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ABSTRACT

International Journal of Exercise Science 12(3): 567-580, 2019. Parkinson's disease (PD) is a progressive,
neurodegenerative disorder of the central nervous system that affects the elderly and results in a decrease of
functional capacity, motor control, and muscle strength. Resistance training (RT) has been shown to be a non-drug
alternative in both elderly and parkinsonian patients in increasing functional capacity and muscle strength. The
present study aimed to verify the effects of low-volume RT in people with PD in relation to muscular strength,
body composition, anthropometry and functional capacity. Fifteen elderly patients with idiopathic PD were
divided into two groups: 7 in the resistance-training group (RTG): RT twice a week for 12 weeks, and 8 in the control
group (CG): No exercise. Before the training period, the subjects performed maximum strength (1-RM), body
composition (Bioimpedance), anthropometry, and functional capacity (GDLAM protocol) tests. The endpoints were
analyzed by the Generalized Estimates (GEE) with post hoc Bonferroni, being adopted for the analyses a < 0.05.
The results showed that the RTG had muscle strength gains: Bench Press 113.33%, Lat Pull Down 71.83% and Leg
press 45° 94.48%, (p < 0.001), functional capacity (IG: -10.47%), and lean mass: 11.98%, (p < 0.001), while the GC
presented significant changes before and after functional capacity only (GI: -1.61%) (p < 0.001). In addition, the RTG
obtained reductions in the percentage of body fat (-2.30%) and in the waist-hip ratio (-2.22) without changes
indicated in the CG. RT was efficient in improving muscle strength, functional capacity, body composition and
anthropometric health indicators in individuals with PD.

KEY WORDS: Elderly, functional performance, volume training
INTRODUCTION

Parkinson's disease (PD) is a progressive and neurodegenerative disorder of the central nervous
system, more specifically the extrapyramidal system, resulting in deficits in muscle coordination
and activity (21), which explains the progressive pattern of motor manifestations that begin
insidiously (29). It is characterized by the deterioration of dopaminergic neurons of the
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substantia nigra pars compacta and the presence of abnormal proteins called alpha-synucleins,
also known as Lewy bodies (32), in brain areas where cell degeneration occurs (41). According
to the World Health Organization, the prevalence of the disease is one in every 1,000 individuals
over 65 years old, and one in every 100 after the age of 75. The incidence is higher in men than
in women in the proportion of 2: 1 (29).

The cardinal symptoms are: resting tremor, muscular rigidity, bradykinesia that is characterized
by slowness movement, postural instability, and gait alterations (39, 31). In addition, people
with PD have less muscle strength in several muscle groups compared to healthy people of the
same age (16). This reduction of muscle strength associated with postural instability and
bradykinesia are preponderant factors for functional disability (23). These motor and muscular
disorders have an impact on functional activities, such as functional mobility, provoking a lower
social environment that contributes to depressive symptoms, with a very negative impact in the
quality of life of individuals with PD (21).

Resistance training (RT) has been shown to be an effective strategy to increase muscle mass,
muscular strength and functional capacity in healthy elderly (23, 5); and the American College
Sports Medicine (2) recommends the practice for improving the quality of life of the elderly
population. However, the heterogeneous nature of RT research in Parkinsonism, based too on
studies in the elderly, makes it difficult to establish the most adequate parameters for exercise
prescription. One aspect that is frequently debated is exercise volume, reflected in the number
of sets performed in the week. In this regard, studies showed similar increases in muscle
strength, endurance and size when older participants performed different number of sets (7, 1);
however, there are also contradictory results (33). Although RT is mainly associated with
neuromuscular adaptations, there is a growing evidence that it can also improve other important
health outcomes in the elderly, such as body composition (3), waist circumference (9),
cardiorespiratory fitness (14) and functional capacity (13).

In this sense, some studies in the literature that only analyzed people with PD, including
systematic reviews and meta-analyzes (14, 11, 6, 40), suggest RT as a possibility of functional
rehabilitation for patients with idiopathic PD, since it may promote neural adaptations, thus
improving the recruitment of motor units and generating selective activation of the muscles,
and consequently helping to reduce common motor symptoms in PD.

