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ABSTRACT

Introduction: Individuals with schizophrenia tend to have high levels of cortisol and changes in the
serotonergic mechanism. However, the effects of aerobic exercises on cortisol and serotonin levels in
schizophrenic inpatients are not well established. Objective: To evaluate the effects of an aerobic train-
ing program on serotonin and cortisol levels in schizophrenic inpatients. Methods: Thirty schizophrenic
subjects were randomly assigned to an exercise group (EG; n = 15; age: 29 + 9.08 years; BMI: 23.57 + 4.33
kg/m?) or a control group (CG; n = 15; age: 33.17 + 12.8 years; BMI: 22.89 + 5.68 kg/m?). EG performed an
aerobic training program in a cycle ergometer (57% to 67% of the maximum heart rate) for 30 minutes,
five days a week, with a total of twenty sessions. The analysis of cortisol (Chemiluminescence Method)
and serotonin (High Performance Liquid Chromatography) was performed before and after testing in both
groups. The level of significance was of p<0.05. Results: After the exercise sessions, EG showed a significant
reduction in cortisol levels (A =-5.68 mcg/dl%, p < 0.0001) and a significant increase in serotonin levels
(A =47.63 ng/ml, p=0.015) compared to CG. Conclusion: The aerobic training program was effective in
reducing cortisol levels and increasing serotonin levels in schizophrenic inpatients. Level of evidence I;
Randomized clinical trial.

Keywords: Aerobic exercise; Hormone; Schizophrenia; Cardiorespiratory fitness; Exercise therapy.

RESUMO

Introdugdo: Individuos com esquizofrenia tendem a apresentar niveis elevados de cortisol e alteragcées
no mecanismo serotoninérgico. Entretanto, os efeitos dos exercicios aerébicos sobre os niveis de cortisol e
serotonina em pacientes esquizofrénicos ndo estédo bem estabelecidos. Objetivos: Avaliar os efeitos de um
programa de treinamento aerébico sobre os niveis de serotonina e cortisol em pacientes esquizofrénicos
internados. Métodos: Trinta individuos esquizofrénicos foram randomicamente designados para um grupo
de exercicios (GE; n = 15; idade: 29 + 9,08 anos; IMC: 23,57 + 4,33 kg/m?) ou para um grupo controle (GG, n =
15;idade: 33,17 + 12,8 anos, IMC: 22,89 + 5,68 kg/m?). O GE realizou um programa de treinamento aerdébico
em cicloergémetro (57% a 67% da frequéncia cardiaca mdxima) por 30 minutos, cinco dias por semana, to-
talizando 20 sessées. A andlise de cortisol (método quimioluminescente) e serotonina (cromatografia liquida
de alta eficiéncia) foi realizada antes e depois do teste em ambos os grupos. O nivel de significancia foi de
p < 0,05. Resultados: Depois das sessdes de exercicio, o GE mostrou reducdo significativa do nivel de cortisol
(A =-5,68 mcg/dl%, p < 0,0001) e aumento significativo do nivel de serotonina (A = 47,63 ng/ml, p = 0,015)
em comparagéo com o GC. Conclusdo: O programa de treinamento aerébico foi efetivo para a redugéo dos
niveis de cortisol e aumento dos niveis de serotonina em pacientes esquizofrénicos. Nivel de evidéncia I;
Estudo clinico randomizado.

Descritores: Exercicio aerébico; Hormonios; Esquizofrenia; Aptidéo cardiorrespiratoria; Terapia por exercicio.

