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Background: Parkinson’s disease (PD) is a neurodegenerative and progressive disease marked by the
presence of motor and non-motor symptoms, as psychological and cognitive impairment. Physical
exercises have been prescribed as complementary therapy for PD, and the type of intervention and
duration of the intervention should be taken into account.
Objective: We aimed to compare the effect of different exercise modalities (functional mobility,
multimodal and cognitive) and length (4 and 8 months) on psychological and cognition in people with
PD. This study followed the CONSORT extension for non-pharmacological trials.
Methods: In this randomized controlled trial, we assessed 107 participants between 2011 and 2013. At
the end of 3 years, participants with PD (mild to moderate stages) who achieved the criteria were
assessed considering 3 different groups of exercise: Multimodal (n = 38), Functional Mobility (n = 33)
and Mental/Leisure (1 = 36). All 3 interventions were performed for 32 weeks, twice a week, with 60 min
for each session (64 sessions in total). Psychological and cognitive function were assessed at baseline and
after 4 and 8 months.
Results: The Functional Mobility and Mental/Leisure training had a potential effect on maintaining
cognitive function (executive function, attention and work memory). The Multimodal training did not
show a benefit for cognitive features and was not even able to delay the progressive decline in cognitive
functions; however, this modality had a positive effect on physical stress after 8 months of exercise.
Conclusions: An intervention that requires high complexity and specific activities, such as locomotor and
cognitive exercise, provides a maintenance effect against the degeneration in cognition associated with
the progression of PD and thus can delay the progressive decline in cognitive function in PD.

© 2020 Published by Elsevier Masson SAS.
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1. Introduction psychological (i.e., anxiety, depression and stress), cognitive
impairment (i.e., executive dysfunction, attentional deficits,
memory loss and impaired language), autonomic dysfunctions,
apathy, fatigue and sleep disorders [1,2]. For instance, cohort and
epidemiologic data identified that the prevalence of non-motor
symptoms affects approximately 45% of people with PD [3]. Dis-
cussion regarding non-motor symptoms has recently gained
prominence because they affect quality of life (QoL), even more
so than motor symptoms [4], and are also intrinsically related to
the progression and severity of PD [2] and movement control

Parkinson’s disease (PD) is a neurodegenerative and progressive
disease marked by the presence of motor and non-motor
symptoms [1]. Non-motor symptoms, in particular, include
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[5]. Antiparkinsonian medication, the standard therapy for PD, has
limited effects on reducing non-motor symptoms, chiefly cognitive
features [6]. Hence, non-pharmacological interventions, such as
cognitive and physical exercises, can be alternative therapies to
attenuate these symptoms [7-9].

Physical and cognitive exercises seem to indicate neural and
brain function benefits, which attenuate the progressive course of
non-motor symptoms in PD [10-12]. Specifically concerning
physical exercise, the effects on brain functions and cognition are
well established. For instance, in humans, aerobic exercise
increases serum levels of brain-derived neurotrophic factor
[13] and the brain connectivity and volume of areas [14],
including those associated with cognitive functioning [15]. In
contrast, although 3 months of exercise can benefit memory and
executive function in community-dwelling older adults [16], the
mechanism regarding cognitive exercise and brain functions in PD
is not completely clear. Thus, both forms of exercise should
improve or at least delay the progressive course of non-motor
symptoms in people with PD. However, the advantages of physical
versus cognitive interventions on non-motor symptoms are
unclear.

Physical and cognitive exercises seem to be alternative
interventions to maintain and even decrease the presence of
non-motor PD symptoms, in particular, cognitive symptoms
[7,17]. Additionally, multimodal and gait-specific exercises are
beneficial for not only reducing PD motor impairments [18] but
also improving executive function [19,20] and scores for non-
motor symptoms, such as depression [21]. Cognitive exercises can
improve a range of non-motor symptoms such as executive
dysfunction [22-24], attentional deficits [24], deficits in working
memory [22], processing speed [22], logic memory and verbal
fluency [25]. Thus, different models of exercise might improve
non-motor symptoms depending on the type of activity and the
duration of the protocol.

Preliminarily, we observed that 3 different 16-week exercise
programs (multimodal, gait-specific, and cognitive) were equally
beneficial to improve episodic declarative memory and stress
[9]. However, when exercises are performed for a longer duration,
the likelihood of changes in cognition would be larger [26,27]. Re-
gardless, we must understand the effect of different long-term
physical and cognitive exercises on non-motor symptoms [17].

Previous findings in the literature had limitations, such as
global cognition as the primary outcome [7,17], assessing only
cognitive or psychological outcomes [17,23] and not considering
psychological impairment. Also, the heterogenous characteristics
of non-motor symptoms in PD justify the need for specific
exercises for each symptom [17]. Finally, different exercise
modalities (motor and cognitive) and different duration (short
and long duration) allow for identifying the best modality to
improve specific symptoms for tailoring specific interventions for
each case.

Thus, we aimed to compare the effect of different exercise
modalities (functional mobility, multimodal and cognitive) and
length (4 and 8 months) on psychological and cognition in people
with PD. We hypothesized that:

e physical and cognitive modalities would maintain and/or
improve cognition and psychological features of these individu-
als;

o exercises performed for a longer duration would be more
beneficial than short-term exercises.

This study followed the CONSORT extension for non-pharma-
cological trials (Supplementary checklist) [28].

2. Methods
2.1. Design

A randomized controlled trial was undertaken from 2011 to
2013. One assessor included 152 participants with PD. Those
participants were further assigned by another assessor (using
sequentially numbered containers) to 3 groups: Multimodal
(n=57), Functional Mobility (n = 48) and Mental/Leisure (n =47)
exercise. Individuals who took part in the Multimodal exercise
group in the first year were allocated (switched) to the Functional
Mobility or Mental/Leisure group in the second year and Mental/
leisure or Functional Mobility for the third year. Individuals who
started in the second or third year were allocated randomly into
one of the 3 groups. Fig. 1 shows the details of the number of
participants in each group per year. Between each year, there were
20 weeks (~4 months) without exercise (detraining period), to
decrease cross-over effects.

2.2. Participants

Initially, participants from a support group [Program of Physical
Activity for People with Parkinson’s disease (PROPARKI)] volun-
teered to participate in the study. People with idiopathic PD
according to the United Kingdom PD Brain Bank criteria [29], who
walked unassisted and without ambulation aids during the
intervention, did not have any other neurological (self-reported)
or cognitive impairment [assessed by the Mini-Mental State
Examination (MMSE)] [30,31] and were >40 years old were
eligible for the study. The protocol was approved by the Human
Studies Ethics Committee at S3o Paulo State University (n. 1058),
and all participants gave their signed informed consent. Fig. 1
shows the flow of participants who completed all the assessments
in this study. Participants who attended at least 70% of the sessions
without 5 consecutive absences were included in the final analysis.

2.3. Interventions

All 3 intervention programs were performed for 32 weeks,
twice a week, and all sessions lasted 60 min (10 min warm-up,
40 min main stage, and 10 min cool-down). The participants were
encouraged to take their antiparkinsonian medication 1 hr before
starting and, if necessary, regularly during the sessions. The
intervention programs are described below:

The Mental/Leisure program: participants performed activities
focused on cognitive and leisure. This program included 2 periods
(32 sessions per period), including 3 sub-periods each. The sub-
periods, based on different leisure dimensions (social, manual, and
artistic), were always combined with intellectual and social
aspects, such as social activities, math problem-solving, card
and memory games, drawing, debates, and lectures.

The Multimodal program focused on improving/maintaining all
components of functional capacity:

aerobic resistance;

general flexibility;

lower/upper limbs and trunk strength;
motor coordination;

balance.

This program was based on the American College of Sports
Medicine Guidelines for Physical Activity in Adults over age 65 [32]
and previous findings [9]. The Multimodal program involved
2 main parts of 4 months. Each part consisted of 2 phases, with
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2013: Pre: 20 ; Post I: 18; Post II: 16 (np=5;FM=6;ML=6)

Functional Mobility (FM)
2011: Pre: 16; Post I: 12; Post II: 10
2012: Pre: 17; Post I: 17; Post IIi: 16 (np=7,MM=5;ML=4)
2013: Pre: 15; Post I: 12; Post Ii: 07 (np=3,MM=3;ML=1)
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2011: Pre: 13; Post I: 13; Post II: 12
2012: Pre: 20; Post I: 15; Post II: 15 (np=4;MM=8,FM=3)
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Fig. 1. (a) Flowchart of participants over time (2011 to 2013), considering Pre (baseline), Post I (after 4 months), and Post II (after 8 months). Post Il indicates the number of
new participants (np) and participants reallocated from Multimodal (MM), Functional Mobility (FM) and Mental/Leisure (LM) groups. (b-d) Structure of exercise
interventions, considering Multimodal, Functional Mobility and Mental/Leisure groups, respectively.

