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Abstract

Interventions targeting physical activity may be valuable as an adjunct to alcohol treatment, but 

have been relative untested. In the current study, alcohol dependent, physically sedentary patients 

were randomized to: a 12-week moderate-intensity, group aerobic exercise intervention (AE; n = 

25) or a brief advice to exercise intervention (BA-E; n=23). Results showed that individuals in AE 

reported significantly fewer drinking and heavy drinking days, relative to BA-E during treatment. 

Furthermore adherence to AE strengthened the beneficial effect of intervention on alcohol use 

outcomes. While high levels of moderate-intensity exercise appeared to facilitate alcohol recovery 

regardless of intervention arm, attending the group-based AE intervention seemed to further 

enhance the positive effects of exercise on alcohol use. Study findings indicate that a moderate 

intensity, group aerobic exercise intervention is an efficacious adjunct to alcohol treatment. 

Improving adherence to the intervention may enhance its beneficial effects on alcohol use.

Introduction

While treatments for alcohol dependence have demonstrated efficacy (W. R. Miller & 

Wilbourne, 2002; Read, Kahler, & Stevenson, 2001), relapse remains problematic with rates 

of relapse in the first year following treatment ranging from 60 – 90% (Brownell, Marlatt, 

Lichtenstein, & Wilson, 1986; Maisto, Connors, & Zywiak, 2000; W.R. Miller, Walters, & 

Bennett, 2001; Weisner, Matzger, & Kaskutas, 2003). Over the years, stagnant rates of 

relapse in alcohol use and other addictive disorders have garnered much needed attention 

(Marlatt & Donovan, 2005; Moos & Moos, 2006), which led to new approaches to relapse 

prevention. The work of Marlatt and colleagues’ (Marlatt & Donovan, 2005) is among the 

most prominent and relapse prevention strategies based on this model have shown promise 

in the treatment for alcohol use disorders (Carroll, 1996; Irvin, Bowers, Dunn, & Wang, 

1999; Witkiewitz & Marlatt, 2004). However, unequal attention has been paid to each 

component of this model. In particular, the lifestyle modification component, one of the 

primary domains of Marlatt’s model, has received the least emphasis in relapse prevention 

programs for alcohol dependence (Marlatt & Witkiewitz, 2005; Witkiewitz & Marlatt, 

2004), and as a result, rigorous empirical evaluation is lacking.

Among approaches to lifestyle modification, exercise holds particular promise for relapse 

prevention. Exercise has been described as “a highly recommended lifestyle change 

activity” for relapse prevention (Marlatt & Gordon, 1985, P 309), and the potential value of 

exercise and fitness in the prevention and treatment of addictive disorders has been widely 

noted (Agne & Paolucci, 1982; Taylor, Sallis, & Needle, 1985; Tkachuk & Martin, 1999). A 

growing body of empirical research has begun to explore potential treatment applications of 

exercise for a variety of clinical problems (USDHHS, 1996). Exercise also has the potential 

to be cost-effective, flexible and accessible; many forms of exercise may be conducted 

independently at little expense. Moreover, exercise has minimal side effects and far less risk 

of adverse events than the use of psychotropic medication (Broocks et al., 1998). In short, 

exercise appears to offer decided advantages as a treatment strategy for alcohol dependent 

individuals.
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Despite its potential value, only two controlled studies have examined the effects of an 

exercise intervention in individuals with excessive alcohol use. A study involving inpatients 

in alcohol rehabilitation treatment (Sinyor, Brown, Rostant, & Seraganian, 1982) revealed 

that participants in the exercise group demonstrated better abstinence outcomes post-

treatment than did non-exercising participants. A later study (Murphy, Pagano, & Marlatt, 

1986) found that heavy drinking college students assigned to either running or yoga/

meditation demonstrated significant decreases in quantity of alcohol consumption relative to 

no exercise control participants. Findings from both studies are consistent in supporting a 

positive relationship between exercise and drinking outcomes. However, both studies also 

suffer from methodological limitations, including non-random assignment to treatment (i.e., 

using different treatment site as a comparison group) in the former study (Sinyor, et al., 

1982), and use of a non-clinical population (i.e., participants were undergraduates who 

qualified as heavy social drinkers) (Murphy, et al., 1986).

In addition, no studies to date have examined potential mediators of the relationship between 

exercise and alcohol use in a controlled exercise study. There are a number of proposed 

mechanisms by which exercise may facilitate recovery from alcohol problems; in particular, 

the positive impacts of exercise on symptoms of depression and anxiety have been well 

documented (Babyak et al., 2000; Carek, Laibstain, & Carek, 2011; Craft & Landers, 1998; 

Dinas, Koutedakis, & Flouris, 2011; Dunn, Trivedi, & O’Neal, 2001; Gill, Womack, & 

Safranek, 2010; Lawlor & Hopker, 2001; Mead et al., 2009; Perraton, Kumar, & Machotka, 

2010). Such evidence suggests that exercise may reduce relapse risk by alleviating 

symptoms of depression and anxiety, especially given that depressive and anxiety symptoms 

are common among alcohol dependent patients and are often associated with relapse and 

poor treatment outcome (R. A. Brown et al., 1998; Gill, et al., 2010; Suter, Strik, & Moggi, 

