in women (Maki and Resnick 2000).
Thus, basic science and clinical studies underscore the
importance of considering gender and sex hormones in
studies of hippocampal function.

Studies of verbal memory performance have frequently
shown deficits in HIV+ individuals compared with HIV—
controls (e.g., White et al. 1997; Woods et al. 2005) but
typically have not focused specifically on associations with
sex or with hippocampal integrity. Findings from the site-
specific WIHS study (Maki et al. in press) provide initial
evidence that verbal episodic memory deficits are evident in
HIV+ women and correlate with impaired left hippocampal
activation at encoding and impaired right hippocampal
activation at retrieval (Maki et al. in press). There was a
nonsignificant trend for illicit drug use predicting poorer
verbal memory. Based on these preliminary data, future
studies should investigate the individual and interactive
effects of HIV infection and drugs of abuse on hippocampal
function. Future studies should also focus on the possibility
that the hippocampus contributes to the disruption of a
larger neural network, possibly involving prefrontal cortex,
which drives HIV-associated memory impairments.

Drug and Alcohol Addiction

Questions regarding the integrity of medial temporal
memory systems in drug abuse are of critical interest
because the hippocampus and amygdala have been implicated
as critical neural substrates of the learning and memory
component of addiction pathophysiology (Goldstein and
Volkow 2002) and in processes underlying drug craving
and relapse. Further, there is consistent evidence of sex
differences in different components of the addictive process.
Compared with men, women escalate their drug use and
progress to addiction more rapidly, experience more severe
withdrawal, and are more prone to relapse (Becker and Hu
2008). Further, the underlying neural correlates of addictive
behavior observed among women are in some cases distinct
or even opposite of effects observed in men (e.g., Wang et al.
2007). For example, a recent PET study (Kilts et al. 2004)
showed that cue induced craving was associated with

increased amygdala activation in males but decreased
activity in women, suggesting that new relapse prevention
strategies are necessary for effective treatment of addiction in
both HIV+ and HIV— women (e.g., Wetherington 2007).
These reports provide compelling evidence that studies of
drug abuse and HIV+ on neurocognition in women will have
critical translational implications for studies of substance
abuse treatment as well as management of HIV disease
(Cahill 20006).

The relationship between hazardous alcohol use and
cognition in HIV+ women is also of interest. According to
a recent prospective study from WIHS, the prevalence of
hazardous alcohol use in women with HIV is about 1 in 5
(Cook et al. 2009). Neuroimaging studies demonstrate that
alcohol abuse and HIV interact to negatively influence both
brain structure and neurocognitive performance. For example,
a recent diffusion tensor imaging study demonstrated that
individuals with AIDS and alcoholism had abnormalities in
white matter integrity in the corpus callosum and related fibers
that were approximately two standard deviations worse than
other HIV-infected subgroups (Pfefferbaum et al. 2007).
Alcohol use and HIV also interact to negatively influence
structural brain volume outcomes, including ventricular
enlargement and callosal dysmorphology (Pfefferbaum et
al. 2006), neurocognitive function (Sassoon et al. (2007))
and quality of life (Rosenbloom et al (2007)) , although there
are few studies examining the interactive effects of sex and
alcohol on cognition in HIV+ individuals,. Evidence from
healthy young adults shows either no sex difference in the
effects of binge drinking on cognition, or a greater
disadvantage among men (Hartley et al. 2004). Evidence
from WIHS suggested no impact of alcohol use on episodic
memory, mental speed or mental set shifting in HIV+
women, but sample sizes were limited (Maki et al. in press).

Ovarian Steroid Hormones

In healthy women, ovarian steroid hormones influence
important aspects of psychological health, including de-
pression (Cohen et al. 2006a, b; Freeman et al. 2004) and
cognitive function (Maki 2005). Hormonal fluctuations
across the menstrual cycle are associated with changes in
cognitive function, particularly on tests that show average
sex differences (Maki et al. 2002). The immediate cognitive
effects of menopausal declines in ovarian hormones are
modest; the transition from premenopausal to perimeno-
pausal stage is associated with slight decreases in verbal
fluency (Fuh et al. 2005), but not working memory or
perceptual speed (Meyer et al. 2003). Although there is
little evidence for an effect of reproductive stage per se on
cognition, menopausal symptoms—particularly mood
changes, sleep deprivation, and hot flashes—can have a
negative impact on cognition. In our studies in healthy
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midlife women, vasomotor symptoms (measured objectively
with ambulatory monitors) and sleep deprivation, indepen-
dently predict lower memory performance (Maki et al. 2008).
Furthermore, the long-term cognitive consequences of
ovarian hormone declines at menopause may be significant,
as indicated by increased risk of dementia associated with
early surgical menopause (Rocca et al. 2007) and evidence
that use of hormone therapy early in the menopause (though
not later) may protect against cognitive decline (see Maki
2006, for a review).

The cognitive changes associated with the menopausal
transition and onset of menopausal symptoms may be most
evident in women with compromised cognitive perfor-
mance, including HIV+ women. Despite the wealth of
literature on normative changes in women’s health across
the menopausal transition, very little is known about the
natural history of menopause in HIV+ women (Kojic et al.
2007), particularly with regard to psychological and
cognitive changes. Cross-sectional studies indicate that
compared with HIV— women, HIV+ women report more
menopausal symptoms (Ferreira et al. 2007; Miller et al.
2005) and may have an earlier age at menopause (Ferreira
et al. 2007; Schoenbaum et al. 2005). There are no
longitudinal studies tracking symptoms in HIV+ women
as they transition through the menopause. A Chicago pilot
study indicated that ratings of bothersome hot flashes were
negatively associated with visual memory and executive
function, and these effects remained significant after
controlling for age, education, CD4 count, and depression
scores (Sundermann et al. 2007). No significant relation-
ships were found between hormone levels and cognition.
These findings provide preliminary insights into the type of
cognitive disturbances associated with menopausal symptoms
in HIV women and suggest that interventions that lower
vasomotor symptoms may confer cognitive benefit.

