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Background: Impulsivity is associated with substance
use; however, to date, impulsivity has not been
characterized among a sample of homeless,
non-treatment seeking, substance-dependent men
who have sex with men (MSM). Objectives: The aim
of this study was to utilize the delay-discounting
instrument to assess impulsive behaviors among a
subsample of homeless, non-treatment seeking,
substance-dependent men who have sex with men
(5-D MSM) enrolied in a randomized, controlied,
contingency management (CM) trial. Methods:
Twenty S-ID MSM participants from the CM parent
study were matched on age and ethnicity to 20
non-substance-dependent, non-homeless control
participants using propensity scores (N = 40) and
were administered the delay-discounting procedure.
Results: Although discounting values decreased
rapidly with time in both groups, the $-D MSM
participants consistently discounted rewards more
steeply than controls (p = .05), particularly at ali
intermediate measured timeframes. The S-D MSM
participants also presented greater median
discounting rates (k values) compared with the
control group (mgpysy = 2.39 (SD = 3.72) vs.

m,, = 1.27 (SD = 3.71), p = .01). Conclusion: This
work extends existing findings of increased
delay-discounting among substance-dependent
individuals to homeless, substance-dependent,
non-treatment seeking MSM. Scientific Significance:
A better understanding of the prevalence of
delay-discounting type behaviors among homeless,
substance-dependent MSM can be used to inform the
development of tailored substance abuse interventions
for this high-risk population.
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1. BACKGROUND

Impulsivity is a well-characterized multidimensional con-
struct. Among substance-dependent individuals impulsiv-
ity is associated with drug vse and drug-using behaviors,
in part by elevating the value of immediate rewards over
the value of larger but delayed rewards (1-3). Among
men who have sex with men (MSM; includes gay, bisex-
ual, and heterosexually identified nien), impulsivity has
been shown to mediate the association between severity
of methamphetamine use and sexual risk-taking behavior
(4,5).

Substance-dependent individuals are more likely to
choose activities that provide immediate gratification over
healthier activities that vield delayed rewards (2.3.6).
A prototypical example is injection drug users, who
share injection equipment with others rather than wait-
ing to disinfect needles or obtain new syringes, despite
awareness of potential consequences such as increased
vulnerability to HIV and other infectious diseases (7).
MSM methamphetamine abusers may engage in unpro-
tected sex during drug intoxication, despite knowledge
of its potential risks (4,5,8). Although impulsivity has
been found to be associated with methamphetamine use
in HiV-seropositive MSM (4), it has not been assessed
in homeless, substance-dependent, non-treatment seeking
MSM.

Delay-discounting is an index of impulsivity that
measures the extent to which an individual devalues
larger delayed rewards compared to smaller immediate
rewards. Numerous examinations of delay-discounting
in substance-dependent individuals have indicated that
future rewards decline in value as a hyperbolic function
of length of delay from the present (1-3,9). Delay-
discounting has been utilized to demonstrate that individ-
uals who abuse substances such as alcohol (3,10), cocaine
(11}, heroin (12), and methamphetamine (13) make more
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impulsive choices than non-substance-abusing partici-
pants. Substance-abusing participants in these studies
consistently discounted hypothetical monetary values at
greater rates than non-substance-using controls. Studies
have also demonstrated that offering hypothetical mone-
tary choices yields similar results when actual money or
other commaodities are used (9,14).

Although there is a substantial body of work linking
substance abuse with delay-discounting (2,3), poten-
tial associations between homelessness and impulsivity
among substance-dependent populations have not been
investigated using this procedure. One study observed
increased impulsivity among a population of urban African
Americans seeking medical care, but the primary target of
investigation was psychotic symptoms and homelessness
was only a factor in 11% of the observed cases (15).

The purpose of this investigation was to examine
whether homeless, substance-dependent, non-treatment
seeking MSM (hereafter referred to as S-D MSM) exhibit
greater impulsivity, as measured by the delay-discounting
procedure, than a matched control group of MSM who are
neither homeless nor substance abusers. A better under-
standing of the role of delay-discounting can be used to
inform the development of interventions tailored to this
severely impaired population. We hypothesized that §-D
MSM would make more impulsive choices compared to
martched controls.

