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Background. Sleep disturbances are persistent residual symptoms following remission of major depressive disorder

(MDD) and are associated with an increased risk of MDD recurrence. The purpose of the current study was to

examine the effect of exercise augmentation on self-reported sleep quality in participants with non-remitted MDD.

Method. Participants were randomized to receive selective serotonin reuptake inhibitor (SSRI) augmentation with

one of two doses of exercise : 16 kilocalories per kilogram of body weight per week (KKW) or 4 KKW for 12 weeks.

Depressive symptoms were assessed using the clinician-rated Inventory of Depressive Symptomatology (IDS-C). The

four sleep-related items on the IDS-C (Sleep Onset Insomnia, Mid-Nocturnal Insomnia, Early Morning Insomnia, and

Hypersomnia) were used to assess self-reported sleep quality.

Results. Significant decreases in total insomnia (p<0.0001) were observed, along with decreases in sleep onset, mid-

nocturnal and early-morning insomnia (p’s <0.002). Hypersomnia did not change significantly (p=0.38). Changes in

total, mid-nocturnal and early-morning insomnia were independent of changes in depressive symptoms. Higher

baseline hypersomnia predicted a greater decrease in depression severity following exercise treatment (p=0.0057).

No significant moderating effect of any baseline sleep on change in depression severity was observed. There were no

significant differences between exercise treatment groups on total insomnia or any individual sleep item.

Conclusions. Exercise augmentation resulted in improvements in self-reported sleep quality in patients with non-

remitted MDD. Given the prevalence of insomnia as a residual symptom following MDD treatment and the

associated risk of MDD recurrence, exercise augmentation may have an important role in the treatment of MDD.
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Introduction

The connection between sleep disturbances and de-

pression is well documented. Nearly 90% of patients

with major depressive disorder (MDD) report sleep

disturbances (Sunderajan et al. 2010) and co-morbid

insomnia exacerbates MDD severity (Ford &

Kamerow, 1989; Roberts et al. 2000 ; Pigeon et al. 2008).

Persistent insomnia is a common residual symptom in

patients treated with a selective serotonin reuptake

inhibitor (SSRI) (Nierenberg et al. 1999 ; Iovieno et al.

2011 ; McClintock et al. 2011) and is associated with an

increased risk of onset or recurrence of a depressive

episode. This highlights the importance of reducing

sleep disturbances in patients with MDD (Fava et al.

1990 ; Perlis et al. 1997 ; Riemann & Voderholzer, 2003 ;

Dombrovski et al. 2008 ; Nierenberg et al. 2009). Indeed,

targeted pharmacological (Fava et al. 2006) and

psychotherapy (Manber et al. 2008) augmentation for

persistent insomnia has been reported to improve

MDD treatment outcomes. It has been postulated that

exercise may also improve residual sleep disturbance

in patients with MDD (Trivedi et al. 2006a, b ; Greer &

Trivedi, 2009).

There is experimental evidence that exercise posi-

tively impacts sleep quality. Acute exercise increases

total sleep time, slow-wave sleep and rapid eye

movement (REM) sleep latency (Youngstedt et al.

1997). Exercise interventions result in improved self-

reported sleep quality, sleep-onset latency and sleep

duration in middle-aged and older adults with sleep

complaints (King et al. 1997, 2008 ; Buman et al. 2011)

and self-reported sleep quality in patients with minor

or major depression (Singh et al. 1997, 2005). Similarly,

experimental evidence supports the efficacy of exer-

cise in the treatment of MDD (Blumenthal et al. 1999,

2005 ; Dunn et al. 2005 ; Rethorst et al. 2009). Exercise is
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efficacious not only as a stand-alone treatment

for MDD but also as an adjunctive or augmentative

treatment (Blumenthal et al. 1999 ; Babyak et al. 2000 ;

Mather et al. 2002 ; Trivedi et al. 2011).