RESUMEN

Introduccidn: Las personas con esquizofrenia tienden a tener altos niveles de cortisol y cambios en el mecanismo
serotoninérgico. Sin embargo, los efectos del ejercicio aerdbico sobre los niveles de cortisol y serotonina en pacientes
esquizofrénicos no estdn bien establecidos. Objetivos: Evaluar los efectos de un programa de entrenamiento aerdbico
sobre los niveles de serotoninay cortisol en pacientes esquizofrénicos internados. Métodos: Treinta individuos esquizo-
frénicos fueron asignados aleatoriamente a un grupo de ejercicio (GE; n = 15, edad: 29 + 9,08 afios; IMC: 23,57 + 4,33
kg/m?) 0 a un grupo control (GC; n = 15; edad: 33,17 + 12,8 arios, IMC: 22,89 + 5,68 kg/m?). GE realiz6 un programa
de entrenamiento aerobico en cicloergémetro (57% a 67% de la frecuencia cardiaca mdxima) durante 30 minutos,
cinco dias a la semana, totalizando 20 sesiones. £l andlisis de cortisol (método quimioluminiscente) y serotonina
(cromatografia liquida de alta resolucidn) se realizé antes y después de la prueba en ambos grupos. El nivel de signi-
ficacion fue p < 0,05. Resultados: Después de las sesiones de ejercicio, el GE mostrd una reduccion significativa en el
nivel de cortisol (A =-5,68 mcg/dl%, p < 0,0001) y un aumento significativo en el nivel de serotonina (A = 47,63 ng/ml,
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p =0,015) en comparacién al GC. Conclusion: El programa de entrenamiento aerébico fue efectivo para reducir los
niveles de cortisol y aumentar los niveles de serotonina en pacientes esquizofrénicos. Nivel de evidencia I; Estudio

clinico aleatorizado.
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INTRODUCTION

Schizophreniais a complex mental health condition characterized by
severe symptoms that compromise social and occupational functioning.'?
People with schizophrenia may experience delusions and hallucinations,
disorganized attitudes and/or speech, apathy and social withdrawal.
It affects more than 51 million worldwide occupying the majority of
psychiatric beds In Latin America and Brazil.® Frequent hospitalizations
and medication side effects affect the physical, cognitive and emotional
development of these individuals, impairing the maintenance of the
skills necessary to live independently, leading to significant financial
and emotional burden for their families.*

The antipsychotics use is critical to treat the symptoms, allowing
the patient to stay with the family, reducing the number and length of
hospitalizations and improving the acceptance within the community.?
However, the use of these drugs is related to metabolic changes®” such
as the endocrine system activation, resulting in an increased release of
glucocorticoid hormones. One of these hormones is the cortisol, which
is released by the adrenal gland.®®

High levels of plasma cortisol and glucose have also been observed
in patients with schizophrenia.'? The chronic elevation of cortisol can
lead to a pseudo-Cushing’s syndrome, which is characterized by an in-
creased visceral fat, hyperinsulinemia, insulin resistance, dyslipidemia and
hypertension, all markers of the metabolic syndrome.'The serotonergic
mechanism is also influenced'" since there is a correlation between
serotonin level with the hyperprolactinemia in schizophrenic women.'?

Some studies have investigated the effects of the aerobic exercise on
the cortisol level™>'® and the serotonin level in the brain of animals.'s"
Other studies also indirectly investigated these effects in humans and
animals relating to central fatigue'®'® and the effect of exercise in healthy
people.® However, there are few studies to date, in the scientific lite-
rature, about the effects of an aerobic exercise program in the cortisol
and serotonin levels of schizophrenic inpatients."? Thus, we formulated
two hypothesis: the first one supported that exists a direct relationship
between the practice of aerobic exercise and the decrease in the cortisol
levels. The second hypothesis predicted increases in the serotonin levels
after an aerobic exercise program.

Therefore, the aim of this study was to evaluate the effects of an
aerobic exercise program on the levels of cortisol and serotonin in
schizophrenic inpatients.

MATERIAL AND METHODS
Sample

The present research is an experimental study, as it attempts to
establish a cause-effect relationship between the variables investigated.?!

The sample was composed of 30 schizophrenic inpatients (17 women
and 13 men).To be included in the study, a subject had to be sedentary
for at least six months and do not present any risk factors that could
prevent the participation in the study according to the criterion of the
Risk Stratification of the American Heart Association.?? We excluded
individuals with muscular-skeletal anomalies, those who were unable to
adapt to the ergometer, and those who had more than 20% of absences
during the intervention.
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Measurements and procedures

For the assessment of the body mass and height, it was used a
mechanical scale with a capacity of 150 kg and 100 g precision with a
stadiometer (Filizola, Brazil). It was used the procedures recommended
by the International Society for the Advancement of Kinanthropometry
(ISAK).% The body mass index (BMI) was obtained by the ratio of the
total body mass (in kilograms) by the square of the height (in meters).

The family responsible for the patients signed a consent form for the
participation in research involving human subjects in accordance with
the standards of the Declaration of Helsinki and the Resolution 466/12
of the National Health Council. This study was approved by the Research
Ethics Committee of Gaspar Vianna Clinical Hospital Foundation (FHCGV),
Belém, PA, Brazil, under the number 0372011.

