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Abstract
Objective. To evaluate whether a 12-week home-based exercise program is more effective than usual care for alleviating
depressive symptomology in the postpartum.
Methods. Eighty-eight women experiencing postpartum depressed mood were randomly assigned to a 12-week home-based
exercise program or usual care. Outcomes assessed immediately post-treatment and 3-months post-treatment were the
Hamilton Rating Scale for Depression (HAM-D) and Edinburgh Postnatal Depression Scale (EPDS).
Results. In the intention-to-treat analysis, the effect of the intervention on EPDS did not change from 3 to 6 months
evaluations, but was modified by the baseline EPDS score, with subjects with greater depression at baseline (EPDS4 13) in
the intervention group having a significantly lower postbaseline EPDS score compared with the usual care group (mean
difference 4.06 points, 95%CI 1.51–6.61, p5 0.001). After adjusting for baseline HAM-D, subjects in the intervention
group had a significantly lower HAM-D score at post-treatment compared with subjects in the usual care group (mean
difference 1.83 points, 95%CI 0.24–3.41, p¼ 0.02). The difference in HAM-D became non-significant at 3-months post-
treatment.
Conclusions. Home-based exercise is a feasible nonpharmacological intervention with the potential to alleviate postpartum
depressive symptoms, especially in women with higher initial depressed mood scores as measured by the EPDS. These
findings may guide the design of future exercise clinical trials with postpartum depressed women.
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Introduction

Postpartum depression (PPD) affects 10–16% of

women [1], with symptoms lasting up to 1 year

postdelivery [2]. Moreover, children of depressed

mothers, including those with subclinical depression,

may experience disturbances in attachment, cognitive

and behavioral development [3–5]. Despite its high

prevalence and serious consequences, elevated de-

pressive symptoms in the postpartum often goes

undiagnosed and untreated by health care providers

[6]. Although a few well controlled studies have

demonstrated the efficacy of pharmacological and

psychosocial interventions for the treatment of PPD

[7–9] there are concerns about adverse effects of

pharmacological therapy on the breastfed newborn

[6–10]. Women may also opt against antidepressant

or psychotherapeutic interventions for treating

depression because of financial and social stigma

associated with these treatment modalities [11,12].

Alternative nonmedical interventions for treating

depression in the postpartum have not been widely

investigated, resulting in limited evidence-based

nonpharmacological treatment options.

Prospective epidemiological studies have shown

that individuals who become or remain physically

active are less likely to suffer clinical depression [13–

16]. However, a lack of methodological rigor has been

identified in many of the earlier studies that have

evaluated exercise as an intervention for the manage-

ment of depression [17]. More recently, a randomized

clinical trial (RCT) comparing aerobic exercise,

antidepressant medication and combined exercise

and medication in older patients with major depres-

sion found all three groups achieved comparable and

significant reductions in depressive symptoms [18].
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To date, studies evaluating exercise for the treatment

of depression have mainly targeted older adults and

patients with chronic conditions [18–20]. Only one

small RCT has examined the effects of exercise for

treatment of PPD in 19 women [21]. A 12-week

aerobic pram-walking intervention significantly re-

duced depressive symptomology compared with

social support [21]. However, that study had a small

sample size, did not control for concurrent therapies,

and used only one measure of depression. Other

modes of exercise, such as home-based exercise which

could be more feasible in colder climates, have not

been investigated in women with PPD. A recent

review of the limited studies to date concluded that

exercise may be a viable nonpharmacological inter-

vention for alleviating depressive symptoms in the

postpartum [22].

Using the Edinburgh Postpartum Depression Scale

(EPDS) [23] and the Hamilton-Rating Scale for

Depression (HAM-D) [24] as the primary outcome

measures, we evaluated the effectiveness of a 12-week

home-based exercise intervention, compared with

usual care control group, in reducing depressive

symptomology among women reporting elevated

depressed mood in the postpartum.