2. METHODS

2.1, Participants
Participants were a subset of 20 homeless, S-ID MSM
enrolled in a NIDA-funded, randomized, controlled irial
(N = 131) investigating the effects of a contingency
management (CM) intervention among individuals par-
ticipating in a low-intensity HIV health education/risk
reduction program {16), and 20 matched volunteer con-
trols, Participants were matched on age and ethnicity
using propensity-scoring techniques. Enrollmeni crite-
ria for the §-D MSM cohort included being an adult
male; an active participant in the low-intensity health
education/risk reduction program; substance-dependent
(SCID-verified); out-of-treatment for substance depen-
dence; reported sex with another male in the previous
12 months; and current homelessness. Exclusion criteria
included current psychosis; actively seeking treatinent;
inability 1o understand the consent form; or presence of
sertous psychiatric conditions. Enrollment in the parent
study occurred between Aprit 2005 and March 2008,
The matched controls were adult MSM with slable
housing and no history of psychiatric iliness or sub-
stance dependence (SCID-verified). Control participants
were recruited from newspaper advertisements and word-
of-mouth and were enrolled from June to September
2005, The study was approved by the Friends Research
Institute’s Institutional Review Board.

Individuals with psychiatric disorders featuring impul-
sivity [lifetime psychotic diserders (schizophrenia,
schizophreniform, or schizoaffective); recent history (past

12 months) of bipolar I disorder or chsessive-compulsive
disorder; and/or current manic episode] were excluded
due to confounding concerns {17,18). The tinal subsam-
ple of $-D MSM participants eligible tor matching was
104. Twenty participants from the S-D MSM cohort were
matched to 20 controls according to age and ethnicity
(N = 40).

2.2. Procedures
After providing written informed consent all participants
were administered psychosocial assessments to determine
eligibility for the parent study before completing the
delay-discounting exercise. All potentially eligible partic-
ipants received a $50 gift card to one of several local retail
stores as compensation for their time during the initial
screening process.

Delay-discounting responses were assessed uvsing the
hyperbolic model (19):

\%
Vd =
I +kd

(1

where V, is the present (discounted) value of the delayed
reward, V is the objective value of the delayed reward
{$1000), k is an empirically derived constant proportional
to the degree of discountling {(sometimes referred to as a
discounting rate), and d is the time delay corresponding
to the delayed reward. Larger values of & in Equation (1)
represent greater discounting, indicating more impulsive
choices. All procedures and instructions for perform-
ing the delay-discounting procedure were adopted from
previous work (9).

2.3. Data Analysis
All statistics were generated using SAS statistical soft-
ware V9.1 (SAS Corporation),

Propensity scores were calculated to match partici-
pants in the S-D MSM and control groups based on age
and ethnicity; these scores denote the conditional prob-
ability of being assigned treatment given the observed
covariates (e.g., age and ethnicity). Factors commonly
associated with socioeconomic status (SES) such as
education level, income, and employment status were
initially collected and considered as possible matching
factors (20), but these variables had very little overlap
between control and experimental groups; therefore, they
were not included in the final matching procedure (see
Table 1).

Our primary analysis focused on V; and k. To avoid
any reliance on normal theory assumptions, Wilcoxon
rank sum tests were used to compare medians between
the S-D MSM and the control group. Additionally, a sen-
sitivity analysis was performed to detect any potential
hidden bias (from confounders such as the SES factors
mentioned above) arising from lack of perfect control on
background characteristics (21,22). This analysis allowed
us to evaluate the magnitude of hidden bias that would be
required to explain the observed differences between the
S-D MSM and control groups. The parameter o measured
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TABLE 1. Characieristics of substance-dependent
participants: matched cohorts by age and ethnicity.

men who have sex with men (S§-D MSM) and conual

S-D MSM cohort

Matched cohort

Full sample

Restricted S5-I MSM Control

%o (V) or mean {SD)

% (N) or mean (SD)

Variable N =131 N=10 N=20 N=120
Race/ethnicity

Caucasian 53% (70) 35% (57 75% (15) 559 (11)

African American 23% (30) 246 (25) 15% (3) 30% (6)

Hispanic/Latino 17% (22) 12% (13) 5% (1) 5% (1)