2011). Research has also supported the role of self-efficacy in alcohol recovery, with higher 

self-efficacy to avoid drinking consistently predicting better treatment outcomes (Greenfield 

et al., 2000; Ilgen, Tiet, Finney, & Moos, 2006; Rychtarik, Prue, Rapp, & King, 1992; 

Vielva & Iraurgi, 2001). Engaging in regular exercise may indirectly increase self-efficacy 

via its beneficial effects on positive and negative affect (Peluso & Guerra de Andrade, 2005; 

Penedo & Dahn, 2005; Reed & Ones, 2006) and craving (Ussher et al., 2004), and in turn, 

reduce alcohol intake or risk of relapse. In summary, there is theoretical and empirical 

support for the proposition that exercise interventions may lead to positive outcomes for 

alcohol dependent patients through several underlying mechanisms. However, to date 

standardized, structured, exercise-based interventions for alcohol use have not been 

evaluated in methodologically rigorous clinical trials.

The current study is the second in a series of studies intended to address this gap in the 

literature. In the first study (R. A. Brown et al., 2009), we described the development of a 

12-week, supervised group aerobic exercise program as an adjunctive intervention for 

alcohol dependent patients in recovery. The exercise intervention also taught participants 

cognitive-behavioral strategies to help them incorporate exercise into their daily lives and 

offered financial incentives for program adherence. We also presented preliminary data from 

a small pilot study demonstrating the feasibility of the intervention and yielding significant 

reductions in alcohol consumption and improvements in cardiorespiratory fitness (R. A. 

Brown, et al., 2009). In the present study, we report the results of a preliminary, randomized 
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controlled trial of this adjunctive exercise intervention for individuals in early recovery from 

alcohol dependence. In addition to providing a more rigorous test of this novel intervention 

for alcohol dependence, the present study addresses methodological limitations of previous 

studies. Specifically, participants were randomly assigned to treatment condition, and the 

exercise sessions were supervised, with duration and intensity carefully monitored and 

recorded to ensure patient participation and accurate delivery of the intervention.

First, we hypothesized that, as an adjunct to treatment among physically sedentary alcohol 

dependent patients in early recovery, a 12-week moderate-intensity group aerobic exercise 

intervention (AE) would be more effective than a brief advice to exercise comparison 

condition (BA-E) in reducing the quantity and frequency of alcohol use due to the exercise 

supervision, group support, cognitive-behavioral strategies and financial incentives offered 

by the AE intervention. Secondly, we predicted that regardless of intervention conditions, 

higher levels of exercise at follow-up assessments would be associated with lower levels of 

alcohol use. Thirdly, we hypothesized that AE would yield greater improvements in 

depressive and anxiety symptoms, and self-efficacy (potential mediators/secondary 

outcomes) relative to BA-E. Finally, we predicted that greater levels of exercise as well as 

cardiorespiratory fitness would be observed in AE compared to BA-E.

Method

Participants

A total of 49 participants were recruited from alcohol and drug day treatment services 

program at Butler Hospital (n = 20) and from the community via media advertisements (n = 

29). Patients at the Butler Hospital program had an attending psychiatrist, a counselor whom 

they met with daily to coordinate their treatment and they participated in cognitive-

behavioral groups aimed at teaching sobriety and relapse prevention coping skills. Study 

participants met the following inclusion criteria; 1) being between 18 and 65 years of age, 2) 

meeting DSM-IV-TR criteria for alcohol dependence, 3) currently sedentary (i.e., exercising 

less than 60 minutes per week for the past 6 months), 4) being in early alcohol recovery (i.e., 

currently in alcohol treatment and abstinent from alcohol for less than 90 days), and 5) 

having been medically cleared to engage in moderate intensity exercise by the study 

physician. The exclusion criteria included: 1) non-alcohol, substance dependence (except 

nicotine dependence), 2) anorexia or bulimia nervosa, 3) bipolar disorder, 4) a history of 

psychotic disorder or current psychotic symptoms, 5) current suicidality, 6) marked organic 

impairment, 7) physical disabilities, medical problems, or use of medications that would 

interfere with participation in a program of moderate exercise, and 8) current pregnancy or 

intent to become pregnant during the next 12 weeks. The consort diagram is shown in Figure 

1. Participants were recruited from an intensive alcohol treatment program and from the 

community, and provided informed consent. Demographic data and baseline drinking 

variables are presented in Table 1, and indicate that control and treatment groups were 

equivalent in age, gender, ethnicity and education, marital status, employment status and 

baseline drinking variables.
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Measures

Health Questionnaire & Physical Activity Screen—The health questionnaire 

assessed health history and status, including medical conditions that might complicate 

participation in a moderate intensity exercise program. The interview was used as a screen to 

determine sedentary status, and queried regular engagement in moderate intensity activity 

and assessed frequency and length of time of participation in exercise of this type.

Structured Clinical Interview for DSM-IV (SCID-P)—Relevant sections of the SCID-

P (First, Spitzer, Gibbon & William, 1995) were administered to determine diagnostic 

criteria for inclusion/exclusion criteria.

