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Background

Major Depression Disorder (MDD) is characterized 
by persistent low mood and diminished ability of feel-
ing satisfaction and pleasure; it significantly reduces 
quality of life and leads to economic and social impair-
ments. The prevalence of MDD in general population 
is 17% [1]. Over the last few years, important devel-
opments regarding the treatment of depression have 
been made. However, a portion of depressed patients 
is refractory to traditional treatments, which may lead 
to the chronicity of the disorder and lead to suicide in 
severe cases [2].

The mechanisms involved in this disorder are not 
yet completely recognized. There are psychological, 
genetic and environmental factors that are known to 
be involved in the vulnerability for depression. Studies 
show that depression produces an increase in proin-
flammatory cytokines levels [3,4]. These alterations 
will have consequences regarding the suppression of 
neurotrophic support that is related to atrophy, de-
generation, and loss of excitatory neurotransmitters 
liberation [5]. The reduction of neurotrophic support in 
some brain areas during depression has also been asso-
ciated with the dopamine, noradrenaline and serotonin 
systems, which are intimately related to the onset and 
maintenance of depressive episodes [6]. Elevated levels 
of pro-inflammatory cytokines and positive proteins ac-
tivated by the immunological system have been associ-
ated with depression [7,8].
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Abstract
Background: The efficacy of physical activity on the reduc-
tion of depressive symptoms may be attributed to its impact 
over neuroinflammatory mechanisms. The aim of this study 
is to investigate the relationship between habitual practice 
of physical activities and serum cytokines levels in individu-
als diagnosed with depression.

Methods: Cross-sectional study nested within a popula-
tion-based community study from which depressed adults 
aged 18 to 35 years were selected. The presence of depres-
sion was verified through the Mini International Neuropsy-
chiatric Interview 5.0 (M.I.N.I.). The practice of leisure-time 
physical activity was evaluated using the International 
Physical Activity Questionnaire 8.0 (IPAQ). Serum levels of 
the cytokines IL-6, IL-10, and TNF-α were analyzed through 
the ELISA test.

Results: Sample was composed of 142 depressed individ-
uals. Cytokines were not associated with any independent 
variables stratified by gender. The group of active men pre-
sented increased IL-10 serum levels (p = 0.032), decreased 
TNF-α levels (p = 0.014), and decreased fraction of TNF-α/
IL-10 ratio (p = 0.001), when compared to inactive men. 
There was no difference in serum cytokines levels and lei-
sure-time physical activity in women.

Conclusions: These findings may validate the importance 
of habitual leisure-time physical activity amongst depressed 
individuals and indicate that physical activity may modulate 
inflammatory paths involved in the physiopathology of de-
pression.
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In addition, studies report the existence of a com-
mon path between physical activity and inflammatory 
cytokines. This similarity of mechanisms allows specula-
tion that physical activity may modulate the inflamma-
tory paths that may be involved in the physiopathology 
of depression [9].

The efficacy of physical activity on the reduction 
of depressive symptoms may be attributed to its im-
pact over neurobiological and neuroinflammatory 
mechanisms [9]. Physical exercise and the practice of 
non-structured physical activities [10,11] have been hy-
pothesized as neuromodulators of anti- and pro-inflam-
matory cytokines, reducing IL-6 [10,11] and TNF-α [11] 
levels and increasing the concentration of IL-10 [12,13]. 
Thus, the aim of this study is to investigate the relation-
ship between the habitual practice of leisure-time ac-
tivities and the serum levels of IL-6, IL-10, and TNF-α in 
individuals diagnosed with depression, considering the 
difference between genders.

Method

This is a cross-sectional study nested within popula-
tion-based community sample, from which 1953 young 
adults aged 18 to 35-years-old from a southern city in 
Brazil were evaluated. Individuals were considered eli-
gible for the study if they had a diagnosis of depression 
and did not use psychoactive substances. This study was 
approved by the Catholic University of Pelotas Ethics 
Committee (2010/15).

The participants received information about the 
study and had to sign informed consent. Afterwards, 
the participants answered to a questionnaire with ques-
tions concerning socio-demographic information (gen-
der, age, schooling and ethnicity), use of psychoactive 
substances (medication, tobacco, alcohol, marijuana 
and cocaine). Socioeconomic evaluation was carried out 
using the IEN criteria (National Economic Index, Brazil 
- Índice Econômico Nacional, Brasil), which is based on 
the accumulation of material assets and on the school-
ing of the head of the household. These criteria generate 
a continuous variable which was presented in textiles 
[14]. For the propose of this present study, we selected 
men and women that been diagnosed with depression 
and did not use psychoactive substances.

The diagnosis of depression was verified through the 
standardized clinical interview Mini International Neu-
ropsychiatric Interview 5.0 (M.I.N.I.) [15]. This instru-
ment is widely used in clinical and research practice to 
classify the interviewees accordingly to the DSM-IV and 
ICD-10 diagnostic criteria.

