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he satisfaction and well-being experienced after
a brisk exercise session are familiar to most physi-
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Objective: To assess the benefit and harm of
exercise training in adults with clinical depression.

Method: The DEMO trial is a randomized prag-
matic trial for patients with unipolar depression con-
ducted from January 2005 through July 2007. Pa-
tients were referred from general practitioners or
psychiatrists and were eligible if they fulfilled the
International Classification of Diseases, Tenth Revi-
sion, criteria for unipolar depression and were aged
between 18 and 55 years. Patients (N = 165) were
allocated to supervised strength, aerobic, or relax-
ation training during a 4-month period. The primary
outcome measure was the 17-item Hamilton Rating
Scale for Depression (HAM-D17), the secondary out-
come measure was the percentage of days absent
from work during the last 10 working days, and the
tertiary outcome measure was effect on cognitive
abilities.

Results: At 4 months, the strength measured
by 1 repetition maximum for chest press increased
by a mean (95% CI) of 4.0 kg (0.8 to 7.2; p = .014)
in the strength training group versus the relaxation
group, and maximal oxygen uptake increased by
2.7 mL/kg/min (1.2 to 4.3; p = .001) in the aerobic
group versus the relaxation group. At 4 months,
the mean change in HAM-D17 score was –1.3 (–3.7
to 1.2; p = .3) and 0.4 (–2.0 to 2.9; p = .3) for the
strength and aerobic groups versus the relaxation
group. At 12 months, the mean differences in
HAM-D17 score were –0.2 (–2.7 to 2.3; p = .8) and
0.6 (–1.9 to 3.1; p = .6) for the strength and aerobic
groups versus the relaxation group. At 12 months,
the mean differences in absence from work were
–12.1% (–21.1% to –3.1%; p = .009) and –2.7%
(–11.7% to 6.2%; p = .5) for the strength and aerobic
groups versus the relaxation group. No statistically
significant effect on cognitive abilities was found.

Conclusion: Our findings do not support a bio-
logically mediated effect of exercise on symptom
severity in depressed patients, but they do support
a beneficial effect of strength training on work
capacity.
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T
cally active people. Generally, lay people as well as health
care workers accept that exercise renders a plethora of
positive effects on physical health. However, the common
belief that exercise also improves mental health remains
controversial.

The yearly incidence of depression is estimated at 3%
to 5%,1–3 with a lifetime prevalence of 17% in Western
societies.3 Projecting the current development in disease
patterns, the World Health Organization (WHO) expects
unipolar depression to become the second highest global
disease burden in 2030.4 The economic burden of depres-
sion in the United States in 2000 was estimated to be $83
billion (62% were workplace costs, 31% were direct
medical costs, and 7% were suicide-related mortality
costs).5

As medical antidepressant therapy has remission rates
of approximately 50%,6,7 the search for alternative or aug-
mentation therapies is a key issue. In this context, exer-
cise is an interesting intervention with an acceptable price
and adverse event profile. However, a meta-analysis pub-
lished in 2001 concluded that the effectiveness of exercise
on depressive symptoms in adults could not be deter-
mined because of a lack of good quality research.8 The
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authors found that the majority of trials were without
blinded outcome assessment, lacked intention-to-treat
analysis, and had short follow-up. Two smaller trials, one
comparing strength training versus standard general prac-
titioner treatment9 and another comparing aerobic training
versus no treatment,10 in an adult population suggested
that strength and aerobic training had a positive intensity-
related effect on depressed patients. This was supported
by a more recently published trial that showed a tendency
toward higher remission rates for patients in an exercise
program compared with those receiving placebo medica-
tion.11 Only a few trials have compared strength training
versus aerobic training.12,13 Strength and aerobic training
could influence depressive symptoms through different
biological mechanisms, such as enhanced serotonergic
activity, neurotrophic factors, or endorphin levels.14–16

The cognitive abilities of this patient population are af-
fected by the illness,17 and it is possible that a positive ef-
fect of exercise is partly mediated through increased cog-
nitive skills.18

The primary objective for the randomized DEMO trial
is to assess the benefits and harms of strength versus aero-
bic versus relaxation training in patients with depression
diagnosed according to the International Classification
of Diseases, Tenth Revision (ICD-10). The primary out-
come was the effect on depressive symptoms as measured
with the 17-item Hamilton Rating Scale for Depression
(HAM-D17)19 after 4 months of intervention. The second-
ary outcome was the effect on absence from work, and the
tertiary outcome was the effect on cognitive abilities.

METHOD

The protocol was approved by the local ethics commit-
tee (KF 01–213) and the Danish Data Protection Agency
(J.no. 2004–54-1587) and registered at ClinicalTrials.gov
(NCT00103415). A detailed description of the trial design
has previously been published.20

Participants
We informed the public, general practitioners, and psy-

chiatric institutions about the trial through meetings and
advertisements. Patients were considered eligible if they
were referred by a medical doctor or a psychologist, ful-
filled the ICD-10 criteria for unipolar depression, were 18
to 55 years old, lived in the Greater Copenhagen catch-
ment area, and were able to read and understand the in-
formed consent statement. Patients were considered in-
eligible if they engaged in any regular sports activity for
more than 1 hour per week, had ongoing alcohol or sub-
stance abuse, were judged to be at risk of suicide, had
poor Danish language skills, had a medical condition that
contraindicated physical exercise, or had been on sickness
leave for more than 24 consecutive months. All partici-
pants gave written informed consent.20

ICD-10 (and DSM-IV) diagnosis was established us-
ing the Major Depression Inventory21 as an interviewer-
based diagnostic tool. All 3 raters were certified in using
the Schedules for Clinical Assessment in Neuropsychiatry
(SCAN) interview.22 However, due to limited resources,
we used the Symptom Checklist (SCL-92)23 to screen for
psychotic symptoms, and if psychotic symptoms were
suspected, the patients were excluded.

