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Abstract: Depression is a common and disabling disease that affects over 100 million people
worldwide and can have a significant impact on physical and mental health, reducing their
quality of life. Thus, the aim of this article was to provide information on research results and
key chains related to the therapeutic effects of chronic aerobic exercise compared with other
types of interventions to treat depression, which may become a useful clinical application in a
near future. Researches have shown the effectiveness of alternative treatments, such as
physical exercise, minimizing high financial costs and minimizing side effects. In this review,
the data analyzed allows us to claim that alternative therapies, such as exercise, are effective
on controlling and reducing symptoms. 69.3% of the studies that investigated the
antidepressant effects of exercise on depressive were significant, and the other 30.7% of the
studies improved only in general physiological aspects, such as increased oxygen uptake,
increased use of blood glucose and decreased body fat percentage, with no improvement on
symptoms of depression. From the sample analyzed, 71.4% was composed of women, and
regarding the severity of symptoms, 85% had mild to moderate depression and only 15% had
moderate to severe depression. However, there is still disagreement regarding the effect of
exercise compared to the use of antidepressants in symptomatology and cognitive function in
depression, this suggests that there is no consensus on the correct intensity of aerobic exercise
as to achieve the best dose-response, with intensities high to moderate or moderate to mild.
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INTRODUCTION

Depression is a common and disabling disease that affects over 100 million people worldwide,
and may have a significant impact on the people’s physical health, as well as reduce their
quality of life [1]. In addition, depression is associated with impairments in cognitive skills. [2]
Are usually treated with antidepressants and psychological treatments, alternative therapies
such as exercise are also used [3]. Studies have shown that aerobic exercise is related in
improving cognitive function [4]. It is well described in the literature that the exercise can
provide major health benefits, such as: improved physical conditioning; decreased bone and
muscular loss; increased strength; coordination and balance; reduced the functional
incapacity, the intensity of the negative thoughts and physical diseases and improved the well-
being and mood [5]. Studies suggest that regular exercise can improve various physiological
and psychological factors in depressed patients [6]. The exercise has been used as an
important adjunctive to the treatment of depression, being recommended by the fact that
stimulates the secretion of hormones that increase the feeling of pleasure and well-being: like
the release of monoamines, serotonin, dopamine and norepinephrine [7]. Production levels of
neurotrophic factor (BDNF) derived from brain also have an intimate relationship with



exercise, where hippocampal neurogenesis and increased expression of neurotrophic factor
have been observed in individuals who do exercise [8, 9]. Some studies have shown that
combined treatment of antidepressants and regular exercise is a good strategy for the
reduction of symptoms [10, 11]. However, these responses can be directly influenced by
several factors such as: the patient's response to treatment, type of drug used, volume and
intensity of exercise [11]. In this regard, Stanton and Reaburn suggests that aerobic exercise
supervised 3-4 days a week, with moderate intensity for at least 9 weeks appear to be
effective in the treatment of depression [12]. It is known that the effect of exercise on long
term appears to be more effective as compared to the benefits of exercise in the short term.
Nevertheless, one study showed that aerobic interval training intensity of 80% of maximum
heart rate (MHR) in a short period of training (i.e., 10 days) could substantially reduce the
severity of symptoms of depression [13]. In relation to the long-term aerobic exercise,
Blumenthal and colleagues demonstrated among its major findings that aerobic exercise with
intensity between 70 and 85% of MHR with 30-minute sessions three times a week for four
months showed similar effects of the antidepressants in relation to the reduction of symptoms
[14]. However, there are still differences with regard to the exercise effect compared to the
use of antidepressants on depression symptom. This is due to the fact that there is still no
consensus on the correct intensity aerobic exercise so as to achieve the best dose-response,
with high intensities to moderate or moderate to light [3]. In the same context, according to
Cooney and colleagues, the effect size of exercise on depression may be moderated, but not
due to very strict controls in studies, this effect can be reduced, making it impossible to say
which the best type and intensity of exercise is actually more effective [1]. In this regard, Dunn
and colleagues conducted a survey in attempt to study the dose-response to the exercise,
using the amount recommended by the Public Health Recommendations for Physical Activity
and verify that the results were effective in reducing symptoms. In this study, aerobic exercise
was measured by energy expenditure, and ranked high for 17.5kcal/kg/week and down to
7.0kcal/kg/week for 12 weeks in 3 to 5 days/week, concluding that the group of high-spending
energy in 3 to 5 days/week, was significant in reducing symptoms and remission rate of
patients with severe to moderate levels of depression and that these results can be
comparable with the rates reported in cognitive-behavioral therapy (CBT) and antidepressant
studies [15].

The use of the energy expenditure required to quantify the dose of exercise to optimize the
benefits related to health is well-accepted, however unusual due to its complexity and high
cost. It is necessary; therefore, studies that use a way to quantify the dose-response to
exercise at runtime and intensity of it, where we will have a better practical applicability, so
most practitioners can actually train within the recommended target zone. Thus, this review
paper aims to provide information on the current research and main findings related to the
potential therapeutic effects of aerobic exercise compared to other types of interventions to
treat depression that can become viable as clinical applications in the coming years.

MATERIALS AND METHODS
Eligibility Criteria

The structuring of the methods of the present study followed the proposals of PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-Analyses) [16]. Thus, PICOS
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(“population”, “intervention”, “compared to control groups”, “outcomes” and “study design”)
[16] approach will be adopted for the determination of eligibility.