Time-Line-Follow-Back (TLFB)—The TLFB interview was used to assess daily alcohol 

use at baseline and during follow-up. The TLFB has excellent reliability (Sobell, Maisto, 

Sobell, & Cooper, 1979) and validity (Sobell & Sobell, 1980). Data from the TLFB were 

summarized over 90 days prior to allocation, 12-week treatment, and 12-week post-

treatment follow-up periods to yield the baseline alcohol variable (i.e., the average number 

of drinks per day) and primary alcohol outcome variables: number of drinking days (i.e., 

number of days any drinking was reported) and number of heavy drinking days (i.e., number 

of days heavy drinking was reported). A heavy drinking day was defined as 5 drinks per day 

for men and 4 drinks per day for women.

Breathanalysis—At baseline, each exercise session, and each follow-up assessment, 

breath was analyzed for alcohol to confirm abstinence prior to exercise participation and 

interview completion and to further corroborate self-report data.

Depressive Symptoms—The Center for Epidemiological Studies-Depression scale 

(CES-D), which has demonstrated good reliability and validity (Radloff, 1977), was 

administered to assess level of depressive symptoms.

Anxiety Symptoms—The Spielberger State-Trait Anxiety Inventory (STAI; (Spielberger 

et al., 1988), which has strong psychometric properties (Spielberger, et al., 1988), was used 

to evaluate anxiety symptoms.

Self-Efficacy for Alcohol Abstinence—The Situational Confidence Questionnaire 

(SCQ;(Annis & Graham, 1988) was used to assess Bandura’s concept of self-efficacy for 

alcohol-related situations. The SCQ has been found to be a good predictor of treatment 

outcome (Burling, Reilly, Moltzen, & Ziff, 1989).

Level of Exercise—The TLFB, which has demonstrated reliability and validity for 

assessing levels of daily exercise over extended periods of time (Panza, Weinstock, Ash, & 

Pescatello, 2012), was employed to assess type, intensity level, and duration of daily 

exercise at baseline and during follow-up. TLFB for exercise was used to calculate the 

average number of minutes of exercise each week during the 12-weeks of active treatment 

and the 12-week post-treatment follow-up that was rated to be at least of moderate intensity 

(Rating of Perceived Exertion [RPE] ≥ 11).
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Physical Fitness—The estimated maximal oxygen consumption (VO2 max) was obtained 

during the cardiorespiratory fitness test, conducted by the study physician or a masters-level 

exercise physiologist, using a submaximal graded exercise protocol on a motorized 

treadmill, at baseline and 12-week assessments. Increases in estimated VO2 max at follow-

up assessment indicated improved cardiorespiratory fitness.

Procedure

The intervention is described in detail elsewhere (Brown, et al., 2009). Briefly, participants 

were randomized to either moderate intensity, group aerobic exercise (AE) or a brief advice 

to exercise (BA-E) comparison condition using urn randomization (Wei, 1978) to assure a 

balanced distribution according to gender and age. All participants completed baseline 

assessments and follow-up interviews at the end of treatment (12 weeks) and at 6-months 

after baseline assessment (6-month follow-up). Group Aerobic.

Exercise (AE)—The AE was comprised of three primary components: 1) moderate-

intensity aerobic exercise, 2) group behavioral treatment and 3) incentive system. The 

exercise component involved 12 weekly aerobic exercise group sessions at the study fitness 

facility located on the grounds of Butler Hospital. Although occurring infrequently, 

participants with transportation difficulties were provided with taxicab vouchers to attend 

exercise sessions. Participants joined the group on a rolling admissions basis, and group size 

ranged from 2 – 5, with a modal group size of 3 participants. Under the supervision of a 

masters level exercise physiologist, participants at each group session exercised on a 

treadmill, elliptical machine or recumbent bicycle. At the beginning of each participant’s 

initial weekly exercise group, the exercise physiologist provided information regarding the 

psychological and physical benefits of moderate intensity exercise, and oriented participants 

on all aspects of the exercise intervention. In subsequent sessions, the exercise physiologist 

guided participants on the intensity and duration of the exercise to be performed. Exercise 

sessions began at 20 minutes per session and gradually progressed to 40 minutes per session 

by week 12. Participants exercised at a rate that achieved 55 – 69% (moderate-intensity) of 

age-predicted maximal heart rate. This exercise regimen is consistent with the guidelines 

offered by the American College of Sports Medicine (ACSM; (American College of Sports 

Medicine, 2000). Participants in the study were also given “prescriptions” from the exercise 

physiologist (tailored to their level of fitness) to engage in moderate-intensity aerobic 

exercise on a minimum of two to three other occasions during the week for the duration.

Group behavioral treatment involved weekly, brief (15–20 minutes) group interventions 

based on cognitive and behavioral techniques. Through these weekly groups, participants 

were guided as to how to increase overall fitness through behavioral changes in their daily 

lives. Each brief group session was focused on a certain topic designed to increase overall 

motivation resulting in improved exercise adherence and maintenance. Modules included: 1) 

Benefits of Exercise, 2) Benefits of Exercise for Alcohol Recovery, 3) Goal Setting, 4) 

Getting and Staying Motivated, 5) Getting Back on Track, 6) Exercise and Coping with 

Negative Moods, 7) Identifying and Overcoming Barriers, 8) Time Management, 9) Basic 

Information for Exercising Wisely, 10) Maintenance of Exercise, 11) Making Plans for 

Action, 12) Social Support. In order to maximize adherence to the exercise program and 
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self-monitoring of daily exercise activities, participants earned incentives for various levels 

of adherence. The incentive consisted of providing participants with $5 for attending each 

weekly combined group/exercise session and an additional $5 for returning their completed 

exercise self-monitoring form (from the prior week) at that session. In addition, participants 

earned the opportunity to draw for a voucher (in amount ranging from $10 – $50) at each 

weekly session, if they had consecutive attendance (i.e., had attended the prior week’s group 

+ exercise session).

