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Abstract
Background Aerobic exercise training contributes to improvement of cardiopulmonary capacity, mobility, neurological 
function, and quality of life.
Aims To investigate the effects of arm crank ergometer training on aerobic capacity, quality of life, and Parkinson’s disease 
(PD)-related disability
Methods Seventeen patients with PD were recruited to study. Assessments were performed at baseline and at the end of an 
8-week arm crank ergometer (ACE) training program (3 days/week; 1 h per session, 50–70%  VO2peak) with patients acting 
as their own control. Outcome measures included aerobic capacity assessment, 6-min walk test (6MWT), timed up and go 
test (TUG), Unified Parkinson’s Disease Rating Scale (UPDRS), Parkinson’s Disease Questionnaire-39 (PDQ-39), Beck 
Depression Index (BDI), the Falls Efficacy Scale (FES), and Montreal Cognitive Assessment (MoCA).
Results At the end of the study, an increase of 30.49% in aerobic capacity was observed. Statistically significant improve-
ments were found for the 6MWT (p = 0.001), TUG test (p = 0.001), UPDRS total score (p = 0.002), quality of life assessed 
with PDQ-39 (p = 0.006), BDI (p = 0.001), and FES scores (p = 0.002) after an 8-week ACE training. No significant effect 
on MoCA was found (p = 0.264).
Conclusion An 8-week ACE training led to significant improvement in aerobic capacity, physical performance, and PD-
related disabilities.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenera-
tive disease, usually characterized by the significant motor 
deficits (tremor, bradykinesia, postural stability, rigidity, gait 
disorders) that cause to an impairment in physical, psycho-
logical, and social functions and emotional status of patients 
[1, 2]. The disability in motor characteristics of PD and 
chronic inactivity can lead to increased risk of secondary 

health problem such as cardiovascular deconditioning in 
patients with PD [3].

Patients experience progressive disorders despite pharma-
cological treatment and deep brain stimulation. Studies have 
indicated that aerobic exercise training is commonly considered 
to have therapeutic effects on cardiopulmonary and musculo-
skeletal systems [4, 5]. Aerobic exercise programs are very 
important for patients with PD to maximize functional capac-
ity, physical functioning, and quality of life [1]. Additionally, 
exercise training is not only intended to optimize functional 
capacity, but also avoid secondary problems [2]. It has also ben-
eficial effect on risk of falls and dementia [6, 7]. Previous stud-
ies have suggested that aerobic exercise training with treadmill 
may contribute to improvement of cardiopulmonary fitness, 
mobility, neurological function, and quality of life in patients 
with PD [8–10]. However, aerobic training with treadmill may 
not always be the most proper method because of the high rate 
of falls and postural instability in this patient group. With regard 
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to be safe form of exercise therapy, cycle ergometry training 
has been recommended to improve cardiopulmonary fitness 
in patients with neurological disorders [11, 12]. Ridgel et al. 
[13] demonstrated significant improvements in motor functions 
after 8 weeks of bicycle training. However, Lauhoff et al. [10] 
reported that a 6-week exercise program with cycle ergometry 
did not significantly affect exercise capacity, but improved func-
tional status, balance, and disease-related inability.

Upper extremity training, such as arm crank ergometry 
(ACE), is indicated to be successful at enhancing central 
and peripheral fitness markers, and may transfer it to lower 
extremity due to the intensity of exercise [14, 15]. Pogliahgi 
et al. [16] demonstrated that ACE and cycle training bring 
out similar cross transfer effects. ACE has been shown to 
be a well-tolerated alternative form of exercise training to 
improve walking distance in patients with peripheral arte-
rial disease [17, 18]. Recent studies have also suggested that 
ACE training improves aerobic capacity and seated balance 
in patients with spinal cord injury [19, 20]. Furthermore, 
ACE training has been indicated to lead to positive impact 
on walking ability and postural balance in stroke patients 
[21]. However, to the best of our knowledge, no studies have 
investigated the effects of ACE training in patients with PD. 
As such, the aim of our study was to investigate the effects of 
an 8-week ACE training on aerobic capacity, quality of life, 
and PD-related disability. We hypothesized that an 8-week 
ACE training program would lead to significant improve-
ments in aerobic capacity, as well improve quality of life and 
PD-related disability, when compared to baseline period.

