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SUMMARY

Both HIV and illicit drug use are known to negatively impact cognitive function. This
study was designed to investigate the effects of drug use on cognition in women with HIV. The
approach was two-pronged and included a large-scale epidemiological study and a functional
neuroimaging study.

The large scale study analyzed data from nearly 1400 women to investigate the
independent and interactive effects of HIV infection and illicit drug use on verbal memory and
executive function. HIV infection and recent illicit drug use interacted to negatively impact
verbal memory. Among HIV-infected women, recent illicit drug users performed worse on
verbal learning and memory than women who had never used illicit substances. This effect was
driven by use of crack cocaine specifically. However, among uninfected women drug use had no
effect on verbal learning and memory.

The neuroimaging study investigated the impact of crack cocaine use on brain activation
patterns during a verbal memory task in women with HIV. Thirty HIV-infected women
underwent a functional magnetic resonance imaging scan. Both recent and former crack cocaine
users showed less activation of their left dorsal medial prefrontal cortex during encoding of
words than women who had never used crack cocaine. Similarly, both recent and former crack
cocaine users showed less activation of their bilateral prefrontal cortex during recognition of
words than women who had never used crack cocaine. Importantly, activation in these areas was

related to performance on the verbal memory task.

xi



I. INTRODUCTION



A. HIV Epidemic

The human immunodeficiency virus (HIV) causes acquired immunodeficiency syndrome
(AIDS), a disease which causes progressive failure of the immune system and ultimately leads to
life-threatening opportunistic infections. Left untreated, the progression time from initial HIV
infection to death is about 10 years. Once a person has developed AIDS, if untreated, the median
survival is around 9 months (Morgan et al., 2002). Over the last 30 years, HIV has claimed more
than 25 million lives worldwide. HIV infection continues to be a major global health concern; in
2011 there were an estimated 34 million people living with HIV. Each year, an estimated 2.7
million people are newly infected (WHO, 2011).

In the United States alone, over 1 million people are living with HIV, and there are
approximately 50,000 new HIV infections each year (CDC, 2010). The cost of new infections is
estimated at $36.4 billion, including $6.7 billion in direct medical costs and $29.7 billion in
productivity losses (Hutchinson et al., 2006). Although there is currently no cure for HIV
infection, advances in antiretroviral medication have allowed effective treatment to suppress the
virus. With proper antiretroviral treatment, individuals living with HIV are able to live longer
with greater quality of life. Life expectancies for individuals infected with HIV have increased
since 1996 when combination antiretroviral therapy (cART) became available. In the US over
25% of people with HIV are now over 50 years of age (CDC, 2007). While antiretroviral
treatment has extended life expectancies, there is a continuing need to improve overall health and
quality of life among individuals living with HIV.

B. HIV-associated cognitive impairment

Neurocognitive impairment associated with HIV disease has been well studied since the

beginning of the HIV epidemic (Janssen et al., 1991). Presently, HIV-associated neurocognitive



disorders (HAND) are categorized according to the “Frascati Criteria,” updated guidelines that
identify three levels of cognitive impairment (Antinori et al., 2007). HIV-associated
asymptomatic neurocognitive impairment (ANI) is cognitive impairment in at least 2 cognitive
domains that does not interfere with daily functioning. Mild neurocognitive disorder (MND) is
cognitive impairment in at least 2 cognitive domains that mildly interferes with daily
functioning. HIV-associated dementia (HAD) is marked cognitive impairment in at least two
domains with significant interference with daily functioning.

The advent of cART led to a significant drop in the rate of overt HIV-associated
dementia (HAD). Pre-cART incidence of HAD was around 15% in AIDS cases (McArthur et al.,
1993) and post-cART estimates are around 2% (Heaton et al., 2010). However, higher rates of
mild-to-moderate neurocognitive impairment are observed in the post-cART era compared to the
pre-cART era (Heaton et al., 2011). A recent study of 1,555 HIV-infected adults in the CNS HIV
Antiretroviral Therapy Effects Research (CHARTER) study found 52% of the total sample
demonstrated neurocognitive impairment. When severely confounded cases (e.g. brain trauma,
history of seizures) were excluded, 33% were diagnosed with ANI, 12% were diagnosed with
MND, and 2% were diagnosed with HAD (Heaton et al., 2010). Additionally, the pattern of
neurocognitive impairment has changed. Impairments in motor skills, cognitive speed, and
verbal fluency characterized deficits in the pre-cART era, while learning, memory, and executive
function deficits characterize deficits in the post-cART era (Heaton et al., 2011). Although the
incidence of dementia has decreased, it has become clear that HIV-infection is still associated
with clinically and functionally significant cognitive dysfunction.

Several predictors of cognitive impairment in HIV-infected populations have been

identified. A strong predictor of cognitive impairment is the lowest recorded CD4 count, often



referred to as nadir CD4, which is an indicator of immune function (Heaton et al., 2010, Heaton
et al., 2011). CD4+ T helper cells are lymphocytes that fight infection; therefore, decreased CD4
counts indicate immune system compromise. Early after initial infection, low CD4 count and
high plasma levels of HIV are both predictive of early onset of neurocognitive impairment
(Marcotte et al., 2003). Co-infection with hepatitis C is also a significant predictor of cognitive
impairment in persons with HIV (Cherner et al., 2005, Richardson et al., 2005, Hinkin et al.,
2008), an important finding considering co-infection is present in 16% of HIV-infected patients
(Sherman et al., 2002).

Certain factors may also be associated with resiliency to (or rebound from) HAND. There
is evidence for preserved cognitive function in certain HIV-infected cohorts that are
characterized by preserved immune function and high level of education (Cole et al., 2007).
Therefore, factors such as well-controlled viral load and strong premorbid cognitive function are
potentially protective against HAND (Cohen and Navia, 2007). Importantly, for individuals
living with HIV, antiretroviral treatment can improve neuropsychological test performance.
Initiating cART is associated with significant improvement on tasks of verbal memory,
executive function, and psychomotor speed, and the most impaired patients demonstrate the most
neuropsychological improvement (Sacktor et al., 1999, Cohen et al., 2001, Suarez et al., 2001,
Sacktor et al., 2006, Cysique et al., 2009, Sacktor et al., 2009). However, it is important to note
that antiretroviral regimens with high central nervous system penetration may have negative
effects on cognitive performance (Marra et al., 2009).

Certain neuropsychological domains appear to be more negatively impacted by HIV
infection. Early in the HIV epidemic the Multicenter AIDS Cohort Study (MACS), a

longitudinal, multisite, epidemiological study of HIV in men, found HIV-associated deficits in



tasks of psychomotor functioning as well as verbal learning and memory (Miller et al., 1990).
Other studies found similar results, with timed psychomotor tests and memory tasks being the
most sensitive to early HIV-related cognitive impairment (Villa et al., 1996). A second large-
scale longitudinal study of HIV, the HIV Neurobehavioral Research Center (HNRC) study,
found that HIV negatively affected attention, speed of information processing, and learning
efficiency (Heaton et al., 1995). A meta-analysis from 1984 through 2000 found that motor
functioning, executive skills, and information processing speed were the cognitive domains that
showed the greatest decline from early to later stages of HIV (Reger et al., 2002).

The pattern of HAND shifted after the advent of cART. Three studies directly compared
HAND in the pre-cART and post-cART eras. First, Sacktor and colleagues compared an HIV-
infected cohort that was tested prior to the advent of cART with an HIV-infected cohort that was
given a nearly identical neuropsychological battery in the post-cART era (Sacktor et al., 2002).
Although the two cohorts were demographically very different, they statistically controlled for
group differences and found no differences in the pattern of cognitive deficits. In contrast,
Cysique and colleagues (2004) compared two demographically similar HIV-infected cohorts that
represented pre- and post-cART eras across nine neuropsychological domains and found a
difference in the pattern of neuropsychological impairment. In the post-cART era, patients
performed better on attention, verbal fluency, and visuoconstruction tasks, but worse on learning
efficiency and complex attention tasks compared to the pre-cART era (Cysique et al., 2004). The
largest direct comparison (pre-cART n = 857, post-cART n = 937) by Heaton and colleagues
found that cognitive impairment in the pre-cART era was more often characterized by deficits in
psychomotor processing, speed of information processing, and verbal fluency. In contrast,

learning and executive functions such as working memory (Martin et al., 2001) were more



negatively affected in the post-cART era (Heaton et al., 2011). In summary, the incidence of the
most severe forms of HIV-associated dementia have decreased since cART became widely
available; however, milder forms of HAND are still common and learning and executive
function domains are the most affected.

C. Neuropathological studies of HIVV

In addition to deficits on neuropsychological tests, structural brain abnormalities have
been observed since the onset of the HIV epidemic, and early studies showed reduced cortical
grey matter volume in patients with HIV (Heindel et al., 1994). Cortical atrophy has been
reported in both the pre-cART and post-cART eras (Jernigan et al., 1993, Heindel et al., 1994,
Thompson et al., 2005). HIV-associated thinning of the cerebral cortex correlates with immune
system deterioration as well as cognitive deficits (Thompson et al., 2005). Even in medically
asymptomatic patients, HIV infection causes progressive cortical atrophy (Stout et al., 1998).
Disease factors such as nadir CD4 count and duration of infection are related to overall cerebral
volume as well as gray and white matter volumes (Cohen et al., 2010). Importantly, postmortem
evidence of cortical neurodegeneration is positively associated with antemortem
neuropsychological impairment (Moore et al., 2006).

Postmortem studies provide evidence that HIV causes white matter degradation and
diffusion tensor imaging (DTI) studies show that HIV is associated with white matter
hyperintensities (Budka, 1997, Archibald et al., 2004, Chiang et al., 2007, Stebbins et al., 2007).
These white matter abnormalities are correlated with global cognitive impairment (Chiang et al.,
2007). Structural magnetic resonance imaging (MRI) studies show reduction in white matter
volume (Stout et al., 1998) and magnetic resonance spectroscopy studies (MRS) show neuronal

injury and glial activation in frontal white matter that negatively correlate with performance on



executive function tasks (Chang et al., 2002). DTI studies have reported HIV-associated white
matter abnormalities in several white matter tracts including the internal capsule, external
capsule, superior and inferior cingulate bundles, corpus callosum, inferior longitudinal
fasciculus, and the optic radiations (Gongvatana et al., 2009, Pfefferbaum et al., 2009).
Importantly, these white matter abnormalities are related to global cognitive impairment
(Gongvatana et al., 2009).

Functionally, HIV-infected patients demonstrate abnormal cerebral glucose metabolism
(Rottenberg et al., 1996), cerebral metabolite abnormalities (Chang et al., 1999), altered cortical
blood flow (Harris et al., 1994), and reduced resting cerebral blood flow (Ances et al., 2009).
When comparing the effects of normal aging to the effects of HIV on the blood oxygen level
dependent (BOLD) signal during a visual task, functional changes in the HIV-infected patients
are equivalent to those of uninfected control subjects who were 15 years older (Ances et al.,
2010), suggesting a potential acceleration of cognitive aging in individuals infected with HIV.

Functional magnetic resonance imaging (fMRI) studies provide evidence of alterations in
brain activation patterns in patients with HIV during performance of cognitive tasks. Increased
activation in the lateral prefrontal cortex in HIV-infected patients during cognitive tasks precedes
deficits on a neuropsychological test battery (Ernst et al., 2002). During a semantic event
sequencing task, HIV-infected patients demonstrated hypoactivation of left caudate, left dorsal
lateral prefrontal cortex, and bilateral ventral prefrontal cortex but showed increased activation
of right postcentral gyrus (Melrose et al., 2008). This increased activation in the frontal lobes
during difficult tasks of working memory may be indicative of a compensatory mechanism,
whereby more difficult tasks necessitate a greater use of brain reserve (Chang et al., 2001).

Similarly, during performance of a visual attention task HIV-infected patients show less



activation in the normal visual attention network but more activation in adjacent or contralateral
brain regions, suggesting that HIV infection leads to reduced cognitive efficiency that
necessitates compensatory use of neural reserves (Chang et al., 2004).

HIV infection is also associated with altered activation patterns during encoding and
retrieval conditions of episodic memory tasks. During encoding of a visual episodic memory
task, HIV-infected patients demonstrate altered activation of hippocampal-prefrontal regions,
with reduced activation in the right hippocampus, right frontal gyrus, and left lingual gyrus, and
increased activation in lateral frontal and posterior parietal regions compared to uninfected
controls (Castelo et al., 2006). While performing a verbal episodic memory task, HIV-infected
women demonstrate decreased hippocampal activation during encoding and increased activation
during recognition compared to uninfected women (Maki et al., 2009). These alterations
correlated with worse episodic verbal memory performance (Maki et al., 2009). This evidence
suggests that HIV-infected individuals have functional alterations in the neural networks
underlying episodic memory.

HIV infection has consistently been associated with neurocognitive impairment
throughout the epidemic. In the era following the advent of cART, deficits in learning, memory
and executive function have become more prominent compare with the profound mental and
motor slowing observed earlier in the epidemic. Importantly, functional neuroimaging studies
also point to alterations in the cortex related to HIV-associated cognitive deficits. HIV-infected
patients demonstrate decreased activation in the prefrontal cortex during tasks of both memory
and executive function. This line of work demonstrates that understanding cortical deficits in

HIV is critical to elucidating the functional impairments still seen in the cART era.



D. Neuropathogenesis of HIV

HIV is a lentivirus, a class of viruses characterized by a long incubation period and the
unique ability to infect non-dividing cells. HIV enters the central nervous system (CNS) early
after initial infection (An et al., 1999). The virus enters the CNS through a “Trojan Horse”
mechanism whereby the virus infects peripheral monocytes which pass through the blood brain
barrier (Gonzalez-Scarano and Martin-Garcia, 2005). Once inside, these infected monocytes
differentiate into productively infected macrophages, capable of viral replication. The virus
produced by infected macrophages then spreads to other cells in the brain, such as microglia.
HIV infection is also associated with the upregulation of proteins that mediate the transmigration
of leukocytes across the blood brain barrier (matrix metalloproteinases) as well as the
upregulation of proteins which attract more leukocytes (monocyte chemotactic protein (MCP)-1)
(Boven et al., 2000, Conant et al., 2004). Therefore, more leukocytes that are infected with HIV
are able to migrate across an increasingly vulnerable blood brain barrier.

