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Abstract

Background—The most robust neurocognitive effect of marijuana use is memory impairment.
Memory deficits are also high among persons living with HIV/AIDS, and marijuana is the most
commonly used drug in this population. Yet research examining neurocognitive outcomes
resulting from co-occurring marijuana and HIV is limited.

Objective—The primary objectives of this comprehensive review are to: (1) examine the
literature on memory functioning in HIV-infected individuals; (2) examine the literature on
memory functioning in marijuana users; (3) synthesize findings and propose a theoretical
framework to guide future research.

Method—PubMed was searched for English publications 2000-2013. Twenty-two studies met
inclusion criteria in the HIV literature, and 23 studies in the marijuana literature.

Results—Among HIV-infected individuals, memory deficits with medium to large effect sizes
were observed. Marijuana users also demonstrated memory problems, but results were less
consistent due to the diversity of samples.

Conclusion—A compensatory hypothesis, based on the cognitive aging literature, is proposed to
provide a framework to explore the interaction between marijuana and HIV. There is some
evidence that individuals infected with HIV recruit additional brain regions during memory tasks
to compensate for HIV-related declines in neurocognitive functioning. Marijuana use causes
impairment in similar brain systems, and thus it is hypothesized that the added neural strain of
marijuana can exhaust neural resources, resulting in pronounced memory impairment. It will be
important to test this hypothesis empirically, and future research priorities are discussed.
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1. INTRODUCTION

Cannabis use among HIV-infected individuals is disproportionately common. In a recent
study of >3000 patients receiving HIV care in four cities in the United States (US), 24.3%
reported marijuana use in the past 3 months [1]. In comparison, a national prevalence study
of adults aged 26 or older in the general population reported 5.6% used marijuana in the past
month [2]. In addition, the CHARTER study, a large multi-site study of HIV-infected adults
enrolled between 2003 and 2007, reported >25% met criteria for a lifetime marijuana use
disorder [3]. Some HIV-infected individuals report smoking marijuana to alleviate HIV-
related symptoms by stimulating appetite and reducing nausea, but many also use for
recreational purposes [4]. Given the legalization of medicinal marijuana in 23 U.S. states
and the District of Columbia, with most explicitly citing HIV/AIDS as a condition
appropriate to manage with medicinal marijuana [5], it is important to understand the effects
of regular marijuana use in this population.

The neurocognitive consequences of marijuana use among HIV-infected individuals are not
well known. HIV infiltrates the central nervous system [6], and the CHARTER study found
52% of HIV-infected persons to have neurocognitive impairment with the greatest deficits in
learning, memory, attention/working memory, and executive functioning [3, 7]. Among the
general population, the most robust effect of marijuana use is memory impairment, which is
also the most frequently reported cognitive complaint [8, 9]. One study provides preliminary
evidence that marijuana use may accelerate cognitive impairment among HIV-infected
marijuana users who are already experiencing memory decline due to their disease [10].
Comparing the neurocognitive performance of HIV-positive and HIV-negative individuals,
stratified by disease stage and frequency of marijuana use, Cristiani and colleagues (2004)
found that current marijuana use was associated with greater global neurocognitive
impairment among individuals with symptomatic HIV infection. Furthermore, they found
that this effect was primarily driven by impaired performance on a delayed memory task.

This comprehensive review is motivated by the need to understand how marijuana use
impacts memory among HIV-infected individuals. An initial literature search revealed that
research on this topic is scarce. Since Cristiani and colleagues published their findings in
2004, no subsequent studies could be identified that examine memory outcomes resulting
from co-occurring marijuana use and HIV infection. A broader literature search to identify
articles examining the impact of co-occurring marijuana and HIV on any cognitive domain
produced two additional articles. The first study found past marijuana dependence and HIV
infection to be independently and additively associated with slower performance on complex
motor tasks [11]. The second, a neuroimaging study utilizing MR spectroscopy, examined
the combined effects of past marijuana use and HIV, revealing both independent and additive
effects on brain metabolites [12]. The dearth of literature in this area underscores the need
for research examining how marijuana use may impact neurocognitive functioning among
individuals already experiencing HIV-associated decline.