1. Population - young adults, men and/or women, physically active or not, with a diagnosis of
depression, aged between 18 and 60 years;

2. Intervention — patients must perform any type of aerobic exercise;

3. Comparators - aerobic exercise compared to antidepressants, others types of exercise,
psychotherapy, psychoeducation, alternative therapy;

4. Outcomes - Symptoms and cognitive functions will be analyzed by scales/inventories of
subjective symptoms of depression and neuropsychological tests.

5. Study Design - randomized clinical trials that assessed the chronic effect of aerobic exercise
on depression;

Sources of Information

For gathering of studies the electronic databases MEDLINE / PubMed, I1SI Web of Knowledge
and SciELO were accessed. Experts on the subject of the present study were also contacted to
send articles. To find additional articles, all tables were examined for evidence of previous
systematic reviews and searched the references of randomized and controlled clinical trials
when required. Furthermore, also references of all selected articles were analyzed. The search
was closed on the day 20 June 2014.

Search

In all databases were made the combinations of the terms: aerobic exercise AND depression,
aerobic exercise AND non-aerobic exercise with depression, aerobic exercise AND
antidepressant, aerobic exercise AND psychotherapy, aerobic exercise AND psychoeducation.

Selection of Studies

The selection of the studies was carried out by two independent assessors, which in case of
divergences have sought a consensus on the selection. The evaluation consisted in the filtering
of the studies, starting with the analysis of the title, followed by the analyses of the abstract
and after the analysis of the full article. In need to solve possible disagreements between the
two evaluators, one third evaluator was requested for the due order. Complete relevant
articles were obtained and evaluated with inclusion and exclusion criteria, described below.

Data Collection

The following data were extracted from the articles: sample size, participant characteristics,
types of exercise, setting of the exercises (intensity, duration of exercise and total length),
scales/inventories used, and main significant results. In addition several others information
about the methods and outcomes were collected. These procedures done by two independent
investigators, who reached a consensus, were performed in case of divergence.

Exclusion Criteria



Were excluded Articles that had no effective exercise intervention; those used otherwise
associated with physical exercise that could create a risk of bias in the study, composite
samples of the elderly, children and adolescents intervention; individuals with neurological
disease; those who did not have detailed statistical procedure applied; studies assessing only
the experimental group without a control group or did not show the results of varying
symptomatology and cognitive functions.

Risk of Bias in Studies

For assessing the risk of bias of each article included, were analyzed: the presence of the
eligibility criteria for participants in the sample; randomization of participants, the results of
every moment from the analysis of more than 85% of the sample, the presence of the control
group, and presentation of results and intergroup variability of results.

RESULTS

Based on the defined criteria, a total of 223 articles were found in the search conducted in the
literature. Of these, 17 articles were duplicates and were therefore excluded, totalizing 206
articles. After the screening, 193 articles were excluded, which were not related to the
proposed theme. 13 articles remained, and after new screening, any articles were excluded
(see Fig. 1). Thus, studies were selected which properly met the criteria for this review. We
found 13 studies about depression (Table 1). From the sample analyzed, 28.6% was composed
of men and 71.4% of women. With regard to the severity of symptoms, 85% had mild to
moderate depression and only 15% had moderate to severe depression.

Assessment of risk of bias revealed that all articles selected met just one criteria. The majority
of the articles have not results from 85% of sample (Table 2).

DISCUSSION

For better clarity and understanding, the discussion was addressed in subdivisions, that is, by
subtopics.

Exercise Plus Antidepressants Versus Antidepressants

Blumental and colleagues [17] conducted a study with depressed patients who had disorders
of moderate to severe intensity. In this study the effect of treatment of 16 weeks was
compared in the following conditions: the group that used the antidepressant Sertraline, the
exercise group and the group that combined the two treatment modalities. Aerobic exercise
was performed on a treadmill with 10 minutes of warming, 30 minutes of running with
intensity between 70 and 85% of heart rate reserve (HRR) and 5 minutes back to calm. At the
end of the study, as a result of aerobic capacity and exercise tolerance in the exercise, there
was a significant difference for groups using exercise when compared to the group receiving
only antidepressant. Emphasizing that the exercise group had only a slight improvement over
the group that combined the two methods, but without significant difference. Regarding the
decreased scores of Hamilton Rating Scale for Depression (HAM-D) and Beck Depression
Inventory (BDI), it was observed that the group receiving only antidepressant, responded



