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Objective: Most patients with major depressive dis-
order (MDD) require second-step treatments to achieve
remission. The TReatment with Exercise Augmentation
for Depression (TREAD) study was designed to test the
efficacy of aerobic exercise as an augmentation treatment
for MDD patients who had not remitted with antidepres-
sant treatment.

Method: Eligible participants in this randomized con-
trolled trial were sedentary individuals (men and women
aged 18-70 years) diagnosed with DSM-IV nonpsychotic
MDD who had not remitted with selective serotonin
reuptake inhibitor (SSRI) treatment. Participants were
recruited through physician referrals and advertisements.
A total of 126 participants were randomized to augmen-
tation treatment with either 16 kcal per kg per week
(KKW) or 4 KKW of exercise expenditure for 12 weeks
while SSRI treatment was held constant. Supervised ses-
sions were conducted at The Cooper Institute, Dallas,
Texas, with additional home-based sessions as needed
to fulfill the weekly exercise prescription. The primary
outcome was remission (as determined by a score <12 on
the Inventory of Depressive Symptomatology, Clinician-
Rated). The study took place between August 2003 and
August 2007.

Results: There were significant improvements over
time for both groups combined (F, ;,,=39.9, P<.0001),
without differential group effect (group effect: F 13,=3.2,
P=.07; group-by-time effect: F ;19=3.8, P=.06). Adjust-
ed remission rates at week 12 were 28.3% versus 15.5%
for the 16-KKW and 4-KKW groups, respectively,
leading to a number needed to treat (NNT) of 7.8 for
16 KKW versus 4 KKW. Men, regardless of family history
of mental illness, and women without a family history
of mental illness had higher remission rates by week 12
with higher-dose (women, 39.0%; men, 85.4%) than
with lower-dose exercise (women, 5.6%; men, 0.1%)
(women: ty5=2.1, P=.04; men: fgg=5.4, P<.0001)

(NNT: women, 3.0; men, 1.2).

Conclusions: There was a trend for higher remission
rates in the higher-dose exercise group (P<.06), with
a clinically meaningful NNT of 7.8 in favor of the high
exercise dose. Significant differences between groups
were found when the moderating effects of gender and
family history of mental illness were taken into account
and suggest that higher-dose exercise may be better for
all men and for women without a family history of men-
tal illness.

Trial Registration: clinicaltrials.gov Identifier:
NCT00076258

J Clin Psychiatry 2011;72(5):677-684
© Copyright 2011 Physicians Postgraduate Press, Inc.

PSYCHTATRIST.COM

Submitted: November 24, 2010; accepted February 23, 2011
(doi:10.4088/JCP 10m06743).

Corresponding author: Madhukar H. Trivedi, MD, Division on Mood
Disorders, Department of Psychiatry, University of Texas Southwestern
Medical Center, 5323 Harry Hines Blvd, Dallas, TX 75390-9119
(madhukar.trivedi@utsouthwestern.edu).

M ost depressed patients require 2 or more treatments
to achieve remission.'~* Studies such as the National
Institute of Mental Health-sponsored Sequenced Treatment
Alternatives to Relieve Depression (STAR*D) trial have
shown that subsequent treatments yield only an additional
20%-30% increase in remission rates.>® For patients with
some response to their initial treatment (but not remission),
augmentation was the preferred next step.”

Pharmacologic augmentation agents such as lithium,
triiodothyronine (T3), buspirone, and atypical antipsychot-
ics®>8-10 have improved depression outcomes, but none
have proven to be universally effective, and they are associ-
ated with side effects and inconvenience (eg, the need for
blood monitoring®). Disadvantages of using pharmacologic
augmentation strategies include increased cost and risk of
interactions. Nonpharmacologic augmentation strategies
such as psychotherapy and exercise may provide an effec-
tive alternative to medications.

Results of studies using psychotherapy as an augmenta-
tion strategy are variable,""!!~!3 and therapy can be difficult to
implement.'* In STAR*D, no obvious advantage was seen for
any specific augmentation (including cognitive-behavioral
therapy), and it is difficult to retain patients through multi-
ple steps.®!® Therefore, identifying alternative augmentation
strategies, as well as identifying which treatments are best
for which patients, is critical to the advancement of the
treatment of depression. Unfortunately, previous trials have
primarily been designed to look at the efficacy of an inter-
vention and have not been designed to evaluate moderating
variables.!®!” Unless moderators are identified for antide-
pressant treatments, overall response rates will remain low.
Therefore, it is critical that studies also be designed to evalu-
ate moderators.