To pave the way for integration of two currently independent fields, separate reviews of the
HIV and marijuana literatures were conducted, and then findings were synthesized into a
hypothesis regarding how co-occurring marijuana use and HIV infection may impact
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episodic memory. While there have been several excellent review papers written about the
impact of marijuana use on neurocognitive functioning across multiple domains [13-16],
this review provides an in-depth focus specifically on memory functioning. A recent meta-
analysis reported negative residual effects of marijuana use on short- and long-term recall
within the first 25 days of abstinence [14], and our review extends these findings by
examining verbal, visual, and prospective tasks separately. This review focuses specifically
on episodic memory, which encompasses the acquisition, retention, and retrieval of facts and
events that took place, or will take place, in a particular context [17, 18]. The vast majority
of memory research conducted in marijuana-using and HIV-infected samples examines
episodic memory, arguably because it is essential for daily functioning and independent
living [19, 20]. Furthermore, since episodic memory is the memory system most vulnerable
to neural injury [21], the combined effects of marijuana and HIV may impact this system
most prominently.

2. METHODS

2.1. Review procedure

PubMed was searched for English publications 2000-2013. Variations of the following
terms were used in the search: cannabis, marijuana, HIV, memory, and neurocognitive. A
secondary search involved checking the reference section of relevant review papers to
identify any articles that may have been missed.

2.2. Eligibility criteria

Inclusion criteria were: (1) sample of HIV-infected individuals or marijuana users; (2) adults
aged =18 years; (3) administration of an objective episodic memory task; (4) minimum
sample size > 10 per group; (5) when applicable for the study design, inclusion of
appropriate “controls” (i.e., HIV-negative participants for HIV studies or infrequent/non-
drug users for marijuana studies). Exclusion criteria were: (1) sample composed entirely of
participants with severe neurological impairment (e.g., multiple sclerosis); (2) acute
administration of marijuana to participants during the testing session as part of the study
protocol; (3) failure to report outcome of memory tasks or whether performance by
experimental and control groups were significantly different from each other; (4) study
conducted in non-Western country where neurocognitive norms may not be established yet.

3. RESULTS

3.1. HIV infection and memory

3.1.1. Overview of studies—Twenty-two empirical studies of HIV-infected persons met
inclusion criteria. Characteristics of reviewed studies are presented in Table 1. Effect sizes
for neurocognitive task performance were calculated when authors reported raw mean scores
and standard deviations. The majority of studies reported predominantly male samples, with
77% having >80% men. Most studies (77%) also included participants with an average age
of 35-49. Only two studies (9%) included patient groups with average CD4 counts under
200 [22, 23].
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Researchers had diverse inclusion/exclusion criteria with regards to substance use. Two
studies specifically recruited substance-using populations [24, 25]. While the majority of
studies excluded individuals with indications of substance abuse, several made exceptions
for marijuana [26—30]. Although one of these studies [29] did conduct statistical tests to
confirm there were no differences in performance between participants whose urine tested
positive for marijuana and those who did not, most of the other studies either did not report
this, nor did they specify how many participants screened positive for marijuana [26—28].
Given that marijuana use is generally higher among HIV-infected individuals, it is unclear to
what extent memory performance differences between groups were caused directly by HIV
infection or by the combined effects of HIV infection and marijuana.

3.1.2. Verbal and visual memory—~Poorer memory performance in HIV-infected
persons compared to persons without HIV was observed in immediate and delayed recall of
word lists [28, 30-37] and stories [28]. Five studies provided enough information to
calculate effect sizes, which ranged from 0.45 to 1.12 [32, 33, 35-37]. Despite impaired
recall, individuals infected with HIV often demonstrated intact recognition abilities [31-33].
There is also evidence of HIV-associated deficits in visual memory [24, 30, 31, 33, 34] with
similar effect sizes ranging from 0.64 to 1.03 [24, 31, 33]. Two additional studies finding
HIV-related memory impairment created a composite score that included performance on
both visual and verbal memory tasks, and so the specific contributions of each domain is
unclear [30, 34].

