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Abstract Although sex differences in brain function and brain disorders are well
documented, very few studies have had adequate number of women to address
sex-related factors contributing to HIV-associated brain dysfunction. Compared to
men living with HIV (MLWH), women living with HIV (WLWH) may be at greater
risk for cognitive dysfunction and decline due to biological factors (e.g., hormonal,
immunologic) and issues common in underserved communities including poverty,
low literacy levels, mental health and substance abuse, barriers to health-care
services, and environmental exposures. To address this issue, we review relevant
cross-sectional and longitudinal findings from the Women’s Interagency HIV Study
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(WIHS), the largest study of the natural and treated history of WLWH, as well as
other studies focusing on cognitive complications of HIV in women. We provide
evidence that WLWH are more cognitively vulnerable than MLWH and that there
are differences in the pattern of cognitive impairment. We next discuss factors that
contribute to these differences, including biological factors (e.g., inflammation,
hormonal, genetic) as well as common comorbidities (mental health, substance
use, vascular and metabolic risk factors, coinfections and liver function,
non-antiretroviral medications, and genetic markers). These findings demonstrate
the importance of considering sex as a biological factor in studies of cognitive
dysfunction and suggest avenues for future research.

Keywords Cognition · HIV · Neurocognitive function · neuroHIV · Women

In recent years, the field of neuroscience has emphasized the critical importance of
biological sex in understanding healthy and abnormal brain function and recognizes
that contrary to popular sentiment, sex differences in brain function and brain
disorders are considerable (Cahill 2006). Our understanding of the influence of
biological sex and gender-related factors in HIV-associated central nervous system
(CNS) dysfunction is limited because few studies have focused on women living with
HIV (WLWH) (Durvasula et al. 2001; Wojna et al. 2006; Cohen et al. 2001; Mason
et al. 1998; Stern et al. 1998; Richardson et al. 2002, 2005;Maki et al. 2009). Yet, this
subgroup comprises approximately 25% of HIV cases (Centers for Disease Control
and Prevention 2017) in the USA and half of global cases (UN Women 2018).

CNS dysfunction including cognitive complications of HIV remains high, with
estimates that 30 to 50% of individuals living with HIV will exhibit some form of
neurocognitive impairment (NCI) during their lifetime (Grant 2008) even if they
remain virally suppressed (VS) (Cysique et al. 2014). Notably, these estimates are
based on studies either entirely or predominantly comprised of men. Few early
studies had adequate numbers of women to sufficiently address questions about
cognitive complications of HIV, but rates of NCI among women was estimated to be
42% (Richardson et al. 2002). WLWH may be at greater risk for cognitive NCI than
men living with HIV (MLWH) due to poverty, low literacy levels, low educational
attainment, substance abuse, poor mental health, barriers to health-care services, and
adverse environmental exposures (Maki and Martin-Thormeyer 2009). Similarly, as
in healthy women, WLWH are likely to show a different pattern of cognitive test
performance than their male counterparts because of biological factors such as sex
steroid hormones (e.g., estrogen, testosterone).

The Women’s Interagency HIV Study (WIHS), the largest multisite longitudinal
study of the natural and treated history of WLWH and at-risk HIV-uninfected (HIV�)
women, would have been the ideal cohort in which to understand cognitive complica-
tions of HIV in women earlier in the epidemic (mid-to-late 1990s and on). WIHS is a
cohort that is representative of AIDS and HIV cases reported among women in the US
(Barkan et al. 1998).Until 2009, the cognitive outcomes in theWIHSwere limited to an
abbreviated longitudinal cognitive battery. Initial neurocognitive studies conducted in
theWIHSwere limited by sample size (Richardson et al. 2002, 2005;Maki et al. 2009)
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or the number of neuropsychological tests (Rubin et al. 2014; Meyer et al. 2013). Until
2009, the cognitive outcomes in the WIHS were limited to an abbreviated longitudinal
cognitive battery. The abbreviated battery only included measures of processing speed
(Symbol Digit Modalities Test (SDMT)), attention (Trail Making Test (TMT) Part A),
and executive function (TMT Part B). In the 2005 pilot study, the two measures
administeredwere theHopkins Verbal Learning Test (HVLT-R), a measure of learning
and memory, and the Stroop Color-Word Test, a measure of attention/concentration
(Word Reading Trial 1, Color Naming Trial 2) and executive function (Color-Word
trial 3). In 2009, theWIHSNeurocognitiveWorking Group (NCWG) implemented the
largest comprehensive evaluation of cognitive function in women living with HIV and
controls to date and began to pursue a set of research aims directed at the uniqueness of
an all-female HIV-infected cohort. The battery was explicitly designed to assess seven
cognitive domains – executive function (TMT Part B, Stroop Color-Word trial 3),
processing speed (SDMT, Stroop Color Naming Trial), attention and working memory
(Letter Number Sequencing (LNS) control and experimental conditions), learning
(HVLT-R total learning), memory (HVLT-R delayed free recall), language (Controlled
Oral Word Association Test (COWAT) and category fluency), and motor function
(Grooved Pegboard (GPEG)). In September 2011, the efforts of the NCWG were
realized when the first cross-sectional dataset in approximately 1,400 WIHS partici-
pants became available and provided an unparalleled opportunity to begin to under-
stand how HIV influences cognition in women. Findings from this all-female cohort
have yielded novel and important findings regarding cognitive complications in
WLWH. The purpose of this chapter will be to discuss these findings as well as
highlight other studies focusing on the cognitive complications of WLWH outside of
the WIHS.

