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Abstract

Background: This longitudinal study examined whether co-occurring stimulant use and HIV
disease processes predicted greater risk for depression via dysregulated metabolism of amino acid
precursors for neurotransmitters.

Methods: In total, 110 sexual minority men (i.e., gay, bisexual, and other men who have sex
with men) living with HIV who had biologically confirmed recent methamphetamine use were
enrolled in a randomized controlled trial. The kynurenine/tryptophan (K/T) and phenylalanine/
tyrosine (P/T) ratios were measured over 15 months to index dysregulated metabolism of amino
acid precursors for serotonin and catecholamines. Markers of gut-immune dysregulation such as
lipopolysaccharide binding protein and soluble CD14 (sCD14), HIV persistence in immune cells
(i.e., proviral HIV DNA), and stimulant use were examined as predictors. These bio-behavioral
measures, including the K/T and P/T ratios, were also examined as predictors of greater risk for
depression over 15 months.

Results: Higher time-varying sCD14 levels (B = 0.13; p = 0.04) and time-varying detectable
viral loads (p = 0.71; p < 0.001) were independent predictors of a higher K/T ratio. Time-varying
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reactive urine toxicology results for stimulants (B = 0.53; p < 0.001) and greater proviral HIV

DNA at baseline (B = 0.34; p < 0.001) independently predicted an increased P/T ratio. Greater
time-varying, self-reported methamphetamine use uniquely predicted higher odds of screening
positive for depression (Adjusted Odds Ratio = 1.08; 95% CI = 1.01-1.17).

Conclusions: Ongoing stimulant use and HIV persistence independently predict dysregulated
metabolism of amino acid precursors for catecholamines, but this did not explain amplified risk for
depression.
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Introduction

Despite profound advances in the medical management of HIV infection, people who use
stimulants such as methamphetamine and those with depressive disorders remain at elevated
risk for faster clinical HIV progression.1-® In fact, depression is a prevalent comorbidity
affecting as many as one third (31%; 95% CI = 28-34%) of people living with HIV (PLWH)
that is exacerbated by co-occurring stimulant use.®.” Depression and stimulant use also fuel
difficulties with anti-retroviral therapy (ART) adherence and persistence, leading to elevated
viral load and amplified risk of onward HIV transmission.8-11 Although it is clear that
depression and stimulant use undermine the benefits of HIV treatment as prevention, few
longitudinal studies have examined the bio-behavioral pathways linking the triumvirate of
stimulant use, depression, and HIV.

It is well established that PLWH display dysregulated metabolism of essential amino acid
precursors for neurotransmitters, which could explain high rates of depression among
PLWH who use stimulants.®” Dysregulated serotonin synthesis is a risk factor for greater
depressive symptoms and clinical HIV progression,12-14 but relatively less is known

about the consequences of dysregulated catecholamine synthesis in PLWH. An elevated
kynurenine/tryptophan (K/T) ratio indexes decreased serotonin synthesis,® and a higher
phenylalanine/tyrosine (P/T) ratio is indicative of impeded catecholamine synthesis such as
dopamine.1® Among PLWH, elevations in the K/T ratio are associated with depletion of
T-helper 17 cells in the gastrointestinal tract,1” and a higher K/T ratio predicts faster clinical
HIV progression.18 The P/T ratio is also elevated in PLWH,* which may lead to reduced
synthesis of catecholamines such as dopamine.1® This could have clinical implications for
the course of stimulant use disorders, because decreased dopamine activity in the central
nervous system has been shown to predict relapse.2% As shown in Figure 1, this longitudinal
study examined whether co-occurring stimulant use and HIV disease processes predict
dysregulated metabolism of essential amino acid precursors for neurotransmitters that could,
in turn, explain amplified risk for depression in PLWH who use stimulants.

HIV Disease processes are linked to neuropsychiatric comorbidities

HIV disease processes such as microbial translocation and immune activation could amplify
dysregulation of the metabolism of essential amino acid precursors for serotonin and
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catecholamines that are linked to neuropsychiatric comorbidities in PLWH.21 HIV damages
the gastrointestinal tract early in infection,?2 causing persistent leakage of products like
lipopolysaccharide (LPS). LPS-binding protein (LBP) is a plasma marker for the presence of
gram-negative bacteria that translocate more readily from the gastrointestinal tract due HIV-
induced epithelial damage.23 Microbial translocation, in turn, amplifies immune activation in
those receiving effective HIV treatment.2! For example, soluble CD14 (sCD14) is released
by activated monocytes following stimulation by LPS and inflammatory cytokines.23

