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ABSTRACT

Parkinson’s disease is a progressive neurological disorder that
leads to weakness and impaired motor function. This study aimed to compare the effects
of two types of combined resistance and aerobic training (continuous vs. interval) on
selected physical fitness factors and body composition in patients with Parkinson’s
disease.

This quasi-experimental study included 30 patients with Parkinson’s
disease who were randomly assigned to three groups: resistance + continuous aerobic
training, resistance + interval aerobic training, and a control group. Training included
resistance exercises (1 set of 8-12 reps at 50-65% of 1-RM) and aerobic training, either
continuous (10-17 min cycling at 40-65% heart rate reserve) or interval (2-8 reps in two
30-sec sets at 80-85% HRR with 60-90 sec rest). The intervention consisted of three
sessions per week for a total of 8 weeks. Statistical analysis was performed using
ANCOVA.

Exercise had no significant effect on body weight or BMI (P > 0.05). There was a
significant improvement in walking speed in the resistance + interval group compared to
the control group (P < 0.005). Lower limb strength increased in both training groups (P <
0.001), with greater gains in the resistance + interval group as opposed to the resistance
+ continuous group (P <0.001).

Combined resistance and aerobic training, particularly when done
intermittently, may improve motor performance and muscle strength in patients with
Parkinson’s disease.
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Extended Abstract
Introduction

Parkinson’s disease (PD) is a progressive
P neurological disorder characterized by the
preferential ~ dysfunction and death of
dopaminergic neurons in the substantia nigra
(1). It is the fastest-growing neurological disorder
worldwide in terms of both prevalence and mortality, with
a 60% increase in age-standardized prevalence between
1990 and 2021, affecting approximately 11.8 million
individuals globally (2). In Iran, the prevalence of PD is
comparable to that in other developing Asian countries,
although there are significant geographical variations
across provinces (3). It is estimated that the global number
of PD cases will exceed 12 million by the year 2040 (4).
Motor impairments in PD lead to decreased physical
activity, muscular weakness, and reduced physical
performance (5,6). As the disease progresses, symptoms
such as bradykinesia, rigidity, tremor, and postural
instability become more pronounced, increasing the risk of
falls and reducing social participation (7). Muscular
weakness, especially in the lower limbs, may serve as a
secondary cause of bradykinesia and is significantly
associated with clinical symptoms and the number of falls
(8,9,10). Patients with lower muscular strength are
reported to be six times more likely to experience recurrent
falls compared to those with higher strength levels (11). In
addition, muscular dysfunction and sarcopenia are
common in PD (12), and approximately 43% of patients
experience weight loss within three years (13). Therefore,
assessing body composition and muscular function may
serve as useful prognostic indicators of PD severity (14).
Exercise is proposed as an effective non-pharmacological
intervention for improving physical function in PD patients
(14,15). Both aerobic and resistance training, at various
intensities and durations, have shown beneficial effects
(16). Studies suggest that combining resistance and aerobic
training with pharmacological treatment may enhance
therapeutic response (15). Furthermore, structured
combined training has been shown to improve muscular
and motor function as well as quality of life in PD patients
(9,14,16,17). Therefore, the present study aims to compare
the effects of two types of combined training (resistance +
interval aerobic and resistance + continuous aerobic) on
selected physical fitness components in patients with
Parkinson’s disease.