Stress and Post-Traumatic Stress Disorder

A growing body of research demonstrates that earlier age of
trauma, chronic repeated stress exposures, and intensity of
acute stressors can lead to profound physiological and
psychological consequences (Gunnar and Quevedo 2007).
Notably, a history of childhood sexual or physical trauma,
intense acute stress, and PTSD are associated with an
increased risk of HIV-related morbidity and mortality
(Evans et al. 1995; Evans et al. 1997; Leserman 2003a, b,
2002, 2005). PTSD is also a strong predictor of injection
drug use and risky sexual behavior, particularly in women
(Hutton et al. 2001; Plotzker et al. 2007). Investigations
from the Women’s Interagency HIV Study have demon-
strated that early childhood abuse leads to later domestic
violence, which may increase the risk of behaviors leading
to HIV infection (Cohen et al. 2000), and that childhood
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abuse is associated with lack of adherence to HAART
(Cohen et al. 2004).

An increasing number of studies identify stress-related
structural and functional alterations within the central
nervous system, particularly within the corpus callosum,
caudate, anterior cingulate, medial prefrontal cortex, and
hippocampus (Bossini et al. 2007; Bremner 2007; Cohen et
al. 2006a, b; Kitayama et al. 2007, 2006; Shin et al. 2006).
These alterations are associated with low verbal and visual
learning and memory performance and impaired executive
functions (Clark et al. 2003; Jelinek et al. 2006; Kim and
Diamond 2002). Structural neuroimaging studies demon-
strate thinning of the corpus callosum in non-demented
AIDS patients compared to seronegative controls, and CD4
decline is associated with callosal thinning in anterior
regions connecting frontal areas with greatest cortical
atrophy (Thompson et al. 2006). Therefore, given the
cognitive and brain alterations evident in HIV infection,
women living with HIV, who also have a history of
childhood trauma, acute stress, and/or PTSD as an adult,
may be especially susceptible to cognitive and psycholog-
ical dysfunction due to the additive or synergistic effects of
HIV and acute/chronic stress. In men, acute stressful life
events are known to contribute to poor executive function,
attention, and processing speed (Pukay-Martin et al. 2003),
yet the additive or synergistic relationship between HIV and
stress on cognition has yet to be systematically examined in
women. Thus, an important direction for future HIV studies
in women is the impact of stress and PTSD on cognitive
function.

Functional Consequences of Cognitive Deficits in HIV

Given the increased survival time for persons living with
HIV/AIDS, management concerns have shifted toward
issues of daily function and other life tasks in the context
of a chronic disease. Recent literature has shown that
neurocognitive deficits have significant implications for
persons living with HIV/AIDS to maintain employment,
manage finances, perform driving tasks safely, adhere with
HAART regimens and abstain from high risk sexual and
injection risk behaviors (Heaton et al. 1996; Hinkin et al.
2002; Marcotte et al. 1999). Consequently, the significance
of neurocognitive functioning continues in the era of
HAART. Relatively little is known about the impact of
neurocognition on functional outcomes such as caregiving
and employment. It is unclear how neurocognitive decline
associated with HIV (and/or aging) would affect women’s
ability to care for children and how the potential stress
associated with caregiving within the context of living with
a chronic illness might affect these women’s lives. This area
is ripe for investigation, given the paucity of literature in
this area.
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Summary

Evidence from initial investigations indicates that HIV+
women are at increased risk for neuropsychological
impairment compared to controls. There is a pressing need
for more large-scale studies of neuropsychological function
in women with HIV. Such studies are needed to address
neurocognitive complications of HIV in women, to identify
factors that contribute to these complications, and to
develop possible treatments for some of the factors
contributing to cognitive dysfunction in women with HIV.

The Women’s Interagency HIV Study (WIHS) has
recently implemented longitudinal neuropsychological test-
ing in a cohort of over 1,600 HIV+ and at-risk, HIV—
women. A strength of the WIHS is that the cohort is quite
representative of AIDS and HIV cases reported among
women in the United States (Barkan et al. 1998). More than
half of WIHS participants were living below the federally
defined poverty level and 75% are African-American or
Hispanic. At entry, women ranged in age from 16 to
73 years. Among HIV+ women, 6% were under age 30,
29% age 20-29, 41% age 40—49 and 25% over age 50. The
cohort, therefore, represents an aging cohort, with many
women transitioning through the menopause. This study
should enable the characterization of patterns of cognitive
change in relation to disease progression and investigation
of factors that might affect women in particular, including
early childhood abuse, post-traumatic stress disorder, and
menopausal factors. Further, the WIHS aims to examine the
impact of cognitive functioning on functional abilities of
particular importance to women, including parenting
efficacy. Additional studies could focus on genetic risk
factors for cognitive dysfunction in HIV and neuroimaging
correlates of cognitive impairments in HIV. Studies such as
the WIHS are uniquely positioned to move forward with
new questions regarding aspects of HAND that are unique
to women.

References

Barkan, S. E., Melnick, S. L., Preston-Martin, S., Weber, K., Kalish, L.
A., Miotti, P, et al. (1998). The women’s interagency HIV study.
WIHS collaborative study group. Epidemiology (Cambridge,
Mass.), 9(2), 117-125. doi:10.1097/00001648-199803000-00004.

Basso, M. R., & Bomstein, R. A. (2000). Estimated premorbid
intelligence mediates neurobehavioral change in individuals
infected with HIV across 12 months. Journal of Clinical and
Experimental Neuropsychology, 22(2), 208-218. doi:10.1076/
1380-3395(200004)22:2;1-1;FT208.

Becker, J. B., & Hu, M. (2008). Sex differences in drug abuse.
Frontiers in Neuroendocrinology, 29(1), 36-47. doi:10.1016/j.
yfrne.2007.07.003.

Bethea, C. L., Pecins-Thompson, M., Schutzer, W. E., Gundlah, C.,
& Lu, Z. N. (1998). Ovarian steroids and serotonin neural

function. Molecular Neurobiology, 18(2), 87-123. doi:10.1007/
BF02914268.

