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exercise program was characterized by low intensity and volume, mainly with
static exercises. Both groups were evaluated before (Bl) and after the 4-month
(Al) exercise program. In addition, the individuals of generalized exercise
program were also evaluated after 8-month exercise program and after 8 to 10-
week follow-up without exercise. The generalized exercise program improved
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exercise program. However, the benefits of 8 months of exercise were lost after
8 to 10-week follow-up without exercise (lower-limb strength - 12.43+3.15 rep
and UPDRS-motor scale - 32.57+14.05 pts). In conclusion, generalized exercise
program improved the functional capacity in individuals with PD, differently
of stretching exercise program. In addition, a long duration exercise program
promoted benefits for functional capacity and disease progression in individuals
with PD. However, benefits were lost after a short period without exercise.
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Introduction Effects of short duration exercise programs (from 8 to 12 weeks)
on functional capacity are well known [22-24]. The main adaptations
and improvements of exercise programs happened in the first
months of exercise program [25]. However, exercise practice should
not be promoted only as a therapy during some weeks or months,
but as an activity of a healthy individual lifestyle [8]. Although it is
well documented that physical activity should be a component of
healthy everyday life for everyone [26,27], there are in the literature
few studies that prescript exercise programs by more than 4 months

Exercise and pharmacological treatment are considered the most
efficient strategies to manage the symptoms of Parkinson’s disease
(PD) [1-3]. Despite importance of pharmacological treatment to
reduce the motor and non-motor symptoms [4], many collateral
effects are caused by the prolonged use of PD medicines [5,6]. On the
other hand, exercise programs have no collateral effects and are able
to improve multiple dimensions of the quality of life in individuals
with PD [7], such as balance and mobility [8-11], motor symptoms
[10,12,13] and mainly functional capacity [14-16], which is the
primary symptom to impair in PD [17]. The progressive reduction
of functional capacity occurs due to impaired basal ganglia having
an inadequate effect on the cortical motor centers [18-20]. Long-
term exercise benefits brain functioning by increasing the blood and
oxygen flow to the brain [21], promoting neurogenesis and synaptic
plasticity [2], and facilitating motor performance through release of
neurotransmitters, such as dopamine [1,2]. However, little is known
about the effects of long duration exercise on functional capacity in
individuals with PD, mainly related to the optimal content of exercise

uninterrupted (long duration exercise programs) and totally
supervised for individuals with PD [8-11,14,16]. Only Orcioli-Silva
and collaborators [14] and States and collaborators [16] investigated
specifically the effects of long duration exercise program on physical
fitness components of functional capacity, such as aerobic endurance,
coordination, flexibility and strength. Moreover, previous studies
did not consider the benefits of the exercise after a period without
exercise (follow-up). Therefore, new studies are necessary to help in
the prescription of long duration exercise programs for individuals
with PD, especially for functional capacity.

programs (intensity, dosing and component exercises) [3,14]. The aim of this study was to investigate the effects of long
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duration exercise program on functional capacity in individuals with
PD and to evaluate ongoing effects of exercise after 8 to 10-week
follow-up without exercise. We compared two types of 4-month
exercise programs: generalized exercise program and stretching
exercise program (control group). In addition, we analyzed the effects
of 8-month generalized exercise program and the ongoing benefits
after 8 to 10-week follow-up. The hypotheses of the study were: i)
the individuals who participated on generalized exercise program
would improve more the components of functional capacity, such as
balance, resistance and strength, than individuals who participated on
stretching exercise program; ii) 8 months of exercise would promote
more improvements on the components of functional capacity than
4 months; iii) the benefits of 8 months of exercise after 8 to 10-week
follow-up.

Materials and Methods

Twenty-four individuals with PD participated in this study (Table
1), who participated in a multidisciplinary project in PD conducted
at Sdo Paulo State University at Rio Claro (UNESP-RC). They were
clinically examined by an expert physiatrist (FS), who confirmed
the diagnosis of PD. The inclusion criteria included individuals had
a clinically confirmed diagnosis of PD scored between I and III on
the Hoehn & Yahr rating scale [28], regular intake of PD drugs,
and being able to participate in the exercise independently. All of
the participants provided written informed consent to participate
in this study, which was approved by the local institutional review
board. The participants were randomly assigned to, according Hoehn
& Yahr scale and age, two groups: generalized exercise program
and stretching exercise program (control group). Each group was
composed by 12 individuals with idiopathic PD.