Despite this indication, according to the authors' knowledge, only three clinical studies were
performed with isolated RT in people with PD (18, 38). However, the effects of different volumes
of RT on these parameters have not been extensively investigated, considering that lack of time
is a common barrier to maintaining an exercise routine and its continued adherence (44), the
search for time-efficient programs can be of great importance (22). Our hypothesis is that
isolated and low-volume resistance training will be capable of promoting increases in muscle
strength and on the functionality of the individual with Parkinson’s disease. Therefore, the
purpose of this study was to evaluate the use of low volume resistance training in isolation on
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muscular strength, body composition, metabolic aspects, and functionality of people with PD in
12 weeks

METHODS

Participants

This non-randomized study was approved by the local Ethics Committee of under the number
(CAAE 69724617.7\ .0000.5169). All volunteers were previously notified about the experimental
procedures, benefits and risks of the study, and subsequently, a consent form. Fifteen elderly
with mild and moderate PD participated in the study. The inclusion criteria were: individuals
with idiopathic PD (stages 1 to 3 on the modified Hoehn and Yahr scale (37) and minimum age
of 60 years old. Neurologists diagnosed the PD in the study participants, by using the criteria of
the London Brain Bank (LBB) (20). While, the exclusion criteria were: Individuals with cognitive
impairments were excluded from the sample through the Mental State Mini Exam (MMSE),
showing more than 24 points in the MMSE. This consists of eight categories, with a score from
0 to 30 points, in which the score of 27 or more points is normal, between 21-24 as mild, 10 to 20
moderate points and < 9 severe points. Another exclusion criterion was having changes that
might impede the understanding of the tests and exercises, having orthopedic or cardiological
alterations that could worsen as a result of their practice, as well as not being able to reach a
minimum training attendance of 80% (16). Participants were asked not to change their
nutritional habits (for example, changes such as: becoming vegetarian, restricting caloric intake,
or using nutritional supplements/ergogenic substances).

Table 1. Demographic characteristics at baseline.

Resistance Training Group (n =7) Control Group (n = 8)
Mean (SE) Mean (SE)
Age (years 77.14 (1.08 77.63 (0.60
&e\y
Height (cm) 170.29 (2.38) 170.38 (0.94)
HRresting (bpm) 72.43 (2.11) 69.88 (1.19)
SBP (mmHg) 148.57 (3.15) 143.75 (3.03)
DBP (mmHg) 90.00 (2.86) 87.50 (2.34)

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HRresting: resting heart rate.

Protocol

The initial two weeks consisted of anthropometric evaluation and performance of the tests and
retest of maximal strength (1-RM) in the exercises of bench press, frontal pull and leg press 45°,
and functionality through the protocol of the Latin American Development Group for Maturity
(GDLAM) (8). The tests in question were chosen because they were accessible and showed good
results in the elderly (34, 35, 42). It is worth mentioning that the participants made the habitual
use of their medications, according to medical criteria, in the evaluation and training phases.
After evaluating the eligibility criteria, the patients were divided by randomized block into two
groups: 1) Resistance Training group (RTG) that performed only RT (n = 7); 2) Control group (n
= 8). The present study is characterized as longitudinal of the comparative type.
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The body mass and height were measured using a scale with a stadiometer (Filizola PL200) with
an accuracy of 50g and one centimeter, respectively. The body mass index was calculated using
the ratio between body mass in kilograms and height squared in centimeter (46). Waist
circumference was measured at the midpoint between the lower costal margin and the iliac crest,
using is tape measuring mm (Sanny SN-4010), as well as the circumference of body segments
such as thorax, relaxed and contracted arms, forearm, thigh and calf on both sides (10). The
waist-hip ratio (26) and waist-height relationships (24) were also calculated. The bioimpedance
method (InBody120, Biospace, Seoul, Korea) was used to verify body composition, muscle mass
and fat percentage.

Two weeks before the start of the training period and five to seven days after the last session,
maximum strength was determined by the 1-RM assessment for pectoral, back and leg exercises
according to previous studies (12). One week before the tests, the participants performed two
training sessions for familiarization. The participants were instructed on the correct execution
of the exercises and then initial values of the maximal strength test (1-RM) were obtained on the
bench press, frontal pull and leg press 45°. During the familiarization sessions, each exercise was
performed with a self-selected load that would comfortably allow the performance of 15
repetitions in two consecutive sets.