Although HIV does not directly infect neurons, infection of macrophages and microglia
can disrupt neuronal function. In addition to producing more of the HIV virus (virions), infected
cells shed neurotoxic viral proteins, such as gp120, transcriptional transactivator (Tat), and viral
protein R (Vpr). Viral protein gp120 is an HIV envelope glycoprotein that is secreted by HIV-
infected cells. In vitro experiments provide evidence that viral protein gp120 interacts with
chemokine receptors to induce neuronal apoptosis (Meucci et al., 1998, Zheng et al., 1999).
Gp120 can also induce neuronal cell death through NDMA (n-methyl p-aspartate) receptor
mediated excitotoxicity (Barks et al., 1997). Tat is a regulatory protein that enhances viral
transcription efficiency. Tat induces neuronal apoptosis via calcium dysregulation, oxidative

stress, and mitochondrial dysfunction (Haughey and Mattson, 2002). Extracellular Tat increases
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calcium influx which disrupts neuronal calcium homeostatis and leads to excitotoxic neuronal
death (Hu et al., 2011, Wayman et al., 2012). Evidence also suggests that Tat may play a critical
role in viral trafficking into the brain by altering tight junction proteins on brain endothelial cells
and disrupting the integrity of the blood brain barrier (Andras et al., 2003). Vpr demonstrates a
diversity of viral functions, including a role in virion production and replication, but is also
capable of inducing apoptosis in human neuronal cells (Patel et al., 2000, Patel et al., 2002).
Therefore, while the virus itself may not infect neurons there are multiple neurotoxic
mechanisms of neuropathology, including release of viral proteins such as Tat and gp120.

Indirect mechanisms such as generalized inflammatory processes also cause neuronal
damage in HIV infection. Infected cells promote activation of macrophages and microglia. These
immune cells attempt to remove the infection from the brain but instead initiate the inflammatory
neurotoxic cascades that lead to viral encephalitis (Wang et al., 2006). Activated macrophages
produce factors with known neurotoxic effects such as cytokines and nitric oxide. Pro-
inflammatory cytokines (chemokines) such as tumor necrosis factor (TNF)-a and interleukin
(IL)-1P activate uninfected cells and increase migration of activated leukocytes into the CNS,
which may result in amplification of the detrimental inflammatory response (Gonzalez-Scarano
and Martin-Garcia, 2005). In this way, HIV can cause neuronal cell death simply by initiating an
exaggerated immune response in the brain.

Astrocytes may also be involved in HIV-associated neurotoxicity through an indirect
mechanism. Astrocytes display restricted infection, in which viral proteins are expressed without
viral replication (Saito et al., 1994). Infected macrophages release cytokines that interact with
astrocytes and inhibit their protective function (Gonzalez-Scarano and Martin-Garcia, 2005).

Activated astrocytes produce inflammatory cytokines, including TNF-a (Lafortune et al., 1996)
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which amplifies excitotoxic glutamate release and decreases astrocytic uptake of glutamate
(Bezzi et al., 2001). High glutamate levels then cause calcium influx in neurons, which destroys
intracellular calcium homeostasis and leads to apoptosis (Foos and Wu, 2002). These studies
collectively suggest that although HIV does not directly infect neuronal cells, it exerts both direct
and indirect deleterious effects on the brain via neurotoxic viral proteins and induction of
neuroinflammation and excitotoxicity.

Although cART is effective at reducing viral load and can exert neurocognitive benefits,
we continue to see neuropsychological deficits, structural abnormalities, and functional
alterations in the post-cART era. In vitro studies demonstrate that HIV is exerting its effects in
the brain via neurotoxic viral proteins but also through increased inflammation and weakening of
the blood brain barrier. These insults may contribute to the cognitive deficits we see in
individuals living with HIV.

E. Importance of studying cognition in HIV-infected women

According to global estimates from the World Health Organization (WHO) and
UNAIDS, 50% of people living with HIV are women and the proportion of women living with
HIV has been increasing (WHO, 2008). Although in the United States the incidence of HIV is
still higher in men than women, over 11,000 women each year are newly infected with HIV. The
Centers for Disease Control and Prevention (CDC) report that women represent 24% of the total
HIV diagnoses among adults and adolescents and more than 25% of new AIDS diagnoses (CDC,
2011). Black and Latina women are disproportionately affected by HIV compared with women
of other races/ethnicities. The rate of new HIV infections among black women is 15 times that of

white women and over 3 times the rate among Hispanic/Latina women. Of the total number of



12

newly infected women, 57% were blacks, 21% were whites, and 16% were Hispanic/Latina
(CDC, 2011).

Most studies of the cognitive effects of HIV have been done in largely or exclusively
male samples, due to the historically higher incidence of HIV in men in the United States,
particularly early in the epidemic. Women have been underrepresented in neuropsychological
studies of HIV even when accounting for differences in prevalence. A review of studies from
1988 to 1997 found that women were only included in half of the neurological and
neuropsychological studies of HIV. More importantly, women were only included with
approximate proportional representation in one-third of the studies. Additionally, only 3% of the
studies examined sex differences (Fox-Tierney et al., 1999). There is evidence for sex
differences in the effects of HIV on cognition, a study investigating nondeclarative learning
found a negative effect of HIV on performance in women, but not men (Martin et al., 2011).

Women might be at an increased vulnerability to HIV-associated dementia. A large-scale
European study found that women had twice the risk of developing HIV-associated dementia
compared to men (Chiesi et al., 1996), although other studies failed to find this effect (Robertson
et al., 2004, Jarrin et al., 2008). HIV-infected women may be at a higher risk for HIV-associated
cognitive decline compared to HIV-infected men due lower cognitive reserve associated with
lower education (Basso and Bornstein, 2000, Farinpour et al., 2003). Factors that are prevalent in
minority urban women such as poverty, drug abuse, mental illness, and limited access to
healthcare, can increase susceptibility for other diseases with negative cognitive effects such as
hepatitis C and cardiovascular disease (Maki and Martin-Thormeyer, 2009). Substance
dependence is often a comorbid condition with HIV and can increase risk for neurocognitive

deficits (Martin-Thormeyer and Paul, 2009). This may be particularly important for women



13

living with HIV, as women escalate drug use more quickly and progress to addiction faster than
men (Becker and Hu, 2008).

E. Intersection of HIV and drug use

Drug abuse and addiction are prevalent among individuals infected with HIV. An
estimated one third of HIV-infected individuals have used illicit drugs in the past month and an
estimated one quarter of HIV-infected individuals were in need of drug use treatment in the past
year (SAMHSA, 2010). At the Chicago center of the Multicenter AIDS Cohort Study (MACS),
70% of participants reported use of marijuana and volatile nitrates (the most frequently used
illicit drugs in this sample) and 30% of participants reported using intranasal cocaine at baseline
(Ostrow et al., 1993). In the Women'’s Interagency HIV Study (WIHS), the largest longitudinal,
multisite study of HIV in women, 28.9% reported use of illicit drugs in the past 6 months at their
baseline visit. Crack cocaine was the most commonly used illicit drug, with 19.7% of HIV-
infected women reporting use in the prior 6 months. Intranasal cocaine was reported by 15.4%
and injection drug use by 8.8% of HIV-infected women. A more recent WIHS study indicated
that 29% of HIV-infected women reported being intermittent or persistent users of crack cocaine
during the study period (Cook et al., 2008).

Drug abuse and addiction have been inextricably linked with HIV since the beginning of
the epidemic. Injection drug use has directly or indirectly accounted for transmission in more
than one-third (36%) of AIDS cases in the United States. Among women, 57% of all AIDS cases
have been attributed to injection drug use or sex with partners who have injected drugs (CDC,
2002). Although injection drug use is well known for its role in contraction and transmission of
HIV, noninjection drug use (such as crack cocaine) also contributes to the spread of the virus.

Crack cocaine users engage in high-risk sexual behaviors, such as the exchange of sex for money
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or drugs, increasing their chances of contracting HIV (Chiasson et al., 1991, Edlin et al., 1992).
A study of more than 2,000 young adults in three inner-city neighborhoods found that crack
smokers were three times more likely to be infected with HIV than non-smokers (Edlin et al.,
1994). Since crack cocaine use also increases the risk of viral transmission, it is critical to
understand how crack use impacts disease progression and cognitive function in individuals
infected with HIV.

Illicit drug use can affect the progression of HIV-infection. A longitudinal study of illicit
drug use and disease progression found that persistent use of cocaine and/or heroin was
associated with a two-fold risk of developing new opportunistic infections. Active drug use was
temporally linked to negative disease outcomes. During periods of active use, intermittent drug
users had a risk of disease progression similar to persistent users; however, during periods of
abstinence, intermittent users had a risk of disease progression similar to nonusers (Lucas et al.,
2006). A prospective study of HIV-infected opiate addicts found that the use of crack cocaine
specifically was independently associated with progression to clinical AIDS (Webber et al.,
1999). A study examining disease progression in HIV-infected individuals found that crack
cocaine users were more than twice as likely to progress to AIDS (CD4 count below 200
cells/mL), independent of antiretroviral use. Viral load was also significantly higher in crack
users, independent of antiretroviral use (Baum et al., 2009). In the WIHS, women who used
crack cocaine were more than three times as likely to die from AIDS-related causes compared to
nonusers, even when controlling for adherence to antiretroviral medication regimens. Crack
users showed greater CD4 cell loss and higher viral load than non-users and were more likely to

develop new AIDS-defining illnesses (Cook et al., 2008).
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G. Impact of drug use on cognitive function in HIVV

IMlicit drug use may also impact cognitive function in HIV-infected individuals.

Among studies of injection drug users, some have found increased risk of cognitive deficits
among HIV-infected users compared to uninfected users, although results have been mixed
(Egan et al., 1992, Marder et al., 1992, Bono et al., 1996, Selnes et al., 1997, Starace et al.,
1998). There is consistent evidence that compared to uninfected substance-dependent
individuals, HIV-infected substance-dependent individuals show increased vulnerability to
specific cognitive deficits (Martin-Thormeyer and Paul, 2009). In a series of studies, HIV-
infected substance-dependent individuals (cocaine and/or heroin) performed worse on measures
of procedural learning (Gonzalez et al., 2008), prospective memory (Martin et al., 2007),
decision-making (Martin et al., 2004a), and working memory (Martin et al., 2001, Martin et al.,
2003). A study of noninjection drug abuse found no interaction of HIV serostatus and previous
drug abuse disorders on working memory or executive function; however, the drug abuse group
was heterogeneous and included abuse of marijuana, sedatives, stimulants, and hallucinogens
(Basso and Bornstein, 2003). An interactive effect of marijuana and HIV on global cognitive
impairment has been previously demonstrated (Cristiani et al., 2004). Similarly, an additive
effect of methamphetamine dependence and HIV-infection on neuropsychological impairment
has been documented (Rippeth et al., 2004).

To date, very few studies have evaluated cognitive performance among HIV-infected and
uninfected crack or powder cocaine users. In a study that examined stimulant use
(methamphetamine and/or cocaine), HIV-infected stimulant users showed poorer performance on
a task of sustained attention than HIV-infected nonusers (Levine et al., 2006). The only previous

study designed to investigate the interactive effects of HIV and cocaine use on
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neuropsychological performance (n= 237 gay and bisexual African-American men) reported that
both HIV and cocaine use were independently associated with cognitive deficits but found no
evidence of an interactive effect (Durvasula et al., 2000). The interactive effects of HIV-infection
and cocaine use on cognitive function have not been previously studied in women (Martin-
Thormeyer and Paul, 2009).

IMlicit drug use impacts the neuropathology of HIV infection. Injection drug use has been
associated with progression of HIV-associated dementia (Bouwman et al., 1998), HIV
encephalitis (Bell et al., 1998), and enhanced microglial activation in HIV-infected patients
(Arango et al., 2004). Non-injecting psychostimulant use has also been associated with more
severe HIV-associated neuropathology. HIV-infected methamphetamine users demonstrate
increased microglial activation (Langford et al., 2003), increased loss of interneurons (Chana et
al., 2006), metabolic abnormalities (Chang et al., 2005), and structural abnormalities (Jernigan et
al., 2005). To date, relatively few studies have evaluated the effects of crack or powder cocaine
on HIV neuropathology. One positron emission tomography (PET) study found reductions in
dopamine transporters (DAT) and receptors (D2R) in HIV-infected patients compared to
uninfected participants, with a small trend for further reduction in DAT and D2R in HIV-
infected cocaine users compared to HIV-infected nonusers. This reduction was associated with
greater cognitive dysfunction in the HIV-infected cocaine users compared to nonusers, even
though their viral load and CD4 counts were comparable (Chang et al., 2008).

H. Synergistic neurotoxicity of HIV and drugs of abuse

Interestingly, a number of in vitro studies have demonstrated the potential for synergistic
neurotoxicity of HIV and drugs of abuse such as opiates, cocaine, and methamphetamine (Nath

et al., 2002, Ferris et al., 2008, Buch et al., 2011). Cocaine can amplify the neurotoxicity of Tat
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and gp120 by enhancing oxidative cell damage and increasing reactive astrocytosis (Koutsilieri
et al., 1997, Turchan et al., 2001, Aksenov et al., 2003, Kendall et al., 2005, Aksenov et al.,
2006, Harrod et al., 2008). Both cocaine and Tat target the mitochondria and produce oxidative
stress, so there is a possibility of synergistic interactions in producing mitochondrial dysfunction
and cell death. Cocaine has also been shown to amplify the replication of HIV in monocytes,
macrophages, and human astrocytes (Peterson et al., 1991, Bagasra and Pomerantz, 1993, Roth
et al., 2002, Gekker et al., 2004, Reynolds et al., 2006, Dhillon et al., 2007), which would
increase the amount of virions and viral proteins in the brain parenchyma.

Synergistic effects on the dopaminergic system may be another mechanism by which
HIV and illicit drugs interact in the brain. Dopaminergic dysfunction has been associated with
HIV-associated neuropathogenesis. Autopsy studies have found evidence of dopamine
deficiency in HIV-infected patients (Sardar, Czudek et al. 1996; Kumar, Fernandez et al. 2009).
A wealth of evidence from human, simian, and rodent studies indicate a connection between HIV
infection and dysfunction of dopaminergic systems (for a review, see Purohit, Rapaka et al.
2011). The dopaminergic activation properties of drugs of abuse may accelerate this HIV-
associated dopaminergic dysfunction. Drugs of abuse such as cocaine, amphetamines, and
opiates all increase brain levels of dopamine well above basal levels (Di Chiara and Imperato
1988; Pontieri, Tanda et al. 1995). Increased dopamine can activate microglia which results in
increased HIV replication and production of inflammatory cytokines, which can ultimately lead
to increased neuronal death (Gaskill, Calderon et al. 2009).