Trial Design
This randomized, parallel-group, observer-blinded, su-

periority trial was carried out at a single location at
Copenhagen University Hospital in Denmark. If the pa-
tients were considered eligible for inclusion, they were
referred to randomization and exercise testing. Patients
were randomly assigned to strength, aerobic, or relaxation
training. Randomization was centralized and stratified ac-
cording to medicine status: (1) not receiving antidepres-
sant medication, (2) having received antidepressant med-
ication for less than 6 weeks, or (3) having received
antidepressant medication for more than 6 weeks. DEMO
trial staff contacted the Copenhagen Trial Unit (CTU) by
phone. Randomization was carried out by the CTU using
computerized restricted randomization with a block size
of 6. The block size and thus the allocation sequence were
unknown to the DEMO trial staff.

Interventions
All patients were scheduled to meet twice per week

during a 4-month period for a total of 32 sessions. The
participants in each group could freely choose between a
session starting at 2 or 5 p.m. All sessions lasted 1.5 hours
and were supervised by 1 physiotherapist experienced in
instructing psychiatric inpatients. The same 2 physio-
therapists were used throughout the trial period. The
type and number of exercise interventions were distrib-
uted evenly between the two, and thus the physiothera-
pists were not blinded to allocation. The number of par-
ticipants per group varied between 3 and 10.

According to guidelines from the American College of
Sports Medicine,24 it could be argued that the interven-
tions should have taken place 3 times per week. However,
first, training twice per week should be sufficient to in-
crease both strength25 and aerobic capacity.26 Second, we
aimed at increasing adherence through fewer expected
injuries.27

The program in the strength group was designed to in-
crease muscular strength, initially with 12 repetitions of
50% of repetition maximum (RM) 2 or 3 times per exer-
cise. As the patients progressed, the numbers of repeti-
tions were reduced to 10 and 8, with an increase of RM to
75%. The training was a circuit-training program with 6
exercises on machines involving large muscle groups: leg
extension, leg press, total abdominal, lower back, chest
press, and vertical traction. As a supplement to this, free
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weights and sandbags were used for exercising the calf
muscles, the arm abductors, the triceps muscles, and the
hip abductors.

The aerobic group program was designed to increase
fitness as measured by maximal oxygen uptake (V̇O2max).
The exercise program involved 10 different aerobic ex-
ercises using large muscle groups. Machines were used
for cycling, running, stepping, abdominal exercises, and
rowing. Additional exercises were sliding movements
on small carpets, trampoline, step bench, jump rope, and
Ski Fitter (Fitter International; Calgary, Alberta, Canada).
During the first 8 sessions, each exercise was done twice
for 2 minutes with a 2-minute rest at an intensity level of
70% of maximal heart rate. This gradually increased to a
level at which each exercise was done for 3 minutes with
a 1-minute rest at an intensity level of 89% during the last
8 sessions.

In the relaxation group, the goal was to avoid muscular
contractions or stimulation of the cardiovascular system,
and the patients did not engage in activities perceived
higher than 12 on the Borg scale.28 The first 20 to 30 min-
utes were used for exercises on mattresses or Bobath
Balls (Ledregomma; Udine, Italy) or back massage using
a Ball Stick Ball (Select; Glostrup, Denmark). This was
followed by light balance exercises for 10 to 20 minutes
and by relaxation exercises with alternating muscle con-
traction and relaxation in different muscle groups while
lying down for 20 to 30 minutes.

Outcome Measures
Depressive symptoms. Patients were evaluated 4 and

12 months from entry. The primary outcome was the
HAM-D17 score at 4-month follow-up. The assessor was
blinded to intervention group, and the patients were in-
structed not to reveal their group assignment. After as-
sessment, the assessor was requested to guess which
group the patient had been assigned to, making it possible
to examine if the blinding was successful. Kappa values
for agreement between the right allocation and the
guessed allocation at 4 and 12 months were 0.15 and 0.05.
This indicated that the blinding of the assessors was suc-
cessful. Three assessors were used during the trial. Two of
these were trained and certified at a WHO collaborating
center for mental health in Denmark. Intraclass correla-
tion coefficients between raters 1 and 2 and raters 1 and 3
were 0.93 (0.71 to 0.99) and 0.95 (0.46 to 0.99), respec-
tively.29 Additional psychometric evaluation was done
covering depression (Beck Depression Inventory) and
quality of life (World Health Organization-5 Well-Being
Index).

Remission was defined as not fulfilling the ICD-10 cri-
teria for depression and having a HAM-D17 score < 8.

Absence from work. The secondary outcome was the
self-reported percentage of days absent from work during
the last 10 working days at 4 and 12 months. Additional

work-related information, such as sick leave, unemploy-
ment, and job status (i.e., full-time, half-time, or less), was
collected.

Cognitive function. Tertiary outcomes related to cogni-
tive function at 4-month and 12-month follow-up included
4 cognitive domains:

Attention. In the Digit Span Test,30 patients repeat
orally given strings of digits of increasing lengths in
straight and reversed order. The number of correctly re-
peated strings is the score. Subtracting Serial Sevens31 re-
quires the patients to subtract 7 from 100 and continue to
subtract 7 until around zero. The score (1–10) is a combi-
nation of time and number of errors. The higher the score,
the better the performance.

Visuomotor speed. In the A part of the Trail Making
Test,32 patients are asked to connect numbered circles on
a sheet in consecutive order. In the B part, they are asked
to connect numbers and letters in alternating sequence
(A-1-B-2-C-3, and so on). The patients are told to work as
fast as possible. The score on each test is the time to com-
plete. The Digit Symbol Test30 is a symbol/number substi-
tution test in which patients are presented with the num-
bers 1–9 written at the top of a piece of paper. Each
number is represented by a symbol. Below, 100 symbols
are listed, but without the corresponding number. The pa-
tient is asked to fill in the corresponding numbers in 90
seconds. The number of correct matches is used to calcu-
late the score.

Language. In the S part of Verbal Fluency S and Ani-
mals,33 patients are asked to name as many words begin-
ning with the letter S as possible. They are not allowed to
use proper nouns. In the Animal part, patients are asked to
mention as many animals as they can think of. In both
tests, the patients have 60 seconds to name as many as pos-
sible. The score in each test corresponds to the number of
correct words minus the number of incorrect words.