1 Are WLWH More Cognitively Vulnerable Than
MLWH?

Converging evidence suggests that WLWH may be more vulnerable to NCI than
MLWH. Although not all studies demonstrate differences between males and
females (Burlacu et al. 2018; Behrman-Lay et al. 2016), studies do find either that
females show greater NCI than males overall or that females and males differ in the
pattern of NCI (Royal et al. 2016; Robertson et al. 1996, 2014; Heaton et al. 2015;
Failde-Garrido et al. 2008; Keutmann et al. 2016; Hestad et al. 2012; Maki et al.
2018). For example, in the two longest-running multisite, longitudinal studies of
HIV progression in the United States (US), the WIHS and the Multicenter AIDS
Cohort Study (MACS), performance was consistently worse among WLWH versus
MLWH even after adjusting for HIV-related clinical characteristics (e.g., current and
nadir CD4 count, viral load, ARV use). These differences were evident in measures
of executive function (TMT Part B), attention (TMT Part A, psychomotor speed
(SDMT), and motor function (GPEG) in a sample of 1,420 individuals (Maki et al.
2018). A recent large cross-sectional study of 1,361 people living with HIV (PLWH;
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204 WLWH) and 702 HIV� (214 women) community-based individuals in the HIV
Neurobehavioral Research Program (HNRP) demonstrated that the association
between HIV seropositivity and a higher likelihood of NCI was stronger in
women than men (Sundermann et al. 2018). A greater female vulnerability to NCI
was also seen in among substance-dependent PLWH (Keutmann et al. 2016; Fogel
et al. 2017; Martin et al. 2016).

2 Pattern of Cognitive Impairment Among Women Living
with HIV

Cross-sectional results from the comprehensive cognitive test battery were first
reported in a sample of 1,521 (1,019 WLWH) WIHS women (Maki et al. 2015).
In this sample, 80% were�40 years of age, 21% self-identified as Latina or Hispanic
and more than 60% as African American, and 45% were living below the federally
defined poverty level. Unique to women, the greatest cognitive vulnerabilities in
WLWH were on measures of verbal learning, memory, and attention (Fig. 1).
Moreover, WLWH demonstrated impaired semantic clustering, a key component
of verbal learning and memory reliant on the prefrontal cortex (PFC) (Becker and
Lim 2003; Baker et al. 2001). The effect sizes for HIV serostatus were small (<0.20
standard deviations) and were smaller than effects of educational quality, chrono-
logical age, poverty, and depressive symptoms. These data suggested that memory,

Fig. 1 Among HIV-infected women, verbal learning and memory and simple attention are more
sensitive to HIV than standard measures of executive function
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learning, and attention may be the cognitive domains most susceptible among
WLWH. Interestingly, these findings contrast with studies in male-dominant HIV
cohorts (MACS, CHARTER) where deficits are most prominent in executive func-
tion, complex attention, and learning (Heaton et al. 2011; Cysique et al. 2004).