The clinical relevance of this monocyte activation marker is supported by findings that
higher sCD14 levels in plasma and cerebrospinal fluid are associated with neurocognitive
impairment and faster clinical HIV progression.24-26 The potentially central importance

of immune activation is further supported by prior research documenting an association

of greater CD8+ T-cell activation with depression,2”28 and lower CD4+ and CD8+ T-cell
activation with greater variation of diurnal salivary cortisol.2® An important gap, addressed
in the present longitudinal study;, is that relatively little is known about the prospective
associations of markers of gut-immune dysregulation such as LBP and sCD14 with risk for
depression in PLWH.

It is also clear that HIV persistence in the immune cells of ART-treated individuals is
central to HIV pathogenesis.30:31 The amount of HIV DNA integrated into the DNA of the
host (referred to as proviral HIV DNA) is one indicator of HIV persistence that measures
both replication-competent and defective virus.32 The clinical relevance of this measure is
supported by findings that greater proviral HIV DNA in monocytes predicts HIVV-associated
neurocognitive disorders.33 Although those who achieve an undetectable viral load and
remain adherent to ART display decreased immune activation and inflammation, 3435 HIV
persistence in immune cells could amplify risk for depressive disorders and more persistent
stimulant use disorders by altering the metabolism of essential amino acid precursors for
neurotransmitters in those with treated HIV infection.

Stimulant-associated biological alterations could amplify risk for depression

There is increasing evidence that stimulant use amplifies immune dysregulation in treated
HIV infection, which may have potent neuropsychiatric consequences. Cross-sectional
studies conducted with sexual minority men (i.e., gay men, bisexual men, and other men
who have sex with men) have observed greater immune activation and inflammation in those
who use stimulants such as methamphetamine.36-38 A cross-sectional study with sexual
minority men observed that recent methamphetamine use was associated with elevated rectal
interleukin-6 (IL-6) and rectal tumor necrosis factor — alpha (TNF-a.) regardless of HIV
status.36 Rectal inflammation may be partially attributable to methamphetamine-associated
alterations in the gastrointestinal microbiome among those living with HIV.39 In another
cross-sectional study of virally suppressed methamphetamine-using sexual minority men
living with HIV, those who provided a urine sample that was reactive for stimulants (i.e.,
methamphetamine or cocaine) displayed differential expression of genes and two-directional
perturbation of pathways relevant to immune activation, inflammation, and HIV persistence
that were paralleled by elevations in plasma TNF-a..3” Furthermore, recent findings with
methamphetamine-using sexual minority men living with HIVV who had an undetectable
viral load indicate that those providing a urine sample that was reactive for stimulants also
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displayed elevated sSCD14.38 These stimulant-associated alterations in biological processes
relevant to HIV pathogenesis may partially explain prior observations of depleted tryptophan
in stimulant-using PLWH receiving ART,? which could have implications for depression
and greater risk-taking propensity in this population.41:42

The overarching goal of this longitudinal study was to examine the biological pathways
whereby co-occurring stimulant use and HIV disease processes (i.e., microbial translocation,
immune activation, and HIV persistence) could amplify risk for depression over 15 months.
As shown in Figure 1, we hypothesized that measures of stimulant use and HIV disease
processes would predict higher K/T and P/T ratios over 15 months (Hypothesis 1). We

also examined the extent to which co-occurring stimulant use and HIV disease processes
predicted greater odds of screening positive for depression over 15 months via dysregulated
metabolism of amino acid precursors for neurotransmitters (Hypothesis 2).

The present longitudinal study was conducted as a secondary analysis by leveraging data
from randomized controlled trial (RCT) that enrolled 110 sexual minority men living with
HIV who had biologically confirmed methamphetamine use.43 Follow-up assessments were
conducted at 6, 12, and 15 months. Among the 110 participants randomized, follow-up rates
at 6 (88%), 12 (80%), and 15 (71%) months were acceptable with no significant differences
between the experimental conditions. In the parent RCT for the present longitudinal study,
we previously reported on the efficacy of the positive affect intervention delivered during
contingency management for increasing positive affect, reducing self-reported stimulant use,
and achieving durable reductions in HIV viral load.#*4° All procedures were approved by
the Institutional Review Board for the University of California, San Francisco; with reliance
agreements from the University of Miami and Northwestern University. All participants
provided written informed consent prior to enrollment, including consent for specimen
banking.