Methods

Subjects

Women in the postpartum period (4–38 weeks)

experiencing symptoms of PPD were recruited at

obstetrician/gynecologists offices and through media

advertisement, as well as pamphlets and flyers sent to

delivery units of major hospitals and community

health facilities in the Montreal area. Interested

participants were screened over the telephone and

women scoring �10 on the EPDS [23] were invited

to participate. Eligible women were able to under-

stand English or French, had no current alcohol or

substance abuse, were not currently participating in

regular moderate or high-intensity exercise (30 min,

at least three times per week) and had no obstetrical

or concomitant diseases which would have precluded

participation in an exercise program. This trial was

carried out from November 2001 until November

2004. Approval from the McGill University Faculty

of Medicine Institutional Review Board was ob-

tained. All subjects signed informed consent.

Primary outcome measures

Edinburgh Postnatal Depression Scale (EPDS) is an

instrument developed and validated for new mothers

to measure depressive symptomology in the past 7

days [23]. A cutoff point of 10 has been shown to

have high sensitivity and specificity when compared

with a diagnosis of minor and major depression using

a psychiatric interview such as the Structured

Clinical Interview for the DSM-II-R [25–27]. The

EPDS was selected to assess treatment effect as it is

the most widely used measure to screen and assess

depressive symptomology in previous postpartum

trials [21,28–30].

The 17-item Hamilton Rating Scale for Depres-

sion (HAM-D) was used to assess depression

severity. Its validity and reliability has been estab-

lished in numerous studies [24,31]. A trained clinical

interviewer, blinded to treatment assignment, admi-

nistered the HAM-D by telephone. As in other

studies which administered the scale over the

telephone [9,18,32], the interviewer used direct

questioning to elicit information usually obtained

through observation (agitation and retardation).

Procedures. Following the telephone interview con-

ducted by a trained research assistant, participants

completed a physician supervised graded maximal

exercise stress test, using the Bruce protocol [33], prior

to randomization and at post-treatment. This test was

used to screen participants according to the American

College of Sports Medicine guidelines (ACSM)

[34,35], determine baseline fitness, and individualize

the exercise prescription for participants assigned to

the exercise group. Fitness was evaluated by time on

test and maximal metabolic equivalent capacity [36].

Participants were randomly assigned to the ex-

ercise group or to a usual care control group, using

stratification on baseline depression severity (mild:

HAM-D score5 17 vs. moderate/severe: HAM-D

score� 17) [24,31]. Within each stratum, a blocked

randomization procedure, with blocks of 4–6, was

used to minimize group size imbalance. The study

personnel remained blinded regarding the allocation

of the next woman until her randomization.

Post-treatment and at 3-months post-treatment,

the clinical interviewer administered the HAM-D.

The EPDS was included in the questionnaire battery

mailed to participants for completion. Data collec-

tion procedures were the same for the two groups.

Exercise intervention. Participants assigned to the

exercise group met four times with the same exercise

physiologist. The first visit was *90 min with

30 min follow-ups scheduled at 1, 3, and 9 weeks

thereafter. The first visit included a review of the

cardiovascular fitness results, an overview on the

benefits of exercise, an individualized exercise pre-

scription, and a supervised exercise session. Princi-

ples of warm-up and cool-down, and general exercise

precautions were reviewed to minimize the risk of

injury.

The exercise prescription was individualized and

followed ACSM guidelines for developing and

maintaining cardiorespiratory fitness [35]. These

guidelines suggest individuals perform 60–120 min/

192 D. Da Costa et al.

J 
Ps

yc
ho

so
m

 O
bs

te
t G

yn
ae

co
l D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

cG
ill

 U
ni

ve
rs

ity
 o

n 
09

/0
6/

13
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



week of aerobic exercise within their target heart rate

zone (60–85% of maximal heart rate). Duration is

dependent on the intensity of the activity. Programs

were individualized depending on access to equip-

ment, time constraints, weather and enjoyment of

various activities. Exercise intensity began at 60–70%

of maximal heart rate and increased gradually to 75–

85%, depending on the subject’s adaptation to the

exercise. Stretching and strength exercises were also

prescribed, with the amount of each depending on

the subject’s needs. The follow-up sessions with the

exercise physiologist during the 12-week training

phase consisted of providing guidance and support,

solving any difficulties, and gradually increasing

exercise intensity.

Heart rate monitors were provided to assure

proper intensity of training. All subjects maintained

an exercise log during the 12-week training and

monthly thereafter. Following each exercise session,

participants completed exercise logs which included

type of exercise performed (stretching and cardio-

vascular), frequency, duration, and heart rate. This

approach was previously validated [37,38].