Additionally, cocaine may alter blood brain barrier permeability. Cocaine alters
expression and conformation of tight junction proteins and cell adhesion molecules in monocytes

(Fiala et al., 1998, Fiala et al., 2005). Cocaine can increase glial activation and disrupt
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cytoskeletal proteins (Kousik et al., 2012). All of these processes can lead to increased HIV-
infected monocyte migration which increases both the penetration of the virus into the brain and
the vulnerability of the brain to other toxins (Kousik et al., 2012).

l. Significance

Although synergistic neurotoxicity has been demonstrated in vitro and drug use has been
associated with increased risk for HIV-associated cognitive deficits, the interactive effects of
cocaine and HIV on cognitive function have not been fully elucidated. A series of
neuropsychological and neuroimaging studies from the HIV Neurobehavioral Research Center
(HNRC) illustrate the interaction of HIV and methamphetamine use on cognitive health (Rippeth
et al., 2004, Chang et al., 2005, Ances et al., 2011). However, the potential for an additive or
interactive effects of HIV and cocaine use on brain function has not been well studied (Martin-
Thormeyer and Paul, 2009). Importantly, no studies to date have investigated the potential for an
interactive effect of illicit drug use and HIV-infection in women. This question is critically
important for three reasons. First, women may be predisposed to HIV-associated neurocognitive
disorders. There is a high incidence of risk factors such as poverty, low literacy, and limited
access to healthcare that that negatively affect the population of HIV-infected women (Maki and
Martin-Thormeyer, 2009). Second, HIV-infected women may be at a higher risk for the negative
impact of substance dependence than men. Compared to men, women escalate drug use more
quickly, progress to addiction faster, and are at higher risk of relapse (Becker and Hu, 2008).
Third, neurocognitive impairment is associated with 2.5 times greater risk of poor adherence to
antiretroviral medication regimens (Hinkin et al., 2004). Thus, understanding risk factors for
HIV-associated cognitive disorders has important implications for improving treatment

adherence and improving health outcomes and transmission risk in women living with HIV.
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The importance of studying verbal episodic memory and executive function stems from
research demonstrating HIV-associated deficits in these two domains (Heaton et al., 2011). Illicit
drug use is also associated with deficits in verbal memory and executive functions. Additionally,
effective executive organizational strategies are under-utilized during memory tasks in both
HIV-infected and drug-abusing populations (Woods et al., 2005a, Gongvatana et al., 2007).

The prefrontal cortex is critical for performing episodic memory as well as executive function
tasks (Masterman and Cummings, 1997, Wood and Grafman, 2003, Blumenfeld and Ranganath,
2007). HIV-infected individuals have demonstrated altered prefrontal activation on tasks of
episodic memory and executive function (Chang et al., 2001, Ernst et al., 2002, Castelo et al.,
2006). Similarly, cocaine users show altered prefrontal activation patterns during tasks of
memory and other executive functions (Bolla et al., 2003, Bolla et al., 2004, Hester and Garavan,
2004). Taken together, previous research indicates that both HIV and illicit drug use may
negatively impact performance on episodic memory tasks with executive, organizational
components and that prefrontal cortical dysfunction may underlie these deficits.

This cross-sectional study involves both behavioral and neuroimaging substudies in order
to examine the effects of HIV and illicit drug use, particularly crack cocaine, on verbal episodic
memory and the prefrontal cortical systems underlying performance. The Hopkins Verbal
Learning Task (HVLT) (Benedict et al., 1998) was used to assess episodic verbal memory,
because it is standardized, normed neuropsychological test that has shown sensitivity to HIV-
associated neurocognitive deficits (Woods et al., 2005b, Scott et al., 2006) and can also be used
to measure the executive aspects of memory. Examining the HVLT component processes can
reveal the underlying mechanisms of observed memory deficits. The semantic clustering index

can be used to measure of the executive aspect of memory (Bruce and Echemendia, 2003).
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Semantic clustering is an organizational strategy that involves categorizing words in a list
according to semantic features. This strategy emphasizes relationships among to-be-learned
items in order to improve encoding of the material (Blumenfeld and Ranganath, 2006). This
strategic component of memory is tied to integrity of the frontal systems (Gershberg and
Shimamura, 1995) and is related to other tasks of executive function (Woods et al., 2005a).
Episodic memory tasks have shown reliable activation in the prefrontal cortex during
information encoding (Kapur et al., 1994, Murray and Ranganath, 2007). A novel in-scanner
verbal memory task was developed for the purpose of this study, to mirror the organizational
strategic component of the HVLT. The task was structured similarly to the HVLT to allow for
semantic clustering of the items to be remembered.

Given that illicit drug use negatively impacts function of the prefrontal cortex and HIV-
infected individuals demonstrate episodic memory deficits, we predicted that HIV and drug use
would interact to negatively impact episodic verbal memory. The first step was to investigate the
independent and interactive effects of HIV infection and illicit drug use on a standardized verbal
memory test in a large sample of women. The next step was to probe the mechanisms underlying
this behavioral effect using an fMRI task specifically developed to mimic the standardized
neuropsychological test, but adapted for the scanner environment. We hypothesized that memory
in HIV-infected women would be more negatively impacted by illicit drug use than uninfected

women and that alterations in activation of the prefrontal cortex would underlie this deficit.
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J. Statement of Aims and Hypotheses

Specific Aim 1: to use neuropsychological test data from a large-scale epidemiologic study to

examine behavioral effects of HIV and recent illicit drug use on verbal memory, processing
speed, and executive function
Hypothesis 1: HIV infection and illicit drug use will have an interactive effect on verbal
memory and executive function, where illicit drug use will have a greater negative effect
on task performance in HIV-infected women compared to uninfected women.

Specific Aim 2: to use functional magnetic resonance imaging (fMRI) to examine effects of

recent crack cocaine use on activation patterns during a verbal episodic memory task among
HIV-infected women
Hypothesis 2a: HIV-infected women who have recently used crack cocaine will show
less activation in the prefrontal cortex during verbal memory encoding than HIV-infected
women who have not recently used crack cocaine
Hypothesis 2b: Decreased prefrontal cortex activation will be associated with lower
behavioral measures of strategic encoding, as evidenced by less semantic clustering

during recall.
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A. Abstract

Objective: HIV infection and illicit drug use are each associated with diminished
cognitive performance. This study examined the separate and interactive effects of HIV and
recent illicit drug use on verbal memory, processing speed and executive function in the
multicenter Women’s Interagency HIV Study (WIHS).

Methods: Participants included 952 HIV-infected and 443 HIV-uninfected women (mean
age=42.8, 64% African-American). Outcome measures included the Hopkins Verbal Learning
Test - Revised (HVLT-R) and the Stroop test. Three drug use groups were compared: recent
illicit drug users (cocaine or heroin use in past 6 months, n=140), former users (lifetime cocaine
or heroin use but not in past 6 months, n=651), and non-users (no lifetime use of cocaine or
heroin, n=604).

Results: The typical pattern of recent drug use was daily or weekly smoking of crack
cocaine. HIV infection and recent illicit drug use were each associated with worse verbal
learning and memory (p’s<.05). Importantly, there was an interaction between HIV serostatus
and recent illicit drug use such that recent illicit drug use (compared to non-use) negatively
impacted verbal learning and memory only in HIV-infected women (p’s <0.01). There was no
interaction between HIV serostatus and illicit drug use on processing speed or executive function
on the Stroop test.

Conclusion: The interaction between HIV serostatus and recent illicit drug use on verbal
learning and memory suggests a potential synergistic neurotoxicity that may affect the neural

circuitry underlying performance on these tasks.
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B. Introduction

Despite improved cognitive outcomes following the introduction of combination anti-
retroviral therapy (cART), HIV-infected individuals continue to show cognitive impairment,
particularly in verbal episodic memory and executive function (Sacktor et al., 2002). Episodic
memory is impaired in up to 50% of HIV-infected individuals (Heaton et al., 1995), and these
cognitive deficits predict daily functioning (Heaton et al., 1994, Benedict et al., 2000, van Gorp
et al., 2007). HIV-associated deficits in verbal memory are characterized by deficits in executive
control of encoding and retrieval mechanisms (Woods et al., 2005b, Scott et al., 2006, Cattie et
al., 2012), a pattern consistent with a frontal-subcortical involvement. Dependence on illicit
drugs is also consistently associated with deficits in cognitive function, including verbal memory
(O'Malley et al., 1992, Berry et al., 1993, Strickland et al., 1993, Beatty et al., 1995, Bolla et al.,
2000, Darke et al., 2000) and executive function (Bolla et al., 1999, Grant et al., 2000, Mintzer
and Stitzer, 2002, Hester and Garavan, 2004). Given that the use of illicit substances is common
in HIV-infected populations, it is important to understand how HIV-infection and illicit drug use
might interact to impact cognitive function.

A number of recent in vitro and in vivo studies suggest that cocaine directly affects the
neuropathogenesis of HIV (Peterson et al., 1991, Bagasra and Pomerantz, 1993, Fiala et al.,
1998, Turchan et al., 2001, Roth et al., 2002, Aksenov et al., 2003, Gekker et al., 2004, Fiala et
al., 2005, Kendall et al., 2005, Aksenov et al., 2006, Reynolds et al., 2006, Dhillon et al., 2007,
Harrod et al., 2008). Cocaine amplifies HIV replication (Peterson et al., 1991, Bagasra and
Pomerantz, 1993, Roth et al., 2002, Gekker et al., 2004, Dhillon et al., 2007), including in human
astrocytes (Reynolds et al., 2006), which can function as cellular reservoirs for HIV in the brain

(Brack-Werner, 1999). Cocaine may also increase HIV-infected monocyte migration across the



25

blood-brain barrier (Fiala et al., 1998, Fiala et al., 2005). Cocaine enhances the neurotoxic effects
of the HIV viral protein Tat (Turchan et al., 2001, Aksenov et al., 2003, Kendall et al., 2005,
Aksenov et al., 2006, Harrod et al., 2008). Similarly, opiates increase neurotoxicity of HIV
proteins Tat (Gurwell et al., 2001, Khurdayan et al., 2004, Hu et al., 2005) and gp120 (Hu et al.,
2005). Importantly, cocaine and opiates, in combination with HIV proteins, negatively impact
hippocampal neurogenesis (Venkatesan et al., 2007). Given that the hippocampus is critical for
episodic memory, translation of these preclinical findings into clinical studies may lend
important new insights into memory function in HIV-infected cocaine users.

Although many studies have investigated the impact of illicit drug use on HIV disease
progression, the effects of cocaine and heroin use on cognition in HIV-infected women have not
been elucidated (Maki and Martin-Thormeyer, 2009). Such studies are critical in light of the
myriad sex differences in illicit substance use disorders. Women have higher current and lifetime
use of cocaine and are more likely than men to become cocaine-dependent (Chen and Kandel,
2002, O'Brien and Anthony, 2005, Lejuez et al., 2007). Women who use cocaine are three times
more likely to become infected with HIV than women who do not use cocaine (Edlin et al.,
1994). Cocaine use is also associated with accelerated disease progression in women with HIV,
even when statistically controlling for anti-retroviral therapy use (Webber et al., 1999, Baum et
al., 2009) and medication adherence (Cook et al., 2008). For example, in the Women’s
Interagency HIV Study (WIHS), HIV-infected women who used crack cocaine were three times
more likely to die of AIDS-related causes than women who did not use crack cocaine, even when
controlling for adherence to highly active anti-retroviral therapy (HAART) (Cook et al., 2008).
Studies of illicit drug use in women generally have not found an effect of opiates on HIV disease

progression (Webber et al., 1999, Thorpe et al., 2004).
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Our aim was to investigate the impact of HIV infection and illicit drug use on cognition
in women. We compared three categories of drug use: recent use, former use, and non-use.
Primary outcomes were measures of verbal learning and memory, processing speed, and
executive function based on neuropsychological tests with demonstrated sensitivity to HIV-
related neurocognitive dysfunction (Hinkin et al., 1999, Carey et al., 2004, Martin et al., 2004a,
Woods et al., 2004, Moore et al., 2006). We hypothesized that HIV and illicit drug use,
especially cocaine use, would have an interactive effect on verbal learning and memory and

executive function.

C. Methods

1. Subjects

All participants were enrolled in the WIHS, the largest prospective, longitudinal,
multi-center study of HIV progression in women (Barkan et al., 1998, Bacon et al., 2005). Study
methodology, standardized data collection, and training of interviewers have been previously
reported (Barkan et al., 1998, Bacon et al., 2005). We analyzed cross-sectional data from 947
HIV-infected and 443 HIV-uninfected control participants (mean age=42.8, 64% African-
American). The data were collected as part of a study of menopause, cognition, and mood that
was incorporated into the WIHS core visits in April 2007 to April 2008 (WIHS visit 25) (Maki et
al., 2012). Extensive information on demographic and behavioral variables was obtained,
including self-report of recent and past use of alcohol, marijuana, crack cocaine, powder cocaine,
and heroin.

Altogether 1901 participants were assessed during that WIHS core visit, and 1552 of
those women completed the Hopkins Verbal Learning Test-Revised (HVLT-R). We excluded

157 of those participants because they reported: a) primary language other than English (n=14);
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b) history of stroke/cerebrovascular accidents (n=18); and/or c) use of antipsychotic medication
in the past 6 months (n=130). A comparison of women who were included in this analysis
(n=1395; 73% of the overall sample) versus those who were excluded (n=506) showed similar
rates of cocaine and heroin use, but women who were included completed more years of
education (12.4 vs. 10.6 years, p<0.001), performed better on the Wide Range Achievement Test
— Revised (WRAT-R) (92.2 vs. 87.3, p<0.001), were more likely to be African-American (64%
vs. 41%, p<0.001) and less likely to be Hispanic (19% vs. 48%, p<0.001), were less likely to
have depressive symptoms on the Center for Epidemiological Studies-Depression scale (CES-D;
32% vs. 46%, p<0.001) or report using antidepressant medication (12% vs. 19%, p<0.001), and
were more likely to smoke (72% vs. 66%--recent or former, p=0.01) and use marijuana (75% vs.
60%--recent or former, p<0.001).

2. Ilicit drug use

The WIHS collects information on drug use at 6 months intervals consistent with
the twice yearly WIHS visit schedule. Women are asked if they have used drugs since their last
WIHS visit. If they have used drugs since their last WIHS visit, they are queried about the route
of administration (smoking, sniffing, injecting) of each substance as well as their frequency of
use. For the current study, recent illicit drug use was defined as self-reported use of crack
cocaine, powder cocaine, or heroin since the last WIHS study visit (past 6 months). Former use
was defined as any lifetime use of cocaine and/or heroin, but no use since the last WIHS study
visit (past 6 months). Non-use was defined as no lifetime use of cocaine and/or heroin. In follow-
up analyses focusing on particular drugs, crack cocaine and powder cocaine were combined into

one cocaine use variable, as there was insufficient statistical power to separate the two forms of
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the drug. Frequency data were categorized as: once a month or less; at least once a week but less
than once per day; or once a day or more.

3. Clinical neuropsychological measures

Participants completed the HVLT-R and Comalli Stroop test. The HVLT-R is a
12-item list-learning test used to measure verbal episodic memory (Benedict et al., 1998).
Outcomes include total words recalled on Trial 1 (single trial learning) and across each of three
learning trials (total learning), number of words recalled after a 25-minute delay (delayed recall),
number of words correctly identified on a yes/no recognition test (recognition), percent retention
(delayed recall/maximum score on Trial 2 or 3), and learning slope. Recognition scores were
calculated by subtracting the number of false positives (incorrectly responding ‘yes’ to a word
not presented) from the number of hits (correctly responding ‘yes’ to a word that was presented).
The Comalli Stroop Test includes three trials (Comalli et al., 1962) Trials 1 and 2 measure
attention and processing speed. Trial 3 measures response inhibition/executive function. On Trial
1, participants name the colors of a series of squares. On Trial 2 they read a series of color names
printed in black ink. On Trial 3, participants name the color of the ink but ignore the word (e.g.,
when shown the word “red” printed in blue ink, say “blue” rather than “red”) (Comalli et al.,
1962). Completion times for all three trials were recorded. The WRAT-R measured reading
achievement (Jastak et al., 1984) and served as an index of educational quality (Manly et al.,
2002).