Other 7% {9) 9% (9) 5% (1) 10% (2)
Age

Mean (SD) 36.4 (8.7) 36.9(8.8) 44.6 (8.0) 44.6 (9.9)
Education (years)

Mean (SD) 12.5(2.9) 12.7(2.7) 12.1 2.7y 16.1 (3.1
Emploved

Full-time or part-time 6 (4.6%) 5(4.8%) 1 (5%) 10 (50%)*
[ncome

Dollars 118.9 (447.6) 127.6 (493.8) 30.75 (76.2)* 2827.5 (3027 8y

Note: *Statistical differences observed {(p < .05) between conirol and §-D MSM cohorts.

the strength of the relationship between these hidden
biases and the assignment to treatment or control group.
The bounds reflect the range of significance levels that
might be obtained by adjusting for the hidden bias, given
that the hidden characteristics were not observed in the
control group.

3. RESULTS

3.1. Demographics and Substance Use

Table 1 presents demographic characteristics for both the
parent study and the matched delay-discounting group.
No significant differences were observed in demographic
characteristics between the matched subsamples used for
the present analyses and either the full parent study sam-
ple or the parent study sample after stratifying for age and
ethnicity. Differences (p < .05) in education between the
§-D-MSM and the control group were observed, but these
results are not surprising given the differences in selection
criteria.

In the matched S-D MSM group, 17 participants (85%)
were homeless; the others (15%) were marginally housed.
Thirteen (65%) participants in the matched S-D MSM
group exhibited current methamphetamine dependence,
six {30%) exhibited current alcohol dependence, ithree
(15%) exhibited current cocaine dependence, and one
{5%) exhibited current opioid dependence, with some
participants having more than one condition. In contrast,
in the control group, no participants were homeless or
substance-dependent.

3.2, Median k Values

Table 2 contains the derived median & values (in months)
for the matched S-D MSM and control groups. The
median discounting parameter was significantly different
between the S-D MSM and the control group (p < .01,

TABLE 2. Median estimated discounting parameter (£) for the
substance-dependent men who have sex with men {$-D MSM) and
contrel cohorts.

Group Median (SD)! Interquartile range R?
5-D MSM 2.39(3.72) .28-3.33 95
Control 1.27 (3.71) 02-986 90

Note: Stalistically significant differences (median and mean & val-
ues) among the S-ID MSM and control cohorts were assessed with
Wilcoxon rank sum tests.

fUnits in months.

Wilcoxon rank sum test). The median and the interquar-
tile ranges for both the S-D MSM and control groups
were as expected; S5-I MSM participants exhibited higher
variability in the discounting parameter. The discounting
model (Equation 1) proved to be a good fit to the data,
reflected by median R* values of 95 and .90 for the $-D
MSM and control groups,

3.3. Indifference Point

Results of the indifference point analysis are shown in
Figure 1 and Table 3. Both groups showed decreasing
hyperbolic trends over time. The S-D MSM participants
exhibited steeper discounting curves than controls, and
tower median indifference values at 2, 6, 12, and 60
months (p < .05) using both unadjusted and adjusted
{Bonferroni) methods.

A sensitivity analysis applied 1o the Wilcoxon rank
sum test demonstrated that the statistical significance
of the differences observed between the S-D MSM and
control groups could not be accounted for by a modest
amount of hidden bias from demographic characteristics
(such as income and education) upon which participants
are not matched.
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FIGURE |. Median indifference points for §-D MSM (square) and
control (circle) groups as a function of delay (years). Function
generated by the Mazer hyperbolic delay model [Equation (1)].

TABLE 3. Sensitivity analysis for hidden bias in observed group
differences.

P value w =1 w=2 w=123 w=73
Minimum {0089 .0004 0001 0002
Maximum {0089 L0485 655" 0853

Note: A parameter of & = | implies no hidden bias.
IStudy becomes sensitive to hidden bias al w = 2.5 (P values in
horderline significant range).

4. CONCLUSIONS

The aim of this study was to examine whether homeless,
out-of-treatment, substance-dependent MSM exhibited
greater delay-discounting compared to non-substance-
using MSM with stable housing. Consistent with our
hypothesis, $-D MSM participants displayed increased
delay-discounting profiles (signifying more impulsive
choices) relative to controls at all but one of the
observed time-points. These results are consistent with
previous examinations of the delay-discounting proce-
dure among substance-abusing samples (3). For exam-
ple, delaying $1000 by 2 weeks reduced its subjec-
tive value 40% for the S-D MSM participants, whereas
the control participants showed similar decreases after
1 year (35%).

