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Abstract

Background: Evidence has suggested that cognitive decline may be a risk factor for freezing of
gait (FOG) in Parkinson’s disease (PD). Complex and challenging exercises have been suggested
as potential rehabilitation strategies to decrease FOG severity and improve cognition; however, it
is unknown whether improvement in cognition would explain decreased FOG severity following

exercise.

Objective: In this secondary analysis, we evaluated the effects of the adapted resistance training
with instability (ARTI-complex and challenging exercises) compared with traditional motor
rehabilitation (TMR-without challenging exercises) on cognitive function in people with FOG

of PD. We also verified whether cognitive improvement explains the decrease in FOG previously
published.

Methods: Participants were randomized to either the experimental group (ARTI, n=17) or the
active control group (TMR, n=15). Both training groups exercised three times a week for 12
weeks (80-90 min each session). FOG severity (FOG ratio from inertial sensors during a 360-
degree turning-in-place task), frontal lobe function (Frontal Assessment Battery-FAB), global
cognition (Montreal Cognitive Assessment-MoCA), attention and psychomotor speed (Digit
Symbol Substitution Test-DSST) were evaluated before and after interventions.
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Results: Only the ARTI group improved FAB, MoCA, and DSST scores at posttraining. In
addition, ARTI was more effective than TMR in improving FAB scores at posttraining. The
changes in FAB scores explained the changes in FOG ratio following ARTI (R2=0.43, P<0.01).

Conclusions: This pilot study suggests that ARTI, a complex and challenging training, improves
cognition in people with FOG of PD. Improvements in frontal lobe function with ARTI help
explain decreased FOG severity.

Keywords

frontal lobe function; cognitive inhibition; global cognition; attention; freezing of gait; Parkinson’s

disease

INTRODUCTION

Cognitive impairment is a common non-motor symptom in Parkinson’s Disease (PD)! that
can occur prior to, at the time, or years after diagnosis of PD.1 Longitudinal studies showed
that 47% of 141 people with PD with normal cognition develop cognitive impairment
within 1-6 years,2 and 48% of 149 people with PD with normal cognition at the diagnosis
fulfilled the criteria for dementia within 15 years®. Importantly, cognitive impairment has
been suggested as a risk factor for freezing of gait (FOG) in PD.45: 6

FOG is the most disabling symptom of PD’ and a common cause of falls.”~9 Although
FOG is a complex phenomenon and its pathophysiology remains unknown,’ a recent
meta-analysis of 145 studies showed that people with PD and FOG (PD+FOG) have
worse cognition than those without FOG (PD-FOG) across frontal lobe function, executive
function, global cognition, attention, language, memory, and visuospatial domains,® which
shows a strong link between FOG and cognition.

The effects of pharmacological treatments for FOG and cognition are still inconclusive.”
Levodopa has only a limited impact on FOG, which is considered a dopamine-resistant
phenomenon in PD.” In fact, FOG severity has been more common in levodopa-treated
cohorts compared to levodopa-naive ones.10 Antiparkinsonian medication has limited and
complex effects on cognition, varying depending on the cognitive domain tested and the
type of medication (e.g., levodopa vs. dopamine agonists).11: 12 Thus, exercise interventions
aimed at decreasing FOG severity and improving cognition are needed.

Cognitive and challenging exercises have been suggested as potential rehabilitation
strategies to decrease FOG severity and improve cognition in PD+FOG,13-15 although
empirical findings are equivocal. Walton et al.,13 showed that 12 sessions (120 min

each) of cognitive training (specific computer-based cognitive tasks) reduced FOG severity
(percentage time spent frozen during a gait task) and improved cognitive processing speed
(Trial Making Test part [TMT] A) compared to active control (non-specific, computer-based
tasks) in PD+FOG assessed ON medication. However, other cognitive domains, such as
global cognition, cognitive flexibility, memory, executive function, and inhibitory control,
did not show any change after cognitive training.1® King et al.,14 showed that 18 sessions
(80 min each) of challenging cognitive-mobility exercises improved perceived FOG severity
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(New FOG Questionnaire — NFOGQ), global cognition, cognitive flexibility, and cognitive
inhibition in PD+FOG assessed OFF medication. Additionally, this study showed that
objective FOG values (360-degree turning in place) at baseline were associated with larger
improvements with the challenging cognitive-mobility exercises but not with the control
group. Silva-Batista et al.,16 showed that 36 sessions (80-90 min each) of complex and
challenging adapted resistance training with instability (ARTI) decreased FOG severity
(360-degree turning in place) compared to active control (traditional motor rehabilitation
-TMR) in PD+FOG assessed ON medication. ARTI improved cognitive inhibition’6 and
cognitive flexibilityl® in PD+FOG. Although these previous studies show the likely potential
of challenging, complex, and cognitive exercises in improving cognition and decreasing
FOG, no study has explored whether exercise-induced cognitive function improvements
may decrease FOG severity. Although previous studies showed improvements in executive
control such as inhibition4 16 and cognitive flexibilityl# 16 after challenging exercises, no
study has investigated the effect of those exercises on frontal lobe function in PD+FOG, as