Memory. In the Buschke Test,34 a list of 10 unrelated
words is read aloud to the patient. The patient is then asked
to recall the list. The interviewer repeats the words that the
patient misses, and the patient is asked to try again until all
10 words can be said, or until 10 attempts. The score is the
total number of omissions or mistakes. In the Rey Com-
plex Figure Test,35 the patient is shown a geometrically
complex figure on a sheet of paper and asked to copy it to
another sheet of paper. When this is done, the drawings
and the original are put away, and after 3 minutes the pa-
tient is asked to draw as much of the figure as he or she can
recall. The score is calculated based on the 3-minute recall
drawing. The higher the score, the better the performance.

Physical Outcome
The patients’ maximal oxygen uptake was measured at

entry, at the 4-month follow-up, and at 12-month follow-
up using a bicycle cardiopulmonary exercise test.36 Repeti-
tion maximum for knee extension, chest press, and leg
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press was measured at entry and postintervention using
standardized procedures.

Statistical Analysis
With a Bonferroni-adjusted α of .05/3 = .0166 to allow

for comparison of the 3 arms of the trial, as well as a mini-
mal clinically relevant response on the HAM-D17 of 4 (δ),
a standard deviation of 6, a β = .1, and a dropout of 40%,
we calculated that we needed a minimum of 186 patients.
However, entry data on the first 50 patients revealed a
standard deviation of 3.9, which was confirmed by the
international literature.10,37 We therefore adjusted our
sample size calculation to a standard deviation on the
HAM-D17 of 4. On this basis of this analysis, 28 patients
were required in each group, for a total of 84 patients. At
12-month follow-up, the 60% were not available for
analysis (based on the first 50 patients), and thus our aim
was to include a total of 135 patients.

We analyzed data with SPSS software (version 11.0)
(SPSS, Inc.; Chicago, Ill.) on the basis of the intention-to-
treat principle, and all patients included were analyzed
according to their original group assignment. For con-

tinuous outcomes, we used a repeated-measurement,
likelihood-based mixed-effect model with an unstructured
variance matrix available in SPSS (MIXED procedure).
This model approach is recommended for clinical trials
with repeated measurements.38,39 This approach uses data
from all included patients (intention-to-treat), handles en-
try differences, and is able to handle missing data (re-
stricted maximum likelihood procedure) with higher pre-
cision and power compared to more traditional methods
such as last observation carried forward.38,40,41 One condi-
tion for using this method is that data are “missing at ran-
dom” or “missing completely at random.”39 Dichotomous
outcomes were assessed with odds ratios and χ2 tests. At-
trition, follow-up time, and demographic data were ana-
lyzed using analysis of variance (ANOVA) or χ2 tests.

RESULTS

We received 390 referrals from January 2005 to July
2006. One hundred sixty-five patients were eligible for
randomization, and 55 patients were allocated to each
training group. Figure 1 shows the trial profile, and Table 1

Figure 1. Flowchart of the DEMO Trial: A Randomized, Parallel-Group, Observer-Blinded Clinical Trial of Strength
Versus Aerobic Versus Relaxation Training for Patients With Mild to Moderate Depression

Allocated to strength training: n = 55
Two sessions/wk for 4 mo = 32 sessions
Supervised by 1 physiotherapist
Average participation: 18.0 sessions
Never participated: n = 2 

Allocated to aerobic training: n = 55
Two sessions/wk for 4 mo = 32 sessions
Supervised by 1 physiotherapist
Average participation: 16.2 sessions
Never participated: n = 1 

Allocated to relaxation training: n = 55
Two sessions/wk for 4 mo = 32 sessions
Supervised by 1 physiotherapist
Average participation: 10.5 sessions
Never participated: n = 11 

4-Month follow-up
Available for interview n = 47
Lost to follow-up n = 4
Refused to participate n = 4

12-Month follow-up
Available for interview n = 46
Lost to follow-up n = 4
Refused to participate n = 4
Suicide  n = 1

4-Month follow-up
Available for interview n = 48
Lost to follow-up n = 5
Refused to participate n = 2

12-Month follow-up
Available for interview n = 46
Lost to follow-up n = 6
Refused to participate n = 3

Patients were referred from GPs, private psychiatrists, 
psychologists, and psychiatric wards 

N = 390

Patient Recruitment 

Assessment for Eligibility
Clinical assessment 

N = 293

Physical Assessment and Randomization
N = 165

4-Month follow-up
Available for interview n = 42
Lost to follow-up n = 9
Refused to participate n = 4

12-Month follow-up
Available for interview n = 37
Lost to follow-up n = 13
Refused to participate n = 5

Did not want to participate  N = 76
Age > 55 y  N = 9
Early retirement  N = 6
Bipolar disorder N = 4
Exercise > 1h/wk N = 1
Not living in Copenhagen N = 1

Excluded

Did not fulfill the ICD-10  N = 99
criteria for depression  

Refused to participate N = 14
Exercise > 1h/wk N = 3
Substance abuse N = 4
Suicidal behavior N = 3
Sick leave > 24 mo N = 3
Bipolar Disorder N = 2

Excluded
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shows entry demographics and clinical characteristics of
each intervention group. At entry, the 3 groups looked bal-
anced, although the HAM-D17 score was lower in the re-
laxation group, which also had a higher proportion of male
participants. The 12-month follow-up ended in July 2007.