All individuals were evaluated before commencing the exercise
program (Figure 1). For both exercise programs, the individuals who
participated in 75% of exercise program sessions were evaluated after
4 months of exercise. Eight individuals and 7 individuals participated
in 75% or more sessions of the generalized and stretching exercise
program, respectively. The individuals of generalized exercise
program participated in more 4 months of this exercise program
(totalizing 8 months of exercise) and were evaluated after this period.
All individuals participated in 75% or more sessions in this part of the
exercise program. In addition, these individuals were evaluated again
after 8 to 10 weeks of follow-up without exercise. One individual did
not participate in this evaluation.

The participants underwent health screening, clinical evaluation
and functional capacity evaluation between 8.00 and 11.00 a.m. due
to participants medicines schedules. All participants were evaluated
during the “on” state of medication. During the clinical evaluation,

Table 1: Medians, standard deviations and ranges of demographic characteristics
of generalized exercise program and stretching exercise program.

Stretching Generalized
exercise program exercise program
n=12 n=12

Evaluation 1 | Evaluation 1 |

4 months of 4 months of
exercise exercise

! !

Evaluation 2 Evaluation 2
n=7 n=8

l

4 months of
exercise

!

Evaluation 3
n=8

i

8 to 10 weeks
without exercise

!

Evaluation 4
n=7

Figure 1: Consort flow diagram illustrating study design.

Generalized exercise Stretching exercise
p-values
program program

Gender 7 males (n=12) 6 males (n=12)
Age (years) | 68.50£6.93 (79-55) | 74.00+6.24 (83-60)  0.09
Ageatonset o) 5,19.85(77-46) | 68.00£10.17 (80-45) | 0.15

(years)
BOd)Ek‘g;?'ght 62.55+7.56 (75.8-45.2) 71.60+15.96 (90-51)  0.43
BOd)ér:;e'ght 1.59£0.05 (1.71 - 1.47) | 1.50£0.06 (1.7-1.4) | 0.10

data were collected using demographic and anthropometrical
guidelines that included: gender, age, age at disease onset, medicines,
and body weight and height (Table 1). In addition, the psychiatric
physician assessed Parkinson motor symptoms and signs, mental
status and PD severity using UPDRS - motor examination [29], Mini-
Mental State Examination [30] and modified Hoehn and Yahr Scaling
for PD, respectively. For the functional capacity evaluation [31], the
physical fitness components were assessed over 2 days, using the test
proposed by the American Alliance for Health Physical Education
Recreation and Dance (AAHPERD) [32], the Berg Balance Scale [33]
and sit-to-stand test [34]. The AAHPERD test includes measures
of flexibility, muscular strength, agility, coordination, and aerobic
endurance. The Berg Balance Scale and sit-to-stand test were used
to assess global functional balance ability and lower-limb strength,
respectively.

The generalized exercise program provided training in flexibility,
coordination, strength (upper and lower limbs), aerobic resistance
and balance to improve the functional capacity. The exercises were
associated with cognitive and sensorial activities. Gymnastics and
strength training were planned to improve upper and lower limbs
strength, especially of the large muscle groups; rhythmic activities
were designed to train motor coordination; passive and active
stretching with and without materials was used to train flexibility;
circuits, walking, trekking, ladder and ramps were used to train
aerobic resistance (the hearth rate was controlled by heart rate
monitor); and leisure activities were included to train static and
dynamic balance. The generalized exercise program took place over
8-month period with 96 sessions, 3 times a week and 60 minutes per
session. Each session consisted of five parts: warm-up (5 minutes),
pre-exercise stretching (5 minutes), exercise session (40 minutes),
cool down (5 minutes) and post-exercise stretching (5 minutes).
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GENERALIZED EXERCISE PROGRAM