Demographics and health status.—Participants reported their age, race/ethnicity,
education level, income, and time since HIV diagnosis in a demographic questionnaire.

HIV viral load testing was performed to detect plasma HIV RNA using the Abbott Real
Time HIV-1 assay (Abbott Molecular, Inc.; Des Plaines, IL). The lower limit of detection
was 40 copies/mL. CD4+ T-cell count was measured with whole blood using flow cytometry
by Quest Diagnostics.

ART regimen and adherence.—Participants were asked to list their current ART
medications and the date they first started ART. In addition, self-reported ART adherence
during the past 30 days was measured using a validated visual analog scale.*6

Depressive symptoms.—The 20-item Center for Epidemiologic Studies Depression
(CES-D) scale was used to screen for clinically significant depressive symptoms at each
assessment over 15 months.#’ Those with a CES-D total score of 16 or greater were
classified as having greater risk for depression (coded as 1) versus participants with a score
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of less than 16 (coded as 0). The CES-D had adequate internal consistency (Cronbach’s
alpha = 0.90).

Recent stimulant use.—At each assessment over the 15 months, urine samples were
collected for on-site toxicology screenings for methamphetamine and cocaine using the iCup
(Redwood Biotech, Inc.; Santa Rosa, CA). The iCup can detect any stimulant use (i.e.,
methamphetamine or cocaine) within the past 72 hours (coded as 1) versus no stimulant use
(coded as 0).

Self-reported methamphetamine use.—At each assessment over the 15 months,
participants reported the number of days that they used methamphetamine in the last 30
days. Assessment of self-reported methamphetamine use in the last 30 days is consistent
with the Addiction Severity Index.*8

K/T and P/T ratios.—The K/T and P/T ratios were measured at each assessment over
the 15 months. A reverse-phase high performance liquid chromatography method with
fluorescence analysis was utilized to measure tryptophan and kynurenine at 286 nm and
360 nm respectively. Concentration of phenylalanine and tyrosine was measured via 210
nm excitation and 302 nm respectively. The detailed methodology has been previously
described.49:50

LBP.—LBP was measured at baseline only via the Bio-Techne Human LBP DuoSet ELISA
for human LBP (cat# DY870-05) per the manufacturer’s instructions. The samples were
diluted 1:2,000, and results were expressed as ng/ml.

sCD14.—At each assessment over the 15 months, plasma levels of sCD14 were determined
using Human Quantikine Immunoassay (R&D Systems, Minneapolis, MN) following the
manufacturer’s instructions. Units were expressed in ng/ml.

Proviral HIV DNA.—Proviral HIV DNA was measured at baseline only in those with an
undetectable plasma HIV viral load. Quantitation of viral DNA was performed on extracted
leukocyte DNA by digital droplet polymerase chain reaction (ddPCR) using a Bio-Rad
QX200 ddPCR instrument (Bio-Rad Laboratories, Inc., Hercules, CA). These procedures are
described elsewhere in detail.51:52

Statistical Methods

Marginal models were constructed to analyze predictors of the time-varying K/T and P/T
ratios over 15 months. Generalized Estimating Equations (GEE) were used to predict greater
risk for depression (i.e., CES-D = 16) over 15 months. An unstructured covariance matrix
was adopted to account for unevenly spaced time points (i.e., baseline, 6, 12 and 15 months).
Unadjusted and adjusted models were constructed for each outcome (i.e., K/T ratio, P/T
ratio, and CES-D = 16). Unadjusted models provide an aggregate association of each
predictor over the 15 months after adjusting for age only. Adjusted models examined the
independent associations of each predictor controlling with all other predictors included in
the model. Predictors measured only at baseline included age, ART regimen, proviral HIV
DNA, and LBP. Time-varying predictors measured over the 15 months included detectable
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HIV viral loads, sCD14 levels, self-reported ART adherence, any recent stimulant use, and
days of self-reported methamphetamine use in the past 30 days. Results provide estimates of
associations across all four time points over the 15-month follow-up. The K/T and P/T ratios
were logyg transformed prior to conducting these analyses. The continuous dependent and
independent variables were standardized to facilitate their interpretation.