The Treatment with Exercise Augmentation for

Depression (TREAD; Trivedi et al. 2011) study exam-

ined the efficacy of two doses of aerobic exercise as an

augmentation treatment for MDD patients who had

not remitted with antidepressant treatment. Results

from the TREAD study indicated a trend toward

higher remission rates in the high-dose exercise group

(adjusted remission rates 28.3% v. 15.5%; resulting in

a number needed to treat of 7.8). The purpose of the

current study was to conduct a secondary analysis of

TREAD data to examine the effect of augmentation of

SSRI treatment with a 12-week exercise intervention

on self-reported sleep quality in the TREAD sample.

We also examined baseline sleep symptoms as a po-

tential moderator of the treatment effect on depression

severity. We hypothesized that : (1) self-reported sleep

quality would improve following the exercise inter-

vention ; (2) a more vigorous exercise program would

result in greater improvement in self-reported sleep

quality ; and (3) baseline self-reported sleep quality

would moderate the effect of exercise on depression

severity.

Method

TREAD was a randomized controlled trial in which

participants were randomized to receive augmen-

tation of SSRI treatment with one of two aerobic exer-

cise doses. The research protocol was approved 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 ex-

perts who were not part of the study team (board

members were affiliated with the University of Texas

Southwestern Medical Center at Dallas or with the

Epidemiology Data Center, Graduate School of Public

Health, University of Pittsburgh, Pennsylvania). Study

activities commenced after potential participants pro-

vided informed consent following explanation and

discussion of study procedures. TREAD study design

details have been published previously (Trivedi et al.

2006b, 2011). A brief description of the design aspects

relevant to the current study is given in the following

sections.

Participants

Of 126 randomized patients in TREAD, three higher-

dose subjects and one lower-dose subject provided

no post-baseline data and were not evaluated. Thus,

participants for the current analysis included 122 adult

out-patients, aged 18–70 years, with non-remitted

MDD. MDD diagnosis was based on the Structured

Clinical Interview for DSM-IV Axis I Disorders

(SCID-I) and non-remission was defined as a score

of o 14 on the Hamilton Depression Rating Scale

(HAMD) following >2 and <6 months of treatment

with an SSRI, with at least 6 weeks at an adequate dose.

Exercise intervention

Participants received augmentation treatment with

either a public health dose [16 kilocalories per kilo-

gram of bodyweight (KKW)] or a low dose (4 KKW) of

aerobic exercise for 12 weeks. The public health dose

was chosen to approximate to the current physical

activity guidelines published by the American Heart

Association and the American College of Sports

Medicine (Haskell et al. 2007). The selection of a low-

dose exercise group was based on the findings of

Dunn et al. (2005), demonstrating a significantly

greater reduction in depressive symptoms following a

high dose of aerobic exercise compared to a low dose.

Participants completed a combination of supervised

and home-based exercise sessions. Supervised ses-

sions were conducted at the Cooper Institute with ad-

ditional home-based sessions as needed to fulfill the

weekly exercise prescription. Participants received

three supervised sessions during week 1 and two

supervised sessions during week 2. During the third

week and each subsequent week, participants re-

ported to the Cooper Institute to complete one

supervised exercise session and address any exercise-

related concerns with staff. During supervised

sessions, participants could use treadmills, cycle ergo-

meters, or a combination of both. Training intensity

was self-selected. Participants recorded the frequency,

duration and intensity of all exercise sessions on the

study website. Data from each home-based exercise

session were recorded on a heart rate monitor (Polar

S610) and downloaded during visits to the Cooper

Institute.