2 sub-phases of 8 sessions, for a total of 64 sessions. The main stage
of this program was split into 2:

e one functional capacity component was developed alone (i.e.,
force);

o two others were combined (i.e., motor coordination and aerobic
resistance).

In the end, each component of functional capacity was trained
solely for a total of 256 min, plus an extra 128 min when combined
with a second component. In total, 2560 min of exercise was used to
improve the 5 components of functional capacity mentioned above.
At the end of each phase, the volume was implemented for each
subject.

The Functional Mobility program aimed to improve/maintain
balance and locomotion parameters as well as functional
capacity and participants’ QoL. This program was designed in
4 periods, containing 16 sessions each. All sessions were split
into 2 and the main difference of the Multimodal program was in
the first half of each class, which included 20 min of specific and
challenging gait and balance activities. The volume of exercises
focused on balance and mobility was larger in this program than
in the other programs: 1280 min. In the second half of all
sessions, the exercises were executed the same as in the second
part of the Multimodal program. Therefore, functional capacity
components were trained in a lower volume in the Functional
Mobility than Multimodal program, only 5% of the time
(128 min), for each functional capacity component. The first
period was designed to improve general strength of muscles

necessary for walking and balance maintenance and educational
exercises. Periods 2 to 4 focused on posture control and walking
improvement. The progression of the exercises was based on
complexity increments concerning individual aspects. Partici-
pants were always encouraged to challenge their balance as
much and long as possible, performing the highest number of
repetitions. The task complexity was always increased from one
period to the next.

2.4. Protocols and outcomes

Participants attended the Posture and Gait Studies Laboratory
(LEPLO) at Sdo Paulo State University at 3 different times (baseline,
and after 4 and 8 months) and completed the clinical, cognitive,
and psychological tests on the same day. The assessors were
trained and consistent in conducting all the cognitive tests during
the 3 periods. Participants reported their medical history and
medications. Medication reports were used to calculate levodopa
equivalency of dose (LED) [33]. All assessments were held in the
“on” phase of the antiparkinsonian medication (self-reported by
participants). The Unified Parkinson’s Disease Rating Scale
(UPDRS) [34] was used to assess:

e mentation, behavior and mood (part I);
e activities of daily living (part II);
e motor impairment (part III).

Also, the stage of the disease was analyzed by using the Hoehn
and Yahr stage (1-5), modified version [35].
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The following cognition tests were applied:

o MMSE for global cognition [30,31];

e Clock-Drawing Test (CDT), which indicates cognitive deficits in
measuring components, such as memory and executive function
[36]. This test involves the participant drawing a clock showing a
specific time (i.e., a time on the clock at 2 hr and 45 min);

o Wechsler Memory Scale-Revised (WMS-R) [37], considering the
subtests logical memory I and II (immediate memory, episodic
declarative memory, and recall ability) and verbal paired
associates (VPA easy combinations I, II, IIl and recall late
immediately, and difficult combinations I, II, IIl and recall late
after 30 min), which analyze immediate memory, learning,
episodic declarative memory and recall ability;

e Wechsler Adult Intelligence Scale (WAIS version III) specifically
considering the Digital span and Search symbol [37];

o Digital span is a complimentary evaluation of working memory
in which the participants should listen to a sequence of numbers
and repeat them in ascent and reverse order [37]. The Search
Symbol test evaluates the processing speed because participants
should mark whether or not the target symbols match those that
appear in the equivalent rows [37];

e Wisconsin Card Sorting Test (WCST) [38] with “categories
completed,” “perseverative errors” and “failure to maintain set”
to analyze the executive function specifically for abstractions,
mental flexibility and attention;

o the Verbal Fluency test entails generating names of animals from
a pre-selected letter within a pre-set time of 60 sec [39];

e the Corsi block-tapping test assesses visuospatial short-term
working memory. Participants mimic an assessor who taps a
sequence of up to 9 identical spatially separated blocks.

The test was evaluated in direct and inverse orders [40].
Psychological characteristics of participants were tested with:

e the Hospital Anxiety and Depression Scale (HAD) used to
evaluate anxiety and depression, with 7 questions each [41];

e Lipp’s Stress Symptoms Inventory (LSSI) [42] for assessing stress,
physical, psychological and overall, according to the phase in
which it is found: alert, resistance and exhaustion.

We assessed overall QoL by using the Parkinson’s Disease
Questionnaire (PDQ-39), which assesses how often participants
experience difficulties in activities across 8 dimensions (mobility,
activities of daily living, emotions, stigma, social, cognition,
communication and bodily pain) [43].

The level of physical activity (LPA) was monitored by using the
Modified Baecke Questionnaire for Older Adults [44], which
quantifies physical activity level considering household, sports,
and leisure time activities.

2.5. Statistical analyses

Power calculation (G*Power software) considered the total
sample size (107 participants). We detected statistical power of
99.9% with an « risk of 0.05 to find differences in outcomes. Data
were checked for skewed distributions and log-transformed if
required. Demographic, clinical, psychological and cognitive
measures assessed at baseline were compared between groups
(Multimodal x Functional Mobility x Mental/Leisure) by ANOVA
(normally distributed variables), Kruskal-Wallis tests (non-
parametric variables) or chi-square test for cross-tabulation
(binary categorical variables). Regarding LED, LPA and UPDRS,
we used ANOVA between factors to Group and within factors to
Time (Baseline X Post I X Post II) and Bonferroni post-hoc analysis
to identify differences. Kruskal-Wallis tests were used to compare

changes between groups in the effect of the intervention on
psychological and cognitive features after 4 months (A1) and
8 months (A2). When significant interactions were found, Dunn’s
adjusted post-hoc tests were used. For post-hoc analysis, Cohen’s d
was calculated; values of 0.21 to 0.50, 0.51 to 0.79 and > 0.79 were
interpreted as small, medium and large effect size (ES) [45]. For
each program, we calculated the delta between baseline and
4 months and baseline and 8 months, as follows:

A = (Mean value of the variable after x months-Mean value of
value at baseline)

Significance level was set at 0.05. Data were analyzed with SPSS
v24 (SPSS, Inc., Chicago, IL).

3. Results

As opposed to an “intent-to-treat” analysis, we included
individuals who reached the minimum attendance of 70% and
those who remained in the study until the last assessment (after
8 months of intervention). With that, we analyzed 107 participants
(Multimodal = 38; Functional Mobility = 33; Mental/Leisure = 36).
Specifically considering each year and group, in 2011, among
44 participants initially randomized in each study group, 30 met
the criteria post-intervention (Multimodal, n=8; Functional
Mobility, n = 10; Mental/Leisure n = 12). In 2012, 45 of 59 partici-
pants completed the interventions (Multimodal, n=14 [7 new
participants, and 7 participants reallocated from Mental/Leisure];
Functional Mobility, n=16 [7 new participants, 5 participants
reallocated from Multimodal and 4 participants from Mental/
Leisure]; and Mental/Leisure, n = 15 [4 new participants, 3 reallo-
cated from Multimodal and 8 from Functional Mobility]). In 2013,
among 49 participants initially included, 39 met the criteria post-
intervention (Multimodal, n = 16 [5 new participants, 5 reallocated
from Functional Mobility and 6 from Mental/Leisure]; Functional
Mobility, n = 7 [3 new participants, 3 participants reallocated from
Multimodal and 1 from Mental/Leisure]; and Mental/Leisure, n =9
(4 reallocated from Multimodal, and 5 from Functional Mobility])
(Fig. 1). The groups did not differ in demographic and clinical
(Table 1), psychological (Table 2), or cognitive measures (Table 3)
at baseline.

Concerning LED (Table 1), the Time main effect (F, 103: 5.29,
P=0.006) indicated that regardless of group, participants subtly
increased the LED from baseline to 4 months (P =0.01, ES: 0.12).

For LPA (Table 1), ANOVA revealed a Group by Time interaction
(F4206: 10.69, P > 0.05). Post-hoc analysis indicated similar LPA
values between groups at baseline (P> 0.05). Multimodal and
Functional Mobility groups increased the LPA after 4 and 8 months
as compared with baseline (all P < 0.03, ES: 0.24 to 0.61).

