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Abstract
Exercise has been proposed as an adjunct intervention for substance use disorders due to its many
benefits in terms of mental and physical health. This study investigated the association between
completion of exercise-related activities and substance use disorders treatment outcome in a sample
of 187 participants undergoing intensive outpatient treatment with contingency management. The
sample was divided into two groups based upon whether or not an individual completed an exercise-
related activity. Individuals who engaged in exercise-related activities (n = 45) were found to achieve
longer durations of abstinence during treatment than individuals who did not complete an exercise-
related activity (n = 142). Overall, these findings suggest that exercise may be of benefit to individuals
undergoing substance use disorders treatment. Methods for implementing an exercise intervention
within substance use disorders treatment are discussed.
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1. Introduction
Substance use can be conceptualized as a goal directed behavior governed by the principles of
reinforcement. Animal studies show drug self-administration varies inversely with the
availability of drug-free reinforcers such as food, wheel-running, and social environments
(Ahmed, 2005). In humans, substance use often occurs at the expense of other, substance-free,
activities including exercise (e.g., Van Etten, Higgins, Budney, & Badger, 1998). Therefore,
the aim of this study is to investigate the relationship between completing exercise-related
activities and substance use disorders (SUD) treatment outcome in an outpatient sample
receiving contingency management (CM) treatments. CM interventions provided tangible
reinforcers upon evidence of behavior change, such as submission of drug-free specimens or
completion of substance-free activities.

Exercise improves cardiovascular health, decreases risks for various chronic medical diseases,
and improves health-related quality of life (Penedo & Dahn, 2005). In addition, exercise has
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mental health benefits; exercise is consistently associated with positive mood by increasing
feelings of vigor and reducing tension, fatigue, and confusion (Puetz, O’Conner, & Dishman,
2006). Exercise also reduces symptoms of depression and anxiety while lowering the risk of
major depression relapse (Penedo & Dahn, 2005). These benefits are noteworthy, as affective
disorders often co-occur with SUD.

Although studies investigating exercise as a component to SUD treatment are sparse and
typically involve inpatient samples (e.g., Palmer, Vacc, & Epstein, 1988), these studies
generally find improved physical fitness and decreases in depression and anxiety. More
recently, Ussher and colleagues (2004) found that a single bout of exercise lessened urges to
drink alcohol in alcohol detoxification patients. In a non-clinical setting, an exercise program
significantly increased physical fitness and reduced alcohol consumption compared to a no-
treatment control group in heavy drinking college students (Murphy, Pagano, & Marlatt,
1986). Together these studies suggest that exercise may be a beneficial component of SUD
treatment.

We investigated the association between completion of exercise-related activities and
treatment outcomes in a sample of SUD individuals undergoing CM treatment. The studies
upon which we base our analyses were not designed as exercise initiation interventions;
however, a proportion of participants in the trials engaged in exercise-related activities. Based
upon the previous SUD and exercise literature, we hypothesize that individuals who engaged
in exercise-related activities during CM treatment will have longer durations of abstinence in
comparison to individuals who do not engage in exercise-related activities.

2. Methods
Data for this study were collected during two separate randomized clinical trials investigating
the efficacy of CM in addition to standard intensive outpatient SUD treatment (Petry et al.,
2004, 2005). This study is limited to participants randomized to a CM treatment condition, as
only the CM interventions in these studies required individuals to select, complete, and provide
objective verification of goal-related activities (see Procedures section).

2.1 Participants & Measures
Participants (N = 187) were new admissions to intensive outpatient treatment for SUD. See
Petry et al., (2004; 2005) for additional eligibility criteria. All participants provided informed
consent and the studies were approved by the university’s Institutional Review Board.

Participants completed the Addiction Severity Index (ASI; McLellan et al., 1992), and modules
of the Structured Clinical Interview for DSM-IV (SCID; First, Spitzer, Gibbon, Williams,
1996) were administered to assess past-year SUD. Breath and urine samples were also collected
and screened for alcohol using an Alco-sensor IV Alcometer (Intoximetrics, St. Louis, MO)
and opioids and cocaine using OnTrak TesTstiks (Varian, Inc., Walnut Creek, CA).
Participants submitted up to 21 breath and urine samples over the 12-week treatment period.