In 2017, the first longitudinal analyses in the WIHS were published in WLWH to
HIV�women at three time points over 4 years (Rubin et al. 2017c). WLWH showed
persistent vulnerabilities in verbal learning, memory, attention/working memory,
and executive function over time, while motor declined over time (Fig. 2).
A functional magnetic resonance imaging (fMRI) study in WIHS implicated adverse
alterations in the hippocampus (HI) and PFC with learning and memory deficits on
the HVLT (Fig. 3). The data shown in Figs. 1 and 2 include a mixed group of VS and
unsuppressed individuals. Our WIHS work (Rubin et al. 2017c) demonstrates that
NCI persists in WLWH with consistent viral suppression on continuous ARV
therapy.

3 Inflammatory Contributors to NCI Among WLWH

Similar to other studies (Burdo et al. 2013; Royal et al. 2016), evidence from WIHS
indicates that cognitive vulnerabilities in VS WLWH are associated with soluble
markers of monocyte-driven inflammatory markers (e.g., sCD163, sCD14) (Imp
et al. 2017), as well as with more general markers of systemic low-grade inflamma-
tion (Rubin et al. 2017a), including interleukin (IL)-6, C-reactive protein (CRP),
soluble tumor necrosis factor receptor (TNFR) I, matrix metalloproteinase (MMP)-9,
but most significantly variability in CRP which had much stronger associations
across cognitive domains in WLWH compared to HIV� women. S100 calcium-
binding protein A9 (S100A9) has also been found to be decreased in Hispanic
WLWH demonstrating NCI (Colon et al. 2016). Such findings show the importance
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of peripheral markers of inflammation as a key mechanism contributing to NCI
in WLWH.

4 Common Comorbidities Among WLWH and Cognitive
Correlates

Other factors that may contribute to the female-specific cognitive vulnerability in
HIV and/or exacerbate the pattern of domain-specific NCI include mental health,
substance use vascular and metabolic factors, female-specific risk factors (meno-
pause), coinfections and liver function, non-ARV medications, genetic, and
HIV-related factors.

Fig. 3 (a) During encoding, WLWH showed decreased HI activity vs. HIV� women. Decreased
HI activity was associated with lower HVLT performance across groups (r’s > 0.54). (b) During
recognition, HIV+ women showed increased HI activity vs. HIV� women. Increased HI activity
was associated with lower HVLT performance across groups (r’s < �0.62)
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4.1 Mental Health Comorbidities

Mental health risk factors and disorders are strongly associated with cognitive
function in WLWH. In a series of cross-sectional epidemiological studies in the
WIHS, we examined associations between post-traumatic stress, anxiety, perceived
stress, depression, and cognitive function. Post-traumatic stress, anxiety, perceived
stress, and depression were each associated with deficits in verbal learning and
memory as well as attention and semantic clustering (Rubin et al. 2014, 2015a,
2016a;Maki et al. 2015). Notably, high levels of perceived stress and elevated anxiety
were associated with decreased verbal learning and memory only among WLWH
(Fig. 4) (Rubin et al. 2014, 2015a). In a longitudinal investigation of mental health
factors and NCI in theWIHS, higher perceived stress and PTSDwere associated with
a greater cognitive decline in verbal fluency performance compared to those with
lower stress and PTSD only amongWLWH (Rubin et al. 2017b). Consistent with the
cross-sectional analyses, regardless of time, perceived stress and PTSD were nega-
tively associated with verbal learning and memory only among WLWH. Irrespective
of time or HIV serostatus, depression, perceived stress, and PTSD were associated
with lower processing speed, executive function, and global neuropsychological
function. A longitudinal study in South Africa found less improvement over time in
executive function (e.g., Wisconsin Card Sorting Test, Stroop) and fluency
(COWAT, category fluency) among WLWH exposed to trauma compared to
women not exposed to trauma (regardless of serostatus) (Spies et al. 2017).

HIV and mental health factors individually and in combination impair cognition
in WLWH through effects on PFC. Among WLWH, those with higher levels of
stress showed more PFC atrophy (including inferior frontal, middle frontal, and
superior frontal gyri) and deactivation in the medial PFC and posterior cingulate
cortex compared to those with lower stress (Rubin et al. 2015b, 2016b). Importantly,
PFC atrophy and deactivation were associated with less semantic clustering; atrophy
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was also associated with worse verbal memory (Rubin et al. 2015b, 2016c). These
studies point to the PFC as a region of particular vulnerability among WLWH
particularly to mental health factors.