Material and methods

Participants

It was found appropriate to work with at least 12 people 
with 80% power and 5% type 1 error with an effect size of 
0.8 (one-tail) between baseline and after training program 
evaluation. Calculation was done in G*Power 3.1 program.

We initially invited 21 patients to the first screening. After 
explaining the study protocol, 4 patients refused to partici-
pate to study, while 17 volunteered to be screened in this 
process. All patients were asked to fill a Physical Activ-
ity Readiness Questionnaire (PAR-Q), which measured the 
readiness of the subject to engage in a physical activity [22].

Inclusion criteria were a diagnosis of idiopathic PD 
by a movement disorders specialist and a disease severity 
ranging between stage 1 and 3 as measured by modified 
Hoehn and Yahr rating scale [23]; stable medication use; 
and near standard range of motion of upper extremity for 
be able to use ACE. Exclusion criteria included having 
received a physical therapy and rehabilitation program in 
the last 6 months; exercising regularly for the last 6 months; 

those with additional chronic metabolic, neuromuscular, 
musculoskeletal, or cardiopulmonary system diseases; and 
those using drugs for these. Ethical approval was obtained 
from the local ethics committee before the commencement 
of study. Written informed consent was obtained from all 
patients.

Procedure

Evaluations were performed at baseline and after an 8-week 
ACE training program with patients acting as their own con-
trol (Fig. 1). All assessments were performed by the same 
investigator, while the patients were “on” and at the same 
time in the same order to minimize the effect of medica-
tion on measurement data. No modifications were done to 
any patient’s medication throughout to the trial. In order to 
account for the “on/off” state, patients were often advised 
to take their medicine at the same time every day. During 
the study, the patients did not undergo any other physiother-
apy program. None of patients participated in any exercise 
groups or had been recommended a home exercise program. 
Furthermore, they were told to maintain their usual diet and 
physical activities.

Outcome measurements

Demographic data recorded at baseline included age, body com-
position, presence of comorbidities, disease duration, current 
medical treatment, and smoking status. The modified Hoehn and 
Yahr scale were used to evaluate disease severity [23]. Motor 

Fig. 1  Flow of patients through the study
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impairment was assessed by using Unified Parkinson’s Disease 
Rating Scale (UPDRS) [24]. The UPDRS was evaluated by the 
same experienced movement disorders neurologist in order to 
prevent the confusing effects of interrater variability.

Primary outcomes

Cardiorespiratory fitness evaluation The exercise test was per-
formed after a good night’s sleep and at 3 h of fasting. Sub-
jects were instructed to refrain from vigorous exercise, caffeine, 
tobacco, and alcohol on the day before and on the test day. All 
patients underwent an assessment of exercise capacity with an 
arm crank ergometer (ACE) (Monark 831 E; Monark Exercise 
AB, Varberg, Sweden). During the exercise test, respiratory gas 
exchanges were collected by a calibrated system according to 
manufacturer’s instruction (Quark  CPET, COSMED, Rome, 
Italy). Respiratory variables were collected using a 20-s roll-
ing average throughout the test. After 2-min warm-up period 
with no resistance, the test began with a workload of 30 W by a 
constant rate of 50–60 rpm. The intensity of test was increased 
by 10 W at 2-min intervals until subject reached 2 or 3 of the 
following terminate criteria: volitional fatigue; achieve to ± 10 
beats of maximum heart rate according to “220-age” formula; 
and respiratory exchange ratio (RER) > 1.0 [3, 25]. Rating of 
perceived exertion (RPE) was recorded at the end of each stage 
and at the end of test. The RPE was obtained using the 6–20-
point Borg’s scale [26]. Heart rate (HR) was recorded via by 
a transmitter belt during the test (Wireless HR Monitor, COS-
MED). Peak oxygen uptake  (VO2peak: ml/kg/min), peak HR 
(bpm: beat per minute), and peak RER were defined as the aver-
age of the highest value achieved during the last two 20 s.

Physical performance tests The 6-min walk test (6MWT) 
was used to measure functional status and exercise tolerance 
[27]. Patients were asked to walk with their preferred walk-
ing speed as far as they could over a 6-min period along a 
30-m hallway. Total distance was recorded as meters.

Patients were also asked to complete the timed up and 
go test (TUG) at a self-paced speed [28]. They were told to 
stand up from a chair without the use of their hands, walk 
3 m as quickly as possible, turn back  1800, and sit down to 
chair again. Total duration was recorded as seconds.