Compliance, Follow-Up,
and Effect on Physical Outcomes

The mean participation was 18.0 (56.2%), 16.2
(50.6%), and 10.5 (32.8%) sessions of the 32 sessions in

the strength, aerobic, and relaxation training groups, re-
spectively (F = 10.05, df = 2,162; p < .001). At 4-month
follow-up, 137/165 (83.0%) were available for follow-up,
with 47/55 (85.4%), 48/55 (87.3%), and 42/55 (76.4%)
in the strength, aerobic, and relaxation training groups,
respectively (χ2 = 2.667, df = 2, p = .264). Eighteen of
165 patients were lost to follow-up, and 10/165 refused to
participate. At 12-month follow-up, 129/165 (78.2%)
were available for follow-up, with 46/55, 46/55, and 37/
55 in the strength, aerobic, and relaxation training groups,

Table 1. Baseline Data From Participants With Mild to Moderate Depression Randomly Assigned to Strength, Aerobic, or
Relaxation Training in a 4-Month Intervention

All Participants
Strength (N = 55) Aerobic (N = 55) Relaxation (N = 55) (N = 165)

Female, N (%) 45 (81.8) 43 (78.2) 34 (61.8) 122 (73.9)
Age, mean (SD), y 41.9 (8.7) 38.1 (9.0) 36.7 (8.7) 38.9 (9.46)
Ethnicity, N (%)

Caucasian 50 (90.9) 51 (92.7) 50 (90.9) 151 (91.5)
Other 5 (9.9) 4 (7.3) 5 (9.1) 14 (8.5)

Referred from, N (%)
General practitioner 35 (63.6) 32 (58.2) 31 (56.4) 98 (59.4)
Private practice psychiatrist 15 (27.3) 11 (20.0) 16 (29.1) 42 (25.5)
Outpatient department 5 (9.1) 12 (21.8) 8 (14.5) 25 (15.2)

Depression
17-Item Hamilton Rating Scale for Depression, mean (SD) 18.2 (3.6) 18.2 (3.8) 16.7 (3.8) 17.8 (3.8)
Montgomery-Asberg Depression Rating Scale, mean (SD) 22.0 (5.6) 22.9 (5.5) 21.6 (4.7) 22.1 (5.3)
DSM-IV criteria for major depressive disorder, N (%) 39 (70.9) 38 (69.1) 35 (63.6) 112 (67.9)
Beck Depression Inventory,42 mean (SD) 30.6 (8.8) 30.5 (6.9) 31.8 (8.3) 31.0 (8.1)
14-Item Hamilton Rating Scale for Anxiety, mean (SD) 15.1 (5.7) 15.1 (5.6) 14.7 (5.1) 14.6 (4.7)
WHO-5,43 quality of life, mean (SD) 20 (12.3) 20 (10.1) 23 (11.5) 21.7 (11.3)
Using antidepressant medication, N (%) 39 (70.9) 37 (67.3) 38 (69.1) 114 (69.1)
Having used antidepressant medication > 6 wk, N (%) 35 (63.6) 35 (63.6) 32 (58.2) 102 (61.8)
Receiving psychotherapy, N (%) 24 (43.6) 28 (50.9) 25 (45.5) 77 (46.7)
Previous episodes of depression, mean (SD) 1.3 (2.0) 1.3 (1.9) 1.0 (1.7) 1.2 (1.9)
Time since diagnosis of current depression, mean (SD), mo 13.2 (21.7) 20 (37.4) 20.8 (30.2) 18.2 (30.5)

Work
Unemployed, N (%) 23 (41.8) 30 (54.5) 20 (36.4) 73 (44.2)
Working full-time ~37 h/wk, N (%) 22 (40.0) 18 (32.7) 23 (41.8) 63 (38.2)
Working part-time ~20 h/wk, N (%) 8 (14.5) 6 (10.9) 10 (18.2) 24 (14.5)
Working < 20 h/wk, N (%) 2 (3.6) 1 (1.8) 2 (3.6) 5 (3.0)
Sick leave, N (%) 29 (52.7) 23 (41.8) 24 (43.6) 76 (46.1)
Percentage of days absent from work in last 10 d, mean (SD) 17.8 (31.5) 30 (34.7) 26.6 (35.3) 25.6 (34.0)

Cognitive skills, mean (SD)
Verbal intelligence

Danish Adult Reading Test 33.4 (9.2) 34.2 (8.7) 32.9 (8.1) 33.5 (8.6)
Attention

Digit Span 11.5 (3.9) 11.2 (2.8) 11.5 (3.3) 11.4 (3.3)
Subtracting Serial Sevens 7.0 (3.8) 7.8 (2.6) 7.6 (2.9) 7.4 (3.0)

Visuomotor speed
Trail Making A, s 31.0 (9.1) 30.2 (11.7) 28.5 (9.6) 29.84 (10.2)
Trail Making B, s 72.3 (24.3) 70.9 (34.7) 76.0 (33.9) 73.2 (31.4)
Digit Symbol Test 45.7 (9.6) 50.6 (10.6) 48.6 (13.5) 48.4 (11.4)
Design Fluency 27.3 (7.5) 27.9 (7.2) 27.5 (8.4) 27.6 (7.7)

Language
Verbal Fluency—Animal, no. of words 23.2 (6.8) 22.7 (6.0) 24.0 (6.0) 23.3 (6.2)
Verbal Fluency—S words, no. of words 15.3 (6.0) 14.0 (4.5) 14.3 (5.0) 14.8 (5.1)

Memory
Buschke Selective Reminding Test, total score 13.9 (8.1) 13.9 (7.3) 14.3 (8.4) 14.4 (7.8)
Rey Complex Figure Test, 3-min recall 22.1 (5.0) 20 (6.4) 21.1 (6.6) 21.0 (6.1)

Physical assessment, mean (SD)
Body mass index (kg/m2) 26.1 (4.9) 27.5 (5.7) 26.5 (6.3) 26.5 (5.4)
V̇O2max (mL/kg/min) 27.1 (6.6) 26.0 (6.3) 28.8 (7.7) 27.9 (7.1)
1 RM chest press, kg 33.1 (13.6) 38.8 (15.3) 45.7 (22.2) 38.4 (17.4)
1 RM knee extension, kg 45.3 (16.2) 56.7 (20.3) 57.1 (22.2) 52.3 (20.1)
1 RM leg press, kg 91.0 (35.1) 109.6 (41.1) 110.8 (44.0) 102.7 (40.5)

Abbreviations: RM = repetition maximum, WHO-5 = World Health Organization-5 Well-Being Index.
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respectively (χ2 = 5.756, df = 2, p = .056); 23/165 were
lost to follow-up, 12/165 refused to participate, and 1/165
committed suicide. The mean (SD) number of days by
which the 4-month follow-up was delayed was 32.7
(27.0), 41.3 (25.7), and 54.3 (52.4) for the strength, aero-
bic, and relaxation training groups, respectively (F = 4.5,
df = 2,134; p = .014). The mean number of days by which
the 12-month follow-up was delayed was 44.9 (32.6),
56.5 (53.6), and 56.3 (59.3) days for the strength, aerobic,
and relaxation training groups, respectively (F = 0.8,
df = 2,127; p = .44). Nonparametric testing (Kruskal-
Wallis h) confirmed the ANOVA results.