4.2 Substance Use Comorbidities

In the WIHS, the lifetime prevalence of any substance use disorder is 58%. Rela-
tively few studies have examined the association between substance use and cogni-
tion among WLWH. Opioids, stimulants, and alcohol exacerbate the neurotoxic
effects of HIV including acceleration of disease progression and increases in the risk
of NCI (Nath et al. 2001; Carey et al. 2006). In the WIHS, WLWH who reported
using crack, cocaine, and/or heroin in the past 6 months demonstrated lower
performance on learning and memory compared to WLWH women who reported
never using these substances (Meyer et al. 2013). There were no differences in
memory performance by illicit substance use among the HIV� women. No interac-
tions between illicit drug use and HIV serostatus were found on measures of
attention or behavioral inhibition. Cocaine-associated deficits in verbal learning
and memory among WLWH may in part be driven by alterations in PFC regions.
In an fMRI study in WLWH, both current and former use of cocaine was associated
with decreased activation in medial PFC during the encoding phase of a verbal
memory task (Meyer et al. 2014). During the recognition phase of the verbal
memory task, WLWH nonusers showed greater activation than current and former
cocaine users in prefrontal regions (left dorsal medial PFC, right dorsal lateral PFC,
anterior PFC). Other work in substance-dependent individuals shows greater impair-
ment in risky decision-making and visual memory in WLWH compared with
MLWH and HIV� individuals (Martin et al. 2016; Keutmann et al. 2016).

4.3 Vascular and Metabolic Risk Factors

The increasing effectiveness of ARVs has led to the aging of the HIV population
and, with it, the increasing presence of age-related diseases including cardiovascular
and cerebrovascular comorbidities. These comorbidities often result in the
dysregulation of multiple systems including negative consequences for brain struc-
ture and function. In an early cross-sectional WIHS study, carotid lesion and carotid
intima-media thickness (CIMT) were associated with lower performance on the
Stroop interference trial but not with performance on the SDMT. Another WIHS
study found an association between ultrasound-based measures of carotid artery
stiffness and cognitive decline in TMT Parts A and B and SDMT (Huck et al. 2018).
Specifically, greater baseline carotid stiffness was associated with greater decline on
all outcomes over a median of 8.5 years, but these associations did not differ by
HIV serostatus. In another early WIHS study, body mass index (BMI), waist
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circumference (WC), and waist-to-hip ratio (WHR) were examined in relation to
cognition and showed some stronger relationships with cognition in WLWH com-
pared to HIV� women (Gustafson et al. 2013). On TMT A and B and SDMT, being
underweight (BMI <18.5 kg/m2) was associated with worse performance compared
to having a normal BMI in WLWH but not in HIV� women. For WLHV but not
HIV� women, being obese (body mass index 30 kg/m2 or higher) was associated
with better performance on TMT Part A compared to having a normal BMI. In
WLWH only, higher WC was associated with better performance on the Stroop
Color-Word Trial and SDMT. Higher leptin levels were associated with lower
performance on TMT Part A in both WLWH and HIV� women (Gustafson et al.
2015). Three gut hormones (ghrelin, amylin, gastric inhibitory peptide) were exam-
ined to better understand the mechanisms underlying the obesity-cognition associ-
ation (McFarlane et al. 2017). In general, lower gut hormone levels were associated
with lower cognitive performance. Gastric inhibitory peptide and ghrelin were
associated with cognitive performance among WLWH, whereas only ghrelin was
associated with cognitive performance among HIV� women.

A number of WIHS studies have also examined the link between insulin resis-
tance (IR) and cognition. In the initial cross-sectional study, insulin resistance as
measured using the homeostasis model assessment (HOMA) was associated in the
overall sample with Stroop Color Naming and not TMT Parts A and B, SDMT, or
other Stroop trials (Valcour et al. 2012). There was also an interaction between
HOMA-IR and HIV serostatus on the Stroop Color-Word Trial such that among
those with average HOMA-IR, WLWH demonstrated worse performance than
HIV� women. A follow-up study of HOMA in relation to performance on the
comprehensive cognitive test battery (Valcour et al. 2015) revealed an association
between increasing HOMA and worse performance on the LNS control condition
(attention), HVLT-R recognition, and phonemic fluency across serostatus groups.
Interactions were also noted on three measures of attention – LNS control condition,
Stroop Word Reading, and Color Naming trials – with worse performance in
WLWH versus HIV in women as HOMA values increased. In two non-WIHS
studies conducted in Hispanic WLWH, levels of soluble and cell-associated insulin
receptor levels, IR substrate-1 (IRS-1) levels, and IRS-1 tyrosine phosphorylation
were assayed in plasma and CSF in association with NCI (Gerena et al. 2012). IR
secretion was higher in WLWH than HIV� women, and higher IR secretion was
associated with increasing NCI severity. Further, higher binding of free insulin to the
soluble insulin receptor was also associated with NCI (Gerena et al. 2015).