Secondary outcomes

Parkinson’s disease-specific health-related quality of life was 
assessed with the Parkinson’s Disease Questionnaire-39 (PDQ-
39) [29]. The questionnaire consists of 39 items providing the 
measurement of 8 dimensions. These are mobility (10), activi-
ties of daily living (6), emotional well-being (6), stigma (4), 
social support (3), cognition (4), communication (3), and bodily 
discomfort (3). As a result, the total score is found by adding all 
scores. Low score in total indicates better quality of life.

Beck Depression Index (BDI) was used to evaluate the 
levels of depression in patients with PD. The purpose of the 
index, which is frequently used in psychiatric research, is 
not to diagnose depression, but to objectively evaluate the 
severity of depressive symptoms on numerical values. The 
lowest score that can be obtained from the scale is 0, and the 
highest score is 63. A score of 17 or above in the BDI indi-
cates that there is a risk of depression in the individual [30]. 
Levels of depression scores were categorized as follows: 
0–9 points, no or minimal depression; 10–16 points, mild 
depression; and 17–63 points, cutoff point and over [31].

The Falls Efficacy Scale (FES) was used to investigate 
the fear of falling. All patients were asked to rate their 
confidence during ten daily activities on a scale numbered 
between 1 and 10. A total score of greater than 70 indicates 
that the person has a fear of falling [32].

Cognitive impairment of patients with PD was assessed 
with Montreal Cognitive Assessment (MoCA). The total 
score obtained can vary between 0 and 30. The cutoff point 
for cognitive impairment is 21. Patients who perform below 
21 points are considered to have cognitive impairment [33].

Arm crank ergometer training

ACE training was conducted at 50–70% of measured  VO2peak 
[34]. Exercise intensity was re-determined by performing an 
intermediate cardiorespiratory fitness test in the 4th week. 
The intervention consisted of 60-min ACE training, 3 times 
per week for 8 weeks (Monday, Wednesday, Friday). All 
training sessions were performed at the same time of day. 
The total 60-min training session consisted of a 4-min warm-
up, a 52-min intermittent ACE training (10-min exercise, 
4-min rest), and a 4-min recovery period.

Training intensity was progressively increased weekly. 
Initial work load was corresponding at 50% of measured 
 VO2peak during week 1, 60% during week 2, and 70% dur-
ing weeks 3–4. Intensity was reorganized after intermediate 
test performed at the end of 4th week. The training program 
was continued with a work load corresponding at 60% of 
new  VO2peak during weeks 5–6 and 70% during weeks 7–8 
(Fig. 2). Patients who participated at least 80% of ACE train-
ing program were included in statistical analysis.

Fig. 2  Presentation of ACE training program

1343Irish Journal of Medical Science (1971 -) (2022) 191:1341–1348



1 3

Statistical analyses

Categorical variable was summarized as count and percent-
age. Continuous demographic variables were presented as 
mean ± standard deviation. Shapiro Wilk test was used to 
determine whether the variables were suitable for normal 
distribution. In the comparison of two dependent groups, 
paired sample t test and Wilcoxon test were used depend-
ing to the distribution assumption, and group statistics were 
summarized as mean ± standard deviation and median [min.-
max]. p < 0.05 was accepted as statistical significance level.

Results

Seventeen patients agreed to participate in the study. One 
patient became unwell before baseline evaluations and 4 of 
them failed to complete the ACE training program, leav-
ing 13 patients (male/female: 9/4) included in statistical 
analysis. Demographic characteristics of participants are 
presented in Table 1. Mean disease diagnosis duration was 
5.23 ± 3.11 years. While the rate of severity of Parkinson 

disease was 11:2 (stage 2/stage 1) at baseline evaluation, 
it is changed as 8:5 according to the Hoehn and Yahr. The 
8-week ACE training program was well-tolerated by all 
patients, and no exercise related adverse events observed 
during this period.

Primary outcomes

A mean increase of 30.49% occurred in the aerobic capacity 
 (VO2peak) after an 8-week ACE training program. No statisti-
cally difference was found in the RER and  HRpeak (p = 0.06 
and p = 0.61, respectively). The RPE was not changed after 
training program (p = 0.83). The ACE training had a positive 
effect on physical performance tests. The distance during 
6MWT increased 53.31 m, and duration of TUG test was 
decreased 1.74 s after training period (Table 2).