The 1-RM test was performed on a bench press, lat pull down machine and leg press 45° in
Righetto Fitness equipment, High On line, Brazil. Plates weighing 0.5 kg were used to adjust the
load. On the day of the test, subjects performed a warm-up consisting of 8 repetitions of 40% to
50% of their estimated 1-RM. After a rest interval of 60 seconds, the participant performed 6
repetitions in 50% to 60% of their estimated 1-RM. Then, each subject took a maximum of five
attempts to achieve the 1-RM load. If the repetition was successfully completed, the load was
increased by 0.5 to 10 kilograms and after a 5 minutes interval, the subject performed the next
repetition. The procedure was repeated until reaching the highest load with which the
individual could perform a complete repetition. A maximum of 5 attempts per session has been
allowed. If the maximum load was not obtained until the fifth attempt, the test was stopped and
repeated after 48 hours.

The execution of the exercises was standardized for both exercises. For the bench press exercise,
the subjects had to touch the bar to the chest at the end of the eccentric phase and return to a
position with the elbows fully extended at the end of the concentric phase. In addition, the neck,
head, shoulders and hips were kept in contact with the seat and throughout the exercise with
their feet on the ground. In the lat pulldown exercise, the subjects had to keep the spine erect
and flex the elbows to the chest height in the concentric phase and return extending the elbows
in the eccentric phase. For leg press 45°, participants had to flex their knees to 100° (0° of full
extension) at the end of the eccentric phase and return to a position with the knees fully extended
at the end of the concentric phase. Subjects received verbal stimulation throughout the test, and
the same group of researchers performed all test procedures. The retest was performed in the
same manner, 48 to 72 hours after the test and the intraclass correlation coefficient (ICC) value
was 0.98 for the bench press and 0.96 for the leg press.
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The 10m walk test was used to evaluate gait velocity. Although this test is known as C10m, the
walking speed is actually measured from 6 meters, considering the two initial and final meters
for the acceleration and deceleration of the march, respectively. The test was conducted in a
hallway with two marks on the floor (identified with adhesive tape) that indicate the two ends
of a 10-meter course and two other marks identifying the 2 and 8 meters. The specific verbal
instructions were given before the test: "I will say: prepare and go. When I say 'Go,' walk as fast
as possible until I tell you to stop." Participants walked 10 meters (m) at their fastest speed and
the 6-meter ride time was measured, starting when the toes crossed the 2-meter mark and
stopping when the toes crossed the 8-meter mark (8).

The standing from a sitting position (SSP) test aims to evaluate the functional capacity of the
lower limbs and consists of: the individual, starting from the position sitting in a chair, without
support for the arms and the seat at a distance of approximately 50 cm from the ground, getting
up and sitting down for five consecutive times (8).

The purpose of the rise from the ventral decubitus position (RVDP) test is to assess the
individual's ability to lift off the ground. The test consists of: from the starting position in the
ventral decubitus, with the arms along the body and the command "Go", the individual should
change the position and stand up as soon as possible (8).

The objective of the get up from the chair and move around the house test (GCMH) is to evaluate
the ability of the elderly in agility and balance in life situations (8). With a chair fixed to the floor,
one should note the cones diagonally to the chair, four meters back and three meters to the right
and left sides of the chair. The individual begins the test by sitting on the chair with feet off the
floor, and following the "now" sign, the participant stands up, goes to the right, moves around
the cone, returns to the chair, sits down and pulls both feet off the floor. Without hesitation, the
subject makes the same move to the left. Immediately, the participant does the same course
again, to the right and left, thus making the whole course and circling each cone twice, in the
shortest possible time. Test times were measured in seconds by a stopwatch (Speedo, USA).

The objective of the dress and take off the shirt test (DTS) is to evaluate the time in which each
elderly spent to dress and take off the shirt.