2.2 Procedures
Participants completed a 2-hour baseline interview consisting of measures listed above. CM
Treatment. In addition to intensive outpatient SUD treatment, CM treatment monitored the
target behaviors frequently, and provided reinforcement (range = $80 to $882 in prizes or
vouchers) for sustained completion of target behaviors. Failure to complete target behaviors
led to withholding reinforcement and subsequent bonuses were returned to a low level. The
two target behaviors reinforced in these studies were drug abstinence and completion of goal-
related activities. Each behavior was reinforced independently.
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Participants had to submit breath and urine samples that tested negative for alcohol, cocaine
and opioids to earn reinforcement for drug abstinence. Completion of goal-related activities
involved participants choosing three specific goal-related activities to complete each week.
They received reinforcement for each completed and objectively verified (e.g., receipt, doctor’s
note) activity. A total of 36 activities were possible over the 12 weeks of treatment. (See Petry
and colleagues [2001] for a description of types of activities selected and verified.)

For purposes of this study, activities were coded as exercise-related or not. Self-selected
exercise activities were broadly defined and could be indirect (e.g., buying sneakers, planning
a workout routine) or direct (e.g., playing basketball, swimming, jogging). Activities were
coded as non-exercise if they did not relate to the preparation of or engagement in physical
activity (e.g., attending a NA meeting, attending a doctor’s appointment, paying rent).
Participants were encouraged to select activities based upon the results of a needs assessment.

2.3 Statistical Analyses
Participants were classified as exercisers or non-exercisers on the basis of whether they selected
and completed one or more exercise activities during the 12 weeks of CM treatment. Three
raters independently reviewed all activities and coded whether they related to exercise or not.
Interrater reliabilities were good (rs > 0.8). When raters disagreed about the coding, the raters
met, discussed the item, and came to agreement.

Differences between exercisers and non-exercisers on demographic and substance use
variables were evaluated using Chi-squared tests and ANOVA. ANCOVA evaluated exercise
group differences on longest duration of abstinence, measured in weeks. Variables that differed
significantly between the exercisers and non-exercisers at baseline, and variables that are
known to be associated with outcomes (e.g., intake toxicology result) were also included.

3. Results
Overall, 45 participants (24.1%) completed at least one exercise activity (i.e., exercisers) and
142 participants (75.1%) did not complete any exercise activities (i.e., non-exercisers). The
mean number of exercise activities completed by exercisers was 1.78 (SD = 1.62; range = 1–
7). Table 1 presents baseline demographic and clinical characteristics of the sample divided
by exercise status (i.e., exercisers vs. non-exercisers). Ethnicity, total number of activities
completed, and ASI employment composite score differed by group, p < .05.

Table 2 provides the results of the ANCOVA predicting treatment outcome. The covariates
intake toxicology result and total number of activities completed were significantly associated
with longest duration of abstinence, ps < .01. The adjusted longest duration of abstinence in
weeks was 6.83 (SE = 0.31) for those with a negative intake toxicology result and 3.96 (0.44)
for those with a positive intake toxicology result. Completing more activities overall was
positively associated with longest duration of abstinence. Even after controlling for these
variables, exercise status was associated with longest duration of abstinence, p < .01. The
adjusted longest duration of abstinence in weeks was 6.04 (0.43) for exercisers and 4.75 (0.34)
for non-exercisers.

4. Discussion
The relationship between completion of exercise-related activities and treatment outcome was
assessed in 187 participants who received CM plus standard intensive outpatient SUD
treatment. Almost 25% of participants completed at least one exercise-related activity during
the 12 weeks of CM treatment. Those who completed an exercise-related activity had
significantly longer durations of abstinence compared to participants who did not complete
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any exercise-related activities, even after accounting for other relevant factors that may have
influenced treatment outcome, such as intake toxicology result. Therefore, participation in
exercise may have a positive impact upon SUD treatment outcome.

While encouraging, these findings are preliminary. The study was associative, and individuals
self selected activities. Further, participation in exercise was limited with few individuals
completing more than two exercise-related activities. However, even one bout of exercise can
temporarily reduce urges to use (Ussher et al., 2004). Overall, results suggest that exercise
warrants further investigation as an adjunct treatment for SUD.

We propose that incorporating exercise into SUD treatment can be done via CM. Exercise
programs can be structured such that the behavior is monitored and reinforced. For example,
pedometers can be worn with specific criterion counts required to earn reinforcement. Exercise
equipment can store and track individual workout records. Finally, attendance records at
exercise classes, either at the clinic itself or offsite, can be monitored. In sum, completing
exercise-related activities was associated with longer durations of abstinence in a sample of
outpatient SUD individuals receiving CM treatment, and reinforcing exercise using CM
procedures may assist in preventing relapse.