Exercise is a plausible nonpharmacologic augmen-
tation treatment, due to its demonstrated efficacy as a
monotherapy'®!” as well as in combination with other depres-
sion treatments.?*~?> There are also plausible neurobiological
mechanisms for the efficacy of exercise as a treatment for de-
pression, such as changes in serotonergic and noradrenergic
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neuromodulatory function

similar to those observed = Exercise is a viable augmentation strategy for depressed
patients who are nonresponsive to selective serotonin

with antidepressant treat-
ments?®?® and increased
hippocampal neurogen-
esis.”? However, the role of
exercise as an augmentation
to currently unsuccessful an-
tidepressant treatment has
not been well studied. The
objective of the TReatment
with Exercise Augmentation
for Depression (TREAD) study was to evaluate the efficacy
of 2 doses of aerobic exercise and to determine if there are
clinical and demographic moderators of these 2 treatments.
While no specific moderators have been identified for exer-
cise as an augmentation, a number of candidates have been
found to relate to treatment response and were evaluated in
this study.

reuptake inhibitors.

individual.

METHOD

The research protocol for this randomized controlled
trial (clinicaltrials.gov Identifier: NCT00076258) was ap-
proved and monitored by the institutional review boards
of The University of Texas Southwestern Medical Center
at Dallas and The Cooper Institute, Dallas, Texas, and by
a Data and Safety Monitoring Board composed of experts
who were not a part of the study team (board members were
affiliated with The University of Texas Southwestern Medi-
cal Center at Dallas or with the Epidemiology Data Center,
Graduate School of Public Health, University of Pittsburgh,
Pittsburgh, Pennsylvania). Study activities commenced after
potential participants provided informed consent following
explanation and discussion of study procedures. The study
took place between August 2003 and August 2007.

Participants from the Dallas/Fort Worth area were
recruited through physician referrals and advertisements.
Inclusion criteria were as follows: (1) men and women aged
18-70 years; (2) diagnosis of nonpsychotic major depressive
disorder (MDD) based on the Structured Clinical Interview
for DSM-1V Axis I Disorders®® and confirmed by a psychia-
trist; (3) completion of > 2 and < 6 months of treatment with
a selective serotonin reuptake inhibitor (SSRI), with at least
6 weeks at an adequate dose (ie, 20 mg/d of escitalopram;
40 mg/d of citalopram, paroxetine, or fluoxetine; 25 mg/d
of paroxetine controlled-release; or 150 mg/d of sertraline)
prior to entry; (4) report of subjective improvement from
SSRI monotherapy with at least moderate residual depressive
symptomatology, quantified by a 17-item Hamilton Depres-
sion Rating Scale (HDRS,,)*! score > 14; (5) not engaged in
regular exercise (defined as an expenditure of < 35 kcal/kg/d
or exercise <3 days/wk for 20 minutes or less per session
over the past month); (6) capable of exercise; and (7) able
and willing to provide informed consent.

Exclusion criteria included (1) history, physical examina-
tion, or laboratory results indicating a significant medical
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® Depressed patients are willing and able to complete a
structured exercise program with behavioral support.

= Exercise treatment dose should be tailored to the

condition; (2) depression
due to a comorbid psychi-
atric disorder; (3) current
pharmacologic or formal
psychotherapeutic treat-
ment other than SSRI; (4)
treatment resistance, de-
fined as failure of 2 or more
pharmacologic treatments of
adequate dose and duration
during the current depres-
sive episode (as determined
by a psychiatrist and by review of the Antidepressant Treat-
ment History Form®>*); and (5) pregnancy or planning
a pregnancy in the next year. All participants received a
maximal exercise test to determine cardiorespiratory fitness
(maximal oxygen consumption, or VO, max, calculated as
liters of oxygen per minute), to screen for abnormal blood
pressure and electrocardiogram responses, and to aid in the
generation of exercise prescriptions.

Participants were randomized to augmentation treatment
using block randomization to ensure that the sample would
remain relatively balanced throughout the course of the
trial. Randomization numbers were generated using SAS
(SAS Institute Inc, Cary, North Carolina). Personnel who
collected clinician-rated measures and study physicians who
provided medication management and clinical care were
blind to augmentation treatment assignment.