the dysfunction in frontostriatal pathways has been implicated in FOG pathophysiology.’: 17
18

The Frontal Assessment Battery (FAB) assesses frontal lobe functions and has previously
been validated in PD.19 Frontal lobe function regulates higher-order processes that play
crucial roles in behavioral, psychological, and executive processes required to elaborate
goal-directed behaviors and adapts the subjects’ responses to new or challenging situations.
These roles are mediated by several different frontal regions (e.g., dorsolateral, medial
frontal, and prefrontal) with distinct functions.19-24 Evidence that the FAB measures
frontal lobe function comes from older people with cognitive impairmentZ® and those

with Alzheimer’s Disease?! who have low FAB scores and show hypoperfusion in frontal
regions (left lateral and right medial frontal regions) and frontal gyrus (left middle and
right superior), respectively. In addition, FAB is associated with lower gray matter density
in the prefrontal areas of people with PD22 and with frontal areas (dorsolateral and medial
frontal cortex) of people with frontotemporal dementia.23 PD+FOG have lower FAB scores
and reduced functional connectivity between the right middle frontal gyrus and the angular
gyrus compared to PD-FOG.24 These results suggest that FAB is modulated by frontal lobe
regions, PD+FOG have frontal lobe dysfunction, and interventions are needed to improve
FAB scores in PD+FOG.

Recently, we published the results of our Adapted Resistance Training with Instability

Trial in FOG (ARTIT-FOG)!® 16 comparing the effects of ARTI, a complex, challenging,
and coordinative intervention, and TMR, an active control group without complex and
challenging exercises, on the FOG severity and executive function (cognitive inhibition

and cognitive flexibility). Although ARTI decreased FOG severity as assessed objectively
16 and improved executive function!® 16, it is unknown whether ARTI improves other
cognitive domains related to FOG, such as frontal lobe function, global cognition, attention,
and psychomotor speed.® Also, it is unknown whether improved cognition would partially
explain the variance in the decreased FOG severity following ARTI.

ARTI requires challenging motor complexity exercises that simultaneously require high
demands on cognition, proprioception, coordination, and motor control.15: 16.25.26 A
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meta-analysis of 80 randomized controlled trials showed greater benefits of coordinative
and complex exercises on cognitive function compared with other exercise protocols (e.g.,
aerobic).2’ In addition, previous studies have shown more brain activation in cognitive
and motor areas after high, rather than low, motor complexity exercises.16: 2829 Thys,

we hypothesized that ARTI will be more effective than TMR (active control group) in
improving cognition (frontal lobe function, global cognition, and attention and psychomotor
speed) of PD+FOG due to challenging and complex/coordination exercises included in the
ARTI but not in the TMR program. We also hypothesize that the mitigation of frontal lobe
dysfunction after ART]I likely explains the decrease in FOG severity we have previously
published!®. FOG is strongly linked to dysfunction in frontostriatal pathways.”: 30-32
Increasing the complexity of a task may demand multiple processes in the frontal lobe
related to executive function33, as required during ARTI.

Therefore, this study uses secondary analyses of our original trial (RBR-83VB6B) to
investigate two aims. First, we compared the effects of ARTI and TMR on secondary
cognitive outcomes (frontal lobe function, global cognition, and attention and psychomotor
speed). Second, we tested whether improved cognition could explain the decrease in

FOG severity (objectively assessed during a 360-degree turning-in-place task) previously
reported.16

MATERIALS AND METHODS

Study Design

The ARTIT-FOG was a prospective, single-center, parallel-group, single-blinded
randomized controlled trial approved by the university’s ethical committee (School of
Physical Education and Sport) and at the Brazilian Clinical Trials Registry (RBR-83VB6B;
Universal Trial Number-U1111-1215-9956). The ARTIT-FOG was conducted between June
2018 and April 2019. The primary outcome of the ARTIT-FOG trial was FOG severity.16 In
the present study, we analyzed secondary, cognitive outcomes (frontal lobe function, global
cognition, and attention and motor speed) of the ARTIT-FOG.16