Secondary outcomes

The motor impairment that evaluated with UPDRS score 
was significantly decreased after an 8-week ACE training 
(p = 0.002). The mean BDI score was 20.84 at baseline, and 
it significantly decreased to 16.07 (p = 0.001) after an 8-week 
ACE training. Similarly, the mean FES scores significantly 
decreased after 8 weeks (p = 0.002). The ACE training pro-
gram had also a statistically significant positive improve-
ment on quality of life assessed with PDQ-39 compared with 
baseline measurement (p = 0.006) (Fig. 3). The mean MoCA 
score was not significantly changed after training program 
(p = 0.264) (Table 3).

Table 1  Baseline patient demographics (N = 13)

Mean ± SD

Sex (female/male) 4/9
Age (years) 58.23 ± 7.36
Height (m) 1.64 ± 0.06
Body mass (kg) 82.53 ± 12.61
Body mass index (kg/m2) 30.60 ± 4.00

Table 2  Variables of physical 
performance and functional 
characteristics

VO2peak peak oxygen consumption, RERpeak respiratory exchange ratio, HRpeak peak heart, RPE rating of 
perceived exertion, 6MWT 6-min walk test, TUG  timed up and go test, ∗ p ≤ 0.05
* Statistically significant differences (p < 0.05). Values are reported as mean (± standard deviation), unless 
otherwise stated; **median (min–max)

Baseline After 8-week ACE training p value

VO2peak (ml/kg/min) 18.33 ± 3.04
18.506 (11.94–23.88)

23.92 ± 2.23
23.40 (21.13–29.19)

p < 0.001*

RERpeak
** 1.02 ± 0.09

1.00 (0.85–1.18)
0.98 ± 0.06
1.01 (0.82–1.05)

0.06

HRpeak (bpm) 143.69 ± 10.89
145.00 (120.00–160.00)

145.30 ± 11.76
145.00 (124.00–168.00)

0.616

RPE** 17.46 ± 1.61
17.00 (13.00–19.00)

17.53 ± 1.56
17.00 (15.00–20)

0.83

6MWT (m) 476.76 ± 57.06
477 (360–560)

530.07 ± 58.07
522 (420–630)

0.001*

TUG ** (sec) 9.94 ± 2.05
9.65 (8.05–15.80)

8.20 ± 1.12
8.50 (6.06–9.48)

0.001*
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Discussion

This study aimed to investigate the effect of an 8-week 
ACE training program in patients with PD. The ACE train-
ing had significant beneficial effects on aerobic capacity, 
physical performance, quality of life, and PD-related dis-
abilities as hypothesized.

Physical exercise programs have been demonstrated to 
have positive effects on gait and mobility in PD subjects 
[8, 13, 35]. Among the different kind of exercise train-
ing programs, aerobic exercise has been shown to be very 
crucial for patients with PD to be independent in their 
daily life activities and to prevent PD-related disabilities. 
Aerobic exercise training has also been reported to have a 
beneficial non-pharmacological intervention to encourage, 
through improved plasticity in motor-related structures, 
not only physical fitness in PD, but also stronger motor 
learning ability useful in daily activities [36]. Although the 
mechanism of aerobic exercise in PD still remains unclear, 
it has been asserted that exercise-dependent plasticity after 
aerobic exercise acts on the brain in a similar pathway like 
dopaminergic derived therapy using the similar manner to 
generate symptomatic relief [35]. Several studies provide 

evidence for the favorable effects of aerobic exercise train-
ing with treadmill and cycle ergometer on patients with 
various neurological disorders, including PD [8–10, 25, 
36, 37]. However, a meta-analysis conducted by Goodwin 
et al. [1] reveals the lack of consensus on optimal exercise 
prescription for patients with PD disease. Kurtais et al. 
[38] indicated that treadmill training led to significant 
improvements in functional task and physical fitness in 
PD patients. Pohl et al. [39] reported that exercise program 
with treadmill might be more beneficial than overground 
gait training. Similarly, incremental-speed dependent 
treadmill training reported to cause an improvement in 
mobility, reduce postural instability, and also fear of fall-
ing [40]. On the other hand, a 6-week cycle ergometer 
training program did not lead to significant improvement 
in exercise tolerance; however it had significantly benefi-
cial effect on balance, functional ability, and PD-related 
disability [10]. In a study carried out by Shulman et al. 
[37], the efficiency of 3 types of exercises (high-intensity 
treadmill training: 70–80% of heart rate reserve; low-
intensity treadmill training: 40–50% of heart rate reserve; 
stretching and resistance exercise) was compared. They 
concluded that although the most improvement was seen in 
lower intensity treadmill training, all 3 types of exercises 
increased the 6-min walk distance, and exercise capacity 
was improved with both treadmill training programs [37]. 
The intensity of exercise program to prescribe exercise for 
enhancing cardiorespiratory capacity should be based on 
subject’s aerobic capacity.