Acute-Phase Exercise Intervention

Participants received augmentation with either a higher-
end public health dose or a lower-end public health dose of
exercise. The 2 exercise doses required total weekly energy
expenditures of 4 or 16 kcal per kg per week (KKW). The
dose of 16 KKW was selected on the basis of public health
physical activity reccommendations* and would require
walking at ~ 4.0 mph for 210 minutes per week. The 4-KKW
dose is equivalent to walking at 3.0 mph for approximately
75 minutes per week and reflects minimal activity by public
health standards.*

The acute phase lasted 12 weeks. A combined supervised
and home-based monitored exercise protocol allowed par-
ticipants scheduling flexibility. Supervised sessions were
conducted at The Cooper Institute, with additional home-
based sessions as needed to fulfill the weekly exercise
prescription. Participants received 3 supervised sessions the
first week and 2 the second week. Beginning with the third
week, participants reported to The Cooper Institute each
week to be weighed, complete 1 exercise session, and address
any exercise-related concerns with The Cooper Institute
staff. For participants randomized to 16 KKW, prescribed
energy expenditure was 10 KKW the first week, 13 KKW
the second week, and 16 KKW in weeks 3-12.

Participants exercised using treadmills, cycle ergometers,
or a combination of both in the exercise laboratory with
self-selected training intensity. Participants maintained an
online diary of the frequency and duration of all exercise
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sessions via the study Web site. Items recorded during
exercise sessions included location (laboratory or home),
exercise modality, energy expenditure, duration, heart rates
(preexercise and postexercise), and perceived exertion. In
addition, precise data from each home-based exercise ses-
sion were recorded on a heart-rate monitor (Polar SI610;
Polar Electro Inc, Lake Success, New York) and downloaded
during visits to The Cooper Institute. A behavioral inter-
vention program that incorporated 7 empirically validated
strategies optimized participant exercise adherence (see
Trivedi et al®®).

Medication Management

Participants met with a psychiatrist throughout the study
to assess symptomatology and medication safety and tol-
erability. The dose of SSRI was kept constant. Participants
exhibiting a significant exacerbation of symptoms or intol-
erance to their medication were withdrawn (n=5).

Assessment Visits and Outcome Measures

Personnel who were conducting research assessments
received comprehensive training in research with human
subjects, Health Insurance Portability and Accountability
Act regulations, and the specific assessment tools. Interrater
reliability sessions were conducted quarterly, and estab-
lished safety procedures were maintained.

Primary clinician-rated measures included the 30-item
Inventory of Depressive Symptomatology, Clinician-Rated
(IDS-C50)% and the HDRS,;. Remission (defined as an
IDS-Cs score < 12) served as the primary outcome measure.
The self-report version of the IDS (IDS-SR;,) was completed
weekly. Note that we have also reported the 16-item Quick
Inventory of Depressive Symptomatology, Clinician-Rated
(QIDS-C4)*” and Self-Report (QIDS-SR,¢)*” since they
provide a more succinct measure of depressive symptoms.
Psychosocial measures, including the Medical Outcomes
Study 36-Item Short-Form Health Survey (SF-36),%® the
Social Adjustment Scale, Self-Report (SAS-SR),* and the
Quality of Life Enjoyment and Satisfaction Questionnaire
(Q-LES-Q),* were administered at baseline and weeks 6
and 12. Outcome measures were collected prior to the first
exercise session of the week.

Statistical Methods

We evaluated all participants who had a baseline visit
and at least 1 postbaseline visit. Baseline characteristics were
compared between exercise groups using  tests or x> tests.
Median energy expenditure, minutes of exercise, and adher-
ence to the prescribed amount of exercise over weeks 3 to
12 were compared by Wilcoxon 2-sample test.

The change over time in probability of remission
(IDS-Cj3 score < 12) was compared between groups using a
generalized linear mixed model (GLMM)*! as implement-
ed in SAS (Proc Glimmix; SAS Institute Inc, Cary, North
Carolina). To identify specific moderators of outcomes!”
for the 2 doses of exercise, 24 specific clinical and demo-
graphic variables that have been associated with outcomes
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in previous research were used.>*42-4 Since it was imprac-
tical to construct an a priori model including all 24 potential
preselected covariates along with all possible interactions,
the following procedures were used. Continuous and ordinal
variables were dichotomized by estimating cut points that
best predicted remission. Eight variables were eliminated
from further consideration as they predicted remission less
accurately than random chance on the basis of a receiver
operating characteristic curve analysis. Logistic regression
models to predict remission were fit for all subsets*>° of the
16 remaining variables and their interactions with exercise
group and were ranked by goodness of fit as measured by
the generalized Akaike information criteria.*’ The best-
fitting model was selected. By this method, the QIDS-C 4
scores, derived from the IDS-C;, scores, and the SF-36
mental scores were selected along with African American
race, family history of mental illness, recurrent MDD epi-
sode status, gender, and the interactions of all these with
exercise group.

