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Abstract
This cross-sectional study investigated the associations of psychosocial factors relevant to recovery from substance use disorders
with monocyte activation and HIV persistence in a sample of 84 HIV-positive, methamphetamine-using sexual minority men
with undetectable HIV viral load (<40 copies/mL). We examined if psychosocial factors were associated with decreased soluble
CD14 (sCD14) and lower proviral HIVDNA.Multiple linear regressionmodels adjusted for age, anti-retroviral therapy regimen,
and CD4+ T-cell count. Time on ART was also included in models examining proviral HIV DNA. Greater self-efficacy for
managing methamphetamine triggers and higher social support for abstinence were independently associated with lower sCD14.
Greater social support for abstinence was also independently associated with lower proviral HIV DNA. Psychosocial factors
relevant to recovery from substance use disorders are associated with lower monocyte activation and decreased proviral HIV
DNA. Findings underscore the need for longitudinal research to identify plausible mechanisms linking psychosocial factors and
substance use with biological processes relevant to HIV pathogenesis.
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Introduction

The use of methamphetamine and other stimulants has con-
sistently been linked to faster clinical Human Immunodefi-
ciency Virus (HIV) progression (Carrico 2011; Adams et al.
2017). This may be partially due to the fact that stimulant
users are more likely to experience difficulties with anti-
retroviral therapy (ART) adherence that contribute to higher
viral load (Ellis et al. 2003; Carrico et al. 2011). However,
the associations of stimulant use with faster clinical HIV
progression often remain after adjusting for ART adherence
and viral load (Cook et al. 2008; Carrico et al. 2014). Further
clinical research is needed to elucidate plausible biological

pathways whereby stimulant use may accelerate clinical
HIV progression.

Autonomic nervous system (ANS) dysregulation is one of
many biologically plausible pathways that could partially ac-
count for stimulant-associated immune dysregulation in HIV.
Methamphetamine use is associated with reduced heart rate
variability and lower parasympathetic tone (Henry et al.
2012). Methamphetamine administration also increases sali-
vary alpha amylase, a peripheral biomarker of ANS activation
(Haile et al. 2013). In HIV-positive persons, greater ANS ac-
tivity before starting ART and higher urinary norepinephrine
predict poorer suppression of HIV viral load (Cole et al. 1998;
Ironson et al. 2015). Because sympathetic nerve terminals
juncture with lymphoid tissue, this could have important im-
plications for HIV persistence. This is partially supported by
prior research that observed markedly higher levels of Simian
Immunodeficiency Virus (SIV) replication where lymph
nodes juncture with sympathetic nerve terminals (Sloan et
al. 2006).

Although the persistence of a latent reservoir in treated
HIV infection is a major barrier to finding an HIV cure, there
is currently no widely accepted ‘gold standard’ for measur-
ing the HIV reservoir that persists in immune cells and
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lymphoid tissue (Richman et al. 2009). To date, studies have
focused extensively on quantifying the amount of integrated
proviral HIV DNA and cell-associated HIV RNA in im-
mune cells. Integrated proviral HIV DNA is thought to per-
sist in resting CD4+ memory T-cells, and it has generally
been considered to be an archival variant that does not index
active HIV replication (Avettand-Fènoël et al. 2016).
However, the potential relevance of measuring proviral
HIV DNA is supported by prior research where greater pro-
viral DNA and a higher ratio of cell-associated HIV RNA to
proviral HIV DNAwere correlated with a measure of viral
outgrowth (Eriksson et al. 2013). Furthermore, greater pro-
viral HIV DNA has also been linked to clinically relevant
outcomes, including HIV-associated neurocognitive disor-
ders (Valcour et al. 2010).

There is some preliminary evidence from human studies
that ANS dysregulation and methamphetamine use may
contribute to HIV persistence among those who are virally
suppressed. Greater sympathetic nervous system activation
has been associated with greater intracellular HIV RNA but
not higher proviral HIV DNA (Hecht et al. 2015). Although
one prior study observed that methamphetamine users
displayed higher proviral HIV DNA compared to non-
users (Massanella et al. 2015), findings were not significant
after adjusting for ART regimen. In another study with treat-
ed methamphetamine users, recent stimulant use was asso-
ciated with the upregulation of genes and pathways relevant
to HIV latency and immune activation (Carrico et al. 2018).
Further research is needed to examine substance-associated
elevations in measures of HIV persistence.