quickly to treatment, whereas the group with mild depression compared to the group with
severe depression responded more quickly to treatment when they realized the combination
of antidepressant and exercise. They concluded that exercise can be considered as an
antidepressant treatment for adults with depression, however, the antidepressant drug has a
faster response than the initial therapeutic exercise; though exercise showed a similar effect to
the drug after a period of 16 weeks. There was not consistent evidence to assert what were
the physiological processes that could have influenced the improved mood associated with
exercise, because both groups showed similar positive changes, possibly due to the short
interval monitoring. Pilu and colleagues [10] performed a study aiming to confirm whether
adjuvant exercise to the drug is able to improve the symptoms of depression in partial
responders or non-responders to antidepressant treatment only for a period of 8 months.
Were evaluated all females patients, group exercise plus antidepressant N=10, and only
antidepressant control group N=20. Assessed at baseline and during eight months in the scales
(HAM-D), Global Assessment Functioning (GAF) and Clinical Global Impression (CGl). The
exercise consisted of two sessions with strength exercises for upper and lower limbs, with: 5
minutes for heating, 50 to strengthen and five minutes to calm back. The group of more
antidepressant exercise significantly improved all scores during the 8 months of treatment
compared to the control group. The authors concluded that the additional use of exercise was
beneficial in the long term, reducing the symptoms of depression. However, long-term studies
to randomized controlled large sample are needed to confirm the results, Blumental and
colleagues [17] found similar results, but with aerobic exercise and short-term.
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Mota-Pereira and colleagues [11] developed a research with 33 patients with major depressive
disorder (MDD), both groups were selected: an exercise group and 22 patients with
antidepressant and other antidepressant group with only 11 patients. The exercise consisted
of 30-45minutes walk with moderate intensity 5 days / week for 12 weeks. To measure the
symptoms of depression were used: HAMD17, BDI, CGl and GAF were measured at baseline,
4.8 and 12 weeks. The exercise group showed improvement in all operating parameters and
depression, indicated by lower scores HAMD17, BDI and CGI and GAF scores higher in the 4.8
and 12 weeks compared to baseline and only after 12 weeks compared to the control group
significantly. After the study, none of the members of the control group showed response to
the treatment or remission, as in the exercise group, four showed response to treatment and
five had remission, but not significant, these results may be related to the fact that these are
severely depressed patients whose response or remission may take longer than the 12 weeks
of this study because Blumental and colleagues [14] found significant rate of remission in
patients with mild to moderate depression in 16 weeks. It was observed that moderate-
intensity aerobic exercise 30-45 minutes/day, 5 days/week for 12 weeks adjuvant
pharmacologic therapy can be used as a strategy to improve symptoms of depression in
refractory patients.

Exercise Versus Antidepressants Versus Placebo

Blumental and colleagues [14] conducted a study with patients with depressive disorders in
low and moderate intensity over a period of 16 weeks of treatment, evaluated and compared
four different groups, group supervised aerobic exercise, aerobic exercise at home,
antidepressant



Table 1.

Papers that investigated the chronie effect of the exercise in patients with depression.

Author Year

N* Patient

Mean of Agpe

E

Medication

N of Weeks

Duration of Session orn® Exercises

Days! Weeks

Intensity Comtrolled

Supervised

Criteria of Diagnostic

Instrumieat

Level of Depression

Randomized

Chutcomes

Chalder
efal,
123]

EG=142
CG=179

EG=40
CG=38

Incentive
to
practice
exercises

Mo

minutes/
per week

ICD-10

Mild to
moderate

Yes

The imtervention group
improved sympioms or
reduced the use of
antidepressants
compared to control

Krogh ef
al, [21]

GAE=56
CG=59

GAE=39
CG=43

Acrobic

stretching

No

45 minutes

DEM-TV

HAM-D
HAM-A

Mild to
mderate

Yes

Aerobic exercise did not
mprove depressive
SYMPLOmS, improving
W(smax, but decreased
blood glucose

Mota-
Pereira er
al, [11]

EG=11
CG=11

EG=48
CG=45

Acrobic

Yes

0a4s
minutes

L

DEM-TV

HAM-D,
BDI.
Chle
GAF

Moderate
10 sEvere

Yes

Exercise mmproved all
Operating parameters
and depression, up to 12
weeks compared to
haseline and after 12
wocks comparcd to the
control group
significanthy.

Krogh et
al, [20]

GREX=535
GAE=AS
GRE=33

GREXN=45
GAE=43
GRE=34

Aczobic,
strength
and
relaxation

Mo

90 minutes

6 exercises
laldx(8
12) reps.

(]

Yes T5to

#%4 HRR

S0 to T5%
1RM

DEM-TV
ICD-10

Mild to
moderate

Yes

The exercise did not
improve depression, but
the strength group
improved waork capacity
of patients.

Chu er
al., [19]

GAE=3
CG=I18

GAE=26
CG=24

Acrobic

stretching

Mo

30a40
minuics
EA
3lmin
aretching

Yes 40 to
55% and
63 to T5%
Wiz
TCSETVE.

ESE
DCSE

BDI-II

Mild o
moderate

Yes

The acrobic exercise of
low and high intensity
improved depression,
bt significantly for the
high-intensity exercise.

Hoffman
efal,
[18]

GEH =33

GSE=51
AG=49
PG=49

GEH=32
GSE =51
AG=51

PG=51

Acrobic

Sertraline

Yes, T0 to
8% HR

Yes

DEM-TV
SCID

HAM-D

Mild to
mnderate

Yes

The exercise showed no
sigmificant
IMPrOVEmcnts in
neurocegnitive function

in depressed adults.

Blumenta
letal,
[14]

GEH =33
GSE=51
AG=49
PG=49

GEH =33
GSE=32
AG=52

PG=52

Acrobic

Sertraline

45 minutcs

Yes, T0to
8% HR

Yes

DEM-IV

Mild o
miderate

There was a significant
decrease in depression
m all groups compared
to baseline, with no
significant difference
between the excrcise
and antidepressant
groups and betwisen
groups supervised
cxercise and exercisc at
Tomme.