4. Covariates

Socio-demographic covariates and risk factors for cognitive impairment were
selected based on previous literature and included study site, age, years of education,

race/ethnicity, WRAT-R, CES-D (cutoff score of 16) (Radloff, 1977), recent self-reported use of
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antidepressant medication and Hepatitis C virus seropositivity (HCV) (Goggin et al., 1997,
Durvasula et al., 2001, Martin et al., 2004a, Ryan et al., 2004, Cherner et al., 2005, Letendre et
al., 2005, Richardson et al., 2005, Manly et al., 2011, Valcour et al., 2012). Other covariates
focused on risk behaviors and included smoking status (recent, former, never), recent hazardous
alcohol use (> 7 drinks/week or more than 4 drinks in one sitting) (Willenbring et al., 2009), and
marijuana/hash use (recent, former, never). Additional clinical variables of interest were cART
use (i.e., no cART therapy, cART therapy and <95% compliant, cART therapy and >95%
compliant), recent CD4 count <200 cells/mm3, recent HIV viral load >10,000 copies/mL, CD4
nadir <200 cells/mm3, and duration of ART use.

5. Statistical analysis

Five percent of participants were missing WRAT-R scores. Missing values were
imputed using a regression based technique with race/ethnicity, age, education, site, and
employment as predictors. Time-related outcomes on the Stroop were log-transformed to correct
for skewness. All outcome measures were transformed to z-scores to allow for comparison of
beta weights across outcome measures in models controlling for the same covariates.

Differences in demographic, behavioral, and clinical characteristics as a function of
serostatus, illicit drug use, and their interaction were examined using ANOV As for continuous
variables and Chi-square (X?) tests for categorical variables. In the overall sample we conducted
two series of multivariable regression analyses. The first series focused on the independent
effects of serostatus and illicit drug use, adjusting for age, years of education, WRAT-R,
race/ethnicity, site, depressive symptoms, self-reported use of antidepressant medication and
dementia/encephalopathy (n=59), marijuana use, smoking, hazardous alcohol use, and HCV. We

also adjusted for number of prior exposures to the Stroop (range 1-3). (The HVLT had not been
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previously administered.) The primary set of analyses focused on the interactive effect of
serostatus and illicit drug use. When the interaction was significant, we further examined the
effect of drug use and frequency within each serostatus group, controlling for the same set of
covariates included in the first analyses. Other follow-up analyses focused on HIV-infected
women and included recent CD4 count and HIV viral load, CD4 nadir, and use of antiretroviral
therapy (ART). All p values are two-sided. The statistical significance level was set at p<0.05.
Analyses were performed using SAS PROC GENMOD (version 9.2, SAS Institute Inc, Cary,
NC).

D. Results

1. Population characteristics

Participants included 952 HIV-infected and 443 HIV-uninfected women. They

ranged in age from 22 to 78 years (M=42.8, SD=9.5), with high minority representation (64%
African-American, 19% Hispanic). Ten percent (n=140) reported use of cocaine and/or heroin
since the previous study visit 6 months earlier; 47% (n=651) reported former use of cocaine
and/or heroin, and 43% (n=604) reported never using cocaine and/or heroin in their lifetime.
Among recent drug users, 70% had recently used only cocaine, 24% had recently used both
cocaine and heroin, and 6% had recently used only heroin. Recent cocaine users mainly smoked
crack (74%) or snorted cocaine (26%). Primary modes of recent heroin intake were snorting
(17%) and injecting (14%). Critically, as shown in Table 5, the typical pattern of recent use was
at least daily (32%) or weekly (38%) smoking of crack cocaine (e.g., 73%).

Compared to HIV-uninfected women, HIV-infected women were older, had a higher
minority representation, were more likely to be HCV-seropositive and to use antidepressant

medication and cigarettes, and were less likely to engage in hazardous drinking, marijuana, and
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powder cocaine use (p’s<0.05, Table 1). Compared to non-users, recent and former illicit drug
users were older, less educated, were more likely to be HCV-seropositive, reported more
depressive symptoms and antidepressant medication use, and were more likely to smoke, use
marijuana, crack cocaine, powder cocaine, heroin, and engage in hazardous drinking (p’s<0.05).
Among recent users, HIV-infected women were less likely to sniff/snort cocaine and less
frequently injected heroin than HIV-uninfected women (p’s<0.05, Table 5). Among HIV-
infected women, recent users were less likely to be on cART and to adhere to their medication,
were on ART for a shorter duration of time, and were diagnosed with HIV more recently than
former and non-users (p’s<0.05).

2. Hopkins Verbal Learning Test-Revised (HVLT-R)

Table 2 shows the raw neuropsychological test scores as a function of serostatus
and illicit drug use. HIV-infected women performed worse than HIV-uninfected women on total
learning, learning slope, delayed recall, and recognition (p’s<0.05; see Table 3). In adjusted
analyses, recent illicit drug users performed worse than non-users on learning slope (p=0.04),
delayed recall (p=0.007), and recognition (p=0.02). Recent drug users also performed worse than
former drug users on recognition (p=0.03). Former drug users did not perform differently than
non- users on any HVLT measure. The primary finding was that illicit drug use (recent versus
non- use) interacted with serostatus to affect Trial 1, total learning, learning slope, and delayed
recall (p’s<0.05; see Figure 1), but not recognition (p=0.73). Among HIV-infected women,
recent illicit drug users performed worse than non-users on total learning (B=-0.36, SE=0.12,
p=0.002), learning slope (B=-0.42, SE=0.12, p<0.001), and delayed recall (B=-0.45, SE=0.12,
p<0.001). In contrast, among the HIV-uninfected women, recent users performed similarly to

non-users on total learning (B=0.22, SE=0.15, p=0.14), learning slope (B=0.18, SE=0.15,
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p=0.23), and delayed recall (B=-0.05, SE=0.15, p=0.73), Whereas the interaction between
serostatus and drug use for each of the four measures was driven by differences between recent
users and non-users at the level of serostatus, for Trial 1 only, the interaction was driven by
differences between HIV-infected and uninfected women at the level of drug use. Specifically
for Trial 1, the interaction was driven by serostatus effects at the level of drug use; among recent
users, HIV-infected women performed worse than HIV-uninfected women (B=-0.47, SE=0.16,
p=0.004) whereas among non-users, HIV+ women perform similar to HIV-uninfected women
(B=-0.02, SE=0.08, p=0.84).

Follow-up analyses probed the interaction between serostatus and recent drug use further
to assess which particular drug (i.e., cocaine with or without heroin; heroin with or without
cocaine) contributed to the interaction. Serostatus interacted with cocaine use (recent versus non-
use; p’s<.05) and heroin use (recent versus non-use; p’s<.01) to impact total learning and
learning slope. Serostatus interacted with cocaine use (non-use versus recent) but not heroin use
to impact delayed recall (p=0.04). Additional analyses focused on dose response by examining
the frequency of smoking crack on total learning, learning slope and delayed recall (see Table 6).
Serostatus interacted with frequency of crack use (> 1 week versus non-use) to affect total
learning (p= 0.03) and delayed recall (p=0.005). Again the patterns were that drug use impacted
performance among HIV-infected women only.

In analyses of HIV-infected women only, the effects of illicit drug use (recent versus
non-use) on total learning, learning slope, and delayed recall remained significant after
controlling for disease characteristics (i.e., CD4 count, viral load, medication use, duration on
ART) (see Table 4). Recent users also performed worse than former users on learning slope and

delayed recall, and former users performed worse than non-users on delayed recall. Comparing
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recent users to non-users on total learning and learning slope, recent heroin use predicted poorer
performance (B=-0.42, SE=0.19, p=0.03 and B=-0.58, SE=0.24, p=0.01, respectively). Cocaine
use predicted poorer performance on delayed recall (B=-0.32, SE=0.15, p=0.03). There was also
a trend for heroin use to predict poorer performance on delayed recall (B=-0.34, SE=0.20,
p=0.08). In HIV-infected women, the effects of smoking crack/cocaine at least once a week
versus non-use remained significant on both total learning (B=-0.39, SE=0.19, p=0.04) and
delayed recall (B=-0.40, SE=0.19, p=0.04) after controlling for disease characteristics (i.e., CD4
count, viral load, medication use, duration on ART).

3. Stroop Test

Neither HIV-infection nor drug use significantly impacted performance on the
Stroop test (Trials 1&2 or Trial 3, p’s>0.05). In addition, there were no significant interactions
between illicit drug use and serostatus on the Stroop Test (p’s>0.05).

E. Discussion

The aim of this study was to investigate the separate and interactive effects of illicit drug
use and HIV infection on verbal learning and memory, processing speed, and executive function.
To our knowledge this is the first study to examine this issue, and we provide new evidence that
in women recent illicit drug use may interact with HIV serostatus to negatively impact verbal
learning and memory but not processing speed or response inhibition. The typical pattern of
recent drug use was at least daily or weekly smoking of crack cocaine. The pattern of effects
across different measures suggests that recent drug use (compared to non-use) affects learning
and memory more among HIV-infected than HIV-uninfected women. Cocaine use interacted
with HIV serostatus to affect learning and delayed recall, but not recognition. Heroin interacted

with HIV serostatus to affect only learning. Serostatus also interacted with frequency of crack
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cocaine use to negatively affect learning and delayed recall (but not recognition) more in HIV-
infected women. HIV infection, regardless of substance use history, was associated with deficits
in learning (i.e., impaired total learning, learning slope) and delayed memory (impaired delayed
recall, recognition), with no impairment in retention or attention (trial 1). Deficits in verbal
learning and memory encoding might have important implications for clinical management of
HIV, as neurocognitive deficits have been shown to relate to poor medication treatment
adherence among HIV-infected individuals (Hinkin et al., 2002). Our results underscore the
importance of effective substance abuse treatment in HIV-infected individuals.

Few studies have sufficient statistical power to test for an interactive effect of HIV and
drugs of abuse on cognition (Martin-Thormeyer and Paul, 2009). The HIV Neurobehavioral
Research Center (HNRC) has investigated additive and potential interactive effects of
methamphetamine and HIV. They found additive effects of methamphetamine use and HIV
infection on neuropsychological function (Rippeth et al., 2004), neural and glial injury (Chang
et al., 2005), and cerebral blood flow (CBF) (Ances et al., 2011). The only previous study to
investigate the interactive effects of HIV and cocaine use on verbal memory (n= 237 gay and
bisexual seropositive and seronegative African-American men) found no significant main
effects for serostatus or cocaine use and no interaction of HIV and cocaine use on verbal
memory, differences that were attributed to confounding effects of alcohol (Durvasula et al.,
2000).

Several studies have provided important insights into how HIV serostatus influences
cognition among individuals using illicit substances (Martin et al., 2001, Martin et al., 2003,
Martin et al., 2004a, Martin et al., 2007, Gonzalez et al., 2008). Compared to HIV-uninfected

drug users, HIV-infected drug users perform worse on tests of procedural learning (Gonzalez et
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al., 2008), prospective memory (Martin et al., 2007), decision-making (Martin et al., 2004b), and
working memory (Martin et al., 2001, Martin et al., 2003), deficits consistent with the affinity of
HIV for the striatum and prefrontal cortex. However, study samples were typically male, of
small size (n < 100) and did not include a non-drug using comparison group (Martin et al., 2001,
Martin et al., 2003, Martin et al., 2004a, Martin et al., 2007, Gonzalez et al., 2008). A study of 43
women with a history of illicit drug use did not identify a relationship with cocaine or heroin use
within the past 12 months and noted no interaction between HIV status and recent drug use on
verbal memory or any cognitive domain; however, cell sizes were small (e.g. n=9) (Mason et al.,
1998). We similarly did not find a difference between recent and former users on total learning
or delayed recall.

In our full sample of HIV-infected and HIV-uninfected women there were no differences
between former drug users and non-users on any neurocognitive outcome, suggesting recovery
of cognitive function. In contrast, in our HIV-infected sample, former users performed worse
than non-users on delayed recall. This pattern provides further evidence that drug use has a
stronger negative impact on cognitive function in HIV-infected women. Recent use may have a
larger negative impact than past use due to the synergistic neurotoxicity of HIV viral proteins
with cocaine and heroin, with potential for recovery of cognitive function with sustained
abstinence (Di Sclafani et al., 2002, Hanlon et al., 2011, Gould et al., 2012).

Other studies have looked within HIV-infected cohorts for effects of drug use on
cognition, but without an HIV-uninfected control group. Our findings are consistent with other
findings showing an effect of active cocaine dependence on delayed recall and visuospatial
construction in HIV-infected individuals (n=64, 72% male), with recall having the largest effect

size (d=.93) (Meade et al., 2011). As in the present study, the CNS HIV Antiretroviral Therapy
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Effects Research (CHARTER) study (75% male) found no impact of lifetime history of
substance use on tests of processing speed and executive function (Byrd et al., 2011).
CHARTER also found that lifetime heroin dosage related to delayed memory. In comparison, we
found that delayed memory related to recent use of cocaine, particularly use of crack cocaine
more than once per week. Recent heroin use was associated with worse total learning in HIV-
infected women. Recent stimulant use was associated with impairments in sustained attention in
a sample of 40 HIV-infected individuals; but verbal memory was not examined and cocaine and
methamphetamine use were combined (Levine et al., 2006).

Contrary to our hypothesis, serostatus and illicit drug use did not interact to affect
inhibitory control. The scientific literature is mixed with respect to whether drug use impacts
Stroop performance. A study of 159 men with at least one substance use disorder found a
negative effect of HIV infection on performance during the incongruent condition of a
computerized Reaction Time Stroop (Martin et al., 2004a). Other studies have failed to find a
negative effect of cocaine use on Stroop performance in HIV-uninfected individuals (Berry et al.,
1993, Bolla et al., 1999, Woicik et al., 2009) but have found effects on other executive measures
such as the go/no test (Bolla et al., 1999, Hester and Garavan, 2004, Verdejo-Garcia et al., 2005).