Acknowledgements

This research was supported in part by National Institutes of Health Grants R01-DA13444, RO1-DA016855, RO1-
DA14618, RO1-DA018883, P50-DA09241, and P50-AA03510. Additional funding was provided by General Clinical
Research Center Grant M01-RR06192. We thank the patients and staff at Blue Ridge Center, Alcohol and Drug
Recovery Centers, Inc., and Morris Foundation, Inc., for their participation in and support of this project. Additionally,
we thank Tressa Hanson for her assistance with data management for this project.

References
Ahmed SH. Imbalance between drug and non-drug reward availability: A major risk factor for addiction.

European Journal of Pharmacology 2005;526:9–20. [PubMed: 16263108]
First, MB.; Spitzer, RL.; Gibbon, M.; Williams, JBW. Structured Clinical Interview for DSM-IV Axis I

Disorders, Clinician Version. Washington, DC: American Psychiatric Press; 1996.
McLellan AT, Kushner H, Metzger D, Peters R, Smith I, Grissom G, et al. The fifth edition of the

Addiction Severity Index. Journal of Substance Abuse Treatment 1992;9:199–213. [PubMed:
1334156]

Murphy TJ, Pagano RR, Marlatt GA. Lifestyle modification with heavy alcohol drinkers: Effects of
aerobic exercise and meditation. Addictive Behaviors 1986;11:175–186. [PubMed: 3526824]

Palmer J, Vacc N, Epstein J. Adult inpatient alcoholics: Physical exercise as a treatment. Journal of
Studies on Alcohol 1988;49:418–421. [PubMed: 3216644]

Penedo FJ, Dahn JR. Exercise and well-being: A review of mental and physical health benefits associated
with physical activity. Current Opinion in Psychiatry 2005;18:189–193. [PubMed: 16639173]

Petry NM, Alessi SM, Marx J, Austin M, Tardif M. Vouchers versus prizes: Contingency management
treatment of substance abusers in community settings. Journal of Consulting and Clinical Psychology
2005;73:1005–1014. [PubMed: 16392974]

Petry NM, Tedford J, Austin M, Nich C, Carroll KM, Rounsaville BJ. Prize reinforcement contingency
management for treatment of cocaine abusers: How low can we go, and with whom? Addiction
2004;99:349–360. [PubMed: 14982548]

Petry NM, Tedford J, Martin B. Reinforcing compliance with non-drug activities. Journal of Substance
Abuse Treatment 2001;20:33–44. [PubMed: 11239726]

Puetz TW, O’Connor PJ, Dishman RK. Effects of chronic exercise on feelings of energy and fatigue: A
quantitative synthesis. Psychological Bulletin 2006;132:866–879. [PubMed: 17073524]

Ussher M, Sampuran AK, Doshi R, West R, Drummond DC. Acute effect of a brief bout of exercise on
alcohol urges. Addiction 2004;99:1542–1547. [PubMed: 15585045]

Weinstock et al. Page 4

Addict Behav. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Van Etten ML, Higgins ST, Budney AJ, Badger GJ. Comparison of the frequency and enjoyability of
pleasant events in cocaine abusers vs. non-abusers using a standardized behavioral inventory.
Addiction 1998;93:1669–1680. [PubMed: 9926530]

Weinstock et al. Page 5

Addict Behav. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Weinstock et al. Page 6
Ta

bl
e

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s b

y 
ex

er
ci

se
 g

ro
up

.

V
ar

ia
bl

e
E

xe
rc

is
er

s
(n

 =
 4

5)
N

on
-E

xe
rc

is
er

s
(n

 =
 1

42
)

St
at

is
tic

 (d
f)

p-
va

lu
e

n
%

n
%

G
en

de
r

χ2 (1
) =

 2
.9

9
.0

84
 

M
al

e
24

53
.3

55
38

.7
 

Fe
m

al
e

21
46

.7
87

61
.3

Et
hn

ic
ity

χ2 (3
) =

 1
1.

57
.0

09
 

C
au

ca
si

an
17

37
.8

28
19

.7
 

A
fr

ic
an

 A
m

er
ic

an
23

51
.1

94
66

.2
 

H
is

pa
ni

c
2

4.
4

18
12

.7
 

O
th

er
3

6.
7

2
1.

4
M

ar
ita

l S
ta

tu
s

χ2 (3
) =

 5
.0

9
.1

66
 

Si
ng

le
21

46
.7

88
62

.0
 

M
ar

rie
d/

C
oh

ab
ita

tin
g

12
26

.7
21

14
.8

 
D

iv
or

ce
d/

Se
pa

ra
te

d
12

26
.7

31
21

.8
 

W
id

ow
ed

0
0.