Outcome measures

Depressive symptoms were assessed by blinded

raters using the 30-item clinician-rated Inventory of

Depressive Symptomatology (IDS-C; Rush et al. 2000,

2003 ; Trivedi et al. 2004) with the four sleep items

excluded from the total score. A higher score on the

IDS-C represented a greater severity of depressive

symptoms. The four sleep-related items on the IDS-C

(Sleep Onset Insomnia, Mid-Nocturnal Insomnia,

Early Morning Insomnia, and Hypersomnia) were

used to assess self-reported sleep quality. Each sleep
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item was scored on a scale of 0 to 3, with higher scores

indicating greater symptom severity. A total insomnia

score, which ranged from 0 to 9, was also created by

summing the first three insomnia-related items (Sleep

Onset Insomnia, Mid-Nocturnal Insomnia, and Early

Morning Insomnia). All clinical ratings were com-

pleted at baseline and at each of the 12 weekly visits.

Outcome measures (ratings) were collected prior to

the first exercise session of the week.

Statistical analysis

Demographic and clinical characteristics for the

sample and for both exercise groups were described

using the sample mean and standard deviation for

continuous variables and the frequency and percent-

age for categorical variables. An independent two-

sample t test (for continuous variables) and a x2 test

(for categorical variables) were used to compare the

two exercise treatment groups (16 KKW v. 4 KKW) on

the various demographics and clinical characteristics.

The change over time in each sleep symptom

and total insomnia was compared between the two

exercise treatment groups (16 KKW v. 4 KKW) using

a linear mixed model analysis of repeated measures.

A separate mixed model was conducted on each

sleep outcome measure. The model contained fixed

effects terms for exercise treatment group, time, and

treatment grouprtime interaction. The intercept was

included as a random effect. Restricted maximum

likelihood estimation and Type 3 tests of fixed effects

were used, with the Kenward–Roger correction

(Kenward & Roger, 1997) applied to the first-order

autoregressive covariance structure. Baseline insom-

nia score, baseline IDS-C total (without sleep items),

family history of MDD, recurrent MDD, gender, race

(African American versus non-African American), and

SF-36 Mental Health Summary scores were included

as covariates in each model (all covariates were cen-

tered). To assess the effect on sleep symptoms inde-

pendent of changes in other depressive symptoms,

additional mixed model analyses similar to that de-

scribed above were conducted with IDS-C total

(without sleep items) included as a time-varying co-

variate (across weeks 1–12). For an explanation of the

choice of the covariates, see Trivedi et al. (2011).

We conducted similar analyses treating exercise

dose as a continuous variable. We examined the re-

lationship between exercise dose and change over

time in each sleep symptom and total insomnia in

separate linear mixed model analyses of repeated

measures. Each model contained fixed effects terms

for KKW, time, and KKWrtime interaction. The in-

tercept was included as a random effect. Time was log

transformed to provide a more linear relationship with

outcome. Restricted maximum likelihood estimation

was used, with the Kenward–Roger correction applied

to the spatial power covariance structure. The mixed

model analysis was adjusted for the same covariates as

described above (including the time-varying covariate

of IDS-C total minus sleep items).

A similar linear mixed model analysis of repeated

measures was used to examine the moderator effect of

baseline sleep (insomnia) status on change in de-

pression severity (IDS-C total, with the sleep items

excluded) following exercise treatment (16 KKW v. 4

KKW dose-exercise) across the 12-week study. Time

was log transformed to provide a more linear re-

lationship with outcome. Restricted maximum likeli-

hood estimation was used, with the Kenward–Roger

correction applied to the spatial power covariance

structure. The mixed model analysis, adjusting for

the same covariates as described above (except for the

time-varying covariate of IDS-C total), evaluated the

main effects and the two- and three-way interaction

effects (incorporating exercise treatment group, base-

line sleep item/total insomnia score, and time). Sleep

items and total insomnia score were centered.

Moderator effects, if present, would be observed in a

significant three-way interaction of sleep (insomnia)

item by exercise treatment group by time (along with

all two-way interactions).