For UPDRS (Table 1), a Time main effect (F, 103: 6.64, P > 0.01)
indicated that after 8 months, participants showed slightly
increased total UPDRS as compared with baseline and 4 months
(P> 0.04, ES: 0.11 to 0.17).

3.1. Exercise effects on psychological measures

Table 2 shows comparisons of the effect of different inter-
ventions between groups on psychological measures after 4 and
8 months. After 4 months, the interaction (P=0.036) showed
differences between Multimodal and Functional Mobility groups
(P=0.032): scores for mobility were greater for the Functional
Mobility than Multimodal group (ES: 0.71) (Fig. 2a). The groups did
not differ in other measures after 4 months of intervention. After
8 months, statistical interactions were observed for Social Support
and Physical Stress Il (P = 0.035 and P = 0.028, respectively). Scores
for social support were greater for the Functional Mobility than
Multimodal group (P=0.029, ES: 0.52) (Fig. 2b). Physical stress
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Table 1
Demographic and clinical measures of groups at baseline and 4 and 8 months.

Baseline After 4 months After 8 months
Multimodal  Functional Mental/Leisure Multimodal  Functional Mental/Leisure Multimodal  Functional Mental/Leisure
n=57 Mobility n=47 n=44 Mobility n=39 n=42 Mobility n=36
n=48 n=41 n=33
Male (%) 31 (54) 28 (58) 19 (40) 26 (59) 22 (53)- 15 (38) 23 (60) 17 (51) 15 (43)
Age, years 69.6 (8.2) 67.8 (9.1) 69.5 (7.6) 69.0 (9.0) 68.2 (8.9) 69.1 (7.1) 68.8 (9.5) 69.8 (7.5) 68.9 (7.6)
Disease 8.0 (5.7) 5.0 (3.0) 59(3.2) 7.2 (4.8) 5.0 (2.7) 5.6 (3.2) 6.3 (4.5) 5.5(2.7) 6.0 (3.5)
duration,
years
Hoehn and 1.9 (0.6) 1.8 (0.6) 1.7 (0.5) 1.8 (0.5) 1.8 (0.4) 1.8 (0.5) 1.7 (0.4) 1.7 (0.5) 1.7 (0.5)
Yahr, stage
(1-5)
UPDRS
Part I score” 3.5(2) 2.9(1.6) 3.3(2.1) 3.5(2.4) 3.0(1.8) 3.1(1.7) 3.7 (2.4) 3.2(1.7) 3.6 (2.1)
Part II score 11.1 (4.6) 11.8 (6.1) 11.8 (5.4) 11.0 (5.2) 11.9 (5.7) 11.9 (5.9) 11.9 (44) 11.78 (6.0) 12.7 (5.9)
Part III score® 23.7 (8.5) 22.8(9.1) 22.6 (10.1) 24.5(104) 23.2(9.9) 23.3(9.3) 25.4(8.8) 23.7 (9.9) 24.5 (8.9)
Total score® 38.3 (12.5) 37.5(14.2) 37.7 (13.7) 39.0 (15.3) 38.4 (14.9) 38.3 (15.1) 41.0 (13.6) 38.4 (15.8) 40.8 (14.3)
Levodopa equivalent 557.9 (413.3) 552.3(385.2) 605.8 (376.1) 584.1 (394.4) 633.4 (433.2) 659.7 (438) 623.2 (432.1) 608.1 (388.1) 623.6 (414.6)
dose, mg?
Modified Baecke 3.8 (3.1) 49 (3.2) 54 (3.1) 4.9 (2.3) 5.6 (2.5) 5.0 (3.1) 54(2.2) 6.2 (2.3) 4.8 (3.5)

Questionnaire, score®

Data are mean (SD) unless otherwise stated. UPDRS, Unified Parkinson’s Disease Rating Scale

¢ Time main effect.
> Group by time interaction.

scores were lower for the Multimodal than Mental/Leisure group
(p =0.038, ES: 0.70) (Fig. 2c).

3.2. Exercise effects on cognitive measures

Table 3 shows comparisons of different interventions on
cognitive features after 4 and 8 months. After 4 months,

interactions were observed in MMSE (P=0.018), WMS-R Logic
Memory I (P=0.037) and II (P=0.038), WMS-VPA Easy I
(P=0.008), Easy late (P=0.01), Difficult II (P =0.028), and WCST
Categories achieved (P=0.019) and Perseverative response
(P=0.002). As compared with the Functional Mobility group, the
Multimodal group exhibited better performance in Easy late
(P=0.008, ES: 0.67) and Difficult Il (P = 0.037, ES:0.54) (Fig. 3b and

Table 2
Neuropsychological measures at baseline and changes between baseline and 4 and 8 months (A1 and A2).
Baseline A1 Values A2 Values
Multimodal Functional Mental/ P Multimodal  Functional Mental/ P Multimodal Functional Mental/ P
Mobility  Leisure Mobility Leisure Mobility Leisure

HAD (score)
Anxiety 6.4 (3.3) 6.6 (4.1) 6.7(42) 0975 —0.29(2.47) -0.18(3) —0.76 (3.08) 0.546 —0.05(2.26) —0.25 (3.58) —0.21(4.02) 0.975
Depression 7.2 (3.9) 6.3 (3.6) 7.7(42) 0.345 -0.55(3.01) 0.12(2.95) —0.82 (2.52) 0.249 -0.08 (3.51) 0.56 (2.35) -0.61 (2.71) 0.235

PDQ-39 (%)
Mobility 24.5(18.6) 32.3 (23.6) 32.5(27.9) 046 2.83(13.72) -7.5(15.42) -3.43(18.52) 0.036 5.79 (13.5) -2.58(14.7) -0.07 (19.47) 0.157
ADL 24.7 (22.6) 23.4(21.3) 246 (23) 0968 0.11(12.76) —1.42(17.16) 0.91(19.25) 0.667 1.53 (16.25) 0.89 (19.23) 1.9 (23.51) 0.813
Emotional 28.8(21) 29.79 (19) 35.4(27.3) 0.625 —0.11(18.08) —0.88 (18.42) —6.9 (23.55) 0.127 0.76 (13.63) —1.89 (16.31) —6.08 (23.49) 0.294
well-being
Stigma 17.4 (24.1) 16.3(19.6) 16.4 (27.1) 0.86 0.82 (12.6) —1.14 (14.27) —-1.61(22.86) 0.814 2.47 (17.04) —1.89 (12.84) —3.39 (16.07) 0.304
Social support 153 (24.2) 15.1(16.3) 19.5(21.2) 0.263 0.66 (19.22) 3.54(17.92) 3.57 (23.51) 0.772 5.6 (23.38) —5.06 (13.96) 0.58 (22.66) 0.035
Cognition 29.1 (17.7) 25.9(16.2) 30.2 (17.7) 0.658 0.3 (17.66) 1.14 (15.35) —2.68 (18.83) 0.404 2.47 (18.81) 4.42(15.78) 0.36 (18.69) 0.4
Communication 19.1 (21.3) 22 (19) 21.9 (22.6) 0.677 3.07 (14.16) —2.78 (19.39) —0.71 (22.72) 0.269 4.82 (12.94) 2.02 (18.04) 4.28 (23.51) 0.149
Bodily 47.6 (28) 424 (29.7) 494 (23) 0.522 —3.07 (20.08) —0.76 (30.93) 1.55(28.41) 0.87 -0.44(23) 6.57 (24.45) —5.36(25.83) 0.097
discomfort

