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2San Diego State University/University of California San Diego Joint Doctoral Program in Clinical
Psychology, San Diego, California

3Department of Neurosciences, University of California San Diego, California
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Abstract

This study evaluated whether a history of lifetime methamphetamine (MA) use disorder increases
risk for poor sleep quality in people with or without HIV infection (HIV+/HIV-). Participants
(n=313) were stratified into four groups based on HIV status and lifetime MA use disorder
diagnosis [HIV+/MA+ (n=84); HIV+/MA- (n=141); HIV-/MA+ (n=16); and HIV-/MA- (n=72)]
and compared on global sleep outcomes using the Pittsburgh Sleep Quality Index (PSQI).
Significant differences on global sleep were observed between HIV+/MA+ and HIV+/MA-
groups, but not between the HIV- groups. Follow-up multiple regression analyses within the HIV
+ subgroups examined global sleep scores as a function of MA status and clinical covariates,
including those related to HIV disease and demographics. HIV+ individuals with a history of MA
use disorder evidenced significantly poorer sleep quality and were more likely to be classified as
problematic sleepers than those without a lifetime disorder. This was independent of depressed
mood, body mass index, and viral suppression while on treatment. Poorer reported sleep quality
among HIV+/MA+ was associated also with multiple adverse functional outcomes, including
greater objective cognitive impairment, unemployment, clinical ratings of functional impairment,
and self-reported cognitive difficulties, decreased independence in activities of daily living, and
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poorer overall life quality. Interventions to avoid or curtail MA use in HIV+ individuals may help
protect sleep quality and improve functioning.

Keywords
AIDS; substance use; stimulant; depression

INTRODUCTION

Human immunodeficiency virus (HIV) infection is often accompanied by chronic fatigue
and disrupted sleep patterns (1). A considerable number of people with HIV (PWH) report
sleep disturbance, with some studies estimating the prevalence of symptoms to be up to five
times that of the general population (2, 3). PWH face a variety of unique social (e.g.,
stigmatization, lack of social support), physical (e.g., inflammatory, metabolic, and
cardiovascular effects), and socioeconomic stressors (e.g., loss of medical insurance,
unemployment), which may influence sleep disturbance (4, 5). Prolonged poor sleep quality
among PWH is associated with anxiety, depression, loss of productivity, interference with
employment, physiologic stress, and poorer quality of life (6, 7).

Methamphetamine (MA), a central nervous system stimulant, is among the most commonly
used addictive drugs, with 35 million users per year worldwide (8). PWH and individuals at-
risk for HIV transmission, such as men who have sex with men, have a particularly high
prevalence of MA use (9). A recent study on MA-dependent gay and bisexual men reported
the prevlance of HIV infection to be 63% (11). Among PWH, MA is linked to accelerated
viral replication, more rapid progression to AIDS, reduced effectiveness of antiretroviral
therapy (ART), and increased immune suppression (12-15). Global neuropsychological
impairment and dependence on basic and instrumental activities of daily living are more
common among PWH who also use MA (16, 17) than among those who do not, with an
additive effect of HIV and MA on neuronal injury and glial activation (18). Despite these
negative effects, perceived benefits, such as sexual enhancement and relief of negative
psychosocial symptoms, continue to drive MA use among PWH (19).

MA functions by stimulating monoamine release (dopamine, norepinephrine, and serotonin),
and facilitates hyperactivity, euphoria, feelings of increased mental and physical capacity,
and riskier sexual behavior (19, 20). Among the general population, prolonged MA use can
have detrimental effects on alertness, mood, cognition, and activity levels (21-23). MA use
also has been associated with poor sleep quality, increased sleep latency, and daytime
sleepiness (24, 25). Cessation of MA is often accompanied by withdrawal symptoms such as
anxiety, depression, and craving (26) that can further contribute to poor sleep quality. The
adverse effects of MA also contribute to functional decline (21), such as unemployment
(27), which also may exacerbate sleep disturbance. Among MA-using PWH, poorer
adherence and missing ART doses after MA use have been reported, in part due to disrupted
sleep-wake cycles (28). Taken together, acute and chronic MA use can have multiple direct
and indirect effects on sleep quality.
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Few studies have examined the combined associations of MA use and HIV on sleep
disturbance. This study evaluates effects of lifetime MA use on self-reported sleep quality
among participants with or without HIV infection. The hypothesis was that lifetime MA use
disorder would be associated with poorer sleep quality, particularly among PWH, and that
this would relate to poor outcomes, including poorer cognition, reduced independence in
activities of daily living, unemployment, and poorer life quality.