Finally, we carried out linear mixed model repeated

measures analyses to examine whether each baseline

sleep item predicted depression severity (IDS-C total,

with the sleep items excluded) following exercise

treatment across the 12-week study. Each model con-

tained fixed effects terms for baseline sleep item, time,

and sleep itemrtime interaction. Time was log trans-

formed to provide a more linear relationship with

outcome. Restricted maximum likelihood estimation

was used, with the Kenward–Roger correction applied

to the spatial power covariance structure. The mixed

model analysis was adjusted for the same covariates as

described above (except for the time-varying covariate

of IDS-C total). Covariates and sleep items/total in-

somnia score were centered. A predictor effect, if

present, would be observed in a significant two-way

interaction of sleep (insomnia) item by time. The par-

ameter estimate was interpreted from the solution for

fixed effects in the mixed model analysis.

All analyses were carried out using SAS software,

version 9.2 (SAS Institute Inc., USA). The level of sig-

nificance for all tests was set at a=0.05 (two-tailed)

and p values were left unadjusted for multiple testing.

Results

Baseline characteristics and demographic data for

the sample are displayed in Table 1. There were no
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significant differences in depressive symptoms be-

tween the two exercise treatment groups at baseline.

The two groups did differ on mid-nocturnal insomnia

at baseline but did not differ on any other baseline

sleep symptom.

Of the 122 evaluable participants, 21 (17.2%) exited

the trial before completion of the 12-week inter-

vention. However, all evaluable participants were in-

cluded in the analyses. The median adherence rate

was 63.8% for the 12 KKW group and 99.4% for the

4 KKW group. The median caloric expenditure in

weeks 3 to 12 for the 12 KKW group was 824 kcal ver-

sus 290 kcal for the 4 KKW group. Similarly, the me-

dian exercise time was 132 min/week in the 12 KKW

group compared to 60 min/week in the 4 KKW group.

The median exercise intensity across the two groups

was 79.5% of maximum heart rate and did not differ

across the two groups.

The results of the linear mixed model repeated

measures analysis (with the IDS-C time-varying cov-

ariate not included) revealed a significant improve-

ment (decrease) in total insomnia (time effect,

p<0.0001) (Fig. 1). Similarly, sleep onset insomnia,

mid-nocturnal insomnia and early-morning insomnia

significantly improved (decreased) during the

12 weeks of the study (p’s <0.002) ; however, no

significant differences between exercise treatment

groups were observed on any sleep item (Fig. 2). Hy-

persomnia did not change significantly over the

12 weeks (time effect, p=0.38). There were no signifi-

cant differences between exercise treatment groups on

total insomnia score or any individual sleep item

(Table 2).

When the IDS-C time-varying covariate was added

to the model, the effect on total insomnia remained

significant (time effect, p<0.0001), indicating that

Table 1. Baseline characteristics

Variables

All

participants

(n=122)

16 KKW

group

(n=61)

4 KKW

group

(n=61)

t or x2 df p valueMean S.D. Mean S.D. Mean S.D.