ACE training has been largely studied in healthy older 
people [41] and also in different patient groups such as 
stroke patients [21], peripheral arterial disease with claudi-
cation [14, 17, 18, 42], and spinal cord injury [19, 34]. It has 
been demonstrated that ACE training leads to improvements 

Fig. 3  Changes in non-motor symptoms of PD disease, *p < 0.05

Table 3  Variables of motor, 
non-motor symptoms, and 
quality of life

UPDRS Unified Parkinson’s Disease Rating Scale, BDI Beck Depression Index, MoCA Montreal Cognitive 
Assessment, PDQ-39 Parkinson’s Disease Quality of Life 39 item, FES Falls Efficacy Scale
* Statistically significant differences (p < 0.05). Values are reported as mean (± standard deviation), unless 
otherwise stated; **median (min–max)

Baseline After 8-week ACE training p value

UPDRS** 26.00 ± 10.66
22.00 (16.00–56.00)

22.53 ± 9.78
20.00 (12.00–50.00)

0.002*

Hoehn and  Yahr** 1.84 ± 0.37
2.00 (1.00–2.00)

1.61 ± 0.50
2.00 (1.00–2.00)

0.083

BDI 20.84 ± 8.69
19.00 (8.00–35.00)

16.07 ± 6.68
14.00 (8.00–30)

0.001*

MoCA 25.23 ± 2.80
26.00 (21.00–30.00)

25.84 ± 2.40
26.00 (22.00–30.00)

0.264

FES** 34.07 ± 19.61
33.00 (10.00–69.00)

23.92 ± 16.42
14.00 (10.00–56.00)

0.002*

PDQ-39** 45.07 ± 29.53
42.00 (6.00–90.00)

31.76 ± 26.49
18.00 (5.00–88.00)

0.006*
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in balance and walking ability in stroke patients [21]. Pain-
free walking distance, walking capacity, physical fitness, 
and cardiorespiratory function improved similarly after arm 
and treadmill exercise training in patients with peripheral 
arterial disease-induced claudication [14, 42]. This is con-
ducive of similar enhanced walking capacity and physical 
fitness-related cardiopulmonary functions in response to any 
type of exercise training (treadmill or ACE) in patients with 
peripheral arterial disease [42]. Arm crank ergometer spin 
training improved balance and aerobic capacity in patients 
with spinal cord injury [19]. Akkurt et al. [34] reported 
that 12 weeks of ACE training resulted with an increase of 
39.6% in aerobic capacity in patients with spinal cord injury. 
Similarly, we found a significant increase of 30.49% in aero-
bic capacity of our patients after an 8-week ACE training. 
Although Parkinson disease affects the musculature of the 
limbs and spine, areas are not affected equally [3]. Therefore, 
upper limb exercise training should not be ignored in this 
patient group. Upper body muscle group exercise training 
tends to result in a generalized systematic training impact 
that may increase the exercise capacity of muscle groups 
that do not engage in the training effort [42]. While upper 
limb training increases the development of force generation 
and muscle endurance which trained, intensity of exercise 
appears to be a main factor for the fitness of upper extremi-
ties and transition to lower limb fitness [14].

Studies have demonstrated that improvements in exercise 
capacity following treadmill or cycle training led to signifi-
cant effects on 6MWT distance and TUG time in patients 
with PD [10, 25, 37]. The 4-week treadmill walking train-
ing (initial speed of 2 km/h and was increased by 0.5 km/h 
every 3 days) had positive impacts on walking performance 
(TUG and 6MWT) in PD patients [25]. However, the posi-
tive development of TUG and 6MWT after ACE training 
was an interesting finding of our study. In fact, the 6MWT 
distance was significantly increased by 53.31 m, and TUG 
duration was decreased 1.74 s after an 8-week ACE train-
ing. ACE training and cycling training had similar positive 
effects on TUG performance in healthy older people [41]. 
Kaupp et al. [21] has shown that ACE is an effective training 
mode, and it improved both TUG and duration of 10-m walk 
in stroke patients. The connatural neural and mechanical 
connection between the active arms and legs during locomo-
tion could be exploited by ACE training [43]. Consequently, 
it is indicated that ACE training may have been trigger the 
interlimb connection which is necessary for coordination 
of rhythmic walking [21]. Training of the upper extremity 
is also indicated to be effective at improving central and 
peripheral fitness parameters and might transfer to lower 
limb fitness [14]. Therefore, training with ACE improved 
the exercise capacity which affects the physical performance 
of our patients.