Time effects could not be explicitly modeled by the
logistic regression; thus, covariate interactions with time
could not be selected. However, moderator effects, if pre-
sent, would be observed in a significant 3-way interaction of
covariate by group by time. Therefore, to examine the
possible moderator effects of the selected covariates, the
covariate-by-exercise group-by-time interaction terms
(along with all 2-way interactions) for QIDS-C4 score, SF-36
mental score, race, family history of mental illness, recurrent
MDD episode status, and gender were included if signifi-
cant at the 0.10 level. Moderator effects were examined by
estimating exercise-group effects within moderator-defined
subgroups. Parameter estimates from the adjusted GLMM
for all participants were used to compute the group (ini-
tial) effect and group-by-visit interaction (growth) effect for
each moderator subgroup after adjusting for mean values of
the other covariates. Time was log-transformed to provide
a more linear relationship with outcome. Effect sizes were
defined as the number needed to treat (NNT)*? to obtain 1
additional remission based on the probability of remission
at week 12, estimated from the GLMM. The NNTs are being
provided as a general guide to the size of the effect obtained
since analyses conducted on subgroups resulted in the use
of relatively small samples in comparison to those normally
used in depression trials and are not specifically provided
as an additional statistical test.

RESULTS

Figure 1 presents the flow of participants through the
TREAD study. Of 126 randomized patients, 122 (97%)
were evaluable (3 higher-dose subjects and 1 lower-dose
subject did not provide postbaseline data and were not
evaluable). Participants were predominantly white (86%),
female (82%), and married/living together (51%), with a
mean age of 47.0 years (SD=10.0 years) and a mean body
mass index (calculated as kg/m?) of 30.9 (SD =6.2) (Table 1).
The mean age at depression onset was 27.4 years (SD=11.3
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Figure 1. Flow Diagram of Participants in the TReatment with
Exercise Augmentation for Depression (TREAD) Study?

Screening visit 1 at the Mood Disorders Research
Program and Clinic at The University of Texas
Southwestern Medical Center at Dallas
(N=166)

Ineligible (n =15)
Declined participation (n = 10)

Screening visit 2 at
The Cooper Institute, Dallas, Texas
(N=141)

Ineligible (n = 12)
Declined participation (n = 3)

Eligible for randomization

(N=126)

Acute phase: SSRI plus Acute phase: SSRI plus
4-KKW-dose exercise 16-KKW-dose exercise
(n=62) (n=64)
Evaluable Evaluable
(n=61) (n=61)

Total evaluable
(N=122)

*Note that 25 participants exited the study before completing the full
12 weeks of the acute phase for the following reasons: 2 for adverse
events (both in the 16-KKW group), 10 due to inconvenience or time
constraints (2 in the 4-KKW group, 8 in the 16-KKW group), 5 because
they had worsening symptoms and/or desired or required a different
treatment (3 in the 4-KKW group, 2 in the 16-KKW group), 7 due to
noncompliance (3 in the 4-KKW group, 4 in the 16-KKW group), and 1
who was lost to follow-up (in the 4-KKW group). However, all of these
participants, with the exception of the 4 nonevaluable participants who
had no postbaseline data, are included in the analyses.

"No postbaseline data available.

Abbreviation: SSRI =selective serotonin reuptake inhibitor.

years), with the mean length of current episode being 80.4
months (SD =96.0 months; median =45 months). Escitalo-
pram was the most commonly used SSRI (73%), followed by
sertraline (15%). Baseline symptom severity was consistent
with moderate depression. No between-group differences
were found.