Age (years) 47 10 45.6 10.4 48.5 9.4 1.6 119 0.1082

Female (%) 82 85.2 78.7 0.9 1 0.3462

Race (%) 2.2 3 0.53

White 86.1 83.6 88.5

Black 11.5 14.8 8.2

Hispanic 0.8 0 1.6

Other 1.6 1.6 . 1.6

Age of onset (years) 27.4 11.3 27.8 10.7 27.1 12 x0.4 119 0.715

Length of current episode (months) 80.4 95.9 71.2 93.2 89.6 98.5 1.1 120 0.2912

HAMD-17 18 3.8 17.8 3.8 18.1 3.8 0.5 120 0.6513

IDS-C 34 7.4 33.3 7.1 34.7 7.8 1 119 0.297

IDS-C Sleep Onset Insomnia 1.5 1.1 1.4 1.2 1.6 1.1 1 119 0.3384

IDS-C Mid Nocturnal Insomnia 2 0.9 1.8 1 2.2 0.7 2.5 110 0.0158

IDS-C Early Morning Insomnia 0.7 1 0.7 0.9 0.7 1 0.2 119 0.8499

IDS-C Hypersomnia 0.7 0.9 0.7 0.9 0.7 1 0.1 119 0.9211

Total Insomnia score 4.2 2.1 3.9 2.3 4.5 1.8 1.6 113 0.1127

IDS-C without Insomnia items 29.8 7 29.4 6.6 30.2 7.5 0.6 118 0.5305

SF36-Physical 79.9 20.5 79.5 20.5 80.3 20.7 0.2 116 0.8287

SF36-Mental 49.4 15.1 49.8 14.5 49 15.8 x0.3 117 0.7712

KKW, Kilocalories per kilogram of body weight per week; IDS-C, Inventory of Depressive Symptomatology clinician rated;

HAMD, Hamilton Depression Rating Scale; SF-36, 36-item Short Form Health Survey; S.D., standard deviation.
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Fig. 1. Plot of adjusted least squares means for total insomnia

by week for each treatment group. KKW, Kilocalories per

kilogram of body weight per week.
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the improvement was independent of changes in

other depressive symptoms. Similarly, mid-nocturnal

and early-morning insomnia remained significantly

improved (decreased) during the 12 weeks of the

study (p’s <0.035). However, the effect on sleep onset

insomnia became non-significant (time effect, p=0.12)

whereas the change in hypersomnia (time effect,

p=0.86) remained non-significant over the 12 weeks.

As with the previous model, there were no significant

differences between exercise treatment groups on

total insomnia score or on any individual sleep

item (Table 3). When exercise dose (KKW) was treated

as a continuous variable, no significant two-way

interactions (KKWrtime) emerged on change in total

insomnia (parameter estimate=x0.00013, p=0.45),

sleep onset insomnia (parameter estimate=0.00005,

p=0.59), mid-nocturnal insomnia (parameter esti-

mate=x0.00013, p=0.14), early-morning insomnia

(parameter estimate=x0.00006, p=0.39), and hyper-

somnia (parameter estimate=x0.00002, p=0.67).

Linear mixed model analyses of repeated measures

were conducted to examine the moderating effect of

total insomnia and each sleep item (symptom) on

change in depression severity across the 12-week

study. Mixed models examining the three-way

interaction (exercise treatment grouprsleeprtime)

and all two-way interactions indicated no significant

moderating effect of any baseline sleep item or

total insomnia on change in depression severity

(p’s >0.05).

Linear mixed model analyses of repeated measures

examined the predictor effect of baseline measures

of total insomnia and each sleep item on change in

depression severity across the 12-week study. The re-

sults of the analysis revealed a significant two-way

baseline hypersomniartime interaction (parameter

estimate=x0.9180, p=0.0057) on the treatment out-

come of IDS-C total (with the sleep items excluded)

over the 12-week exercise study, indicating that higher

scores of baseline hypersomnia were related to a de-

crease in depression severity (IDS-C total, with the

sleep items excluded) following exercise treatment

(16 KKW v. 4 KKW dose-exercise) across the 12-week

study. All other baseline sleep items (total insomnia,

sleep onset insomnia, mid-nocturnal insomnia, and

early morning insomnia) did not significantly predict

the treatment outcome over the 12-week exercise in-

tervention (p’s >0.34).

Discussion

The results of this study confirm our hypothesis that

self-reported sleep improves following exercise aug-

mentation of SSRIs in individuals with non-remitted

MDD. Improvements in total insomnia, and also in

two insomnia symptoms (mid-nocturnal and early

morning), were observed in both exercise groups fol-

lowing the 12-week intervention. However, there was

no significant difference in changes in sleep quality

between the two groups. Furthermore, the improve-

ments in self-reported sleep quality were independent

of improvements in depressive symptoms. The im-

provement in self-reported sleep quality in the current

study suggests that exercise may have a positive effect
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Table 2. Changes in total insomnia and sleep symptoms from the linear mixed model repeated measures analysis

Variables

Total Insomnia Sleep Onset Insomnia Mid-Nocturnal Insomnia Early Morning Insomnia Hypersomnia