Bornstein, R. A., Pace, P., Rosenberger, P., Nasrallah, H. A., Para, M. F.,
Whitacre, C. C., et al. (1993). Depression and neuropsychological
performance in asymptomatic HIV infection. The American Journal
of Psychiatry, 150(6), 922-927.

Bossini, L., Tavanti, M., Calossi, S., Lombardelli, A., Polizzotto, N. R.,
Galli, R., et al. (2007). Magnetic resonance imaging volumes of the
hippocampus in drug-naive patients with post-traumatic stress
disorder without comorbidity conditions. Journal of Psychiatric
Research, 42, 752—764. doi:10.1016/j.jpsychires.2007.08.004.

Bouwman, F. H., Skolasky, R. L., Hes, D., Selnes, O. A., Glass, J. D.,
Nance-Sproson, T. E., et al. (1998). Variable progression of HIV-
associated dementia. Neurology, 50(6), 1814—1820.

Bremner, J. D. (2007). Functional neuroimaging in post-traumatic
stress disorder. Expert Review of Neurotherapeutics, 7(4), 393—
405. doi:10.1586/14737175.7.4.393.

Cahill, L. (2006). Why sex matters for neuroscience. Nature Reviews.
Neuroscience, 7(6), 477-484. doi:10.1038/nrn1909.

Castelo, J. M., Sherman, S. J., Courtney, M. G., Melrose, R. J., &
Stern, C. E. (2006). Altered hippocampal-prefrontal activation in
HIV patients during episodic memory encoding. Neurology, 66
(11), 1688-1695. doi:10.1212/01.wnl.0000218305.09183.70.

CDC. (2006). MMWR analysis provides new details on HIV
incidence in U.S. populations. Retrieved December 29, 2008,
from http://www.cdc.gov/hiv/topics/surveillance/resources/fact
sheets/pdf/mmwr-incidence.pdf.

CDC. (2007). Cases of HIV Infection and AIDS in the United States
and Dependent Areas, 2007(19).

Chiesi, A., Vella, S., Dally, L. G., Pedersen, C., Danner, S., Johnson,
A. M., et al. (1996). Epidemiology of AIDS dementia complex in
Europe. AIDS in Europe Study Group. Journal of Acquired
Immune Deficiency Syndromes and Human Retrovirology, 11(1),
39-44.

Clark, C. R., McFarlane, A. C., Morris, P., Weber, D. L., Sonkkilla,
C., Shaw, M., et al. (2003). Cerebral function in posttraumatic
stress disorder during verbal working memory updating: a
positron emission tomography study. Biological Psychiatry, 53
(6), 474-481. doi:10.1016/S0006-3223(02)01505-6.

Cohen, M., Deamant, C., Barkan, S., Richardson, J., Young, M.,
Holman, S., et al. (2000). Domestic violence and childhood
sexual abuse in HIV-infected women and women at risk for HIV.
American Journal of Public Health, 90(4), 560-565. doi:10.2105/
AJPH.90.4.560.

Cohen, R. A., Boland, R., Paul, R., Tashima, K., Schoenbaum, D. D.,
Schuman, D. K., et al. (2001). AIDS, 15, 341-345.

Cohen, M. H., Cook, J. A., Grey, D., Young, M., Hanau, L. H., Tien, P.,
et al. (2004). Medically eligible women who do not use HAART:
the importance of abuse, drug use, and race. American Journal of
Public Health, 94(7), 1147-1151. doi:10.2105/AJPH.94.7.1147.

Cohen, L. S., Soares, C. N., Vitonis, A. F., Otto, M. W., & Harlow, B. L.
(2006a). Risk for new onset of depression during the menopausal
transition: the Harvard study of moods and cycles. Archives of
General Psychiatry, 63(4), 385-390. doi:10.1001/archpsyc.
63.4.385.

Cohen, R. A., Grieve, S., Hoth, K. F., Paul, R. H., Sweet, L., Tate, D.,
et al. (2006b). Early life stress and morphometry of the adult
anterior cingulate cortex and caudate nuclei. Biological Psychiatry,
59(10), 975-982. doi:10.1016/j.biopsych.2005.12.016.

Cook, R. L., Zhu, F., Belnap, B. H., Weber, K., Cook, J. A., Vlahov,
D., et al. (2009). Longitudinal trends in hazardous alcohol
consumption among women with human immunodeficiency
virus infection, 1995-2006. American Journal of Epidemiology,
169(8), 1025-1032. doi:10.1093/aje/kwp004.

Costa, L., Arruda, J. E., Stern, R. A., Somerville, J. A., & Valentino,
D. (1997). Asymptomatic HIV-infected women: preliminary

@ Springer


http://dx.doi.org/10.1097/00001648-199803000-00004
http://dx.doi.org/10.1076/1380-3395(200004)22:2;1-1;FT208
http://dx.doi.org/10.1076/1380-3395(200004)22:2;1-1;FT208
http://dx.doi.org/10.1016/j.yfrne.2007.07.003
http://dx.doi.org/10.1016/j.yfrne.2007.07.003
http://dx.doi.org/10.1007/BF02914268
http://dx.doi.org/10.1007/BF02914268
http://dx.doi.org/10.1016/j.jpsychires.2007.08.004
http://dx.doi.org/10.1586/14737175.7.4.393
http://dx.doi.org/10.1038/nrn1909
http://dx.doi.org/10.1212/01.wnl.0000218305.09183.70
http://www.cdc.gov/hiv/topics/surveillance/resources/factsheets/pdf/mmwr-incidence.pdf
http://www.cdc.gov/hiv/topics/surveillance/resources/factsheets/pdf/mmwr-incidence.pdf
http://dx.doi.org/10.1016/S0006-3223(02)01505-6
http://dx.doi.org/10.2105/AJPH.90.4.560
http://dx.doi.org/10.2105/AJPH.90.4.560
http://dx.doi.org/10.2105/AJPH.94.7.1147
http://dx.doi.org/10.1001/archpsyc.63.4.385
http://dx.doi.org/10.1001/archpsyc.63.4.385
http://dx.doi.org/10.1016/j.biopsych.2005.12.016
http://dx.doi.org/10.1093/aje/kwp004

212

Neuropsychol Rev (2009) 19:204-214

study of quantitative EEG activity and performance on a
continuous performance test. Perceptual and Motor Skills, 85(3
Pt 2), 1395-1408.