The leisure-time physical activity was evaluated us-
ing the International Physical Activity Questionnaire 8.0 
(IPAQ). The total score of physical activity was measured 
as suggested by Hallal, et al. [16] by adding the num-
ber of minutes of moderate activity plus the minutes of 
vigorous activity, and finally, plus the minutes of walk-

ing activity - all for at least 10 uninterrupted minutes. 
For the purposes of this study, the participants who 
reported over 150 minutes of weekly physical activity 
were considered as active individuals. This criterion is in 
accordance with the current recommendations for the 
practice of physical activity [16].

For the cytokines levels measurements, 10 milliliters 
of blood were withdrawn from each subject by veni-
puncture into an anticoagulant-free vacuum tube after 
the interview. The blood was immediately centrifuged 
at 3,500 rpm for 15 min, and serum was kept frozen 
at -80 °C until analysis. Serum IL-6, IL-10, TNF-α levels 
were measured using a commercial immunoassay kit 
(DuoSet ELISA Development, R&D Systems, Inc., USA). 
Levels were expressed in pg/mL. The ratio of pro and 
anti-inflammatory cytokines (IL-6/IL-10 and TNF-α/IL-10 
ratio) could provide an index for the balance between 
pro- and anti-inflammatory status, and these ratios are 
considered an index of net pro-inflammatory activity.

Statistical analyzes were performed in the software 
SPSS 21 and GraphPad Prism 6.0. The variables age, 
years of study, and Body Mass Index (BMI) were present-
ed using mean and standard-deviation values, whereas 
color of the skin, economic indicator and gender were 
presented using relative and absolute frequencies. Se-
rum levels of inflammatory cytokines did not present 
Gaussian distribution and were presented using median 
and interquartile range.

The Student t test was used to verify mean differenc-
es among the variables age, years of study, and BMI be-
tween men and women. The proportion differences be-
tween color of the skin and IEN were tested in relation 
to gender using the chi-square test. The non-parametric 
tests Mann-Whitney and Kruskal-Wallis were used to 
verify the association between independent variables 
and practice of physical activity and cytokine levels. The 
results with p-values of ≤ 0.05 were considered statisti-
cally significant.

Results

The population-based sample was composed of 
1953 individuals. Of these, 880 participants were male 
and 1073 were female. Men and Women were eligible 
for the present study if they had been diagnosed with 
depression and did not use psychoactive substances. 
Thus, the present sample consisted of 142 individuals. 
Of these, 57 participants were male and 85 were female.

Concerning sample characteristics, men and women 
differed regarding age (p = 0.047), economic indicator 
(p = 0.009), and IPAQ score (p = 0.044) (Table 1). Conse-
quently, the hypothesis tests were stratified by gender.

None of the independent variables (age, years of 
study, color of the skin, economic indicator and BMI) 
was associated with serum cytokine levels (IL-6 and IL-
10 and TNF-α), after stratification by gender. [Data not 
presented].
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by the pro- and anti-inflammatory cytokine ratio, no dif-
ference was observed in the IL-6/IL-10 ratio (p = 0.607, 
Figure 2A) whereas, there was a significant decrease in 
the TNF-α/IL-10 ratio (p = 0.001, Figure 2B). The ratio of 
pro- and anti-inflammatory cytokine did not differ be-
tween active and inactive women (IL-6/IL-10: p = 0.542, 
Figure 2C e TNF-α/IL-10: p = 0.761, Figure 2D).

Discussion

In this study, depressed men who regularly practice 
physical activities presented increased serum levels of 
the anti-inflammatory cytokine IL-10, and significantly 
decreased serum levels of the pro-inflammatory cyto-
kine TNF-α. Moreover, men presented increased in-
flammatory state, specifically regarding TNF-α/IL-10. 

Serum IL-6 levels did not significantly differ regarding 
habitual practice of leisure-time physical activity in men 
(p = 0.546, Figure 1A). Active men presented increased 
serum IL-10 levels (p = 0.032; Figure 1B) and decreased 
serum TNF-α levels (p = 0.014; Figure 1C), when com-
pared to inactive men. Active women did not differ 
regarding serum IL-6 (p = 0.270, Figure 1D), IL-10 (p = 
0.449, Figure 1E), and TNF-α (p = 0.417, Figure 1F) lev-
els, when compared to the group of women that did not 
perform habitual leisure-time physical activity.

For the purpose of verifying the relationship between 
the pro-inflammatory cytokine (IL-6 and TNF-α) and the 
anti-inflammatory cytokine (IL-10), a ratio of these cy-
tokine interleukins levels was performed for each indi-
vidual. For men regarding inflammatory status indicated 

Table 1: Sample characteristics in men and women with depression.

