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Abstract

Background: Human immunodeficiency virus (HIV)-associated neurocognitive disorders persist
in the era of antiretroviral therapy. One factor that is elevated among persons with HIVV (PWH) and
independently associated with neurocognitive impairment is methamphetamine dependence
(METH). Such dependence may further increase cognitive impairment among PWH, by delaying
HIV diagnosis (and thus, antiretroviral therapy initiation), which has been posited to account for
persistent cognitive impairment among PWH, despite subsequent treatment-related viral load
suppression (VLS; <50 copies of the virus per milliliter in plasma or cerebrospinal fluid). This
study examined the independent and combined (additive versus synergistic) effects of HIV and
history of METH on the sustained attention and vigilance cognitive domain, while controlling for
VLS.
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Methods: Participants included 205 (median age=44 years; 77% males; HIV-/METH- n=67; HIV
+/METH - m7=49; HIV-/IMETH+ n=36; HIV+/METH+ n7=53) individuals enrolled in the
Translational Methamphetamine AIDS Research Center, who completed Conners’ and the 5-
Choice continuous performance tests (CPTs).

Results: METH participants exhibited deficits in sustained attention and vigilance; however,
these effects were not significant after excluding participants who had a positive urine toxicology
screen for methamphetamine. Controlling for VLS, PWH did not have worse sustained attention
and vigilance, but consistently displayed slower reaction times across blocks, relative to HIV-
participants. There was no HIV x METH interaction on sustained attention and vigilance.

Conclusions: Recent methamphetamine use among METH people and detectable viral loads are
detrimental to sustained attention and vigilance. These findings highlight the need for prompt
diagnosis of HIV and initiation of antiretroviral therapy, and METH use interventions.

Keywords

human immunodeficiency virus; methamphetamine; sustained attention; vigilance; continuous
performance test

Introduction

Approximately 1.2 million people in the United States have human immunodeficiency virus
(HIV), three quarters of which are male (Centers for Disease Control and Prevention, 2018).
Methamphetamine use and methamphetamine dependence (METH) are prevalent among
people with HIV (PWH) and in particular, males with HIV (Cohen et al., 2016; Dawson-
Rose et al., 2017; Hartzler et al., 2017). METH was the third most commonly reported
substance dependence in a sample of PWH across seven US clinics (Hartzler et al., 2017).
Given the prevalence of METH among PWH, research should identify how METH affects
factors integral to daily functioning among this group, including cognition.

While antiretroviral therapy has decreased incidence of HIV-associated dementia (Heaton et
al., 2011), HIV-associated neurocognitive disorders persist (Antinori et al., 2007; Walker &
Brown, 2018), with up to half of PWH presenting with milder neurocognitive impairment
(Heaton et al., 2010). While amphetamines improve cognition among amphetamine-naive
(MacQueen, et al., 2018a; Smith & Farah, 2011) and some clinical samples (e.g., attention-
deficit/ hyperactivity disorder; ADHD; Baroni & Castellanos, 2015; Sagvolden & Xu,

2008), METH is linked to neurocognitive impairment (Potvin et al., 2018).
Methamphetamine use is also linked to poorer antiretroviral therapy adherence (Moore et al.,
2012; Parsons et al., 2013; Passaro et al., 2015), leading to detectable viral loads and
cognitive decline (Heaton et al., 2015). Conversely, viral load suppression (VLS; <50 copies
of the virus per milliliter of plasma or cerebrospinal fluid) is associated with stable cognition
over time (Sanford et al., 2018).

METH is also associated with delayed HIV diagnosis and antiretroviral therapy initiation
(Kuchinad et al., 2016; Passaro et al., 2015), leading to early and more severe
immunosuppression, potentially driving irreversible injury to frontal brain systems, resulting
in enduring cognitive impairments that persist despite subsequent VLS (Heaton et al., 2010;
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Heaton et al., 2011; Mufioz-Moreno et al., 2008). Thus, HIV+/METH persons may be at
greatest risk of cognitive impairment. Research underscores the combined, deleterious
effects of HIV and METH on cognition, with HIV+/METH persons presenting with deficits
including impaired memory, processing speed, and verbal fluency (Chana et al., 2006; Gupta
et al., 2011; Soontornniyomkij et al., 2016). However, it is unclear whether the deleterious
effects of HIVV and METH on cognition are additive or synergistic in nature (Norman &
Basso, 2015). Differentiating between the additive versus synergistic HIV and METH effects
on cognition would aid clinicians in selecting appropriate treatments (Brew & McArthur,
2019).

One cognitive function disrupted in HIV+/METH persons is sustained attention and
vigilance (i.e., the ability to maintain concentration and consistently respond to stimuli;
Levine et al., 2008; Moran et al., 2014; Moran et al., 2019; Morgan et al., 2014; Potvin et al.,
2018). Sustained attention and vigilance underlie other cognitive functions including
memory and learning (Fortenbaugh et al., 2017), and are integral to everyday functioning
(e.g., driving; Tabibi et al., 2015) and retention in care (Anderson et al., 2019; Hinkin et al.,
2002). Thus, understanding sustained attention and vigilance deficits among HIV+/METH
persons may lead to the development of strategies to increase daily functioning and
healthcare engagement.

Research has yet to determine how METH affects sustained attention and vigilance in PWH.
Rippeth et al., (2004) found HIV+/METH persons performed worse on a combined
attention/ working memory task, relative to healthy controls. This study provides important
insights into the effects of METH on cognition among PWH; however, given attention/
working memory was assessed as a single domain, it is not possible to determine whether
observed deficits were attributable to impairments in attention, working memory, or both
cognitive domains. Using Conners’ continuous performance test (CPT; Conners et al.,
2000), Levine et al. (2006) found that cocaine and amphetamine were associated with poorer
sustained attention and vigilance, among PWH. The absence of an HIV- group in Levine et
al. (2006) precludes inferences regarding the additive versus synergistic effects of HIV and
stimulants. Further, although a valid and reliable measure (Egeland & Kovalik-Gran, 2010),
Conners’ CPT has not been adapted for non-human use, precluding the utilization of
preclinical studies to determine mechanistic underpinnings of observed deficits (Young et
al., 2009).