Brief advice to exercise (BA-E)—In BA-E, a doctoral level clinical psychologist or an 

exercise physiologist informed participants that they had been medically cleared to begin a 

moderate exercise regimen, and engaged in a 15–20 minute discussion of the psychological 

and physical benefits of exercise. The intervention also included public health 

recommendations for exercise frequency (ACSM, 2000), duration, and intensity, and a 

written handout to summarize the information provided during this session. BA-E 

participants did not receive payments contingent upon attendance and self-monitoring and 

did not draw from a fish bowl, but rather were all paid an amount that was expected to be 

equivalent to the average amount of the contingent incentives earned in the AE condition. 

As participants were recruited on a rolling admissions basis and we could not know early in 

the study the average amount that AE participants would earn in this study, all BA-E 

participants were paid $194 (in gift cards) at their 12 week, end of treatment time point: the 

average amount paid to the AE group participants (with the same adherence contingencies) 

in a prior pilot study (R. A. Brown, et al., 2009).

Data Analysis Plan

Primary aims of this preliminary randomized trial were evaluated using linear models 

appropriate for drinking and exercise outcomes. Primary drinking outcomes based upon 

TLFB were number of drinking days and heavy drinking days assessed during the 12-week 

treatment period and the 12-week follow-up. Poisson, negative binomial and zero-inflated 

regression models for count outcomes were fit separately for drinking outcomes during 

treatment and during follow-up. We proceeded with zero-inflated Poisson (ZIP) models, 

which allow for non-normally distributed counts of drinking events and frequent reports of 

no drinking (e.g., zero-inflation), given that the Vuong Non-Nested Hypothesis Test-

Statistic (Long, 1997) of −3.53 (p<0.01) and −4.64 (p<0.01) consistently supported the 

improved fit of the zero-inflated over standard Poisson models for drinking during treatment 

and follow-up periods, respectively. Model testing did not support the use of less restricted, 

negative binomial models (Osgood, 2000; Paternoster & Brame, 1997) suggesting that count 

outcomes were not overdispersed and the log (Theta) parameter was not significantly 

different than zero in any model (ps >0.10) (Long, 1997). For the exercise outcomes, we 

used robust regression to reduce the influence of outliers (Rousseeuw & Yohai, 1984). 

Participants who provided at least 2/3 of self-report assessments (56 days) during the 12-

week treatment and 12-week follow-up periods were included in the primary outcome 

analyses (Group, 1997). For each period, the count of drinking days and heavy drinking days 

was created by multiplying the valid percentage of reported drinking days and heavy 

drinking days (i.e., dividing the number of drinking days and heavy drinking days by the 

number of reported days) by 84 days (12 weeks).
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Results

Treatment assignment and adherence

Recruitment, enrollment and treatment allocation information and accompanying 

sociodemographic characteristics of AE and BA-E participants are listed in the consort 

diagram (see Figure 1). A total of 1575 individuals screened for eligibility for the study were 

recruited from alcohol treatment program (n=926) and the community (n=649). Of those 

screened, 305 (32.9%) and 212 (32.7%) did not meet criteria for alcohol dependence and 

162 (17.5%) and 131 (20.2%) were excluded due to reporting non-alcohol substance 

dependence from the alcohol and drug day treatment program and the community, 

respectively. There was no difference in the proportion of participants who were ruled out 

due to a lack of alcohol dependence or meeting criteria for non-alcohol substance 

dependence between the two recruitment venues (ps > .05).

During the recruitment period, 93 participants were scheduled for baseline assessments. Of 

these, 6 (6%) were excluded because of a SCID-diagnosed psychiatric rule out, 24 (26%) 

did not show up for their baseline appointment, and 14 (15%) did not complete the baseline 

assessment because they failed to show up for the submaximal graded exercise test. A total 

of 49 participants were eligible to participate in the 12-week aerobic exercise intervention. 

There were no serious adverse events during the study. Self-report assessments were 

available for 90% (n=44) and 88 % (n=43) of participants during treatment and at the final 

24-week (6 months) assessment, respectively. Follow-up rates for cardiorespiratory fitness 

test was 61% at 6-months. No significant differences in adherence rates between conditions 

were observed (ps > 0.57).

Final sample—The sample of 49 participants included 22 (45%) females and 27 (55%) 

males. The mean age of participants was 44.37 (SD = 10.75) years. The sample was 

primarily Caucasian (75.51%) with an average of 14.6 (SD = 2.4) years of education. 