The use of the HVLT precludes a clear understanding of whether the interactive effects of
HIV and recent drug use represent a deficit in acquisition/encoding, retention, and/or retrieval.
However, the pattern of interactions provides tentative support of potential effects on acquisition
and retrieval, with spared retention. Specifically, HIV serostatus interacted with recent drug use
to affect acquisition (total learning and learning slope) and retrieval (impaired delayed recall but
spared recognition), with no effect on retention. Interestingly, that same pattern of effects was

evident in follow-up analyses examining the impact of cocaine use specifically as well as
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frequency of crack cocaine use. Crack cocaine was the primary drug of choice among recent
users. Moreover, analyses of recent drug use in HIV-infected women alone showed deficits in
acquisition (total learning and learning slope) and retrieval (impaired delayed recall but spared
recognition), with no effect on retention. This pattern of interactive effects differs from the
pattern of main effects associated with HIV serostatus and recent drug use, which were
characterized by deficits in acquisition only. The apparent pattern of interactive effects on
acquisition and retrieval suggests that HIV and cocaine might interact to influence subcortical-
prefrontal circuitry. Chronic cocaine use has been associated with anatomical changes,
cerebrovascular defects, and functional alterations in the prefrontal cortex (Volkow et al., 1988,
Volkow et al., 1992, Volkow et al., 1993, Franklin et al., 2002, Bolla et al., 2004). Given the
known executive component, such as encoding strategies, on episodic memory performance,
deficits in subcortical-prefrontal circuitry may contribute to deficits in verbal memory (Peavy et
al., 1994, Delis et al., 1995, Gongvatana et al., 2007). A neuroimaging study of delayed verbal
memory in HIV-infected women demonstrated alterations in hippocampal function with
decreased activation during verbal encoding and increased during verbal retrieval (Maki et al.,
2009). Importantly, the magnitude of those alterations correlated with worse delayed recall on
the HVLT (Maki et al., 2009). Together these findings suggest that cocaine and heroin use in
HIV-infected women may also lead to further alterations in hippocampal function during verbal
encoding.

Our study had several limitations. First, self-report data was used to determine drug use
categories. If women who had recently used illicit drugs reported never using cocaine, the impact
of illicit drug use on cognition may be underestimated. Second, toxicology screens were not

administered in conjunction with neurocognitive testing, so it is possible that the recent users
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could have been under the influence of drugs or experiencing drug withdrawal. WIHS staff are
trained in detecting illicit substance use and reschedule women for cognitive testing if they
appear to be under the influence of illicit substances. Third, given the use of multiple illicit
substances in our cohort, we could not fully disentangle the effects of different substances on
cognition. We found that cocaine use (with or without heroin) predicted worse total learning,
learning slope, and delayed recall, and heroin use (with or without cocaine) predicted worse total
learning and learning slope among HIV-infected women. Fourth, only two neurocognitive tests
were administered, so we could not evaluate effects across a broader spectrum of cognitive
domains. Fifth, although effect sizes are 0.11 or lower, the effect sizes for the interaction
between serostatus and drug use are equal to or exceed the effect sizes associated with HIV
serostatus alone or drug use alone. Lastly, the cross-sectional design of this study precludes the
possibility of examining causality. We presume that illicit drug use leads to poor memory
performance but it is possible that learning and memory deficits preceded drug use for at least
some women. The last two limitations are being now addressed with the collection of

longitudinal cognitive data in the WIHS.
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A. Introduction

HIV-infected individuals continue to experience cognitive dysfunction despite advances
in antiretroviral therapy. Over 50 percent of HIV-infected patients experience HIV-associated
neurocognitive disorders (HAND) (Heaton et al., 2010), ranging from asymptomatic
neurocognitive impairment to HIV-associated dementia (Antinori et al., 2007). Women may be
at increased risk for HIV-associated cognitive deficits due to high prevalence of comorbid
psychosocial and mental health problems, as well as lower cognitive reserve associated with
lower education (Basso and Bornstein, 2000, Farinpour et al., 2003, Maki and Martin-
Thormeyer, 2009). Illicit drug use is prevalent among HIV-infected patients. In the Women’s
Interagency HIV Study (WIHS), the largest study of women living with HIV, 30% of study
participants reported using illicit drugs during the study period, with cocaine being the most
common drug (Wilson et al., 1999, Cook et al., 2008). Among HIV-infected individuals, cocaine
use is associated with both accelerated disease progression (Cook et al., 2008, Baum et al., 2009)
and cognitive impairment (Levine et al., 2006, Meade et al., 2011).

HIV is characterized by prefrontal cortex dysfunction. Deficits in executive function,
learning, and memory are well documented in HIV-infected patients (Heaton et al., 2011).
Thinning of the prefrontal cortex is correlated with cognitive deficits in HIV-infected patients
(Thompson et al., 2005). Evidence from a wealth of neuropsychological and neuroimaging
studies indicates that prefrontal dysfunction contributes in large part to executive function
deficits (Wood and Grafman, 2003). The prefrontal cortex is also critical for performing episodic
memory tasks (Rugg et al., 2002). Left prefrontal cortex in particular plays a key role in the
episodic encoding of verbal material (Kapur et al., 1994, Demb et al., 1995). During the

encoding phase of verbal episodic memory tasks, left prefrontal cortex activation reflects

40
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organizational processing (Tulving et al., 1994, Demb et al., 1995, Blumenfeld and Ranganath,
2006, Murray and Ranganath, 2007). Several neuroimaging studies have demonstrated prefrontal
dysfunction in HIV, with HIV-infected patients showing increased activation in the lateral
prefrontal cortex during executive function tasks (Chang et al., 2001, Ernst et al., 2002). This
increased activation precedes behavioral deficits on these cognitive tests, suggesting that this
additional neural recruitment is a compensatory mechanism to maintain normal levels of
behavioral function (Chang et al., 2001, Ernst et al., 2002). During tasks of episodic memory,
HIV-infected patients demonstrate altered activation patterns in the prefrontal cortex (Castelo et
al., 2006, Maki et al., 2009) and show deficits in the use of executive, organizational strategies
during encoding (i.e., semantic clustering) (Gongvatana et al., 2007).

Chronic cocaine use has also been characterized by prefrontal dysfunction and impaired
executive function. Cognitively, cocaine dependence is associated with deficits on executive
function domain scores, which include tasks of attention, planning, mental flexibility, and
inhibition (Bolla et al., 1999, Di Sclafani et al., 2002, Hester and Garavan, 2004). Structurally,
chronic cocaine users have reduced prefrontal gray matter concentration (Franklin et al., 2002) as
well as reduced prefrontal cortical volume which is associated with lower executive function
domain scores (Fein et al., 2002). Cocaine users also demonstrate altered metabolism and
cerebrovascular deficits in the frontal cortex (Volkow et al., 1988, Volkow et al., 1992, Volkow
et al., 1993). Functionally, cocaine users demonstrate reduced prefrontal activation during
executive function tasks such as working memory/response inhibition (Hester and Garavan,
2004), decision making (Bolla et al., 2003, Bolla et al., 2004, Hester and Garavan, 2004) and
attention/inhibition (Bolla et al., 2004). Additionally, more severe use is negatively associated

with lateral prefrontal activation (Bolla et al., 2004).
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Study 1 of this project demonstrated an interactive effect of HIV and illicit drug use.
Drug use negatively impacted performance on a task of episodic learning and memory among
women infected with HIV, but not uninfected women (Grauzas et al., 2013). Further analysis of
the data showed that it was particularly cocaine use (with or without heroin use) that was
associated with worse verbal memory. Additionally, recent cocaine use affected verbal memory,
but former use had no impact on verbal memory. These results suggest that HIV and cocaine use
may be interacting to negatively impact prefrontal cortex function. We propose that this observed
deficit in women with HIV is due to the negative effects of cocaine use on organizational
processing which contributes to verbal memory performance. One such organizational process is
semantic clustering, a strategy used during learning and retrieval that involves categorizing
words in a list according to semantic features. This strategic component of memory is tied to
integrity of the frontal systems (Gershberg and Shimamura, 1995). Semantic clustering is related
to other tasks of executive function and is associated with better learning and retrieval
performance (Woods et al., 2005a, Woods et al., 2005b).

Our aim in this investigation was to examine alterations in the neural systems underlying
verbal episodic memory in three groups of HIV-infected women: women who have recently used
crack cocaine, women who formerly used cocaine, and women who have never used cocaine.
We hypothesized that HIV-infected women who have recently used crack cocaine will show
decreased prefrontal cortex activation during verbal memory encoding compared with HIV-
infected women who have never used cocaine, and this decreased activation will be associated

with lower behavioral measures of strategic encoding.



43

B. Methods

1. Subjects

HIV-infected women were enrolled from the Chicago WIHS Consortium.
Participants were recruited for this neuroimaging substudy during semiannual WIHS core visits
in 2010-2011. For this study, recent illicit drug use was defined as self-reported use of crack
cocaine since the last WIHS study visit (past 6 months). Former use was defined as any self-
reported lifetime use of crack cocaine but no use since the last WIHS study visit (past 6 months).
Non-use was defined as no lifetime use of crack cocaine. Exclusion criteria were: first language
other than English; history of dementia; uncontrolled diabetes; closed head injury with loss of
consciousness; open head injury of any kind; seizure disorder; current pregnancy; less than eight
years of formal education; diagnosis of schizophrenia; score of 27 or greater on the Center for
Epidemiological Studies Depression (CESD scale); history of any AIDS-defining disorders;
endocrine/systemic disease; or current psychiatric medication that affects cognition. Participants
were also excluded for any evidence of acute intoxication or withdrawal at testing. Abstinence
was verified with rapid urine toxicology screens (Express Diagnostics DrugCheck, Blue Earth,
MN). Specific MRI exclusionary criteria included metal in the body, claustrophobia, or weight
greater than 250 Ibs (due to the dimensions of the scanner).

2. Functional MRI procedure

Blood oxygen level dependent (BOLD) fMRI was performed on a General
Electric 3.0-Tesla Signa HDx scanner (General Electric Healthcare, Waukesha, WI) at the
University of Illinois at Chicago Magnetic Resonance Center. The key data acquisition
parameters were repetition time (TR) = 1500 ms, echo time (TE) = 25 ms, flip angle =90

degrees, field of view (FOV) = 20 cm?, image space matrix = 64 x 64, number of excitations
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(NEX) = 1, slice thickness = 4mm, slice skip = Omm, slice number = 30. All images were
acquired axially, in parallel with the anterior commissure-posterior commissure (AC-PC) plane.
The scan session lasted one hour and involved other neurocognitive tasks and structural scans
that were not part of the current study including a working memory task, a simple reaction time
task, and diffusion tensor imaging.

3. In-scanner verbal memory task

The fMRI verbal memory test included both an encoding and a recognition phase.
The memory test was developed for the fMRI environment to mimic the Hopkins Verbal
Learning Task (HVLT) with control conditions modeled after other fMRI studies (Sperling et al.,
2002, Maki et al., 2009). To allow for semantic clustering, the fMRI task was developed to be
similar to the HVLT in the use of concrete nouns from distinct semantic categories (e.g., body
parts, furniture) (Brandt, 1991). Five semantic categories were selected from the same lists of
category norms as the HVLT (Battig and Montague, 1969). Six words which represent common
responses to each category name were chose from a list of updated category norms, with the
exception of the two most common responses (Van Overschelde et al., 2004). The two most
common responses to each category name were used as semantically-related distractors for the
recognition task, as they were in the HVLT. Items were pseudo-randomized to ensure that no
two category items were presented sequentially. Thirty words were used for the encoding task
(six items in each of five categories) and presentation order was the same for each participant. A
total of 60 experimental items were included in the recognition task, 30 items from encoding, 15
semantically related distractors, and 15 semantically unrelated distractors. The semantically
related distractors were the most common category responses for each category in the encoding

task. Fifteen unrelated distractor items were selected from the top exemplars in other categories.
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Participants viewed each word individually on a projection screen and held a two-button
response remote with the dominant hand. A block design was used with a 3s stimulus
presentation and 1.5s interstimulus interval. The encoding task included 10 six-item blocks (total
60 stimuli). Blocks alternated between experimental (5 six-item blocks for 30 novel words) and
control conditions (5 six-item blocks for 30 repeating stimuli). For the encoding task,
participants were asked to remember each item for a later memory task and to indicate that they
had seen each item by pressing the index finger button when a word appeared. Experimental
blocks included single presentations of concrete nouns (e.g. pear, lake). Control blocks included
repeated presentations of two concrete nouns (sailboat, ballet). This control condition places
limited demands on memory because of repeated stimulus exposure but mimics the experimental
condition in that it places demands on perceptual, motor, and lexical processes.

After a 12-minute delay during which structural scans were acquired, participants were
asked to recall out loud all the words they could remember from the encoding task. Participants’
answers were recorded but no scans were acquired during the free recall task. The recognition
task began immediately after free recall. The recognition task included 20 six-item blocks (total
120 stimuli) that alternated between experimental and control tasks. Each experimental block
included target stimuli from the encoding phase and distractor stimuli that had not been
presented during the encoding task. Each control block involved the repeated administration of
“sailboat” and “ballet.” During the recognition phase, participants were asked to identify which
words they recognized from the previous list, pressing the index finger button for “yes”
responses and the middle finger button for “no” responses.

Outcome measures for the in-scanner task included number of words correctly recalled

during free recall and percent correct on the recognition task. In addition, semantic clustering
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scores were calculated. A semantic cluster is defined as two consecutive, correctly recalled items
belonging to the same semantic category (e.g., “banana” followed by “pear”). Two outcomes
were calculated, the total number of clusters and an overall clustering score. The total number of
clusters was the number of times a distinct semantic cluster occurred. The overall clustering
score takes into account the size of each cluster and was calculated by giving one point for each
two-word cluster, two points for each three-word cluster, and three points for each four-word
cluster.

4, Hopkins Verbal Learning Task — Revised (HVLT-R)

The HVLT-R is a 12-item list-learning test used to measure verbal episodic
learning and memory (Benedict et al., 1998). Participants completed the HVLT during their
regularly scheduled WIHS visit. A target list of 12 words belonging to three semantic categories
(i.e. birds, articles of clothing, carpenters’ tools) is read aloud three times. The order of words is
randomized so no words from the same category are presented consecutively. The participant is
asked to recall as many words as possible after each presentation. After a 20-minute delay, the
participant is asked to recall the list again. Outcomes include total words recalled on Trial 1
(single trial learning) and across each of three learning trials (total learning), and number of
words recalled after a 20-minute delay (delayed recall). Recognition scores were calculated by
subtracting the number of false positives (incorrectly responding ‘yes’ to a word not presented)
from the number of hits (correctly responding ‘yes’ to a word that was presented).

Semantic clustering scores were calculated per trial by counting the number of times a
semantic cluster occurred, with a maximum score of nine (i.e., three potential clusters per each of
the three categories). Semantic clustering scores were derived for each learning trial and the

delayed trial.
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5. Behavioral analyses

Differences in demographic, behavioral, and clinical characteristics as a function
of crack cocaine use were examined using univariate ANOV As for continuous variables and
Chi-square (y°) tests for categorical variables. All analyses were done with SPSS Statistics
Version 20 (IBM Corp, Armonk, NY).