Research is needed to determine the nature of HIV and METH effects on sustained attention,
using a validated, cross-species measure such as the 5-choice CPT (5C-CPT; Barnes et al.,
2012; MacQueen et al., 2018b; Young et al., 2009; Young et al., 2013; Young et al., 2017;
Young et al., 2019; Young et al., 2020). Thus, this study evaluated the additive versus
synergistic effects of HIVV and METH on sustained attention and vigilance, controlling for
VLS. It was hypothesized that HIV and METH would have a synergistic deleterious effect
on sustained attention and vigilance in PWH.
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2. Material and methods

2.1. Participants

Participants were drawn from the Translational Methamphetamine AIDS Research Center
(TMARC), an interdisciplinary research program examining HIV and METH effects on
neurocognition. This study used data from 205 participants who completed Conners’ and
5C-CPT (18-87 years; see Table 1 for participant characteristics). Most PWH were male
(=97, 95%), consistent with the gender distribution of HIV infection in California
(California Department of Public Health, 2019).

2.2. Procedures

Participants were recruited from the community, HIV clinics, and substance treatment
programs in San Diego if they: (1) were aged =18 years; (2) met DSM-IV criteria for
METH: (i) in the past 18 months, or (ii) in their lifetime, and met one DSM-IV abuse
criterion in the past 18 months; or (3) had no history of METH use disorder. Participants
who had a head injury with loss of consciousness >30 minutes, or a medical, serious
psychiatric, or neurological condition not associated with HIV and linked to neurocognitive
deficits (e.g., Hepatitis C infection), or who met past 12-month DSM-IV dependence criteria
for another substance (excluding nicotine), were excluded.

Participants were assessed between 2014 and 2019. Participants provided informed consent,
and demographic and substance use information. The Composite International Diagnostic
Interview (CIDI) assessed substance use, while the Diagnostic Interview Schedule for DSM-
IV (DIS) assessed mental health disorders. A blood test confirmed HIV status and plasma
viral loads. Antiretroviral therapy use and nadir CD4 count information were also collected.
Although participants were not instructed to abstain from substances, they completed a urine
toxicology screen prior to cognitive testing. Participants were reimbursed for their time.
Procedures were approved by the university Institutional Review Board.

2.3. Cognitive Tasks

Cognitive tasks were presented on a 56cm CRT Dell PC computer screen, using E-Prime2
software for stimulus presentation and data acquisition (Psychology Software Tools, 2012).

2.3.1. 5C-CPT—Participants responded using an arcade joystick. Trials comprised target
(single circle) or non-target (five circles) stimuli that appeared for 100ms, behind an arc of 5
lines. Participants could respond for <1s after the stimuli disappeared (limited hold). Trials
were separated by 0.5, 1, or 1.5s inter-trial interval (ITI), programmed in a quasi-random
manner so the same ITI did not appear in >3 consecutive trials. Participants completed 12
practice trials (10 target, 2 non-target) to demonstrate understanding of instructions, before
completing the task (225 target and 45 non-target trials).

Responding to target stimuli in the indicated direction was recorded as a hit. Inhibiting
responses to non-target stimuli was a correct rejection. Failure to respond to a target was an
omission, while responding to a location other than the circle was registered as incorrect.
Failure to inhibit responding during non-target trials resulted in a false alarm (FA).
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Responding before stimuli appeared was a premature response (PR). Outcomes were
calculated from these measures using signal detection theory based on hit rates (HR), FA
rates (FAR), accordingly:

Hit
Hit + Incorrect
Miss
Total Trials) x 100
Cumulative Correct Latency

Accuracy =

%Omissions = (

Reaction Time =

Corrects
Hit FA
HR= Hit + Miss FAR = FA+CR
HR+ FAR -1

d prime = z(HR) — z(FAR) RI = PR ———
1-[FAR - HR]

Responsivity index (RI) measured ‘tendency to respond’, where low numbers indicated a
conservative and high numbers indicated a liberal response strategy (Frey & Colliver, 1973;
Sahgal, 1987). d prime (primary outcome) measured sensitivity to appropriate responding.
Accuracy (moving the joystick in the direction of the target), RI, HR, omissions, FA,
reaction time (RT), variability in RT, and PR were examined as underlying drivers for
performance (secondary outcomes).

2.3.2. Conners’ CPT-2—Participants were presented with letters (separated by an Inter-
Stimulus Interval of 1, 2, or 4 seconds) and instructed to use the keyboard to respond to all
letters except “X”, where they were instructed to withhold responses. Participants completed
18 blocks of 20 trials. The non-target stimulus (“X”) appeared on 10% of trials. Target trials
were a hit (response) or omission (no response). Non-target trials were a false alarm
(response) or correct rejection (non-response). Response latencies were recorded. d prime
measured sensitivity to appropriate responding (primary outcome), while FA, omissions, and
RT were examined as drivers of performance (secondary outcomes). ADHD confidence
index, a composite measure that prospectively predicts ADHD diagnosis was examined
(Breaux et al., 2016).

2.4. Statistical Analyses

Demographic, mental health, and substance use differences across all groups, antiretroviral
therapy use, nadir CD4 count, and VLS across PWH, and convergence between the 5C-CPT
and Conners’ CPT on d prime, omissions, and false alarms, were evaluated via regressions.
Concurrent main (i.e., additive) and interactive (i.e., synergistic) HIV (HIV-/HIVV+) and
METH (METH-/METH+) effects on ove all sustained attention (d prime) and drivers of
performance (e.g., omissions; examined regardless of d prime effects), were examined via
forced entry regressions. Significant interactions were followed-up via ANOVA to examine
group differences. Mixed effects linear regressions examined main and interactive effects of
HIV and METH on vigilance, with performance split across three (5C-CPT) and six
(Conners’ CPT) blocks. A random intercept modelled repeated measures, with trial block,
HIV, and METH modelled as fixed effects. Changes in -2 log likelihood assessed model fit.
The absence of a significant change in model fit resulted in the retention of the more
parsimonious, lower-order model.
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Continuous predictors were z-standardized and bootstrapping corrected any non-normality.
Adjusted regressions controlled for age, sex, education, and VLS, given their effects on
cognition (Heaton et al., 2015; Maki et al., 2018; Samson & Barnes, 2013; Satz et al., 2011).
Separate regressions also controlled for current nicotine dependence, given the known
effects of smoking on cognition (Conti et al., 2019). A Bonferroni alpha correction (i.e.,
eight comparisons in the secondary outcomes for the 5C-CPT, a = .05/8 = 0.006), was
applied to all but d prime analyses, given this was the primary outcome. Data were analyzed
using SPSS (v26.0).