Durvasula, R. S., Miller, E. N., Myers, H. F., & Wyatt, G. E. (2001).
Predictors of neuropsychological performance in HIV positive
women. Journal of Clinical and Experimental Neuropsychology,
23(2), 149-163. doi:10.1076/jcen.23.2.149.1211.

Evans, D. L., Leserman, J., Perkins, D. O., Stern, R. A., Murphy, C.,
Tamul, K., et al. (1995). Stress-associated reductions of cytotoxic
T lymphocytes and natural killer cells in asymptomatic HIV
infection. The American Journal of Psychiatry, 152(4), 543-550.

Evans, D. L., Leserman, J., Perkins, D. O., Stern, R. A., Murphy, C.,
Zheng, B., et al. (1997). Severe life stress as a predictor of early
disease progression in HIV infection. The American Journal of
Psychiatry, 154(5), 630-634.

Failde-Garrido, J. M., Alvarez, M. R., & Simon-Lopez, M. A. (2008).
Neuropsychological impairment and gender differences in HIV-1
infection. Psychiatry and Clinical Neurosciences, 62(5), 494—
502. doi:10.1111/j.1440-1819.2008.01841.x.

Farinpour, R., Miller, E. N., Satz, P., Selnes, O. A., Cohen, B. A.,
Becker, J. T., et al. (2003). Psychosocial risk factors of HIV
morbidity and mortality: findings from the Multicenter AIDS
Cohort Study (MACS). Journal of Clinical and Experimental
Neuropsychology, 25(5), 654—-670. doi:10.1076/jcen.25.5.654.
14577.

Farr, S. A., Banks, W. A., & Morley, J. E. (2000). Estradiol potentiates
acetylcholine and glutamate-mediated post-trial memory processing
in the hippocampus. Brain Research, 864(2), 263-269.
doi:10.1016/S0006-8993(00)02184-3.

Ferreira, C. E., Pinto-Neto, A. M., Conde, D. M., Costa-Paiva, L.,
Morais, S. S., & Magalhaes, J. (2007). Menopause symptoms in
women infected with HIV: prevalence and associated factors.
Gynecological Endocrinology, 23(4), 198-205. doi:10.1080/
09513590701253743.

Fox-Tierney, R. A., Ickovics, J. R., Cerreta, C. L., & Ethier, K. A.
(1999). Potential sex differences remain understudied: A case
study of the inclusion of women in HIV/AIDS-related neuropsy-
chological research. Review of General Psychology. 3(1), 44-54,
3(1), 44-54.

Freeman, E. W., Sammel, M. D., Liu, L., Gracia, C. R., Nelson, D. B.,
& Hollander, L. (2004). Hormones and menopausal status as
predictors of depression in women in transition to menopause.
Archives of General Psychiatry, 61(1), 62-70. doi:10.1001/
archpsyc.61.1.62.

Fuh, J. L., Wang, S. J, Lee, S. J,, Lu, S. R., & Juang, K. D. (2005). A
longitudinal study of cognition change during early menopausal
transition in a rural community. Maturitas, 53(4), 447-453.

Fujimura, R. K., Goodkin, K., Petito, C. K., Douyon, R., Feaster,
D. J., Concha, M., et al. (1997). HIV-1 proviral DNA load across
neuroanatomic regions of individuals with evidence for HIV-1-
associated dementia. Journal of Acquired Immune Deficiency
Syndromes and Human Retrovirology, 16(3), 146—152.

Gibbs, R. B. (1999). Estrogen replacement enhances acquisition of a
spatial memory task and reduces deficits associated with
hippocampal muscarinic receptor inhibition. Hormones and
Behavior, 36(3), 222-233. doi:10.1006/hbeh.1999.1541.

Goldstein, R. Z., & Volkow, N. D. (2002). Drug addiction and its
underlying neurobiological basis: neuroimaging evidence for the
involvement of the frontal cortex. The American Journal of
Psychiatry, 159(10), 1642—-1652. doi:10.1176/appi.ajp.159.10.
1642.

Gunnar, M., & Quevedo, K. (2007). The neurobiology of stress and
development. Annual Review of Psychology, 58, 145-173.
doi:10.1146/annurev.psych.58.110405.085605.

Hall, H. I., Song, R., Rhodes, P., Prejean, J., An, Q., Lee, L. M., et al.
(2008). Estimation of HIV incidence in the United States.

@ Springer

Journal of the American Medical Association, 300(5), 520-529.
doi:10.1001/jama.300.5.520.

Hartley, D. E., Elsabagh, S., & File, S. E. (2004). Binge drinking and
sex: effects on mood and cognitive function in healthy young
volunteers. Pharmacology, Biochemistry, and Behavior, 78(3),
611-619. doi:10.1016/j.pbb.2004.04.027.

Heaton, R. K., Grant, 1., Butters, N., White, D. A., Kirson, D.,
Atkinson, J. H., et al. (1995). The HNRC 500—neuropsychology
of HIV infection at different disease stages. HIV neurobehavioral
Research Center. Journal of the International Neuropsychologi-
cal Society, 1(3), 231-251. doi:10.1017/S1355617700000230.

Heaton, R. K., Marcotte, T. D., White, D. A., Ross, D., Meredith, K.,
Taylor, M. J., et al. (1996). Nature and vocational significance of
neuropsychological impairment associated with HIV infection.
The Clinical Neuropsychologist, 10, 1-14. doi:10.1080/138540
49608406658.

Hinkin, C. H., Castellon, S. A., Durvasula, R. S., Hardy, D. J., Lam,
M. N., Mason, K. 1., et al. (2002). Medication adherence among
HIV+ adults: effects of cognitive dysfunction and regimen
complexity. Neurology, 59(12), 1944—1950.