To date, the delay-discounting procedure has primar-
ity been used to assess delay-discounting in individu-
als dependent on a single substance: cocaine, alcohol,
or heroin. Similar efforts with polysubstance-abuising
individuals have yielded mixed results (23-25). This
work was conducted with a heterogeneous sample of
homeless, non-treatment seeking, substance-dependent
MSM. Findings are consistent with those from single-
substance-dependent samples, indicating that elevated
delay-discounting may be associated with the abuse of

all substances (13), and extend the body of work doc-
umenting increased delay-discounting among substance-
dependent individuals to homeless, substance-dependent,
non-treatment seeking MSM.

In Los Angeles County, substance dependence and
mental illness are strongly associated with homeless-
ness (26). Associations between substance dependence
and delay-discounting are now well established, but the
potential role that homelessness may play as a medi-
ator and the direction(s) of causality between delay-
discounting, substance dependence, and homelessness
have not been investigated. Future work using the
delay-discounting procedure might examine associations
between homelessness and impulsivity. Such investiga-
tions would broaden the utility of this procedure as
an independent measure of impulsive behavior across a
wider variety of conditions.

Despite the limited sample size, the fact that par-
ticipants in the control group were neither homeless
nor substance-dependent and reported a higher SES
than the SD-MSM group, the use of propensity scor-
ing for the matching procedure, and the findings of
the sensitivity analysis suggest that these factors likely
play no significant role in the outcomes reported here.
Although the study would have benefited from a con-
trol group of homeless, non-substance-dependent, non-
psychiatrically impaired MSM, the sensitivity analysis
indicated that the observed treatment effect was not
influenced by the lack of such a control (moderate hid-
den bias). The observed differences in delay-discounting
provide an initial characterization of an extremely high-
risk and hard-to-reach population and underscore the
importance of further work to inform the develop-
ment of appropriately tailored interventions for this
population.

ACKNOWLEDGMENTS

Funding for this study was provided by NIDA Grants RO1
DADI5990 and NOT-DA-04-002, and the County of Los
Angeles Department of Public Health, Office of AIDS
Programs and Policy Contract H-700861.

Declaration of Interest
The authors report no conflicts of interest. The authors
alone are responsible for the content and writing of this

paper.

REFERENCES

. Bickel WK. Marsch LA. Toward a behavicral economic
understanding of drug dependence: Delay discounting pro-
cesses. Addiction 2001: 96(1):73-86.

2. de Wit H. Impulsivity as a determinant and consequence of
drug use: A review of underlying processes. Addict Biol 2009;
14{1):22-31.

3. Reynolds B. A review of delay-discounting research with
humans: relations to drug use and gambling. Behav Pharmacol
2006; [7(8):651-667.

RIGHTE L& H{H



by Stanford University on 03/07/11

Am | Brug Aleohol Abuse Downloaded from informahealtheare.com

For personal use only.

LA

6,

DELAYED-DISCOUNTING AMONG SUBSTANCE-DEPENDENT MSM 97

- Semple 8J. Zians J. Gram 1. Patterson TL, Methamphetamine

use. impulsivity, and sexual risk behavior amang HEV-positive
men who have sex with men. I Addict Dis 2006: 25(4):;
105-114.

. Semple SJ. Zians J, Grant I. Patterson TL. Sexual risk behav-

ior of HIV-positive methamphetamine-using men who have
sex with men: The role of partner serostatus and pariner type,
Arch Sex Behav 2006: 35(4):461-471.

Rogers RD. Moeller FG, Swann AC. Clark L. Recent research
on impulsivity in individuals with drug usc and mental health
disorders: Implications for alcohelism. Aleohol Clin Exp Res
2010; 34(8):1-15.

. Odum AL, Madden GJ. Badger GI, Bickel WK. Needle

sharing in opioid-dependent ovipatients: Psychological pro-
cesses underlying risk. Drug Alcohol Depend 2000: 60(3):
259-260.