3.1.3. Prospective memory—All seven studies examining prospective memory found
impairment on some tasks [24, 26, 27, 37-40]. On time-based prospective memory tasks,
effect sizes ranged from 0.40 to 0.68 [24, 27, 38-40]. Morgan and colleagues (2012) found
that HIV-infected individuals demonstrated impairment in the long delay but not the short
delay trial, suggesting that HIV-related impairment may be more pronounced as delays
increase. On event-based tasks, HIV-infected participants also demonstrated impairment [26,
38], but findings were less robust. Several studies reported time-based impairment in the
context of intact event-based prospective memory [24, 39, 40], suggesting that decline in
performance may be more easily observed on tasks that are more challenging and require
more cognitive resources. Further, recognition remained intact despite impaired recall in all
studies [26, 38-40].

3.1.4. Influence of HIV disease progression—There is evidence that difficulties with
relatively easier tasks of recognition and event-based prospective memory develop in the
context of advanced HIV disease progression, suggesting memory functioning is associated
with disease severity. Although among HIV-infected samples in which half or fewer had a
diagnosis of AIDS, event-based prospective memory was intact despite time-based deficits
[24, 40], a patient sample with more severe HIV disease progression (more than three-
fourths diagnosed with AIDS) demonstrated event-based prospective memory impairment
[38]. Further, researchers found that individuals with acute/early HIV demonstrated less
impairment than patients chronically infected with HIV. Several studies examined specific
markers of HIV disease progression [24-26, 29, 33, 41], but results were inconsistent.
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3.1.5. Regional neural activity—Only one study utilizing functional magnetic resonance
imaging (fMRI) to examine neural activity during a memory task met our inclusion criteria
(e.g., >10 participants per group) [42]. A comparison of remembered versus forgotten scenes
found that the HIV-infected group demonstrated less neural activation in medial temporal
regions, including the right posterior hippocampus and portions of the prefrontal cortex, and
increased activation in neighboring frontal areas and posterial parietal regions, compared to
the control group. These results suggests that even when task performance is equivalent,
associated neural activity in HIV-infected participants may be disrupted.

3.2. Marijuana use and memory

3.2.1. Overview of studies—Twenty-three empirical studies examining the impact of
marijuana use on memory met inclusion criteria (Table 2). Nearly half (48%) were
conducted on marijuana users with an average age of <25 years old, which contrasts with the
HIV studies that were predominantly conducted with samples 35-49 years old. About a fifth
(22%) of the marijuana studies included a predominantly male (>80%) sample of marijuana
users. There was significant variability in how marijuana use was measured, but the most
common measures were the mean or median number of times (or joints) used in past week
or month, or the total number of lifetime uses.

3.2.2. Verbal and visual memory—Across studies, marijuana users demonstrated verbal
memory deficits immediately and up to 7 days after stopping use compared to controls [43-
52]. The effect size of marijuana impairment on recall tasks ranged from 0.41 in a sample
including both current and past marijuana users to 2.29 among current long-term users who
averaged 16 years of use [46, 50].

Extant studies provide inconsistent evidence on whether deficits persist over longer periods.
Evidence that cessation from marijuana use does not restore neurocognitive functioning
comes from the Dunedin Study, a birth cohort of 1,037 individuals that assessed marijuana
use five times over the course of their lives and neurocognitive functioning at age 13, before
they began to use marijuana, and then again at age 38 [49]. Participants with more persistent
marijuana dependence demonstrated a broad decline in performance across multiple
neurocognitive domains, including both verbal and visual memory. Furthermore, although
the specific effect of abstinence on memory was not reported, global neurocognitive decline
remained even after a year of very infrequent use among participants who initiated
marijuana in adolescence. In contrast, a longitudinal study in which participants were
assessed three times over an 8-year period found that memory improved with abstinence
[53]. Differences between these two studies may be because Tait and colleagues (2011)
categorized marijuana users as “heavy” if using at least once per week whereas the Dunedin
Study examined individuals who met diagnostic criteria for dependence, which would be
consistent with greater frequency and quantity of use.