3. Results

3.1. Data screening and group differences

Group differences are reported in Table 1. 5C-CPT d prime, omissions, and false alarms
were positively associated with Conners’ CPT d prime (8=0.062, S£=0.029, 95%CI[0.003,
0.113]), omissions (B8=8.891, SE=2.046, 95%CI[4.981, 12.601]), and false alarms (5=1.404,
SE=3.805, 95%CI[1.062, 16.352]), respectively. Two participants (<1%) had missing data
on VLS and were excluded from analyses, resulting in a final analytical sample of A=203.
See supplemental tables 1 to 6 for unadjusted regressions. Given the inclusion of current
nicotine dependence as a covariate did not substantially alter regression outcomes (see
supplemental tables 7-12), the parsimonious model without current nicotine dependence is
reported herein. Finally, 16 METH+ participants had a positive urine screen for
methamphetamine, indicating recent methamphetamine use. Thus, analyses without these
participants are also reported.

3.2. Overall effects of HIV and METH on the 5C-CPT

There were no HIV effects on any outcome (Table 2; Figure 1). METH+ was associated with
lower d prime. There were no other METH or HIVXMETH effects.

3.2.1. 5C-CPT Analyses excluding participants with a positive urine screen
for methamphetamine—There were no significant main or interactive effects of METH
or HIV on any outcomes (Supplemental Table 13).

3.3. Effects of HIV and METH, aggregated across trial blocks on the 5C-CPT

The main effects model (Table 3 and Figure 2) had better fit, relative to a two-way
interaction model (Table 3). There was a significant effect of trial block on d prime, driven
by reduced HR, and higher omissions. Responses slowed across trials. There were no other
significant block effects. VLS was associated with higher d prime and premature responses.
PWH exhibited less accuracy and slower RT, compared to HIV- participants. There were no
other HIV effects. METH+ was associated with worse d prime, driven by lower HR and
more omissions. METH was not associated with accuracy or RT.

3.3.1. 5C-CPT by block analyses excluding participants with a positive urine
screen for methamphetamine—The main effects model had better fit, relative to a two-
way interaction model (Supplemental Table 14). METH+ was not significantly associated
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with any outcomes, while PWH had slower reaction time, compared to HIV- participants
(Supplemental Table 15). HIV was not significantly associated with accuracy.

3.4. Overall effects of HIV and METH on Conners’ CPT

There were no significant effects of HIVV or METH on any outcomes (see Table 5 and Figure
3). There was a significant HIVXMETH interaction on ADHD confidence index (prior to
Bonferroni adjustment). HIV-/METH+ (M=67.750, SE=3.205) participants had a higher
ADHD confidence index than HIV-/METH- (M=54.142, SE=2.335) participants
(Mearfift=13.608, SE=3.879, 95%CI[6.044, 22.167]). There was no significant difference
between HIV+/METH+ (M=62.938, SE=2.780) and HIV+/METH- (M=59.939, SE=2.647)
on ADHD confidence index (Meandiff=2.998, SE=3.555, 95%CI[-4.410, 9.749]). There
were no other significant interactions.

3.4.1. Conners’ CPT Analyses excluding participants with a positive urine
screen for methamphetamine—There were no significant effects of METH+ or HIV on
any outcome variables. There was a significant HIVXMETH interaction on ADHD
confidence index (prior to Bonferroni adjustment). HIV-/METH+ (M=65.472, SE=1.309)
participants had a higher ADHD confidence index than HIV-/METH- (M=54.459,
SE=0.899) participants (Meandiff=11.013, S£=1.693, 95%CI[7.634, 14.340]). There was no
significant difference between HIV+/METH+ (M=59.390, S£=1.198) and HIV+/METH-
(M=60.575, SF=1.034) on ADHD confidence index (Mean%if'=—1.185, S£=1.425,
95%CI[-3.945, 1.681]; Supplemental Table 16).

3.5. Effects of HIV and METH, aggregated across trial blocks on Conners’ CPT

The main effects model (Table 7; Figure 4) had better fit relative to a two-way interaction
model (see Table 6). Omissions, FAs, and RT error significantly increased across blocks. RT
remained stable. VLS was associated with less omissions. HIV was only associated with
slower RT. METH+ participants had more omissions, RT error, and slower reaction time,
relative to METH- participants. METH+ was not associated with FA.

3.5.1. Conners’ CPT by block analyses excluding participants with a positive
urine screen for methamphetamine—The main effects model had better fit than a two-
way interaction model (Supplemental Table 17). METH+ was not significantly associated
with any outcomes. HIVV+ was only associated with slower RT (Supplemental Table 18).

4. Discussion

This study examined the additive versus synergistic effects of HIVV and METH on sustained
attention and vigilance. METH, but not HIV, was associated with sustained attention and
vigilance deficits. Contrary to hypotheses, there were no synergistic HIV and METH effects.
METH was associated with poorer sustained attention and vigilance, driven by lower hit rate
and more target omissions. METH was associated with slower reaction time and more
reaction time error. METH effects disappeared after removing participants with a positive
urine screen for METH, highlighting the role of recent methamphetamine use in this
relationship.
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Contrary to hypotheses, PWH did not have worse sustained attention and vigilance relative
to HIV- participants, displaying only a decrement in accuracy which disappeared after
removing recent methamphetamine users. PWH displayed reaction time slowing. HIV-/
METH participants had a higher ADHD confidence index, relative to HIV- participants
without METH (prior to Bonferroni correction). Both reaction time slowing and ADHD
confidence index effects persisted after removing recent methamphetamine users.