6. Neuroimaging analyses

The data were preprocessed and analyzed the data using Statistical Parametric
Mapping (SPM8, Wellcome Trust Centre for Neuroimaging, London, UK). Movement was
investigated using Analysis of Functional Neurolmages (ANFI) (Cox, 1996), and participants
with greater than 2 voxels of motion were excluded from analyses. Functional images were
realigned to the first volume of the task to correct for inter-scan motion. The realigned images
were then co-registered to the SPM EPI template and smoothed with an 8-mm Gaussian kernel.
A first-level analysis step was conducted to determine activated brain areas in individual
participants using a general linear model and convolved with the hemodynamic response
function. Four maps of brain activation were estimated for each participant to be used in second-
level analyses - activation during the novel condition and activation during the repeat condition
for both the encoding and recognition conditions. The second-level analysis step determined
significant activation associated with the interactive effects of drug use group and task condition.
In separate analyses of encoding and recognition, a full factorial design was used with two
factors: drug use group (3 levels: recent, former, non-users) and condition (2 levels:
experimental, novel). A mask was created for the a priori region of interest (ROI) using the
Wake Forest University Pickatlas toolbox in SPM (Maldjian et al., 2003). The mask included

Brodmann areas (BA) 6, 8-10, 44-47, the cingulate (BA 24 and 32), the hippocampus, and the
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parahippocampal gyrus. The ROI mask was applied to the novel minus repeat contrast for the
non-users to demonstrate the typical pattern of activation in the encoding and recognition tasks
separately. Those brain maps were saved as binary masks to be used in subsequent analyses to
constrain analyses to brain areas typically activated during the encoding and recognition tasks.
The binary mask was then applied in the second level analysis in the overall interaction (F-test)
of the interaction between drug use group and condition. When the overall F-test was significant,
follow-up analyses were conducted to see which pairs of groups (i.e. recent users versus non-
users, former users versus non-users, former users versus recent users) were driving the overall
interaction. To constrain those follow-up analyses to regions significant in the overall F-test,
follow-up analyses were conducted using a binary mask created from the overall F-interaction.
Anatomical localization of significant activations was determined using the Talairach brain atlas
(Talairach and Tournoux, 1988) and the Talairach Client (Lancaster et al., 2000). To examine the
functional significance of group differences, the first eigenvariate of all voxel values contained in
a 3-mm radial sphere around the peak voxel for each participant were extracted and were entered
into correlational analyses with HVLT and in-scanner task outcomes.

C. Results

1. Demographics

Table 7 shows the demographic and clinical information by drug use group. A total of 39
HIV-infected women completed the neuroimaging assessments. Participants were excluded from
the final analysis for excessive motion (> 2 voxels, n = 5), low effort on the in-scanner task
(evidenced by chance performance on control task, n = 1) and technical problems (n = 3),
leaving a final valid sample of 30. Of those 30 HIV-infected women, 10 reported using crack

cocaine in the past 6 months (recent users), 11 reported having used cocaine during their lifetime
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but not in the past 6 months (former users), and 9 reported never having used cocaine (non-
users).

Participants ranged in age from 27 to 59 years (M =44.1, SD = 7.5). Almost all
participants were African-American (97%). In the total sample, 57% of women had CD4 counts
above 500 cells/mm’, 37% had CD4 counts between 200 and 500, and 6% had CD4 counts less
than 200. The majority of our sample (80%) was on cART with 20% taking no antiretroviral
therapy. Viral load was below detectable levels in 63% of the sample, below 10,000 copies/ml in
20% of the sample, and over 10,000 copies/ml in 17% of the sample. Groups differed on current
cigarette smoking, with 80% of recent users, 55% of former users, and 22% of non-users
reporting cigarette smoking (p = 0.042). Groups also differed on hepatitis C co-infection, with
50% of recent users, 18% of recent users, and 0% of non-users being HCV-positive (p = 0.03).

Table 8 shows drug use characteristics by drug use group. These data were collected
during the substudy screening process conducted by WIHS staff prior to the neuroimaging visit.
Two women reported no recent use of crack cocaine during the screening process but reported
recent use on the day of the neuroimaging visit. Of the recent users, two reported using once a
day or more in the past 6 months, two reported using at least once a week but less than once a
day, four reported using less than once a week, and two reported not having used in the past 6
months. When examining peak use of crack cocaine across both recent and former user groups,
most women reported that during the period of their heaviest crack cocaine use they were using
more than once per week (7 out of 10 recent users and 9 out of 11 former users). The recent user
group reported that their period of heaviest crack cocaine use was an average of 8.5 years ago

(SD = 6.9, range = 17 years ago to current year). The former group reported that their period of



50

heaviest crack cocaine use was an average of 9.9 years ago (SD = 5.3, range = 17 years ago to 1
year ago).

2. Verbal memory performance

Table 9 shows the behavioral performance on the in-scanner verbal memory task
and the HVLT by drug use group. Due to small sample sizes, Cohen’s d effect sizes are also
reported. On the HVLT, groups differed on the semantic clustering score for Trial 1. A Scheffe
test indicated that the significant difference was between the recent and non-user groups (p =
0.01, d = 1.44). Although no other statistically significant group differences emerged (p’s <
0.05), effect sizes were high for several outcomes. Comparing recent users to non-users, large
effect sizes were observed for in-scanner recognition percent correct (d = 0.53), free recall total
(d =0.70), free recall number clusters (d = 0.58), and free recall cluster score (d = 0.64) as well
as HVLT trial 1 (d = 0.80), HVLT delayed free recall (d = 0.96), HVLT delayed recall total
clusters (d = 0.72) and HVLT delay cluster score (d = 0.76). Comparing former users to non-
users, large effect sizes were observed for in-scanner recognition percent correct (d = 0.86), free
recall number clusters (d = 0.76), free recall cluster score (d = 0.84) as well as HVLT trial 1 (d =
0.50) and HVLT trial 1 cluster score (d = 0.72).

3. Default activation pattern

We first evaluated the typical pattern of brain activation during encoding and
recognition conditions in non-users. In the novel condition minus the repeated condition of the
encoding task, we found diffuse activation in left prefrontal cortex and left hippocampus with
very little activation in the right hemisphere (see Figure 2). In the novel condition minus the
repeated condition of the recognition task, we observed diffuse activation in bilateral prefrontal

cortex (see Figure 2).
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4, Encoding condition

The overall F-test indicated significant group differences in the left medial frontal
gyrus (Brodmann area 8, or BA8) (see Figure 3 and Table 10). Follow-up analyses demonstrated
that this difference was driven by non-users showing more activation during encoding of novel
words than both the recent users and former user groups. When comparing recent and former
user groups, there were no differences in activation in this area.

Behaviorally, activation in this cluster correlated with better performance on the in-
scanner, free recall cluster score (r =.398, p =.029) as well as trial 1 cluster score on the HVLT
(r=.375,p=.041) (see Figure 4).

5. Recognition condition

The overall F-test indicated significant group differences in the right inferior
frontal gyrus (BA9), middle frontal gyrus (BA10 and BA46), and medial frontal gyrus (BAS)
(see Figure 5 and Table 10). In the left hemisphere group differences were in middle frontal
gyrus (BA8) and middle frontal gyrus (BA9). Follow-up analyses demonstrated that differences
in right inferior frontal gyrus (BA9), right middle frontal gyrus (BA10), and left middle frontal
gyrus (BA8) were driven by non-users showing more activation than both the recent and former
users. Differences in right medial frontal gyrus (BAS8) were driven by non-users showing more
activation than recent users. Differences in right middle frontal gyrus (BA46) and left middle
frontal gyrus (BA9) were driven by non-users showing more activation than former users. There
were no differences in activation between recent and former users in any of these regions.

Behaviorally, activation in the left middle frontal gyrus (BA9) correlated with better
performance on the in-scanner recognition task (r = .419, p < 0.05) (see Figure 6). A negative

correlation with activation in BA9 and HVLT recognition also emerged; however, on further
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inspection of the data this finding was driven by one outlier with performance on HVLT
recognition that was > 3 standard deviations below the mean (data not shown).

D. Discussion

The aim of this study was to investigate the impact of crack cocaine use on integrity of
the neural systems underlying strategic verbal encoding in a group of HIV-infected women.
Study 1 indicated that among women with HIV, recent cocaine use negatively impacted delayed
recall on the HVLT. In the current study, we found that both recent and former use of cocaine
were associated with less activation in left dorsal medial PFC (DMPFC) in women with HIV
during verbal encoding. Importantly, we found that activation in this region was related to
semantic clustering on both the in-scanner verbal memory task as well as standardized
neuropsychological test of verbal memory (i.e., HVLT). A widely cited review of 120 functional
neuroimaging studies of semantic processing drew particular attention to the role of left DMPFC
(BAS) and described the consistent activation of this region during semantic processing tasks
(Binder et al., 2009). Patients with lesions of the left DMPFC demonstrate a deficit in retrieval of
semantic information as their ability to name objects is intact; however, they are unable to
generate lists of words within a category (Gold et al., 1997, Robinson et al., 1998). This region
has also been previously associated with strategic encoding (Bor et al., 2004) and successful
encoding of words (Heinze et al., 2006).

During the recognition phase of the verbal memory task, women who had recently or
formerly used cocaine showed less activation in bilateral PFC compared to women who had
never used crack cocaine. Behaviorally, activation in one of the regions to show group
differences during recognition (left dorsolateral PFC) was related to performance on the in-

scanner recognition task. Previous studies have found that cocaine-dependent individuals show
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activation in this area when viewing cocaine-related cues (Prisciandaro et al., 2012) and less
activation in this area relative to controls during a memory task (Moeller et al., 2010).

This study is one of the very few functional neuroimaging studies to investigate episodic
memory in HIV and is the first to focus on measures of strategic encoding. Previous studies have
examined serostatus effects on brain function during episodic memory tasks. A study of visual
episodic memory found altered activation in hippocampal-prefrontal regions during encoding in
HIV-infected compared to uninfected participants (Castelo et al., 2006). An fMRI study of verbal
episodic memory found differences in hippocampal function during encoding and retrieval of a
verbal memory task in HIV-infected women compared to uninfected women (Maki et al., 2009).
In the current study, we did not find effects of crack cocaine use on hippocampal function during
our verbal episodic memory task; although the absence of an uninfected control group precludes
evaluation of HIV serostatus effects.

Previous studies have found evidence for an HIV-associated deficit in semantic
clustering. One of the first studies to examine semantic clustering in an HIV-infected sample was
from the HIV Neurobehavioral Research Center (HNRC). In a sample of 134 men, medically
symptomatic HIV-infected patients were less likely to use semantic clustering than uninfected
controls. HIV-infected medically asymptomatic patients fell between the other two groups but
did not statistically differ from either group (Peavy et al., 1994). A second HNRC study of 126
men found that HIV-infected men diagnosed with minor cognitive/motor disorder engaged in
significantly less semantic clustering than both HIV-infected patients not diagnosed with minor
cognitive/motor disorder and uninfected controls (Delis et al., 1995). A study directly aimed at
investigating the validity of HVLT component process measures in HIV found that HIV-infected

patients performed significantly worse than the uninfected controls on semantic clustering
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(Woods et al., 2005b). Importantly, they found that semantic clustering correlated with an
executive function composite score, suggesting that this measure is an indication of executive
control of encoding and retrieval. They observed a positive correlation between semantic
clustering and total recall among HIV-infected patients, indicating that the greater use of this
strategy is associated with better recall. A study comparing 4 groups found a stepwise decline in
the use of semantic clustering, where uninfected controls exhibited the highest clustering,
followed by the HIV-infected neuropsychologically impaired group, HIV-infected minor-
cognitive motor disorder group, and HIV-associated dementia group, respectively (Gongvatana
et al., 2007). This study also demonstrated that semantic clustering was related to the executive
function domain, but not to performance on measures of processing speed or general cognitive
abilities. Although HIV-associated semantic clustering deficits have been fairly well
characterized in all male or predominantly male samples, no studies to date have examined
semantic clustering in HIV-infected women.

Our study is the first to investigate the impact of cocaine use on semantic clustering in
HIV-infected patients. Previous studies have demonstrated worse performance on verbal
memory tasks in HIV-infected cocaine users compared to HIV-infected non-users (Meade et al.,
2011, Grauzas et al., 2013). Deficits in verbal learning and memory have been well documented
among uninfected cocaine users (Manschreck et al., 1990, Berry et al., 1993, Mittenberg and
Motta, 1993, Beatty et al., 1995, Fox et al., 2009). Dependence on methamphetamine, another
psychostimulant, is associated with deficient utilization of semantic clustering (Woods et al.,
2005a). Importantly, among methamphetamine users, greater use of semantic clustering was

associated with better delayed recall and retention. Taken together, our findings suggest that the
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verbal memory deficits associated with cocaine abuse may be partially accounted for by
ineffective encoding strategies, such as semantic clustering.

The typical pattern of activation we observed with our task was diffuse left prefrontal and
hippocampal activation during encoding, with bilateral prefrontal activation during recognition.
This pattern of activation is consistent with the well-established hemispheric encoding/retrieval
asymmetry (HERA) model of episodic memory, which delineates the left hemispheric role in
episodic memory encoding and right hemispheric role in episodic memory retrieval (Tulving et
al., 1994, Habib et al., 2003).

This study had several limitations. First, the lack of an uninfected control group precludes
the investigation of the interactive effects of HIV and cocaine use. However, behavioral findings
from Study 1 indicate that the interaction between HIV serostatus and drug use is driven by the
differences in performance between HIV-infected recent users versus non-users. Recent drug use
did not negatively impact verbal learning and memory in uninfected women. Second, the cross
sectional design does not allow for investigation of the effects of chronic cocaine use over time.
Third, our sample sizes were too small to detect group differences on behavioral outcomes,
although effect sizes indicated large differences in performance in recent and former users
compared to non-users. Fourth, self-report data was used to determine drug use categories. If
women who had recently used cocaine did not report their use, the impact of cocaine on
prefrontal function may be underestimated.

Future directions for this line of research include longitudinal analyses of
neuropsychological data now being collected in the WIHS to examine the effects of cocaine use
on strategic clustering during verbal encoding and retrieval over time. Additionally, projects

investigating the impact of HIV serostatus on the neural systems underlying verbal memory as



well as cocaine use effects on other prefrontally-mediated cognitive tasks are currently

underway.
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The three group design of both Study 1 and Study 2 allowed us to investigate the effects
of current drug use as well as persistent effects of former use. Study 1 indicated that recent illicit
drug use had a negative impact on verbal memory performance; however, former use was not
associated with deficits on verbal memory. Additionally, the interaction of HIV serostatus and
illicit drug use was with recent, not former, illicit drug use. These findings indicate the potential
for cognitive recovery in long-term abstinence from illicit drug use. On the other hand, Study 2
found less prefrontal cortex activation in both recent users and former users compared to non-
users. This finding may indicate that there are long-lasting effects of cocaine use on neural
circuits underlying strategic encoding. In our large behavioral study, former users did not show
deficits relative to non-users. In contrast, our neuroimaging study found that former users
showed indication of lasting neural damage, which could potentially be indicative of effective
compensatory mechanisms.