8 months, 3 time a week, 60

(a)

s

min each session

}

Acrobic || Strength of upper — -
resistance and lower limb | Coordination ‘ | Flexibility } | Balance | Period 1 = 4 months
[ | l 3 phases each N 4 cycles each
| period period
| Associated with cognitive and sensorial activitics | | Period 2 — 4 months v
(b) Each cycle 4 sessions
Phase Flexibility Coordination Strength Acrobic resistance Balance
active stretching of higher| | dﬁ‘xclr_cmc; of . maintenance of heart rate at 60% exercises that stimulated
1 muscles (i.e. quadriceps, coardination lor upper exercises with body weight maximum frequency (controlled exercises that stimulal
and lower limbs vestibular system
chest muscle, etc) separately by heart rate monitor)
m:nvcl mrctchlmg with exercises of previous exercises wnh_bmly weight plus maintenance of heart rate at 65% cxf..‘n.‘lsc'-'_ot previous phase
11 materials (strings and phase plus trunk equipment with low load (i.e. maximum frequenc plus exercises that stimulated
clastic ropes) movement strings, sticks, bows, etc) quency visual system
ises of ious exercises with body weight plus i £ ious phas
passive stretching of CXCT(.-N!Ch o prm‘m us equipment with high load (i.e. | maintenance of heart rate at 70% cx?n'"'ﬁf .c_' previous phise
111 " phase plus head : " . plus exercises that stimulated
higher muscles dumbbells, ankle weights, maximum frequency
movement elastic ropes, etc) somatosensory system
assive stretchi £ N dit‘xclr_(.‘lscll? of N maintenance of heart rate at 70% exercises that integrated
1w . passive strelching o coordination for upper exercises in the gym maximum frequency during vestibular, visual and
higher muscles in couples and lower limbs re
arformad together walking in ladder and ramp SOMatosensory systems
pe :d togethes
active stretching of higher exercises of
v muscles with increased in coordilml\iu‘n with overload in the equipment of | maintenance of heart rate at 75% |exercises statics and dynamics
volume (increase time in locomotion gym maximum frequency with visual cues
the same position)
passive stretching of exercises of previous ) . maintenance of heart rate at 75% " ot .
" A n " overload in the equipment of & . exercises statics and dynamics
Vi higher muscles with  |phase plus materials (i.e. m maximum frequency during with somatic cues
increased in volume balls, sticks, etc) ad walking in ladder and ramp ) N

Figure 2: (a) Description of generalized exercise program and (b) The overload for each component of functional capacity.

The exercise program was structured into six phases (Figure 2a).
Each phase consisted of 4 cycles with 4 sessions. At the end of each
phase there was a progressive load (intensity or volume of load and in
complexity of the exercise increment) according each physical fitness
components of functional capacity (Figure 2b).

The stretching exercise program aimed to train flexibility. The
main characteristics of this program were low intensity and volume,
mainly with static positions (standing and sitting positions). The
stretching exercise program took place over 4-month period with
48 sessions, 3 times a week and 60 minutes per session. Each session
consisted of three parts: warm-up (5 minutes), stretching session (40
minutes) and cognitive session (15 minutes). The exercise program
was structured into three phases of 4 cycles with 4 sessions. At the end
of each phase there was a progressive load (complexity and position
for stretching, and complexity for cognitive aspect). The characteristic
of three phases were:

* Phase I - stretching of big muscles of upper and lower limb,
trunk and neck. The exercises were performed in sitting position. In
the first session was stretched the upper-limb and trunk, in the second
session was stretched the lower-limb and neck, and in the third
session was stretched all parts of the body. The individuals performed
3 series of each exercise with 10 seconds of duration and 10 seconds
of rest. For cognitive aspect were used activities involving memory.

* Phase II - the focus was upper-limbs with increased of
complexity in comparison to phase I. The exercises were performed
in standing position. In the first session was stretched the upper-limb
and trunk, in the second session was stretched all parts of the body
with focus in the lower-limb, and in the third session was stretched the
upper-limb and trunk again. In this phase, the individuals performed

4 series of each exercise with 15 seconds of duration and 10 seconds of
rest. For cognitive aspect was included activities involving attention
and increased the complexity of memory activities.

* Phase III - the focus was lower-limbs with increased of
complexity in comparison to phase I. The exercises were performed
in standing position and in one-leg balance. In the first session
was stretched the lower-limb and neck, in the second session was
stretched all parts of the body with focus in the upper-limb, and in the
third session was stretched the lower-limb and neck again. The same
intensity and volume of previous phase was used in this phase. For
cognitive aspect was increased the complexity of attention activities.

