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Abstract A randomized controlled trial was conducted
to assess the effects of exercise plus pharmacotherapy on
monoamine neurotransmitters (dopamine, noradrenaline,
adrenaline, serotonin) and cortisol levels. A total of 26
women with clinical depression were randomly assigned to
one of the two groups: aerobic exercise plus pharmacother-
apy or only pharmacotherapy. The exercise program con-
sisted of aerobic exercise, 45—-50 min/session, three times/
week, for 16 weeks. The biological parameters were meas-
ured before and after the exercise program. Adding exercise
to pharmacotherapy had no additional effects on monoam-
ines and cortisol plasma levels. These data are preliminary
outcomes from a small sample and should be replicated.
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Introduction

The contribution of exercise as an efficacious compo-
nent of treatment for various mental disorders has been
increasingly recognized [19]. Indeed, a high number of
intervention studies have been conducted, which ana-
lyzed several factors that might moderate the antidepres-
sant effect of exercise on depression [7]. However, there
are no consistent conclusions about the underlying neu-
robiological explanation to the antidepressant effect of
exercise in subjects with major depressive disorder [20].
Accordingly, the efficacy of exercise in depressive disor-
der is attributed to physiological changes in monoamine
metabolism [22], hypothalamic—pituitary—adrenal (HPA)
axis function [21], neurotrophic factors [23], neuroin-
flammation [10], and endocannabinoid system [8]. It is
important to bear in mind that typical antidepressant
medication for depression acutely blocks the reuptake
or breakdown of the monoamines 5-hydroxytryptamine
(5-HT or serotonin) and noradrenaline (NA), with 5-HT
selective reuptake inhibitors (SSRIs) [6] representing the
highest prescribed medication for depression. Nonethe-
less, depressive disorder is a multifactorial disease with
changes in several biomarkers, which does not involve
only monoamines [18]. Moreover, the cause of depression
is far from being a simple deficiency of central monoam-
ines [11]. This also explains why treatment with existing
antidepressant drugs, most of which target monoamines,
frequently does not show therapeutic response, or instead
shows only a partial response [17]. Several systematic
reviews described the influence of exercise on the sero-
tonergic system [14, 15] and in the HPA axis function [20,
24], and had proposed that exercise might improve the
efficiency of the monoamine system response and normal-
ize HPA axis in depressive patients [13].
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In order to identify possible biological mechanisms that
might contribute to produce exercise effects on depres-
sive disorder, we hypothesized that the exercise group
(EG) would have a significant increase in monoamine
levels (dopamine, DA; NA; adrenaline, AD; 5-HT) and a
decrease in cortisol levels in comparison with the control
group (CG). This is the first study developed in women
with depressive disorder, which analyzed the influence
of chronic exercise on monoamine responses and cortisol
plasma levels.

Methods
Trial design

The HAPPY BRAIN trial was a two-armed randomized
control trial (RCT), and a detailed description of the
study has been previously published [2]. Randomiza-
tion was implemented with sequentially numbered
opaque, sealed envelopes. Patients had clinical depres-
sion according to International Classification of Dis-
eases, 10th revision (ICD-10), diagnostic criteria (F32.1,
F33.1, F34.1), and were diagnosed by psychiatrists. The
sample was composed of 19 sedentary women, aged
18-65 years.

The patients, physical training teacher, general prac-
titioners, psychiatrists, or researchers were not blinded
regarding treatment allocation, except for the laboratory,
which analyzed the blood samples.

The protocol respected the Declaration of Helsinki and
was accepted by the Ethics Committee of Centro Hospitalar
de Sao Jodao with reference number 112/13 (March 11, 2013).