The training was performed twice a week, one day for upper limbs (bench press, lat pull down,
military press and seated row) and one for the lower limbs (Leg 45°, barbell squat, leg curl, calf
rise), using 3 series for multi-joint exercises (i.e. bench press, lat pull down, military press, seated
row, leg 45°, barbell squat) and 2 series for single-joint exercises (i.e. leg curl, calf rise) , with at
least 72 hours between the training sessions. Therefore, each muscle group was trained once a
week. This study was based on previous studies that showed that one session per week is
sufficient to promote increases in muscle size and strength (17) and also in studies comparing
different weekly volumes when trained once a week (5). All participants were supervised and
monitored in all exercises.
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The training followed a model of non-linear periodization (45). During weeks 1, 5 and 9,
participants performed 12-15-RM with 30-60 second rest intervals between sets. During weeks
2, 6 and 10, 4-6-RM were performed with 3-4-minute rest intervals. Weeks 3, 7, and 11 involved
10-12-RM with a 1-2-minute rest interval. During weeks 4, 8 and 12 the participants performed
6-8-RM with rest intervals of 2-3 minutes. Participants were instructed to perform each series
until voluntary failure and when in case they able to perform more repetitions than suggested,
a load was added from 2.5 to 5 kg for the next training session. The volunteers were instructed
to perform the concentric and eccentric phases every two seconds without pause between
contractions.

Statistical Analysis

The data of the scalar variables of the present study are presented in mean and standard error,
while the data of categorical variables in absolute frequency (n). The comparison of the
characterization data of the sample in the different groups was performed by means of a T-Test
for independent samples, since normality was confirmed by the Shapiro-Wilk test and the Chi-
Square test. For the analysis of the dependent variables, the comparison of the different groups
in the pre- and post-intervention moments was carried out using the Generalized Estimating
Equations (GEE) method with Bonferroni post-hoc test.

The GEE method was chosen in order to better apply the correct principles of analysis of
longitudinal data in clinical trials. Considering that this method was designed to analyze paired
and longitudinal data (25), and that the present study has two factors (2 groups and 2 moments
of data collection), the GEE seems to be the most appropriate test to be performed. In addition,
some advantages of this method contributed to the choice, for example, (i) the GEE could be
applied regardless of the distribution of data; (ii) the assumption of sphericity between all the
different moments is very difficult to be achieved in studies with health outcomes in humans,
especially in clinical populations, as those of our study, and the GEE method does not have this
requirement; (iii) GEE can handle missing data in longitudinal studies under the assumption
that such data are missing completely at random; (iv) using GEE, the possible missing data of
any participant will automatically be imputed without the interference of the researchers (this
procedure contributes to avoid the selection bias and the choice of traditional imputation
methods in which the researcher could influence the data and results) (4, 27).

For all analyses, a < 0.05 was used. The analyses were performed in SPSS for Mac software
version 22.0.

RESULTS

The present study had 15 participants, 7 of whom were in the experimental group and 8 in the
control group. We performed the intention-to-treat analysis and all patients were included in
the final analysis. Tables 2 and 3 present the characterization data of the sample, evidencing that
the groups had similar characteristics when starting the study.
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The maximum strength levels of front pull down showed a significant increase from pre to post-
training in the strength group participants (p < 0.001) without significant changes in the values
of the control group (p = 0.423). Similarly, the maximum strength of bench press was
significantly increased in the elderly participants of the strength group (p < 0.001), without
changes in the components of the control group (p = 0.127). In addition, maximal strength of leg
press presented a pre-post training increase in the strength group (p < 0.001), without changes
in the control group (p = 0.546) (Table 2).

The time it initially took for the subject to 10m walk was significantly reduced in the participants
of the strength group after the training (p < 0.001), but in the control group this time remained
unchanged (p = 0.687). This behavior resembles the results observed in the time to get up from
the chair and move around the house test, which presented a significant reduction only in the
elderly of the strength group (p < 0.001), without changes in the components of the control group
(p = 0.226). Also, the time to get up from the position of the ventral decubitus presented a
decrease in the participants who performed strength training (p < 0.001) and no changes in the
control group participants (p = 0.081) (Table 2).

Differently, the time to get up from the sitting position was decreased in both groups (p < 0.001)
after the 12-week period, as well as the time to put on and take off a shirt (p < 0.001).
Furthermore, the GDLAM index (GI) presented reduction in both groups (p < 0.001) (Table 2).