Participants included 225 HIV-seropositive (HIVV+) and 88 HIV-seronegative (HIV-) adults
(mean age = 55.8 years) enrolled in NIH-funded research studies at the UC San Diego’s
HIV Neurobehavioral Research Center (HNRC). All participants completed a standard, self-
report evaluation of sleep quality as well as comprehensive neurobehavioral and
neuromedical assessments. Exclusion criteria were: 1) sleep apnea or restless leg syndrome;
2) disruptions to sleep due to temporary circumstances (i.e., recent surgery); 3) history of
comorbid neurological illness or injury that would affect cognitive functioning (e.g., seizure
disorder, head injury with loss of consciousness for longer than 30 minutes, stroke, central
nervous system neuroplasm); 4) history of psychotic disorder; 5) alcohol dependence within
a year; and 6) low premorbid verbal 1Q as estimated by a Wide Range Achievement Test-4
(WRAT4) score less than 80. The study protocol was approved by the UC San Diego
Institutional Review Board and each participant provided written, informed consent.

Neuropsychiatric Assessment

The Composite International Diagnostic Interview (CIDI) (29) was administered to diagnose
participants for current and lifetime substance use and mood disorders (e.g., Major
Depressive Disorder, MDD), as defined by the Fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV). For the initial analyses, participants were
stratified into four groups based on HIV status and lifetime MA use disorder diagnosis: HIV
+/MA+ (n=84); HIV+/MA- (n=141); HIV-/MA+ (n=16); and HIV-/MA- (n=72). Current
depressive symptoms were assessed using the Beck Depression Inventory, Second Edition
(BDI-II) (30). Item 16 on the BDI-II, which assesses change in sleep pattern in the last two
weeks, was excluded from the BDI-II total score to avoid collinearity with our outcome of
interest, perceived sleep quality.

Subjective Sleep Assessment

All participants completed the Pittsburgh Sleep Quality Index (PSQI), a self-report
questionnaire that assesses perceptions of average sleep quality and disturbances over the
past 30 days (31). The PSQI is a widely used and well-validated measure of subjective sleep
quality in adults (32, 33). The PSQI has 19-items that assesses seven components of sleep,
including quality, latency, duration, efficiency, disturbances, use of medications to aid
sleeping, and daytime sleepiness. Component scores range from 0 to 3 (higher is worse).
Items were summed to generate a continuous global sleep score ranging from 0 to 21.
Global scores > 5 indicate problematic sleep (31). For purposes of the present study, the
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continuous global PSQI score and dichotomous sleep quality classification (problematic vs.
non-problematic sleep) were used as outcome variables.

Neuromedical Assessment

All participants underwent a standardized medical history interview, neuromedical
examination, and blood and urine collection. HIV serological status was confirmed via
ELISA and Western blot test, and HIV RNA levels were measured in plasma by rtPCR
(Amplicor, Roche Diagnostics, Indianapolis, IN; lower limit of quantitation [LLQ] of 50
copies/ml). Current CD4+ T-cell count was measured in blood by clinical flow cytometry.
Additional HIV disease and treatment variables included nadir CD4+ T-cell count, AIDS
diagnosis, estimated duration of HIV disease, and current ART regimen. MA use
characteristics (use within the last 30 days, days since last use, age of first use, total days
used, total quantity used) were self-reported. Comorbid medical conditions and current
medication use were determined by self-report and medical chart review.

Neurobehavioral Assessment

All participants completed a comprehensive and validated neurocognitive assessment across
seven neurocognitive domains commonly affected by HIV and MA use (17, 34); these
include verbal fluency, executive functioning, speed of information processing, learning and
memory (two domains — learning and recall), working memory/attention, and motor. Using
established normative standards, test scores were adjusted for known influences (i.e., age,
education, sex, and race/ethnicity) on neurocognitive performance (35-37). Deficit scores
were calculated for each domain and averaged across the test battery to derive a global
deficit score (GDS) ranging from 0 (normal) to 5 (severe) (38).

Dependence in instrumental activities of daily living (IADL) was determined using a revised
version of the Lawton and Brody ADL questionnaire (39, 40), in which participants rated
current degree of independence as compared to prior best level of independence across 13
IADL domains. Participants were classified as IADL “dependent” if they endorsed requiring
increased assistance in at least 2 IADL domains. Employment status and symptoms of
cognitive difficulties in daily life were determined via the Patient’s Assessment of Own
Functioning Inventory (PAOFI) (41). The Karnofsky Performance Status Scale is a clinician-
administered assessment of disease-related functional impairment with a range from 0 to
100 with standard intervals of 10 (lower is worse) (42). Self-reported physical and mental
health quality of life were assessed using the Medical Outcomes Study Short-Form Survey
(MOS SF-36). Physical and mental health composite scores were calculated via validated
summary score formulas derived from an obliquely rotated factor solution (43).