Variables Depressed men Depressed women P-value
Agea 25.61 ± 5.36 27.41 ± 5.15 0.047
Years of studya 10.60 ± 3.64 9.60 ± 3.70 0.116
Color of the skinb 0.554

Caucasian 43 (42.2%) 59 (57.8%)
Non-Caucasian 14 (35.0%) 26 (65.0%)

NEI*b 0.009
Low 12 (25.5%) 35 (74.5%)
Medium 18 (38.3%) 29 (61.7%)
High 26 (56.5%) 20 (43.5%) 

BMIa 25.92 ± 4.49 26.98 ± 5.65 0.242
Practice of physical activityb 0.044

Yes 13 (61.9%) 8 (38.1%)
No 44 (36.4%) 77 (63.6%)

Interleukin 6c 17.57 (12.54-28.59) 17.53 (11.93-26.35) 0.726
Interleukin 10c 55.74 (37.32-86.00) 57.37 (45.91-74.78) 0.170
Tumor Necrosis Fator - αc 19.21 (11.89-36.10) 15.52 (11.38-23.67) 0.148
Total 57 85
aMean and standard-deviation; bAbsolute and relative frequencies; cMedian and interquartile intervals. 
*Indicador Econômico Nacional - Brasil (National Economic Indicator - Brazil).
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Figure 1: Serum cytokine levels in active and inactive men (Figure A, B, and C) and women (Figure D, E, and F).
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ventions [24]. Meta-analysis studies reveal an inverse 
relationship between physical exercise and depression 
[24,25]. In this context, the practice of physical activity 
has shown to benefit the treatment of psychiatric dis-
orders with aims of reducing depressive symptoms. It 
may also have neuropsychological and neurobiological 
implications, including the inflammatory system [26,27]. 
Our study revealed an increase in the anti-inflammatory 
cytokines levels and a decrease in the pro-inflammatory 
cytokines levels in depressed men who practice physical 
activities, which indicates that this practice modulates 
inflammatory paths and may help in the treatment of 
depression.

The musculoskeletal work performed during the ex-
ercise is believed to act like an endocrinological organ, 
producing, releasing and counterbalancing cytokines 
[28-32]. IL-6 has a fundamental role in the anti-inflam-
matory process resulting from exercise, and it presents 
both pro and anti-inflammatory characteristics [33]. 
One review study from Benatti and Pedersen, 2014, re-
ported that muscle contraction produces myokines that, 
alongside other peptides, induce an anti-inflammatory 
response. Thus, there is an exacerbated IL-6 secretion 
in the beginning of the exercise which consequently 
increases the liberation of IL-1 and IL-10 and inhibits 
the TNF-α production during the exercise [34]. Studies 
have found that individuals who perform physical exer-
cises present improved concentrations of inflammato-
ry markers, resulting in decreased expression of TNF-α 
[12,35] as well as an increase in the IL-10 at the hippo-
campus [12]. These evidences may justify our results 

Concerning women, the practice of physical activities 
did not interfere with the serum levels of the evaluated 
cytokine.

There is a bidirectional connection between the Cen-
tral Nervous System (CNS) and the immunological sys-
tem [17]. The CNS regulates the immunological system 
through neuronal and neuroendocrinological paths. 
In turn, the immunological system signals the brain 
through neuronal and humoral paths, and through the 
action of cytokines [18]. The understanding of the in-
teraction between the immunological and neuroendo-
crinological systems demonstrated that it performs an 
important role in many disorders, including neurological 
and psychiatric disorders [19]. Cytokines and other im-
munological factors perform a key role in brain modu-
lation; however, chronic exposure to pro-inflammatory 
cytokines may damage neuronal plasticity and contrib-
ute to cognitive disorders and mood alterations [7,20]. 
Thus, biomarkers of inflammatory activity, such as pro- 
and anti-inflammatory cytokines, have been correlated 
with depression [8,20,21] being found an increase in 
pro-inflammatory cytokines and the decrease in the an-
ti-inflammatory in depressives [21,22].

On the scope of mental health, a great group of 
individuals with mental disorders, including depres-
sion, may benefit from the practice of physical activity 
[23,24]. Physical exercise may modulate inflammatory 
paths involved in the physiopathology of depression 
and it is a modality of treatment that avoids possible 
adverse effects resulting from pharmacological inter-
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Figure 2: Ratio of pro- and anti-inflammatory cytokine in active and inactive men (Figure A and B) and women (Figure C 
and D).
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centration of anti-inflammatory cytokine (IL-10) and a low-
er concentration of pro-inflammatory cytokine (TNF-α). 
Nonetheless, we did not observe significant differences 
regarding cytokine serum levels in women. More studies 
are needed to clarify the effect of physical activity on the 
physiopathology of depression and help its treatment.
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