Current alcohol treatments in the 3-months prior to enrollment included inpatient or day 

hospital care (69%), AA/NA attendance (67%), pharmacotherapy for alcohol use (53%), and 

contacts with individual providers (73%). Treatment conditions did not differ significantly 

on demographics (age, gender, education level, marital status, and employment) and 

baseline drinking variables (i.e., the number of drinks per day, percent drinking days, 

percent heavy drinking days, ps > .094). In addition, continuous abstinent days prior to study 

enrollment (the first day of intervention) ranged from 1 to 55 days (mean = 19.12, SD = 

12.79). As in other baseline alcohol variables, no difference in the number of continuous 

abstinent days between AE (mean = 18.48) and BA-E (mean = 19.83) was found (p = 0.72) 

while a shorter continuous abstinent period prior to the intervention predicted greater 

number of days drinking or heavy drinking during the treatment (ps ≤ .001), as expected.

Analyses during the treatment and follow-up periods are based upon the 44 and 43 

participants, respectively, who provided sufficient data (2/3 of self-report assessments) for 

analyses. There were no significant differences in baseline characteristics between included 

and excluded participants, except for years of education. Included participants had greater 

years of education compared to those of the excluded participants (Table 1).
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Of the final sample, 20 participants (AE = 11, BA-E = 9) were recruited from alcohol and 

drug day treatment services program and 29 participants (AE = 15, BA-E = 14) were from 

the community. The proportion of participants recruited from the two recruitment sites did 

not differ between treatment conditions. No differences in the demographics listed above 

were observed across recruitment sites. However, participants who were recruited from the 

day treatment reported significantly greater percentage of baseline drinking days and heavy 

drinking days (M = 58.6%, 45.8%, SD = 29.9, 22.0) than participants recruited from the 

community (M = 35.7%, 27.5%, SD = 35.8, 21.6); (t(45) = 3.02, 2.19 p = 0.004, 0.03, 

respectively). While those in the day treatment also reported higher average number of 

drinks per day (M = 6.3, SD = 5.8) than those from the community (M = 4.1, SD = 3.7), the 

difference did not reach statistical significance (t(45) = 1.71, p = 0.094).

Adherence to AE intervention—Out of 12 sessions, participants attended an average of 

8.44 (SD = 4.12) in the AE condition and nine of the twenty-six participants (35%) in the 

AE condition completed all 12 sessions. A total of 16 participants (62%) met our criteria for 

adherence and attended 8 or more of the exercise sessions at the fitness facility. The average 

attendance and self-monitoring amount earned by AE participants was $60.77 (SD = 38.88) 

and the average fishbowl amount paid to AE participants was $103.46 (SD = 73.81). All 

payments were in gift cards to a local supermarket or department store. The total average 

amount paid to AE participants was $164.23 (SD = 111.11).

Primary Drinking Outcomes by Treatment

Primary drinking outcome models included age, gender, the average number of drinks per 

day during the 90-days prior to randomization, and average minutes of exercise each week, 

and evaluated whether AE compared to BA-E had fewer drinking/heavy drinking days 

(main effect of treatment). Table 2 and 3 list results for components of the models 

evaluating frequency of drinking (i.e., number of any and heavy drinking days) during 

treatment and follow-up periods, respectively. During the treatment period, zero-inflated 

Poisson models for drinking days (X2 (2) = 170.28, p < .01) and heavy drinking days (X2(2) 

= 116.98, p < .01) were each statistically significant. Results support a significant decrease 

in drinking days and heavy drinking days for participants in the AE relative to those in BA-

E during treatment, an effect that was not maintained during the 12-week follow-up (ps > 

0.40). Participants in AE reported −0.27 and −0.54 fewer log count of drinking days and 

heavy drinking days respectively during treatment while no significant difference in the 

number of no drinking days was found across treatments (ps > .70)

Drinking outcomes by adherence to AE intervention—Exploratory regression 

analyses examined whether adherence to AE strengthened observed effects using dummy-

coded indicators to compare among AE participants who were/were not adherent (e.g. 

attended 2/3 of sessions) to BA-E participants. Participants who were adherent to AE had 

significantly fewer drinking (b = −1.13, 95%CI =−1.53 – −0.73, p = 0.000) and heavy 

drinking days (b = −0.43, 95%CI =−0.83 – −0.04, p =0.03) than those in BA-E during 

treatment. Non-adherent participants did not differ from those in BA-E on drinking days 

during treatment but did have fewer heavy drinking days (b = −0.64, 95%CI = −1.03 – 

−0.25, p = 0.001). During the follow-up period, adherent participants continued to evidence 
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fewer drinking days (b = −0.71, 95%CI =−0.92 – −0.50, p = 0.000), but had significantly 

greater heavy drinking days (b = 0.42, 95%CI = 0.09 −0.75 p =0.01) than BA-E 

participants.

Exercise and Physical Fitness Outcomes by Treatment

Levels of exercise and physical fitness by treatment—Participants in AE and BA-

E reported a median of 120 minutes (Interquartile range [IQR] = 60 – 247) and 93.75 

minutes (IQR= 0 – 158) respectively during the 12-week active treatment. During the post-

treatment follow-up, participants in AE and BA-E reported a median of 154.11 minutes 

(IQR = 43.75–295.89) and 129.64 minutes (IQR= 88.57– 281.79), respectively. Robust 

linear regression models for non-normal data that controlled for baseline levels of exercise 

(during the past 90 days) suggested that AE and BA-E did not differ significantly in levels 

of moderate exercise during the 12-week active treatment period (b = 62.57, 95%CI =−.82 

– 128.96, p = 0.07), or during the 12-week follow-up (p = 0.98).