Statistical Analyses

Group differences on demographics, neuropsychiatric and neuromedical characteristics, HIV
disease and treatment parameters, MA use history, and global sleep outcomes were tested
using analysis of variance (ANOVA), Kruskal-Wallis tests, Chi-square statistics, or Fisher’s
Exact test (FET). Two-tailed #tests were used to compare groups on HIV disease and
methamphetamine use characteristics. Follow-up pairwise comparisons were conducted
using Tukey’s Honest Significant Difference (HSD) or Wilcoxon tests for continuous
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outcomes, or Bonferroni-corrections for categorical outcomes. Cohen’s @ measured effect
size for pairwise comparisons of means. Based on the pattern of univariable group
differences in global sleep health and the small sample size of the HIV-/MA+ group,
multiple linear regression examined global sleep scores as a function of MA status and
clinical covariates (including those that are specific to HIV) specifically within PWH.
Covariates included clinical variables from Table I with univariable associations with the
primary independent variable [MA status (i.e., HIV+/MA+ vs. HIV+/MA-)] as well as
associations with the primary dependent variable (global PSQI) with pvalues < 0.10.
Variables sex and sexual orientation were included based on theoretical evidence (44, 45).
Additionally, HIV disease and treatment covariates were included to determine if HIV-
specific factors attenuated the effects of MA status on global sleep in PWH. Stepwise
regression models used backward selection based on Akaike Information Criterion (AIC) to
select the optimal model.

To determine potential co-occuring neurobehavioral functional impairments associated with
poor sleep quality within the dual-risk HIV+/MA+ group, additional nominal logistic
regression models based on AIC were run to examine the association between problematic
sleep membership (global PSQI score<5) and neurobehavioral outcomes (i.e., GDS, IADL
dependence, PAOFI unemployment, Karnofsky, and MOS SF-36 physical and mental health
composites). Covariates were selected based on univariable associations with global PSQI
and did not include HIV or methamphetamine characteristics.

Participant Characteristics

Demographics and clinical characteristics are presented in Table I. Age differed modestly,
but significantly across groups (H(3)=17.78, p<.001), with HIV+/MA- individuals (M=
57.7, SD=11.3) being older than HIV+/MA+ (M= 53.7, SD= 8.8) and HIV-/MA+
individuals (M= 49.9, SD=10.7). The HIV+ groups had a greater proportion of men
(x(3)%=24.29, p<.001) and individuals who identified as homosexual (y(3)?=78.89, p<.001)
than the HIV-/MA- group, and the HIV+/MA+ group had fewer years of education than the
HIV+/MA- and HIV-/MA- groups (A3,309)=5.77,p< .001). In general, the HIV+/MA+
group reported more current depressive symptoms (BDI-11; H(3)=20.61, p<.001) and were
more likely to meet criteria for lifetime Major Depressive Disorder (MDD; X(3)2:29.82,
p<.001). This group also had higher rates of lifetime non-MA substance use disorders (i.e.,
alcohol, x(3)?=37.37, p<.001; cannabis,  (3)>=45.07, p<.001; cocaine, (3)?=61.65,
p<.001) than the other groups. HIVV+ individuals had higher prevalence of hypertension
(X(3)2:19.63, p<.001) and hyperlipidemia (X(3)2:15.71, p=.001) than HIV- individuals,
and individuals within the HIV+/MA+ group had a higher prevalence of hepatitis C co-
infection (x (3)?=14.82, p=.002) than the other three groups.

HIV Disease and Methamphetamine Use Characteristics

Within the HIV+ group, MA+ individuals had significantly lower nadir CD4 cell count than
MA- individuals (1)=2.18, p=.03). However, there were no other notable differences
between MA groups on HIV disease and treatment characteristics. Overall, current MA use
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(within the last 30 days) was not common in our sample (n= 18), although the HIV+/MA+
group reported significantly more MA use within the last 30 days than the other three
groups. Within people who met criteria for lifetime MA use disorder, there were no
differences between HIV+ and HIV- on all other MA use characteristics (p’s= .18).

Self-reported Sleep Quality

PSQI scores by HIV/MA group are reported in Table I1. Groups differed significantly on
global PSQI scores (A3, 309)= 3.63, p=.001) such that HIV+/MA+ individuals endorsed
significantly more problematic sleep (global scores) than HIV+/MA- (a= 0.39, p=.005)and
HIV-/MA- individuals (= 0.46, p=.004). Groups also differed significantly by prevalence
of problematic sleep status (global scores > 5; XZ(S): 12.63, p=.006) such that the HIV
+/MA+ group had a higher proportion of individuals classified as problematic sleepers
compared to the other three groups (ORs= 2.19, ps< .004; Figure 1). No significant
differences were observed among the three remaining groups on global PSQI or problematic
sleep classification. The pattern of individual item responses on the PSQI indicated that HIV
+/MA+ individuals reported not only poorest overall sleep quality, but also latency of sleep
onset, highest prevalence of medication use for sleep, and highest prevalence of sleep
disruptions due to bad dreams and other unspecified causes.