Statistical analyses. Descriptive statistics were used to

compare the baseline characteristics of the two

randomization groups. Fisher exact test and Stu-

dent’s t-test were employed to compare, respectively,

categorical and quantitative characteristics of sub-

jects who did not complete some follow-up assess-

ments with those of the completers.

The main study hypotheses were tested using the

intention-to-treat approach (ITT). Separate analyses

assessed changes from baseline for the two primary

outcomes: EPDS and HAM-D, using the mixed

linear model for longitudinal analyses of repeated

measures [39]. The mixed model approach allowed

us to account for both (a) dependence of consecutive

outcomes for the same subject, and (b) missing

values [40].

In all multivariable analyses, the outcome scores

observed at 3 and 6 months represented the repeated

measures of the dependent variable. The indepen-

dent variables included the intervention group, and

indicators of primiparity and cesarean delivery for

both of which there were clinically meaningful

differences between the two randomization groups.

Furthermore, we included an indicator of the more

severe depressive symptoms at baseline, defined

using a priori defined cutoffs of ESPD� 14 and

HAMD� 17 [23,24,31]. In addition all models also

included a binary indicator of the assessment time,

which accounted for the possible changes over time

in the depression scores.

For each outcome, a mixed model initially also

included three interaction effects. First, we expected

that the longitudinal changes in the depression scores,

as well as the effect of the intervention on these

changes, may vary depending on the baseline severity

of depression. Therefore, we included the interac-

tions between the respective indicator of baseline

severity and (i) intervention group, and (ii) assess-

ment time [40]. In addition, we a priori expected that

the putative beneficial effect of the intervention may

decrease with increasing time because of trial

completion. Therefore, we also tested the interaction

between intervention group and assessment time. To

account for low statistical power for interaction

testing [41], each of the three interactions was tested

at the two-tailed 0.10 significance level. In the case of

a significant interaction between either time or

baseline severity and the intervention group, we

estimated the separate effects of the intervention for

each of the two times on the two severity levels,

respectively [42], and tested these effects with Type

III tests, which adjusted for all other effects in the

multivariable mixed model [40].

In addition to primary ITT analyses, efficacy

analyses were performed. These analyses compared

the control subjects with the ‘adherent’ subjects in

the intervention group, i.e., those who did engage in

cardiovascular exercise, for at least 1 h per week.

In all the above analyses, the intervention effect

was tested at two-tailed 0.05 significance level. A

total sample size of 88 subjects was estimated to

obtain 80% statistical power for detecting clinically

important effects of the intervention on postbaseline

EPDS or HAM-D scores, which would account for

at least 10% of the total variance in these scores [43].

All analyses used SAS statistical software.

Results

Figure 1 summarizes participation flow and trial

retention. Eighty-eight participants met study criteria

and were randomized: 46 to exercise and 42 to the

usual care group. Both groups were similar on all

baseline characteristics, with the exception of differ-

ences in frequency of cesarean birth (21% interven-

tion group vs. 32.6% control group), and primiparity

(33% vs. 41%) (Table I).

The proportions of subjects who completed the

self-report outcome measures at all the assessments

were similar in the two trial arms (30/46, 65% in the

intervention group vs. 29/42, 69% in control group,

p¼ 0.70). Those participants who missed some

postbaseline assessments had similar characteristics

to the ‘completers’ (p4 0.25 for all demographic and

clinical variables shown in Table I, data not shown).

The mean baseline scores of both EPDS (14.0

among the completers vs. 12.7 among subjects who

failed to complete at least one postbaseline depres-

sion assessment, p¼ 0.14) and HAM-D (11.9 vs.

10.1, p¼ 0.11).

During the 12-week training phase, participants in

the exercise condition engaged on average in 165 min

A trial of exercise for postpartum depression 193
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of exercise (SD¼ 117.9) per week, including aerobic,

strength, and flexibility exercises. Adherence to the

prescribed aerobic component of the exercise program

(at least 60 min week) was 76.1% (35 out of 46

participants), with an average of 124 min (SD¼ 96.3)

per week during the 12-week program. This is

considerably higher than the average of 54.6 min

(SD¼ 55.8) of exercise reported by the control group

during the 12-week period. Walking exercise modality

most frequently reported by women in the exercise

group (85%) and control arm (55%). Adherence to

strength exercise recommendations was moderate

with 52.4% of women assigned to the intervention

exercising at the recommended frequency. Partici-

pants in the exercise condition attended a median of 4

(out of 4) sessions with the exercise physiologist, with

80.4% (n¼ 37) attending at least three sessions.