The estimated VO2 max of ten participants in each condition were not assessed at 12-weeks 

and baseline values were carried forward. Changes in VO2 max were evaluated in regression 

models with controls for planned covariates of age, gender, and baseline VO2 max. 

Participants in AE relative to BA-E had gains in VO2 max after 12-weeks that were not 

statistically significant (p = 0.53). Average VO2 at baseline of 28.6 (SD=8.3) and 23.1 

(SD=4.7) increased to 32.7 (SD=10.6) and 25.9 (SD=7.3) for participants in AE and BA-E, 

respectively.

Levels of exercise and physical fitness by adherence to AE intervention—
Follow-up analyses suggested that adherent participants in AE (b = 110.80, 95%CI =32.01 

– 189.59, p = 0.008), but not non-adherent AE participants (p = 0.93), reported greater 

minutes of exercise than BA-E during treatment. No such difference was observed during 

the 12-week follow-up (ps >0.10). VO2 max increased significantly more among those 

adherent to AE compared to those in BA-E (b=4.97, 95%CI = 0.78 – 9.17, p = 0.025).

Primary Drinking Outcomes by Exercise Level

We also evaluated whether level of moderate-intensity exercise was related to both drinking 

days and heavy drinking days regardless of treatment condition, and whether effects of level 

of exercise on drinking days and heavy drinking days varied across treatment (treatment by 

exercise interaction). These models, which included age, gender, intervention condition and 

baseline drinking days, indicated that while level of exercise (i.e., average minutes of 

weekly exercise) was related to decreases in drinking days only during the 12-week follow-

up period, level of exercise was associated with decreases in heavy drinking days both 

during treatment and during the 12-week follow-up (ps < 0.01; see Tables 2 & 3). There 

were also significant interactions suggesting that the effects of exercise on the count of 

drinking days and heavy drinking days were stronger for AE than BA-E (ps < 0.01) during 

the treatment and follow-up periods, respectively (Table 2 & Table 3). Participants in AE 

who exercised more frequently had significantly fewer drinking days during treatment and 

fewer heavy drinking days during treatment and follow-up periods, compared to BA-E 

participants exercising at the equivalent level.
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Secondary Outcomes: Depression, Anxiety, and Self-efficacy—Levels of 

depressive and anxiety symptoms, and abstinence self-efficacy were assessed at baseline, 

end of the 12-week treatment, and at the 12-week follow-up. Regression models with 

planned covariates and control for corresponding scores at baseline suggested that at the end 

of the treatment, there were no significant treatment differences (AE vs. BA-E) in depressive 

(p = 0.29), anxiety symptoms (p = 0.11) or self-efficacy for abstinence (p = 0.76). 

Moreover, no significant differences in depression, anxiety, or self-efficacy between AE and 

BA-E were observed at the 12-week follow-up (ps >.50). Changes in symptoms of 

depression, anxiety, and self-efficacy were similar for those who were adherent or non-

adherent to AE (ps >0.10) during treatment and the follow-up period.

Discussion

In this study, we aimed to test the efficacy of an aerobic exercise intervention as an adjunct 

treatment in reducing alcohol use among physically sedentary alcohol dependent patients in 

early recovery. We further examined the effects of the exercise intervention on symptoms of 

depression, anxiety, self-efficacy, as well as levels of exercise and cardiorespiratory fitness. 

The results supported our primary hypothesis; the group aerobic exercise intervention (AE) 

demonstrated efficacy in reducing alcohol use, compared to the brief advice to exercise 

intervention (BA-E) although the beneficial effects depended on timeframe and treatment 

adherence. While levels of exercise did not significantly differ across conditions, the AE 

may enhance the positive impact of exercise on alcohol use. Findings on the secondary 

outcomes were mixed, however.

As predicted, frequency of alcohol use was reduced in the AE condition, independent of 

levels of exercise, suggesting that the amount of moderate-intensity exercise did not fully 

account for observed decreases in alcohol consumption in AE. Active ingredients of the 

group exercise intervention may not only be exercise-related components, but may also 

include nonspecific factors (e.g., receiving supervision and support, accountability to others, 

frequent contact with study staff and other patients or receipt of contingent incentives). This 

effect was, however, observed only during the intervention, indicating that the group 

exercise may be helpful for the duration of the program, but may not have lasting effects on 

alcohol use.

Follow-up analyses also revealed that the benefit of AE on the frequency of drinking was 

evident only for those who attended sufficient aerobic exercise sessions (i.e., 8 or more out 

of 12 sessions). In other words, the treatment effects on abstinent days were mainly driven 

by adherent AE participants. However, it is important to note that the AE and BA-E 

interventions were not equated for therapist interaction. Those adherent to the AE 

intervention were exposed to much more social interaction from both the treatment staff as 

well as other research participants. Given the discrepancy in contact time, treatment effects 

of the adherent AE group cannot be attributed solely to engaging in actual physical exercise 

but may have also been due to the additional interaction. In order to isolate the effect of 

exercise, future studies should be designed such that contact time between conditions is 

controlled.
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In addition, although the main effects of group exercise were limited to the treatment period, 

this was not true for adherent individuals in AE. Adherent AE participants reported 

significantly fewer drinking days, relative to those in BA-E, during the follow-up period. 