Hutton, H. E., Treisman, G. J., Hunt, W. R., Fishman, M., Kendig, N.,
Swetz, A., et al. (2001). HIV risk behaviors and their relationship to
posttraumatic stress disorder among women prisoners. Psychiatric
Services (Washington, D.C.), 52(4), 508-513. doi:10.1176/appi.
ps.52.4.508.

Jelinek, L., Jacobsen, D., Kellner, M., Larbig, F., Biesold, K. H.,
Barre, K., et al. (2006). Verbal and nonverbal memory functioning in
posttraumatic stress disorder (PTSD). Journal of Clinical and
Experimental Neuropsychology, 28(6), 940-948. doi:10.1080/
13803390591004347.

Kilts, C. D., Gross, R. E., Ely, T. D., & Drexler, K. P. (2004). The
neural correlates of cue-induced craving in cocaine-dependent
women. The American Journal of Psychiatry, 161(2), 233-241.
doi:10.1176/appi.ajp.161.2.233.

Kim, J. J.,, & Diamond, D. M. (2002). The stressed hippocampus,
synaptic plasticity and lost memories. Nature Neuroscience
Reviews, 3, 453-462. doi:10.1038/nrm832.

Kitayama, N., Quinn, S., & Bremner, J. D. (2006). Smaller volume of
anterior cingulate cortex in abuse-related posttraumatic stress
disorder. Journal of Affective Disorders, 90(2-3), 171-174.
doi:10.1016/j.jad.2005.11.006.

Kitayama, N., Brummer, M., Hertz, L., Quinn, S., Kim, Y., &
Bremner, J. D. (2007). Morphologic alterations in the corpus
callosum in abuse-related posttraumatic stress disorder: a
preliminary study. The Journal of Nervous and Mental Disease,
195(12), 1027-1029. doi:10.1097/NMD.0b013e31815c044f.

Kojic, E. M., Wang, C. C., & Cu-Uvin, S. (2007). HIV and
menopause: a review. Journal of Women's Health, 16(10),
1402-1411. doi:10.1089/jwh.2007.0345.

Kramer, J., Delis, D., & Daniel, M. (1988). Sex differences in verbal
learning. Journal of Clinical Psychology, 44, 907-915. doi:10.1002/
1097-4679(198811)44:6<907::AID-JCLP2270440610>3.0.CO;2-8.

Kramer, J., Yaffe, K., Lengenfelder, J., & Delis, D. (2003). Age and
gender interactions on verbal memory performance. Journal of
the International Neuropsychological Society, 9(1), 97-102.
doi:10.1017/S1355617703910113.

Leserman, J. (2003a). The effects of stressful life events, coping, and
cortisol on HIV infection. CNS Spectrums, 8(1), 25-30.

Leserman, J. (2003b). HIV disease progression: depression, stress, and
possible mechanisms. Biological Psychiatry, 54(3), 295-306.
doi:10.1016/S0006-3223(03)00323-8.

Leserman, J., Petitto, J. M., Gu, H., Gaynes, B. N., Barroso, J.,
Golden, R. N, et al. (2002). Progression to AIDS, a clinical AIDS
condition and mortality: psychosocial and physiological predictors.
Psychological Medicine, 32(6), 1059-1073. doi:10.1017/
S0033291702005949.


http://dx.doi.org/10.1076/jcen.23.2.149.1211
http://dx.doi.org/10.1111/j.1440-1819.2008.01841.x
http://dx.doi.org/10.1076/jcen.25.5.654.14577
http://dx.doi.org/10.1076/jcen.25.5.654.14577
http://dx.doi.org/10.1016/S0006-8993(00)02184-3
http://dx.doi.org/10.1080/09513590701253743
http://dx.doi.org/10.1080/09513590701253743
http://dx.doi.org/10.1001/archpsyc.61.1.62
http://dx.doi.org/10.1001/archpsyc.61.1.62
http://dx.doi.org/10.1006/hbeh.1999.1541
http://dx.doi.org/10.1176/appi.ajp.159.10.1642
http://dx.doi.org/10.1176/appi.ajp.159.10.1642
http://dx.doi.org/10.1146/annurev.psych.58.110405.085605
http://dx.doi.org/10.1001/jama.300.5.520
http://dx.doi.org/10.1016/j.pbb.2004.04.027
http://dx.doi.org/10.1017/S1355617700000230
http://dx.doi.org/10.1080/13854049608406658
http://dx.doi.org/10.1080/13854049608406658
http://dx.doi.org/10.1176/appi.ps.52.4.508
http://dx.doi.org/10.1176/appi.ps.52.4.508
http://dx.doi.org/10.1080/13803390591004347
http://dx.doi.org/10.1080/13803390591004347
http://dx.doi.org/10.1176/appi.ajp.161.2.233
http://dx.doi.org/10.1038/nrm832
http://dx.doi.org/10.1016/j.jad.2005.11.006
http://dx.doi.org/10.1097/NMD.0b013e31815c044f
http://dx.doi.org/10.1089/jwh.2007.0345
http://dx.doi.org/10.1002/1097-4679(198811) 44:6<907::AID-JCLP2270440610>3.0.CO;2-8
http://dx.doi.org/10.1002/1097-4679(198811) 44:6<907::AID-JCLP2270440610>3.0.CO;2-8
http://dx.doi.org/10.1017/S1355617703910113
http://dx.doi.org/10.1016/S0006-3223(03)00323-8
http://dx.doi.org/10.1017/S0033291702005949
http://dx.doi.org/10.1017/S0033291702005949

Neuropsychol Rev (2009) 19:204-214

213

Leserman, J., Whetten, K., Lowe, K., Stangl, D., Swartz, M. S., &
Thielman, N. M. (2005). How trauma, recent stressful events,
and PTSD affect functional health status and health utilization in
HIV-infected patients in the south. Psychosomatic Medicine, 67
(3), 500-507. doi:10.1097/01.psy.0000160459.78182.d9.

Lopez, O. L., Wess, J., Sanchez, J., Dew, M. A., & Becker, J. T.
(1999). Neurological characteristics of HIV-infected men and
women seeking primary medical care. European Journal of
Neurology, 6(2), 205-209. doi:10.1111/j.1468-1331.1999.
tb00014.x.