4.4 Female-Specific Reproductive Risk Factors

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
WLWH (Bull et al. 2018), particularly with regard to cognitive changes. In a cross-
sectional WIHS study, the menopause stage was not associated with cognitive
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functioning on HVLT-R and Stroop (Rubin et al. 2014). However, across serostatus
groups, depressive symptoms were associated with worse learning, memory, atten-
tion, and executive function, and anxiety symptoms were associated with worse
learning and memory. Vasomotor symptoms were also associated with worse
attention. Notably, there was an interaction between HIV serostatus and anxiety
symptoms on verbal learning such that elevated anxiety was associated with worse
verbal learning in WLWH only. Thus, menopause symptoms are associated with
cognitive performance in WLWH.

4.5 Coinfections and Liver Function

Hepatitis C (HCV) infection is relatively common in WLWH and the WIHS cohort.
There are inconsistent findings regarding the association between HCV infection and
cognition. In an early WIHS study (n ¼ 200), WLWH who were HCV positive
demonstrated greater odds of NCI compared to women not infected with either
(Richardson et al. 2005). In a later WIHS study, HCV was not associated with
cognition in 1,338 women (Crystal et al. 2012). However, in a smaller non-WIHS
sample of WLWH, hepatitis C virus coinfection was associated with lower motor
function, processing speed, attention, working memory, and planning (Giesbrecht
et al. 2014). Given the significant overlap between HCV and liver fibrosis, a follow-
up study examined the association between liver function and cognition (Valcour
et al. 2016). Liver fibrosis (APRI) was associated with worse performance in
learning, executive function, memory, psychomotor speed, fluency, and fine motor
skills in the overall sample. The severity of fibrosis measured via Fibroscan was
associated with worse performance in attention, executive function, and fluency.
These associations held after controlling for HCV and HIV status, and the associa-
tions were not moderated by these factors.

4.6 Non-ARV Medications

The use of non-ARV medications with adverse cognitive effects (NC-AE medica-
tions) is more common among WLWH compared to HIV� women (Radtke et al.
2018). Non-ARV medications are associated with worse cognition in the WIHS
overall, but HIV serostatus did not moderate these associations (Rubin et al. 2018b).
However, for women taking anticholinergic-acting medications, HIV serostatus
differences were most pronounced (WLWH < HIV�) in global, learning, fluency,
and motor function. For women taking anxiolytics/anticonvulsants or opioids, HIV
serostatus differences were also more pronounced (WLWH < HIV�) in learning
and processing speed, respectively.
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4.7 Genetic Markers

To date, our understanding of the genetics of NCI is based primarily on male-
dominant studies. To date, only two studies have been conducted in WLWH that
have looked at genetic markers. One study in the WIHS examined the association
between catechol-o-methyltransferase (COMT) Val158Met genotype and working
memory as well as PFC function in WLWH (Sundermann et al. 2015). The COMT
Val158Met (rs4680) single nucleotide polymorphism (SNP) influences executive
function and PFC function through its effect on dopamine metabolism. Both HIV
and the Val allele of the Val158Met SNP were associated with compromised
executive function and inefficient PFC function. Among Val/Val but not
Met allele carriers, WLWH performed worse than HIV� women on a measure of
working memory. Val/Val carriers also showed greater PFC activations during
performance of an n-back working memory task compared to HIV� Val/Val
carriers. However, HIV� Met allele carriers demonstrated greater PFC activation
versus WLWH Met allele carriers. Together the findings suggested that suboptimal
dopamine levels associated with the Val/Val COMT genotype leads to working
memory deficits and inefficient PFC function in WLWH. A study in Hispanic
women examined apolipoprotein E (ApoE) allele status, HIV serostatus, and CSF
APoE protein levels in relation to spatial learning and memory (measure of HI
function) (Morales et al. 2012). The ApoE gene produces a protein responsible for
the metabolism and transport of lipoproteins and cholesterol. The presence of the e4
allele is a well-known risk factor in Alzheimer’s disease and has been linked to NCI
in some (Valcour et al. 2004; Wendelken et al. 2016) but not all (Morgan et al. 2013)
studies in older PLWH (�50 years of age). In the small sample of 20 WLWH and
16 controls approximately 40 years of age, the e4 allele was associated with
cognitive performance on a standard neuropsychological test battery among HIV�
but not WLWH (Morales et al. 2012). However, the e4 allele was associated with an
experimental measure of spatial learning and memory (Memory Island task) in
WLWH but not HIV� women.