Recent methamphetamine use among METH people, rather than METH alone, was
associated with sustained attention and vigilance deficits. This result extends Levine et al.
(2006), highlighting sustained attention and vigilance deficits with recent stimulant use,
irrespective of HIV. Results also extend Basterfield et al. (2019), who found rebound effects
for certain cognitive domains among recently abstinent METH people. Further research
should examine what aspect of recent use (acute intoxication, dosage, residual effects, or
withdrawal) is associated with impairment and the direction of this relationship. For
instance, METH people with greater sustained attention and vigilance deficits may have
used methamphetamine recently (e.g., to self-medicate); alternatively, recent
methamphetamine use among METH people may confer sustained attention and vigilance
deficits. These studies are important given amphetamine administration improves 5C-CPT
performance in healthy humans, mice (MacQueen et al, 2018b), and rats (Young et al, 2020).
Chronicity of methamphetamine use may obviate the benefits of acute effects.

Although the lack of METH effects following the removal of recent methamphetamine users
are at odds with Potvin et al., (2018), it should be noted that the studies included in that
meta-analysis differed on methamphetamine use recency. Some studies required participants
to have a positive urine screen for methamphetamine during cognitive testing, whereas
others included recently abstinent METH participants. Since Potvin et al., (2018) did not
control for methamphetamine use recency, it is difficult to disentangle whether METH
alone, or recent methamphetamine use among METH people (as found in this study),
affected cognition.

Several reasons may account for the lack of synergistic HIV and METH effects on sustained
attention and vigilance. METH may not have pre-dated HIV seroconversion. Thus, HIV
diagnosis (and antiretroviral therapy initiation) may not have been delayed, sparing this
group from enduring brain injury and cognitive impairment. This notion is supported by
Montoya et al. (2016) who found 20% of HIV+/METH persons initiated methamphetamine
use after HIV diagnosis. Alternatively, the lack of synergistic HIVXMETH effects may
indicate that HIV+/METH persons are no more susceptible than HIV+/METH- persons, to
early immunosuppression and enduring cognitive impairment. Indeed, our results found no
difference in nadir CD4 count between the two HIV groups. Further research should explore
risk factors associated with early immunosuppression in PWH.

Importantly, HIV-/METH participants had a higher ADHD confidence index than HIV-/
METH- persons, a group difference not found using the DIS for DSM-1V, which relies on
self-report of symptoms. This finding may underscore the sensitivity of Conners” CPT
ADHD confidence index in capturing elevated rates of ADHD among methamphetamine
users, noted in previous studies (Bordoloi et al., 2019). Further research should aim to
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replicate these results, which were not significant following Bonferroni correction and thus,
should be interpreted with caution.

HIV was only consistently associated with psychomotor slowing. This finding may indicate
that the current sample of PWH had less cognitive impairment relative to other virally
suppressed PWH (Sanford et al., 2018). This discrepancy in findings may be attributable to
the high nadir CD4 counts among PWH in the current study, reflecting on average, the
absence of previous immunosuppression. Alternatively, these results may indicate that while
untreated HIV has an irreversible, detrimental impact on psychomotor and some cognitive
functions (Mufioz-Moreno et al., 2008), sustained attention and vigilance may be spared
from enduring deficits. Results may also indicate that while antiretroviral therapy has pro-
cognitive effects for some domains, it has little effect on psychomotor function. Both notions
are supported by Eggers et al. (2017) who posited psychomotor slowing to be a salient
feature of HIV-associated neurocognitive disorders. Alternatively, psychomotor slowing may
be indicative of a speed/ accuracy trade-off, whereby PWH compensate for cognitive
impairment by slowing responding to prioritize accuracy, as found previously (Kronemer et
al., 2017). Animal models are well-positioned to test these hypotheses.

Implications

Current findings highlight the importance of VLS on cognition among PWH, reiterating the
need for prompt HIV diagnosis and antiretroviral therapy initiation/maintenance. Routine
opt-out screening may be a cost-effective means of increasing prompt HIV diagnosis
(Krueger et al., 2019; Sanders et al., 2005). Peer-to-peer social support increases
antiretroviral therapy adherence among substance-using and non-using PWH (Horvath et al.,
2013; Hosek et al., 2018; Kerrigan et al., 2018). Clinicians should also treat METH to
mitigate cognitive impairments associated with recurrent use, which may indirectly lead to
improvements to daily functioning and increase retention in HIV care, given the known link
between sustained attention and vigilance and these outcomes (Anderson et al., 2019;
Hinkin et al., 2002; Tabibi et al., 2015). Cognitive behavioral therapy and contingency
management have some efficacy in treating METH (Lee & Rawson, 2008; Rawson et al.,
2006; Roll, 2007). Such suggestions, while not novel, are strongly supported by the current
data.

Significant associations were observed between the 5-Choice and Conners’ CPTs. Both
CPTs captured vigilance deficits among METH persons and slowed reaction time in PWH.
These findings reiterate the validity and provide further psychometric support for 5C-CPT as
a measure of sustained attention and vigilance. Using 5C-CPT allows for comparisons with
future animal research aimed at delineating mechanisms underpinning the deficits seen in
this study.

4.2. Strengths and limitations

We controlled for age, sex, education, and VLS, which are associated with cognitive
function. We excluded people with current substance dependence (excluding nicotine, which
was controlled for in supplemental regressions reported in tables 7-12), a history of head
injuries, medical, psychotic, or neurological conditions known to impact cognition (Cunha et
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al., 2013; Perry et al., 2008; Senathi-Raja et al., 2010; Stavro et al., 2013). Thus, participant
performance was unlikely confounded by these factors. Another strength was the use of a
urine screen which allowed us to examine the effects of METH on sustained attention and
vigilance, with and without recent methamphetamine users.

This study has some limitations. Although we controlled for education, this reflects only one
aspect of a multifaceted cognitive reserve construct, which buffers against HIV-associated
neurocognitive disorders in PWH (Morgan et al., 2012). Subjects who reported past 12-
month alcohol dependence were excluded from this study. However, 16% of all subjects
reported having alcohol dependence at some point in their lifetime. While a history of
alcohol dependence is associated with persistent impairment in some cognitive domains,
research points to a rebound in attention among abstinent (=1 year) alcohol-dependent
persons, to levels in line with healthy controls (Le Berre et al., 2017; Stavro et al., 2013).
15% of participants in this study had a positive urine screen for substances other than
methamphetamine — in particular, tetrahydrocannabinol, benzodiazepines — which may
affect cognition. Polysubstance use is prevalent among METH persons (Kelly et al., 2017;
Quinn et al., 2013), as are cannabis and benzodiazepine use among PWH (Dawson-Rose et
al., 2017). Future research should examine how polysubstance use/dependence may affect
sustained attention and vigilance among HIV+/METH persons.