Analysis of age, sex, HAM-D17 score, or absence from
work during the last 10 working days at entry did not sug-
gest any significant differences between missing partici-
pants and participants included in the analysis at either
4 months or 12 months. It is then plausible to consider
the missing data as “missing at random,” making the
mixed-effect model a plausible approach to estimate the
effect, based on the total sample with the missing cases
included.

The mean (95% CI) increases in 1 RM for chest press,
knee extension, and leg press at 4 months were 4.0 kg
(0.8 to 7.2; p = .014), 7.5 kg (2.1 to 12.8; p = .007), and
18.3 kg (6.3 to 30.3; p = .003) in the strength group com-
pared with the relaxation group. When the strength group
was compared to the aerobic group at 4 months, the in-
creases in 1 RM for chest press, knee extension, and leg
press were 4.4 kg (1.5 to 7.2; p = .003), 7.9 kg (3.2 to
12.5; p = .001), and 16.8 kg (6.2 to 27.3; p = .002).

The mean (95% CI) increase in maximal oxygen up-
take at 4 months was 2.7 mL/kg/min (1.2 to 4.3; p = .001)
when the aerobic group was compared with the relaxation
group. At 4 months, the mean difference between the
aerobic group and the strength group was 1.74 mL/kg/
min (0.3 to 3.2; p = .02).

Primary Outcome
The HAM-D17 scores did not differ significantly be-

tween the 3 groups at 4-month follow-up (Table 2). The
mean (95% CI) HAM-D17 scores at 4 months for partici-
pants not on medication at entry were –1.4 (–5.8 to 3.0;
p = .5) and –0.2 (–4.6 to 4.1; p = .9) for the relaxation
group versus the strength and aerobic groups, respec-
tively. The primary outcome was not significantly influ-
enced by including sex as main effect or as an interaction
effect with time in the model (time × sex, p = .43). Some
participants attended 50% or more of the sessions
(strength N = 36, aerobic N = 28, relaxation N = 18), and
for them, the estimates were –1.2 (–4.6 to 2.0; p = .4) and
0.2 (–3.2 to 3.7; p = .9) for the relaxation group versus the
strength and aerobic groups, respectively. The numbers
of patients in remission in the strength, aerobic, and re-
laxation groups were 19/47 (40.4%), 14/48 (29.2%), and
13/41 (31.7%) (χ2 = 1.462, df = 2, p = .48) at 4 months

and 19/47 (40.4%), 15/46 (32.6%), and 14/37 (37.8%)
(χ2 = .628, df = 2, p = .73) at 12 months.

The mean (95% CI) difference in HAM-D17 score be-
tween the strength and aerobic groups was –1.7 (–4.1 to
0.6; p = .15) at 4 months and –0.8 (–3.2 to 1.6; p = .50) at
12 months. The analysis did not reveal statistically sig-
nificant differences in any psychometric outcome at ei-
ther the 4-month or 12-month follow-up. See Tables 2
and 3 for details.

When both exercise groups were combined and com-
pared with the relaxation group, the differences in HAM-
D17 score were –0.4 (–2.6 to 1.7; p = .70) and 0.2 (–2.0 to
2.6; p = .86) for 4 and 12 months, respectively.

To investigate whether there was an antidepressant
effect of the intervention applied in the control group
(relaxation), we divided this group’s participants post
hoc into 2 groups on the basis of median attendance:
those who attended the intervention fewer than 8 times
(N = 25) and those who attended 8 times or more (N =
30). When we entered this dichotomized participation
term in the model as a main effect and an interaction term
with time, we found no statistically significant differ-
ences in the primary outcome at either 4 or 12 months
between these groups (time × more or fewer than 8 ses-
sions, F = 0.678, df = 1,53; p = .42).

When patients with a score of 18 or higher on the
HAM-D17 at entry (strength N = 31, aerobic N = 31, and
relaxation N = 21) were analyzed, the mean (95% CI) dif-
ference on the HAM-D17 at 4 months was –2.00 (–6.3 to
2.23; p = .35) and –0.78 (–5.1 to 3.5; p = .72) for strength
and aerobic versus relaxation training. For 12-month
follow-up, the difference was –1.06 (–5.3 to 3.2; p = .62)
and 0.08 (–4.2 to 4.3; p = .97) for strength and aerobic
versus relaxation training.

Secondary Outcome
Throughout the trial, absence from work decreased

in all of the intervention groups. At 4 months, the group
differences were estimated to be –12.5% (–28.9% to
4.0%; p = .13) and –7.9% (–24.1% to 8.3%; p = .30) for
strength and aerobic training, respectively, versus relax-
ation training. At 12 months, there was a significant re-
duction in absence from work in the strength group com-
pared with the relaxation group, which was confirmed
by a nonparametric analysis (Mann-Whitney U: z = –2.5;
p = .012).

For the strength group compared to the aerobic group,
the difference was –4.6% (–20.2% to 11.0%; p = .55)
and –9.4% (–17.7% to –1.0%; p = .03; Mann-Whitney U:
z = –2.49; p = .013) at 4 and 12 months.

When the 2 exercise groups were compared with the
relaxation group, the difference in absence from work
was –10.1% (–24.6% to 4.1%; p = .16) at 4 months and
–7.3% (–15.4% to 0.9%; p = .81) at 12 months. No other
significant differences in employment status or other
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work-related outcome were found at either the 4-month or
the 12-month follow-up (see Tables 2 and 3).

Tertiary Outcomes
No statistically significant differences in cognitive

outcomes were found at either the 4-month or 12-month
follow-up (see Tables 2 and 3).

After 4 months, the number of patients admitted to a
psychiatric ward was 0 in the exercise groups versus 2 in
the relaxation group (Fisher exact test: p = .092). After 12
months, 5 patients in the exercise groups versus 5 patients

in the relaxation group had been admitted to hospital
(Fisher exact test: p = .15). One patient allocated to
strength training committed suicide between the 4- and
12-month follow-ups. Otherwise, we did not see indica-
tions of potential harm.