Four cross-sectional studies with average abstinence periods ranging from 2 weeks to 20
years concluded that former marijuana users did not demonstrate memory problems
compared to controls [53-56]. A fifth cross-sectional study reported that impaired
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performance on verbal memory tasks persisted after 1 month of abstinence [57], but there
were no checks to verify that that participants maintained abstinence.

Marijuana users also experience visual memory impairments [47, 49, 56, 58-60]. Of the ten
studies that reported verbal and visual memory results separately, six found verbal memory
impairment in the context of intact visual memory abilities [50-53, 57, 61], whereas none
found impaired visual memory in the context of intact verbal memory. Two of the three
studies that found both visual and verbal impairment in marijuana users compared to
controls were conducted in heavy marijuana users [49, 59], suggesting casual or moderate
marijuana users may not experience visual memory problems.

3.2.3. Prospective memory—Of the four studies that examined prospective memory,
two found evidence of impairment [58, 62]. McHale and colleagues (2008) found marijuana
users performed significantly worse than participants who did not use drugs on both event-
and time-based tasks and Bartholomew et al. (2010) reported similar event-based
impairment among marijuana users. The other two studies did not find event- or time-based
performance differences between marijuana users and controls [56, 63]. In one of the
studies, however, several of the memory tasks were created by the researchers, and neither
reliability nor validity data is available [63].

3.2.4. Parameters of marijuana use affecting memory functioning—Several
studies found that the age at which a person first begins to use marijuana is an important
variable in its impact on cognitive functioning [48-50], suggesting that early use is
problematic if the threshold age is approximately 18. In the Dunedin Study birth cohort,
participants who began to use marijuana before age 18 demonstrated a broad decline in
cognitive performance whereas those who started using after age 18 did not [49]. These
results were corroborated with cross-sectional studies. Pope and colleagues (2003) reported
that only individuals who began using marijuana before age 17 exhibited memory
impairment, and Battisti and colleagues (2010) found age of first marijuana use to be
correlated with brain alterations measured by event-related potentials, despite no impact on
task performance. The two studies that did not find an effect of age of first use were both
limited by minimal variability in this factor [53, 64]. In one study, participants were split at
the median into two subgroups with the “late-onset” group having a mean initiation age of
17 [64], and in the other study all participants had begun using before age 18 [53].

Memory deficits also are correlated with longer duration of regular marijuana use [44-46,
49] and frequency of use. Specifically, greater memory impairment correlates with a higher
number of total lifetime uses [50, 56, 61, 65] in the past week [59], month or 30 days [53,
56], or year [65]. This association between frequency of use and memory is robust, and there
is evidence that it persists even after 28 days of abstinence [50, 59].

3.2.5. Regional neural activity—Four studies that utilized brain imaging technology to
examine neural activity while participants were engaged in memory tasks met criteria to be
included in this review, and all of these studies reported marijuana-related alterations in
neural activity. Across all studies, marijuana-related alterations were observed in the
parahippocampal gyrus or hippocampus. Nestor and colleagues (2008) found
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hyperactivation in the right parahippocampal gyrus compared to controls. Similarly, Becker
and colleagues (2010) reported a positive correlation between higher frequency of marijuana
use and greater activation in the left parahippocampal gyrus. In contrast, Jager and
colleagues (2007) found less activation in the parahippocampal area among marijuana users
compared to controls, particularly in the left hippocampus and parahippocampal gyrus. Use
of different visual cues (i.e., faces vs. object) may explain variable activation patterns in
similar regions associated with marijuana use. The one PET study reported altered
lateralization in the hippocampus [43]. Most studies also found corresponding marijuana-
related decreases in frontal regions [43, 60, 65]. During associative learning tasks, marijuana
users demonstrated hypoactivation in the dorsolateral prefrontal cortex [65], prefrontal
cortex [43], as well as the right superior frontal gyrus, right middle frontal gyrus, and left
superioral frontal gyrus [60].