Pilu er
al, [10]

EG=10
CG=20

Strength

60 minutes

[¥]

DEM-TIV
SCIDJA

HAM-D
CGIGA
F

The group of more
antidepressant exercise
sigmificantly mmproved
all scores during the 8

momiths of treatment
compared to the control

group
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relaxation L
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CiRex = CGiroup of Resisted Exercise, GAE = CGroup of Aerobic Exercise® Monitonng for One Day Every 5 Days af Treastment, GRE = Group af’ Relaxaton Exercsse, FOG o= Experimental Croup,
O = Controd Ciroup, GSE = Group of Supervsed Exercise, GEH= Group of Exercise a1 Home, AG = Group Antidepressant, PG = Placebo Group, DSM-IV = Dhagnosise and Setisneal Mamsml
al Mental Desorders, CES=D = Cenler for Epidemmologic Shadies Deprssion Scale, HAM-D = Hamallon Rating Scale for Depression Rate, BDI = Beck Depressaon Inventory, BIDV=11 = Beck
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Irnternational Classafication for Diseases Temth Revisson, DACL = Depressson Adgective Chieck Lists, SCLD = Stmoctured Chinical Interview for the Diagnostic.

group and placebo group. Aerobic exercise consisted of 45 minutes, 10 heating and 5 back to
calm, with intensity between 70 and 85% of HR reserve and three times a week. They found
that the remission rate was similar between groups, 45% supervised exercise, 40% exercise at
home and 47% antidepressant, presenting significant difference when compared 31% to the
placebo group. Another very important aspect of this study was the improvement of aerobic
capacity and tolerance to exercise. Differences were observed between the treatment groups
with exercise, supervised exercise participants achieved higher levels of aerobic capacity after
treatment 8.3%, compared to the home exercise group 3.5%. Likewise, patients in both
exercise conditions showed higher tolerance to exercise compared to patients who received
pills, the supervised exercise group improved 18.8% and the home exercise group improved
7.5%. Whereas antidepressant group showed a decrease of 0.8% in aerobic capacity and
improvement of 3.9% in exercise tolerance, and the placebo group decreased by 4% in aerobic
capacity and 2.3% in exercise tolerance. As for the depression scores, a significant decrease
after 16 weeks of treatment on a scale of Hamiton compared to baseline, while the supervised
exercise group decreased by 7.2, exercise at home 7.1 and antidepressant and placebo groups,
6.1. There



Table 2.  Risk of bias of the papers that investigated the chronic effect of exercise in patients with depression.

Sudy EC Oz RD RS IR RDM
Chalder ef al, [23] Yes Yes Yes No Yes Yes
Krogh er al, [21] Yes Yes Yes Yes Yes Yes
Mota-Pereira ef al, [11] Yes Yes Yes Yes Yes Yes
Krogh er al., [20] Yes Yes Yes Mo Yes Yes
Chu et al., [19] Yes Yes Yes Mo Yes Yes
Hoffman ef al, [18] Yes Yes Yes Yes Yes Yes
Blumental ef al., [14] Yes Yes Yes Yes Yes Yes
Pilu er al, [10] Yes Yes Yes Yes Yes Yes
MNabkarson &7 al, [6] Yes Yes Yes No Yes Yes
Dunmn er al., [15] Yes Yes Yes Yes Yes Yes
Blumental ef al., [17] Yes Yes Yes Mo Yes Yes
Daowyne ef al., [22] Yes Yes Yes Mo Yes Yes
Veale ef af., [24] Yes Yes Yes Mo Yes Yes

J“l'. Elgibility Critena; TG, Control Group; RD, Random Dhgnbution; RS, Resuls from the Minimum of 85% of the Sample; IR, Intergroup Resulis: RDM, Result Deviation of the
was no significant difference between exercise and antidepressant groups as there were no
between supervised exercise groups and exercise at home. According to the authors the data
suggest that social support was not necessarily essential to the therapeutic benefit of exercise,
suggesting some psychological factors to explain the effect that exercise has on depressed
mood, self-efficacy, mastery, positive thoughts. The authors concluded that the efficacy of
treatment with exercise seems to be similar to the treatment in patients who received
antidepressants only, and both were better than placebo. Hoffman and colleagues [18]
performed a survey of 202 depressed patients of both genders. This sample was randomly
divided into four groups: aerobic exercise, group supervised, group exercise at home,
antidepressant and placebo groups, with doses ranging from (50 to 200mg). The objective was
to evaluate the effects at 16 weeks of aerobic exercise (running on a treadmill 3x/week 70-85%
HRR) on neurocognitive function in patients with depressive disorder. Criteria used for
diagnosis and the severity of symptoms the Structured Clinical Interview for Diagnostic (SCID),
Statistical Manual of Mental Disorders (DSM-1V) and the HAM-D. Tests were also used: Animal
Naming, Controlled Oral Word Association Test (COWAT), Wechsler Adult Intelligence Scale
Revised (WAIS-R) Digit Span subtest from the WAIS-R, Ruff 2 & 7 Test, Stroop Color and Word
Test, Trail Making Test (TMT), Wechsler Memory Scale (WMS) Logical Memory subtest and
from the WMS to assess neurocognitive function. The data showed that the exercise groups
showed higher (VO2 peak) and increased tolerance to exercise on treadmill compared to
groups receiving pills (placebo group decreased by 4% in VO2 peak and 2% tolerance on
treadmill. As regards the results of neurocognitive function, the data suggest that exercise had
no clinically significant improvements in neurocognitive function in patients, and that the
reduction in the severity of depressive symptoms was weakly associated with better
neurocognitive performance, the eleven tests, only two were significant: Ruff total and digit
symbol, and that these findings may have been found by chance. The authors found little
evidence to support the benefits of an aerobic exercise intervention on neurocognitive
performance in patients with depression.

