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ABSTRACT
Despite the widespread prescription of exercise in Parkinson's
disease, the comparative clinical efficacy of different training types on serotonin and muscle
strength remains unclear. This study aimed to compare the effects of eight weeks of
combined training with different aerobic components on serum serotonin and muscle
strength in elderly patients with Parkinson's disease.
Thirty patients with Parkinson's disease (66.37  5.10 years) were
assigned to resistance-interval training, resistance-continuous training, and control groups.
Fasting blood samples and muscle strength were measured before and after eight weeks of
training (three sessions/week).

sThirty patients completed the training protocol. Repeated-measures ANOVA showed
significant increases in serum serotonin (P=0.003, F=7.45, n?p=0.35) and muscle strength
(P<0.001, F=96.20, n?p=0.77) in both training groups compared to controls. However, no
significant difference was observed between the two training groups (P>0.05).
m Combined training, regardless of aerobic type (interval or continuous),
significantly increases serum serotonin and muscle strength in elderly patients with
Parkinson's disease. The lack of difference between groups suggests the resistance
component is the primary driver of these adaptations, and both aerobic modalities are equally
effective. These findings introduce combined training as a flexible, non-pharmacological
rehabilitation strategy for Parkinson's disease.
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Introduction

arkinson’s disease (PD) is a progressive

neurodegenerative  disorder characterized

primarily by motor impairment, accompanied

by a broad spectrum of non-motor

complications. The disease is commonly
associated with the degeneration of dopaminergic neurons
in the substantia nigra and the resulting disruption of basal
ganglia function (1). Typical motor symptoms include
resting tremor, muscle rigidity, bradykinesia, postural
instability, and reduced functional mobility. Patients may
also experience muscle weakness, impaired balance,
fatigue, sleep disturbances, depression, anxiety, and
cognitive dysfunction. These symptoms gradually reduce
independence, increase the risk of falls, and negatively
affect quality of life (2).
Although dopaminergic medications are the primary
treatment for Parkinson’s disease, pharmacological
interventions do not completely prevent the progressive
decline in physical function and may not adequately
address several non-motor symptoms. Consequently,
exercise has received considerable attention as an
important  non-pharmacological strategy for the
management of PD. Aerobic, resistance, balance, and
combined exercise programs may improve physical
capacity, neuromuscular  function, mobility, and
psychological well-being (3, 4).
In addition to dopamine, the serotonergic system may play
an important role in PD. Serotonin is involved in mood
regulation, sleep, cognition, motor control, and inhibitory
responses. Alterations in serotonergic transmission may
contribute to several motor and non-motor symptoms
experienced by individuals with PD. Physical exercise may
influence  serotonin  synthesis, metabolism, and
availability. However, the effects of different combined-
training formats on serotonin levels and muscle strength in
older adults with PD remain insufficiently understood (5,
6).
Therefore, the purpose of this study was to compare the
effects of eight weeks of resistance-aerobic interval
training and resistance-aerobic continuous training on
serum serotonin levels and muscle strength in elderly
individuals with PD. The study also examined whether the
type of aerobic training produced different physiological
adaptations when both programs included resistance
exercise.

Methods

The study recruited 42 individuals with PD, of whom 36
met the eligibility criteria. Participants were randomly
assigned to resistance-aerobic interval training (RAIT),
resistance-aerobic continuous training (RACT), or control
groups. After six dropouts, 30 participants remained for
analysis, with 10 in each group. Eligible participants were
60-70 years old, classified as Hoehn and Yahr stages 1-2,
able to walk independently, physically inactive during the
previous six months, and free from serious medical
conditions. All participants were receiving stable
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medication under medical supervision.

Serum serotonin was measured before and after the
intervention. Blood samples were collected in the morning
after a 10-hour fast and 48 hours without exercise. Serum
was separated, stored at —20°C, and analyzed using ZelBio
ELISA kits. Muscle strength was assessed through the
estimated one-repetition maximum using the Brzycki
formula.

Both training groups participated in an eight-week
program conducted three times per week. The resistance
component included upper- and lower-body exercises
performed at 50%-65% of 1RM for 8-12 repetitions, with
60-second rest intervals. Training loads were reassessed
every three weeks. The RACT group performed continuous
aerobic exercise at 40%-65% of heart rate reserve, whereas
the RAIT group completed low- and high-intensity
intervals, including two 30-second bouts at 80%-85% of
heart rate reserve. The aerobic protocols were isocaloric,
ensuring similar energy expenditure between groups. The
control group maintained its usual daily activities (7).

Data were analyzed using descriptive statistics, the
Shapiro—Wilk and Levene’s tests, and repeated-measures
ANOVA. Bonferroni post-hoc tests were used for pairwise
comparisons, with statistical significance set at P<0.05. All
analyses were conducted using SPSS version 26.

Results

The results demonstrated that eight weeks of combined
training significantly influenced serum serotonin levels.
Repeated-measures ANOVA showed a significant main
effect of time (P=0.024), a significant group effect
(P=0.018), and a significant group-by-time interaction
(P=0.003). Post-hoc comparisons indicated that serum
serotonin increased significantly in both the RAIT group
(P=0.001) and the RACT group (P=0.028) compared with
the control group. However, the difference between the
RAIT and RACT groups was not statistically significant
(P=0.445).

Muscle strength also improved significantly following the
intervention. Significant effects were observed for time
(P=0.001), group (P=0.001), and the group-by-time
interaction (P=0.001). Both the RAIT group (P=0.0004) and
the RACT group (P=0.002) demonstrated significantly
greater improvements in muscle strength than did the control
group. No statistically significant difference was found
between RAIT and RACT (P=1.00). Nevertheless, the
percentage changes suggested a relative advantage for
interval training. Upper-body strength increased by
approximately 9.9% in the RACT group and 15.8% in the
RAIT group. Lower-body strength improved by
approximately 16% in the RACT group and by 21.49% in
the RAIT group.

Conclusion

An eight-week combined training program, using either
interval or continuous aerobic exercise, significantly
increased serum serotonin and muscle strength in elderly
individuals with PD. The resistance component appears to
drive the primary adaptations, allowing clinicians to
prescribe either aerobic format based on individual patient
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capacity. These physical and physiological improvements
have key clinical implications for lowering fall risk,
promoting functional independence, and potentially
improving mood and sleep. Combined training is a safe,
flexible, and effective non-pharmacological strategy for
PD rehabilitation. Future research should utilize longer
interventions, larger cohorts, CSF biomarkers, and direct
clinical evaluations of motor and non-motor symptoms.
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