Methods

This quasi-experimental study involved 36
Parkinson’s disease patients aged 60-75 years,
selected via convenience sampling. The sample
size was determined using G*Power software.
Participants, diagnosed with stages 1 and 2
Parkinson’s disease and independent in standing
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and walking, were randomly assigned to three
groups: two intervention groups receiving exercise
and a control group. Participants were excluded if
they had recent injuries, illnesses, a history of
tobacco or alcohol use, or more than three absences
throughout the intervention. All participants
provided informed consent. Baseline assessments
included anthropometric measurements (height,
weight, BMI), gait speed via the Timed Up and Go
(TUG) test, and one-repetition maximum (1RM)
strength evaluation. Height was measured using a
Seca 220 stadiometer, and body composition was
analyzed with an InBody 720 device under fasting
conditions. The TUG test assessed mobility by
timing participants as they rose from a chair,
walked three meters, returned, and sat down. For
1RM assessment, participants performed warm-up
sets before lifting weights within the 1-10
repetition range. Maximum strength was then
calculated using a standard formula. The eight-
week training program consisted of thrice-weekly
combined sessions lasting approximately 20
minutes each. Resistance training included upper
and lower body exercises (e.g., chest press, squats)
performed at 50-65% of 1RM, with 8-12
repetitions per set and 60 seconds rest. A 10-minute
warm-up preceded exercises. After resistance
training, participants engaged in aerobic exercise
on stationary bikes, divided into two protocols:
continuous and interval trainingcontinuous aerobic
exercise program at an intensity of 40-65% of heart
rate reserve was performed for 10-17 minutes of
cycling during the training sessions. Interval
training included alternating bouts of high intensity
(80-85% Heart rate reserve) and active rest. Data
normality and variance homogeneity were
confirmed via Shapiro-Wilk and Levene’s tests.
Group comparisons were analyzed using
ANCOVA with Bonferroni post hoc tests.
Statistical significance was set at P < 0.05 using
SPSS v26.

Results

Analysis of covariance showed no significant effect of the
exercise interventions on participants’ weight (F = 1.996, P
= 0.156) or body mass index (F = 1.996, P = 0.156).
However, a significant difference was found among the
groups in terms of walking speed (F = 1.996, P = 0.156). Post
hoc Bonferroni tests revealed that walking speed improved
significantly by 0.73 seconds in the resistance + interval
aerobic group compared to controls (P = 0.005). The
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resistance + continuous aerobic group showed a 0.51-second
improvement compared to controls, but this was not
statistically significant (P = 0.069). Regarding lower limb
muscle strength, there was a significant difference between
groups (F = 173.91, P < 0.001). Post hoc analysis indicated
that strength increased by 5.63 kg in the resistance + interval
group (P < 0.001) and by 3.62 kg in the resistance +
continuous group (P < 0.001) relative to controls. Moreover,
the interval group’s strength gain was significantly greater
by 2 kg compared to the continuous group (P < 0.001).

Conclusion

The exercise interventions in this study did not have a
significant effect on body weight or body mass index, which
is consistent with previous studies (14,24) and possibly due
to the short intervention duration or exercise intensity.
However, walking performance improved significantly in
the resistance + interval aerobic group, while the resistance
+ continuous aerobic group showed no significant change.
Additionally, muscle strength in the lower limbs increased
in both intervention groups, with the interval group gaining
significantly greater strength compared to the continuous
group. One key mechanism underlying strength gains is
improved neuromuscular activation induced by resistance
training (14,30,31), alongside increased neurotrophic factors
promoted by aerobic exercise, which facilitates effective
motor signal transmission (5.29). Combined training also
reduces inflammation and enhances mitochondrial function
in muscles, contributing to improved muscle strength and
motor system efficiency (30,31). High-intensity aerobic
exercise, especially interval training, enhances neural
processing and motor coordination, and this is the reason
why interval protocols yield better improvements in motor
function for Parkinson’s patients (39-41). This study was
limited by the absence of advanced tools such as
electromyography (EMG) to assess neuromuscular activity
and coordination more precisely. Also, our study did not
examine the biochemical pathways involved in muscular
adaptation. Future studies could address these gaps to better
understand the neurobiological mechanisms underlying
strength and functional improvements. In conclusion,
combined resistance and aerobic training, particularly using
interval patterns, can significantly enhance lower limb
strength and walking performance in Parkinson’s patients.
However, more prolonged and intense interventions may be
required to achieve meaningful changes in body
composition.
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