
Efficacy Evaluation of Exercise as an Augmentation Strategy to 
Brief Behavioral Activation Treatment for Depression: A 
Randomized Pilot Trial

Kristin L. Szuhany1,2, Michael W. Otto1

1.Department of Psychological and Brain Sciences, Boston University, 900 Commonwealth 
Avenue, Boston, MA 02215

2.Department of Psychiatry, NYU Langone Health, 1 Park Avenue, 8th Floor, New York, NY 10016

Abstract

Exercise is an efficacious intervention for mental and physical health, but few studies have 

identified the additive benefits of exercise prescriptions for those undergoing empirically-

supported psychosocial treatment. Behavioral activation (BA) involves completing activities to 

improve mood, an ideal format for exercise augmentation. The purpose of this study was to 

examine the credibility and exploratory effect size estimates of augmenting BA with exercise.

Thirty-one sedentary, depressed patients were randomized to receive nine sessions of BA+exercise 

or BA+stretching over 12 weeks. Monthly assessments of depression, quality of life, distress 

intolerance (DI), perceived stress, and exercise were conducted.

Results demonstrated strong credibility and completion rates of BA+exercise, comparable to other 

PA interventions. Randomization did not contribute to differential exercise between conditions; all 

participants engaged in more exercise over time. Similarly, all participants significantly improved 

on all outcomes over time. Condition differences emerged for DI and perceived stress; the exercise 

condition evidenced greater improvements over time. Participants who engaged in more exercise 

also evidenced greater and faster declines in depression.

BA may be a useful strategy for improving depression and increasing exercise. Additional explicit 

exercise prescriptions may not be necessary to improve depression but may be helpful for DI and 

stress.
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Introduction

Repeated meta-analyses support the efficacy of exercise interventions for major depression, 

with findings of moderate to large effect sizes relative to control conditions (Kvam, Kleppe, 

Nordhus, & Hovland, 2016; Schuch et al., 2016; Stathopoulou, Powers, Berry, Smits, & 

Otto, 2006), but there are some indications these effect sizes may be somewhat inflated due 

to risk of bias in some studies (Cooney et al., 2013). In addition, there is reliable evidence 

that exercise interventions significantly reduce stress anxiety symptoms, and anxiety 

sensitivity/distress intolerance, although fewer of these trials target outpatients in mental 

health clinics (Jacquart et al., 2019; LeBouthillier and Asmundson, 2017; Stubbs et al., 

2017). The success of these interventions encourages further investigation of ways in which 

PA can be used to augment existing treatments.

Combining exercise with behavioral activation (BA)--an empirically-supported treatment 

aimed at engaging patients in rewarding, adaptive activities through activity scheduling 

(Cuijpers, van Straten, & Warmerdam, 2007)-- may provide a useful context for introducing 

exercise into more-standard clinical practice. BA has been shown to enhance overall well-

being (Mazzucchelli, Kane, & Rees, 2010) and reduce depression symptoms with similar 

effect sizes to both cognitive therapy and antidepressant medication (Dimidjian et al., 2006; 

Richards et al., 2016). Accordingly, the integration of exercise into BA may provide a useful 

way to add efficacy to an established treatment, as has been observed in the initial study of 

the addition of exercise to exposure therapy for anxiety-related disorders (Merom et al., 

2008; Powers et al., 2015).

Initial studies of the combined use of BA and exercise have investigated web-delivered, self-

help interventions, with initial findings supporting both the feasibility and efficacy of this 

strategy for improving both major depressive disorder (Pentecost et al., 2015) and elevated 

depression symptoms (Lambert et al., 2018). To our knowledge, the only published trial of 

the in-person combination of BA and exercise was a 6-month pilot trial consisting of 29 

patients with comorbid MDD and Type 2 diabetes, in which behavioral activation plus a 

group exercise intervention significantly lowered depression scores over time relative to an 

enhanced usual care control condition (Schneider et al., 2016).