Both exercise programs kept the same schedule (8:30 am to 9:30
am). Patients took PD drugs one hour before the start of the session.
Therefore, medicines were controlled for each patient every month to
avoid effects on exercise program. At least three physical education
professionals supervised each exercise program in each session.

SPSS for Windows 15.0° was used to statistically process the
data (p<0.05). The Shapiro-Wilk test was used to test the normality
assumption. To test the first hypothesis of the study (higher
improvements for the individuals that participated on generalized
exercise than individuals that participated on stretching exercise
program), the clinical variables and functional capacity parameters
were analyzed by ANOV A two-way with factor for group (generalized
exercise program x stretching exercise program) and time (evaluation
1 x evaluation 2), with repeated measures of the last factor. To test
the second hypothesis (8 months of exercise would promote more
improvements in the components of functional capacity than 4
months), the clinical variables and functional parameters were
analyzed by ANOVA one-way with factor for time (evaluation 1
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x evaluation 2 x evaluation 3), with repeated measures. To test the
third hypothesis (individuals would maintain the benefits of 8-month
exercise program after 8 to 10-week follow -up), the clinical variables
and functional parameters were analyzed by ANOVA one-way with
factor for time (evaluation 3 x evaluation 4), with repeated measures.
For the two first ANOV As, when the analyses pointed out significant
interactions, Tukey univariate tests were carried out.

Results

The groups before intervention showed no differences for
demographic characteristics and clinical variables (Table 1 and 2).
Both groups showed no effects of intervention for clinical variables
after 4 months of exercise (Table 2). For physical fitness components
of functional capacity, ANOVA indicated main effects of group
and evaluation. Moreover, there were group x time interaction for
flexibility, agility, aerobic resistance and balance. For group factor,
the individuals that participated on generalized exercise program
showed better agility, aerobic resistance, lower-limb strength and
balance. For time, 4-month exercise program improved flexibility,
agility and balance, but coordination was worsened. Regarding the
group X time interactions, the generalized exercise program improved
flexibility (p<0.003) and agility (p<0.003) of the individuals with PD
after 4 months of exercise. Coordination (p<0.02) was worsened while
other physical fitness components showed no significant differences
after 4 months of exercise. As concerning the stretching exercise
program, coordination (p<0.001) and aerobic resistance (p<0.007)
was worsened and balance (p<0.01) was improved after 4 months of
exercise.

Long duration (8 months) of generalized exercise program
improved lower-limb strength (p<0.04) compared with baseline
(Table 3). None of physical fitness components of functional
capacity worsened after 8-month exercise program. In addition, the
generalized exercise program was able to improve the UPDRS-motor
(p<0.04) after 8 months of exercise. However, the benefits were not
maintained after 8 to 10-week without exercise. The other physical
fitness components and clinical variables showed no differences after
8 to 10-week follow-up.

Discussion

We investigated the effects of long duration exercise program
on functional capacity in individuals with PD. The generalized
exercise program improved (or maintained) the level of physical
fitness components of functional capacity, mainly flexibility and
agility, while the stretching exercise program (control group)
worsened coordination and aerobic resistance and improved
balance. Therefore, our first hypothesis (higher improvements for the
individuals that participated on generalized exercise than individuals
that participated on stretching exercise program) was confirmed
in part. The improvement of balance at control group seems to be
explained by the effects of passive stretching of antagonist muscles
and agonist muscles [35] and the maintenance of balance positions,
similar to Tai Chi [36]. Interestingly, 8 months of exercise improved
only lower-limb strength compared with baseline and 4 months of
exercise. However, none physical fitness components of functional
capacity worsened after 8 months of exercise compared with baseline
and 4 months of exercise. The most relevant finding in long duration
exercise program was the improvement of UPDRS-motor scale,
which seems to indicate a general motor improvement, corroborating
to second hypothesis (8 months of exercise would promote more
improvements in the components of functional capacity than 4
months). However, the benefits of 8 months of exercise were not
maintained after 8 to 10-week follow-up, which is contrary to third
hypothesis (individuals would maintain the benefits of 8 months of
exercise after 8 to 10-week follow-up).