IDS-C total scorea IDS-C total scorea IDS-C total scorea IDS-C total scorea IDS-C total scorea

F statistic p value F statistic p value F statistic p value F statistic p value F statistic p value

Baseline characteristics

IDS-C total score minus sleep items 4.13 0.0445 0.39 0.5315 0.47 0.4948 6.29 0.0135 0.62 0.4343

Race (African American v.

non-African American)

0.07 0.7873 1.05 0.3087 3.29 0.0726 0 0.9766 4.88 0.0294

Gender 0.01 0.9189 0.71 0.4024 1.23 0.2692 0.04 0.8484 0.18 0.6742

Recurrent MDD 3.02 0.0848 0.71 0.4013 2.48 0.1184 2.11 0.1488 0.3 0.5836

Family history of MDD 5.2 0.0245 0.72 0.3974 7.81 0.0061 7.88 0.0059 4 0.0481

SF-36 Mental 1.09 0.2997 1.46 0.2293 1.29 0.2577 0.01 0.9128 0.23 0.6332

Sleep Item 68.27 <0.0001 51.53 <0.0001 76.72 <0.0001 51.01 <0.0001 73.88 <0.0001

Trial interventions

Treatment (16 KKW v.

4 KKW dose-exercise)

0.01 0.9402 0.02 0.8917 0.41 0.5256 0.19 0.6628 0.4 0.5274

Time (week) 6.26 <0.0001 3.23 0.0002 4.39 <0.0001 2.74 0.0017 1.07 0.3841

Treatmentrtime (week) 0.22 0.9961 0.61 0.8193 1.14 0.323 1.12 0.3403 0.51 0.895

IDS-C, Inventory of Depressive Symptomatology clinician rated ; MDD, major depressive disorder ; SF-36, 36-item Short Form Health Survey ; KKW, kilocalories per kilogram of body

weight per week.
a Sleep items were excluded from IDS-C total score.
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Table 3. Changes in total insomnia and sleep symptoms from the linear mixed model repeated measures analysis controlling for changes in depressive symptoms

Variables

Total Insomnia Sleep Onset Insomnia Mid-Nocturnal Insomnia Early Morning Insomnia Hypersomnia

F statistic p value F statistic p value F statistic p value F statistic p value F statistic p value

Baseline characteristics

IDS-C total score minus sleep items 0.02 0.8878 0.60 0.441 0.55 0.4617 2.19 0.1414 0.31 0.5780

Race (African American v.

non-African American)

0.01 0.9471 1.73 0.1911 2.63 0.1080 0.06 0.8027 3.73 0.0561

Gender 0.20 0.6563 0.37 0.5433 1.90 0.1713 0.01 0.9808 0.07 0.7991

Recurrent MDD 2.24 0.1369 0.39 0.5357 2.01 0.1589 1.68 0.1979 0.53 0.4685

Family history of MDD 5.12 0.0256 0.89 0.3484 7.40 0.0076 8.13 0.0052 3.50 0.0640

SF-36 Mental 0.41 0.5226 0.80 0.3735 0.80 0.3734 0.16 0.6888 0.70 0.4059

Sleep item 76.44 <0.0001 51.69 <0.0001 83.67 <0.0001 53.86 <0.0001 82.52 <0.0001

Time-varying covariatea

IDS-C total score minus sleep items 64.10 <0.0001 34.54 <0.0001 27.64 <0.0001 20.03 <0.0001 32.77 <0.0001

Trial interventions

Treatment (16 KKW v. 4 KKW

dose-exercise)

0.03 0.8558 0.06 0.8062 0.41 0.5227 0.30 0.5832 0.29 0.5905

Time (week) 3.47 <0.0001 1.50 0.1252 2.65 0.0024 1.90 0.0355 0.55 0.8688

Treatmentrtime (week) 0.28 0.9900 0.64 0.7969 1.21 0.2723 1.05 0.4037 0.61 0.8201

IDS-C, Inventory of Depressive Symptomatology clinician rated ; MDD, major depressive disorder ; SF-36, 36-item Short Form Health Survey ; KKW, kilocalories per kilogram of body

weight per week.
a IDS-C total score minus sleep items was a time-varying covariate across the 12-week study (weeks 1–12).
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on persistent residual symptoms of antidepressant

treatment.