The potential confounding effects of ART regimens and adherence were addressed in
adjusted models. Specifically, we included whether participants were prescribed Efavirenz
or a Protease Inhibitor (P1) at baseline, because these ART medications are independently
associated with immune dysregulation and neuropsychiatric symptoms.>3-5° Self-reported
ART adherence was included for adjusted models examining predictors of the K/T and P/T
ratios due to evidence that better ART adherence is associated with lower immune activation
and inflammation, even among PLWH who have an undetectable viral load.343% In the
models examining greater risk for depression, only detectable viral loads were included,
because difficulty with ART adherence is more likely a consequence than a cause of
depression.>®

Among the 110 participants, ages ranged from 24 to 59 years, with a mean of 43.2 (SD

= 8.9). Nearly half of the participants were white (43%), 29% were Hispanic/Latino, 16%
were African American, 3% were Asian American, and 9% were other ethnic minorities
or multiracial. Most participants completed at least some college (75%), and 65% had

an income of less than $16,000 USD per year. The median baseline CD4+ T-cell count
was 646 (Interquartile Range = 428 — 816) cells/mm3, and 74% had an undetectable

HIV viral load (< 40 copies/mL) at baseline. Participants had been living with HIV for

an average of 12.9 (SD = 8.6) years. Most participants were currently prescribed ART

at baseline (89%), and they had been prescribed ART for a mean of 10.1 (SD = 7.4)
years. Approximately 71% of participants had elevated risk for depression at baseline
using the CES-D. Table 1 provides detailed descriptive information for this sample at
baseline. Longitudinal descriptive information for key independent and dependent variables
is provided in Table 2.

Predictors of the K/T ratio.

In the unadjusted models (see Table 3), for every standard deviation unit increase in baseline
LBP (p < 0.04) and time-varying sCD14 levels (p < 0.001), the K/T ratio increased by 0.17
and 0.21 standard deviation units respectively. One standard deviation unit increase in the
time-varying P/T ratio was associated with a 0.20 standard deviation increase in the K/T
ratio (p < 0.001). Participants who were prescribed Efavirenz at baseline had a decrease

of 0.64 standard deviation units in the K/T ratio (p = 0.02). Time-varying detectable viral
loads were associated with an increase in 0.33 standard deviation units in the K/T ratio (p

< 0.001). Because the group x time effect on the K/T ratio was not significant, this was not
included in the models. In the adjusted model, time-varying detectable viral loads predicted
an increase in 0.71 standard deviation units in the K/T ratio (p < 0.001), while being on
Efavirenz at baseline was associated with a decrease of 0.99 standard deviation units in the
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K/T ratio (p = 0.002). For every standard deviation increase in time-varying sCD14 levels,
the K/T ratio increased 0.13 standard deviation units (p = 0.04).

Predictors of the P/T ratio.—In the unadjusted models (see Table 3), each standard
deviation unit increase in baseline proviral HIV DNA (p < 0.001) and the time-varying K/T
ratio (p < 0.001) corresponded to a P/T ratio increase of 0.31 and 0.28 standard deviation
units, respectively. Likewise, one standard deviation unit increase in time-varying sCD14
levels predicted a 0.17 increase in the P/T ratio (p = 0.002). Because the group x time effect
on the P/T ratio was not significant, this was not included in the models. In the adjusted
model, each standard deviation unit increase in baseline proviral HI\VV DNA was associated
with an increase of 0.34 standard deviation units in the P/T ratio (p < 0.001). Likewise, time-
varying recent stimulant use was independently associated with a 0.53 standard deviation
unit increase in the P/T ratio (p = 0.001).

Predictors of elevated risk of depression (i.e., CES-D = 16).—In the unadjusted
models (see Table 4), the odds of screening positive for depression were 183% greater for
time-varying, recent stimulant users (Odds Ratio = 2.83, 95% ClI: 1.86-4.30, p < 0.001).
Likewise, each day of time-varying methamphetamine use reported in the past 30 days
was associated with 10% greater odds of screening positive for depression (Odds Ratio
=1.10, 95% CI: 1.06-1.15, p < 0.001). Neither the K/T (p = 0.57) nor P/T (p = 0.69)

ratios were significantly associated with greater risk of depression in the unadjusted models.
In the adjusted model, each day of time-varying, self-reported methamphetamine use was
associated with 8% greater odds of screening positive for depression (Adjusted Odds Ratio
=1.08, 95% CI: 1.01-1.17, p = 0.03). Neither the K/T nor the P/T ratios were significantly
associated with greater risk of depression (p = 0.63, p = 0.72).