4. DISCUSSION

4.1. HIV, marijuana, and episodic memory: Summary

There is substantial evidence that marijuana use and HIV infection are independently
associated with episodic memory disturbance. HIV-infected individuals demonstrate greater
impairment in tasks with higher cognitive demand such as verbal and visual recall, whereas
they often perform comparably to controls on easier recognition tasks. Similarly, HIV-
associated memory deficits are more pronounced in difficult time-based prospective memory
tasks compared to easier event-based tasks. However, as HIV disease progresses, overall
memory functioning worsens and performance even on easier tasks declines. In addition to
duration and frequency of marijuana use, one of the strongest indicators of memory
impairment in marijuana users appears to be earlier age of first use. Consistent with prior
reviews [66, 67], this suggests that during periods of cognitive vulnerability (i.e.,
adolescence when the brain is still in the process of developing), the deleterious effects of
marijuana use are most pronounced. Findings also suggest that marijuana users experience
verbal and visual memory impairment for up to a week after last marijuana use, but more
research is needed to know how long this period of impairment lasts, which may depend on
frequency, duration, and age of first use. Heavy users who began smoking in adolescence
may continue to experience prolonged memory impairment even after a year of abstinence,
whereas among less frequent users cognitive functioning may restore within several weeks.
Contradictory findings between studies may be attributable to variability in assessment and
inclusion of these marijuana use parameters, and including these variables in analyses may
lead to greater consensus in the literature.

The results of this review, however, must be understood in the context of several limitations.
First, while conducted a careful search of the literature, it is possible that we missed studies.
Second, to maximize the number of studies available for review, we did not exclude studies
where the information to calculate effect sizes was not reported. Effect sizes were calculated
when authors reported means and standard deviations, but many studies did not provide this
information. As a result, we were not able to conduct a meta-analysis. Third, we only
included studies with sample sizes of >10 participants per group, which resulted in the
exclusion of some interesting studies (e.g. the fMRI substudy including 7 HIV-infected and
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4 controls by Maki et al., 2009). Fourth, several studies were conducted by the same
research group, which may bias findings. Although we were unable to determine whether
there was overlap in subject recruitment for these studies, we noted geographic region in
Tables 1 and 2 in order to highlight this limitation. Fifth, there was great diversity in how
researchers reported marijuana use characteristics (e.g. duration, frequency, age of first use),
and often several of these variables were not reported at all, making it difficult to compare
across studies and to understand fully how these characteristics may moderate memory
function. Additionally, study samples were diverse with regards to participant demographics,
which is relevant because older HIV-infected adults may already be experiencing age-related
neurocognitive impairment [68, 69] and recent evidence suggests that marijuana
differentially impacts women compared to men [16]. Therefore, it will be important to
understand the impact of potential moderators in order to identify subsets of HIV-infected
marijuana users who may be at greater or lesser risk for memory impairment before
generalizing findings more broadly.

4.2. HIV, marijuana, and episodic memory: Compensatory hypothesis

Because the brain of an individual infected with HIV is particularly susceptible to neural
injury, the effects of marijuana on memory functioning may be more pronounced in this
population. In one of the few studies utilizing imaging technology to examine brain
functioning during memory processing in persons with HIV infection, Castelo and
colleagues (2006) observed disrupted neural activation. The pattern of underactivation in
task-specific regions typically activated in healthy individuals coupled with a greater
recruitment of frontal regions is strikingly similar to neural activation patterns observed as
the brain ages [70, 71].

A “compensatory hypothesis” has been posited to explain age-related changes in neural
activation [70, 71]. During cognitive tasks, older adults demonstrate neural activation in
brain regions similar to their younger counterparts, but with different degrees of activation.
Specifically, the older brain demonstrates decreased neural activity in regions typically
activated during cognitive tasks, which is thought to reflect age-related deficits in brain
functioning [70]. At the same time, older adults engage additional frontal and prefrontal
regions that are not typically utilized by their younger counterparts. This overactivation is
thought to be adaptive, reflecting the brain’s attempt to compensate for cognitive impairment
by engaging additional neural circuits. In fact, there is evidence that successfully engaging in
these neural compensatory strategies can be associated with comparable task performance
and that older adults can effectively compensate for age-related cognitive decline by
engaging additional neural networks [70, 71].