Generalized exercise program is able to combat the effects of PD
on functional capacity, which corroborated with previous studies
[14-15,37]. Individuals with PD have shown reduction on functional
capacity more quickly than their healthy peers [38]. The impairments
of PD in basal ganglia have an inadequate effect on the cortical
motor centers, which in turn lead to less activation of motor neurons
[18,19]. However, exercise seems to step (improve) in the integration
and processing of somatosensory information, encouraging greater
structural adaptation [39]. Fox and collaborators [39] suggest that
exercise enhance functional capacity due to intensive and complex

Table 2: Means and standard deviations of clinical variables and functional parameters for generalized exercise program and stretching exercise program before and
after 4 months of intervention. The last three columns show the p-values for main effects of group, time and group x time interaction, respectively.

Generalized Exercise Program Stretching Exercise Program . .
Group Time Interaction
_ Before After intervention| . Before After intervention p-values p-values p-values
intervention intervention
Clinical variables
HY scale 1.81+£0.86 2.00+0.80 2.07+0.93 2.29+0.91 0.55 0.07 0.89
UPDRS-motor (pts) 31.63+12.82 30.38+14.52 29.29+14.50 29.43+13.18 0.81 0.73 0.66
MEEM (pts) 26.75+3.20 26.50+3.59 24.43+2.88 25.14+3.44 0.28 0.64 0.34
Functional parameters

Flexibility (cm) 38.50+£12.42 44.00+12.74 45.30+8.98 46.07+9.99 0.45 0.01 0.05
Coordination (s) 17.43+5.75 20.13+6.10 23.27+6.58 28.06+7.37 0.06 0.001 0.04
Agility (s) 30.59+7.54 28.56+8.20 54.03+19.54 52.82+20.48 0.01 0.02 0.03
Upper"'(r::;’f”ength 17.88+3.52 17.13£2.36 14.4314.28 17.0043.32 0.24 0.37 0.11
Ae“’b'?n’::)'swnce 9.5141.36 9.0741.10 13.643.76 17.27+5.15 0.001 0.06 0.02
Lower"'(':z))s"e”gth 13.13£2.59 13.50+1.93 8.864.67 9.14+4.10 0.02 0.65 0.95
Balance (pts) 52.38+3.70 53.384+2.20 44.00+7.79 46.57+6.53 0.01 0.01 0.03

Submit your Manuscript | www.austinpublishinggroup.com

Austin Alzheimers J Parkinsons Dis 1(1): id1002 (2014) - Page - 04



Barbieri FA

Austin Publishing Group

Table 3: Means and standard deviations of clinical variables and functional parameters for generalized exercise program before, after 4 months and after 8 months of
intervention and follow-up after 8 to 10-week. The last two columns show the p-values for main effects of time and follow-up, respectively.

Before intervention | After 4 months | After 8 months | Follow-up (8-10 weeks) | Time p-Values | Follow-up p-values
Clinical variables
HY scale 1.81+0.88 2.00+0.80 1.94+0.82 2.00+0.87 0.26 0.76
UPDRS-motor (pts) 31.63+£12.82 30.38+14.52 26.25+13.97 32.57+14.05 0.05 0.04
MEEM (pts) 26.75+3.20 26.50+3.59 26.00+3.66 26.82+3.58 0.47 0.63
Functional parameters
Flexibility (cm) 38.50+12.42 44.00£12.74 42.13+13.65 42.57+11.75 0.03 0.19
Coordination (s) 17.43+5.75 20.13+6.10 19.92+7.56 19.5946.62 0.04 0.69
Agility (s) 30.59+7.54 28.56+8.20 30.09+13.99 30.63+8.26 0.05 0.98
Upper-limb strength (rep) 17.88+3.52 17.134+2.36 17.88+3.52 17.14+2.85 0.69 0.47
Aerobic resistance (min) 9.51+1.36 9.07+1.10 9.66+1.80 9.95+1.47 0.31 0.90
Lower-limb strength (rep) 13.13+£2.59 13.50£1.93 14.754£2.92 12.43+£3.15 0.02 0.03
Balance (pts) 52.38+3.70 53.38+2.20 53.63+2.92 52.29+3.09 0.09 0.13

activity maximizes synaptic plasticity and promotes greater structural
adaptation, respectively. In addition, exercise that are rewarding
increases dopamine levels, which is highly responsive to exercise and
inactivity (“use it or lose it”) [39]. Therefore, exercise improves quality
of life and ability to perform daily activities of individuals with PD.