Lifetime Methamphetamine Use Disorder and Sleep in PWH

Multiple regression analysis within PWH examined the independent contribution of MA
status on Global PSQI scores while adjusting for clinical covariates and HIV-disease specific
factors (Table I11). Based on univariable associations with the primary independent variable
[MA status (i.e., HIV+/MA+ vs. HIV+/MA-)], the following were included as covariates in
AIC-based regression: age, sex, education, BDI-1I scores, lifetime alcohol use disorder,
lifetime cocaine use disorder, lifetime cannabis use disorder, MA use in the last 30 days, and
HCV. In addition, body mass index (BMI) was added to the model based on its association
with the primary dependent variable (global sleep; p=.05), along with sexual orientation and
HIV-specific covariates (i.e., AIDS diagnosis, plasma HIV RNA, nadir and current CD4+ T-
cell count, and estimated duration of infection). The model was significant (A4, 175)=
14.27, R?= .25, RAAdj)= .23, p< .001) and contained lifetime MA use disorder, having
higher BDI-II scores, higher BMI, and detectable HIVV RNA being associated with higher
global PSQI scores. In considering the possible contribution of extraneous variables that
may be common among participants who reported recent MA use, the regression model was
rerun after excluding for those who endorsed MA use within the last 30 days (total n=18).
Using AIC selection criteria, lifetime MA use disorder continued to significantly contribute
to the variance in sleep quality (6=1.19 compared to 6=1.27). Similarly, to focus on a
clinically relevant subgroup, the regression model was rerun after excluding participants
who were off ART or had HIV RNA levels above 200 copies/ml (n=15). In this virologically
suppressed subgroup, lifetime MA dependence again remained associated with global sleep
based on AIC selection (data not presented).

Sleep Quality and Neurobehavioral Function

To examine potential co-occuring neurobehavioral functional impairments, in addition to
poor sleep, experienced by PWH with a history of MA use disorder, we evaluated
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relationships between problematic sleep membership (global PSQI score>5) and clinically-
relevant neurobehavioral outcomes within the HIV+/MA+ group (n= 84). Problematic sleep
quality was associated with decreased self-reported physical (MOS SF-36 Physical Health:
a= .71, 95% CI [.23, 1.18], = 2.98, p=.004) and mental life quality (MOS SF-36 Mental
Health: o= .85, 95% CI [.36, 1.33], £3.58, p=.001), increased odds of IADL dependence
(OR=2.90, 95% CI [1.15, .024], X2:5.35, p=0.24), and marginally associated with
increased odds of unemployment (OR= 2.35, 95% CI [.94, 5.92], XZ: 3.35, p=.07) and
clinician ratings of worse health-related functioning (Karnofsky; a= .46, 95% CI [-.03, .94],
£=1.88, p=.06). Problematic sleep was not associated with neurocognitive impairment (high
GDS) (OR=.31, 95% CI [.-.13, .74], &= -1.38, p= .171). Upon adjusting for covariates with
univariable associations with the neurobehavioral outcome of interest, problematic sleep
significantly explained unique variance in self-reported physical life quality (MOS SF-36
Physical Health), but not other outcomes (R%= .45, A3, 66)=17.43, p< .001; OR= 7.31, 95%
CI [1.60, 13.02], £= 2.56, o= .013). Covariates included in this model include age, sex, BDI-
I1, hypertension, hyperlipidemia, diabetes, and total number of medications.

DISCUSSION

Rates of MA use are elevated among PWH and are associated with poorer sleep quality in
the general population (23, 24) (46). The present study is the first to explore the
relationships between past (not current) MA use disorder, HIV disease, and sleep quality.
Our results demonstrate that PWH who have a history of prior MA use disorder had
significantly poorer sleep quality and were more likely to be classified as problematic
sleepers than those without a lifetime disorder. This relationship between lifetime MA use
disorder among PWH is robust to MA group differences in biopsychosocial factors and is
linked to sleep quality above and beyond the effects of HIV disease severity and other
established risk factors for poor sleep. Further, poorer sleep quality among PWH with
comorbid lifetime MA use disorder was associated with a number of neurobehavioral
functional outcomes, including decreased physical and mental life quality, IADL
dependence, unemployment and clinician-rated functional disability.