This finding deserves attention, especially since there was no difference in levels of exercise 

between adherent AE participants and those in BA-E during the follow-up period. This 

suggests that regular participation in a group intervention may have a lasting impact on 

alcohol abstinence, and highlights the importance of treatment adherence. Identifying factors 

that facilitate or hinder adherence to an exercise program may be crucial for developing and 

delivering effective interventions. However, the finding that adherent AE participants had 

significantly greater heavy drinking days than BA-E participants during the follow-up was 

unexpected. This finding may be related to reported findings of a positive, dose-response 

relationship between alcohol consumption and physical activity (Piazza-Gardner & Barry, 

2012) or it may be an anomaly due to the small number of adherent participants in the 

comparison. More research on the effects of aerobic exercise intervention on subsequent 

alcohol use in larger samples of alcohol dependent individuals should help to clarify this 

issue.

While there is much room for improvement, it is worth noting that adherence to AE 

intervention in the current study (over 70%) was comparable to, if not greater than, what 

was expected from the extant exercise intervention literature in both general and clinical 

populations (e.g., (Cannistra, Balady, O’Malley, Weiner, & Ryan, 1992; Moore, Ruland, 

Pashkow, & Blackburn, 1998; Trivedi et al., 2011). For instance, even among those who 

completed the exercise programs, the overall mean adherence rates reported in exercise 

intervention studies is around 65% (Dishman, 1988). The rate of adherence to exercise 

intervention ranging from 50% to 65% were reported in community-based exercise 

programs (Lee et al., 1996), including those who are part of a prescribed cardiac 

rehabilitation (Cannistra, et al., 1992; Moore, et al., 1998). In addition, dropout rates of 18–

50% have been reported in various exercise interventions (Chinn, White, Harland, 

Drinkwater, & Raybould, 1999; Linke, Gallo, & Norman, 2011), suggesting that engaging 

physically sedentary individuals in regular exercise continues to be challenging.

One of the components that may have helped enhance adherence rate in this study may be 

the cognitive behavioral intervention provided in AE weekly sessions. Past exercise 

intervention studies that involved behavioral interventions (e.g., goal setting and self-

management techniques, problem solving and behavioral contracting) (Coleman et al., 1999; 

Jakicic, Wing, Butler, & Robertson, 1995) and other components (i.e., self-monitoring, 

phone calls to check progress and to answer their questions) (DeBusk, Stenestrand, Sheehan, 

& Haskell, 1990; Macfarlane, Taylor, & Cuddihy, 2006) showed considerably low attrition 

rates (7–12%). Moreover, our incentive system may have also successfully enhanced 

motivation to attend exercise sessions, as contingent incentives have been shown to increase 

exercise participation (Irons, Pope, Pierce, Van Patten, & Jarvis, 2013). External rewards 

may be useful, especially if short-term adherence to prescribed exercise/intervention has 

lasting benefits on alcohol use as seen in this study. However, a more generalizable strategy 

to enhance adherence is needed.
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Finally, interventions did not significantly predict changes in potential mediators (i.e., 

depressive and anxiety symptoms and self-efficacy), as well as level of exercise and 

physical fitness, contrary to our hypotheses. Improved physical fitness level was found in 

adherent AE participants who engaged in a greater amount of moderate-intensity exercise, 

compared to the BA-E group or non-adherent AE participants. However, to our surprise, 

there were no differences in depressive and anxiety symptoms or self-efficacy between 

adherent AE participants and BA-E participants. There are several possible explanations for 

the present findings. One may be that a period of alcohol abstinence (prior to entry in this 

study) had already alleviated depressive and anxiety symptoms (S. A. Brown & Schuckit, 

1988; Heinz et al., 1996; Lejoyeux, 1996; West & Gocka, 1986) and enhanced abstinence 

self-efficacy, above and beyond the effects of the intervention. Another possibility is that the 

intervention and exercise influenced drinking behaviors through alternative unexamined 

mechanisms such as decreases in the urge to drink (Ussher, Sampuran, Doshi, West, & 

Drummond, 2004), increases in positive affect (Reed & Ones, 2006), enhanced cognitive 

functioning (Colcombe & Kramer, 2003; Williams & Lord, 1997) or improved sleep (Driver 

& Taylor, 2000; King et al., 2008).

In addition, it is important to note that although no significant difference in exercise was 

found between conditions, both conditions showed an increase in levels of exercise from 

their baseline levels. In fact, we were surprised to find how much those in the minimal 

contact control group initiated and continued to exercise throughout the study given that 

they only received psychoeducation and brief advice to exercise. This may partially be a 

result of selection bias. That is, those who enrolled in the study may have already been 

interested in increasing levels of exercise.