Because the parasympathetic nervous system innervates
the intestinal tract, methamphetamine and other stimulant
use could potentiate microbial translocation (commonly re-
ferred to as the leaky gut). The translocation of microbial
products such as lipopolysaccharide (LPS) is partially at-
tributable to intestinal damage by HIV early in infection
(Brenchley et al. 2006; Sandler and Douek 2012).
Translocation of LPS and other microbial products drives
immune activation and inflammation despite effective ART
(Tien et al. 2010; Hunt 2012; Lederman et al. 2013).
Previous research by Irwin et al. (2007) with HIV-negative
cocaine users observed that cocaine infusion decreased
LPS-stimulated monocyte expression of tumor necrosis fac-
tor – alpha (TNF-α) and interleukin-6 (IL-6). Concurrent
cocaine-induced ANS dysregulation was associated with
decreased TNF-α expression onmonocytes. Similarly, find-
ings from a cross-sectional study with virally suppressed
methamphetamine users observed that recent stimulant use
and greater substance use severity are associated with
higher soluble CD14 (sCD14), which partially reflects
LPS stimulation (Carrico et al. 2018).

This present study examined if psychosocial factors rele-
vant to recovery from substance use disorders are associated
with monocyte activation and HIV persistence in virally sup-
pressed methamphetamine users. We hypothesized that great-
er self-efficacy for managing methamphetamine triggers and
higher social support for abstinence would be associated with
lower sCD14 as well as decreased proviral HIV DNA.
Consistent with our prior research documenting the associa-
tion of substance abuse severity with higher sCD14 (Carrico et
al. 2018), we also hypothesized that greater substance use
severity would be associated with higher proviral HIV DNA.

Methods

HIV+ sexual minority men with biologically confirmed recent
methamphetamine use were recruited from HIV medical
clinics, Acquired Immune Deficiency Syndrome (AIDS) ser-
vice organizations, substance abuse treatment programs, the
community, and referrals from active participants for a ran-
domized controlled trial (Carrico et al. 2016b). Participants
then signed an informed consent at an in-person screening
visit that included consent for specimen banking. The inclu-
sion criteria for all enrolled participants were: 1) 18 years of
age or older; 2) report anal sex withman in the past 12months;
3) have documentation of HIV+ serostatus (i.e. letter of diag-
nosis or ART medications other than Truvada matched to
photo identification); and 4) provide a urine or hair sample
that was confirmed to be reactive for methamphetamine.

Once participants were enrolled, they were asked to com-
plete a separate baseline assessment approximately one week
after enrollment that included a detailed battery of psychoso-
cial measures, a urine sample for on-site toxicology testing,
and peripheral venous blood sample to measure HIV disease
markers. Participants also provided an additional two 10 mL
EDTA tubes for specimen banking (i.e., plasma and extracted
leukocyte DNA). Only 84 participants with undetectable HIV
viral load (< 40 copies/mL) were included in the present study.

Measures

Demographics and Health Status The participants completed
a demographic questionnaire that assed age and race/ethnicity.
They also reported their current ART regimen, time since
starting ART, and ART adherence during the past 30 days
using the visual analogue scale (Giordano et al. 2004). 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). This assay has a lower limit of detection
of 40 copies/mL. CD4+ T-cell count was measured with
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whole blood using flow cytometry, and assays were per-
formed by Quest Diagnostics.

Psychosocial Factors Participants completed a measure of self-
efficacy that indexes perceived ability to resist methamphet-
amine use in high-risk situations (Breslin et al. 2000). The
social support measure assesses the extent to which partici-
pants have social relationships that are supportive of absti-
nence (Prochaska et al. 1994). Prior research with
methamphetamine-using sexual minority men receiving sub-
stance abuse treatment observed that these measures of self-
efficacy and social support were most strongly associated with
less stimulant use (Carrico et al. 2013).