LSSI (score)
Physical 2.76 (2.11) 2.85(1.7) 3.11(2.07) 0.664 0.29 (2.3) -0.36 (1.97) -0.26 (1.87) 0.444 -0.08 (1.96) —0.15(1.6) —0.11 (2.01) 0.875
stress |
Psychological ~ 0.92 (1.1) 0.91 (0.98) 0.89 (1.08) 0.946 —0.11(1.16) 0.45 (1.94) -0.17 (1.22) 0.495 -0.42 (1.22) -0.18 (1.01) -0.2(1.21)  0.709
stress |
Overall | 3.68 (2.49) 3.76 (1.84) 4 (2.69) 0.894 0.18 (2.66) -03(242) -0.43(2.34) 0603 —-0.5(2.47) -0.33(1.83) -0.31(3.02) 0.883
Physical 3.53(1.93) 3.09 (1.77) 3.37 (2.34) 0.611 —-0.71(1.59) -0.88 (1.49) -0.4(2.21) 0.7 -0.71(1.63) 0.24 (1.54) —-0.17 (2.06) 0.073
stress 11
Psychological 1.55(1.2) 1.39(1.3) 1.6(1.44) 0.764 —0.03 (1.17) 048 (1.91) —-0.11 (1.23) 0.342 0.11(1.23) -0.09 (1.4) -0.06 (1.51) 0.637
stress 11
Overall II 5.08 (2.52) 4.48 (2.73) 4.97 (3.45) 0.582 —-0.74 (1.84) -0.76(2.4) —0.51(2.88) 0.703 —0.61 (1.91) 0.15 (2.5) —0.23 (2.89) 0.583
Physical 2.63(2.07) 23(1.7) 2.46(1.56) 0902 —-0.26 (1.65) 0 (1.77) —-0.03 (1.62) 0.64 -0.79(1.95) 0.12 (1.62) 0.4 (1.4) 0.028
stress 111
Psychological ~ 3.37 (2.77) 2.91 (2.25) 3.49 (2.99) 0.788 —0.13 (2.13) 0.52 (2.93) —0.46 (2.27) 0.843 0.21 (2.46) 0.27 (2.37) -0.34 (2.,5) 0.636
stress 111
Overall III 6 (3.86) 5.21(3.21) 5.94 (4.04) 0.763 —0.39 (2.55) —0.64(3.43) -0.49 (2.89) 0.578 —0.58 (3.35) 0.42 (3.23) 0.06 (2.98) 0.405

Data are mean (SD). HAD: Hospital Anxiety and Depression scale; PDQ—39: Parkinson’'s Disease Quality of life questionnaire; ADL: Activities of daily living; LSSI: Lipp’s

Inventory Scale of Stress for Adults.
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Table 3
Cognitive measures at the baseline and changes between baseline and 4 and 8 months (A1 and A2).
Baseline A1 Values A2 Values
Multimodal Functional Mental/ P Multimodal ~ Functional = Mental/ P Multimodal  Functional = Mental/ P
Mobility  Leisure Mobility Leisure Mobility Leisure
MMSE (score) 28.2 (1.54) 28(2.14) 27.7 (2.04) 0.645 —0.53 (2.06) 0.21(1.43) 0.5(1.54) 0.018 -0.11(1.54) 0.31(1.8) 0.91 (1.7) 0.026
CDT (score) 9(1) 8.8 (1) 8.9(0.8) 0246 -0.29(1.2) 0.06 (0.88) 0.09 (0.79) 0.288 —-0.59 (1.23) 0.06 (0.5) 0.28 (0.96) 0.003
Verbal fluency 15.6 (4.8) 14.2(3.8) 153 (4.7) 0569 -0.08 (2.7) -0.59 (3) 0.56 (4.05) 0.499 0.27 (2.87) 0(2.82) 0.24 (4.02) 0.913
(score)
WMS-R (score)
Logic Memory [ 21.2(9) 22 (8.3) 22.9(9.6) 0.758 1.61 (6.2) —0.48 (4.48) 2.06 (4.36) 0.037 3.68 (5.66) 1.45 (4.52) 2.29 (4.48) 0.167
Logic Memory II  19.1 (9.9) 18.4(10.4) 19.7 (9.4) 0.855 0.45 (5.21) —2.67 (9.32) 1.26 (4) 0.038 3.53 (5.96) 2.88 (5.8) 2.34 (4.28) 0.798
WMS-VPA 1I (score)
Easy I 3(1.1) 3(1) 3.5(0.7) 0.105 0.34 (0.88) 0.03 (0.73) —-0.23 (0.65) 0.008 0.47 (0.86) 0.33(0.96) -0.11(0.72) 0.018
Easy II 3.5 (0.6) 34(0.8) 3.7(05) 0.73 -0.13(0.84) 0.09 (0.68) 0.03(0.51) 0.695 0 (0.8) 0.09 (0.84) -0.14(0.73) 0.452
Easy III 3.7 (0.5) 3.6(0.7) 3.8(0.5) 0.371 -0.05(0.61) -0.06(0.66) —0.17 (0.51) 0.486 0 (0.73) 0.09 (0.63) -0.11(0.47) 0.353
Easy late 3.5(0.9) 3.5(0.7) 3.8(0.5) 0.358 0.11 (0.92) —-0.64 (1.27) —0.14 (0.43) 0.01 0.18 (0.9) 0.06 (0.7) -0.11 (04) 0.234
Difficult I 0.9 (1) 0.8 (1) 1(1.1) 0.838 0.32 (1.02) 0.15(1.12) 0.23 (1.19) 0.597 0.39 (0.85) 0.3 (0.92) 0.14 (1.29) 0.461
Difficult 1 1.3(1.4) 1.5(1.1) 15(1.1) 0.619 0.29 (1.25) —0.33 (1.05) 0.4 (1.31) 0.028 0.66 (1.1) —0.18 (1.07) 0.09 (1.31) 0.009
Difficult 111 1.5(1.3) 1.6 (1.1) 19(1.1) 0.218 0.47 (0.89) 0.3 (0.95) 0.31(1.02) 0.574 0.71 (1.04) 0.09 (1.33) 0(1) 0.016
Difficult late 1.4 (1.4) 1.4 (1.1) 1.6(1.2) 0573 0.29(1.04) 0.24 (1.46) 0.23 (0.97) 0.835 0.68 (0.99) 0.09 (1.04) 0.23 (1.03) 0.056
WMS-CBTT
(score)
Direct order 4(0.7) 39(09) 39(09) 06 -008(1.02) 0.12(1.02) 0.17(0.82) 0.586 —0.08 (0.85) 0.18 (1.1) —0.03 (0.747) 0.417
Inverse order 3.8 (1.2) 36(1.1) 3.6(1) 0576 —0.24 (1.17) 0.24(1.03) 0.03 (1.01) 0.264 0 (1.04) 0(0.97) 0.03 (0.98) 0.974
WAIS-III-Digit
span
(score)
Direct order 49 (1) 49(1.1) 49(14) 0.703 —-0.21(1.28) -0.27 (0.84) —0.03 (0.98) 0.419 0.21 (1.32) 0.39 (0.86) 0.46 (1.44) 0.62
Inverse order 3.5(0.8) 34(1.1) 3.4(08) 0.598 0.05(0.84) 0.09 (0.91) -0.03 (0.82) 0.686 0.11 (0.76) 0.12 (1.08) 0.14 (0.84) 0.992
WAIS-III-Symbol
search (score)
Number correct  20.4 (8.8) 20.1(6.7) 20.7(8.2) 0.879 0.29 (4.72) -1.76 (5.98) —1 (4.31) 0.267 1.89 (5.04) —-0.91 (6.99) 0.31 (5.89) 0.286
Number of errors 3.6 (3.2) 28(34) 3.7(27) 0.164 -037(3.31) 0.42(3.65) -0.94(2.83) 0.086 —0.63 (2.54) 0.79 (2.7) —0.51 (3.78) 0.093
WCST (score)
Categories 24 (1.4) 2.2 (1) 2.3(1.3) 0.986 —0.58 (1.06) 0.06 (1) 0.11 (1.1) 0.019 0.21 (1.21) —0.03 (1.59) 0.4 (1.35) 0.388
achieved
Number 247 (7.2) 206 (6.1) 23(7.7) 0.102 -0.74 (7.31) 1.12(5.47) 1.6(7.13) 0.321 1.58 (6.39) 2.82 (6.82) 3(7.29) 0.608
correct
Total errors 23.3(7.2) 27.6(6) 25 (7.7) 0.075 0.29 (7.39) -0.52 (74) -1.6(7.13) 0533 -1.87(6.41) -2.27(8.61) —3.2(7.36) 0.715
Non-perseverative 10.42 (4.4) 11.1 (4.78) 11.2 (4) 0.722 1.63 (5.15) 2.21(5.1) 0.14 (6.61) 0.538 -0.39(4.72) -0.03(6.3) -1.09 (4.57) 0.706
errors
Perseverative 10.8 (7) 14.1(7.9) 113 (7.5) 012 -0.79(7.33) -2.55(6.67) —0.94 (5.42) 0.71 -1.95(5.78) —2.94(8.21) —2.06 (6.59) 0.887
errors
Failure to 0.8 (1.2) 03 (0.5) 0.9(1.3) 0.052 0.13(1.38) —0.03 (0.85) —0.03 (1.48) 0.473 -0.13(1.42) 0.45(1.15) -0.37(1.42) 0.079
maintain set
Failure to 1.5(1.6) 1.2(1.6) 1.6(1.8) 0.365 0.71 (2.58) 0.45(1.62) -0.29(2.16) 0.067 —0.08 (2.12) 0.52(1.68) 0.26 (2.17) 0.611
maintain rule
Others errors 0.03 (0.16) 0.09 (0.29) 0.29 (0.79) 0.099 0.39 (1.13) 0.06 (0.5) —-0.11 (1.1) 0.052 0.37 (1.02) 0.18 (0.68) 0.14 (1.03) 0.686
Perseverative 2.3 (1.4) 2(1.1) 2.1(1.2) 0.898 -0.68 (0.96) 0.03(1.1) 0.14 (1.11) 0.002 -0.16 (1.22) 0.03 (1.59) 0.4 (1.44) 0.25

response
% perseverative
errors

429 (17.8) 494 (17.4) 41.1 (18.2) 0.118 —3.73 (18.56) —6.3 (16.03) —0.8 (15.39) 0.428