Moderate/High Intensity Exercise Versus Low Intensity Exercise



Nabkarsorn and colleagues [6] completed a randomized controlled study with 49 depressed
women, mean age of 19 years. In this study the sample was divided into two groups, a group
of 21 volunteers, who started with aerobic exercise for 8 weeks and then another 8 weeks with
daily activities, the other group with 28 volunteers made the reverse order. Aerobic exercise
(running group), during 50 minutes, 5days/week for 8 weeks with lower than 50% HRR
intensity. The scale of the Centre for Epidemiologic Studies Depression (CES-D) was applied to
confirm and quantify the level of depression. The purpose of this study was to investigate the
effects of physical exercise on depression, neuroendocrine stress hormones and physiological
variables skills in female volunteers and adolescents with mild to moderate depressive
nonclinical symptoms. The CES-D scores of the group that started with exercise significantly
decreased the psychological effects after aerobic exercise. Slightly increased after daily
activity, but was still significant compared to baseline values. The group started with daily
activity also showed similar results after exercise and not significantly after daily activity
compared to baseline. After physical training, both groups of subjects had lower HRR
compared with the values after the phase of daily activity and at study start. Furthermore, the
induced improvements by training in cardiopulmonary fitness were significant for both groups,
as indicated by an increase in lung capacity and estimated peak oxygen uptake and a higher
level of workload during the exercise test. After the phase of daily activity, none of the data
significantly differed from the baseline values. Mean body weight did not change significantly
throughout the experimental period. The authors suggest that the results of this study showed
a relationship with the reduction in resting heart rate observed after training, indicating a
decrease in the cardiovascular response to sympathetically mediated and psychophysical
stress. Such neuroendocrine action has been considered a plausible mechanism to explain the
effects of exercise on symptoms. Regular exercise seems to be able to offer a variety of
benefits that can help promote physiological and psychological well-being in adolescent
females with depressive symptoms. Chu and colleagues [19] conducted a study of 54 women
with symptoms of depression, this research was done during 10 weeks, participants were
randomly divided into three groups: high intensity aerobic exercise between 65% and 75% of
VO2 reserve, low intensity 40% to 55% of VO2 reserve and the control group with stretching
exercises. Aerobic exercise consisted of 30 to 40 minutes of treadmill, 3-4 days/week. With the
objective to examine the effect of two different intensities of aerobic exercise on symptoms of
depression, controlled by the total caloric expenditure. The total energy expenditure of groups
of high intensity (1007.3kcal/week) and low intensity (905.2kcal/week) were significant
compared to the control group (215.8 kcal/week), but was not significant between groups. The
BDI-Il scores had decreased in all groups during treatment. Though the high intensity group
(HI) had significant improvement of symptoms in relation to groups of low-intensity (LO) and
control group (CG) in the 5th week (H1 9.7 vs LO 15.9 - HI 9.7 vs GC 15.9) and 10 week (HI LO
6.4 vs 12.7 - 6.4 vs HI GC 14.6). For scores of Exercise Self-Efficacy (ESE) all groups showed
improvement during 10 weeks of treatment with no significant difference between them for
scores of Depression Coping Self-Efficacy (DCSE), overall significant increase from 69% to
75.5% in the 10 weeks of treatment. The authors attribute these results to the fact that all
participants in the exercise group were influenced by the expectation, social contact and
personal attention given by researchers, generally improving depressive symptoms. The
aerobic exercise of low and high intensity was associated with reductions in depression
symptoms of low and moderate levels in sedentary women. Dunn and colleagues [15]
conducted a study with 80 patients with depression of mild to moderate intensity for 12
weeks. This study evaluated the influence of frequency on energy expenditure and aerobic
exercise decreased depression symptoms, which compared the groups: 7kcal/kg/week in 3 to



5 days per week, 17.5 kcal/kg/week made at 3 and 5 days per week with placebo control group
and stretching exercise and relax 15 to 20 minutes 3 days per week. The scores for depression
HAM-D) decreased relative to baseline in all groups, public health dose (PHD) in 47%, low dose
(LD) 30%, placebo 29% control. Though there was no significant difference when comparing
the LD control and placebo groups, but there was a significant difference for the largest group
of weekly caloric expenditure PHD. When we compared the reduction in depression scores in
the frequency of exercise, it was found that there was no significant difference between the
groups, where 3-days/week and 5-days/week reduced 39% and 38% respectively. When
analyzing the effect of training on the rate of remission symptomes, it was found that the PHD
group was not more effective than LD, but was significant in the control group, the LD group
was not significant compared to the placebo control group. As to the frequency of exercise
there was no difference between the groups of 3-days/week and 5-days/week in relation to
remission symptoms. There was also no interaction between frequency and energy
expenditure, thus the authors relate these results, was not the frequency of exercise, but the
metabolic stress caused by the body energy expenditure, with doses according to Public Health
Recommendations. Aerobic exercise in doses consistent with the Public Health
Recommendations was effective in treating depression.