Muscular rigidity seen in PD first of all affects the 
proximal musculature such as shoulders and neck and then 
may spread to the facial and limb muscles which explains 
decreased arm swing in this population (3). It has concluded 
that restricted arm swing in PD patients may affect the pos-
tural control of trunk and dynamic balance [44]. Milosevic 
et al. [45] reported that time of the TUG was significantly 
faster when arms were used freely than limited arms move-
ments in older subjects. Although methodological restric-
tions prevent us from providing direct adaptive mechanisms 
for the enhanced functional efficiency of the lower body 
after ACE training, it is clear that arm movements contrib-
ute to the generation of upper body torques. In particular, 
upper body activity tends to assist ankle and hip movements 
by raising the center of mass up above the support base for 
balance control [46]. Fear of falling is believed to be docu-
mented more frequently in patients with Parkinson’s disease 
due to the altered postural control and increased frequency 
of falls reported in this population [40]. A fear of future falls 
may lead to restraint of daily living activities. The present 
study revealed that FES scores were significantly decreased 
after ACE training. The restricted mobility may cause to cer-
ebrovascular pathologies, joint degeneration, skeletal muscle 
weakness, and loss of tendon flexibility [40]. Physical activ-
ity facilitates functional motor improvements, cardiovascular 
fitness, and musculoskeletal conditioning and can avoid or 
postpone secondary complications [47].

Since such changes were associated with disabilities and 
quality of life, significant improvement in the PDQ-39 ques-
tionnaire and PD-related disability were obtained after an 
8-week ACE training in our patient group. This study also 
found an 8-week ACE aerobic training program to have 
both statistically and clinically significant positive impact 
on depression symptoms of patients. While the baseline 
evaluation indicated to the moderate to severe depression, it 
changed to the mild depression after aerobic training program. 
Similar to our results, 6 weeks of treadmill training improved 
quality of life in patients with PD [8, 47]. Depression is a 
common symptom in PD and is associated with increased 
disease-related disability. Furthermore, it is very important 
factor which affects the quality of life in patients with PD. 
Aerobic exercise training programs lead to an improvement 
in quality of life by increasing physical function and reduc-
ing depressive symptoms in patients with PD [48]. Therefore, 
non-pharmacological therapies, such as exercise programs, 
should be a choice of treat the depressive symptoms.

Although both motor impairment and disease severity 
were regressed after 8 weeks of aerobic training with ACE, 
only UPDRS score was statistically significant. These finding 
are supported by previous studies that pointed out the posi-
tive effect of aerobic training on disease severity and motor 
impairment in patient with PD [10, 13]. Baatile et al. [49] 
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indicated a 30% decrease in UPDRS score after 8 weeks of 
gait training, but only 6 patients were included to be analyzed. 
However, it has been reported that stretching and resistance 
exercises lead to more improvement in UPDRS score com-
pared to gait trainings in 2 different intensities, which suggests 
that UPDRS score is more related with muscle strengthening 
[37]. Similarly, Duchesne et al. [9] stated that, since all their 
patients were in early stage on account of disease severity, a 
3-month aerobic exercise training with cycle did not contrib-
ute to significant chance in UPDRS scores.

The major limitation is the relatively small sample size, 
and patients acted as their own control in this study. Future 
researches on these aspects should take these limitations into 
account, and a randomized, controlled study with a larger 
population needs to be performed.

Conclusion

An 8-week ACE aerobic training leads to a significant 
improvement in aerobic capacity, physical functions, and 
PD-related disabilities. Aerobic exercise programs that 
include the upper extremity as well as the lower extremity 
should be added to the exercise prescription of Parkinson’s 
patients. As a conclusion, ACE training program could be 
used as an important alternative mode of exercise to improve 
exercise and functional capacity especially among patients 
with balance problems and also in patients with impaired 
mobilization.
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