Exercise training protocol

Nine patients in the EG performed aerobic exercise,
45-50 min/session, three times/week, for 16 weeks. All ses-
sions started with a 10-min low-intensity warm-up, followed
by 30 min of aerobics and 5 min of low-intensity cooling
down. The aerobic exercise involved traditional games,
indoor/outdoor natural circuit workouts with resistance
bands, jump ropes, fitness balls, brisk walking, and danc-
ing. The target heart rate zone was calculated according to
Karvonen et al. [9]. Exercise intensity was controlled with
a heart rate monitor (Polar FT1, Finland). Average intensity
for the 16 weeks was 72 % of the maximum heart rate. The
rating of perceived exertion (RPE) scale [1] was used to
assess training intensity at a moderate level (RPE = 12-13).

Control group

The CG involved ten patients who carried on with their
usual pharmacological therapy, but did not exercise.
Outcome measures

All patients were assessed to blood analysis at baseline and
at the end of the exercise intervention.

Table 1 Outcome measure
scores at baseline and 16 weeks,

Catecholamine’s

Exercise (N =9)

Control (N = 10) Time x group

with differences (p value) p value n*p
and effect size (17°p) for the
differences Dopamine (ng/mL)
Baseline 15.82 +5.75 20.29 +5.55 0.028 0.254
16 weeks 15.03 + 6.14 13.29 +2.28
Noradrenaline (pg/mL)
Baseline 253.66 + 95.26 260.54 + 135.56 0.536 0.023
16 weeks 394.75 + 127.85 364.89 + 147.18
Adrenaline (pg/dL)
Baseline 15.51 £ 24.27 2327 +7.95 0.347 0.052
16 weeks 19.18 £ 11.36 23.46 +9.49
Serotonin (ng/mL)
Baseline 17.04 + 13.52 38.83 £ 37.90 0.252 0.076
16 weeks 12.32 + 8.86 51.32+31.53
Cortisol (ug/dL)
Baseline 15.11 £ 3.95 11.90 + 6.38 0.207 0.092
16 weeks 10.22 + 3.60 10.20 = 4.89
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Blood analyses
Blood sampling and preparation

Peripheral levels of monoamines were assessed at base-
line and after the exercise intervention. The length of
time between the last exercise session and the laboratory
staff performing the blood analyses was approximately
18 h post-training. Blood samples were taken in tubes
with a stabilization solution prepared exactly according
to the instruction manual for the HPLC analysis of cat-
echolamines in plasma from Chromsystems (Grafelfing,
Germany).

Monoamines and cortisol quantification in plasma

Samples were prepared using the Reagent kit 5000 catecho-
lamines in plasma, for HPLC analysis, from Chromsystems
(Grafelfing, Germany).

Cortisol in plasma was measured using the chemilumi-
nescent ADVIA Centaur Cortisol immunoassay. Measure-
ments were performed in an ADVIA Centaur XP Immuno-
assay System (Siemens, Germany).

Statistical analysis

Results were expressed by descriptive statistics (mean and
standard deviation). All dependent variables were tested
for normality according to the Shapiro—Wilks method
before performing analyses. Potential group differences in
baseline measures were evaluated by independent sample
t tests for all variables. Repeated measures ANOVA with
assumed sphericity were used to analyze the time x treat-
ment interactions for all outcome variables at baseline and
16 weeks. We analyzed data with IBM SPSS statistics
software (version 21.0). A p value of <0.05 was taken as
significant. The effect size partial eta-squared (n’p) was
computed and reported for repeated measures ANOVA,
which was provided with statistical software packages
SPSS. Cohen [3] provides benchmarks to define small
(n* = 0.01), medium (> = 0.06), and large (7> = 0.14)
effects (Table 1).

Results

Pre-exercise monoamines and cortisol blood plasma
levels

The mean and standard deviation plasma levels of
hormones measured at baseline in the EG and CG
were 15.82 £ 5.75 and 20.29 £ 5.55 pg/mL for DA,
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Fig. 1 Catecholamines response to aerobic exercise in depressed
patients and controls. Baseline refers to mean basal value of plasma
catecholamines assessed before exercise; 16 weeks refers to mean
plasma catecholamines value assessed after 16 weeks of exercise