Inthe day before the hormones collection, the participants of the present
study did not ingest the following drinks and foods: coffee, tea, chocolate,
soda, avocado, pineapple, plum, banana, eggplant, pickles, kiwi, mango,
nuts, tomato, foods flavored with vanilla and any alcoholic beverages. The
participants of both groups also fasted for 12 hours before the hormones
collection. The blood was collected before 7:30 a.m., in the pre and post-tests,
by the same technician skilled nursing. For the blood collection, the subjects
remained lying on their beds. For the analysis of the cortisol levels, it was used
the enzyme immunoassay Chemiluminescence Method?* Serotonin was
analyzed through the High-Performance Liquid Chromatography (HPLC) %

Aerobic exercise assessment

To evaluate the intensity of the aerobic exercise, it was used the
percentage of the maximum heart rate (HRmax), using the following
formulas for inactive subjects:

HRmax = 206.9 — age. HR target = between the upper
(0.67 x HRmax) and lower limit (0.57 X HRmax)*

Experimental design

Participants were randomly assigned either to an exercise group
(EG:n=15) or to a control group (CG: n = 15). Randomization was per-
formed by simple draw during the receipt of the consent form signed
by the family responsible for the patients. The serotonin and cortisol
levels were collected pre and post-test for all participants.

Exercise protocol

Individuals who were randomly assigned to the EG participated in
the intervention on a cycle ergometer, five days per week, for 30 min
per session, totaling 20 sessions. The aerobic exercise was performed in
amoderate intensity, ranging from 57% to 67% of the HRmax, measured
by a cardiac monitor. A researcher supervised the exercise sessions to
ensure the maintenance of the correct training intensity.

Control condition

After completing the anthropometric, serotonin and cortisol assess-
ment, participants who were randomly assigned to the CG was submitted
to daily occupational therapy activities based on reading, painting, and
computing three times a week in 30-minute sessions for 4 weeks. Addi-
tionally, the CG continued their normal daily activities and agreed not
to engage in any regular physical activity for the duration of the study.
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Statistical analysis

The data were presented in a descriptive way using mean and
standard deviation. Normality and variance homogeneity of data were
determined using Shapiro-Wilk and Levene tests, respectively. Repeated-
measures ANOVA was applied to the groups EG and CG (pre and post-test)
forintra- and intergroup comparisons, followed by the Scheffé post-hoc
test to identify possible differences. The effect size (d) was calculated
to analyze the magnitude of the results. It was used for interpretation:
< 0.2:weak; 0.2 - 0.79: moderate; > 0.8: strong.? The significance level was
set at p<0.05 for all tests. Data were analyzed by the SPSS Statistics 20.0.

RESULTS

The sample of the present study was composed of patients with
paranoid (20%), catatonic (3.3%), residual (20%), simple (3.3%) and uns-
pecified schizophrenia (53.3%). In addition to schizophrenia, 13.3% had
hypertension and 13.3% were smokers. Regarding education level, the
majority of the sample (46.7%) had incomplete fundamentals, 33.3%
had complete fundamentals, 6.7% had incomplete high school, and
13.3% had completed high school.

Among the drugs used in the sample were haldol and prome-
thazine (30%), haldol, promethazine and levomepromazine (13.3%),
haldol, promethazine, levomepromazine and diazepam (26.7%), haldol,
promethazine and diazepam (3.3%), haldol, promethazine and chlorpro-
mazine (10%), risperidone and promethazine (10%), and risperidone,
promethazine and diazepam (6.7%).

Table 1 shows the characteristics and hormone levels of both groups
of the present study. It was observed that there was normal data distri-
bution for all studied variables in both groups.

Figure 1 presents the results on the cortisol levels intra- and inter-
groups in the pre- and post-test moments. It was observed that the EG
obtained a significant reduction in the cortisol levels from the pre- to
the post-test (A = -5.68 mcg/dl; p < 0.0001, confidence interval (Cl) =
2.11,9.24). This did not occur with the CG. In the inter-group analysis,
the EG had significantly lower levels of cortisol, when compared to CG
(A =-6.50 mcg/dl; p <0.0001, Cl=-1048,-2.51) in the post-test. These
results are confirmed by the effect size found (d = 2.61 > 0.8), which is
considered to be strong.