. Nakamura N, Semple SJ, Strathdee SA. Patierson TL.,

Mcthamphetamine initiation among HIV-positive gay and
bisexual men. AIDS Care 2009; 21(9):1176-1184.

. Madden GJl. Petry NM. Badger GI, Bickel WK. Impulsive

and self-control chotees in opioid-dependent patients and nen-
drug-using control participants: Drug and monetary rewards,
Exp Clin Psychopharmacol 1997: 5(3):236-262,

. Petry NM. Delay discounting of money and alcohal in actively

usmg alcoholics. currently abstinent glcohelics, and controils.
Psychopharmacology (Berl) 2001 : 154(3):243-250,

. Hel SH. Johnson MW, Higgins ST, Bickel WK. Delay

discounting in currently using and currently abstinent cocaine-
dependent outpatients and non-drug-using matched controls,
Addict Behav 20006: 31{7):1290-1294,

. Madden GJ, Bickel WK, Jacobs EA. Discounting of delayed

rewards in opioid-dependent owtpatients: Exponential or
hyperbelic discounting functions? Exp Clin Psychopharmacol
1999; 7(3):284-293.

Hoffman WF, Moore M, Templin R, McFarland B.
Hitzemann RJ. Michell SH. Neuropsychelogical func-
tion and dclay discounting in methamphetamine-dependent
individuals, Psychopharmacology  (Berl) 2006; 188(2):
162-170.

. Weatherly IN. Terrcll HK, Derenne A. Delay discounting

of differcnt commodities. | Gen Psychellournal of General
Psychology. 2010;137(3):273--2806.

15.

16.

20.

21

22.

24,

26.

Compton MT, Kaslow NI. Self-reported psychotic symptoms
predict impulsivity among African-American patients in an
urban non-psychiatric medical sctting. Psvchiatry Res 2005:
135¢1):35-44.

Reback CJ, Peck JA. Dierst-Davies R, Nuno M, Kamicn JB,
Amass L. Contingency management among homeless, out-of-
lreatment men who have sex with men. J Subst Abuse Treal
2010; 39(33:255-203.

. Crean IP. de Wit H. Richards JB. Reward discounling as

a measure of impulsive behavior in a psychiatric outpatient
population, Exp Clin Psychopharmacel 2000: 8(2):155-162.

. Heerey EA. Robinson BM. McMahon RP. Gold JM. Delay

discounting in schizophrenia, Cogn Neuropsychiauy 2007;
12(3):213-221,

. Mazur JE. An adjusting procedure for studying delayed

reinforcement, In Quantitative Analysis of Behavior. Vol
5. Commons ML, Muzur JE. Nevin JA. Rachlin H. eds.
Hillsdale. NJ: Erlbaum., 1987: 35-73.

Galea S, Vlzhov D. Social determinants and the health of drug
users: Socioeconomic status, homelessness. and incarceration.
Public Health Rep 2002; 117(Suppl. 1%:8135-S145.
Rosenbaum PR. Discussing hidden bias in observational stud-
ies. Ann Intern Med 1991; 115:901-905.

Rosenbaum PR. Observational Studies, Second Edition.
New York. NY: Springer-Verlag, 2002,

. Rogers RD, Moeller FG, Swann AC, Clark L. Recent rescarch

on impulsivity in individuals with drug use and mental health
disorders; Implications for alcoholism. Alcohol Clin Exp Res
2010; 34(8):1319-1333,

Verdejo-Garcia A, Sdnchez-Ferndndex MDM,  Alonso-
Maroto LM, Ferndndez-Calderén F, Perales JC, Lozano
O. Pércz-Garcfa M. Impulsivity and execulive functions
in polysubstance-using rave attender. Psychopharmacology
2010: 210:377-392,

- Bornovalova MA. Daughters SB, Richards JB. Lejuez CW.

Differences in impulsivity and risk-taking propensity between
primary users of crack cocaine and primary users of heroin
in a residential substance-use program. Exp Clin Psycho-
pharmacol 2005; 13¢4):311-318.

Los Angeles Homeless Services Authority (LAHSA), 2007
Grealer Los Angeles Homeless Count Executive Summary.
htp:/faww. tahsa,org/

BiGHTS LM E