Correlations between the EPDS and the HAM-D at

each assessment point were statistically significant at

the p5 0.01 level (ranging from r¼ 0.46–0.58).

For each outcome, Figure 2 compares the changes

over time in the mean scores in the two trial arms,

among those subjects who completed a given

depression assessment. For both outcomes, the mean

scores in each group decrease considerably from

baseline to both post-trial assessments, with only

minor differences between the 3 and 6 months. For

EPDS, the unadjusted changes in both groups are

Figure 1. Patient recruitment and randomization.

Table I. Patient characteristics at study entry.

Mean (SD)

Exercise

(n¼ 46)

Control

(n¼42)

Demographics

Age (years) 34.3 (3.4) 32.7 (4.8)

Education (years) 16.0 (1.7) 15.1 (2.2)

Years w/current partner 7.3 (4.0) 6.1 (3.6)

Primiparous 41.3% 33.3%

Race: white 80.4% 76.2%

Clinical variables

Weeks since delivery 11.0 (7.2) 12.1 (8.1)

Cesarean delivery 32.6% 21.4%

Maximal METS on stress test 10.7 (1.7) 11.0 (1.7)

Outcome measures

EPDS 13.6 (3.6) 13.6 (3.9)

HAM-D 12.1 (4.2) 11.1 (3.8)

EPDS, Edinburgh postpartum depression scale; HAM-D,

Hamilton depression scale; SD, standard deviation.

194 D. Da Costa et al.
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similar. In contrast, the post-treatment decrease from

the baseline HAM-D in the exercise group is much

larger than in the control group (Figure 2). In both

groups, there was only minimal improvement in

physical fitness (METS) (mean increase from base-

line to 3 months of 0.62 in the intervention group

and 0.51 in the control group).

The comparisons in Figure 2 are calculated only

for subjects who completed a given depression

assessment, without adjusting for baseline differences

in depression severity and other covariates, and

without accounting for possible effect modification.

To account for these factors, our primary analyses

relied on the multivariable linear mixed model. The

left part of Table II summarizes the results of

multivariable mixed model-based intention-to-treat

analyses. For each outcome, in the absence of any

significant interaction, the first row shows the

adjusted estimate of the exercise intervention effect

pooled across the two assessment times and all

subjects, with the 95% confidence intervals (CI).

However, if one interaction was significant at

p5 0.10 the first row provides details on the

significant interaction that justified estimating sepa-

rately the effects of the intervention in subgroups

determined by baseline depression score or time, as

appropriate. This estimate represents difference in

the mean depression score between the intervention

and control groups after adjustment for the baseline

depression severity, primiparity, and cesarean deliv-

ery, with negative estimates indicating bigger im-

provements in the exercise group.

For EPDS, there are no interactions between

assessment time and either intervention (p¼ 0.88),

or baseline EPDS (p¼ 0.46). In contrast, there is a

very significant interaction (p¼ 0.0002) between the

intervention and the baseline EPDS (dichotomized at

13), indicating that the differences between the two

trial arms vary significantly depending on the base-

line severity of the postpartum depressive symptoms.

Accordingly, the next two rows of Table II show the

estimated effects of the intervention on the EPDS

score separately for the subgroups with less and more

severe depression symptoms at baseline. For women

with baseline EPDS� 13, the exercise intervention is

associated with higher postbaseline EPDS scores

(adjusted mean difference between intervention and

control group of 2.77 points, 95% CI: 0.50–5.05,

p¼ 0.02). In contrast, for women with higher severity

of baseline postpartum depressive symptoms,

patients in the intervention group have significantly

lower post-baseline EPDS then those in the control

group. Indeed, as shown in the 3rd row of Table II,

among the women with baseline EPDS4 13, the

Figure 2. Mean changes on outcome measures. Total subjects who completed the depression tests: (1a) EPDS test, exercise group: N¼46,

40, 31 at baseline, 3 months, respectively, 6 months; (1b) EPDS test, control group: N¼42, 35, 31; (2a) HAMD test, exercise group:

N¼46, 41, 40; (2b) HAMD, control group: N¼ 42, 38, 34.