DISCUSSION

Our results suggest that a 4-month exercise inter-
vention intense enough to significantly increase strength
and maximal oxygen uptake did not have a biologically

Table 2. Postintervention (4-month) Outcome for Participants With Mild to Moderate Depression Randomly Assigned to
Strength, Aerobic, or Relaxation Training in a 4-Month Interventiona

Strength vs Relaxationb Aerobic vs Relaxationb

Strength Aerobic Relaxation Difference Difference
(N = 47) (N = 48) (N = 42) (95% CI) p (95% CI) p

Depression
17-item Hamilton Rating Scale 10.0 (6.4) 12.1 (6.4) 10.6 (5.6) –1.3 (–3.7 to 1.2) .3 0.4 (–2.0 to 2.9) .3

for Depression, mean (SD)
Montgomery-Asberg Depression 12.1 (8.0) 14.9 (8.7) 13.9 (8.2) –1.5 (–4.9 to 1.9) .4 0.2 (–3.2 to 3.6) .9

Rating Scale, mean (SD)
Beck Depression Inventory, 13.8 (12.0) 19.2 (11.8) 18.0 (12.7) –3.2 (–8.1 to 1.6) .2 0.4 (–4.4 to 5.2) .9

mean (SD)
14-item Hamilton Rating Scale 8.1 (6.0) 11.5 (7.3) 9.9 (6.9) –1.8 (–4.5 to 0.8) .2 1.3 (–1.3 to 4.0) .3

for Anxiety, mean (SD)
WHO-5, quality of life, mean (SD) 52.8 (21.8) 41.7 (24.0) 45.2 (20.8) 8.3 (–0.7 to 17.3) .07 –1.0 (–10.0 to 8.0) .8

OR (95% CI) OR (95% CI)
Using antidepressant 31 (66.0) 31 (64.6) 22 (52.4) 1.8 (0.7 to 4.1) .2 1.7 (0.7 to 3.8) .2

medication, N (%)
Receiving psychotherapy, N (%) 23 (48.9) 23 (47.9) 20 (47.6) 1.1 (0.4 to 2.4) .8 0.9 (0.4 to 2.1) .8

Work
Unemployed, N (%) 20 (42.6) 18 (37.5) 17 (40.5) 1.1 (0.5 to 2.6) .8 0.9 (0.4 to 2.1) .8
Sick leave, N (%) 16 (34.0) 13 (27.1) 13 (31.0) 1.1 (0.5 to 2.8) .8 1.0 (0.4 to 2.7) .9

Difference (95% CI) Difference (95% CI)
Percentage of days absent from 4.3 (9.0) 10.0 (17.6) 16.9 (33.3) –12.5 (–28.9 to 4.0) .1 –7.9 (–24.1 to 8.3) .3

work in last 10 d, mean (SD)
Cognitive skills, mean (SD)

Attention
Digit Span 12.7 (3.8) 11.6 (3.1) 12.1 (3.6) 0.3 (–0.8 to 1.3) .6 –0.6 (–1.6 to 0.5) .3
Subtracting Serial Sevens 7.78 (3.1) 8.31 (2.0) 8.23 (2.8) –0.3 (–1.4 to 0.9) .7 0.2 (–1.0 to 1.4) .8

Visuomotor speed
Trail Making A, s 27.2 (8.1) 28.6 (11.0) 26.7 (9.4) 0.4 (–3.0 to 3.8) .8 1.2 (–2.2 to 4.7) .5
Trail Making B, s 62.9 (18.5) 64.5 (23.7) 67.1 (28.8) 1.9 (–6.0 to 9.8) .6 1.0 (–6.9 to 9.0) .8
Digit Symbol Test 51.1 (9.1) 56.0 (10.8) 50.1 (12.8) 1.4 (–2.8 to 5.7) .5 3.5 (–0.6 to 7.5) .1
Design Fluency 31.1 (5.8) 30.5 (4.9) 30.5 (7.1) 0.7 (–1.5 to 3.0) .5 0.4 (–1.9 to 2.7) .7

Language
Verbal Fluency—Animal, 24.9 (9.9) 23.2 (4.73) 31.0 (39.9) –4.9 (–15.0 to 5.2) .3 –6.4 (–16.6 to3.7) .2

no. of words
Verbal Fluency—S words, 16.5 (6.1) 15.2 (5.9) 15.6 (6.0) –0.0 (–2.1 to 2.1) .9 –0.0 (–2.1 to 2.0) .9

no. of words
Memory

Buschke Selective 10.3 (8.0) 11.1 (7.8) 10.4 (7.2) 0.6 (–3.0 to 4.1) .7 1.0 (–2.5 to 4.4) .6
Reminding Test, total score

Rey Complex Figure test, 23.7 (6.3) 23.3 (5.6) 23.5 (6.3) –1.2 (–3.4 to 1.1) .3 0.4 (–1.8 to 2.6) .7
3-min recall

Physical assessment
V̇O2max (mL/kg/min) 29.2 (7.4) 28.9 (6.6) 30.5 (6.8) 1.0 (–0.5 to 2.5) .2 2.7 (1.2 to 4.3) .001
1 RM chest press, kg 41.4 (13.8) 40.0 (16.5) 53.3 (24.1) 4.0 (0.8 to 7.2) .014 –0.3 (–3.7 to 3.1) .8
1 RM knee extension, kg 57.7 (17.8) 59.5 (19.4) 63.0 (17.7) 7.5 (2.1 to 12.8) .007 –0.4 (–6.1 to 5.3) .9
1 RM leg press, kg 117 (41.9) 117.0 (42.3) 129.0 (45.3) 18.3 (6.3 to 30.3) .003 1.5 (–11.3 to 14.4) .8

aGroup Ns represent the numbers of patients available at follow-up.
bGroup differences are estimated using a likelihood-based mixed-model analysis with repeated measurements for continuous outcomes, and

dichotomous outcomes are presented with odds ratios (ORs). The estimate is the mean difference between groups in change from baseline.
Abbreviations: RM = repetition maximum, WHO-5 = World Health Organization-5 Well-Being Index.
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mediated effect on symptom severity of clinical depres-
sion postintervention or at long-term follow-up. However,
a tendency was shown that strength training decreased ab-
sence from work, a difference that was statistically sig-
nificant at the 12-month follow-up visit.