Psychiatric Comorbidities The Addiction Severity Index (ASI)
was administered to assess the severity of alcohol and other
substance use (McLellan et al. 1992). Depression was
assessed using the 20-item Centers for the Epidemiologic
Study - Depression (CES-D) scale, using a cutoff of ≥27 to
indicate severe depression (Reisner et al. 2009). Post-
Traumatic Stress Disorder (PTSD) symptoms were measured
with the PTSD Checklist – Civilian Version (PCL-C), using a
validated algorithm to determine whether participants screed
positive for PTSD (Ruggiero et al. 2003).

sCD14 Higher sCD14, a marker that partially reflects LPS-
induced monocyte activation, was also measured in this study.
The plasma levels were determined by the use of Human
Quantikine Immunoassay (R&D Systems, Minneapolis,
MN) following the manufacturer’s instructions. For sCD14
measurement, samples were diluted 400-fold and results were
expressed in ng/ml.

Proviral HIV DNAQuantitation of viral DNAwas performed on
extracted leukocyte DNA by digital droplet PCR (ddPCR)
using a Bio-Rad QX200 ddPCR instrument (Bio-Rad
Laboratories, Inc., Hercules, CA). Primers and probe bind to
the LTR sequence with an amplicon length of 185 base pairs
and are based on the HIVLAI clone (Genbank accession num-
ber K02013). The forward primer sequence is LAI8981 ctg cat
ccg gag tac ttc aag aac tg, the reverse primer sequence is
LAI9166 tcc cag gct caa atc tgg tct a and that of the fluorogenic
reporter probe is LAI908156-FAM agt ggc gag/ZEN/ccc tca gat
gct gc 3IABkFQ (Integrated DNATechnologies). To perform
ddPCR, the DNA target, fluorescently-labeled probe, and the
ingredients for PCR reaction were partitioned into 20,000
droplets by the QX200 Droplet Generator (BioRad). PCR
amplification of the template molecules occurred in each in-
dividual droplet. Following PCR amplification, each droplet
was analyzed for fluorescent signal in the QX200 droplet
reader to determine the fraction of PCR-positive droplets in

the original sample. The dynamic range of detection for
ddPCR is from 1 to 1X105 copies (Bizouarn 2014). The
single-copy human CCR5 gene was quantified to measure
the number of cell equivalents in DNA samples for standard-
ization purposes (Sharkey et al. 2000).

Statistical Analyses

Multiple linear regression analyses examined the independent
associations of self-efficacy and social support with the out-
comes after adjusting for age, ART, and CD4+ T-cell count.
Consistent with our previously published work on sCD14
(Carrico et al. 2018), a multiple linear regression analysis ex-
amined the independent association of substance use severity
with proviral HIV DNA. Time on ART was also included in
all models examining proviral HIV DNA as an outcome.

Results

Participant age ranged from 24 to 59 years, with a mean of
43.3 (SD = 8.7). Half of participants were Caucasian (49%),
29% were Hispanic/Latino, 11% were African American, and
11%were other ethnic minorities or multicultural. The median
CD4+ T-cell count was 645 (Interquartile Range = 449–829)
cells/mm3 and all participants had an HIV viral load less than
40 copies/mL. Approximately 43% of participants screened
positive for severe depression and over half (55%) screened
positive for PTSD.

As shown in Table 1, bivariate associations indicated that
psychosocial factors and the ASI drug score were inversely
associated with sCD14. However, only social support was
inversely associated with proviral HIV DNA. In multiple lin-
ear regression analyses, there was a significant, independent
association of higher self-efficacy (standardized beta = −0.40;
p = 0.0002) as well as greater social support (standardized
beta = −0.29; p = 0.008) with lower sCD14 (see Table 2). As
shown in Table 3, greater social support (standardized beta =
−0.25; p = 0.032) was independently associated with lower
proviral HIV DNA. However, there were no significant asso-
ciations of self-efficacy for managing methamphetamine trig-
gers (standardized beta = −0.02; p = 0.899) and the ASI Drug
Score (standardized beta = −0.07; p = 0.449) with proviral
HIV DNA. Findings were unchanged after adjusting for
ART adherence.

Discussion

This study is among the first to observe that psychosocial
factors relevant to recovery from substance use disorders are
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associated with lower monocyte activation and decreased HIV
persistence. There were small-moderate associations of great-
er self-efficacy and social support with lower SCD14 and
higher social support with lower proviral HIV DNA. Self-
efficacy and substance use severity were not significantly as-
sociated with proviral HIVDNA. Taken together, these results
provide preliminary support for further research to examine
the bio-behavioral mechanisms whereby substance use could
alter HIV pathogenesis.