Our sample was predominantly male (95%), limiting the generalizability of results to
females with HIV. Given the known sex differences in cognitive function among PWH
(Heaton et al., 2015; Maki et al., 2018), future research could examine potential interactions
among HIV, METH, and sex, within a more representative sample. Such studies can also be
conducted in rodents. A majority of nadir CD4 values (94%) in the present study were self-
reported. Given the known memory deficits associated with HIV (Walker & Brown, 2018),
the reliability of self-reported nadir CD4 is questionable. Future research should obtain nadir
CD4 information from other sources. Finally, given the prevalence of hepatitis C virus
(HCV) co-infection among PWH (Buxton et al., 2010; Prussing et al., 2014) and given HCV
exacerbates cognitive impairment among HIV+/METH persons (Cherner et al., 2005), future
research should examine the effects of HCV coinfection on sustained attention and vigilance
among HIV+/METH persons.

5. Conclusions

Controlling for VLS — which was associated with better vigilance — PWH did not exhibit
sustained attention and vigilance deficits, but rather, exhibited only psychomotor slowing.
Further research should examine whether psychomotor slowing reflects pervasive deficits
despite VLS, or an adaptive, speed/ accuracy trade-off. METH was associated with deficits
in sustained attention and vigilance. This effect was no longer significant after removing
recent methamphetamine users, potentially suggesting a sustained attention and vigilance
rebound among METH people, following abstinence. Further research should examine the
direction of this relationship and identify what aspects of recent use are associated with
deficits. These effects can be tested directly in animals. There were no combined HIV and
METH effects on sustained attention and vigilance. Longitudinal research should examine
whether onset of METH prior to HIV seroconversion is associated with worse cognitive
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outcomes. The 5C-CPT was found to be an appropriate measure of sustained attention and
vigilance deficits in PWH and METH people. Using the 5C-CPT enables future comparisons
with rodent research examining the underlying mechanisms driving deficits found in this
study. Ultimately, results underscore the need for prompt HIV diagnosis and antiretroviral
therapy initiation, and treatment of METH to preserve cognitive function.
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Highlights

. Methamphetamine dependence (METH+) impaired sustained attention and
vigilance

. METH+ was unassociated with impairments after removing recent
methamphetamine users

. Viral load suppression (VLS) was associated with better vigilance

. Human immunodeficiency virus (HIV) was associated with psychomotor
slowing

. HIV was not associated with sustained attention and vigilance

Drug Alcohol Depend. Author manuscript; available in PMC 2021 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pocuca et al.

C

Rate

=

G) False Alarm ™M )
Rate H

Reaction Time

Premature

Responses

d prime
.
F-N

46
45

43
4.2

0.98
0.97
0.96
0.95

0.04
0.03
0.02
0.01

o
[=]
o

g o
o o o
o o o

wn
-
o

—

oON &0 0o

~"'= HIV- METH+ D
=_~ HIV+ METH+

== HIV- METH-
= = HIV+ METH-
~"'= HIV- METH+

~~ HIV+ METH+

Page 18

- HIV- METH-
< - HIV+ METH- (= HIV- METH
~'= HIV- METH+ 3 v .
l 3 | =C~ HIV+ METH+ B :{ :::’:::::;
— — 2 -0.30 T =~ HIV+ METH+
T > -0.32
i 28 035
g8
l 2= .0.38
I L S 040
- = HIV- METH-
< HIV- METH- = F HIV+ METH-
= = HIV+ METH-

- HIV- METH+
= HIV+ METH+

@
g 5845 3
930 - il
f &E
o015 o
- A 0-0 -‘:'— HIV- METH-
~ ) HIV- METH- LI Hive METH-
S v e 1.00 == HIV- METH+
== HIV- METH+ § 0.98 = WV METHe
- ~= HIV+ METH+ § 0.96
T 2 094 = — s
I o 2 Z 0.92 L l P
= HIV- METH- 0.90 .
< ravemeri- | H 2 v e
. -'T'- HIV- METH+ Q 275 _ﬁ_ HIV- MEYH;
| =_= HIV+ METH+ Eg 270 _ - HIV+ METH+
T c35 265 -
B _ A T §§ 260 J P
4 s> 255
x 250

Figure 1.
Effects of human immunodeficiency virus (HIV) and history of methamphetamine

dependence (METH) on 5C-CPT performance.

N=203. METH+ had lower d prime, relative to METH- people (A). There were no main or
interactive effects of HIV and METH on any of the other outcome variables (B — ). Data are
presented as means, with error bars representing standard error of the mean. Significant
differences are denoted with an asterisk. Corresponding regression estimates, standard
errors, and bootstrapped 95% confidence intervals presented in Table 2.
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Effects of human immunodeficiency virus (HIV) and history of methamphetamine
dependence (METH) on 5C-CPT performance across trial blocks. A//=203. Overall
performance on the 5C-CPT decreased across blocks. METH+ participants exhibited poorer
5C-CPT performance relative to METH- participants, irrespective of HIV status, as
measured by d prime (A). METH+ participants had significantly poorer responsivity index,
compared to METH- participants, however, this was not significant following Bonferroni
correction (B). Impaired responding to targets was more exaggerated as time progressed and
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among METH+ participants, compared to METH- participants (C). False alarm rates did not
differ across blocks, or according to HIV. METH+ participants had more false alarms
compared to METH- participants, however, this effect was not significant follow Bonferroni
correction (D). HIVV+ had lower accuracy, compared to HIV-negative people (E). The
number of omissions significantly increased across trial blocks. METH+ participants had
significantly elevated misses to targets (% omission; F). Reaction time slowed over trial
blocks and HIV+ had significantly slower reaction time, relative to HIV- subjects (G).
Finally, premature responses did not differ across blocks, or according to HIV. METH+
participants had significantly more premature responses, however, this effect was not
significant following Bonferroni correction (H). Data are presented as means, with error bars
representing standard error of the mean. Corresponding regression estimates, standard
errors, and bootstrapped 95% confidence intervals presented in Table 4.
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Figure 3.
Effects of human immunodeficiency virus (HIV) and history of methamphetamine

dependence (METH) on Conners’ CPT performance. A= 203. There was a significant HIV
X METH interaction on attention-deficit/ hyperactivity disorder (ADHD) confidence index
(prior to Bonferroni correction), such that among HIV-people, METH+ was associated with
greater ADHD confidence index. METH+ was not associated with ADHD confidence index
among people with HIV (A). There were no main or interactive effects of HIV and METH
on any of the other outcome variables (A — F). Data are presented as means, with error bars
representing standard error of the mean. Significant difference prior to Bonferroni correction
(i.e., p<.05) is denoted with a t. Corresponding regression estimates, standard errors, and
bootstrapped 95% confidence intervals presented in Table 5.
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Effects of human immunodeficiency virus (HIV) and history of methamphetamine
dependence (METH) on Conners” CPT performance across trial blocks..