Aerobic Versus Non-Aerobic Exercise

Krogh and colleagues [20] conducted a research with 165 adult patients with depression
between 18 and 55 years, with the objective of evaluating the benefits and damages caused by
training with aerobic exercise, strength and relaxation for a period of four months with 2
sessions per week, for selection criteria and evaluation, ICD-10, HAM-D17 and BDI were used.
The sample was divided into three groups: aerobic exercise group, n=55, group strength
training exercise, n=55 and the relaxation group, n=55. The exercises were: six exercises for
large muscle groups (circuit training) - (50-75% 1RM 2-3 sets of 8 to 12 repetitions), aerobic
exercise was done in 10 different ergometers with 80-minute sessions. (2 minutes x 2 stimulus
recovery 70% MHR during the first 8 weeks) and (in the last 8 weeks 3 minute recovery
stimulus x 1 89% MHR), the relaxation exercises were mild (20 to 30 minutes of relaxation with
balls, 10 to 20 minutes of stretching with bats followed by 20 to 30 minutes of balance
exercises). After the fourth month the data revealed a significant increase in strength gain of
the group of strength exercises compared to group relaxation exercises. Similarly there was a
significant difference in maximal oxygen uptake (VO2max) aerobic group when compared with
the relaxation group. For depressive symptoms there were no significant difference between
groups at the end of the HAM-D17 training, nor were there after the monitoring period that
lasted six months, but the data support that the resistance exercise group was less absent to
work in a significant way compared to relaxation group, the same was not observed when
comparing the aerobic group vs stretching. The exercise has not generated improvement in
depression severity, but strength training helped reduce the lack of patients to work, without
improvement in cognitive ability. Krogh and colleagues [21] did this search in 115 depressed
patients, 59 in group stretching exercises and 56 patients in the aerobic exercise group, both
for a period of 3 months with 3 sessions per week. The aerobic group did a 45 minute cycle
ergometer, 5 minutes warm low intensity, 30 minutes 65% of maximum capacity, 10 minute
cool-down low intensity in the first month, and 70 and 80% for the second and third month
respectively. The stretching group did the first 10 minutes of heating in a stationary bike with
low intensity, followed by 20 minutes of stretching and ending with 15 minutes of several low



intensity exercises with ball. In this study DSM-IV was used, for depressive symptoms was used
HAM-D17 and BDI and anxiety symptoms were measured by HAM-F14 and BAI. Depression
scores for the HAM-D post-intervention between the groups was not a significant scale. At
follow-up of volunteers, participants of the aerobic exercise group showed: higher maximum
oxygen uptake of 4.4 1/kg/min, visuo-spatial memory in the Rey Complex Figure Test and lower
levels of blood glucose 0,2 mmol/l compared to the group of stretching exercises. At follow-up,
four volunteers from the aerobic group and eight stretching group started treatment with an
antidepressant, but this had no significant influence on the results. The results suggest that
aerobic exercise for three months did not sustain any improvement in depressive symptoms,
however there were great benefits such as higher VO2max, reduced waist perimeter and
blood glucose. Doyne and colleagues [22] developed a study in 40 adult women with
depression between 18 and 35 years old. The purpose of this study was to compare the
effectiveness of aerobic exercise training and not with the control group, for a period of 8
weeks with 4 weekly sessions and see if the effect of aerobic training is a necessary condition
for improvement of depressive symptoms condition. Aerobic exercise was performed on an
indoor track of a mile, 4x/week with an intensity of 80% of MHR, 5 to 10 minutes in both the
heating and cool-down with stretching exercises. Criteria used for the opportune diagnosis was
Diagnostic Research Criteria (DRC), psychological measures in HAMD, Beck Depression
inventory (BDI) and the Depression Adjective Check Lists (DACL). Subjects were divided into:
group aerobic exercise, resistance exercise and control groups. The BDI and HAM-D scores
were analyzed using a MANOVA between groups x time for the pre training, during and post
training. Scheffe tests showed significant reductions in depression scores over time for groups
of aerobic exercise and strength in the moments during and after training and no difference
for the control group. At post treatment, during follow up, scores of aerobic and strength
group were significantly lower than the control group in time 7 and 12 months with no
difference between the two exercise groups, as there were no improvements in fitness, the
authors attribute cognitive behavioral mechanisms as responsible for the improvement of
depression, it can produce a feeling of accomplishment and increased self-efficacy as
noticeable improvements in performance. These changes were consistent with cognitive and
behavioral approaches that have resulted in positive results in reducing depression. Both
exercise conditions significantly reduced the symptoms of depression compared to the control
group. There was no significant difference between the exercise groups, these results
indicated that both aerobic exercise and resistance significantly reduced depression and that
these results do not depend on the coming cardiopulmonary benefits of aerobic exercise.
Chalder and colleagues [23] conducted a survey to investigate the effectiveness of facilitated
physical activity, as adjunctive therapy to primary care in adults with depression. We evaluated
361 subjects, consisting of two groups: intervention group n=182, control group n=179. It is
important to point out that the intervention was based on the theory and aimed to provide
individualized support and encourage volunteers to perform physical activity to achieve a
volume of 150min per week, these incentives were performed in three classroom sessions and
over 10 phone calls over 8 months. Measurements were taken at baseline; 4 months post
intervention, 8 and 12 months of follow up, using the Clinical Interview Schedule-Revised and
the BDI. There was no evidence that the intervention group had improved mood disorders
according to BDI scores 4 months after baseline compared to the group that received only
special care. Likewise was no significant difference between groups in periods of 8 and 12
months of follow up. There was no evidence that the intervention group had reduced the use
of antidepressants compared to controls during screening. However, the intervention group
reported greater volume of physical activity compared to controls during follow-up. The