Social support and self-efficacy have previously been
identified as important psychosocial processes that could
support recovery among methamphetamine-using sexual
minority men (Carrico et al. 2013). Although findings from
the present study underscore the potential relevance of these
psychosocial change processes for HIV pathogenesis, it re-
mains unclear whether these associations are attributable to
decreased substance use. Further research is needed to

determine if these associations are due to psychosocial fac-
tors or if these psychosocial factors are serving as a proxy
for lower addiction severity. Future studies should also ex-
amine if evidence-based substance abuse interventions such
as cognitive-behavioral therapy and contingency manage-
ment reduce monocyte activation and proviral HIV DNA by
decreasing stimulant use (Carrico et al. 2016a).

Findings indicated that greater social support for absti-
nence was associated with lower proviral HIV DNA. This is
consistent with prior findings from our team where recent
stimulant use was associated with upregulation of single
genes and two-directional perturbation of pathways rele-
vant to HIV latency and immune activation (Carrico et al.
2018). It is noteworthy, however, that other research has not
observed significant differences in proviral HIV DNA be-
tween methamphetamine users and non-users (Massanella
et al. 2015). Further clinical research that includes measures

Table 1 Bivariate associations among psychosocial variables, sCD14, and proviral HIV DNA

1 2 3 4 5 6 7

sCD14 –

HIV DNA (log10) 0.09 –

Social Support −0.28** −0.33** –

Self-Efficacy −0.43** −0.04 0.23* –

ASI Drug Score 0.35** −0.04 −0.10 −0.49** –

Depressive Symptoms 0.07 0.09 −0.10 −0.21 0.41** –

PTSD Symptoms 0.06 0.17 −0.10 −0.14 0.26* 0.72** –

(N = 84)

sCD14 soluble CD14, ASI Addiction Severity Index, PTSD Post-Traumatic Stress Disorder

* p < .05; ** p < .01

Table 2 Associations of
psychosocial factors with sCD14
(N = 84)

Model 1: Self-Efficacy β 95% CI Standardized β p-value

Age (years) 9.88 (−1.09, 20.84) 0.18 0.077

Prescribed a Protease Inhibitor 256.20 (24.56, 487.84) 0.24 0.031

Prescribed Efavirenz 199.60 (−261.48, 660.67) 0.09 0.391

CD4+ Count 0.38 (0.004, 0.75) 0.21 0.047

Self-Efficacy −1.17 (−1.76, 0.58) −0.40 0.0002

Adjusted R2 = 0.232

Model 2: Social Support β 95% CI Standardized β p-value

Age (years) 7.42 (−4.29, 19.13) 0.13 0.211

Prescribed a Protease Inhibitor 317.25 (77.02, 557.47) 0.29 0.010

Prescribed Efavirenz 480.21 (9.82, 950.59) 0.21 0.046

CD4+ Count 0.40 (0.005, 0.79) 0.23 0.047

Social Support −23.04 (−0.29, −39.75) −0.29 0.008

Adjusted R2 = 0.160
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of active viral replication such as cell-associated HIV RNA
are clearly needed to examine the bio-behavioral mecha-
nism(s) whereby substance use could alter HIV persistence.
Identifying these pathways could identify novel targets for
HIV cure interventions.

Findings from this cross-sectional study should be
interpreted in context of some important limitations.
Findings should be considered preliminary due to the small
sample size and cross-sectional design. This study also
focused exclusively on enrolling sexual minority men,
and further research with women is clearly needed. This
study relied on the biologically confirmed presence of any
stimulant use for inclusion, and future research should as-
sess methamphetamine and cocaine concentrations through
quantitative toxicology measures as well as include a com-
parison group of non-users. Because peripheral blood
mononuclear cells were not banked in this study we were
unable to measure cell-associated HIV RNA and HIV
DNA in specific immune cell subsets, which could provide
a more nuanced understanding of the HIV reservoir. It is
also unclear the extent to which these associations are at-
tributable to psychosocial factors, decreased stimulant use,

or distinct patterns of polysubstance use. Although depres-
sive and PTSD symptoms were not associated with sCD14
or proviral HIV DNA, future research should examine
these psychiatric comorbidities as potential moderators.
Finally, we did not test for Hepatitis C Virus (HCV) co-
infection or measure liver functioning, both of which are
important possible confounders that should be measured in
future studies.