0
2

1.
4

C
lin

ic
al

 T
ria

l
χ2 (1

) =
 2

.9
3

.0
87

 
Pe

try
 e

t a
l. 

(2
00

4)
15

33
.3

68
47

.9
 

Pe
try

 e
t a

l. 
(2

00
5)

30
66

.7
74

52
.1

D
SM

-I
V

 S
ub

st
an

ce
 D

ia
gn

os
is

 
A

lc
oh

ol
 D

ep
en

de
nc

e
22

48
.9

70
49

.3
χ2 (1

) =
 0

.0
0

.9
62

 
C

oc
ai

ne
 D

ep
en

de
nc

e
39

86
.7

12
2

85
.9

χ2 (1
) =

 0
.0

2
.8

99
 

O
pi

oi
d 

D
ep

en
de

nc
e

9
30

.0
27

36
.5

χ2 (1
) =

 0
.4

0
.5

29
In

ta
ke

 T
ox

ic
ol

og
y 

R
es

ul
t

 
N

eg
at

iv
e

38
84

.4
10

3
73

.0
χ2 (1

) =
 2

.4
2

.1
20

M
SD

M
SD

A
ge

 (y
ea

rs
)

36
.0

6.
2

35
.4

7.
2

F(
1,

18
5)

 =
 0

.3
1

.5
79

Y
ea

rs
 o

f E
du

ca
tio

n
12

.0
1.

5
11

.5
1.

4
F(

1,
18

5)
 =

 3
.7

4
.0

55
A

SI
 C

om
po

si
te

 S
co

re
s

 
M

ed
ic

al
0.

13
0.

3
0.

22
0.

3
F(

1,
93

) =
 3

.8
4

.0
53

 
A

lc
oh

ol
0.

20
0.

2
0.

19
0.

2
F(

1,
18

5)
 =

 0
.1

5
.6

98
 

D
ru

g
0.

15
0.

1
0.

17
0.

1
F(

1,
18

5)
 =

 1
.2

4
.2

68
 

Le
ga

l
0.

12
0.

2
0.

13
0.

2
F(

1,
18

5)
 =

 0
.0

2
.9

02
 

Em
pl

oy
m

en
t

0.
62

0.
3

0.
79

0.
3

F(
1,

18
5)

 =
 1

1.
04

.0
01

 
Fa

m
ily

/S
oc

ia
l

0.
20

0.
3

0.
21

0.
2

F(
1,

18
5)

 =
 0

.0
4

.8
38

 
Ps

yc
hi

at
ric

0.
28

0.
2

0.
23

0.
2

F(
1,

18
5)

 =
 1

.4
3

.2
33

To
ta

l N
um

be
r o

f A
ct

iv
iti

es
 C

om
pl

et
ed

26
.7

11
.3

14
.1

12
.2

F(
1,

18
5)

 =
 3

7.
12

.0
01

N
ot

e.
 N

um
be

rs
 d

o 
no

t a
lw

ay
s a

dd
 u

p 
to

 g
ro

up
 si

ze
 d

ue
 to

 m
is

si
ng

 d
at

a.
 A

SI
 =

 A
dd

ic
tio

n 
Se

ve
rit

y 
In

de
x.

 B
ro

w
n-

Fo
rs

yt
he

 st
at

is
tic

 re
po

rte
d 

fo
r A

SI
 m

ed
ic

al
 co

m
po

si
te

 sc
or

e a
s v

ar
ia

bl
e v

io
la

te
s a

ss
um

pt
io

ns

of
 h

om
og

en
ei

ty
. A

ll 
an

al
ys

es
 w

er
e 

co
nd

uc
te

d 
us

in
g 

SP
SS

 1
5.

0®
, a

nd
 a

lp
ha

 w
as

 se
t a

t a
 p

-v
al

ue
 o

f l
es

s t
ha

n 
0.

05
.

Addict Behav. Author manuscript; available in PMC 2009 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Weinstock et al. Page 7

Table 2
Analysis of Covariance of longest duration of abstinence (n = 186).

Source of Variance df Mean Square F p-value

ASI Employment Composite Score 1 12.33 2.63 .107
ASI Medical Composite Score 1 1.31 0.28 .597
Number of Activities Completed 1 13388.06 296.44 >.001
Clinical Trial 1 0.54 0.11 .736
Gender 1 3.60 0.77 .382
Ethnicity 3 10.68 2.28 .081
Intake Toxicology Result 1 243.72 52.05 >.001
Exercise Group 1 40.89 8.73 .004

Note. ASI = Addiction Severity Index.
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