This hypothesis maps well onto the HIV-infected brain. The virus causes neuronal death and
loss of hippocampal functioning, which is crucial to memory functioning [72, 73]. Castelo
and colleagues (2006) observed normal performance on memory tasks among HIV-infected
individuals despite altered neural activation in the hippocampal-prefrontal circuitry. Their
sample had relatively high CD4 counts, which may indicate that in early stages of the
disease the brain is able to effectively compensate for hippocampal damage through
compensatory strategies. However, there may be a threshold beyond which the brain is
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unable to provide sufficient resources to compensate for impairment, and then performance
suffers. This decline in performance could occur when the task requires more cognitive
resources than the brain is able to provide, either because the task is overly difficult or
because impairment it too significant for the brain to fully compensate for it.

Marijuana most prominently affects frontal-limbic neurocircuitry [74], which includes the
hippocampus and associated structures, with molecular models reporting particularly large
concentrations of cannabinoid receptors in the hippocampus [75]. When engaged in a
neurocognitive memory task, marijuana users demonstrate altered neural activation
compared to non-drug users [43, 60, 64, 65], which may be the consequence of marijuana-
related hippocampal damage. Results of this review suggests that the burden of marijuana
use is most severe when an individual has used for a longer duration, at greater frequency,
and began using during adolescence when the brain was undergoing maturation. In healthy
individuals, marijuana use may not be associated with memory impairment [60, 65] if the
brain is able to compensate for neural damage through compensatory strategies. It is
hypothesized, however, that the added neural strain caused by co-occurring marijuana use
and HIV-infection is likely to exhaust neural resources, resulting in more significant memory
impairment.

This hypothesis is consistent with the Cristiani et al. study (2004), which found that
marijuana use was associated with significant memory impairment only in the context of
symptomatic HIV infection. Interpreting these results through the compensatory hypothesis
suggests that marijuana users who are in the early stages of HIV are able to draw upon
neural reserves to compensate for marijuana-related impairment. As HIV disease progresses
and HIV-related impairment exhausts neural resources, however, the brain may no longer
able to compensate for marijuana-related brain injury. Consequentially, the cognitive effects
of marijuana on memory functioning are exacerbated in in the context of advanced HIV
disease progression.

4.3. Critique of the current literature and future research priorities

While the compensatory hypothesis provides a theoretical framework, empirical research is
the essential next step. Research focused specifically on the additive and interaction effects
of marijuana use and HIV infection on memory is needed. Further, there is still work to be
done in understanding the independent impacts of these conditions on memory function.
Researchers examining this question would benefit from the following research priorities
and methodological improvements.

First, it will be important for future studies to clarify the unique contributions and interactive
impact of different parameters of marijuana use on memory. There is evidence that several
parameters, including age of first use, duration, and frequency, impact memory functioning,
but many prior studies did not measure or include all these variables in analyses. Including
all relevant predictors can be a significant challenge because obtaining sufficient power and
variability requires large, diverse samples. To tease apart the relative contributions of these
variables and how they may interact, a thorough drug use history that assesses each of these
parameters must be obtained. Multiple assessment strategies with established validity are
recommended, including utilization of Timeline Follow-Back methodology to assess use
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frequency [76] and a biological measure, such as a urine toxicology screen, to confirm self-
report. It may also be beneficial to utilize Audio-Computer Assisted Self-Interviewing
technology given that some individuals may be more honest reporting sensitive and
potentially stigmatizing behaviors such as drug use when using a computer [77, 78].

In examining the impact of age of first marijuana use, gender is an important moderator to
consider. A recent review highlighted differences in cannabinoid receptor densities and brain
maturation patterns with female brains developing earlier than males, suggesting that there
will be an interaction between gender and age of first use [16]. Specifically, it may be that
marijuana use causes the most severe neurocognitive damage in men who begin using in
early- to mid-adolescence but that women’s brains are most vulnerable at a younger age.