Maki, P. M. (2005). A systematic review of clinical trials of hormone
therapy on cognitive function: effects of age at initiation and
progestin use. Annals of the New York Academy of Sciences,
1052, 182-197. doi:10.1196/annals.1347.012.

Maki, P. M. (2006). Hormone therapy and cognitive function: is there
a critical period for benefit? Neuroscience, 138(3), 1027-1030.
doi:10.1016/j.neuroscience.2006.01.001.

Maki, P. M., & Resnick, S. M. (2000). Longitudinal effects of
estrogen replacement therapy on PET cerebral blood flow and
cognition. Neurobiology of Aging, 21, 373-383. doi:10.1016/
S0197-4580(00)00123-8.

Maki, P. M., Rich, J. B., & Rosenbaum, S. R. (2002). Implicit memory
varies across the menstrual cycle: estrogen effects in young
women. Neuropsychologia, 40(5), 518-529. doi:10.1016/S0028-
3932(01)00126-9.

Maki, P. M., Drogos, L. L., Rubin, L. H., Banuvar, S., Shulman, L. P.,
& Geller, S. E. (2008). Objective hot flashes are negatively
related to verbal memory performance in midlife women.
Menopause (New York, N.Y), 15(5), 848-856. doi:10.1097/
gme.0b013e31816d815e.

Maki, P.M., Cohen, M.H., Weber, K., Little, D.M., Fornelli, D.,
Rubin, L.H., et al. (in press). Impairments in memory and
hippocampal function in HIV+ versus HIV— women: A prelim-
inary study. Neurology.

Marcotte, T. D., Heaton, R. K., Wolfson, T., Taylor, M. J., Alhassoon,
0., Arfaa, K., et al. (1999). The impact of HIV-related
neuropsychological dysfunction on driving behavior. The HNRC
Group. Journal of the International Neuropsychological Society,
5(7), 579-592. doi:10.1017/S1355617799577011.

Mason, K. 1., Campbell, A., Hawkins, P., Madhere, S., Johnson, K., &
Takushi-Chinen, R. (1998). Neuropsychological functioning in
HIV-positive African-American women with a history of drug
use. Journal of the National Medical Association, 90(11), 665—
674.

McEwen, B. S., & Woolley, C. S. (1994). Estradiol and progesterone
regulate neuronal structure and synaptic connectivity in adult as
well as developing brain. Experimental Gerontology, 29(3/4),
431-436. doi:10.1016/0531-5565(94)90022-1.

Meyer, P. M., Powell, L. H., Wilson, R. S., Everson-Rose, S. A.,
Kravitz, H. M., Luborsky, J. L., et al. (2003). A population-based
longitudinal study of cognitive functioning in the menopausal
transition. Neurology, 61(1), 801-806.

Miller, S. A., Santoro, N., Lo, Y., Howard, A. A., Arnsten, J. H.,
Floris-Moore, M., et al. (2005). Menopause symptoms in HIV-
infected and drug-using women. Menopause (New York, N.Y.), 12
(3), 348-356. doi:10.1097/01.GME.0000141981.88782.38.

Moore, D. J., Masliah, E., Rippeth, J. D., Gonzalez, R., Carey, C. L.,
Cherner, M., et al. (2006). Cortical and subcortical neuro-
degeneration is associated with HIV neurocognitive impairment.
AIDS (London, England), 20(6), 879-887. doi:10.1097/01.
aids.0000218552.69834.00.

Murphy, D. G., DeCarli, C., McIntosh, A. R., Daly, E., Mentis, M. J.,
Pietrini, P., et al. (1996). Sex differences in human brain
morphometry and metabolism: an in vivo quantitative magnetic
resonance imaging and positron emission tomography study on the
effect of aging. Archives of General Psychiatry, 53(7), 585-594.

Olesen, P. J., Schendan, H. E., Amick, M. M., & Cronin-Golomb, A.
(2007). HIV infection affects parietal-dependent spatial cognition:
evidence from mental rotation and hierarchical pattern perception.
Behavioral Neuroscience, 121(6), 1163—1173. doi:10.1037/0735-
7044.121.6.1163.

Pan, Y., Anthony, M., & Clarkson, T. B. (1999). Effect of estradiol
and soy phytoestrogens on choline acetyltransferase and nerve
growth factor mRNAs in the frontal cortex and hippocampus of
female rats. Proceedings of the Society for Experimental Biology
and Medicine, 221, 118-125. doi:10.1046/j.1525-1373.1999.
d01-64.x.

Pereda, M., Ayuso-Mateos, J. L., Gomez Del Barrio, A., Echevarria,
S., Farinas, M. C., Garcia Palomo, D., et al. (2000). Factors
associated with neuropsychological performance in HIV-
seropositive subjects without AIDS. Psychological Medicine, 30
(1), 205-217. doi:10.1017/S00332917990013438.

Pfefferbaum, A., Rosenbloom, M. J., Rohlfing, T., Adalsteinsson, E.,
Kemper, C. A., Deresinski, S., et al. (2006). Contribution of
alcoholism to brain dysmorphology in HIV infection: effects on
the ventricles and corpus callosum. Neurolmage, 33(1), 239-251.
doi:10.1016/j.neuroimage.2006.05.052.

Pfefferbaum, A., Rosenbloom, M. J., Adalsteinsson, E., & Sullivan,
E. V. (2007). Diffusion tensor imaging with quantitative fibre
tracking in HIV infection and alcoholism comorbidity: synergistic
white matter damage. Brain, 130(Pt 1), 48—64. doi:10.1093/brain/
awl242.

Plotzker, R. E., Metzger, D. S., & Holmes, W. C. (2007). Childhood
sexual and physical abuse histories, PTSD, depression, and HIV
risk outcomes in women injection drug users: a potential
mediating pathway. The American Journal on Addictions, 16
(6), 431-438. doi:10.1080/10550490701643161.