We found two important findings: 1) Agility improved after
generalized exercise program. Improvement in agility is directly
related to bradykinesia symptom. Berardelli, and collaborators [40]
have suggested that improvement in bradykinesia occurs due to
greater integration of sensory information by the basal ganglia, which
results in better motor planning and greater muscle recruitment to
initiate movement that seems to happen with agility improvement.
Therefore, the individuals with PD decrease risk of falls and
dependence, improving locomotion [8,41]; 2) Aerobic resistance
was maintained after generalized exercise program (4 months and
8 months of exercise), but not after stretching exercise program (4
months of exercise). The low intensity and volume characteristic of
the stretching exercise program promoted a low dose of physical
activity, which may not be considered a form of exercise, such as
physiotherapy [3]. Previous study also found maintained (modest
benefit) for aerobic resistance after long-term exercise [16]. A good
aerobic resistance improves functional capacity, reduces functional
decline and contributes to independent and health lifestyle [26,27].
However, individuals with PD already have alower maximum capacity
compared to neurologic healthy people [42]. Low cardiorespiratory
capacity may trigger degenerative diseases, such as hypertension,
diabetes, heart problems, and others [26]. Despite beneficial findings,
the coordination worsened following both generalized and stretching
exercise programs, which are contrary previous studies [14].
However, Orcioli-Silva and collaborators [14] found improvements
of coordination after exercise in individuals with PD in the bilateral
disease. Our findings could be explained by the individuals of
generalized exercise program was unilateral stage of the disease, which
did not show improvement in previous study [14] and the control
group did not perform a specific training for coordination, which
was expected a maintained or worsened after 4 months. In addition,
slowness of movement arising from bradykinesia and akinesia could
explain lower performance in the coordination [32].

Long duration exercise program improves motor function in
PD. Previous studies with short duration exercise program show
little effects of exercise on clinical aspects [12,13,43]. Our finding
confirms previous studies that indicated improvement of UPDRS-
motor after long duration exercise program [10,11], which indicates
improvements from 10% to 30% (we found 16%). The improvements
in UPDRS-motor suggest that generalized long duration exercise
programs seem to have a disease modifying effect. Shulman and
collaborators [44] suggested that strong exercise programs are more
indicated to improve the UPDRS score. Therefore, long duration
exercise program promotes behavior change, which is important
for disease progression and seems no to happen in short duration
exercise programs. However, this finding may be analyzed carefully
because this could just be reflective of the timing of assessments.

A brake of exercise seems no ongoing to maintain the benefits
on functional capacity and disease progression in individuals with
PD. After 8 to 10-week follow-up all clinical variables and functional
parameters showed low values (not significant) in comparison to
8-month exercise program. Lower-limb strength and UPDRS-motor
were the aspects that showed significant worsening after follow-up.
Basic and clinical researches suggest that the intensity property of
exercise (i.e. repetitiveness, velocity and complexity) may contribute
to activity-dependent neuroplasticity, central nervous system
alterations in response to physical activity, such as neurogenesis of
damaged brains [45]. These findings confirm that individuals with PD
require participation in exercise programs without interruption.

Even with consistent and relevant results, this study has some
limitations. The individuals were not double blind because it is not
possible to blind participants with respect to exercising and to the
specific exercises they are performing. In addition, the sample was
small, which can affect our power to detect differences in some
measures. Finally, the control group participated only 4 months of
exercise in the study. Our findings showed worsening on functional
capacity after 4-month stretching exercise program. Probably the
functional capacity would be more deteriorated after 8 months with
low intensity exercise. Thus, we decided to include the individuals
in an exercise program similar to generalized exercise program.
In addition, despite the low intensity and volume of the stretching
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exercise program, we did not have a group (control) that did not
exercise, which is recommend in future studies. Therefore, the
findings should be interpreted with care.

Conclusion

In conclusion, generalized exercise program improved the
physical fitness components of functional capacity in individuals
with PD, differently of stretching exercise program. In addition, a
long duration exercise program promoted benefits for functional
capacity and disease progression in individuals with PD, especially
for UPDRS-motor. However, a short period (8 to 10 weeks) without
exercise seems no ongoing maintenance the benefits. Finally, exercise
should be introduced at an early stage of the disease to slow its
progression [14] and maintained in the diary routine, improving
corticospinal motor excitability and neuroplasticity [39], and helping
to attenuate the effects of medication [1,2].
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