253.66 £+ 9526 and 260.54 + 135.56 pg/mL for
NA, 15.51 £ 398 and 23.27 + 7.95 pg/dL for AD,
17.04 £ 13.52 and 38.83 £+ 37.90 ng/mL for 5-HT, and
15.11 &+ 3.95 and 11.90 + 6.38 ug/dL for cortisol. Com-
parisons between groups revealed no significant differences
with respect to DA, NA, AD, 5-HT, and cortisol.
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Fig. 2 Cortisol response to aerobic exercise in depressed patients
and controls. Baseline refers to mean basal value of plasma cortisol
assessed before exercise; 16 weeks refers to mean plasma catechola-
mines value assessed after 16 weeks of exercise

Monoamines and cortisol blood plasma levels
in response to exercise

Regarding DA, the response to exercise was statistically
significant in the EG compared to the CG in the interaction
between time x group. Observed F value was statistically
significant in the DA variable in relation to the interac-
tion [F(1,17) = 5.789, p = 0.028, nzp = 0.254]. Likewise,
the NA response to chronic exercise has not differed sig-
nificantly [F(1,17) = 0.400, p = 0.536, n°p = 0.023]
when considering the interaction between time x group.
Furthermore, the AD response to exercise did not dif-
fer significantly in the interaction between time x group
[F(1,17) = 0.934, p = 0.347, nzp = 0.052]. Moreover, the
5-HT response to exercise has not differed significantly in
the interaction between time x group [F(1,17) = 1.407,
p = 0.252, n’p = 0.076] (Fig. 1). The cortisol response
to exercise did not differ when we observed the interac-
tion between time x group [F(1,17) = 1.724, p = 0.207,
n’p = 0.092] (Fig. 2).

Discussion

This RCT was conducted in conjunction with the HAPPY
BRAIN study [2], which has showed that aerobic exer-
cise training was an adjuvant therapy for treating women
who suffered from depression, as it reduced the severity of
depressive symptomatology and improved physical fitness.

However, in this study the comparison of plasma
hormone concentration of monoamines (DA, NA, AD,
and 5-HT) and cortisol at baseline and after 16 weeks
between groups revealed statistically significant differ-
ences between groups over time with a large effect size
in DA levels. Yet, changes were different from our expec-
tations. Indeed, while the EG showed a weak decrease
in DA levels, the CG showed a greater decrease. These
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results might be explained by changes in NA and AD
synthesis. In fact, the synthesis of NA and AD depends
directly on the activity of its rate-limiting enzyme, dopa-
mine-b-hydroxylase (converts DA into NA) and phenyle-
thanolamine N-methyltransferase (converts NA into AD).
Regarding that DA is the precursor of NA, and that NA
levels increased in both groups, it could be speculated
that the weak decrease in plasma DA levels in the EG
could be explained by an increase in NA and AD levels.
Nonetheless, we do not have sufficient data to reach this
conclusion.

In relation to 5-HT plasma levels, the results have shown
a decrease in the EG, which seems contradictory to the
hypothesis that exercise would be beneficial for depres-
sive symptoms through an increase in 5-HT plasma levels.
Researches involving animal and human beings suggested
that the antidepressant effect of exercise is attributable to
an increase of 5-HT [5, 12, 16]. These results contradict our
findings and should be interpreted with caution. Accord-
ing to the literature, chronic exercise leads to a reduction
in serum cortisol levels [4], which is similar to the trend
observed in our study.

The strength of this study is the sample randomization.
Furthermore, all biomarkers were measured in plasma,
which increased generalizability and comparability across
studies.

The major limitations are the small sample size; patients’
large age range (18—65 years), which could contribute to
a greater result variability; the inclusion of patients diag-
nosed with different subtypes of depressive pathology; and
the presence of other sicknesses (arterial hypertension and
hyperthyroidism) that can interfere with catecholamine
responses.

Conclusion

This RCT does not provide evidence for a biologically
mediated effect of exercise in women with depressive dis-
order. The lack of response to exercise could be related to
the moderate intensity or training level. Indeed, it can be
hypothesized that exercise may potentially have a differ-
ential effect depending on exercise characteristics, training
status, and gender.
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