Despite these limitations, the findings from this study
provide some of the first evidence for psychosocial factors
relevant to recovery from substance use disorders are as-
sociated with lower monocyte activation and decreased
proviral HIV DNA. These results support the scientific
premise of further clinical research to examine the bio-
behavioral pathways whereby substance use may amplify
monocyte activation and alter HIV persistence.

Acknowledgements This project was supported by the National Institute
on Drug Abuse (R01-DA033854; Woods, Carrico, and Moskowitz, PIs).
Additional funding was provided by a pilot award from the University of
California, San Francisco Center for AIDS Research (P30-AI027763;
Volberding, PI) and a state of Florida HIV reservoirs pilot award.

Table 3 Associations of
psychosocial factors and
substance use severity with
proviral HIV DNA (log10)
(N =84)

Model 1: Self-Efficacy β 95% CI Standardized β p-value

Age (years) 0.02 (−0.01, 0.04) 0.18 0.183

Prescribed a Protease Inhibitor −0.11 (−0.56, 0.34) −0.06 0.619

Prescribed Efavirenz −0.26 (−1.12, 0.61) −0.07 0.561

CD4+ Count −0.00068 (−0.001, 0.00004) −0.23 0.063

Time on ART 0.006 (−0.03, 0.04) 0.05 0.741

Self-Efficacy 0.0001 (−0.001, 0.001) 0.02 0.899

Adjusted R2 = 0.037

Model 2: Social Support β 95% CI Standardized β p-value

Age (years) 0.01 (−0.01, 0.04) 0.14 0.280

Prescribed a Protease Inhibitor −0.12 (−0.55, 0.31) −0.06 0.587

Prescribed Efavirenz −0.18 (−1.00, 0.64) −0.05 0.658

CD4+ Count −0.0006 (−0.001, 0.0002) −0.19 0.128

Time on ART 0.003 (−0.03, 0.03) 0.02 0.877

Social Support −0.03 (−0.06, −0.003) −0.25 0.032

Adjusted R2 = 0.094

Model 3: ASI Drug Score β 95% CI Standardized β p-value

Age (years) 0.02 (−0.01, 0.04) 0.19 0.165

Prescribed a Protease Inhibitor −0.10 (−0.55, 0.35) −0.06 0.654

Prescribed Efavirenz −0.25 (−1.09, 0.60) −0.07 0.561

CD4+ Count −0.00069 (−0.001, 0.00006) −0.23 0.070

Time on ART 0.004 (−0.03, 0.04) 0.04 0.800

ASI Drug Score −0.81 (−2.95, 1.32) −0.07 0.449

Adjusted R2 = 0.0326

20 J Neuroimmune Pharmacol (2019) 14:16–22



Support for assays was provided by the Miami Center for AIDS Research
(P30-AI073961; Pahwa, PI). We would also like to thank Dr. Teri Leigler
for her support of this project through the University of California, San
Francisco Center for AIDS Research’s Virology Core. Finally, we are
grateful to the study participants who placed a great deal of trust in our
team to collect and manage biological specimens for this project.

Compliance with Ethical Standards

This study was approved by University of California San Francisco,
University of Miami, and Northwestern University Institutional Review
Boards. The participants signed a written consent form for enrollment into
this study.

Conflict of Interest The Authors have no conflicts of interest to report.

References

Adams JW, Bryant KJ, Edelman JE, Fiellin DA, Gaither JR, Gordon AJ,
Gordon KS, Kraemer KL, Mimiaga MJ, Operario D (2017)
Association of Cannabis, stimulant, and alcohol use with mortality
prognosis among HIV-infected men. AIDS Behav:1–11

Avettand-Fènoël V, Hocqueloux L, Ghosn J, Cheret A, Frange P, Melard
A, Viard J-P, Rouzioux C (2016) Total HIV-1 DNA, a marker of
viral reservoir dynamics with clinical implications. Clin Microbiol
Rev 29:859–880

Bizouarn F (2014) Introduction to digital PCR. In: Quantitative Real-
Time PCR. HumanaPress, New York, pp 27–41

Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, Rao S,
Kazzaz Z, Bornstein E, Lambotte O, Altmann D (2006) Microbial
translocation is a cause of systemic immune activation in chronic
HIV infection. Nat Med 12:1365