Pukay-Martin, N. D., Cristiani, S. A., Saveanu, R., & Bornstein, R. A.
(2003). The relationship between stressful life events and cognitive
function in HIV-infected men. The Journal of Neuropsychiatry
and Clinical Neurosciences, 15(4), 436-441. doi:10.1176/appi.
neuropsych. 15.4.436.

Richardson, J. L., Martin, E. M., Jimenez, N., Danley, K., Cohen, M.,
Carson, V. L., et al. (2002). Neuropsychological functioning in a
cohort of HIV infected women: importance of antiretroviral
therapy. Journal of the International Neuropsychological Society,
8(6), 781-793. doi:10.1017/S1355617702860064.

Richardson, J. L., Nowicki, M., Danley, K., Martin, E. M., Cohen, M.
H., Gonzalez, R., et al. (2005). Neuropsychological functioning
in a cohort of HIV and HCV infected women. AIDS, 19, 1659—
1667.

Robertson, K. R., Kapoor, C., Robertson, W. T., Fiscus, S., Ford, S., &
Hall, C. D. (2004). No gender differences in the progression of
nervous system disease in HIV infection. Journal of Acquired
Immune Deficiency Syndromes, 36(3), 817-822. doi:10.1097/
00126334-200407010-00008.

Rocca, W. A., Bower, J. H., Maraganore, D. M., Ahlskog, J. E.,
Grossardt, B. R., de Andrade, M., et al. (2007). Increased risk of
cognitive impairment or dementia in women who underwent
oophorectomy before menopause. Neurology, 69(11), 1074—
1083. doi:10.1212/01.wnl.0000276984.19542.¢6.

Rosenbloom, M. J., Sullivan, E. V., Sassoon, S. A., O’Reilly, A.,
Fama, R., Kemper, C., et al. (2007). Alcoholism, HIV infection
and their comorbidity: Factors affecting self-rated health-related
quality of life. Journal of Studies on Alcohol and Drugs, 68,
115-125.

Sassoon, S. A., Fama, R., Rosenbloom, M. J., O’Reilly, A.,
Pfefferbaum, A., & Sullivan, E. V. (2007). Component cognitive
and motor processes of the Digit Symbol Test: Differential
deficits in alcoholism, HIV infection, and their comorbidity.
Alcoholism, Clinical and Experimental Research, 31, 1315—
1324. doi:10.1111/j.1530-0277.2007.00426.x.

@ Springer


http://dx.doi.org/10.1097/01.psy.0000160459.78182.d9
http://dx.doi.org/10.1111/j.1468-1331.1999.tb00014.x
http://dx.doi.org/10.1111/j.1468-1331.1999.tb00014.x
http://dx.doi.org/10.1196/annals.1347.012
http://dx.doi.org/10.1016/j.neuroscience.2006.01.001
http://dx.doi.org/10.1016/S0197-4580(00)00123-8
http://dx.doi.org/10.1016/S0197-4580(00)00123-8
http://dx.doi.org/10.1016/S0028-3932(01)00126-9
http://dx.doi.org/10.1016/S0028-3932(01)00126-9
http://dx.doi.org/10.1097/gme.0b013e31816d815e
http://dx.doi.org/10.1097/gme.0b013e31816d815e
http://dx.doi.org/10.1017/S1355617799577011
http://dx.doi.org/10.1016/0531-5565(94)90022-1
http://dx.doi.org/10.1097/01.GME.0000141981.88782.38
http://dx.doi.org/10.1097/01.aids.0000218552.69834.00
http://dx.doi.org/10.1097/01.aids.0000218552.69834.00
http://dx.doi.org/10.1037/0735-7044.121.6.1163
http://dx.doi.org/10.1037/0735-7044.121.6.1163
http://dx.doi.org/10.1046/j.1525-1373.1999.d01-64.x
http://dx.doi.org/10.1046/j.1525-1373.1999.d01-64.x
http://dx.doi.org/10.1017/S0033291799001348
http://dx.doi.org/10.1016/j.neuroimage.2006.05.052
http://dx.doi.org/10.1093/brain/awl242
http://dx.doi.org/10.1093/brain/awl242
http://dx.doi.org/10.1080/10550490701643161
http://dx.doi.org/10.1176/appi.neuropsych.15.4.436
http://dx.doi.org/10.1176/appi.neuropsych.15.4.436
http://dx.doi.org/10.1017/S1355617702860064
http://dx.doi.org/10.1097/00126334-200407010-00008
http://dx.doi.org/10.1097/00126334-200407010-00008
http://dx.doi.org/10.1212/01.wnl.0000276984.19542.e6
http://dx.doi.org/10.1111/j.1530-0277.2007.00426.x

214

Neuropsychol Rev (2009) 19:204-214

Schoenbaum, E. E., Hartel, D., Lo, Y., Howard, A. A., Floris-Moore,
M., Arnsten, J. H., et al. (2005). HIV infection, drug use, and
onset of natural menopause. Clinical Infectious Diseases, 41(10),
1517-1524. doi:10.1086/497270.

Semple, S. J., Patterson, T. L., Straits-Troster, K., Atkinson, J. H.,
McCutchan, J. A., & Grant, L. (1996). Social and psychological
characteristics of HIV-infected women and gay men. HIV
Neurobehavioral Research Center (HNRC) Group. Women &
Health, 24(2), 17-41. doi:10.1300/J013v24n02 02.

Shin, L. M., Rauch, S. L., & Pitman, R. K. (2006). Amygdala, medial
prefrontal cortex, and hippocampal function in PTSD. Annals of
the New York Academy of Sciences, 1071, 67-79. doi:10.1196/
annals.1364.007.

Singh, M., Meyer, E. M., Millard, W. J., & Simpkins, J. W. (1994).
Ovarian steroid deprivation results in reversible learning impairment
and compromised cholinergic function in female Sprague-Dawley
rats. Brain Research, 644, 305-312. doi:10.1016/0006-8993(94)
91694-2.