N =203. Omissions increased across blocks. METH+ participants exhibited greater
omissions, relative to METH- participants (A). False alarm rates also increased across
blocks; however, false alarm rates did not differ according to HIV or METH status (B). HIV
+ had significantly slower reaction time compared to HIV- subjects. Similarly, METH+ had
significantly slower reaction time compared to METH- participants (C). Reaction time error
increased across blocks. METH+ participants exhibited greater RT error, than METH-
participants (D). Data are presented as means, with error bars representing standard error of
the mean. Corresponding regression estimates, standard errors, and bootstrapped 95%
confidence intervals presented in Table 7.
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Sample characteristics

Table 1

Page 23

HIV-/METH-(n  HIV+/METH-(n= HIV-/METH+(n=  HIV+/METH+(n  Group Differences
=67; A) 49; B) 36; C) =53; D
Age 44.60 (16.27) 47.27 (14.70) 43.28 (12.26) 40.85 (8.45) AB>CD
Gender (% males; ref) 41 (61%) 45 (92%) 20 (56%) 52 (98%) AC<BD
Education 14.69 (1.80) 14.61(2.33) 12.75(3.07) 13.98 (2.27) AB>CD
Ethnicity
% White (ref) 37 (55%) 27 (55%) 19 (53%) 31 (59%) -
% Black 8 (12%) 9 (18%) 6 (17%) 5 (9%) -
% Hispanic 18 (27%) 9 (18%) 8 (22%) 15 (28%) -
% Other® 4 (6%) 4 (8%) 3 (8%) 2 (4%) -
Mental Healthb
ASPD 3 (5%) 2 (4%) 11 (31%) 9 (17%) AB<CD
ADHD (Current) 1(2%) 0 1 (3%) 1 (2%) -
ADHD(Lifetime) 1 (2%) 3 (6%) 4 (11%) 3 (6%) -
Current nicotine dependence 2 (3%) 0 3 (8%) 6 (11%) AB<CD
Previous dependence history
(>12 months ago)c
Alcohol 3 (5%) 6 (12%) 12 (33%) 12 (23%) AB<CD
Cannabis 2 (3%) 2 (4%) 3 (8%) 7 (13%) -
Cocaine 1 (2%) 3(6%) 6 (17%) 7 (13%) AB<CD
Opioid 1(2%) 0 5 (14%) 2 (4%) AB<CD
Positive urine toxicology
Meth 0 0 5 (14%) 11 (21%) -
THC 2 (3%) 7 (14%) 2 (6%) 5 (9%) BD>AC
Amphetamine 0 1 (2%) 4 (11%) 11 (20%) AB<CD
Opiates 0 5 (10%) 0 0 B>ACD
Benzodiazepines 0 2 (4%) 2 (6%) 3 (6%) -
Methamphetamine
Characteristics
Current METH+ - - 7 (19%) 8 (15%) -
Ever used Meth 2 6 36 53 AB<CD
Age at first use 32.50 (3.54) 28.67 (7.29) 26.08 (13.23) 24.92 (7.89) -
Days since use 5387.29 1327.04 (1966.95) 162.97 (366.73) 139.40 (160.67) AB>CD
(7360.52)
Cumulative duration (days) 176.00 (120.21) 182.80 (188.30)  2980.64 (2753.166)  2073.61 (1885.19) AB<CD
Cumulative quantity (grams)  916.29 (1286.81) 75.02 (141.99) 4568.91 (8041.65)  2668.86 (4406.01) AB<CD
Current IV use - - 3(8.3%) 7 (13%) -
HIV characteristics
Currently on ART - 44 (90%) - 46 (87%) -
Virally suppressed - 43 (88%) - 35 (66%) B>D
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HIV-/METH-(n  HIV+/METH-(n= HIV-/METH+(n=  HIV+/METH+(n  Group Differences
=67; A) 49; B) 36; C) =53; D)
Nadir CD4 - 319.84 (220.809) - 311.60 (190.539) -

Note. Unless otherwise stated, binary variables are coded 0 = no, 1 = yes. HIV = Human Immunodeficiency Virus. METH = History of
methamphetamine dependence. ASPD = Antisocial personality disorder. ADHD = Attention-deficit/hyperactivity disorder. THC = THC = A-9

Tetrahydrocannabinol. IV = intravenous.

a, . . A - . .

Asian merged with “other” for multinominal logistic regression due to sparsity of category
bAssessed using the Diagnostic Interview Schedule for DSM-1V

Participants with past 12-month substance dependence were excluded from participating in the current study
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Table 2

Page 25

Main and Interactive Effects of HIV and History of Methamphetamine Dependence on the 5C-CPT