The current study was designed to further examine the pairing of BA and exercise for 

improvement of depressed mood and overall functioning in the unique setting of the 

combination of in-person, individual treatment, with incorporation of strategies to enhance 

adherence and remove barriers for exercise. Our goal for this study was to establish the 

credibility of a combination in-person treatment with effect size estimates complemented by 

traditional significance testing to characterize response to this combined intervention for 

future investigations. We hypothesized that the intervention would be credible and 

acceptable based on engagement and dropout rates and credibility ratings. Further, we 

hypothesized that depressed individuals receiving BA plus exercise would engage in more 
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exercise and be less depressed following the 12-week intervention than those in a BA plus 

stretching active control. In addition, we hypothesized that distress intolerance and perceived 

stress would be reduced significantly in the exercise condition.

Material and Methods

Participants

Depressed, sedentary adults were recruited from the community through internet 

advertisements, flyers, and referrals from clinics to participate in a randomized, controlled 

clinical trial (clinicaltrials.gov identifier: NCT02176408; “Efficacy of Adjunctive Exercise 

for the Behavioral Treatment of Major Depression”). Interested participants were screened 

over the phone, and if preliminary eligibility requirements were met, were scheduled for an 

in-person diagnostic and medical evaluation. Inclusion criteria were the following: (1) males 

or females ages 18-65; (2) current principal diagnosis of MDD or persistent depressive 

disorder (PDD) with a current major depressive episode as determined by the Anxiety and 

Related Disorders Interview Schedule for DSM-5 (ADIS-5; Brown and Barlow, 2014); and 

(3) sedentary (moderate-intensity exercise less than two days per week for at least 30 

minutes each time for at least three months, matching other trials in the field, e.g., Swift et 

al., 2012; Trivedi, Greer, Grannemann, Chambliss, & Jordan, 2006) as assessed on phone 

screen and at screening visit.

Psychiatric exclusion criteria included current or past psychotic disorders, bipolar disorder 

(1, II, or unspecified), schizoaffective disorder, anorexia, bulimia, alcohol or drug 

dependence within the last three months, or high suicide risk as evaluated by the Columbia 

Suicide Severity Rating Scale (C-SSRS; Posner, Oquendo, Gould, Stanley, & Davies, 2007; 

endorsing yes to items 4 or 5) and Beck Depression Inventory-II (Beck, Steer, & Brown, 

1996) suicide item (≥ score of 2).

Medical exclusion criteria included risk for exercise engagement according to Physical 

Activity Readiness Questionnaire (PAR-Q) in accordance with guidelines set forth by the 

American College of Sports Medicine (ACSM) as well as assessment by the study 

physician. Other exclusion criteria included individuals who have participated in CBT for a 

mood disorder within three months of baseline, those simultaneously participating in another 

psychosocial treatment (other than supportive therapy) or those taking psychotrophic 

medications (unless at eight weeks of stable dosage) as well as women who were currently 

pregnant, planned to be pregnant in the next year, or currently breastfeeding.

Participants were enrolled in the study at Boston University between July 2014 and April 

2016 and all follow-up assessments were completed by August 2016. All study procedures 

were approved by the Institutional Review Board. A total of 38 individuals were enrolled in 

the study and 34 met inclusion criteria. Thirty-one individuals were randomized to either 

exercise (n=15) or stretching (n=16) augmentation, with randomization occurring 

immediately prior to participation in Week 1 of treatment, in a parallel design with a 1:1 

allocation ratio. No block assignments were used in randomization. The first author 

generated random allocation sequence, enrolled participants, and assigned participants to 

intervention strictly following allocation sequence. All independent evaluators were blind to 

Szuhany and Otto Page 3

Cogn Behav Ther. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://clinicaltrials.gov


randomization assignment as they did not take part in delivering treatment or random 

assignments. Figure 1 summarizes participant flow throughout the study. Informed consent 

was obtained from all participants before the start of study procedures.

Assessments

Assessments were completed at baseline and weeks 4, 8, and 12 (endpoint) of treatment and 

at week 16 (1-month follow-up).

Outcome expectancy and credibility was assessed by the Credibility-Expectations 

Questionnaire (CEQ; Devilly and Borkovec, 2000), which was administered following the 

completion of the first treatment session and focused on credibility and expected outcome of 

the exercise or stretching augmentation strategy.