As expected, lifetime MA use disorder was negatively associated with sleep quality;
however, this finding was isolated to PWH and independent of recent MA use. In addition,
MA use characteristics (frequency, quantity, duration, and recency) did not differ by HIV
serostatus, suggesting sleep among PWH may be specifically related to the effects of non-
recent MA use. Prior studies have demonstrated detrimental effects of MA on
neurobehavioral health specific to PWH, including neurocognitive impairment (17, 34, 39)
and associated everyday life consequences such as unemployment (39, 47, 48) and
difficulties performing activities of daily living (39). It is possible that disrupted sleep may
mediate the link between MA and functional outcomes, although longitudinal studies are
needed to determine causality. Depressive symptoms in the HIVV+/MA+ group are also
consistent with prior research (49). While depressive symptoms were also associated with
global PSQI scores, as expected, this did not attenuate the relationship between MA and
global PSQI scores in PWH, suggesting additional mechanisms underlying MA-related sleep
disturbance independent of mood.
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One explanation for our findings is the combined, long-term CNS effects of excessive MA
use and HIV on brain structures and/or pathways responsible for sleep regulation. While
MA’s major mechanism of action is through increased activity of the mesolimbic dopamine
system (50), emerging evidence supports that GABA-ergic dysfunction results from abuse of
amphetamines (51-53). Projection systems of GABA include the reticular nucleus of the
thalamus to the rostral brainstem reticular formation, a structure critical for sleep regulation.
Further, GABA also promotes sleep via hypothalamic projections that inhibit serotonergic,
noradrenergic, histaminergic, and cholinergic arousal systems (54). Future studies linking
GABA to MA use and sleep quality are necessary to establish this theoretical mechanism of
action. Also, while the lack of evidence of sleep disturbance in the very small HIV-/MA+
group would not support long-term effects of MA use on CNS mechanisms important for
sleep, a much larger subject sample would be needed to draw any confident conclusions
about HIV-/MA+ individuals.

Prior literature on the prevalence of sleep disturbance in PWH is variable and comparisons
between demographically matched, HIV serostaus groups on sleep quality is lacking. In a
meta-analysis of self-reported sleep disturbance in PWH, the overall prevalence was 58%
(2). No comparisons have been made with HIV-uninfected individuals from the same
population (with many similar lifestyle factors in Table I) to determine whether this
prevalence is higher than in this type of comparison group. The current findings suggest HIV
status alone may not elicit poor perception of sleep, however, fragmented sleep has been
identified in chronic health conditions even without the patient’s perception of poor sleep
(55). Consistent with prior literature (56), detectable HIV RNA was associated with poorer
perceived sleep quality in our multiple regression analyses, but the specific mechanism for
this association (e.g., worse ART adherence) could not be established. Other literature has
suggested that HIV infection is linked to objective sleep measurements, including reduced
slow wave sleep (57-59) and reduced rapid eye movement latency (60). However, studies
have failed to detect similar associations between HIV disease severity and objective sleep
measurements (61-63), highlighting the uncertainty to which HIV infection, by itself, may
contribute to reductions in sleep quality.

The study has several limitations. First, the data are cross-sectional and cannot determine
causality. Lifetime MA use disorder is suspected to precede self-reported poor sleep within
the last 30 days, however, such self-reported sleep disturbances may be longstanding and
could even have served as a precursor to problematic substance use (64). Thus, future
longitudinal evaluations or with increased sample size, the use of structural equation
modeling, would be helpful in better determining the timing, duration, and directionality of
associations between MA use disorders and sleep. This goes alongside our report of
neurobehavioral outcomes associated with problematic sleep within PWH with a history of
MA use disorder. While theoretically, sleep should have some influence on function, it is
also possible that there is some unique third variable quality within the HIV+/MA+ group
that leads to both poor sleep and poor neurobehavioral outcomes. Again, a longitudinal
research design or a larger sample size may help in teasing out the directionality of our
findings.
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Second, the small sample size of the HIV-/MA+ group hinders our ability to detect
statistically significant associations between MA use and other findings with the HIV-
participants. For example, the difference between HIV+/MA+ and HIV-/MA+ groups on
global PSQI was not statistically significant (o= .124), yet the effect size suggests a
nontrivial difference (o= .42). While our sample did not demonstrate an interaction between
HIV and MA possibily due to this limitation, this relationship may exist. Further, while
lifetime MA use disorder independently contributed to sleep quality in PWH, we did not
observe a recent MA use effect on sleep. We should note that this too may be due to low
power, with very few participants reporting use in the last 30 days. It is also important to
highlight the complexity of polysubstance use in the context of a cross-sectional,
retrospective study. The MA+ groups had higher rates of all other lifetime substance use
disorders (i.e., alcohol., cannabis, and cocaine) than the MA-groups. Despite this, lifetime
MA use disorder was retained in the multiple regression model, while the other substances
did not. Due to limited data on participants who met criteria for a current substance use
disorder or other measurements of current substance use parameters, our finding cannot
speak to other potential factors associated with polysubstance use that may explain
differences in sleep between MA+ and MA- groups. Future studies to formally investigate
polysubstance use in more detail is needed to futher confirm our findings.