d prime Responsivity Index Hit Rate
Model 1 B SE 95% ClI B SE 95% ClI B SE 95% ClI
Age -0.081  0.048 [-0.173,0.017] -0.02 0.018 [-0.055, 0.017] -0.007 0.005 [-0.016, 0.002]
Gender -0.315 0.111 [-0.556,-0.109] -0.029  0.050 [-0.128, 0.070] -0.008 0.010 [-0.027,0.010]
Education -0.051  0.061 [-0.173,0.070] -0.036 0.018 [-0.073, 0.001] -0.004 0.006 [-0.017, 0.007]
VLS 0.151 0.160 [-0.165, 0.458] 0.028  0.054 [-0.082, 0.129] 0.014 0.017 [-0.017, 0.052]
HIV 0.023 0.095 [-0.169, 0.202] -0.007  0.042 [-0.090, 0.076] 0.003  0.010 [-0.016, 0.024]
METH -0.219  0.100 [-0.43,-0.025]  -0.034 0.038 [-0.107, 0.041] -0.018 0.010 [-0.040, 0.002]
Model 2
HIVXMETH -0.125  0.166 [-0.456, 0.181] -0.061  0.069 [-0.199, 0.070] -0.010 0.017 [-0.046, 0.024]
Model 1 Percent Omissions Overall False Alarm Rate Accuracy
Age 0.625 0.380 [-0.148, 1.383] -0.003  0.004 [-0.012, 0.004] -0.003 0.005 [-0.013, 0.007]
Gender 0.623 0.827 [-1.038, 2.215] -0.008 0.015 [-0.044, 0.014] -0.037 0.012 [-0.062, ~0.013] s
Education 0.310 0.464 [-0.554, 1.281] -0.003  0.005 [-0.013, 0.006] 0.002  0.007 [-0.012, 0.014]
VLS -1.381 1.427 [-4.492, 1.138] 0.003  0.005 [-0.004, 0.014] -0.011 0.012 [-0.035, 0.013]
HIV -0.407  0.858 [-2.202, 1.194] -0.012 0.013 [-0.044, 0.005] -0.012 0.009 [-0.032, 0.005]
METH 1.417 0.786 [-0.103, 3.021] -0.003 0.011 [-0.029, 0.013] -0.007 0.011 [-0.028, 0.014]
Model 2
HIVXMETH 0.751 1.488 [-2.561, 3.354] 0.013  0.015 [-0.011, 0.047] -0.003 0.018 [-0.039, 0.034]
Model 1 Reaction Time Variability in RT Premature Responses
Age 32.348 6.821 [18.367,45.442] 14.058 2.919 [8.079, 19.78] 0.913  0.862 [-0.323, 2.915]
Gender 27.172 16.094  [-4.503,59.139] 9.380 7.205 [-4.522, 23.772] 2,678 2121 [-0.247,7.428]
Education -5.017  6.094 [-17.027,6.569] -2.548 2.921 [-8.681, 3.107] -1.229 1.225 [-4.124,0.414]
VLS -6.574 25107 [-55.877,40.452] -2.188 10.849 [-24.827,17.636] 1.613  0.709 [0.293, 3.052] 7
HIV 24.917 15.06 [-5.390,54.275]  11.557  6.499 [-0.807, 24.223] 0.328 0.783 [-1.542, 1.665]
METH 7.168 1291 [-18.252,33.525] 2.173 5.957 [-9.214, 14.164] 1.623  1.398 [-0.528, 4.927]
Model 2
HIVXMETH -19.096 26.171 [-71.094,31.514] -8.317 11.634 [-31.052,13.541] -2.892 2.642 [-9.162, 0.685]

Note. HIV = human immunodeficiency virus. METH = methamphetamine dependence. VLS = Viral load suppression. Significant effects following
bonferroni adjustment (p=.006) are bolded.

fSignificant at p<.05
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=2 L[ for the Main Effects and Interaction Models Tested for the 5C-CPT

Table 3

Model 1 Model 2 x p

d prime 652.333 650.851 1482 .686
Responsivity Index 64.725 58.413 6.312 .097
Hit Rate —-1884.082 -1889.028 4.946 .176
False Alarm Rate -2626.580 -2633.939 7.359 .061
Accuracy -1912.428 -1915.171 2.743 433
Percent overall 3515.696 3511.669  4.027 .259
Omissions

Reaction Time 6675.166 6674.505 0.661 .882
Premature Responses ~ 2735.521 2730.309 5212 157

Page 26

Note: Model 1 = Main effects of block, HIV, and history of methamphetamine dependence; Model 2 = 2-way interactions between block, HIV, and

history of methamphetamine dependence. Degrees of freedom for model 1 = 10, model 2 = 13.
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Table 4

Main Effects of Block, HIV, and History of Methamphetamine Dependence on the 5C-CPT

d prime Responsivity Index Hit Rate
B SE 95% ClI B SE 95% ClI B SE 95% ClI
Age -0.069 0.016 [-0.099,-0.039] -0.009 0.010 [-0.028,0.010] -0.007 0.002 [-0.011, -0.003]
Gender -0204 0.036 [-0.274,-0.129] -0.064 0.025 [-0.110,-0.016] —0.009 0.004 [~0.017, ~0.001] f
Education -0.033 0.018  [-0.065,0.003] -0.031 0.009 [-0.05,-0.012] -0.004 0.003  [-0.009, 0.001]
VLS 0.136  0.050 [0.027, 0.240] 0.039 0.028  [-0.015, 0.093] 0.014  0.007 [0.001, 0.027] s
Block -0.072 0.017 [-0.106,-0.037] -0.019 0.012 [-0.041,0.002] -0.010 0.02  [-0.015, —0.006]
HIV 0.016  0.032  [-0.047,0.079] -0.005 0.020  [-0.042,0.029] 0.003 0.004  [-0.004,0.011]
METH -0.173 0.03  [-0.228,-0.112] -0.039 0.019 [~0.076, -0.001] 7t -0.018 0.004 [-0.025, -0.009]
False Alarms Accuracy Percent overall Omissions
Age 0.001 0.001 [-0.001,0.002] -0.003 0.002 [-0.007, 0.001] 0.626  0.159 [0.317, 0.924]
Gender 0.007  0.002 [0.002, 0.011] 7 -0.037 0.005 [-0.046,-0.028] 0.615 0.373  [-0.107, 1.379]
Education  0.000  0.002 [-0.004,0.004] 0.002  0.002 [-0.003, 0.007] 0.310 0.199  [-0.124,0.671]
VLS 0.003 0.003 [-0.002,0.009] -0.011 0.006 [-0.022,0.001] -1.385 0.616 [-2.583, -0.088] r
Block -0.001 0.001  [-0.005, 0.002] 0.000  0.002 [-0.004, 0.004] 0.907  0.190 [0.568, 1.281]
HIV 0.001 0.002 [-0.003,0.005] -0.012 0.004 [-0.018,-0.005] -0.416 0.345  [-1.016, 0.175]
METH 0.007  0.003 [0.001, 0.013] 7 -0.007 0.004  [-0.014,0.001] 1422 0.327 [0.688, 2.053]
Reaction Time Premature Responses
Age 32.351 2544  [26.975, 37.558] 0.304 0.108 [-0.017, 0.52]
Gender 27126 5125  [16.443, 37.596] 0.893  0.243 [0.112, 1.369]7‘
Education -4.909 2.067 [-9.134, ~0.432] 7 -0.410 0.143 [-0.625, ~0.096] f
VLS -6.140 7.700  [-19.527,9.748] 0.538  0.099 [0.315, 0.726]
Block 7.191 2318 [2.351, 11.694] 0.000  0.091 [-0.188, 0.168]
HIV 24.765 4.891  [15.298, 34.334] 0.109  0.109 [-0.097, 0.313]
METH 7505 4.242 [-1.243, 16.52] 0541 0171