Independent evaluators, Master’s level clinicians, administered the Montgomery-Asberg 

Depression Rating Scale (MADRS; Montgomery and Asberg, 1979), a 10-item measure of 

depression severity with strong validity and inter-rater reliability and an α of 0.75 in the 

context of the present study. All independent evaluators were trained by the first author until 

reliability was established (>80% agreement on items) and were blind to condition.

Self-reported depression, functional impairment, quality of life, distress intolerance, and 

perceived stress were assessed by the Beck Depression Inventory-II (Beck, et al., 1996; α = 

0.87), the Work and Social Adjustment Scale (WSAS; Mundt, Marks, Shear, & Greist, 2002; 

α = 0.77), the Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q; 

Endicott, Nee, Harrison, & Blumenthal, 1993; α = 0.82), the Distress Intolerance Index 

(DII; McHugh and Otto, 2012; α = 0.90), and the Perceived Stress Scale (PSS; Cohen and 

Williamson, 1988; α = 0.78), respectively.

Exercise and stretching were assessed via the 7-Day Physical Activity Recall (PAR; Blair et 

al., 1985), an interviewer-administered, timeline follow-back measure of amount of minutes 

of vigorous and moderate intensity exercise and stretching, which has been shown to be 

sensitive to change in studies of moderate-intensity activity (Dunn, Andersen, & Jakicic, 

1998). Metabolic equivalents (METs) were calculated for both vigorous- and moderate-

intensity exercise.

Interventions

Participants were randomized to receive either an exercise or stretching augmentation in 

addition to nine sessions of brief BA.

Behavioral activation—All participants received standard BA based on a modified 

version of the manualized treatment by Lejuez and colleagues (2011). Treatment was 

delivered by the first author (KLS) and 2 other doctoral graduate student clinicians in 60-

minute weekly in-person, individual sessions over a 6-week period followed by 3 biweekly 

booster sessions. Sessions were audiotaped and reviewed in weekly supervision meetings 

with BA-trained clinicians. The first six sessions focused on the following topics: 

psychoeducation about depression with introduction to activity monitoring; identification of 

values and activities within several life areas; ranking activities in order of difficulty; 
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scheduling activities; discussion of the role of social support in aiding with completion of 

activities; and relapse prevention. The concept of activity scheduling, introduced in Session 

4, was practiced throughout the remainder of the treatment. Within activity scheduling, 

participants in both conditions were encouraged and required to identify activities outside of 

exercise or stretching to schedule. Exercise and stretching scheduling was specific to the 

subsequent half-hour augmentation sessions (described below). The biweekly booster 

sessions reviewed each of these concepts.

Exercise and stretching augmentations—Sessions dedicated to the exercise/

stretching augmentation occurred immediately following each of the first six weekly BA 

sessions for 30 minutes each. Both interventions were provided by the same therapist 

providing BA. Sessions included providing rationale for the program, introducing new 

strategies to enhance adherence/reduce barriers adapted from Otto & Smits (2011), and/or 

reviewing the previous week’s progress. Participants were encouraged to perform a total of 

150 minutes of moderate-intensity aerobic exercise (600 METs) or light stretching 

(including light yoga poses, but not intense forms of yoga) per week. Participants chose the 

type of exercise/stretching and set their own schedule for the week with guidance from the 

therapist. For the exercise condition, procedures to aid the enjoyment as outlined in Otto & 

Smits (2011), were provided. To match this guidance, participants in the stretching condition 

were provided with a 50-minute DVD of stretching techniques. Homework compliance for 

amount of exercise/stretching completed was rated by the study therapist at weeks 2-6, 8, 10, 

and 12 based on the coding system developed by Busch and colleagues (2010).