Table II. Analyses of the effect of the intervention on the mean change in EPDS and HAM-D scores.

Depression

score Group Time

Intention-to-treat analysis Efficacy analysis

Intervention effect slope (95% CI) Intervention effect slope (95% CI)

EPDS All subjects Pooled (3 & 6 months) p¼ 0.0002 interaction (baseline

EPDS* intervention)

p¼0.0001interaction

(baseline EPDS* intervention)

Baseline EPDS�13 Pooled (3 & 6 months) þ2.77 (þ0.50, þ5.05) þ2.47 (þ0.12, þ4.82)

Baseline EPDS4 13 Pooled (3 & 6 months) 74.06 (76.61, 71.51) 74.54 (77.01, 72.08)

HAM-D All subjects Pooled (3 & 6 months) p¼ 0.0977 interaction

(time* intervention)

71.29 (72.56, 70.01)

All subjects 3 months 71.83 (73.41, 70.24) –

All subjects 6 months 70.26 (71.78, þ1.26) –

*Interaction term between the 2 variables.
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mean adjusted EPDS score at postbaseline assess-

ments in the exercise group was more than 4 points

lower than in the control group (mean difference of

4.06 points, 95% CI: 1.51–6.61, p5 0.001).

The lower half of Table II shows the main

results for HAM-D scores. The effect of interven-

tion on the HAM-D scores did not vary depending

on the baseline severity (p¼ 0.56 for the interaction

between intervention and baseline HAM-D score,

dichotomized at 17), and there was no interaction

between baseline HAM-D and assessment time

(p¼ 0.54). However, for HAM-D scores, the test of

the effect modification between the assessment

time and intervention reached our criterion for

statistical significance of the interaction (p¼ 0.098

for the two-tailed test). Furthermore, the interac-

tion between the assessment time and intervention

was in the a priori expected direction, as we

hypothesized that the intervention effect would be

stronger at the post-treatment assessment (3

months) than 3 months later (i.e., at 6 months).

Accordingly, the last two rows of Table II

report the adjusted between-groups differences in

HAM-D scores, separately for each assessment

time. At post-treatment assessment, the mean

HAM-D score is significantly lower, by almost 2

points, in the exercise than in the control group

(adjusted mean between-groups difference of 1.83

points, 95% CI: 0.24–3.41, p¼ 0.02). In contrast,

at 3 months post-treatment the difference between

the two groups is very small and loses its statistical

significance (last row of Table II).

The right part of Table II shows the results of

multivariable mixed model-based efficacy analyses,

with data for the exercise group limited to 35

‘compliers’, i.e., subjects who engaged in at least

1 h per week of cardiovascular exercise. For EPDS,

the pattern of results is similar to the ITT analyses.

Specifically, there is a highly significant interaction

between treatment and baseline score (p¼ 0.0001).

As for ITT analyses, the exercise intervention is

associated with significantly higher EPDS post-

treatment scores among women with baseline

scores�13, whereas among subjects with higher

severity of depressive symptoms at baseline (3rd

row in the right part of Table II) it is associated with

statistically and clinically significantly lower EPDS

post-treatment scores, by about 4.5 points. In the

efficacy analyses of HAM-D scores, neither the

interaction between the intervention and assessment

time (p¼ 0.47), nor the interaction between the

intervention and baseline score (p¼ 0.47) or the

interaction between baseline score and time

(p¼ 0.17) is significant, so that the right part of

Table II presents the adjusted intervention effect,

pooled across both times and all subjects. The

corresponding mean HAM-D postbaseline score

among compliers in the exercise group is marginally

significantly lower, by about 1.3 points, than in the

control group.

Discussion

This trial demonstrates that home-based exercise is

an effective and feasible intervention for alleviating

symptoms of depressed mood in the postpartum.

Although previous studies have shown exercise to be

effective in reducing depressive symptomology in

other populations [18,44], this is the first to show

the benefits of exercise for depressed mood in the

postpartum.