Our findings may have important clinical implica-

tions. First, treatment of co-occurring sleep dis-

turbances has been shown to improve MDD treatment

outcomes. A clinical trial in which patients with de-

pression and insomnia were randomized to receive

fluoxetine with either placebo or eszopiclone

(Lunesta) found that those receiving eszopiclone

showed improved sleep continuity and depression

scores compared to the placebo group, while also

demonstrating faster onset of antidepressant response

(Fava et al. 2006). Similarly, augmentation of escitalo-

pram with cognitive behavior therapy (CBT) aimed at

sleep disturbances results in higher remission rates

(Manber et al. 2008). With this previous research

taken into account, our findings suggest that exercise

augmentation could potentially improve depression

treatment outcomes by improving sleep quality.

Second, insomnia is a common residual symptom of

SSRI treatment (Nierenberg et al. 1999 ; Iovieno et al.

2011 ; McClintock et al. 2011) and is associated with an

increased risk of recurrence of a depressive episode

in patients treated with SSRIs (Fava et al. 1990 ;

Perlis et al. 1997 ; Riemann & Voderholzer, 2003 ;

Dombrovski et al. 2008 ; Nierenberg et al. 2009). Our

findings would suggest that exercise augmentation

of SSRI treatment might prevent the recurrence of

depression by reducing a known risk factor for

relapse. Third, although not the focus of the current

hypotheses, our analysis indicated that family

history of MDD predicted sleep quality following

the 12-week intervention. Similarly, we found family

history to be a moderator of change in depressive

symptoms following the exercise intervention (Trivedi

et al. 2011). This suggests that family history may be an

important factor in predicting treatment response in

MDD.

Our results are congruent with past research dem-

onstrating improvements in sleep quality following an

exercise intervention (King et al. 1997, 2008 ; Singh et al.

2001, 2005 ; Buman et al. 2011). However, this is the

first study to examine the effects of exercise as an

augmentation to SSRI treatment in patients with MDD

who had insufficient improvement on SSRI alone. Of

note, although the high-dose exercise was associated

with higher adjusted remission rates (Trivedi et al.

2011), there were no significant differences in sleep

quality improvement between the two exercise treat-

ment groups.

This is contrary to previous research that reported

greater improvements in self-reported sleep quality

with high-intensity exercise compared to low-intensity

exercise in a sample of depressed older adults (Singh

et al. 2005). Several differences in study design may

explain these conflicting findings. First, Singh et al.

(2005) enrolled participants who were not currently

receiving treatment for MDD, whereas the current

study enrolled participants who had received at least 8

weeks of SSRI treatment. This might suggest that even

a small dose of exercise augmentation is effective in

improving sleep quality in this population whereas a

greater dose of exercise is necessary to improve sleep

quality when exercise is used as a monotherapy.

Second, participants in our study engaged in aerobic

exercise whereas participants in the Singh et al. trial

engaged in resistance training. Third, in the Singh et al.

(2005) trial, the two treatment groups engaged in the

same duration of exercise at different intensities (80%

of maximum versus 20% of maximum). In our study,

the treatment groups exercised at a self-selected in-

tensity for different durations.