Breslin FC, Sobell LC, Sobell MB, Agrawal S (2000) A comparison of a
brief and long version of the situational confidence questionnaire.
Behav Res Ther 38:1211–1220

Carrico AW (2011) Substance use and HIV disease progression in the
HAART era: implications for the primary prevention of HIV. Life
Sci 88:940–947

Carrico AW, Riley ED, Johnson MO, Charlebois ED, Neilands TB,
Remien RH, Lightfoot MA, Steward WT, Weinhardt LS, Kelly JA
(2011) Psychiatric risk factors for HIV disease progression: the role
of inconsistent patterns of anti-retroviral therapy utilization. J Acquir
Immune Defic Syndr (1999) 56:146

Carrico AW, Woods WJ, Siever MD, Discepola MV, Dilworth SE,
Neilands TB, Miller N, Moskowitz JT (2013) Positive affect and
processes of recovery among treatment-seeking methamphetamine
users. Drug Alcohol Depend 132:624–629

Carrico AW, Shoptaw S, Cox C, Stall R, Li X, Ostrow DG, Vlahov D,
Plankey MW (2014) Stimulant use and progression to AIDS or
mortality after the initiation of highly active anti-retroviral therapy.
J Acquir Immune Defic Syndr (1999) 67:508

Carrico AW, Zepf R, Meanley S, Batchelder A, Stall R (2016a) Critical
review: when the party is over: a systematic review of behavioral
interventions for substance-using men who have sex with men. J
Acquir Immune Defic Syndr (1999) 73:299–306

Carrico AW, Jain J, Discepola MV, Olem D, Andrews R, Woods WJ,
Neilands TB, Shoptaw S, Gómez W, Dilworth SE (2016b) A
community-engaged randomized controlled trial of an integrative
intervention with HIV-positive, methamphetamine-using men who
have sex with men. BMC Public Health 16:673

Carrico AW, Flentje A, Kober K, Lee S, Hunt P, Riley ED, Shoptaw S,
Flowers E, Dilworth SE, Pahwa S (2018) Recent stimulant use and

leukocyte gene expression in methamphetamine users with treated
HIV infection. Brain Behav Immun 71:108–115

Cole SW, Korin YD, Fahey JL, Zack JA (1998) Norepinephrine acceler-
ates HIV replication via protein kinase A-dependent effects on cy-
tokine production. J Immunol 161:610–616

Cook JA, Burke-Miller JK, CohenMH, Cook RL, Vlahov D,Wilson TE,
Golub ET, Schwartz RM, Howard AA, Ponath C (2008) Crack
cocaine, disease progression, and mortality in a multi-center cohort
of HIV-1 positive women. AIDS (London, England) 22:1355

Ellis RJ, Childers ME, Cherner M, Lazzaretto D, Letendre S, Group
HNRC (2003) Increased human immunodeficiency virus loads in
active methamphetamine users are explained by reduced effective-
ness of antiretroviral therapy. J Infect Dis 188:1820–1826

Eriksson S, Graf EH, Dahl V, Strain MC, Yukl SA, Lysenko ES, Bosch
RJ, Lai J, Chioma S, Emad F (2013) Comparative analysis of mea-
sures of viral reservoirs in HIV-1 eradication studies. PLoS Pathog
9:e1003174

Giordano TP, Guzman D, Clark R, Charlebois ED, Bangsberg DR (2004)
Measuring adherence to antiretroviral therapy in a diverse popula-
tion using a visual analogue scale. HIV Clin Trials 5:74–79

Haile CN, De La Garza R, Mahoney JJ, Newton TF (2013) Effects of
methamphetamine on the noradrenergic activity biomarker salivary
alpha-amylase. Drug Alcohol Depend 133:759–762

Henry BL, Minassian A, Perry W (2012) Effect of methamphetamine
dependence on heart rate variability. Addict Biol 17:648–658

Hecht F, Moran P, Mendes W, Cockerham L, Hartogenesis W, Bacchetti
P, Chang J, Cameron P, Deeks S, Lewin S (2015) Stress increases
HIV transcription in HIV-infected individuals on antiretroviral ther-
apy: implications for biomarkers of HIV persistence. J Int AIDS Soc
18(5Suppl 4):20479