~5.49 (16.32) —7.07 (21.3) —2.52 (16.19) 0.775

Data are mean (SD). MMSE: Mini—Mental State Examination; CDT: Clock Drawing Test; WMS, Weschler Memory Scale; VPA: Verbal Paired Associates; CBTT: Corsi Block-

tapping test; WAIS-III: Weschler Adult Intelligence Scale; Wisconsin Card Sort Test.

c) but worse performance in Perseverative response (P = 0.011, ES:
0.69) (Fig. 3e). As compared with the Mental/Leisure group, the
Multimodal group exhibited better performance in Easy 1
(P=0.006, ES: 0.74) (Fig. 3a) but worse performance in MMSE
score (P=0.014, ES: 0.57), Perseverative response (P =0.006, ES:
0.64) and Categories achieved (P = 0.041, ES: 0.64) (Fig. 3e and 3f).

After 8 months of intervention, interactions were observed in
MMSE (p = 0.026), CDT (P = 0.03), Easy I (P = 0.018) and Difficult Il
(P=0.009) and III (0.016). As compared with the Functional
Mobility group, the Multimodal group exhibited worse perfor-
mance in CDT (P=0.042, ES: 0.74) but better performance in
Difficult II (P=0.01, ES: 0.77) (Fig. 3c). As compared with the
Mental/Leisure group, the Multimodal group exhibited better
performance in Easy I (P=0.016, ES: 0.73) and Difficult III
(P=0.022, ES: 0.70) (Fig. 3a and 3d) but worse performance in
MMSE (P =0.022, ES: 0.63) and CDT (P = 0.003, ES: 0.79).

As additional analyses, for each intervention, we compared the
baseline values for neuropsychological and cognitive measures

across the years. We observed similar baseline values between
years for all interventions (Supplementary material 1 and 2).

4. Discussion

Our hypotheses that physical and cognitive modalities of
exercise would be able to maintain and/or improve cognition and
psychological features of people with PD and that longer duration
would be more beneficial were partially confirmed. In fact, our
findings revealed that the locomotor and cognitive training had a
potential effect on maintaining executive function, attention, and
work memory. Unexpectedly, the multimodal training did not
have any substantial benefits on executive functions, despite
subtle positive effects on logic memory and “physical stress” after
8 months of exercise. In agreement with the preliminary published
data for 4 months, similar results were evidenced in terms of
locomotor and cognitive exercises on the maintenance of the
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Fig. 2. Mean (bars) and individual distribution (circles) of the magnitude of change (A) for (a) mobility, (b) social support and (c) physical stress considering 4 (Post I-Pre) and
8 (Post II-Pre) months for Multimodal (black), Functional Mobility (blue) and Mental/Leisure (red) groups.

cognitive features [9]. These findings support the importance of
continuous exercises, considering the mid- and long-term positive/
maintenance effects on non-motor symptoms in PD [17]. We
discuss the results comparing neuro-mechanisms involved in each
type of training in people with PD and neurological healthy
individuals.

Our findings revealed that the locomotor and cognitive
exercises reduced, to some extent, the PD-related decline in
cognitive function. Neurophysiological effects of exercise would
explain our findings in part, because motor interventions (i.e.,
aerobic and strength exercises) involves:

e an increase in levels of brain-derived neurotrophic factor and
insulin-like growth factor [12,13];

e enhanced cerebral blood flow (up to 18%) [46];

e increased neurotransmitter release [14];

e increased dopamine receptor expression and, consequently,
neuroplasticity [12].

Such neurophysiological benefits caused by exercise may
extend to motor and non-motor improvements in PD [7,17,22]. Sys-
tematic reviews confirmed the extension of the physical exercise
effects on global cognition, attention, executive function, depres-
sive symptoms, and anxiety traits in healthy older adults and
people with PD [7,17,22]. Such aspects might explain the
maintenance effect of the Functional Mobility intervention on
these cognitive features in people with PD.

Recent findings showed that mobility and cognitive impair-
ments are regulated by shared brain resources [5]. Indeed, neural
control of mobility involves activation and connectivity of brain
areas, such as the pre-frontal cortex and subcortical structures [5],
which are closely related to cognitive function [14]. This argument
of shared brain resources in both mobility and cognitive function
presumably supports that activities targeting improvements in
gait lead to improvements in cognitive function. The opposite is

likely to occur, whereby possible benefits of cognitive function
generate improvements in gait [5]. Functional mobility exercises
involving activities with several stimuli from the environment are
also related to benefits extending to cognitive function [47]. Fur-
thermore, the greater complexity of locomotor exercise would
represent more stimuli in the pre-frontal cortex. This observation
could explain possible mechanisms that involve the neurophysio-
logic benefit after exercise practice, such as:

e an increase in the level and sensitivity of neurotransmitter and
receptors;

e an increase in neuronal firing;

e an association between exercise benefits and neuroplasticity,
decreasing the rate of neurodegeneration, characteristic of PD
[14,26].

The effect of exercise types on cognitive features fluctuated
between individuals and tasks. Such fluctuations were high for all
exercise types but were more visible in the Multimodal training
(Figs. 2 and 3). High fluctuations (variability) in the Multimodal
group could be another reason for the lack, or even decline, of
effects on cognitive outcomes. Particularities of participants, such
as PD subtype, disease severity, and fitness level, might explain the
high variability, also observed in other studies [19,20]. It could
raise the need for individualization and/or longer-term approaches
to PD, which is indeed relevant. However, activities in groups may
increase adherence and adhesion and enhance the benefits of
group exercises. Therefore, combining regular long-term individ-
ual and group exercises may be important to observe consistent
and effective results on the non-motor symptoms in PD. Additional
reasons for such elevated high variability on the outcomes may be
attributed to the reallocation of individuals with a short period of
detraining. Some reallocated participants might have carried over
some effects of previous interventions, resulting in cross-over
effects and more variation among participants across the years,
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Fig. 3. Mean (bars) and individual distribution (circles) of the magnitude of change (A) for (a to d) verbal paired associates (Easy I, Easy late, Difficult Il and Difficult III,
respectively), (e) perseverative response, and (f) categories achieved considering 4 (Post [-Pre) and 8 (Post II-Pre) months for Multimodal (black), Functional Mobility (blue)

and Mental/Leisure (red) groups.

although a period of 3 months with no practice of physical activity
can lead to a decline in balance and quality of life [48], which
would have accounted for a detraining in the individuals in the
current study. Furthermore, the cognitive condition at baseline
across the years was similar in each group, which minimizes
possible issues related to the reallocation of participants.

The multimodal activities were performed with a focus on the
interaction between tasks and individuals with less involvement of
the environmental constraint, which could indicate differences
between locomotion and multimodal exercises. Also, the locomo-
tion exercise involved more complex tasks that required attention
as well as predictive and reactive control mechanisms. Complex
walking tasks and/or less automatic movements require high pre-
frontal cortical involvement, normally tested in dual-task para-
digms [5], which might also explain the differences between
modalities. This argument is supported by our findings indicating
better performance in executive functions for the locomotion
exercise. Lack of a Multimodal training effect in maintaining/
improving executive function features (i.e., WCST) might be due to
combinations of aerobic characteristics not reaching the target
zone with lower-complexity activities. It may explain in part the
difference between our findings and those of Tanaka et al. [19],
indicating improvements of executive function (i.e., ~60% of
improvement in mental flexibility) after 8 months of exercise.