Table 2. Muscular strength and functional capacity variables on pre and post-training moments of the resistance
training and control groups.
Resistance Training Group (n =7)

Control Group (n = 8)

Pre-training Post-training Pre-training Post-training

Mean (SE) Mean (SE) Mean (SE) Mean (SE)
1-RM Bench press (kg) 7.14 (0.79) 16.00 (1.49)#* 6.56 (0.61) 6.10 (0.61)*
1-RM Pull down (kg) 7.07 (0.52) 12.20 (0.84)#* 6.50 (0.47) 5.82 (0.39)*
1-RM Leg press (kg) 15.50 (1.05) 31.70 (1.03)#* 14.76 (0.53) 15.00 (0.55)*
10m walk (s) 8.86 (0.37)* 7.40 (0.36)#* 9.75 (0.15)* 9.80 (0.18)*
SSP (s) 13.29 (0.60) 10.80 (0.72)#* 14.38 (0.17) 14.00 (0.00)#*
GCWH (s) 51.29 (1.93) 47.00 (2.26)#* 53.88 (0.57) 53.40 (0.73)*
RVDP (s) 7.71 (0.60) 6.40 (0.78)# 8.25 (0.23) 7.80 (0.33)
DTS (s) 14.86 (0.71) 13.00 (0.98)# 15.50 (0.18) 15.00 (0.28)#
GDLAM (score) 35.18 (1.55) 30.80 (1.95)#* 37.37(0.29) 36.65 (0.29)#*

*Indicates significant difference between the groups at the same moment; #Indicates significant difference between
pre- and post-training in the same group; SSP: standing from a sitting position; GCMH: get up from the chair and
move around the house; RVDP: rise from the ventral decubitus position; DTS: dress and take off the shirt.

Body mass showed a significant increase in both groups (p = 0.007) after 12 weeks of the study.
In contrast, BMI and fat mass percentage remained unchanged (BMI: p = 0.121; Fat Mass: p =
0.921). The percentage of lean mass was significantly increased in the group that performed
strength training (p <0.001) and remained unchanged in the control group (p = 0.148) (Table 3).
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Regarding the anthropometric variables, the right and left arm perimeters, as well as the right
and left forearm presented a significant increase (p < 0.001, p < 0.001, p < 0.001, p = 0.002,
respectively) in the participants who performed strength training, with no changes in the
components of the control group (p = 0.333, p = 0.222, p = 0.765, p = 1.000, respectively). On the
other hand, the perimeters of the chest, right and left calves were increased in both groups (p =
0.031, p = 0.009, p = 0.008, respectively) (Table 3).

Although waist circumference showed a significant decrease in both groups (p = 0.043), the
abdominal perimeter remained unchanged in both groups (p = 0.204). The hip circumference, as
well as the right thigh and left thigh, presented a significant increase from the pre-post training
period (p = 0.004, p < 0.001, p < 0.001, respectively), without changes in the control group (p =
0.849, p = 0.080, p = 0.113, respectively). Finally, the waist-hip ratio was significantly reduced in
the RT group (p < 0.001) without changes in the control group (p = 0.649).

Table 3. Anthropometric variables on pre and post-training moments of the resistance training and control groups.
Resistance Training Group (n =7) Control Group (n = 8)