Discussion

Findings from this longitudinal study underscore the enduring, deleterious effects of ongoing
stimulant use for dysregulated metabolism of amino acid precursors for catecholamines and
amplified risk for depression in sexual minority men living with HIV. To our knowledge,
this is the first longitudinal study to observe that even in the context of recent stimulant

use greater HIV persistence in immune cells could alter the synthetic pathways for
catecholamines such as dopamine. Further clinical research is needed to determine whether
and how greater HIV persistence in immune cells could dysregulate catecholamine synthesis
and potentially complicate recovery from stimulant use disorders in PLWH. Interestingly,
dysregulated metabolism of amino acid precursors for neurotransmitters did not mediate

the independent association of more frequent methamphetamine use with greater risk of
depression over 15 months. Clinical research to identify the neurobehavioral and biological
mechanisms linking methamphetamine use and depression is needed to catalyze the
development of new treatments for PLWH who use methamphetamine.

Even among individuals with an undetectable viral load, markers of HIV persistence in
immune cells such as higher proviral HIV DNA may stimulate intracellular inflammatory
mechanisms, such as Toll-Like Receptor 9 and residual transcription of HIV Tat proteins.>’
Activation of these pathways can lead to necrosis and the release of HIV DNA, cytokines,
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and other pro-inflammatory cellular products that induce a positive feedback loop of low-
grade, systemic inflammation. Systemic inflammation, in turn, decreases the availability of
tetrahydrobiopterin (BH4), an essential substrate in the synthesis of catecholamines that
leads to increases in the P/T ratio.18 Further research is needed to determine if these
pathways relevant to dysregulated catecholamine synthesis predict clinical HIV progression
and more persistent patterns stimulant use in PLWH.

The observed associations of baseline LBP and time-varying sCD14 levels with a higher
K/T ratio over 15 months support findings from previous studies. Enduring compromise

of intestinal integrity due to co-occurring stimulant use and HIV may increase microbial
translocation, leading to elevations in LBP and concomitant increases in sCD14.38 Microbial
translocation is partially responsible for elevations in monocyte activation, as indexed by
sCD14 levels in this study, which predicted a higher K/T ratio even after adjusting for
detectable viral loads. Although a prior cross-sectional study observed greater immune
activation and depleted tryptophan in PLWH who use stimulants compared to non-users,*0
neither recent stimulant use nor self-reported frequency of methamphetamine use were
significantly associated with increases in the K/T ratio over 15 months. It is plausible that
stimulant-associated increases in sCD14 levels could indirectly predict a higher K/T ratio,38
and this should be examined in future research.

The association of more frequent methamphetamine use with greater risk of depression was
not mediated by dysregulated metabolism of amino acid precursors for neurotransmitters.
Prior research has consistently observed that elevations in the K/T and P/T ratios have
neuropsychiatric consequences in PLWH, including greater depressive symptoms.12:16 |t is
noteworthy, however, that many of the studies conducted with PLWH excluded those who
use stimulants such as methamphetamine and the estimated prevalence of depression at
baseline in the present study was almost double that observed in the general population

of PLWH.5 It is also clear that elevations in the K/T and P/T ratios have been most

closely linked to the somatic symptoms of depression such as difficulties with sleep and
appetite that are also directly affected by stimulant use. Future research should examine if
dysregulated amino acid precursor metabolism explains the effects of co-occurring stimulant
use and HIV disease processes on other neurobehavioral outcomes, such as impulsivity, that
are relevant to the development and maintenance of stimulant use disorders.*!

Findings from this longitudinal study should be interpreted in the context of some
limitations. First, LBP and proviral HIV DNA were measured at baseline only. Further
research is needed to examine whether more comprehensive, longitudinal measures of
microbial translocation and HIV persistence predict dysregulated metabolism of amino
acid precursors for neurotransmitters and neuropsychiatric comorbidities in PLWH who use
stimulants. Second, proviral HIV DNA indexes both replication-competent and defective
virus. Other measures, such as cell-associated HIV RNA, may provide a better measure

of ongoing HIV replication in immune cells. Although there is some mixed evidence that
stimulants may alter HIV persistence in immune cells,?1:°8:5% more comprehensive measures
of HIV persistence should be examined in future studies. Third, measurement of recent
stimulant use via urine toxicology screening and self-reported methamphetamine use in the
past 30 days did not fully index cumulative exposure. Future research should measure dose-
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response associations with quantitative levels of methamphetamine metabolites using urine
and hair samples while implementing timeline follow-back methods to index cumulative,
self-reported exposure. Fourth, key confounders that should also be more carefully examined
in future research include nadir CD4+ T-cell count and impaired liver function. Fifth,
because this study enrolled sexual minority men living with HIV, we also cannot rule out

the potential influence of receptive anal intercourse as a potential driver of key markers

of gut-immune dysregulation, such as SCD14 levels, which predicted increases in the K/T
ratio.60