Nonetheless, the lower-complexity activities could allow partici-
pants of the multimodal group greater social interaction, which
may explain the benefits in physical stress after 8 months in
multimodal exercise versus no differences for the other interven-
tion programs. This reasoning can also be extended to the subtle
benefits of this modality on VPA, because social interaction
combined with aerobic exercise indicated improvements in
working memory [10].

Our results suggest that task specificity is an intervening factor
in the progression of cognitive dysfunction. Similar to what was
observed with functional mobility exercises, cognitive training was
able to maintain cognitive function in people with PD. The benefits
on executive function were observed after cognitive training
[8,23]. For instance, 10 sessions of cognitive exercises improved
executive function in people with PD (~ 4 times greater), which
suggests that cognitive training promotes neuroplasticity related
to mental flexibility [11]. Thus, cognitive training represents a
crucial aspect to improve, or to maintain, the cognitive function in
people with PD. A remarkable aspect is that the participants of this
study presented relatively good performance on cognitive tasks,
which reinforces the importance of maintaining cognitive features
achieved by the locomotion and cognitive training, even consider-
ing the slow progression of cognitive decline [49]. Furthermore, the
maintenance of cognition became more relevant because of its
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association with functional activity [19], postural, gait control [5],
and QoL in people with PD [1,4] and also is associated with
maintenance of the progression of PD [2]. Physical exercise
positively improved the LPA, but the intervention could not
prevent the slight progression of motor symptoms (i.e., subtle
increase in UPDRS part III score and increase in LED). This lack of
protective effect on disease progression also supports the potential
pronounced effects of the intervention on cognitive features.

4.1. Study limitation and conclusion

Our study has some limitations. We partially randomly
distributed the participants in terms of disease stage to avoid
the influence of the severity of PD during the development of the
exercises and on results. Because of the number of participants
(>100) and the number of sessions (> 550), all evaluators and
members of LEPLO supported the sessions to guarantee the safety
of the participants and the quality of the interventions, so blinded
evaluation of participants was not possible, although all evaluators
were trained to assess with consistent criteria and in accordance
with ethical standards. We did not include a group that did not
receive any kind of intervention so that we would not deprive the
participants of the benefits of doing exercises. We tried to diminish
the lack of a control group by assessing participants at baseline
without regular exercise practices in the last 4 months. However,
the same participants assessed with the same tools across the
3 years could lead to test-retest familiarization effect and a cross-
over effect. Although Lipp’s stress symptoms inventory is often
used to screen stress symptomes, this tool is not validated in PD. We
chose this tool instead of a specific one for PD (e.g., Parkinson
Anxiety Scale) because PROPARKI also involves the comparison of
PD and healthy subjects, which was not the focus of this study.

Despite the limitations, we emphasize the social and clinical
relevance of non-pharmacological therapy, which has been
extensively proposed, in this study. These sorts of interventions
are promising in terms of reducing cognitive decline in PD. A recent
multidisciplinary symposium report stated the importance and
need for cognitive and physical exercises as a potential therapy to
maintain cognitive health [50]. In agreement, we strictly recom-
mend novel studies with physical, cognitive and combined
exercises as additional therapy to PD, considering that these
interventions can attenuate the expected rate of cognitive decline
in PD [11]. We recommend long-term exercise studies targeting
non-motor symptoms in PD. Such studies would probe whether
and which exercise interventions are beneficial for non-motor
symptoms to PD.

We conclude that the effect of interventions on non-motor
symptoms was training-specific. Interventions that required
specific aspects of cognitive function maintained cognitive
functions, but aerobic exercise was important to maintain the
psychological aspect. Overall, exercise can delay the decline of
cognitive function in PD.

Data availability

The data used in this study are available from the corresponding
author on reasonable request.

Funding

This study was supported in part by the Coordenacdo de Aper-
feicoamento de Pessoal de Nivel Superior, Brasil (CAPES), Finance Code
001, and by Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
(CNPq) [LTBG-142057/2017-7; 309045/2017-7].

Disclosure of interest

The authors declare that they have no competing interest.

Acknowledgments

We thank all the support of all members of the PROPARKI group.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.rehab.2020.05.011.

References

[1] Kalia LV, Lang AE. Parkinson’s disease. Lancet 2015;386:896-912. http://

dx.doi.org/10.1016/S0140-6736(14)61393-3.

[2] Barone P, Antonini A, Colosimo C, Marconi R, Morgante L, Avarello TP, et al. The

PRIAMO study: a multicenter assessment of nonmotor symptoms and their

impact on quality of life in Parkinson’s disease. Mov Disord 2009;24:1641-9.

http://dx.doi.org/10.1002/mds.22643.

Martinez-Martin P, Schapira AHV, Stocchi F, Sethi K, Odin P, MacPhee G, et al.

Prevalence of nonmotor symptoms in Parkinson’s disease in an international

setting; Study using nonmotor symptoms questionnaire in 545 patients. Mov

Disord 2007;22:1623-9. http://dx.doi.org/10.1002/mds.21586.

Kadastik-Eerme L, Muldmaa M, Lilles S, Rosenthal M, Taba N, Taba P. Nonmotor

features in parkinson’s disease: what are the most important associated

factors? Parkinsons Dis 2016;2016:4370674. http://dx.doi.org/10.1155/

2016/4370674.

Montero-Odasso M, Almeida QJ, Bherer L, Burhan AM, Camicioli R, Doyon J,

et al. Consensus on shared measures of mobility and cognition: from the

canadian consortium on neurodegeneration in aging (CCNA). Journals Geron-
tol Ser A 2019;74:897-909. http://dx.doi.org/10.1093/gerona/gly148.

Seppi K, Ray Chaudhuri K, Coelho M, Fox SH, Katzenschlager R, Perez Lloret S,

et al. Update on treatments for nonmotor symptoms of Parkinson’s disease—an

evidence-based medicine review. Mov Disord 2019;34:180-98. http://
dx.doi.org/10.1002/mds.27602.

da SilvaFC, lIop R, da R, de Oliveira LC, Boll AM, de Alvarenga JGS, et al. Effects of

physical exercise programs on cognitive function in Parkinson’s disease

patients: a systematic review of randomized controlled trials of the last

10 years. PLoS One 2018;13:e0193113. http://dx.doi.org/10.1371/journal.-

pone.0193113.

Petrelli A, Kaesberg S, Barbe MT, Timmermann L, Fink GR, Kessler ], et al. Effects

of cognitive training in Parkinson’s disease: a randomized controlled trial.

Parkinsonism Relat Disord 2014;20:1196-202. http://dx.doi.org/10.1016/

j.parkreldis.2014.08.023.

Gobbi LTB, Teixeira-Arroyo C, Lirani-Silva E, Vitorio R, Barbieri FA, Pereira MP.

Effect of different exercise programs on the psychological and cognitive

functions of people with Parkinson's disease. Mot Rev Educ Fisica

2013;19:597-604. http://dx.doi.org/10.1590/S1980-65742013000300010.

[10] Intzandt B, Beck EN, Silveira CRA. The effects of exercise on cognition and gait
in Parkinson’s disease: a scoping review. Neurosci Biobehav Rev 2018;95:136-
69. http://dx.doi.org/10.1016/j.neubiorev.2018.09.018.

[11] Walton CC, Naismith SL, Lampit A, Mowszowski L, Lewis SJG. Cognitive
training in Parkinson’s Disease. Neurorehabil Neural Repair 2017;31:207-
16. http://dx.doi.org/10.1177/1545968316680489.

[12] Petzinger GM, Holschneider DP, Fisher BE, McEwen S, Kintz N, Halliday M, et al.
The effects of exercise on dopamine neurotransmission in parkinson’s disease:
targeting neuroplasticity to modulate basal ganglia circuitry. Brain Plast
2016;1:29-39. http://dx.doi.org/10.3233/bpl-150021.

[13] Szuhany KL, Bugatti M, Otto MW. A meta-analytic review of the effects of
exercise on brain-derived neurotrophic factor. ] Psychiatr Res 2015;60:56-64.
http://dx.doi.org/10.1016/j.jpsychires.2014.10.003.

[14] Ahlskog JE, Aerobic exercise: evidence for a direct brain effect to slow
parkinson disease progression. Mayo Clin Proc 2018;93:360-72. http://
dx.doi.org/10.1016/j.mayocp.2017.12.015.

[15] Weinstein AM, Voss MW, Prakash RS, Chaddock L, Szabo A, White SM, et al. The
association between aerobic fitness and executive function is mediated by
prefrontal cortex volume. Brain Behav Immun 2012;26:811-9. http://
dx.doi.org/10.1016/j.bbi.2011.11.008.