5 Summary

Overall, findings from WIHS and other studies suggest that WLWH demonstrate
persistent NCI despite ARV and that WLWH may be more cognitively vulnerable
compared to MLWH. Two brain regions that appear to be particularly susceptible to
HIV infection and female sex and may contribute to the prominent deficits in verbal
learning and memory observed in WLWH are PFC-HI regions. Additional work is
needed to understand brain regions that are susceptible to other domain-specific
impairment that persists among WLWH including attention/working memory and
executive function. Similar to MLWH, inflammation is a key contributor to NCI
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among WLWH. There are many factors (e.g., mental health, substance use) that
contribute or exacerbate cognitive complications among WLWH.

Assessing sex differences in the context of HIV may help to elucidate novel
therapeutics for CNS dysfunction in PLWH. We cannot assume that WLWH and
MLWH will respond similarly to the same treatment or that the mechanisms
underlying cognitive problems are the same for each sex (Rubin et al. 2017d,
2018a). Such results underscore the need to at least stratify cognitive analyses by
sex to determine whether the patterns are the same between WLWH and MLWH or
whether they qualitatively differ between the sexes (sex-dependent) or are present in
one sex and not the other (sex-specific).

6 Future Directions

From the review above, we propose three key directions for future research. Argu-
ably, the most critical research gap is a sufficiently powered cohort study of
neuropsychological test performance in men and women living with HIV and
matched controls. We were able to identify parallel neuropsychological measures
between the WIHS and the MACS and had sufficient power to examine sex
differences in HIV-seropositive participants versus HIV-seronegative controls
(Maki et al. 2018). However, critical measures, including verbal memory, differed
between the two cohorts so it is unknown whether WLWH show vulnerabilities in
those measures as well. With the merging of the WIHS and the MACS into the
MACS-WIHS Combined Cohort Study (MWCCS), we are now poised to directly
compare a sufficiently large sample of men and women in a longitudinal prospective
cohort study. With an estimated sample size 4,400 former MACS/WIHS recruits and
1,600–1,700 new recruits, the MWCCS will be unique in providing sufficient
statistical power to determine whether such factors as depression, substance abuse,
and trauma, as well as vascular, metabolic, and menopause-related risk factors,
contribute to sex differences in cognitive performance. Similarly, the MWCCS
will be able to draw on GWAS data to investigate genetic contributions to sex
differences in cognitive function.

The second key direction is a longitudinal multimodal neuroimaging study
comparing WLWH and MLWH in relation to seronegative controls. We are under-
taking such a study in the Baltimore and Washington DC sites of the MACS-WIHS
Combined Cohort Study (MWCCS). Building on our cross-sectional neuroimaging
studies, we are using both task-based and resting state fMRI in HIV+ virally
suppressed (HIV + VS) men and women and HIV-uninfected individuals to identify
the neural circuitry contributing to deficits in two targeted domains – declarative
memory and cognitive control. We are also using [11C]DPA-713 (DPA) PET to
assess HIV-related alterations in chronic neuroinflammation and NCI. We are also
assessing structural MRI and diffusion-weighted MRI. Imaging assessments will be
conducting annually for 3 years. The longitudinal design allows an assessment of the
reproducibility of key findings over time and the sensitivity of these neuroimaging
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measures to changes in cognitive performance. Such work will inform our
understanding of the mechanisms linked to neurological comorbidity and to provide
novel, more sensitive neuroimaging biomarkers to guide testing of new cognitive
therapies for HIV+ individuals.

While it is critical to extend sex differences research in neuroAIDS in the USA, a
third and critical question is whether any differences observed in American cohort
studies are generalizable to international cohorts, including those in sub-Saharan
Africa. Gender differences in factors such as mental health have been posited to
contribute to differential cognitive impairment in WLWH compared to MLWH in
sub-Saharan Africa, but sample sizes are limited to fewer than 210 people total
(Royal et al. 2016; Hestad et al. 2012).
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