Finally, we examined the moderator and predictor

effects of baseline sleep quality on changes in de-

pressive symptoms following the exercise inter-

vention. Baseline sleep disturbances have been

associated with poorer treatment outcomes for both

antidepressant medications (Kupfer et al. 1981) and

psychotherapy (Buysse et al. 1992). The results of our

analysis show that baseline sleep quality did not

moderate the treatment effect of exercise augmen-

tation on depression severity across the 12-week

study. This may indicate that exercise is effective in

reducing depressive symptoms regardless of baseline

sleep disturbances, even in those patients who typi-

cally have poorer treatment response. Conversely, this

finding may be the result of our examination of an

augmentative treatment, whereas previous research

has examined the moderating effect of sleep during

initial treatment.

We did, however, observe a significant predictor

effect for baseline hypersomnia, by which higher le-

vels of baseline hypersomnia were associated with

greater decreases in depressive symptoms following

the exercise intervention. This is a particularly in-

triguing finding given that hypersomnia is a symptom

most often associated with atypical depression.

Atypical depressive symptoms include hypersomnia,

interpersonal sensitivity, leaden paralysis, increased

appetite and/or weight, and phobic anxiety.

Differential treatment response has been observed in

patients with atypical features, with better treatment

response to monoamine oxidase inhibitors (MAOIs)

compared to tricyclic antidepressants (TCAs).

However, significant side-effects might limit MAOI

effectiveness. More-tolerable SSRIs have not been

studied extensively in atypical depression (Nierenberg

et al. 1998 ; Henkel et al. 2006 ; Pae et al. 2009), although

participants with atypical depression treated with

citalopram in the STAR*D trial had longer times to
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remission and lower remission rates (Stewart et al.

2010). Our results suggest that exercise augmentation

may improve treatment efficacy of SSRIs in patients

with atypical depression.

Although our findings indicate that sleep quality

improves following exercise in patients with non-

remitted MDD, the current study does have limita-

tions that highlight the need for further investigation.

First, our study compared two doses of aerobic exer-

cise and did not use a traditional control group. The

use of a low-dose aerobic exercise group was meant to

provide a dose of exercise shown not to affect de-

pressive symptoms in treatment-naive MDD patients

(Dunn et al. 2005), while providing control for the at-

tention received by the high-dose group. However,

no significant differences in changes in sleep quality

were observed between the two groups. Although this

might suggest that even a small dose of exercise can

be efficacious when used as augmentative treatment,

future trials with a control group are needed to

confirm this finding. Second, this study assessed sleep

quality using four items from the IDS-C. Although not

designed to specifically assess sleep quality, the IDS-C

is a valid assessment of depressive symptom severity,

including sleep disturbances (Rush et al. 1996, 2003,

2006 ; Trivedi et al. 2004 ; Bernstein et al. 2010).

Furthermore, residual symptoms, as assessed by the

IDS, are predictive of recurrence of a depressive

episode (Nierenberg et al. 2009). Future work should

use an independent assessment of subjective sleep

quality and objective measures of sleep to control for

expectancy effects observed through self-report sleep

data. We also did not exclude participants with known

sleep difficulties, such as sleep apnea. Inclusion of

these participants may have influenced our results.

Finally, we did not have data on sleep quality at the

onset of SSRI treatment, which would have allowed

for characterization of sleep symptoms at initiation of

augmentation as either residual or treatment emergent

symptoms.

The impact of sleep disturbances on treatment

outcomes (Kupfer et al. 1981 ; Buysse et al. 1992), the

prevalence of persistent residual sleep deficits follow-

ing treatment (Nierenberg et al. 1999 ; Iovieno et al.

2011 ; McClintock et al. 2011) and the associated risk of

MDD recurrence (Perlis et al. 1997 ; Nierenberg et al.

1999 ; Dombrovski et al. 2008) highlight the need

for depression treatments that improve sleep quality.

The results of the current study indicate that sleep

quality improves following exercise augmentation in

patients with non-remitted MDD. These findings

add to the established literature supporting the use

of exercise in the treatment of MDD (Rethorst et al.

2009). Furthermore, our findings suggest that exercise

may be effective in the prevention of MDD recurrence

and indicate the need for future research examining

the role of exercise in the prevention of MDD recur-

rence.
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