Statistical analysis

A sample size of 32 patients completing all 5 outcome assessments (i.e., MADRS) was 

determined to provide adequate power (80%) to detect effects at a medium effect size 

(d=0.50), conservatively estimated below the large effect size (d=1.42) for Stathopoulou et 

al. (2006), using a repeated measures ANOVA. Demographic and clinical differences 

between conditions at baseline were assessed via χ2 analyses or t-tests. Comparison of 

dropout rates by treatment condition was performed using a χ2 test. Logistic regressions 

predicting dropout based on credibility and expectancy were separately examined for the 

overall sample and including treatment condition as a covariate. Homework completion 

condition differences were examined in a linear regression. The random effects of treatment 

condition and time were examined on all randomized participants using a mixed-effects 

linear regression model with restricted maximum likelihood (REML) estimation methods 

and an unstructured variance-covariance matrix where all follow-up assessments (including 

1-month follow-up) were entered as repeated dependent variables. Means and standard 

deviations are reported. All analyses were conducted using SPSS Version 24.0.

Results

Participant baseline characteristics

The randomized sample was 77% female with a mean age of 34.2 (±13.4) years. Fifty-eight 

percent of the sample was White, 23% was Asian, 6% was African American, and 13% 

designated race as other. Seven percent identified themselves as Hispanic/Latino(a). The 
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majority of the sample (58%) had completed college, with another 36% completing some 

college. Primary diagnosis was MDD for 65% of the sample and PDD for the other 35%, 

with baseline depression severity at a moderate level (MADRS: M=26.1, SD=8.0). Seven 

individuals had co-principal diagnoses of either GAD (n=4; 13%) or social anxiety disorder 

(n=3; 10%) and several participants had secondary diagnoses (average number of 

diagnoses=2.6±1.3). Chi-square and t-tests did not reveal significant differences between 

conditions on demographic or clinical characteristics (all p>0.09); see Table 1 for study 

baseline clinical characteristics.

Intervention credibility

Overall, patients reported high levels of both credibility (M=27.1 ±4.7, range from 18 to 35; 

questionnaire range from 4 to 36) and expectancy (M=12.6 ±3.1, range 6 to 18; 

questionnaire range from 2 to 18) for the effects of the randomized treatment on their 

depression symptoms. Proportions of individuals reporting 5 or higher (somewhat agree or 

above) were 96.9% (n=30) for the intervention’s logicality, 87.2% (n=27) for how successful 

the intervention would be in treating depression, and 100% were recommend this 

intervention to a friend. There were no differences between the exercise and stretching 

conditions on ratings of credibility of the intervention as assessed by the CEQ (t(29)= −0.79, 

p=0.44, d 0.29, Mean difference= −1.85, 95% CI: −6.7 to 3.0).

Acceptability, treatment completion, and dropout

To determine acceptability, we examined willingness to engage in the trial. These rates were 

determined by percentage of qualified individuals based on the phone screen who chose to 

sign consent and participate in the study. Two participants (5%) who attended the screening 

visit declined to participate prior to consenting. Another three participants (7.5%) 

discontinued participation following screening and/or baseline study visits. A total of 77.5% 

of participants who attended the in-person screening visit chose to enroll in the study 

through randomization.

Overall, participants completed an average of 6.9 (±3) sessions. As shown in Figure 1, six 

participants (4 during treatment and 2 during follow-up, 40% total) in the exercise condition 

and four (3 during treatment and 1 during follow-up, 25% total) in the stretching condition 

dropped out during the study. These dropout rates were not significantly different from each 

other (χ2(1)=0.78, p=0.37, d=0.32). Neither baseline credibility (Odds Ratio: Exp(B)=0.93, 

p=0.42) nor expectancy (Odds Ratio: Exp(B)=0.85, p=0.22) ratings significantly predicted 

dropouts in either of the randomized conditions or overall. Overall, 68% of sample 

completed the entire study including 1-month follow-up.

Homework completion

On average, participants had a homework completion rate of 77.1% (±15.8). Homework 

completion did not differ by condition (t(25)=1.15, p=0.26, d=0.44, Mean difference=6.95, 

95% CI = −5.6 to 19.4).
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Exercise and stretching outcomes

Evaluation of the effect of the randomized intervention conditions on exercise based on the 

PAR revealed no significant differences between the conditions on exercise completion over 

time (condition by time interaction: F(4, 21)=0.73, p=0.58, d=0.30); condition main effect: 

(F(1, 22)=0.78, p=0.39, d=0.31). See Supplemental Materials Figure 1 for more information. 