[16] Nishiguchi S, Yamada M, Tanigawa T, Sekiyama K, Kawagoe T, Suzuki M, etal. A
12-week physical and cognitive exercise program can improve cognitive
function and neural efficiency in community-dwelling older adults: a ran-
domized controlled trial. ] Am Geriatr Soc 2015;63:1355-63. http://
dx.doi.org/10.1111/jgs.13481.

[17] Biundo R, Weis L, Fiorenzato E, Antonini A. Cognitive rehabilitation in Par-
kinson’s Disease: is it feasible? Arch Clin Neuropsychol 2017;32:840-60.
http://dx.doi.org/10.1093/arclin/acx092.

[18] Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell JL. The effectiveness
of exercise interventions for people with Parkinson’s disease: A systematic
review and meta-analysis. Mov Disord 2008;23:631-40. http://dx.doi.org/
10.1002/mds.21922.

[19] Tanaka K, Quadros AC, de, Santos RF, Stella F, Gobbi LTB, et al. Benefits of
physical exercise on executive functions in older people with Parkinson’s
disease.  Brain Cogn  2009;69:435-41. http://dx.doi.org/10.1016/

j.bandc.2008.09.008.

(3

[4

(5

[6

[7

(8

(9



http://dx.doi.org/10.1016/j.rehab.2020.05.011
http://dx.doi.org/10.1016/S0140-6736(14)61393-3
http://dx.doi.org/10.1016/S0140-6736(14)61393-3
http://dx.doi.org/10.1016/S0140-6736(14)61393-3
http://dx.doi.org/10.1002/mds.22643
http://dx.doi.org/10.1002/mds.22643
http://dx.doi.org/10.1002/mds.21586
http://dx.doi.org/10.1002/mds.21586
http://dx.doi.org/10.1155/2016/4370674
http://dx.doi.org/10.1155/2016/4370674
http://dx.doi.org/10.1155/2016/4370674
http://dx.doi.org/10.1093/gerona/gly148
http://dx.doi.org/10.1093/gerona/gly148
http://dx.doi.org/10.1002/mds.27602
http://dx.doi.org/10.1002/mds.27602
http://dx.doi.org/10.1002/mds.27602
http://dx.doi.org/10.1371/journal.pone.0193113
http://dx.doi.org/10.1371/journal.pone.0193113
http://dx.doi.org/10.1371/journal.pone.0193113
http://dx.doi.org/10.1016/j.parkreldis.2014.08.023
http://dx.doi.org/10.1016/j.parkreldis.2014.08.023
http://dx.doi.org/10.1016/j.parkreldis.2014.08.023
http://dx.doi.org/10.1590/S1980-65742013000300010
http://dx.doi.org/10.1590/S1980-65742013000300010
http://dx.doi.org/10.1016/j.neubiorev.2018.09.018
http://dx.doi.org/10.1016/j.neubiorev.2018.09.018
http://dx.doi.org/10.1177/1545968316680489
http://dx.doi.org/10.1177/1545968316680489
http://dx.doi.org/10.3233/bpl-150021
http://dx.doi.org/10.3233/bpl-150021
http://dx.doi.org/10.1016/j.jpsychires.2014.10.003
http://dx.doi.org/10.1016/j.jpsychires.2014.10.003
http://dx.doi.org/10.1016/j.mayocp.2017.12.015
http://dx.doi.org/10.1016/j.mayocp.2017.12.015
http://dx.doi.org/10.1016/j.mayocp.2017.12.015
http://dx.doi.org/10.1016/j.bbi.2011.11.008
http://dx.doi.org/10.1016/j.bbi.2011.11.008
http://dx.doi.org/10.1016/j.bbi.2011.11.008
http://dx.doi.org/10.1111/jgs.13481
http://dx.doi.org/10.1111/jgs.13481
http://dx.doi.org/10.1111/jgs.13481
http://dx.doi.org/10.1093/arclin/acx092
http://dx.doi.org/10.1093/arclin/acx092
http://dx.doi.org/10.1002/mds.21922
http://dx.doi.org/10.1002/mds.21922
http://dx.doi.org/10.1002/mds.21922
http://dx.doi.org/10.1016/j.bandc.2008.09.008
http://dx.doi.org/10.1016/j.bandc.2008.09.008
http://dx.doi.org/10.1016/j.bandc.2008.09.008

10 L.T.B. Gobbi et al./Annals of Physical and Rehabilitation Medicine 64 (2021) 101407

[20] Silveira CRA, Roy EA, Intzandt BN, Almeida QJ. Aerobic exercise is more
effective than goal-based exercise for the treatment of cognition in Parkinson’s
disease. Brain Cogn 2018;122:1-8. http://dx.doi.org/10.1016/
j-bandc.2018.01.002.

[21] Cugusi L, Solla P, Zedda F, Loi M, Serpe R, Cannas A, et al. Effects of an adapted
physical activity program on motor and non-motor functions and quality of
life in patients with Parkinson’s disease. NeuroRehabilitation 2014;35:789-
94. http://dx.doi.org/10.3233/NRE-141162.

[22] LeungIHK, Walton CC, Hallock H, Lewis SJG, Valenzuela M, Lampit A. Cognitive
training in Parkinson disease. Neurology 2015;85:1843-51. http://dx.doi.org/
10.1212/WNL.0000000000002145.

[23] Sammer G, Reuter I, Hullmann K, Kaps M, Vaitl D. Training of executive
functions in Parkinson’s disease. J Neurol Sci 2006;248:115-9. http://
dx.doi.org/10.1016/j.jns.2006.05.028.

[24] Paris AP, Saleta HG, de la Cruz Crespo Maraver M, Silvestre E, Freixa MG,
Torrellas CP, et al. Blind randomized controlled study of the efficacy of
cognitive training in Parkinson’s disease. Mov Disord 2011;26:1251-8.
http://dx.doi.org/10.1002/mds.23688.

[25] Sinforiani E, Banchieri L, Zucchella C, Pacchetti C, Sandrini G. Cognitive
rehabilitation in Parkinson’s Disease. Arch Gerontol Geriatr 2004;38:387-
91. http://dx.doi.org/10.1016/].ARCHGER.2004.04.049.

[26] Smith PJ, Blumenthal JA, Hoffman BM, Cooper H, Strauman TA, Welsh-Bohmer
K, et al. Aerobic exercise and neurocognitive performance: a meta-analytic
review of randomized controlled trials. Psychosom Med 2010;72:239-52.
http://dx.doi.org/10.1097/PSY.0b013e3181d14633.

[27] Reuter I, Mehnert S, Sammer G, Oechsner M, Engelhardt M. Efficacy of a
multimodal cognitive rehabilitation including psychomotor and endurance
training in Parkinson’s Disease. ] Aging Res 2012;2012:1-15. http://dx.doi.org/
10.1155/2012/235765.

[28] Barbour V, Bhui K, Chescheir N, Clavien PA, Diener MK, Glasziou P, et al.
CONSORT Statement for randomized Trials of nonpharmacologic treatments:
A 2017 update and a CONSORT extension for nonpharmacologic Trial Abs-
tracts. Ann Intern Med 2017;167:40-7. http://dx.doi.org/10.7326/M17-0046.

[29] Hughes A], Daniel SE, Kilford L, Lees AJ]. Accuracy of clinical diagnosis of
idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases. ]
Neurol Neurosurg Psychiatry 1992;55:181-4. http://dx.doi.org/10.1136/
jnnp.55.3.181.

[30] Folstein MF, Folstein SE, McHugh PR. Mini-mental state. A practical method for
grading the cognitive state of patients for the clinician. ] Psychiatr Res
1975;12:189-98.

[31] Brucki SMD, Nitrini R, Caramelli P, Bertolucci PHF, Okamoto [H. Sugestdes para
o uso do mini-exame do estado mental no Brasil. Arq Neuropsiquiatr
2003;61:777-81. http://dx.doi.org/10.1590/S0004-282X2003000500014.

[32] Chodzko-Zajko W], Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR, Salem
GJ, et al. Exercise and physical activity for older adults. Med Sci Sport Exerc
2009;41:1510-30. http://dx.doi.org/10.1249/MSS.0b013e3181a0c95c.

[33] Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review of
levodopa dose equivalency reporting in Parkinson’s disease. Mov Disord
2010;25:2649-53. http://dx.doi.org/10.1002/mds.23429.