Figure 2 shows the intra- and inter-group comparisons of serotonin
levels. The EG had a significant increase from the pre- to the post-test
(A=39.57 ng/ml; p=0.027,Cl =-75.87,-3.28). The same did not occur in
the CG. The inter-group analysis results showed that the EG had higher
serotonin levels when compared to CG (A = 47.63 ng/ml; p=0.015,
Cl=7.05,88.20) in the post-test. These results are confirmed by the effect
size found (d=1.01 > 0.80), considered strong.

Table 1. Characteristics and hormone levels of the sample.

Groups Variables Mean SD p-value (SW)
Age (years) 29.00 9.08 0.055
Body mass (kg) 61.09 12.87 0431
e Height (m) 161 0.08 0.625
BMI (kg/m?) 23.57 433 0.989
Serotonin (ng/ml) 122.06 38.12 0.829
Cortisol (mcg/dl) 12.07 538 0.671
Age (years) 33.17 12.80 0.589
Body mass (kg) 58.90 15.36 0.823
e Height (m) 1.60 0.12 0.171
BMI (kg/m?) 22.89 568 0.052
Serotonin (ng/ml) 117.61 4143 0.627
Cortisol (mcg/dl) 1313 2.02 0.109

SD: standard deviation; BMI: body mass index; EG: exercise group; CG: control group; SW: Shapiro-Wilk test.
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Figure 1. Analysis of the cortisol levels in the EG and CG.
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Figure 2. Analysis of the serotonin levels in EG and CG.

DISCUSSION

The results of the present study confirmed the initial hypotheses
formulated, as they presented a significant reduction in the levels of
cortisol in the EG in relation to the CG, and a significant increase in the
levels of serotonin in the EG when compared to the CG.

Cortisol is a neuroendocrine indicator of the individual's response
to stress situations, whose production and control are due to the action
of the hypothalamic-pituitary-adrenal (HPA) axis.?” Exposure to conti-
nuous stress results in chronic elevations in cortisol production, which
inhibits the participation of the negative feedback system responsible
for the decrease in HPA activity.?® This inhibition may activate excess
neurotransmission of dopamine and lead to the exacerbation of the
negative symptoms of schizophrenia, both psychotic (memory deficit,
poor cognitive performance, mental confusion, state anxiety), as well
as physical (motor uncontrollability, low effort tolerance), making the
quality of life deficient.?> Comorbidities such as metabolic syndrome,
hypertension, and type 2 diabetes may appear in more severe cases.*
Due to this situation, aerobic exercises have been proposed as an adju-
vant therapy for the usual drug treatments.!

In a longitudinal investigation carried out during 3 months with 149
Chinese patients with chronic schizophrenia and age between 18 and
65 years, Ho et al." reported that individuals who walked recreationally
for up to 30 minutes per day reduced salivary cortisol diurnal produc-
tion significantly more than those not involved in physical exercise.
These findings were also found in the present study. However, Ho et
al? observed, in another 6-month longitudinal study with 153 chronic
schizophrenics, that the groups of subjects undergoing an exclusive
Tai-chi program (n =51) and aerobic exercise (n =51) showed significant
increases in daily cortisol levels when compared to the CG (n = 51).
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This result, in turn, contradicts the findings of the present study. Never-
theless, patients in both groups (Tai-chi and aerobic exercise) exhibited
increases in attention, memory and motor skills. Both studies indicate that
the endocrine responses of the patients to the motor stimuli proposed
in the therapeutic exercise program were specific and differentiated.
The pathophysiological state, metabolic efficiency and the ability of
each subject may have influenced these effects.?

Pajonk et al.*? found this trend on cortical adaptations in their ex-
perimental study with 8 male patients diagnosed with chronic schizo-
phrenia. These subjects were exposed to aerobic activity of 30 minutes
on a cycle ergometer for 12 weeks, frequency of three times per week
and effort intensity comprised between 1.5 and 2.0 mmol/L of blood
lactate. The CG consisted of 8 schizophrenic individuals practicing table
football three times a week for 30 minutes. There was a 12% increase
in hippocampal volume in the aerobic exercise group compared to a
decrease of 1% observed in schizophrenic patients who played table
football. Changes in hippocampal volume had a positive correlation with
cardiorespiratory fitness, measured by changes in maximum oxygen
consumption (r=0.71; p =0.03).