A. Persistent deficits in cocaine abusers

Few studies have investigated the effects of long-term cocaine abstinence on cognitive
recovery. Studies examining recovery during short-term abstinence (24 days to 3 months)
demonstrate cognitive impairments relative to controls. At 24 days of abstinence, cocaine
abusers were more impaired than controls in all areas except motor skills and verbal fluency
(O'Malley et al., 1992). Fifty percent of the cocaine abusers demonstrated mild clinical
impairment after 24 days of abstinence. In a sample of chronic crack abusers that were tested
after 28 days of abstinence, there was a significant dose-response relationship between increased
severity of cocaine use and neurocognitive deficits (Bolla et al., 1999). Neuropsychological
deficits have been shown to persist in chronic cocaine users after 4 weeks (Bolla et al., 2000) and

45 days of abstinence (van Gorp et al., 1999). A study that compared crack dependent subjects at
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both 6 weeks and 6 months of abstinence found that at 6 weeks the patients were cognitively
impaired on most neuropsychological domains and were still significantly impaired at 6 months
of abstinence (Di Sclafani et al., 2002). Persistence of cognitive deficits (or recovery) over
longer periods of abstinence has not been examined in cocaine users.

Studies of alcohol dependent individuals have evaluated cognitive recovery in abstinence
and found evidence for a partial reversal of the cognitive deficits that occur in alcohol
dependence (Crews et al., 2005). A study of long-term abstinent alcohol-dependent individuals
with an average abstinence length of 6.7 years, found that long-term abstinence resolved most
neurocognitive deficits associated with alcohol dependence although spatial processing deficits
remained. The majority of cognitive recovery occurred during the first few years of abstinence
(Fein et al., 2006). These studies, taken with our results, indicate that periods of abstinence
longer than 6 months may be required to see cognitive recovery in substance-dependent
individuals.

B. Cocaine and verbal memory

Outside of the context of HIV, cocaine use has consistently been associated with deficits
in verbal learning and memory. Even occasional users of powder cocaine demonstrate deficits in
immediate and delayed verbal recall but not recognition (Reske et al., 2010). Chronic cocaine
users demonstrate impaired immediate and delayed recall as well as recognition on several
verbal memory tests, such as the California Verbal Learning Task (CVLT) and Rey Auditory
Verbal Learning Test (RAVLT) (Manschreck et al., 1990, Mittenberg and Motta, 1993, Beatty et
al., 1995, Fox et al., 2009). Deficits on immediate recall, short and long delay recall, and
recognition are apparent during withdrawal and abstinence in crack-dependent individuals (Berry

et al., 1993, Kelley et al., 2005, Fox et al., 2009). These studies have been done in predominantly
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male samples. In contrast, our Study 1 found that among uninfected women, cocaine use was not
associated with worse performance on verbal learning and memory. This apparent discrepancy in
findings may be explained by sex differences in both verbal memory ability and the effects of
cocaine use on the brain. There is a well-established female advantage in verbal learning and
recall which is attributed to greater use of semantic clustering (Kramer et al., 1997, Kramer et al.,
2006).

Evidence from a wide range of species indicates that the behavioral effects of cocaine
differ between males and females, and differ in response to hormone levels in women (Evans and
Foltin, 2010). In particular, subjective effects of smoked cocaine show sex differences and
menstrual cycle differences. Women, compared with men, had lower subjective ratings of feeling
“high” which also differed depending on menstrual cycle phase (Sofuoglu et al., 1999). These
results were not replicated in a study of intranasal cocaine, suggesting that sex and menstrual
cycle differences may vary depending on route of administration (Collins et al., 2007). This line
of work suggests that when investigating the impact of cocaine use on cognitive function, both
sex and route of administration should be considered.

C. Cocaine and response inhibition

Contrary to our initial hypothesis, serostatus and illicit drug use did not interact to affect
response inhibition as measured by the Stroop task in Study 1. We also did not find a main effect
of either HIV infection or recent illicit drug use on the interference trial of the Stroop (trial 3).
Early HIV infection has been associated with worse performance on a computerized version of a
reaction time Stroop task (Martin et al., 1992). A study of antiretroviral-naive HIV patients
found that they performed worse on all three trials of the Stroop task compared to controls, but

this effect was not specific to behavioral inhibition (the interference trial) (Chang et al., 2002).



61

Given that the women in our sample were not in the stages of initial infection and were not
antiretroviral naive, it is not surprising that we didn’t find a main effect of serostatus on Stroop
outcomes. Previous studies of the effects of cocaine on response inhibition have found that
cocaine use is associated with worse performance on tasks such as a Go/No-Go task (Bolla et al.,
1999, Hester and Garavan, 2004); however, several studies have failed to find a negative effect
of cocaine use on Stroop performance (Berry et al., 1993, Bolla et al., 1999, Woicik et al., 2009).
These findings, along with ours, indicate that the task we used (the Comalli Stroop task) may not
be a sensitive measure of response inhibition in our sample.

Animal studies coincide with human studies to show that cocaine use is associated with
loss of inhibitory control. Impaired response inhibition is difficulty withholding a prepotent
response and can be measured with stop signal reaction time (SSRT) tasks. Human cocaine users
show elevated response times during these tasks (Fillmore and Rush, 2002, Li et al., 2006).
Using a touch-screen SSRT task, rhesus monkeys with a history of self-administering cocaine
displayed worse performance on the task, even after 18 months of abstinence (Liu et al., 2009).
Delay discounting is another measure of impulsivity that is fundamentally different from
response inhibition but is commonly used to study impulsivity in rodent models of cocaine
addiction. Impulsivity, as measured by delay discounting tasks, predicts acquisition of cocaine
self-administration (Perry et al., 2005), escalation of cocaine self-administration (Anker et al.,
2009), and reinstatement of cocaine seeking in rats (Perry et al., 2008). These studies point to an
impairment in inhibitory control that may be proceeded by, as well as exacerbated by, cocaine
use. We would expect that if we had used a more sensitive measure, such a SSRT task, that we

would have seen differences between our recent user and nonuser groups on response inhibition.
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D. Route of administration

Neuropsychological studies of cocaine addicts are done in samples of primarily crack
cocaine addicts (Manschreck et al., 1990, Beatty et al., 1995, Ma et al., 2009), but many studies
fail to mention route of administration (Berry et al., 1993, Mittenberg and Motta, 1993, Kelley et
al., 2005, Fox et al., 2009). The physiological and psychoactive effects of cocaine are similar
regardless of the route of administration; however, crack (or smoked) cocaine shows greater
potential for both abuse and addiction in comparison with intranasal powder cocaine (Hatsukami
and Fischman, 1996). Although a PET study demonstrated that dopamine transporter blockade
effectiveness is similar between intranasal and smoked cocaine, smoked cocaine elicits a faster
subjective “high” (Volkow et al., 2000). The faster delivery into the brain increases the
reinforcing effects of the drug. There is some evidence that dependence on crack cocaine
compared to powder cocaine may have differential negative effects on the brain. Individuals
dependent on crack cocaine demonstrate lower measures of white matter integrity in the corpus
callosum compared to individuals dependent on intranasal powder cocaine (Ma et al., 2009).
However, the impact of cocaine route administration on neural function has not been fully
explored.

For this project, we were aware that the route of cocaine administration might influence
the cognitive effects of cocaine so we reported crack cocaine and powder cocaine use separately.
In Study 1, our drug use groups combined crack cocaine, powder cocaine, and heroin use, but the
typical pattern of drug use was daily or weekly smoking of crack cocaine. Probing crack cocaine
use specifically, we found that HIV serostatus interacted with frequent crack cocaine use to
impact verbal learning and memory. Using crack cocaine at least once a week was associated

with worse total learning and delayed recall in HIV-infected women, even when accounting for
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disease characteristics such as antiretroviral use, viral load, and immune function. In Study 2, we
restricted our recent user group to women who had used crack cocaine in the past 6 months.
Therefore, our results may not extend to users of exclusively powder (intranasal) cocaine.

E. Overall significance

Overall, our results indicate that illicit drug use, particularly crack cocaine use, negatively
impacts cognitive function in women with HIV. This impaired cognitive function can have
detrimental effects on HIV disease outcomes. Effective treatment of HIV is dependent upon
strict adherence to antiretroviral medication regimens. Combined antiretroviral therapy regimens
are complex with several pills being taken per day with specific dose timing and administration
instructions. Cognitive impairment among women with HIV is associated with 2.5 times greater
risk of poor adherence to antiretroviral medication (Hinkin et al., 2004). Since drug abuse is a
risk factor for HIV-associated cognitive impairment, treating drug abuse in women living with
HIV has important implications for improving treatment adherence, health outcomes, and
lowering the transmission risk. An estimated 25% of individuals living with HIV were in need of
drug abuse treatment in the past year (SAMHSA, 2010), and among drug dependent individuals,
only 10% receive treatment for their disease (CASA, 2013). This underscores the importance of
screening HIV-infected patients for drug abuse disorders and treating the substance abuse

disorder in addition to their HIV disease.
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Table 1. Study 1. Demographic Characteristics as a Function of Serostatus and Crack, Cocaine,
and/or Heroin Use.

Groups
Infected (n=952) Uninfected (n=443)
Recent  Former Non- Recent Former Non-
Background Characteristics (%) (n=91) (n=463) users (n=49) (n=188) users
(n=398) (n=206)
Age (M, SD) P3P 46.8 46.9 40.6 (9.7) 42.8(8.0) 44.4(8.9) 34.4(9.1)
(7.7 (6.9)
WRAT-RP 88.7 90.6 94.8 89.7 89.8 95.4
(17.4) (17.2) (18.3) (15.5) (17.9) (16.5)
Years of Education ” 11.5 11.9 13.1(29) 122@3.0) 12.02.7) 13.2(2.8)
(2.8) (3.1)
Race/Ethnicity ®
African American, non-Hispanic 70% 64% 64% 61% 58% 63%
White, non-Hispanic 10% 16% 16% 12% 11% 8%
Hispanic 14% 18% 15% 21% 28% 24%
Other 6% 2% 5% 6% 3% 5%
Hepatitis C virus antibody > ” 56% 45% 6% 29% 28% 4%
Recent
Degressive Symptoms, CES-D 54% 35% 28% 50% 34% 19%
>16
DAntidepressant medication use > 20% 18% 9% 10% 11% 1%
Hazardous alcohol use™ > 21% 5% 3% 35% 9% 6%
Crack cocaine use 78% 0% 0% 65% 0% 0%
Powder cocaine use® 24% 0% 0% 45% 0% 0%
Heroin use 29% 0% 0% 33% 0% 0%
Crack, cocaine, and/or heroin use
prior 92% 98% 0% 92% 94% 0%
to entry into WIHS
Proportion of WIHS visits where
crack, 53% 7% 0% 52% 19% 0%
cocaine, and/or heroin use was
yes S, D, DxS
Smoking *°
Never 4% 10% 56% 0% 9% 50%
Former 85% 50% 19% 84% 60% 32%
Recent 11% 39% 25% 16% 31% 18%
Marijuana Use *°
Never 7% 9% 53% 2% 7% 40%
Former 51% 76% 38% 39% 70% 43%
Recent 43% 15% 9% 59% 23% 17%
Disease
CD4 nadir” 208 230 254(175)
CD4 Count (cells/cubic (163) (172)
millimeter) ° 51% - - -
> 500 29% 44% 39%

> 200 and <500 44% 43% 10%



<200
Viral Load (HIV RNA (copies
per millilter))
Undetectable
<10,000
> 10,000
Medication Use ”
No cART
cART <95% compliance
cART >95% compliance
ART duration (years)(M, SD) *°

27%

27%
44%
29%

50%
25%
25%

8.1(3.4) 9.6(2.7)

13%

56%
30%
14%

33%
15%
52%

57%
29%
14%

32%

16%

52%
8.6 (3.2)

81

Note. ” Main effect of drug use significant at p<.05; ° Main effect of serostatus significant at p<.0

DxS
57

Drug use x Serostatus interaction significant at p<.05; “Recent” refers to within 6 months of the most

recent WIHS visit. “Former” refers to any previous use, but not in the past 6 months. cART =

combination antiretroviral therapy; ART = antiretroviral therapy. ~Hazardous alcohol use reflects >7
drinks per week or more than 4 drinks in one sitting. *Reflects the mean for 859 HIV-infected women
(90%) who started ART prior to data collection (WIHS visit 25).
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Raw Neuropsychological Test Score Means and Statistical Comparisons by Serostatus and Crack, Cocaine, and/or

Heroin Use.
Group
Infected (n=952) Uninfected (n=443)

Recent Former Non-users Recent Former Non-users

(n=91) (n=463) (n=398) (n=49) (n=188) (n=206)
Tests n M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
HVLT

Trial 1 1395 5.23 (1.84) 5.47 (1.66) 5.83 (1.67) 6.12 (1.45) 5.59 (1.69) 5.95 (1.69)

Total learning
Learning slope
Delayed recall
Percent retention
Recognition

Stroop Test

Trials 1&2°

Trial 3*

1395  19.46(5.26)  21.17(522) 2244 (4.82) 2347 (4.34) 21.92(4.85)  23.26 (4.75)
1395  1.31(0.34) 1.45 (0.35) 1.52(031)  1.59(026)  1.50(0.29) 1.58 (0.30)
1395  6.26 (2.40) 7.27 (2.60) 8.03 (2.46)  8.02(2.18)  7.76 (2.45) 8.34 (2.34)
1395 81.13(29.71) 83.73(25.76)  88.40(21.13) 85.36(19.84) 87.11(23.40) 88.36 (19.77)
1390 9.59(229)  10.08(2.01)  10.24(1.99) 1029 (2.28)  10.49(1.75)  10.75 (1.50)

1313 67.79(26.02) 63.83(15.57) 60.71(13.53) 61.49 (14.32) 61.91 (13.88)  58.46 (10.65)
1247 140.34 (42.60) 13235 (36.21) 126.09 (33.82) 126.37(26.87) 125.50(32.63) 120.37 (26.55)

Note. HVLT = Hopkins Verbal Learning Test. “Unadjusted means are displayed, but log-transformed scores were used in the
statistical comparisons.
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Table 3. Study 1. Results from Adjusted Analysis Examining the Effect of Serostatus, Crack, Cocaine, and/or Heroin use, and their

Interaction on Cognitive Function.