In addition, we did not find associations between age, sex, or sexual orientation on sleep
quality, which is contrary to well established literature on these topics (44, 45). We suspect
that the presence of other clinical risk factors for poor sleep, including those identified in
this study (i.e., MA use, depression, BMI, and HIV disease), may be masking the detection
of these variables traditionally known to impact sleep quality. There also remains the
possibility that other unmeasured factors such as homelessness and/or SES may account for
the observed relationship that MA was related to sleep in PWH that should be explored
further in future studies. Lastly, the PSQI questionnaire is based on self-report, which is
subject to recall and reporting bias. While there is merit in characterizing perceived sleep
quality in vulnerable populations, as even the perception of poor sleep can influence mood
and physical health (65, 66), subjective measurements are just one facet of sleep quality and
the inclusion of objective measurements such as actigraphy would enhance understanding of
sleep in PWH and substance using populations. Importantly, the global PSQI score
demonstrates strong sensitivity (89.6%) and specificity (86.5%) in distinguishing good from
poor sleepers among the general population (31, 67). While the sensitivity in detecting an
insomnia diagnosis in PWH remains high (92%), the specificity drops considerably (61%)
(68). This suggests that the PSQI may not just be capturing sleep quality in PWH and raises
the question as to whether items such as “trouble staying awake during the day” or “trouble
keeping enthusiasm” are purely a function of poor sleep or a result of HIV-infection,
prescribed medications, and/or associated psychosocial factors. Studies investigating the
quality of the PSQI subcomponents in capturing sleep quality within PWH using factor
analyses may be a natural next step for future research.

CONCLUSIONS

Findings from this study suggest that self-reported poor sleep quality in PWH is
independently associated with lifetime MA use disorder, above and beyond depressed mood
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and other clinical covariates, and is correlated with clinically-relevant neurobehavioral and
life quality outcomes. Understanding the relationship between poor sleep and remote MA
use disorder in PWH may promote increased assessment and consequently, treatment for
poor sleep in this already vulnerable group, as poor sleep in individuals without HIV and
history of MA use disorder has already demonstrated to be predictive of poor emotion
regulation (69), cognitive impairment (70), and increased risk-taking behaviors (71). Future
studies using a longitudinal design and or a larger sample size is needed to determine
whether poor sleep reported in the HIV+/MA+ group is a consequence of remote MA use.
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Figure 1.

1
HIV-/MA-

Problematic sleep (a global PSQI score> 5) grouped by HIV status and lifetime
methamphetamine use disorder. The HIV+/MA+ group had higher rates of problematic sleep
when compared to the other three groups. Differences among HIV+/MA-, HIV-/MA+, and
HIV-/MA- were not significant (p’s> .45). Data is presented as mean proportions and 95%

confidence intervals. OR = odds ratio. *p< .05, **p< .01.
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Figure 2.
Self-reported physical quality of life is lower in participants who reported problematic sleep

compared to those with non-problematic sleep in comorbid HIV disease and lifetime
methamphetamine (MA) use disorder (HIV+/MA+). Lines represent mean values and error
bars represent 95% confidence intervals. In HIV+/MA+, individuals classified as
problematic sleepers on the Pittsburgh Sleep Quality Index (global score> 5) reported
significantly lower physical quality of life than individuals with non-problematic sleep. The
association between problematic sleep and lower physical quality of life remained in
multivariable models adjusting for age, sex, depressive symptoms, hypertension,
hyperlipidemia, diabetes, and total number of medications (6= 7.31, p=.013; total model fit:
R%= 45, A3, 66)=17.43, p< .001).
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Participant characteristics by HIV serostatus and lifetime methamphetamine (MA) use disorder (n=313)

HIV+ HIV-
MA+ 1 MA-= 2 MA+ 3 MA- 4 Test statistic ~ p-value  Pairwise
(N=84) (N=141) (N=16) (N=72)

Demographics
Age (years), mean (SD) 53.7 (8.8) 57.7 (11.3) 49.9 (10.7) 56.0 (14.6) H(3)=17.78 <.001 2>1,3
Sex (male), N (%) 72 (85) 120 (85) 11 (68) 42 (58) x(3)2=2429  <.001 1,2>4
Race/Ethnicity (White), N (%) 50 (59) 91 (64) 7 (44) 51 (70) x(3)%=8.96 71 .
Education (years), mean (SD) 13.4 (2.5) 14.6 (2.6) 13.4 (2.6) 148(2.3) FA3,309)=5.77  <.001 1<2,4
Premorbid verbal 10 estimate”. 1021 (12.8)  103.7(15.0)  99.6 (11.6) (1105§.()5) A3,306)=1.69 .17 .

mean (SD)

Sexual orientation 53 (66) 88 (69) 2 (13) 15 (21) x(3)’=78.89 <.001 1>3,4;
(homosexual), N (%) 2>34
Psychiatric and Substance Use

BDI-I1, median [IQR]b 83, 16] 551, 10] 2510, 6] 310, 8] H(3)=20.61 <.001 1>22>,?:1,4;

LT MDD, N (%) 60 (71) 84 (60) 4(25) 25 (33) x(3)%=29.82 <001  1>34;2>4

LT Alcohol Diagnosis, N (%) 61 (73) 61 (43) 9 (56) 18 (25) x(3)2=37.37  <.001 1;5;2;

Current Alcohol Diagnosis, N 1(1) 2(2) 0(0) 0(0) FET 83 -
(%)