A significant effect for time indicated that participants, regardless of condition, performed 

more METs of vigorous- and moderate-intensity exercise over the course of the study at a 

level approaching a large effect size (F(4, 21)=4.66, p=0.008, d=0.76).

In contrast to the exercise data, a significant condition by time interaction (F(4, 23)=8.10, 

p<0.001, d=1.01) was found for the stretching measure, whereby the stretching condition 

completed more stretching over time than the exercise condition.

Effects of intervention on depression, functioning, and quality of life

In a mixed-effects linear regression model, there was a significant main effect of time for all 

participants (F(4, 21)=11.3, p<0.001, d=1.19), at a large effect size, for the MADRS (see 

Supplemental Materials Figure 2). There was no significant main effect of condition (F(1, 

29)=0.88, p=0.36, d=0.33) or condition by time interaction (F(4, 21)=0.99, p=0.44, d=0.35). 

The small to moderate, non-significant effects in the direction of more improvement in the 

exercise condition versus the stretching condition over time.

When examining a mixed-effects linear regression, there was no significant condition by 

time interaction effect or main effect of condition for the BDI-II, Q-LES-Q, and WSAS (see 

Supplemental Materials Figures 3-5). However, patients significantly improved in all of 

these measures over time (BDI-II: F(4, 18)=10.77, p<0.001, d=1.16; Q-LES-Q: F(4, 

20)=8.9, p<0.001, d=1.06; WSAS: F(4, 20)=6.1, p=0.004, d=0.87), with effect sizes in the 

large range.

Based on cutoff of BDI-II < 10 (used in Chalder et al., 2012), 39% of the total sample 

(n=12) met criteria for being in recovery from depression symptoms at 1-month follow-up. 

Of the 19 trial completers, 11 (55%) met criteria for recovery at 1-month follow-up. Fisher 

Exact Tests indicated no significant differences in rates of recovery by treatment condition 

(p=0.71).

Effects of intervention on distress intolerance and perceived stress

For the DII and PSS, there were significant condition by time interactions on the order of 

medium to large effect sizes (F(4, 22)=3.9, p=0.016, d=0.70) and (F(4, 21)=2.8, p=0.049, 

d=0.60), respectively, whereby those in the exercise condition improved more in DII and 

PSS over time (See Supplemental Materials Figures 6 and 7). Additionally, for all 

participants, DII (F(4, 22)=4.9, p=0.008, d=0.78) and PSS (F(4, 21)=8.8, p=0.001, d=1.05) 

significantly improved over time. There were no significant main effects of treatment for 

either the DII or PSS. Multiple regression analyses are summarized in Table 2.
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Association between exercise and mood outcomes

Because both of the randomized intervention conditions significantly improved in exercise 

levels (with only a small-to-moderate effect size advantage for the exercise condition), we 

completed an ancillary analysis examining the association between the amount of exercise 

completed and treatment outcome. Exercise was linked to BDI-II outcomes. Specifically, a 

mixed effects model, revealed significant main effects of time (F(4, 25)=4.43, p=0.008, 

d=0.75) and METS of exercise (F(1, 65)=5.52, p=0.02, d=0.83) as well as a significant 

interaction effect (F(4, 28)=4.50, p=0.006, d=0.75). These effects indicated that those who 

engaged in more exercise received sharper declines in depression symptoms as assessed by 

the BDI-II over time. However, there was no main effect of METs of exercise or interaction 

effect on the MADRS.

Discussion

In this randomized clinical pilot trial, we examined the credibility and effect size estimates 

of the combination of in-person BA with an individualized program of moderate-intensity 

exercise. Participants found both the exercise and stretching augmentation strategies to be 

credible, with 87% or above of the sample indicating the interventions as logical and may be 

successful in treating depression symptoms with 100% indicating they would recommend 

them to a friend. Regarding dropout and study completion, results indicated that the 

intervention yielded a completion rate of 68%, similar to other studies of exercise (e.g., 

53-75%; Chalder et al., 2012; Smits et al., 2016; Toups et al., 2011) and brief BA (e.g., 

76-81%; Hopko et al., 2011; Moshier and Otto, 2017) as well as clinical trials of 

antidepressants (74%; Undurraga and Baldessarini, 2017). Accordingly, we found no 

evidence for a retention benefit of combining BA and exercise, but neither did we find a 

retention cost for this combined intervention relative to the broader standards in the field.