The findings suggest that exercise enhances the

rate of recovery. Immediately following the 12-week

intervention, women in the exercise group showed an

almost two point reduction from baseline on HAM-

D scores, compared with the control group, whereas

at 3 months post-treatment HAM-D scores had

improved similarly for both groups. This early effect

is of clinical relevance as duration and severity of

depressive symptoms (even subclinical) negatively

impacts maternal and infant adaptation [45,46].

There has been some caution raised against the use

of depression scales containing somatic symptoms

such as the HAM-D during the postpartum because

of potential overlap with postpartum physical symp-

toms (i.e., fatigue and insomnia) [23,25]. We took

steps to minimize such difficulties, as interviewers

probed to specifically determine whether a particular

somatic symptom was related to postpartum circum-

stances (i.e., insomnia due to infant feedings) or

depression. Similar to Ross et al. [47] we did not

score the former as symptoms. Other findings

suggest that somatic symptoms may be important

in diagnosing subgroups of women with PPD [1,48].

On the basis of an examination of the HAM-D

during pregnancy and the postpartum Ross et al. [47]

recently concluded that postpartum women may be

less likely to describe their distress as depression but

more likely to articulate their symptoms as somatic.

Importantly, depressive somatic symptoms have been

shown to be less responsive to antidepressant therapy

and have been associated with relapse and greater

functional impairment [49–52].

In our trial, the effect of exercise for improving

depressed mood assessed with the EPDS varied as a

function of pretreatment depression severity. Women

with higher initial depression, i.e., EPDS scores

above 13, showed significantly greater reductions at

both post-treatment assessments compared with

controls with similar initial EPDS scores. In other

words, the decline for women with higher initial

EPDS scores was much larger in the intervention

compared with the control group. The mean reduc-

tion in scores on the EPDS was at least 4 points for

women with initially higher EPDS scores, which has

been suggested to be a reliable clinically significant
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change [53]. Although our findings suggest that

exercise was most beneficial for women with higher

baseline EPDS scores, baseline HAM-D scores

indicate that the majority of our sample was likely

experiencing mild or subclinical depression, as only

17% of the sample and 33% of the subgroup scoring

more than 13 on the baseline EPDS had initial scores

of at least 17 on the HAM-D.

Our findings showing a lower reduction in

depressed mood EPDS scores in the exercise group

relative to the usual care group, among women who

entered the study less depressed (EPDS� 13), was

unexpected. It is possible that women who were less

depressed may have been less motivated to engage in

a self-management activity such as aerobic type

exercise. Our data (not shown) provide partial

support for this explanation as estimates of energy

expenditure for self-reported exercise were signifi-

cantly higher for the women in the exercise group

who scored higher on the EPDS at study entry

compared with women who were less depressed in

the intervention condition. Future studies are needed

to examine the dose-response relation of exercise and

reduction in postpartum depressive symptoms.

Efficacy analyses, restricted to women who ad-

hered to the exercise program showed even larger

benefits of the intervention. In this subgroup, the

exercise program resulted in significantly larger

reductions on both the HAM-D scores and the

EPDS scores for initially more depressed women, at

the end of the intervention as well as 3 months later.

Adherence to the aerobic component of the exercise

program was high and comparable with other trials

using the home-based format [54] and exercise in

depressed persons [44]. This suggests that home-

based moderate intensity exercise programs with

ongoing professional contact are feasible with post-

partum depressed women.

The mechanisms associated with decreased de-

pression levels with exercise are unknown. Various

theories have been proposed including increases in

self-efficacy [55], distraction from stress [15], altera-

tions in brain norepinephrine and endorphin release

and central serotonin levels [56,57]. Moreover,

results are mixed as to whether improvements in

depressed mood are mediated by increases in

physical fitness [58–60]. Our results suggest that

the improvements in mood were not related to

changes in physical fitness levels and support the

findings from three meta-analyses on exercise and

depression indicating that exercise gains are not

necessary to achieve reductions in depressed mood

[58,61,62]. Although improvements in fitness have

been observed in some trials of exercise and

depressed mood [20], others including the recent

study by Craft et al. [63] in a sample of depressive

women comparing a home-based intervention (with

minimal therapist contact) to a supervised exercise

intervention showed similar reductions in depressed

mood in both exercise conditions and no improve-

ments on cardiovascular fitness or body composition

for either intervention. Like Craft et al. [63], we

agree that it is possible that 3 months of exercise may

not be a sufficient length of time to see significant

improvements in cardiovascular fitness.