LT Cannabis Diagnosis, N (%) 42 (50) 17 (12) 4 (25) 3(4) x(3)?=45.07 <.001 1>2,4; 3>4
(o/c)lurrent Cannabis Diagnosis, N 4(5) 2(2) 0(0) 0(0) FET .15 -

b

LT Cocaine Diagnosis, N (%) 46 (55) 27 (19) 8 (50) 10 (14) x(3)?=61.65 <.001 1>2,4;3>4

Current Cocaine Diagnosis, N 0 0 0 0 - - -
(%)

Positive urine toxicology screen, 15 (19) 17 (13) 2 (15) 5(7) x(3)=4.41 22 -

N (%)

Ever Intravenous drug use, N 41 (49) 10 (7) 6 (38) 2(3) FET <.001 1>2,4;
(%) 3>2,4
HIV disease characteristics

AIDS Diagnosis, N (%) 63 (76) 89 (64) -- -- x(1)?=3.14 .07 -

o e'i?]“(’gaDt)ed years of infection, 20085  203(92) - - 11)=.26 80 -
ART (on), N (%) 81 (96) 136 (98) - - x(1)?=.40 53 .
Nadir CD4 (cells/uL), median 149.0 208.8 [174.8, _

[10R] [1133(;.47], 203,11 - - f1)=2.18 .03 1<2
Current CD4 (cells/uL.), median [ggg'_g 634.2 [587.5, ~ ~ (1)=86 20 ~

[IQR] 663.4] 680.9]

(urf’ Jgfé‘c‘?ag:e\)’ m@)) 77 (86.5) 133 (94.3) - - Y(1?=1.12 30 -

Methamphetamine use

characteristics®
Use in the last 30 days, N (%) 11 (13) 5(4) 1(6) 1(1) FET .009 1>2,34
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HIV+ HIV-
MA+ 1 MA-= 2 MA+ 3 MA-= 4 Test statistic ~ p-value Pairwise
(N=84) (N=141) (N=16) (N=72)

[IQDF?]yS since last use, median 14258[2]52, B 21;117[5[]83, _ (1)=1.22 29 _
Age of first use, mean (SD) 25.9 (11.7) -- 24.6 (10.2) -- 1(1)=72 A7 -
Total days used, median [IQR] 16229[3]51’ -- 16}138[3]13’ -- 1(1)=.24 .81 -

[IQT%aI quantity (grams), median 91279‘[1%?7, B 6320[2]1 ~ f1)=.15 87 _

meDd?:rfl[t?/Qoé]use (grams/day), 6133282]6 B 315é21]4 _ £1)=.68 50 _

Comorbid Medical Conditions
Hypertension, N (%) 44 (55) 84 (61) 2(12) 27 (39) x(3)%=19.63 <.001 1>3,4; 2>4
Hyperlipidemia, N (%) 39 (49) 82 (60) 4 (25) 24 (35) x(3)%=15.71 .001 2>4
Diabetes, N (%) 14 (17) 30 (22) 1(6) 12 (17) x(3)%=2.68 44 -
Body mass index, mean (SD) 28.3(6.0) 27.4(5.7) 30.9 (8.4) 28.9 (7.9) H(3)=3.28 .35 -
Hepatitis C, N (%) 26 (32) 24 (17) 1(6) 7 (10) x(3)2=14.82 .002 1>2,3,4

Medications
Total medications, mean (SD) 6.8 (4.9) 7.7(5.2) 3.0(2.1) 3.8(2.7) H(3)=31.27 <.001 1>3,4; 2>3
Number of sedative 5(.9) A4 (.7) 1(.3) 1(.5) H(3)=23.03 <.001 1>4

medications, mean (SD)

Number of ART medications, 3.6 (1.0) 3.6 (1.0) -- - 1(1)=34 .73 -
mean (SD)

Neurobehavioral Function
GDS, mean (SD) .7(6) .7(6) 4(4) 6(7) A3,306)=.93 42 -
IADL Dependence, N (%) 23 (28) 30 (22) 1(7) 4 (6) x(3)2=2253  <.001 1>4
PAOFI unemployment, N (%) 52 (63) 97 (69) 10 (62) 39 (55) x(3)%=4.59 205 .
Karnofsky, mean (SD) 92.4 (1.6) 93.1(1.2) 99.2(38)  96.7(L7) H(3)=5.58 13 -

o S)F-36 Physical Health, mean 459 (14.3) 469 (12.7) 52.7(8.6)  52.0(10.9) A3,275)=351 016  1<34;2<4
SF-36 Mental Health, mean 485 (11.5) 51.5(10.3)  54.2(133)  55.9(8.0) H(3)=16.63  <.001  1<34;2<4

(SD)

a\NRAT4:Wide Range Achievement Test-Fourth Edition; GDS=global deficit score; LT=lifetime; MDD=Major Depressive Disorder;

ART=antiretroviral therapy; FET=Fisher’s Exact test; PAOFI=Patients Assessment of Own Functioning Inventory; SF-36 = Physical and Mental
Health subcomponents of the Medical Outcomes Study Short-Form Health Survey (MOS SF-36), composite scores were calculated via summary
scores from obliquely rotated factor solution (Farivar et al., 2007), higher scores represent better health-related quality of life;

b

BDI-11=Beck Depression Inventory-Second Edition, does not include sleep item;

Other than use in the last 30 days, methamphetamine use characteristics only describes lifetime MA use disorder groups;

Pairwise comparisons were conducted using Tukey’s Honest Significant Difference (HSD) or Wilcoxon tests for continuous outcomes or
Bonferroni-corrections for categorical outcomes
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Table Il.