Exercise

Table 2 shows median kcal expended, minutes of exer-
cise, and degree of adherence to the prescribed amount of
exercise by week. Median kcal expended per week during
weeks 3-12 were significantly greater in the 16-KKW group
than in the 4-KKW group (824 kcal vs 290 kcal; P<.0001),
as were minutes of exercise per week (132 minutes vs 60
minutes; P<.0001). The median number of exercise sessions
per week was not significantly different between groups
(P=.19), with 3 sessions/wk in the 16-KKW group and
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Table 1. Baseline Demographic and Clinical Characteristics of
Study Participants (N=122)

16-KKW 4-KKW
Exercise Exercise
Group Group P
Baseline Characteristic (n=61) (n=61) torx’> df Value

Demographic

Age, mean (SD), y 45.6(10.4) 48.5(9.4) 1.6 119 .11

Sex, female, n (%) 52 (85.3)  48(78.7) 0.9 1 .35
Race, n (%) 2.2 3 .53
White 51(83.6) 54 (88.5)
Black 9(14.8) 5(8.2)
Hispanic 0 (0.0) 1(1.6)
Other 1(1.6) 1(1.6)
Weight and fitness,
mean (SD)
Weight, kg 87.0 (23.6) 87.8 (17.7) 02 111 .82

30.3 (6.8)
1.7 (0.5)

31.4 (5.5) 1.0 113 .34
1.7 (0.7) 0.8 103 .45

Body mass index
VO, max, L/min
Depression, mean (SD)
Age at onset, y
Length of current

27.8(10.7) 27.1(12.0) -04 119 .72
71.2(93.2) 89.6 (98.5) 1.1 120 .29

episode, mo
Weeks of adequate dose 8.8 (8.3) 6.7 (4.1) -1.6 78 .10
of SSRI
SSRI, n (%) 4.2 5 .52
Citalopram 3(4.9) 2(3.3)
Escitalopram 45(73.8) 44 (72.1)
Fluoxetine 1(1.6) 3(4.9)
Paroxetine 3 (4.9) 1(1.6)
controlled-release
Paroxetine 0 (0.0) 2(3.3)
Sertraline 9(14.8) 9(14.8)
Baseline symptom
severity, mean (SD)
HDRS,, 17.8(3.8) 18.1(3.8) 0.5 120 .65
IDS-C3 333(7.1) 34.7(7.8) 1.0 119 .30
QIDS-Cy¢ 13.9(2.6) 14.0(2.6) 0.3 120 .76
IDS-SR3, 31.7(8.2) 33.1(10.9) 0.8 109 .44
QIDS-SR¢ 12.2(3.6) 13.0 (4.3) 1.2 113 .23
Functional assessment,
mean (SD)
SAS-SR 2.5(0.4) 2.4(0.4) -0.6 117 .58

SE-36 physical

SF-36 mental

Q-LES-Q general
activities

79.5 (20.5) 80.3(20.7) 02 116 .83
49.8 (14.5) 49.0(15.8) -03 117 .77
59.0 (10.8) 60.7 (10.7) 0.8 115 .40

Abbreviations: HDRS,;=17-Item Hamilton Depression Rating Scale;
IDS-Cs4 = 30-Item Inventory of Depressive Symptomatology, Clinician-
Rated; IDS-SR3y=30-Item Inventory of Depressive Symptomatology,
Self-Report; KKW =kcal/kg/wk; QIDS-C,¢=16-Item Quick Inventory
of Depressive Symptomatology, Clinician-Rated; QIDS-SR4=16-

Item Quick Inventory of Depressive Symptomatology, Self-Report;
Q-LES-Q = Quality of Life Enjoyment and Satisfaction Questionnaire;
SAS-SR = Social Adjustment Scale, Self-Report; SF-36 = Medical
Outcomes Study 36-Item Short-Form Health Survey; SSRI = selective
serotonin reuptake inhibitor; VO, max = maximal oxygen consumption.

2 sessions/wk in the 4-KKW group. Median adherence rates
were significantly greater (P=.0005) in the 4-KKW group
(99.4%) than in the 16-KKW group (63.8%).