Identifying marijuana use parameters that are associated with greater memory impairment
may have two significant clinical implications. First, it may be possible to determine a
maximum threshold for marijuana consumption that would have minimal impact on
memory. This information would allow healthcare providers who prescribe medicinal
marijuana to provide more precise recommendations to patients, which is urgently needed
because currently there are no guidelines regarding appropriate doses for managing
symptoms associated with HIV infection [79]. Second, there is evidence that initiation of
marijuana use in adulthood may not be associated with the same memory deficits as when
initiation occurs in adolescence, but these findings need to be replicated. If future research
confirms these findings, patients with health conditions such as HIV may feel more
confident that managing symptoms with marijuana will not have iatrogenic effects on
memory.

Second, research needs to examine the effects of specific markers of HIV disease
progression within the same study sample in order to determine the precise mechanisms by
which HIV infection impacts memory functioning. Objective sources of data such as
medical chart review or blood tests should be utilized whenever possible. Length of HIV
diagnosis and viral suppression were associated with neurocognitive impairment in the pre-
HAART era (prior to 1995), but recent studies have failed to find a significant relationship
[3]. This highlights also the importance of addressing HIV medication regimens, which can
influence the course of HIV disease and improve neurocognitive functioning [80].

Third, it will be important to examine comorbid characteristics that potentially have
confounding effects on neurocognition. Both HIV-infected individuals and marijuana users
have higher rates of psychopathology [81-83], which can impact neurocognitive functioning
[84-86]. Further, alcohol and other drug use is high among HIV-infected individuals, with
the only national prevalence study of HIV-infected adults in the US reporting that 26% were
using illicit drugs other than marijuana without meeting criteria for dependence, and another
13% met criteria for drug dependence (including marijuana) within the last 12 months [87].
In a more recent multisite study of nearly 1,000 HIV-infected individuals, 40% reported
cocaine or heavy alcohol use and 25% reported use of two or more illicit drugs (excluding
alcohol or marijuana) in the past year [88]. Some studies in this review sought to account for
these confounds by reporting mental health diagnoses or attempting to exclude individuals
currently using other drugs, and this matching is important when making group
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comparisons. However, given that other drug use and psychiatric conditions are widespread
among HIV-infected marijuana users, as this body of literature grows it will be critical not to
exclude participants with these comorbidities but instead to understand how they may
interact with marijuana use to impact brain functioning.

Fourth, researchers should consider how antiretroviral medications may be impacting
functioning. One systematic review reported that HAART can improve cognition among
HIV-infected individuals [89], but a subsequent review suggested that antiretroviral therapy
did not improve memory functioning and may even have a negative impact [90]. Thus, it will
be important to clarify the impact that these medications have on neurocognitive functioning
in order to tease out the unique contributions of marijuana use. In considering the role of
these medications, it will be crucial for investigators to take into account adherence because
being prescribed an antiretroviral medication does not necessarily mean an individual is
taking is regularly. Research is limited and findings are mixed as to whether marijuana use
lowers adherence or increases it potentially by reducing unpleasant side effects [91], and it
may be that dependent individuals are negatively impacted whereas casual users are not [92].

Fifth, more nuanced understanding of mechanisms underlying memory impairment may be
attained through the use of neuroimaging. Remarkably, investigations using fMRI have been
able to detect cognitive brain changes associated with both HIV infection and marijuana use
that are not observable on behavioral tasks [42, 60, 65, 93]. These techniques have been
underutilized despite their potential to advance our understanding of mechanisms, which
may be due to the significant cost and advanced training needed to utilize this technology.
Neuroimaging studies will allow us to examine changes in activation patterns, including
compensatory strategies, which can help to establish a definitive theory of the interaction
between marijuana use and HIV infection as they pertain to cognitive functioning.

5. CONCLUSION

Existing research suggests that marijuana and HIV are independently associated with
episodic memory impairment. Studies that rigorously assessed substance use histories and
HIV disease progression provide a more nuanced understanding of how severity of
marijuana use and HIV infection affect memaory, although future research is needed to draw
firm conclusions. A compensatory hypothesis was proposed that suggests the effects of
marijuana use will be more pronounced among HIV-infected individuals whose cognitive
resources are already limited due to their disease. Future research is needed to test this
hypothesis empirically. The prevalence of marijuana use among this population is already
high, and given increased legalization of this drug to manage HIV, understanding how it
affects cognitive functioning should be a public health priority.
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