Perceived sleep quality on the Pittsburgh Sleep Quality Index (PSQI) by HIV serostatus and lifetime
methamphetamine (MA) use disorder

HIV+ HIV-
MA+ 1 Test statistic ~ p-value  Pairwise
_ MA-2(N=141) MA+3(N=16) MA-4(N=72)
(N=84)

Global PSQI 7.2 (4.4) 5.6 (4.1) 5.4 (4.2) 5.3 (4.5) FA3,309)=363  .001 1>2,4
Problematic Sleep (Global 3)2=12.63 1>234
S5) N (%) 49 (58) 55 (39) 5(31) 24 (33) x@3) 006

Minutes to fall asleep A3,309)=2.59 1>4
each night 27.3(18.9) 22.5(19.6) 23.7 (22.0) 18.9 (16.5) 05

Hours of actual sleep FA3,309)=.12 -
per night 7.3(1.7) 7.2(2.9) 71(1.2) 7.1(1.7) 95

Cannot get to sleep F3,309)=2.24 -
within 30 min 1.4 (1.1) 1.1(1.1) 8(1.0) 1.1(1.1) 08

Wake up middle of H(3)=3.16 -
night or early morning 2.2(1.0) 1.9(1.1) 1.9(.9) 1.8(1.3) 37

Use bathroom 2.3(1.0) 2.2(1.0) 2.2(1.1) 2.0(1.2) FA3,309)=.88 45 -

Cannot breathe A3,309)=1.40 -
comfortably 5(1.0) 4(.8) 2(4) 4(.8) 24

Cough or snore loudly .7(1.0) 6(1.1) 5(.9) 5(.9) FA3,309)=.65 .59 -

Feel too cold .6(.9) 5(.8) .6(.8) .6(.9) F3,309)=.60 .62 -

Feel too hot 1.0(1.2) .7(1.0) 5(.9) .8(1.0) FA3,309)=2.05 A1 -

Have bad dreams .8(.9) 4(.8) 6(.7) 5(.8) FA3,309)=4.81 .003 1>2,4

Have pain 1.2 (1.2) 1.0 (1.2) 8(12) 8(1.1) F(3,309)=1.36 26 -

Other reasons trouble A3,309)=3.83 1>2
slesping 9(1.2) 4(.9) 7(12) 4(.9) o1

Taken medication to H(3)=14.32 1,2>4
help sleep 1.2(1.3) 1.1(1.3) 7(13) 5(1.1) 003

Trouble staying awake H(3)=7.23 -
during the day 40D 4(8) 3(6) 2(5) .06

Trouble keep F3,309)=2.87 -
enthusiasm 1.1 (1.0) 8(.9) 6(.8) 7(.8) o4

Overall rating of slee H(3)=8.03 1>2
e 9 p 12(8) 9(8) 9(5) 9(6) ®) 5

Data are presented at mean (SD) unless otherwise noted; Global PSQI score range from 0-21; other than minutes to fall asleep each night and
hours of actual sleep per night, subitems on the PSQI range from 0-3 (0=not during the past month, 1=less than once a week, 2=once or twice a
week, and 3=three or more times a week); ratings for overall rating of sleep quality are classified as 0=very good, 1=fairly good, 2=fairly bad, and
3=very bad
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Table lll.

Multiple regression on global PSQI within PWH (n=225)

Beta (SE) 95% Cl p-value Std. Beta
Lifetime MA use disorder (vs. MA-) 1.27(.61) .06, 2.48 .039 14
BDI-11 (higher) 18(03)  .11,.24 <001 37
BMI (higher) 10(05)  .00,.19  .042 14
HIV Plasma HIV RNA (vs. undetectable)  2.85(1.05) .77,4.93 .008 .18

Overall model fit: R2= .25, RZ (Adj)= .23, A4, 175)= 14.27, p< .00L;

Page 20

Covariates that were not selected based on AIC: age, sex, sexual orientation, education, lifetime alcohol use disorder diagnosis, lifetime cocaine use
disorder diagnosis, lifetime cannabis use disorder diagnosis, MA use in the last 30 days, hepatitis C, CD4 count, nadir CD4, estimated duration of

HIV infection, and AIDS status
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