Multivariable Linear Regression Models

Model 1: No interactions in model Model 2: Interactions included in model
Serostatus Drug use
HIV+ vs. Recentvs.  Former vs. Recent vs. Adjusted  Recent vs. non- Former vs. non-  Adjusted
HIV- Non-users ~ Non-users Former R’ users x Status users x Status R®
Tests B (SE) B (SE) B (SE) B (SE) B (SE) B (SE)
HVLT
Trial 1 -.07 (.006) -.04 (.10) -.09 (.07) .05 (.09) .16 -43 ((18)* -01 (.11) 17
Total learning - 14 (.05)**  -16 (.09) -.11 (.06) -.05 (.09) 25 =58 ((17)** 01 (11) 26
Learning slope - 16 (.05)**  -20 (.10)* -.10 (.07) -.10 (.09) 19 -.60 (.18)*** -01 (.11) .20
Delayed recall - 11 (.05)* =27 ((10)**  -12(.07) -.15(.09) 22 =50 ((17)** - 11 (.11) 23
Percent retention -.02 (.06) -15(.11) -.05 (.07) -.09 (.10) .03 - - -
Recognition - 16 (.06)**  -24 (.11)* -.04 (.07) -20 (.09)* 15 - - -
Stroop Test
Trials 1&2° -.05 (.05) -.04 (.10) .02 (.07) -.07 (.09) 25 - - -
Trial 3* -.05 (.06) 04 (.11) .06 (.07) -.02 (.10) 21 - - -

Note. *p<0.05; **p<0.01; ***p<0.001. B = Parameter estimates for each factor modeled individually. SE = standard error. HVLT =
Hopkins Verbal Learning Test. All models are adjusted for age, education, race/ethnicity, WRAT-R, site, depressive symptoms, self-
reported use of antidepressant medication, marijuana use, smoking, hazardous alcohol use, self-reported dementia, and Hepatitis C
virus antibody. “For Stroop we also controlled for the number of times a woman was exposed to the test (range 1-3 times).
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Table 4. Study 1. Results from Adjusted Analysis Examining the Effect of Crack, Cocaine, and/or Heroin use in HIV-infected Women
on Cognitive Function.

Hopkins Verbal Learning Test (HVLT)

Trial 1 Total learning  Learning Slope Delayed

Recall

Models B (SE) B (SE) B (SE) B (SE)
Adjusted for only non-HIV specific factors ?

Recent vs. non-users -16 (.13) =32 ([12)* =45 ((15)** =43 ((12)%**

Former vs. non-users -.10 (.08) -.13 (.08) -.14 (.10) -.19 (.08)*

Recent vs. Former =05 (.11) - 19 (.11) =31 ((13)* =24 (L11)*
Adjusted R’ 17 27 20 25
Adjusted for non-HIV specific factors and CD4, viral load, medication
use, and duration on ART?®

Recent vs. non-users -.14 (.16) -29 (L.12)* -42 ((15)** =44 ((13)%**

Former vs. non-users -.10 (.08) -.12 (.08) -12 (.10) - 17 (.08)*

Recent vs. Former -04 (.11) - 17 (11) =30 (. 13)* =27 ((11)*
Adjusted R’ 17 27 21 25

Note. *p<0.05; **p<0.01. B = Parameter estimates for each factor modeled individually. SE = standard error.

* Adjusted for age, education, race/ethnicity, WRAT-R, site, depressive symptoms, self-reported use of antidepressant medication, marijuana use,
smoking, hazardous alcohol use, self-reported dementia, and Hepatitis C virus antibody

® Adjusted for site, depressive symptoms, self-reported use of antidepressant medication, marijuana use, smoking, hazardous alcohol use, self-
reported dementia, Hepatitis C virus antibody, recent cd4 count and viral load, cd4 nadir, medication use, and duration on ART.
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Table 5. Study 1. Among Recent Crack, Cocaine, and/or Heroin Users: Frequency of Use as a

Function of Serostatus.

Group
Drug (%) Infected (n=91) Uninfected
(n=49)
Crack cocaine use
Smoked 78% 65%
Once a month or less 28% 35%
At least once a week, but < once per day 41% 31%
Once a day or more 31% 34%
Injected 1% 2%
Once a month or less - -
At least once a week, but < once per day 100% 100%
Once a day or more - -
Powder cocaine use
Sniffed/snorted® 19% 39%
Once a month or less 76% 73%
At least once a week, but < once per day 24% 16%
Once a day or more - 11%
Injected 3% 6%
Once a month or less 67% 33%
At least once a week, but < once per day 33% 67%
Once a day or more -
Heroin use
Sniffed/snorted 16% 18%
Once a month or less 40% 33%
At least once a week, but < once per day 33% 67%
Once a day or more 27% -
Smoked 1% 4%
Once a month or less 100% 100%
At least once a week, but < once per day - -
Once a day or more - -
Injected 13% 14%
Once a month or less ® 83% 14%
At least once a week, but < once per day - 14%
Once a day or more ® 17% 72%
Cocaine + Heroin (speedball) 8% 2%
Once a month or less 100% 100%

At least once a week, but < once per day
Once a day or more

Note. ° Main effect of serostatus significant at p<.05; ' “Recent Use” refers to self-reported use
within 6 months of the WIHS wvisit at which the cognitive tests were completed.
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Table 6. Study 1. Results from Adjusted Analysis Examining the Interactive Effects of
Serostatus and Frequency of Crack Cocaine use (via Smoking) on the HVLT among Recent and
Non-users.

Hopkins Verbal Learning Test (HVLT)

Trial 1 Total Learning Delayed
Learning Slope Recall
Models B (SE) B (SE) B (SE) B (SE)
Serostatus x
Once a month or less -0.13 -0.39 -0.52 (0.33) -0.55
(0.35) (0.32) (0.33)
At least once a week, but < once per day -0.56 -0.68 -0.57 (0.33)  -0.90
(0.35) (0.32)* (0.32)**
Once a day or more -0.19 -0.24 -0.33 (0.33) 0.30
(0.35) (0.32) (0.30)

Note. *p<0.05; **p<0.01. Non-user is the referent. B = Parameter estimates for each factor
modeled individually. SE = standard error. Among HIV-infected women who used at least once
a week but less than once per day performed worse than non-users on delayed recall (p=0.004)
and total learning (p=0.002). However, HIV-uninfected women who used at least once a week
but less than once per day performed similarly to non-users on delayed recall (p=0.18) and total
learning (p=0.68). All models are adjusted for age, education, race/ethnicity, WRAT-R, site,
depressive symptoms, self-reported use of antidepressant medication, marijuana use, smoking,
hazardous alcohol use, self-reported dementia, and Hepatitis C virus antibody.
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Table 7. Study 2. Demographic and clinical characteristics for HIV-infected women as a function
of crack cocaine use.

Recent Former Never
Background Characteristics (%) (n=10) (n=11) (n=9)
Age (M, SD) 46.1 (4.3) 43.8 (7.2) 42.3(10.4)
WRAT-R scaled score (M, SD) 92.3(8.3) 87.9 (20.2) 83.8 (19.9)
Years of education 12.4 12.5 14.4
Race/Ethnicity
African-American 100% 91% 100%
White 0% 9% 0%
Hispanic/Other 0% 0% 0%
Hepatitis C antibody positive* 50% 18% 0%
CES-D greater than 16 40% 9% 22%
Hazardous alcohol use” 20% 9% 11%
Currently Smoking* 80% 55% 22%
Used marijuana in past 6 months 20% 18% 11%
CD4 nadir (M, SD) 213 (124) 372 (144) 319 (300)
CD4 count (cells/ cubic millimeter)
> 500 30% 82% 56%
> 200 and < 500 50% 18% 44%
<200 20% 0% 0%
Viral Load
Undetectable 50% 91% 44%
Less than 10,000 cp/ml 20% 9% 33%
Greater than or equal to 10,000 cp/ml 30% 0% 22%
Current cART use 70% 91% 78%
cART > 95% compliance 86% 100% 71%

Note: * p <0.05. “Recent” refers to crack cocaine use within 6 months of the most recent WIHS
visit. “Former” refers to any previous crack cocaine use, but not in the past 6 months. CART =
combination antiretroviral therapy. “Hazardous alcohol use reflects >7 drinks per week or more
than 4 drinks in one sitting.
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Table 8. Study 2. Drug use characteristics for HIV-infected women as a function of cocaine use.

Recent Former Never

Background Characteristics (Frequency) (n=10) (n=11) (n=9)
Crack recent use frequency

Never 2° 11 -

Less than once a week 4 - -

At least once a week but < once per day 2 - -

Once a day or more 2 - -
Crack peak use frequency

Never 1° 2° -

Less than once a week 2 - -

At least once a week but < once per day 3 6 -

Once a day or more 4 3 -
Crack peak use duration

Over a year 8 7 -

6 months to 1 year - 1 -

Less than 6 months 1 1 -
Powder cocaine recent frequency

Never 10 11 9
Powder cocaine peak use frequency

Never 3 7 -

Less than once a week 3 1 -

At least once a week but < once per day 3 1 -

Once a day or more 1 2 -
Powder cocaine peak use duration

Over a year 2 4 -

6 months to 1 year 5 - -

Less than 6 months - - -
Methamphetamine recent frequency

Never 10 11 9
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Methamphetamine peak frequency

Never 10 11 9

Note: Peak is defined as the time of heaviest use, Recent is defined as in the past 6 months.

* One recent user reported to have never used any crack cocaine on the drug use questionnaire
but classified as recent user based on toxicology screen and self-report at scanning visit

® Two recent users reported not using crack cocaine in the past 6 months on drug use
questionnaire but classified as recent user based on toxicology screen and self-report at scanning
visit

“Two former users reported former use of powder cocaine but not crack cocaine



Table 9. Study 2. Verbal memory performance for HIV-infected women as a function of crack cocaine use.

RECENT PAST NEVER Recent vs Past vs
Background Characteristics (%) (n=10) (n=11) (n=9) Never Never
Cohen’s d Cohen’s d
In-scanner verbal memory task
Recognition percent correct (M) 65% (11%) 64% (6%) 70% (8%) 0.53 0.86
Free recall total (M, SD) 3.53.2) 4.4 (2.6) 6.0 (3.9) 0.70 0.49
Free recall number clusters 0.90 (1.1) .82 (.75) 1.6 (1.3) 0.58 0.76
Free recall cluster score (M,SD) 1.4 (2.0) 1.2 (1.3) 3.0(3.0) 0.64 0.84
Hopkins Verbal Learning Task (HVLT)
Trial 1 5.7 (1.3) 6.0 (1.9) 6.9 (1.7) 0.80 0.50
Immediate recall (trials 1-3 total) 22.9 (4.0) 24.2 (4.5) 24.3 (4.5) 0.33 0.02
Delayed free recall 6.9 (2.5) 8.7(2.5) 9.2(2.3) 0.96 0.21
Recognition 10.7 (1.1) 11.2 (1.0) 10.7 (1.9) 0.00 0.34
Trial 1 cluster score* .80 (.78) 1.5(.93) 2.3(1.3) 1.44 0.72
Immediate total cluster score 6.3 (4.3) 7.3(5.3) 7.0 (2.9) 0.19 0.07
Delayed recall total clusters 1.5(1.2) 2.0 (1.0) 2.4 (1.3) 0.72 0.35
Delay cluster score 2.1(1.7) 4.2 (3.3) 3.7(2.5) 0.76 0.17

Note: * p <0.05. Trial 1 cluster score differed by drug use group, p = 0.011; differences were between recent and never users, p =

.006.
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Table 10. Study 2. Group differences in activation during encoding and recognition: Brain
region, Brodmann area (BA), Talairach coordinates, cluster size (k), and statistical information

Brain Region BA Talairach Cluster zZ P-value Follow up test
Coordinates size (k) score  (uncorrected)
*x,y,2)
ENCODING
L medial frontal gyrus 8 -6,20,46 31 2.31 p=.010 Never users > Recent users
Never users > Former users
RECOGNITION
R inferior frontal gyrus 9 46,12,30 36 2.67 p=0.004 Never users > Recent users
Never users > Former users
L middle frontal gyrus 8 -44, 36,40 73 2.62 p=0.004 Never users > Recent users
Never users > Former users
R middle frontal gyrus 46 44,32,20 44 2.22 p=0.013 Never users > Former users
L middle frontal gyrus 9 -58,22,32 10 2.06 p=0.020 Never users > Former users
R middle frontal gyrus 10 40,52, 18 21 2.05 p=0.020 Never users > Recent users
Never users > Former users
R medial frontal gyrus 8 10,20, 46 14 2.00 p=0.023 Never users > Recent users

*Note: Brain regions that showed significant group differences in the overall F-test and the

follow up tests that drove the interaction.
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Figure 1. Study 1. Results from adjusted analysis examining the effect of serostatus, crack,
cocaine, and/or heroin use, and their interaction on the HVLT total learning and delayed free
recall.
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Note. *p<0.01.There was a significant interaction between crack, cocaine, and/or heroin use
(specifically current versus non-users) and serostatus on total learning (p<<0.01) and delayed
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recall (p<0.01). Among HIV-infected women, recent illicit drug users performed worse than
non-users on total learning (p=0.002) and delayed recall (p<0.001). All models are adjusted for
age, education, race/ethnicity, WRAT-R, site, depressive symptoms, self-reported use of
antidepressant medication, marijuana use, smoking, hazardous alcohol use, self-reported
dementia, and Hepatitis C virus antibody.
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Figure 2. Study 2. Typical pattern of activation during encoding and recognition: Findings from
HIV-infected non-users

*Note: Encoding: activation in never users during encoding of novel words (experimental
condition) minus repeated encoding of the same two words (control condition); Pickatlas mask
applied: PFC, cingulate, and hippocampus; p = 0.05, k=10

*Note: Recognition: activation in never users during recognition of novel words (experimental
condition) minus repeated recognition of the same two words (control condition); Pickatlas mask
applied: PFC, cingulate, and hippocampus; p = 0.05, k =10
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Figure 3. Study 2. Encoding: Interaction of group (recent, former, non-user) x condition
(experimental, control)

*Note: p =0.01, k = 30. Never users activated left BA8 more during encoding than both recent
users and former users.
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Figure 4. Study 2. Behavioral correlates of activation in BA8 during encoding
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*Note: Activation in left medial frontal gyrus (BAS8) during encoding positively correlated with
in-scanner free recall score (r = .398, p < 0.05, R? linear = 0.158) and trial 1 cluster score on the
Hopkins Verbal Learning Task (r = .375, p < 0.05, R linear = 0.140). Black circles = recent
users, grey circles = former users, white circles = never users.
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Figure 5. Study 2. Recognition: Interaction of group (recent, former, non-user) x condition
(experimental, control)

F
*Note: All p’s > 0.05 and k > 10. A) Non-users activated right BA9 more during recognition
than both recent users and former users; B) Non-users activated left BA8 more during
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recognition than both recent users and former users; C) Non-users activated right BA46 more
during recognition than former users; D) Non-users activated left BA9 more during recognition
than former users; E) Never users activated right BA10 more during recognition than both recent
users and former users; F) Never users activated right BA8 more during recognition than recent
users
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Figure 6. Study 2. Behavioral correlates of activation in left BA9 during recognition
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*Note: Activation in left middle frontal gyrus (BA9) during recognition positively correlated
with percent correct on in-scanner recognition task (r =.419, p < 0.05, R? linear = 0.175). Black
circles = recent users, grey circles = former users, white circles = never users.
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