[34] Movement Disorder Society Task Force on Rating Scales for Parkinson’s Disease.
The Unified Parkinson’s Disease Rating Scale (UPDRS): Status and recommen-
dations. Mov Disord 2003;18:738-50. http://dx.doi.org/10.1002/mds.10473.

[35] Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell C, et al.
Movement Disorder Society Task Force report on the Hoehn and Yahr staging
scale: Status and recommendations The Movement Disorder Society Task Force
on rating scales for Parkinson’s disease. Mov Disord 2004;19:1020-8. http://
dx.doi.org/10.1002/mds.20213.

[36] Fuzikawa C, Lima-Costa MF, Uchoa E, Barreto SM, Shulman K. Bambui Health
and Ageing Study. A population based study on the intra and inter-rater
reliability of the clock drawing test in Brazil: the Bambui Health and Ageing
Study. Int J Geriatr Psychiatry 2003;18:450-6. http://dx.doi.org/10.1002/
gps.863.

[37] Wechsler D. Wechsler Adult Intelligence Scale. 3rd ed. San Antonio: The
Psychological Corporation; 1997.

[38] Nelson HE. A modified card sorting test sensitive to frontal lobe defects. Cortex
1976;12:313-24.

[39] Brucki SMD, Malheiros SMF, Okamoto IH, Bertolucci PHF. Dados normativos
para o teste de fluéncia verbal categoria animais em nosso meio. Arq Neuro-
psiquiatr 1997;55:56-61. http://dx.doi.org/10.1590/S0004-
282X1997000100009.

[40] Kessels RPC, van Zandvoort MJE, Postma A, Kappelle L], de Haan EHF. The Corsi
block-tapping task: standardization and normative data. Appl Neuropsychol
2000;7:252-8. http://dx.doi.org/10.1207/S15324826AN0704_8.

[41] Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983;67:361-70.

[42] Lipp MEM. Manual do Inventario de Sintomas de Stress para adultos de Lipp
(ISSL). Sdo Paulo Casa Do Psicélogo; 2000.

[43] Jenkinson C, Fitzpatrick R, Peto V, Greenhall R, Hyman N. The Parkinson’s
Disease Questionnaire (PDQ-39): development and validation of a Parkinson’s
disease summary index score. Age Ageing 1997;26:353-7. http://dx.doi.org/
10.1093/ageing/26.5.353.

[44] Voorrips LE, Ravelli AC, Dongelmans PC, Deurenberg P, Van Staveren WA. A
physical activity questionnaire for the elderly. Med Sci Sports Exerc
1991;23:974-9.

[45] Cohen J. Statistical power analysis for the behavioral sciences. 2nd. Hillsdale
(N]): Lawrence Erlbaum Associates; 1988.

[46] Critchley HD, Corfield DR, Chandler MP, Mathias CJ, Dolan RJ. Cerebral corre-
lates of autonomic cardiovascular arousal: a functional neuroimaging inves-
tigation in humans. ] Physiol 2000;523 Pt:259-70. http://dx.doi.org/10.1111/
j-1469-7793.2000.t01-1-00259.X.

[47] Nithianantharajah ], Hannan AJ. Enriched environments, experience-depen-
dent plasticity and disorders of the nervous system. Nat Rev Neurosci
2006;7:697-709. http://dx.doi.org/10.1038/nrn1970.

[48] Esain I, Gil SM, Bidaurrazaga-Letona I, Rodriguez-Larrad A. Effects of 3 months
of detraining on functional fitness and quality of life in older adults who
regularly exercise. Aging Clin Exp Res 2019;31:503-10. http://dx.doi.org/
10.1007/s40520-018-0990-1.

[49] Roheger M, Kalbe E, Liepelt-Scarfone 1. Progression of cognitive decline in
Parkinson’s Disease. ] Parkinsons Dis 2018;8:183-93. http://dx.doi.org/
10.3233/]PD-181306.

[50] Goldman JG, Vernaleo BA, Camicioli R, Dahodwala N, Dobkin RD, Ellis T, et al.
Cognitive impairment in Parkinson’s disease: a report from a multidisciplinary
symposium on unmet needs and future directions to maintain cognitive health
2018;4:19. http://dx.doi.org/10.1038/s41531-018-0055-3.



http://dx.doi.org/10.1016/j.bandc.2018.01.002
http://dx.doi.org/10.1016/j.bandc.2018.01.002
http://dx.doi.org/10.1016/j.bandc.2018.01.002
http://dx.doi.org/10.3233/NRE-141162
http://dx.doi.org/10.3233/NRE-141162
http://dx.doi.org/10.1212/WNL.0000000000002145
http://dx.doi.org/10.1212/WNL.0000000000002145
http://dx.doi.org/10.1212/WNL.0000000000002145
http://dx.doi.org/10.1016/j.jns.2006.05.028
http://dx.doi.org/10.1016/j.jns.2006.05.028
http://dx.doi.org/10.1016/j.jns.2006.05.028
http://dx.doi.org/10.1002/mds.23688
http://dx.doi.org/10.1002/mds.23688
http://dx.doi.org/10.1016/J.ARCHGER.2004.04.049
http://dx.doi.org/10.1016/J.ARCHGER.2004.04.049
http://dx.doi.org/10.1097/PSY.0b013e3181d14633
http://dx.doi.org/10.1097/PSY.0b013e3181d14633
http://dx.doi.org/10.1155/2012/235765
http://dx.doi.org/10.1155/2012/235765
http://dx.doi.org/10.1155/2012/235765
http://dx.doi.org/10.7326/M17-0046
http://dx.doi.org/10.7326/M17-0046
http://dx.doi.org/10.1136/jnnp.55.3.181
http://dx.doi.org/10.1136/jnnp.55.3.181
http://dx.doi.org/10.1136/jnnp.55.3.181
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0400
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0400
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0400
http://dx.doi.org/10.1590/S0004-282X2003000500014
http://dx.doi.org/10.1590/S0004-282X2003000500014
http://dx.doi.org/10.1249/MSS.0b013e3181a0c95c
http://dx.doi.org/10.1249/MSS.0b013e3181a0c95c
http://dx.doi.org/10.1002/mds.23429
http://dx.doi.org/10.1002/mds.23429
http://dx.doi.org/10.1002/mds.10473
http://dx.doi.org/10.1002/mds.10473
http://dx.doi.org/10.1002/mds.20213
http://dx.doi.org/10.1002/mds.20213
http://dx.doi.org/10.1002/mds.20213
http://dx.doi.org/10.1002/gps.863
http://dx.doi.org/10.1002/gps.863
http://dx.doi.org/10.1002/gps.863
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0435
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0435
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0440
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0440
http://dx.doi.org/10.1590/S0004-282X1997000100009
http://dx.doi.org/10.1590/S0004-282X1997000100009
http://dx.doi.org/10.1590/S0004-282X1997000100009
http://dx.doi.org/10.1207/S15324826AN0704_8
http://dx.doi.org/10.1207/S15324826AN0704_8
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0455
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0455
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0460
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0460
http://dx.doi.org/10.1093/ageing/26.5.353
http://dx.doi.org/10.1093/ageing/26.5.353
http://dx.doi.org/10.1093/ageing/26.5.353
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0470
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0470
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0470
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0475
http://refhub.elsevier.com/S1877-0657(20)30121-4/sbref0475
http://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00259.x
http://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00259.x
http://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00259.x
http://dx.doi.org/10.1038/nrn1970
http://dx.doi.org/10.1038/nrn1970
http://dx.doi.org/10.1007/s40520-018-0990-1
http://dx.doi.org/10.1007/s40520-018-0990-1
http://dx.doi.org/10.1007/s40520-018-0990-1
http://dx.doi.org/10.3233/JPD-181306
http://dx.doi.org/10.3233/JPD-181306
http://dx.doi.org/10.3233/JPD-181306
http://dx.doi.org/10.1038/s41531-018-0055-3
http://dx.doi.org/10.1038/s41531-018-0055-3

	Effect of different types of exercises on psychological and cognitive features in people with Parkinson's disease: A rando...
	1 Introduction
	2 Methods
	2.1 Design
	2.2 Participants
	2.3 Interventions
	2.4 Protocols and outcomes
	2.5 Statistical analyses

	3 Results
	3.1 Exercise effects on psychological measures
	3.2 Exercise effects on cognitive measures

	4 Discussion
	4.1 Study limitation and conclusion

	Data availability

	Funding
	Disclosure of interest
	Acknowledgments

	Appendix A Supplementary data
	References