Scheewe et al*® investigated 18 chronic schizophrenics who un-
derwent a mixed protocol of aerobic exercises (using cycle ergometers,
rowing machine, cross-trainer, and treadmill) and resistance training
during 6 months, twice a week, with 40-minute training sessions and 75%
maximum HR intensity. The CG consisted of 14 schizophrenic subjects
who underwent occupational therapy twice a week for 6 months. At the
end of the intervention, there were increases in cardiorespiratory fitness
and in the thickness of areas of the left cerebral cortex of the group
submitted to the mixed protocol of exercises when compared to the CG.

The previous information reinforces the hypothesis that aerobic
exercise can provide beneficial effects to the endocrine, cardiorespi-
ratory and neurocognitive functions of schizophrenics. In this sense,
Vancampfort et al.3 states that the adaptations provided by short, me-
dium and long term training for subjects with mental disorders such as
schizophrenia are conditioned by particular clinical settings, body mass
indexes, characteristics of the drugs consumed, initial states of motor
fitness and type, volume and intensity of body movement performed.

The other hormone analyzed in the present study was serotonin
(5-HT), which is a neurotransmitter that acts doubly as a conduit inhi-
bitor and a general modulator of psychic activity. Variations in the brain
concentrations of serotonin refer to oscillations in anxiety, aggression,
depression, prostration and fatigue.?®

The results in the present study showed elevated serotonin le-
vels in the EG. These findings were similar to those obtained by Valim
et al,* who analyzed 22 women with fibromyalgia and with symptoms
of depression. Participants were randomized into one group of aerobic
walking exercise and another group of stretching exercise, both per-
formed three times a week, for 20 weeks. Pre- and post-intervention
group analyzes showed that serum 5-HT levels increased significantly

in the aerobic group over the 20-week therapy period (p = 0.03).
The stretching group showed no change (p = 0.491).

Other investigations have reported an inverse relationship between
serotonin concentrations and aerobic exercise. Wipfli et al.?® analyzed
the impacts of aerobic exercise on symptoms of depression and anxiety
through a 7-week intervention program in 72 untrained subjects ran-
domly distributed in two groups, one of aerobic exercises and the other
of yoga (control group). The aerobic exercise group (n = 35) underwent 30
minutes of stationary cycling three times a week at 70% of maximal heart
rate, while the control group performed series of static yoga positions
for 15 to 30 seconds with 10 to 20 seconds of rest in sessions with the
same duration and weekly frequency. At the end of the intervention,
the aerobic exercise group showed a greater reduction in serotonin
concentrations compared to the yoga control group (p < 0.05).

Similarly, Oliveira et al 3’ randomly separated 48 elderly women, aged
between 50 and 72 years, who presented mild depression symptoms,
into an experimental group (n = 28) and a control group (n = 20). During
8 weeks, the EG performed resistance and aerobic exercises three times
a week, in 40-minute sessions and training intensity ranging from 65%
to 75% of maximal heart rate. The CG performed occupational therapy
(painting, gardening and drawing). At the end of the program, labora-
tory analyzes showed that the EG had a significant decrease in serum
serotonergic levels (p = 0.01).

The previously listed studies indicate that serotonin produced as
a function of performing aerobic activities can both overcome and
retreat in relation to pre-exercise levels. This association with the mea-
surement of aerobic fitness is important for schizophrenic patients, as
well as stratification of changes in cortisol and serotonin levels based on
ingested drug dosages. However, the present study did not controlled
this variable, which can be considered a limitation.

Thus, a limitation of the present study was that it did not correlate the
variations in serotonin and cortisol serum levels of CG and EG with the
amounts of drugs ingested before and during the intervention program.
These factors probably can better explain the metabolic responses to
exercise and the quality of motor performance.

CONCLUSION

The present study characterizes its original aspect because it is perfor-
med on a sample of hospitalized schizophrenic subjects, needing more
attention on endocrine aspects, due to a high incidence of metabolic
syndrome in this population. This study concludes that the practice of an
aerobic exercise program reduces the cortisol level and increases serotonin
level in schizophrenic inpatients, probably helping to decrease the side
effects of drugs. The aerobic program was effective in reducing the level of
cortisol and increasing the levels of serotonin in schizophrenic inpatients.
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