Our study has important strengths, including use

of recommended outcome assessments for PPD,

randomization, blinding of interviewers, low attri-

tion, and an extended follow-up. The limitations of

this study include a relatively well-educated, pre-

dominately white sample of women motivated to

volunteer in an exercise study. Similar to other

exercise trials [44,64], blinding of participants

regarding group assignment was not possible. As

previously noted, none of the women in our study

scored greater than 20 on the HAM-D at study entry,

thus it is unknown whether our findings extend to

more severely depressed women.

Our study included a relatively wide range of

weeks since delivery (4–38 weeks). It may be

expected that longer time since delivery would be

correlated with higher duration of PPD and as a

consequence, with higher probability of a sponta-

neous remission of symptoms. If so, then inclusion of

women who have delivered several months prior to

study entry could have attenuated the effect of the

intervention. We did not have data on the exact onset

of depression. However, while PPD typically appears

4–6 weeks postdelivery, its onset is often gradual and

symptoms appear to be more long-lasting than

depression at other times [2,65–67], with *50% of

women remaining symptomatic for up to 24 months

[2,66,67]. Indeed all study participants at entry into

the trial met the inclusion criterion of baseline

EPDS� 10, which is indicative of depressed mood.

Furthermore, time since delivery was not a con-

founder in our analyses because as shown in Table I,

its distributions in the usual care and intervention

groups were very similar. Moreover, time since

delivery was only very weakly correlated with baseline

depression scores (r¼ 0.14 with EPDS and r¼ 0.15

with HAM-D, p4 0.15 for both correlations).

Finally, when added to our final multivariable mixed

models, the interactions between time since delivery

and the intervention were completely nonsignificant,

indicating that the effect of the intervention did not

depend on the time since delivery. All of these results

suggest that the conclusions regarding the effective-

ness of our intervention apply to women with a

relatively wide range of time since delivery, as long as

they meet our study entry criteria (EPDS� 10).

This study did not include an attention-placebo

control group, further limiting the generalizability of

the results as part of the differences observed may be

attributable to the exercise therapist’s attention and/

or women’s expectations about the benefits of the
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exercise intervention. Visits with the exercise thera-

pist were limited to discussing exercise progress and

addressing exercise barriers, however some women

may have perceived this as emotionally supportive.

There remains substantial controversy in behavioral

(e.g., exercise) and psychotherapy treatment trials

regarding what constitutes a credible ‘attention-

placebo’ condition [68,69]. It has been argued that

the addition of an attention-placebo group is of

dubious validity unless it is perceived by the subject

as potentially valuable and its inertness has been

determined, which is difficult with behavioral meth-

ods [68]. We felt that including a usual care control

group was important to control for the natural course

of the depressive symptoms, which decreased sub-

stantially over time in both trial arms.

Our findings have important clinical implications

as they provide initial evidence for an effective

nonpharmacological intervention for the alleviation

of mild to moderate postpartum depressed mood.

This is important as many women are reluctant to

take medication in the postpartum period, particu-

larly if they are breastfeeding [8]. Moderate-intensity

home-based exercise is well accepted by women

experiencing depressive symptoms in the postpartum

and is a low-cost intervention that can be delivered

widely within the health care system.
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What this study adds

. Exercise is a feasible nonpharmacological intervention that can improve depressed mood in the

postpartum.

. Improvements in mood were not related to changes in physical fitness levels, suggesting that exercise

gains are not necessary to achieve reductions in depressed mood.

Current knowledge on this subject

. Postpartum depression (PPD) affects 10–16% of women, with symptoms lasting up to 1 year

postdelivery. Despite its prevalence and negative consequences for the mother and her infant, PPD is

often not recognized or treated.

. Although pharmacological agents can be effective for treating postpartum depression, concerns remain

regarding the adverse effects of pharmacological therapy on the breastfed newborn.

. Women may also opt against psychotherapeutic interventions for treating depression because of

financial and social stigma associated with this treatment modality.

. There are few alternative nonmedical options available to women for the treatment of depression in the

postpartum.
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