Lack of adherence to treatment, including prescribed exercise, has been one of the obstacles 

in delivering effective treatment to various populations, including those suffering from 

diabetes, cardiovascular and pulmonary disease (Dishman, 1988; Kelly, 1995; Oldridge, 

1984; Schneider, Khachadurian, Amorosa, Clemow, & Ruderman, 1992; Woodard & Berry, 

2001). Future studies should focus not only on examining the effects of interventions, but 

also on identifying ways to enhance effectiveness of existing interventions by increasing 

treatment adherence. Innovative strategies using emerging technologies (e.g., computer-

based interventions, interactive voice response, and smart phones) to improve treatment 

adherence have been explored and findings have been promising (Annesi, 1998; Pop-

Eleches et al., 2011; Rodrigues et al., 2012). Integrating cost-effective strategies to enhance 

attendance/adherence rates may be a crucial step to increase the effectiveness of alcohol 

treatment.

Several limitations in this study warrant discussion. First, the small sample size demands 

caution when interpreting the results and “small” effects may not be detected due to limited 

power. Second, the lack of objective measure of exercise behavior between sessions is an 

important limitation. In addition, the reliability and validity of the TLFB for assessing levels 

of daily exercise over extended periods of time, as utilized in this study, has only recently 

been examined (Panza, et al., 2012). Future studies should consider supplementing TLFB 

assessments using objective monitoring devices, such as pedometers or accelerometers. It 

should also be noted that while the AE condition included an incentive system and BA-E 
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participants were paid non-contingently, the average amount earned by AE participants in a 

prior pilot study, the amount paid to BA-E participants ended up being about $30 more that 

the average amount received by AE participants. Although somewhat unlikely, there is no 

way to determine whether this had an effect on study outcomes. Finally, since adherence to 

treatment was not manipulated in this study, we are unable to rule out the possibility that a 

third variable (e.g., personality trait) associated with both treatment adherence and primary 

alcohol outcome is driving the findings. As such, inference about causal relations should be 

tempered.

Given the positive findings from the current preliminary trial, a larger study evaluating the 

efficacy of the AE intervention as an adjunct to outpatient alcohol treatment is warranted. 

Future studies may also choose a comparison group that allows investigation of the effects 

of exercise on alcohol use such as a contact control non-exercise group. Unfortunately, our 

comparison group did not allow us to truly examine the treatment effects on alcohol 

consumption through levels of exercise since those in the comparison group reported 

equivalent increases in levels of exercise as those in the active condition. In order to develop 

effective interventions, it is important to distinguish the beneficial effects of exercise (e.g., 

amount and quality) on alcohol recovery from those non-specific aspects of a group 

intervention. Finally, only a few purported processes underlying the treatment effects were 

included in this study. Future studies should examine alternative mechanisms through which 

an exercise intervention may reduce alcohol use.
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Figure 1. 
CONSORT diagram for enrollment and allocation of participants for AE and BA-E 

conditions.
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Table 1

Demographic characteristics for intent-to-treat and excluded sample.

Intent to Treat Excluded

BA-E
N=23

AE
N=26

Treatment
Period

N=5

Follow-up
Period

N=6

M (SD)
n (%)

M (SD)
n (%)

M (SD)
n (%)

M (SD)
n (%)

Age 45.39 (9.99) 43.46 (11.50) 40.20 (8.58) 37.00 (10.97)

Female 11 (42%) 11 (48%) 1 (20%) 2 (33.3%)

Race/Ethnicity

  Hispanic 0 (0.0 %) 1 (3.8%) 0 (0.0 %) 0 (0%)

  White 21 (91.3%) 24 (92.3%) 4 (80%) 5 (83.3%)

  African-American 2 (8.7%) 1 (3.8%) 1 (20%) 1 (16.7%)

Education

  < High school graduate 1 (4.3%) 1 (3.8%) 2 (40%) 2 (33.3%)

  High school graduate 4 (17.4%) 8 (30.8%) 1 (10%) 1 (16.7%)

  Some College 11 (47.8%) 7 (26.9%) 2 (40%) 3 (50%)

  College degree 7 (30.4%) 10 (28.5%) 0 (0%) 0 (0%)

Marital Status

  Married 11 (47.8%) 12 (46.2%) 2 (40%) 2 (33.3%)

  Divorced 3 (13.0%) 6 (23.1%) 0 (0%) 0 (0%)

  Never married 8 (34.8%) 8 (30.8%) 3 (60%) 4 (66.7%)

  Widowed 1 (4.3%) 0 (0.0%) 0 (0%) 0 (0.0%)

Employment

  Full time 15 (65.2%) 16 (61.5%) 2 (40%) 2 (33.3%)

  Part time 4 (17.4%) 4 (15.4%) 2 (40%) 3 (50%)

  Retired/Disable 1 (4.3%) 5 (19.2%) 0 (0%) 0 (0%)

  Unemployed 3 (13.0%) 1 (3.8%) 1 (20%) 1 (16.7%)

Percent Drinking Days 51.6 (25.9) 38.2 (27.6) 32.7 (24.0) 44.6 (25.9)

Percent Heavy Drinking Days 40.8 (29.7) 29.0 (27.7) 47.0 (29.2) 33.0 (29.5)

Number of Drinks per Day 5.41 (4.12) 4.51 (4.73) 5.18 (4.90) 4.75 (4.35)

Note: There was no difference in demographic characteristic or baseline alcohol variables between conditions (ps >.05).
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