The strengths of our trial were the centralized ran-
domization, which provided adequate generation of the
allocation sequence and adequate allocation concealment;
blinding of the assessors of the primary outcome to al-
location; the use of intention-to-treat analysis20,42; high
interrater reliability; and well-conducted interventions
that increased the physical parameters they were designed
to improve. Inclusion of both medicated and unmedicated
patients increases the generalizability in terms of the ex-
pected effect in a real community setting. Furthermore,
post hoc analysis suggested that the intervention used in
our control group (relaxation training) had no impact on
depression scores.

Limitations include confounding due to a possible an-
tidepressant effect of the intervention used in our control
group (relaxation training). However, the mean effect ob-
served in the relaxation training group (–6.1 on HAM-D17
after 4 months) was comparable to the placebo effect ob-
served in a similar trial providing no training at all.11 The
lack of blinding of treatment allocation for patients and
physiotherapists could lead to collateral interventions,
possibly confounding our results. There was skewed attri-
tion, and the follow-up assessment was significantly later
than 4 months in the control group. The latter could be
explained by the depression itself, or by the participants’
being less willing to return for assessment because they
had not received the intervention they had hoped for. A
possible type 2 error would occur if patients in the relax-
ation training group postponed their assessment due to
high depression scores at the ideal time for follow-up, or
if the general delay in assessment diminished a possible

Table 3. Twelve-Month Follow-Up Outcome for Participants With Mild to Moderate Depression Randomly Assigned to Strength,
Aerobic, or Relaxation Training in a 4-Month Interventiona

Strength vs Relaxationb Aerobic vs Relaxationb

Strength Aerobic Relaxation Difference Difference
(N = 46) (N = 46) (N = 37) (95% CI) p  (95% CI) p

Depression
17-item Hamilton Rating Scale 11.0 (7.1) 11.9 (6.5) 10.0 (5.6) –0.2 (–2.7 to 2.3) .8 0.6 (–1.9 to 3.1) .6

for Depression, mean (SD)
Montgomery-Asberg Depression 14.2 (9.8) 14.8 (8.3) 13.0 (7.6) 0.9 (–2.7 to 4.4) .6 1.3 (–2.2 to 4.8) .5

Rating Scale, mean (SD)
Beck Depression Inventory, mean (SD) 15.2 (12.6) 16.1 (11.0) 16.0 (11.1) –0.3 (–5.1 to 4.3) .9 0.1 (–4.7 to 4.9) .9
14-item Hamilton Rating Scale 10.3 (6.9) 11.8 (7.4) 9.2 (5.5) 0.6 (-2.1 to 3.3) .7 2.2 (–0.5 to 4.9) .1

for Anxiety, mean (SD)
WHO-5, quality of life, mean (SD) 46.0 (26.1) 46.9 (22.7) 47.8 (23.4) 1.2 (–8.7 to 11.0) .8 1.7 (–8.3 to 11.7) .7

OR (95% CI) OR (95% CI)
Using antidepressant medication, N (%) 28 (60.9) 29 (63.0) 22 (59.5) 1.0 (0.4 to 2.4) .9 1.2 (0.5 to 2.8) .7
Receiving psychotherapy, N (%) 15 (32.6) 17 (37.0) 15 (40.5) 0.7 (0.3 to 1.7) .4 0.8 (0.3 to 2.1) .7

Work
Unemployed, N (%) 15 (32.6) 15 (32.6) 7 (18.9) 1.7 (0.6 to 5.0) .3 1.8 (0.6 to 5.0) .3
Sick leave, N (%) 9 (19.6) 13 (28.3) 9 (24.3) 0.8 (0.3 to 2.4) .7 1.2 (0.5 to 3.4) .7

Difference (95% CI) Difference (95% CI)
Percentage of days absent from work 1.4 (4.4) 11.2 (19.2) 14.5 (20.7) –12.1 (–21.1 to –3.1) .009 –2.7 (–11.7 to 6.2) .5

in last 10 d, mean (SD)
Cognitive skills, mean (SD)

Attention
Digit Span 11.75 (3.7) 12.2 (3.1) 11.6 (3.4) 0.0 (–1.0 to 1.0) .9 0.2 (–0.9 to 1.2) .8
Subtracting Serial Sevens 7.5 (2.9) 9.0 (1.5) 8.0 (3.0) –0.2 (–1.3 to 1.0) .8 0.7 (–0.5 to 1.8) .2

Visuomotor speed
Trail Making A, s 26.5 (8.4) 26.1 (11.6) 26.8 (11.0) –0.8 (–4.8 to 3.2) .7 –0.4 (–4.5 to 3.7) .9
Trail Making B, s 72.5 (52.8) 61.2 (25.3) 68.4 (30.6) 4.4 (–6.5 to 15.4) .4 –2.4 (–13.4 to 8.6) .7
Digit Symbol Test 52.1 (10.1) 54.4 (11.0) 52.1 (13.1) 2.6 (–1.3 to 7.0) .2 2.3 (–1.9 to 6.5) .3
Design Fluency 31.1 (5.0) 31.6 (4.3) 30.0 (7.0) 2.1 (–0.2 to 4.3) .08 2.1 (–0.2 to 4.4) .08

Language
Verbal Fluency—Animal, no. of words 25.0 (7.4) 25.4 (5.0) 24.9 (7.1) 1.8 (–0.7 to 4.4) .2 1.5 (–1.0 to 4.1) .2
Verbal Fluency—S words, no. of words 15.0 (5.2) 15.3 (6.6) 14.9 (5.7) 0.8 (–1.4 to 3.0) .5 0.5 (–1.6 to 2.7) .6