addition of a facilitator of the exercise to usual care did not improve symptoms of depression
or reduced the use of antidepressants compared to usual care alone. Veale and colleagues [24]
conducted a study in patients with refractory depression, with the objective to compare the
additional aerobic exercise to conventional treatment that showed some benefit to patients. In
this study he compared two groups: aerobic exercise group, three times a week for 12 weeks
(the session began with a warm-up stretching exercises followed by a program running low
intensity), the control group without any intervention, but both groups continued with their
conventional treatments, such as antidepressants and other therapies, noting that not all
members of each group were taking antidepressants, but there was no significant difference
between the number of patients treated in the two groups. This study was divided into two
parts, the first with sedentary individuals. After 12 weeks of treatment there was a significant
difference in the Clinical Interview Scores (CIS) and anxiety traits, as well as the maximum
oxygen uptake of aerobic group compared with controls, but no difference for data BDI. In the
second phase of the study the aerobic exercise group with the group stretching exercise,
relaxation and yoga, all with low intensity, in patients already exercised one to three times per
week was compared. There was no difference in any of the measured data: as a CIS, traces of
anxiety, BDI and maximum oxygen uptake. The findings of the first phase of the study show
that there was no additional effect in improving symptoms of depression, but the possible
mechanisms responsible for the improvement in anxiety scores and the CIS may be related to
care received from health professionals during the treatment, social interaction, muscle
relaxation, motivation and regular routine.

Methodological Differences

Among the selected studies examining the effects of exercise alone, Assistant to
antidepressant drug or to any other alternative therapy on symptoms of depression, we found
a range of different outcomes. The factors that may be related to this fact are numerous, such
as: severity of symptoms of depression, duration of intervention, volume and intensity of
exercise and even the fact that the exercise is aerobic or strength. Studies comparing the
effect of exercise and antidepressant with antidepressant alone in patients with depression
disorders [10, 11, 17] generally found improvements in all operating parameters and
depression, but with some particularities, however in moderate depression we have faster
therapeutic response using exercise and antidepressant (45min 3x-week for 4 months) while
for severe depression only using antidepressant therapeutic the response was faster [17].
Another study obtained significant results of the exercise group compared to the control
(antidepressant), didn't used aerobic exercise but instead strengthening exercises, though
good result may be related to the intervention period that was twice as much (2x 60min-week
for 8 months) [10]. A study that used aerobic exercise and antidepressants as treatment in
depressed in the short term [13], interestingly also found improvement in symptoms of
depression, it was used a 30 minutes of intervals of high intensity running in 10 consecutive
days, possibly a form of execution and intensity generating a great metabolic stress,
contributing favorably, which was not done by any other long-term study. Other researches
have investigated whether different exercise intensities had different therapeutic responses
[6, 15, 19]. One study compared high-intensity aerobic exercise (65-75%) versus low intensity
exercise (40-55%) of VO2 reserve with the same volume of exercise and stretching a control
[19] group. Another study also investigated exercise of different intensities but made by,
caloric expenditure, (7 kcal/kg/week and 17.5 kcal/kg/week) both running on 3 and 5 days a



week and a control group of stretching [15]. In both studies [15, 19] all groups showed
improvement in depressive symptoms compared to baseline, but only the groups 65 to 75%
and 17.5kcal/kg/week were significant to their respective controls and lower intensity. Of the
thirteen studies were selected in this investigation, five researched whether aerobic exercise
was more effective or necessary condition to reduce the symptoms of depression compared
with non-aerobic exercise [20-24]. Though only one study [22] found a significant difference in
reducing depressive symptoms when compared the effectiveness of aerobic exercise with the
control group, but no difference for the group of non-aerobic exercise (strength), i.e. this type
of exercise was also effective, demonstrating that aerobic component is not necessary for
symptom improvement condition, and the fact that only this study demonstrated positive
effects may be related to your exercise protocol and sample characteristics, with a mean age
of 27 years were 8 weeks of aerobic exercise weekly with 4 to 80% of maximal HR sessions,
and 60% of maximal HR for strength exercise. The studies that showed no significant
difference or positive effects [20, 21, 23, 24] on depressive symptoms, had samples with
higher age and exercise protocols with lower intensity, ranging from 50% to 89% of maximal
HR at the end treatment and with only 2 or 3 sessions per week, another difference was that
all these studies were performed with patients with mild to moderate depression, while only
presented the positive [22] effects consisted of patients with depression of moderate to
severe intensity, suggesting that the sample age, severity of symptoms, exercise intensity and
number of days per week may have influenced the results.