Despite these limitations, findings from this longitudinal study underscore the central
importance of co-occurring stimulant use and HIV persistence in immune cells for
dysregulated metabolism of amino acid precursors for catecholamines such as dopamine.
Findings from this longitudinal study will inform subsequent mechanistic research to
identify viable targets for pharmacologic treatments that are uniquely tailored to mitigate
dysregulated catecholamine synthesis in PLWH who use stimulants.
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Figure 1. Hypothesized pathways linking co-occurring stimulant use and HIV disease processes

with depression.
*Measured at baseline only; **Measured over 15 months
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Table 1.

Demographics and health status at baseline (N = 110).

Age

Time Since HIV Diagnosis (Years)

Time Since Starting ART (Years)

CD4+ T-Cell Count (cells/mm?)
Lipopolysaccharide Binding Protein (ng/ml)
Proviral HIV DNA (copies per 10° cells)

Race/Ethnicity
Black/African American
White
Hispanic/Latinx
Other Ethnic Minority

Income
Up to $4,999
$5,000 - $11,999
$12,000 - $15,999
$16,000 - $24,999
$25,000 - $34,999
$35,000 - $49,000
$50,000 or greater

Education
Less than High School
High School Graduate
Some College/Trade School
College Graduate
Any Graduate School

ART Regimen
INSTI & NRTI
Boosted Pl & NRTI
NRTI & NNRTI
PI, NRTI, & NNRTI
Other HAART
Not HAART
No ART

Undetectable HIV Viral Load ( < 40 copies/mL)

ART Adherence = 90%

M (SD)
432 (8.9)
12.9 (8.6)
10.7 (7.2)

641.4 (292.5)
7183.5 (2958.4)
209.7 (1023.8)

N (%)

18 (16.4%)
47 (42.7%)
32 (29.0%)
13 (11.8%)

16 (14.7%)
28 (25.7%)
27 (24.8%)
12 (11.0%)
9 (8.3%)
7 (6.4%)
1(0.9%)

8 (7.3%)
17 (15.5%)
57 (51.8%)
17 (15.5%)
11 (10.0%)

26 (24%)
31 (28%)
25 (23%)
2 (2%)
9 (9%)
8 (7%)
8 (7%)
80 (74.1%)
51 (46.4%)
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Longitudinal measurements of predictors and outcomes from 2013-2017 (N = 110)

Table 2.

N
Kynurenine/Tryptophan (K/T) Ratio
Baseline 106
6 Months 83
12 Months 73
15 Months 67
Phenylalanine/Tyrosine (P/T) Ratio
Baseline 106
6 Months 83
12 Months 73
15 Months 67
Soluble CD 14 (sCD14)
Baseline 106
6 Months 83
12 Months 73
15 Months 67
Self-Reported Methamphetamine Use (Past 30 Days)
Baseline 110
6 Months 96
12 Months 88
15 Months 77

N
Screened Positive for Depression (CES-D = 16)
Baseline 110
6 Months 96
12 Months 88
15 Months 78
Detectable Viral Load (> 40 copies/mL)
Baseline 108
6 Months 87
12 Months 84
15 Months 74
Self-Reported ART Adherence = 90%
Baseline 98
6 Months 91
12 Months 77
15 Months 66
Any Recent Stimulant Use (Methamphetamine or Cocaine)
Baseline 110
6 Months 88

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2024 July 01.

M (SD)

42.9 (18.6)
41.1(14.1)
45.6 (23.3)
425 (17.3)

1.0(0.2)
09(02)
1.0(0.3)
1.0 (0.3)

8,224.7 (2,461.4)
8124.2 (2,928.9)
8,273.4 (2,532.9)
8,108.2 (2,061.5)

8.0 (9.2)
6.2 (8.6)
7.3(9.7)
6.5 (9.2)
n (%)

78 (71%)
64 (67%)
57 (65%)
47 (60%)

28 (26%)
25 (29%)
22 (26%)
20 (27%)

51 (52%)
60 (66%)
57 (74%)
40 (61%)

56 (51%)
51 (58%)
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12 Months
15 Months

82 45 (55%)
76 42 (55%)
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