Both groups had slight mean weight increases from base-
line to exit (4-KKW group: mean=0.67 kg [SD =2.69 kg];
P=.06), although the increase was significant only in the
16-KKW group (mean=1.05 kg [SD =2.84 kg]; P=.005).
While the 16-KKW group significantly increased from
baseline in VO, max (mean=0.13 L/min [SD=0.21 L/min];
P<.001), the 4-KKW group did not (mean=0.10 L/min
[SD=0.68 L/min]; P=.76).
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Table 2. Median Exercise and Adherence Data by Treatment Group by Week (N=122)

P=.02; and tgs=4.5, P<.0001,

respectively). Remission rates at

kcal Expenditure Duration of Percent Adherence? )
per Week, Exercise, Minutes per Week, week 12 for women with no fam-
Treatment Group, n Median per Week, Median Median ﬂY history were 39.0% for the
Week 4KKW I6KKW 4KKW 16KKW 4KKW I6KKW 4KKW 16KKW 16 KKW group and 5.6% for the
1 61 60 345.0 781.0 71.0 157.0 100.0 99.9 _ _
2 59 58 314.0 8645 650 163.0 99.7 92.1 4-KKW group (fy;=2.1, P=.04)
3 61 53 3090  1,072.0 64.0 193.0 99.6 84.4 (NNT =3.0), while for men with
4 58 50 303.0 976.0 62.0 179.5 99.6 82.1 no family history, rates were
5 58 48 295.0 9155 61.5 175.5 99.3 83.0 0 o S
6 58 50 303.5 872.0 635 152.5 100.0 705 85.4% and 0.1% for the higher
7 55 48 302.0 796.0 61.0 126.5 99.5 65.0 dose and lower-dose groups,
8 54 46 306.0 928.5 61.0 142.0 99.2 61.0 respectively (fgg=5.4, P<.0001)
9 54 46 302.0 542.5 57.5 93.0 99.4 413 - . :
10 49 44 300.0 8860 580 132.0 99.6 64.8 (NNT=1.2). Men with a family
1 50 37 233.0 736.0 475 120.0 67.8 60.0 history of mental illness (Figure
12 53 48 144.0 379.0 30.0 75.5 442 33.1

2E) also experienced significantly

*Percent adherence = (actual kcal/prescribed kcal) x 100. As an example, a person weighing 70 kg
would need to expend 1,120 kcal per week at the 16-KKW dose or 280 kcal per week at the 4-KKW

dose, assuming 100% adherence.
Abbreviation: KKW =kcal/kg/wk.

greater remission-rate growth in
the higher-dose versus lower-dose
group (tgs=2.3, P=.02), result-

Remission

Exit remission rates were identical at 29.5% (18 of 61) for
both exercise groups. Figure 2A shows unadjusted percents
remitted and GLMM fitted curves. Estimated remission
rates improved significantly during the study for all par-
ticipants (Fy ;1,3=49.4, P<.0001). The difference between
groups was not significant (group effect: F, ;;,3=1.9, P=.17;
group-by-time effect: F 1;;3=1.6, P=.20).

The covariate-adjusted GLMM (Figure 2B) also showed
significant improvement over time for both groups com-
bined (F, 5, =39.9, P<.0001), although the group effect
showed only a trend toward significance (group effect:
Fj 134=3.2, P=.07; group-by-time effect: F; 1;9=3.8, P=.06).
Adjusted remission rates at week 12 were 15.5% versus
28.3% for the 4-KKW and 16-KKW groups, respectively
(ty=1.3, P=.18), leading to an NNT of 7.8 for 16 KKW
versus 4 KKW.

Gender and family history of mental illness were
identified as treatment moderators due to a significant
gender-by-group-by-time interaction (F; 9g=6.6, P=.01)
and family history-by-group-by-time interaction (F; g5 =5.6,
P=.02). To better understand the moderating effects of
gender and family history, the group (initial) and group-
by-visit interaction (growth) effects for all 4 subgroups
(women with a family history of mental illness, women
with no family history, men with a family history, and men
with no family history) were estimated from the GLMM
(Figure 2C-2F).

Women with a family history of mental illness exhibited
numerically greater growth in remission rates in the 4-KKW
group than in the 16-KKW group (Figure 2C), but the dif-
ference was not significant (¢,3,=0.5, P=.59). At week 12,
estimated remission rates in this subgroup were 43.7% and
15.5% for the 4-KKW and 16-KKW groups, respectively
(t93=2.0, P=.04) (NNT=3.5). Among women and men
with no family history of mental illness (Figure 2D and
2F, respectively), the efficacy for the groups was reversed,
with growth in remission rates being significantly greater
for the 16-KKW group than the 4-KKW group (tg;=2.4,
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ing in week 12 remission rates
of 62.6% and 1.7% in the 16-KKW and 4-KKW groups,
respectively (tg,=2.9, P=.005) (NNT =1.6).