However, despite the differential focus on stretching vs. exercise, we found that both 

treatment conditions significantly increased their exercise during the trial, with the 

advantage for the exercise condition showing only a non-significant, small-to-moderate 

effect size for greater exercise over time (d=0.30). The apparent effect of the treatment on 

depression reflected this finding for exercise in that both conditions achieved a significant 

overall improvement in mood, with a non-significant effect (d=0.35) of greater improvement 

in the exercise condition. We did find a significant link between the amount of exercise 

completed and our secondary measure of depression (the BDI-II), but this association was 

not significant for the MADRS, our primary measure. This may be due to the BDI-II’s 

greater hypothesized sensitivity in tracking changes related to psychotherapy (Demyttenaere 

and De Fruyt, 2003) and validates that the MADRS and BDI-II are complementary measures 

that each unique contribute to prediction of treatment outcome (Uher et al., 2012).

Participants in both treatment conditions also benefitted significantly in terms of decreased 

disability and improved quality of life. Furthermore, significant effects for condition were 

found for both DI and perceived stress: those assigned to the exercise condition exhibited 

sharper declines in DI and perceived stress over time than those in the stretching condition.
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In sum, BA appears to be a richly suitable core intervention for the enhancement of exercise, 

enough so that depressed participants increased exercise in both the stretching and exercise 

conditions, and both conditions achieved clinical benefit. This is not typical for stretching 

control conditions (e.g., Dunn, Trivedi, Kampert, Clark, & Chambliss, 2005), again 

implicating BA as a potential exercise-enhancing core treatment component. Nonetheless, 

we found some indications of the differential focus on the exercise and stretching conditions: 

the exercise condition was associated with greater improvements in both DI and perceived 

stress, reflecting the rapid responsivity of these factors to exercise interventions 

(LeBouthillier and Asmundson, 2015; Smits et al., 2008).

In terms of limitations, the smaller scale of this pilot study allowed for evaluation of 

credibility, but had limited power to detect overall treatment differences particularly given 

higher levels of dropout than expected. The effect sizes obtained indicate that the 

combination of an exercise intervention with BA can enhance outcome beyond that for 

stretching augmentation of BA, on the order of small to medium effect sizes, with effects on 

DI and perceived stress achieving a moderate to large effect that could be detected by 

significance testing in this smaller pilot study. Given our findings, assessment of the degree 

to which BA alone has effects on exercise may reveal an important aspect of the mechanism 

of BA. Our study also had limited follow-up; greater effects of specific exercise assignments 

may be more evident over longer follow-up periods. Additionally, the lack of a waitlist (or 

no movement) control condition made it difficult to identify specific effects of exercise vs. 

possible regression to the mean. Finally, at baseline 30% of the sample (n=10) reported 

engaging in more exercise than the sedentary exclusion criteria; however, as noted in 

Supplementary Figure 1, exercise still increased on average over time in both conditions 

despite. Future studies may wish to include sedentary exclusion criteria at baseline as well, 

given that enrolling in an exercise study may enhance exercise engagement. Further, future 

research focusing on individuals with high DI or perceived stress may also reveal stronger 

benefits of exercise augmentation to BA given our preliminary findings.

Conclusions

This study adds to the growing literature of the efficacy of brief BA for improvement of 

depression symptoms and overall quality of life. In just 9 sessions offered over the course of 

12 weeks, patients significantly reduced their depression symptoms, with 39% of the sample 

achieving remission. It also demonstrates feasibility and acceptability of an exercise 

augmentation strategy combined with BA, with suggestions that exercise may be useful for 

improving DI and perceived stress and may have additional effects on depression that may 

emerge in a well-powered study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONSORT diagram
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