Memory
Buschke Selective Reminding Test, 10.1 (7.0) 6.5 (4.9) 9.4 (7.2) 1.1 (–1.7 to 3.8) .4 –2.3 (–5.2 to 0.6) .1

total score
Rey Complex Figure Test, 3-min recall 23.2 (6.0) 22.6 (4.6) 23.4 (7.0) –0.9 (–3.0 to 1.1) .4 –0.4 (–2.5 to 1.6) .7

aGroup Ns represent the numbers of patients available at follow-up.
bGroup differences are estimated using a likelihood-based mixed-model analysis with repeated measurements for continuous outcomes, and

dichotomous outcomes are presented with odds ratios (ORs). The estimate is the mean difference between groups in change from baseline.
Abbreviations: RM = repetition maximum, WHO-5 = World Health Organization-5 Well-Being Index.
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antidepressant effect of exercise. Other trials11 have used
weekly assessments to exclude early responders from
their analysis, but we believe that this violates the prin-
ciples of intention-to-treat analysis. Furthermore, post
hoc analysis did not reveal a greater effect for patients
who had a HAM-D17 rating above 17 at entry. We recog-
nize that there are some good arguments for using weekly
assessments in trials due to increased suicide risk in this
population. However, our physiotherapists all had expe-
rience with psychiatric inpatients and were instructed to
consult trial investigators if they had suspicion of in-
creased suicide risk for any particular participant. It
could be argued that we should have used the SCAN in-
terview22 as a diagnostic tool, but due to limited resources
this was not possible. Since 2 of the interviewers had
several years of experience from assessing patients with
schizophrenia using the SCAN interview,22 we consider
this to have had minimal impact on inclusion.

On the basis of the first 50 patients, we changed our
sample size calculation, which is usually not recom-
mended. This change was based only on the observed
standard deviation and was not propelled by any inter-
vention effect. However, the confidence intervals of the
primary outcome do not suggest that the lack of effect
was caused by a power problem at this level of clinical
relevance (4 points on the HAM-D17).

We included both medicated and nonmedicated pa-
tients and patients who received psychotherapy. The ma-
jority of medicated patients had received medication for
more than 6 weeks and still fulfilled the ICD-10 criteria
for depression and could in some sense be considered
treatment resistant. This weakens the trial result in terms
of a direct efficacy measurement, i.e., an explanatory as-
pect of the trial. However, our intention was to conduct a
pragmatic trial in order to make the results relevant for
clinical practice.

As mentioned, we chose to create a control group with
the same level of social interaction and contact with
instructors to control for a possible social effect, instead
of having a wait-list control group. This control group
should be exposed to the same social stimuli as well as
regression toward the mean as the experimental groups.
We wanted to offer an intervention to the control group
that would result in high compliance and involve
some sort of physical activity that would interest the
participants.

The attendance was only approximately 50% in our
experimental groups at 4-month follow-up. In compari-
son, antidepressant treatment adherence in the primary
care setting has been reported to be 56% after 3 months.43

However, a similar trial of the effect of exercise on de-
pression had a median attendance of 77% in a supervised
exercise group.11

The increase in strength measured by 1 RM was from
25% to 28% in the strength group, and the increase in

maximal oxygen uptake of 11% in the aerobic group is
comparable to similar trials.9,44

Recent smaller trials comparing an exercise group with
a placebo/control group suggested that exercise intensity
had an effect on depressive symptoms.9,10 In our trial, we
had 2 training sessions per week, which might have been
too few. The majority of our patients had received antide-
pressive medication for more than 6 weeks at entry, and
for this group, the interventions were an addition to the
pharmacologic treatment. In relation to this aspect, our re-
sult is consistent with those of other large trials that did
not find an additional effect of exercise in patients using
antidepressive medication.45,46 Furthermore, a recent trial
comparing exercise with placebo did not find a statisti-
cally significant effect of exercise on clinical depres-
sion.44 Contrary to our trial, other studies have found a
tendency toward higher remission rates in depressed pa-
tients engaging in physical activity.44 The reasons for
these differences are unclear.

The 4-month results do not suggest that exercise
training had an effect on absence from work. At 12
months, the data suggest a markedly lower work absence
in the strength group. This result should be interpreted
with caution, since it was not a primary outcome and none
of the other work-related outcomes suggest any effect of
the intervention—the numbers of participants who were
unemployed or on sick leave were the same in all groups.
However, there was a tendency toward less absence in
both exercise groups compared with the relaxation group,
and our trial might not have had enough power to reveal a
true significant effect.

There is growing evidence from animal research
that exercise increases cognitive function partly by up-
regulating neurotrophic factors,47,48 and meta-analytic
findings suggest that exercise has a positive effect in hu-
mans who are already cognitively impaired, such as those
with dementia.18 The DEMO trial is to our knowledge the
first randomized trial to test whether an exercise interven-
tion has an effect on cognitive abilities in clinically de-
pressed patients. Our results suggest that an exercise in-
tervention twice per week has no significant effect on
cognitive abilities in clinically depressed individuals. It is
possible that the patients’ cognitive abilities measured in
this trial were not affected at entry, even though a modest
cognitive impairment has previously been detected in de-
pressed outpatients.49,50 Another explanation could be that
part of our patient population had taken medication for
some time already that had caused an up-regulation in
neurotrophic activity,51 suggesting that exercise and anti-
depressant medication mediate a physiologic effect on the
brain through the same systems.

Even though it seems increasingly questionable that
exercise has a clinically important effect on depressive
symptoms, it should be acknowledged that depression
is associated with an increased risk of cardiovascular
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disease.52,53 It is important to investigate which exercise
programs are most effective in attenuating this risk among
patients with depression. The primary financial burden of
depression is work-related,5 and the effect of exercise on
this parameter needs further investigation in large-scale
trials.

SUMMARY

In conclusion, our trial does not provide evidence for a
biologically mediated effect of exercise on clinical de-
pression in a pragmatic outpatient setting. Exercise rec-
ommendations suggest that the intervention should have
been offered 3 times per week. Furthermore, due to low
compliance, our participants received the intervention
only once per week. Although this was sufficient to in-
crease both strength and aerobic capacity, this may not
have been enough to modify mood. We also observed a
tendency toward less absence from work, but no improve-
ment in cognitive skills.
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