[0.047, 0.868] 7

Page 27

Note. HIV = human immunodeficiency virus. METH = methamphetamine dependence. VLS = Viral load suppression. Significant effects following
bonferroni adjustment (p=.006) are bolded.

fSignificant at p=.05
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Table 5

Page 28

Main and Interactive Effects of HIV and History of Methamphetamine Dependence on Conners’ CPT

d prime ADHD Confidence Index False Alarms
Model 1 B SE 95% ClI B SE 95% ClI B SE 95% ClI
Age 0.055 0.030 [-0.006, 0.114] 6.871 1.33 [4.274, 9.350] -1.245 0.495 [-2.267,-0.316]
Gender 0.112 0.076 [-0.043,0.255] -13.126  3.396 [-20.108,-6.178] -2.190 1.124 [-4.382,0.089]
Education 0.020 0.031 [-0.044,0.079] 0.928 1.411 [-2.037, 3.487] -0.323 0535 [-1.282,0.812]
VLS -0.026 0.102 [-0.242,0.164] 0.092 4.675 [-9.946, 8.915] 0.680 1.524  [-2.425,3.552]
HIV -0.015 0.070 [-0.147,0.126] 1.741 2.988 [-4.526, 7.371] 0276 1.128 [-2.039, 2.398]
METH -0.030 0.062 [-0.147,0.091] 8.133 2.712 [2.878, 13.529] f 0.404 1.074 [-1.654,2.524]
Model 2
HIVXMETH  0.022 0.123 [-0.224,0.259] -10.610 5.286 [~21.542, ~1.050] 7 0098 2001 [-3.802,4.083]
Model 1 Omission Errors Reaction Time Reaction Time Error
Age 0.892 0.738  [-0.515, 2.444] 25.215 4.351 [16.680, 33.620] 0473 0.232 [0.003, 0.903] s
Gender -2.398 2170 [-7.168,1.152] 12.836  11.829  [-11.074, 37.625] -0325 0.693 [-1.785,0.916]
Education -0.448 1.086 [-2.614,1.589] -3.702 4.965 [-14.067, 5.185] -0.038 0.315 [-0.613,0.630]
VLS -3.255 3.102 [-9.429, 2.421] 3.105 15.591 [-26.314, 33.667] 0.033 0.987 [-1.951, 1.876]
HIV -1.164 2263 [-6.118, 2.595] 7.919 10.467 [-12.425,29.801] -0.184 0.767 [-1.741,1.263]
METH 2.827 1971 [-0.569, 7.193] 7.087 9.928 [-12.372, 26.677] 1.293 0.632 [0.127, 2.570] f
Model 2
HIVXMETH -2.304 3.952 [-10.777,4.530] -21.667 19.296 [-59.462,18.401] -1.962 1.501 [-5.218, .760]

Note. HIV = Human immunodeficiency virus. METH = methamphetamine dependence. VLS = Viral load suppression. Significant effects
following bonferroni adjustment (p=.006) are bolded.

fSignificant at p=.05
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-2 L[ for the Main Effects and Interaction Models Tested for Conners’ CPT

Model 1 Model 2 X2 p
Omissions 4976.467  4969.703  6.764 .080
False Alarm Rate 3926.818 3926.126  0.692 .875
Reaction Time 12839.189 12832.874 6.315 .097
Reaction Time Error ~ 8555.174 8549.930 5.244 155

Table 6

Page 29

Note: Model 1 = Main effects of block, HIV, and history of methamphetamine dependence; Model 2 = 2-way interactions between block, HIV, and

history of methamphetamine dependence. Degrees of freedom for model 1 = 10, model 2 = 13.
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Table 7

Main Effects of Block, HIV, and History of Methamphetamine Dependence on Conners’ CPT

Omissions False Alarm Rate Reaction Time
B SE 95% ClI B SE 95% ClI B SE 95% ClI
Age 0.149  0.049 [0.063, 0.246] -0.207 0.032 [-0.268,-0.141] 25.258 1.076 [23.332,27.225]
Gender -0.400 0.122 [-0.621,-0.179] -0365 0.08 [-0.525,-0.206] 13.025 2713 [7.449, 18.507]
Education -0.075 0.052 [-0.170,0.024] -0.054 0.033 [-0.120,0.012] -3.500 1.164 [-5.62,-1.294]
VLS -0.543 0.186 [-0.903,-0.174] 0.113 0.101 [-0.086, 0.296] 3.021  4.023 [-4.895, 10.836]
Block 0.149  0.033 [0.091, 0.208] 0.054 0.017 [0.019, 0.088] -0.208 0.732 [-1.661, 1.262]
HIV -0.194 0.104 [-0.391,0.011] 0.046 0.069 [-0.100,0.193] 7.995 2568 [3.224,13.012]
METH 0.471  0.097 [0.271, 0.669] 0.067 0.064 [-0.060, 0.199] 7.053 2339 [2.348,11.677]
Reaction Time Error
Age 1.15 0.167 [0.822, 1.451]
Gender -0.821 0.476 [-1.687,0.146]
Education -0.125 0.210 [-0.543,0.272]
VLS 0.199 0.616 [-1.058, 1.466]
Block 0.394 0.124 [0.162, 0.623]
HIV -0.397 0.456 [-1.339, 0.580]
METH 2939  0.402 [2.117, 3.731]

Page 30

Note. HIV = human immunodeficiency virus. METH = methamphetamine dependence. VLS = Viral load suppression. Significant effects following
bonferroni adjustment (p=.006) are bolded.

fSignificant at p=.05
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