DISCUSSION

Covariate-adjusted remission rates were 15.5% for
lower-dose and 28.3% for higher-dose exercise augmenta-
tion, leading to an NNT of 7.8, well within the range of
findings that warrant change in clinical practice (ie, the rec-
ommendation of exercise as an augmentation treatment for
depression). Evaluation of moderating variables indicates
that men with or without a family history of mental illness
and women with no family history of mental illness had
higher remission rates with higher-dose exercise compared
to lower-dose exercise.

Studies®!#? of treatment augmentation generally yield
effect sizes that are equivalent to or smaller than those ob-
served in this trial. Recent data*® examining aripiprazole
as an augmentation treatment show that, after an adequate
first step with an antidepressant, differences in remission
rates between the treatments and placebo are similar to this
study—approximately 10%.

The unadjusted remission rates for exercise augmenta-
tion were identical at 29.5% (18 of 61) for both treatment
groups. These rates are comparable to those of level 2 in
STAR*D (ie, citalopram augmentation with bupropion
or buspirone, which yielded remission rates of 29.7%
and 30.1%, respectively, based on the HDRS,,).® This
finding suggests that exercise is a reasonable alternative
to medication augmentation for patients who prefer a
nonpharmacologic option.

These results also demonstrate the importance of exam-
ining moderating variables,'®!” as specific moderator effects
revealed important, clinically relevant findings that were
not otherwise evident. Participants with no family history
of mental illness were significantly more likely to achieve
remission with the higher dose of exercise as opposed to
the lower dose. Men with a family history of mental illness
were also more likely to achieve remission with higher-dose
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Figure 2. Probability of Remission® Estimated From a Generalized Linear Mixed Model

A. All Participants (without covariate adjustment) (N = 122) B. All Participants (covariate-adjusted) (N = 119)
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aRemission defined as a 30-Item Inventory of Depressive Symptomatology, Clinician-Rated (IDS-Cs) score <12.

exercise, whereas women with a family history of mental  illness. Conversely, the lower dose may be sufficient for
illness appeared to benefit more from lower-dose exercise, =~ women with a history of mental illness.

although these effects did not reach significance. While both A review by Teychenne et al* reported that less than
doses appeared to yield a benefit with SSRI treatment, the =~ 90 minutes of weekly physical activity in depressed indi-
higher dose appeared superior to the lower dose for men  viduals resulted in effective reductions in the likelihood of
in general and in women with no family history of mental ~ depression in participants. These findings illustrate why it
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is important to examine moderating variables, as high-dose
exercise may be more effective for some, while low-dose
exercise is more effective for others. This study also provides
a method for future research to explore the use of moder-
ating variables to develop treatments that can be tailored
to the individual. Personalizing treatment for depression
should optimize outcomes for each individual.

A limitation of the current study is that participants
assigned to the 4-KKW exercise group showed better ad-
herence than those assigned to the 16-KKW exercise group,
although there was a clear difference in KKW expenditure
between the groups. However, the greater adherence in the
4-KKW group provides evidence that low-dose exercise may
be more tolerable for depressed patients and indicates an
intervention that may be more acceptable to a wider spec-
trum of patients. Another limitation of the study is the
absence of a true control group. While unadjusted remis-
sion rates were identical between groups (29.5%), adjusted
remission rates were numerically, although not statistically,
different (15.5% for the 4-KKW group versus 28.3% for the
16-KKW group). Future research should be designed to
either include an inert control or be conducted with suffi-
cient samples to conduct equivalency analyses. Furthermore,
research is needed to examine longer-term outcomes. It may
also be useful to examine improvements in fitness and other
outcomes such as self-efficacy, as well as how these factors
may mediate treatment response.

CONCLUSIONS

This study illustrates 3 important points: (1) exercise
is a viable augmentation strategy for depressed patients
who are nonresponsive to SSRIs, (2) depressed patients are
willing and able to complete a structured exercise program
with behavioral support, and (3) exercise treatment dose
should be tailored to the individual.

Drug names: aripiprazole (Abilify), bupropion (Wellbutrin, Aplenzin,
and others), buspirone (BuSpar and others), citalopram (Celexa and
others), escitalopram (Lexapro and others), fluoxetine (Prozac and
others), lithium (Lithobid and others), paroxetine (Paxil, Pexeva,

and others), sertraline (Zoloft and others).
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