Neurobiological Mechanisms

The neurobiological effects of exercise appear to influence several neural mechanisms that are
related to depression [6, 14, 25-41]. Evidence suggests that physical exercise causes
physiological changes on monoamine levels [42-49], changes the levels of cortisol, the stress
hormone [33, 48, 49-51], causing adaptations in limbic structures that have depression
implications and positive effects of neurotrophic factors [25, 27, 30-32, 40, 41, 48, 52-58].
Studies have shown that antidepressants and exercise have similar effects in the treatment of
depression [14, 17]. Regarding the levels of monoamine, studies have indicated as the primary
cause of depression, dysfunction of serotonin (5HT) [59, 60]. The decreased levels of 5-
hydroxyindoleacetic (5HIAA), the major metabolite of 5-HT in the human body, decrease in
plasma tryptophan, low proportion of amino acid tryptophan and 5HT acid function
abnormalities are observed in patients with depression [61, 62]. Though these monoamine
levels may be increased with regular and systematic practice of physical exercise. Studies have
shown that significant levels of noradrenaline and 5TH, as well as the expression of 5HIAA and
5-HT2C receptors in the limbic system have been reported following exercise on a treadmill of
chronic form [42-45, 47, 48]. Another important mechanism that suffers major adaptations is
the hypothalamic-pituitary-adrenal system (HPA) subjected to chronic stress has great
hyperactivity and elevated levels of glucocorticoids [63-65], which are harmful to the body.
Around 50-60% of patients with depression show changes in the HPA system [68], resulting in
the alteration of the regulation of adrenocorticotropin (ACTH) and cortisol secretion activity
[66, 67]. So in this sense, one of the main effects of endurance training is to alter the tissue
sensitivity to glucocorticoids [51], another effect of exercise is the activation of the
sympathetic nervous system that stimulate the secretion of glucocorticoids [69-72]. Studies
have shown that physically active people have different cortisol responses after acute exercise
are attenuated and dissipate more quickly than less active individuals [33, 49, 50]. Therefore,



exercise can reduce symptoms of depression due to their influence on the HPA system and
glucocorticoid attenuated response to stressful stimuli. factor that influences the HPA system
is the peptide hormone atrial natriuretic peptide (ANP), which has been observed to inhibit the
HPA [73-75] system. The physical activity also increases the plasma concentrations of ANP [76]
and anxiolytic effects of exercise correlate with increased plasma concentrations of ANP [77].
It is known that depression can lead to neuronal cell loss and atrophy in limbic regions of the
brain, including the amygdala, prefrontal cortex and hippocampus [78-84]. Depression can be
associated to cognitive decline [85] functions in which the hippocampus plays a crucial role.
Neurogenesis has been generally related to improvements in learning and memory function
[86, 87]. Neuroimaging study showed that depressed patients are more affected by the
reduction in volume of the left hippocampus than nondepressed controls [88]. The depression
causes a loss of hippocampal volume, particularly in the left hemisphere. Human studies have
shown that a deficiency in the availability of BDNF is associated with vulnerability to
depression [85]. The Increased the brain growth factor such as BDNF expression is related to
the effects of exercise on brain plasticity, cognitive functioning and health [27, 58].

CONCLUSION

In this systematic review on the antidepressant effect of exercise on depression, we selected
and used 13 randomized clinical trials, reaching a total sample of 1570 subjects. The data
presented in this systematic review indicate that 69.3% of studies that investigated the
antidepressant effect of exercise on depression showed significant results. On the other hand,
the other 30.7% of the studies with depression improved only general physiological aspects,
such as increased oxygen uptake, increased use of blood glucose and decreased body fat
percentage, with no improvement on symptoms of depression. The randomized clinical trials
reviewed here, could well attend to tighter control of prescription and monitoring of exercise
and can thus benefit from better results on the anxiolytic effects of exercise. Regarding the
methodology used in exercise protocols, we found that outcomes vary because of different
experimental approaches. Volume, intensity and day per weeks, thus making it impossible to
weave some feedback from practical application of this analysis: where aerobic exercise,
strength, stretching and relaxation, ranging in were used.

LIST OF ABBREVIATIONS

5HIAA = 5-Hydroxyindoleacetic

5HT = Serotonin

ACTH = Adrenocorticotropin

BDI = Beck Depression Inventory

BDI = Beck Depression inventory

BDNF = Brain-Derived Neurotrophic Factor

CBT = Cognitive-Behavioral Therapy



CES-D = Centre for Epidemiologic Studies Depression
CG = Control Group

CGl = Clinical Global Impression

CIS = Clinical Interview Scores

COWAT = Animal Naming, Controlled Oral Word Association Test
DACL = Depression Adjective Check Lists

DCSE = Depression Coping Self-Efficacy

DRC = Diagnostic Research Criteria

DSM-IV = Statistical Manual of Mental Disorders
ESE = Exercise Self-Efficacy

GAF = Global Assessment Functioning

HAM-D = Hamilton Rating Scale for Depression

HI = High Intensity

HPA = Hypothalamic-Pituitary-Adrenal System

HRR = Heart Rate Reserve

LD = Low Dose

LO = Low-Intensity

MDD = Major Depressive Disorder

MHR = Maximum Heart Rate

PHD = Public Health Dose

SCID = Structured Clinical Interview for Diagnostic
TMT = Trail Making Test

WAIS-R = Wechsler Adult Intelligence Scale Revised

WMS = Wechsler Memory Scale
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