Stern, R. A., Arruda, J. E., Somerville, J. A., Cohen, R. A., Boland, R. J.,
Stein, M. D., et al. (1998). Neurobehavioral functioning in
asymptomatic HIV-1 infected women. Journal of the International
Neuropsychological Society, 4(2), 172-178. doi:10.1017/S1355
617798001726.

Sundermann, E., Rubin, L.H., Martin, E., Cohen, M., Weber, K., &
Maki, PM. (2007, August). Relationships among menopausal
symptoms, sex steroid hormones and cognitive dysfunction in
women with HIV. Paper presented at the International Society of
Psychoneuroendocrinology, Madison WI.

Thompson, P. M., Dutton, R. A., Hayashi, K. M., Lu, A., Lee, S. E.,
Lee, J. Y., et al. (2006). 3D mapping of ventricular and corpus
callosum abnormalities in HIV/AIDS. Neurolmage, 31(1), 12—
23. doi:10.1016/j.neuroimage.2005.11.043.

Toran-Allerand, C. D., Miranda, R. C., Bentham, W. D. L., Sohrabyji,
F., Brown, T. J., Hochberg, R. B., et al. (1992). Estrogen
receptors colocalize with low-affinity nerve growth factor
receptors in cholinergic neurons of the basal forebrain. Proceedings
of the National Academy of Sciences of the United States of
America, 89, 4668-4672. doi:10.1073/pnas.89.10.4668.

UNAIDS.(2008). Report on the global AIDS epidemic. Retrieved
December 29, 2008, from http://www.unaids.org/en/Knowledge
Centre/HIVData/GlobalReport/2008/2008 Global report.asp.

@ Springer

Wang, J. H., Liu, X. F., Chen, Y. M., Sun, H. Y., Fu, Y., Ma, M. X, et
al. (2007). Heroin impairs map-picture-following and memory
tasks dependent on gender and orientation of the tasks.
Behavioral Neuroscience, 121(4), 653-664. doi:10.1037/0735-
7044.121.4.653.

Wetherington, C. L. (2007). Sex-gender differences in drug abuse: a
shift in the burden of proof? Experimental and Clinical
Psychopharmacology, 15(5), 411-417. doi:10.1037/1064-1297.
15.5.411.

White, D. A., Taylor, M. J., Butters, N., Mack, C., Salmon, D. P.,
Peavy, G., et al. (1997). Memory for verbal information in
individuals with HIV-associated dementia complex HNRC
Group. Journal of Clinical and Experimental Neuropsychology,
19(3), 357-366. doi:10.1080/01688639708403864.

Wiley, C. A., Soontornniyomkij, V., Radhakrishnan, L., Masliah, E.,
Mellors, J., & Hermann, S. A. (1998). Distribution of brain HIV
load in AIDS. Brain Pathology (Zurich, Switzerland), 8(2), 277—
284.

Wisniewski, A. B., Apel, S., Selnes, O. A., Nath, A., McArthur, J. C.,
& Dobs, A. S. (2005). Depressive symptoms, quality of life, and
neuropsychological performance in HIV/AIDS: the impact of
gender and injection drug use. Journal of Neurovirology, 11(2),
138-143. doi:10.1080/13550280590922748.

Wojna, V., Skolasky, R. L., Hechavarria, R., Mayo, R., Selnes, O.,
McArthur, J. C,, et al. (2006). Prevalence of human immunodefi-
ciency virus-associated cognitive impairment in a group of Hispanic
women at risk for neurological impairment. Journal of Neuro-
virology, 12(5), 356-364. doi:10.1080/13550280600964576.

Woods, S. P., Scott, J. C., Dawson, M. S., Morgan, E. E., Carey, C. L.,
Heaton, R. K., et al. (2005). Construct validity of Hopkins Verbal
Learning Test-Revised component process measures in an HIV-1
sample. Archives of Clinical Neuropsychology, 20(8), 1061—
1071. doi:10.1016/j.acn.2005.06.007.

Woolley, C. S., Gould, E., Frankfurt, M., & McEwen, B. S. (1990).
Naturally occurring fluctuation in dendritic spine density on adult
hippocampal pyramidal neurons. The Journal of Neuroscience,
10(12), 4035-4039.

Woolley, C. S., & McEwen, B. S. (1994). Estradiol regulates
hippocampal dendritic spine density via an N-methyl-D-aspartate
receptor-dependent mechanism. The Journal of Neuroscience, 14
(12), 7680-7687.


http://dx.doi.org/10.1086/497270
http://dx.doi.org/10.1300/J013v24n02_02
http://dx.doi.org/10.1196/annals.1364.007
http://dx.doi.org/10.1196/annals.1364.007
http://dx.doi.org/10.1016/0006-8993(94)91694-2
http://dx.doi.org/10.1016/0006-8993(94)91694-2
http://dx.doi.org/10.1017/S1355617798001726
http://dx.doi.org/10.1017/S1355617798001726
http://dx.doi.org/10.1016/j.neuroimage.2005.11.043
http://dx.doi.org/10.1073/pnas.89.10.4668
http://www.unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/2008_Global_report.asp
http://www.unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/2008_Global_report.asp
http://dx.doi.org/10.1037/0735-7044.121.4.653
http://dx.doi.org/10.1037/0735-7044.121.4.653
http://dx.doi.org/10.1037/1064-1297.15.5.411
http://dx.doi.org/10.1037/1064-1297.15.5.411
http://dx.doi.org/10.1080/01688639708403864
http://dx.doi.org/10.1080/13550280590922748
http://dx.doi.org/10.1080/13550280600964576
http://dx.doi.org/10.1016/j.acn.2005.06.007

	HIV, Cognition and Women
	Abstract
	Epidemiology of HIV in Women
	Neurological Function in HIV+ Women Versus Men
	Neuropsychological Performance in HIV+ Women
	Review of Individual Studies

	Sex Differences in Cognitive Function in HIV
	New Directions for NeuroAIDS Research in Women
	Memory and the Hippocampus
	Drug and Alcohol Addiction
	Ovarian Steroid Hormones
	Stress and Post-Traumatic Stress Disorder
	Functional Consequences of Cognitive Deficits in HIV

	Summary
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