Hunt PW (2012) HIVand inflammation: mechanisms and consequences.
Curr HIV/AIDS Rep 9:139–147

Ironson G, O’cleirigh C, Kumar M, Kaplan L, Balbin E, Kelsch C,
Fletcher MA, Schneiderman N (2015) Psychosocial and neurohor-
monal predictors of HIV disease progression (CD4 cells and viral
load): a 4 year prospective study. AIDS Behav 19:1388–1397

Irwin MR, Olmos L, Wang M, Valladares EM, Motivala SJ, Fong T,
Newton T, Butch A, Olmstead R, Cole SW (2007) Cocaine depen-
dence and acute cocaine induce decreases of monocyte proinflam-
matory cytokine expression across the diurnal period: autonomic
mechanisms. J Pharmacol Exp Ther 320:507–515

Lederman MM, Funderburg NT, Sekaly RP, Klatt NR, Hunt PW (2013)
Residual immune dysregulation syndrome in treated HIV infection.
Adv Immunol 119:51–83. https://doi.org/10.1016/B978-0-12-
407707-2.00002-3

Massanella M, Gianella S, Schrier R, Dan JM, Pérez-Santiago J, Oliveira
MF, Richman DD, Little SJ, Benson CA, Daar ES (2015)
Methamphetamine use in HIV-infected individuals affects T-cell
function and viral outcome during suppressive antiretroviral therapy.
Sci Rep 5:13179

McLellan AT, Kushner H, Metzger D, Peters R, Smith I, Grissom G,
Pettinati H, Argeriou M (1992) The fifth edition of the addiction
severity index. J Subst Abus Treat 9:199–213

Prochaska JO, Velicer WF, Rossi JS, Goldstein MG, Marcus BH,
Rakowski W, Fiore C, Harlow LL, Redding CA, Rosenbloom D
(1994) Stages of change and decisional balance for 12 problem
behaviors. Health Psychol 13:39

Reisner SL, Mimiaga MJ, Skeer M, Bright D, Cranston K, Isenberg D,
Bland S, Barker TA,Mayer KH (2009) Clinically significant depres-
sive symptoms as a risk factor for HIV infection among black MSM
in Massachusetts. AIDS Behav 13:798–810

Richman DD, Margolis DM, Delaney M, Greene WC, Hazuda D,
Pomerantz RJ (2009) The challenge of finding a cure for HIV infec-
tion. Science 323:1304–1307

J Neuroimmune Pharmacol (2019) 14:16–22 21

https://doi.org/10.1016/B978-0-12-407707-2.00002-3
https://doi.org/10.1016/B978-0-12-407707-2.00002-3


Ruggiero KJ, Del Ben K, Scotti JR, Rabalais AE (2003) Psychometric
properties of the PTSD checklist-civilian version. J Trauma Stress
16:495–502

Sandler NG, Douek DC (2012) Microbial translocation in HIV infection:
causes, consequences and treatment opportunities. Nat Rev
Microbiol 10:655

Sharkey ME, Teo I, Greenough T, Sharova N, Luzuriaga K, Sullivan JL,
Bucy RP, Kostrikis LG, Haase A, Veryard C (2000) Persistence of
episomal HIV-1 infection intermediates in patients on highly active
anti-retroviral therapy. Nat Med 6:76

Sloan EK, Tarara RP, Capitanio JP, Cole SW (2006) Enhanced replication
of simian immunodeficiency virus adjacent to catecholaminergic
varicosities in primate lymph nodes. J Virol 80:4326–4335

Tien PC, Choi AI, Zolopa AR, Benson C, Scherzer R, Bacchetti P,
Shlipak M, Grunfeld C (2010) Inflammation and mortality in HIV-
infected adults: analysis of the FRAM study cohort. J Acquir
Immune Defic Syndr (1999) 55:316

Valcour VG, Shiramizu BT, Shikuma CM (2010) HIV DNA in circulat-
ing monocytes as a mechanism to dementia and other HIV compli-
cations. J Leukoc Biol 87:621–626

22 J Neuroimmune Pharmacol (2019) 14:16–22


	Psychosocial Correlates of Monocyte Activation and HIV Persistence in Methamphetamine Users
	Abstract
	Introduction
	Methods
	Measures
	Statistical Analyses

	Results
	Discussion
	References