Pre-training Post-training Pre-training Post-training

Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Body Mass (kg) 78.99 (2.14) 80.40 (1.95)# 78.65 (1.17) 80.98 (1.13)#
BMI (kg/m2) 27.34 (0.37) 27.70 (0.44) 27.07 (0.16) 27.48 (0.19)
Fat Mass (%) 36.23 (0.80) 36.56 (0.64) 35.66 (0.69) 35.24 (0.93)
Fat Free Mass (%) 33.57 (0.70) 37.58 (0.95)#* 33.30 (0.70) 32.60 (0.93)*
Contracted Right Arm (cm) 30.27 (0.21) 31.12 (0.14)#* 30.34 (0.14) 30.44 (0.15)*
Contracted Left Arm (cm) 30.14 (0.24) 31.04 (0.14)#* 30.20 (0.15) 30.36 (0.16)*
Relax Right Arm (cm) 29.71 (0.21) 30.54 (0.18)#* 29.76 (0.13) 29.80 (0.14)*
Relax Left Arm (cm) 29.60 (0.21) 30.44 (0.17)#* 29.61 (0.13) 29.74 (0.16)*
Right Forearm (cm) 25.86 (0.17) 26.38 (0.17)#* 25.94 (0.15) 25.90 (0.15)*
Left Forearm (cm) 25.85(0.17) 26.36 (0.12)#* 25.80 (0.14) 25.80 (0.15)*
Chest (cm) 100.69 (0.72) 101.50 (0.86)# 99.80 (0.18) 100.10 (0.11)#
Abdomen (cm) 104.57 (0.72) 104.60 (0.78) 103.88 (0.33) 104.40 (0.46)
Waist (cm) 101.04 (0.38) 100.60 (0.36)# 101.15 (0.18) 101.00 (0.28)#
Hip (cm) 97.43 (0.63) 99.20 (0.33)#* 97.63 (0.17) 97.60 (0.22)*
Right Thing (cm) 61.29 (0.17) 62.82 (0.20)#* 61.70 (0.17) 61.44 (0.14)*
Left Thing (cm) 61.27 (0.16) 62.84 (0.16)#* 61.57 (0.17) 61.34 (0.19)*
Right Calf (cm) 35.26 (0.21) 35.64 (0.14)# 35.16 (0.23) 35.52 (0.12)#
Left Calf (cm) 35.16 (0.22) 35.58 (0.14)# 35.05 (0.25) 35.46 (0.15)#
Waist/Hip (cm) 1.04 (0.01) 1.01 (0.01)#* 1.04 (0.01) 1.03 (0.01)*
DISCUSSION

The objective of the present study was to verify the effects of 12 weeks of resistance training on
body composition, metabolic aspects and functional capacity of individuals with Parkinson's
disease. The main findings in the group that underwent resistance training, gains in muscle
mass, muscle strength and functional tests, compared to the control group. These results confirm
the initial hypothesis that isolated resistance training is capable of promoting increases of >70%
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found in muscle strength results and 10% on the functionality score of the individual with
Parkinson's disease. This might be explained by the low initial strength levels of the participants.
Itis important to note that the results of force, especially of the lower limbs, positively influenced
the locomotion function of RTG patients by increasing their speed. This data is extremely
important for rehabilitation because it makes the patient more independent. On the other hand,
the control group reflects the deterioration of these capacities caused by the disease. Our results
demonstrate the favorable effect for the gait improvement of individuals with PD. Resistance
training can promise changes in cortical level that increase the movement improvement of these
patients.

Toole et al., (43) compared resistance training associated with equilibrium exercises on unstable
surfaces. The sample was divided into two groups, one control (two men and one woman, 71
years) and the one experimental group (two men and two women, 73 years). The experimental
group trained three times a week for ten weeks, performing three sets of ten repetitions at 60%
of 4-RM. The results showed that the experimental group experienced a significant
improvement in balance and an increase in strength (7%). On the other hand, the control group
showed no improvement in balance and presented a reduction of knee extensors and flexors
strength. Although there were significant improvements in muscle strength using unstable
bases associated with resistance training, the study by Toole et al., (43) presented lower gains
than the present study. Moreover, when comparing RT on unstable bases and resistance training
with stable bases, the superiority of the use of stable bases has already been evidenced on the
gain of muscle strength (30).

In another study, with a similar sample to the present one, Hirsch et al., (19) conducted a
randomized clinical trial, aiming to observe strength and balance gains in individuals with PD.
The trial consisted of 15 individuals with PD divided into two groups: control - with balance
exercises; experimental - with equilibrium associated with high intensity resistance training.
After 10 weeks, as in the present study, the authors found a significant increase (52%) in the
strength of the experimental group when compared to the control group. As in the present
study, in which the RTG presented significant strength gains in the tests in the supine (113%),
pulled (71.83%) and leg press 45° (94.48%), the CG presented loss in the strength tests. These
results confirm the hypothesis that instability training should not be used in order to increase
strength.

Hass et al., (18) conducted a study on 15 subjects with PD (9 in the experimental group and 6 in
the control group) for 10 weeks. The experimental group performed resistance training for lower
limbs and trunk, composed of 6 exercises, in addition to 4 exercises with theraband directed to
the ankle, for the lower limbs was performed 16 weekly series, divided into two workouts. When
compared to the control group, the group submitted to resistance training significantly
improved walking gait and length, thus demonstrating the improvements in functional
performance using only resistance training, as in the present study. In addition, a 76% increase
in knee extension strength and a 57% increase in knee flexion in the RT group were observed.

Scandalis et al., (36) investigated 20 individuals (14 in the intervention group with PD and 6 in
the control group, elderly without PD) for 8 weeks. The experimental group performed
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resistance training for lower limbs and trunk, twice a week, composed of 5 exercises, 4 for lower
limbs, performing 8 weekly series with loads of 60% of 1-RM. Both groups presented similar
gains in muscular strength; however, the PD group improved gait velocity.

The last study, to our knowledge, to analyze resistance training in isolation was the study by
Schilling et al., (38) in which he investigated the effect of moderate volume with high loads on
the lower limbs of people with Parkinson's, performing twice a week, three exercises (leg press,
seated leg curl and calf press) and three series in each totaling 18 weekly series. The study
verified strength in the leg press and functional parameters such as time up-to-go test and 6-
minute walk. However, only the force showed significant improvement with gains from 2.1 to
2.7 in the reactive force, whereas the control did not present difference. In the functionality
parameter, both groups had no significant difference between pre and post and between groups.
In this context, studies dealing with lower volume corroborates the results of studies regarding
high volume that subjects with PD that performed the RT between 8 and 12 weeks improved
the muscular strength and functional mobility. It may be explained maybe by neuroplastic
changes in the primary motor cortex and neural adaptations provoked by RT, thus improving
the recruitment of motor units and generating selective activation of the muscles, and
consequently helping to reduce motor symptoms in PD, especially the mobility impairment (47).
In the functional tests of the present study, the RTG also presented significant gains in
comparison to the CG, with improvement in all the tests and in the final GDLAM score, as
indicated by a meta-analysis (11), which indicates that resistance training has a positive effect
on the progression of the disease and functional capacity. Again showing that the resistance
training performed in isolation may present functional and conditioning improvements to the
Parkinsonian individual.

Our results demonstrate that the RTG obtained reductions in the percentage of body fat (-2.30%)
and in the waist-hip ratio (-2.22) without changes indicate in the CG. Another important finding
of the present study was that body weight and waist circumference decreased while there was
an improvement in body composition, an aspect that was not evaluated in other with
Parkinson's studies cited. Based on this, reductions in waist circumference are associated with
improvements in health and quality of life. According to previous studies, a reduction of ~ 4 cm
(~ 5%) in waist circumference is associated with an increase in life expectancy of approximately
5 years (48). The reductions in body mass, waist circumference, and lean mass increases found
in the present study may be related to training intensity (ie training for momentary muscle
failure), as reported in previous studies in which low volume and high intensity RT promoted
positive changes in elderly body composition (49).

In addition, this study is significant because to our knowledge it’s the first study that evaluate
body composition and anthropometrics variables in subjects with PD. Beside that in the author’s
knowledge, this was the first study to analyze the resistance training alone with non-linear
periodization and leading to muscular failure in individuals with PD, revealing the effectiveness
of this training model to increase strength and functionality gains, and changes on the body
composition. In this way, it is possible to replicate our protocol of low-volume resistance in
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future studies as a form of complementary therapy for functional rehabilitation of the subjects
with PD.

The present study is innovative in assessing the effects of low volume RT in individuals with
Parkinson's disease by demonstrating effects on strength, which was already expected, but also
demonstrating significant gains in body composition and functionality, which are important
aspects in daily life and risk of patient mortality. However, the limitations of the study are
primarily the low n-sample, which is common in Parkinson's studies, and the lack of application
of the UPDRS (Unified Parkinson's Disease Rating Scale) in the patient's evaluation. Thus, our
results could be only generalized for this population. Future studies focusing strategies of
rehabilitation should be conducted with subjects in different stage of PD.

It is concluded, according to the results of the present study, that 12 weeks of resistance training
performed in isolation is capable of promoting significant strength and functional gains, and
changes on body composition in individuals with Parkinson's disease and it is proven a safe
protocol for this population, as well as a fundamental tool for a drug-associated treatment for
the disease. However, it is still necessary to develop more studies in the area, considering their
scarcity to this population.
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