Participants

All participants were recruited from the Movement Disorders Clinic in the School of
Medicine at the University of Sdo Paulo. The diagnosis of idiopathic PD was confirmed

by a movement disorders specialist following UK Parkinson’s Disease Society Brain Bank
diagnostic criteria.18 All eligibility criteria were measured in the ON medication status:

1) Hoehn and Yahr stage range 3-4; 2) stable dopaminergic therapy 2 months before and
during the period of study; 3) 49-85 years of age; 4) able to walk for 20 meters without
walking aids; 5) absence of neurological disorders (other than PD); 6) absence of significant
arthritis, musculoskeletal or vestibular disorders, severe tremor, claustrophobia, and metal in
the body; 7) Mini-Mental State Examination score >23;21 8) no physical exercise practice
in the three months preceding study commencement. Individuals gave their written informed
consent to participate. All participants were classified as PD+FOG during ON medication
status if FOG was observed in the videos (e.g., step-over obstacles, turning clockwise and
counterclockwise, and walking through a doorway) and if they answered affirmatively item
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1 (Do you experience FOG?) and scored >1 on item 3 (How frequently do you experience
freezing episodes during turning?) and 5 (How frequently do you experience episodes of
freezing when initiating the first step?) of the NFOGQ.1?

Study procedures

PD+FOG were assessed and trained fully medicated (on-state) within 1.5 to 2h of

taking their morning dose of dopaminergic medication. Secondary outcome measures

of cognition of the ARTIT-FOG trial included frontal lobe function assessed by the
Frontal Assessment Battery (FAB)9, global cognition assessed by the Montreal Cognitive
Assessment (MoCA)34, and attention and psychomotor speed assessed by the Digit
Symbol Substitution Test (DSST).3° A researcher, trained by a neuropsychologist, blind
to the experimental design assessed cognition. See Supplementary Material for a detailed
description of the assessments.

As well as determining whether ARTIT improves secondary cognitive outcomes (FAB,
MoCA, DSST), the second aim of this study is to test if improved cognition following
exercise could explain the decrease in FOG severity we have previously published.16 We
used the 2-minute turning task (alternating 360-degree turns to the right and the left) as
previously published.18 Higher FOG-ratio scores indicate greater FOG severity (see more
details in Supplementary Material). Also, for this second aim, we used executive functions
of cognitive inhibition (Stroop-111) and cognitive flexibility (TMT part B-A [TMTg_al)
previously published that improved only after ARTI.15: 16

Randomization

After baseline assessments, PD+FOG were classified (a statistician blind to experimental
design) into quartiles regarding their NFOGQ scores. PD+FOG from each quartile were
randomly assigned to the active control group (TMR) or the experimental group (ARTI).
Post-test assessments were performed 24 hours after the end of the training period (12
weeks).

Interventions

See Supplementary Material for details of the ARTI and TMR programs. Briefly, both
TMR and ARTI groups trained 3 days per week for 12 weeks (36 training sessions) in
different facilities. Each training session lasted between 80-90 minutes. TMR, an active
control group, consisted of exercises with a focus on stretching, gait, balance, posture,

and lower- and upper-limbs free weight exercises. ARTI is an adaptation of our RTI
program for PD (PD-FOG) that has been previously published.2® ARTI consisted of seven
lower-limb and upper-limb free weight exercises (half-squat, plantar flexion, chest press,
knee-lifting stand, lunge, reverse fly, and dual-task squat) combined with unstable devices
(i.e., foam pad, dyna discs, balance discs, BOSU®, and Swiss Ball). Throughout the 12-wk
period, there was a progressive increase in motor complexity simultaneously, in terms of
attentional, proprioceptive (unstable devices progression), coordinative, dual task, and motor
control demands only for the ARTI (see Supplementary Table 1 and Figure 1 for exercise
progression and pictures, respectively).
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Statistical analyses

This study is a secondary analysis of our previous research,® 16 then, no power analysis
was conducted.

To test our first hypothesis, the effects of training protocols on secondary cognitive
outcomes of the present study (FAB, MoCA, and DSST) were verified using a linear mixed
model having two fixed factors: training groups (ARTI and TMR) and time (pre and post),
and subjects as a random factor. A Tukey’s adjustment was used for multicomparison
purposes whether a significant F value was obtained. Kenward and Roger’s method

for correcting the degrees of freedom of the fixed effects was applied to cater to the

small sample size. Although our previous study did not show significant between-groups
differences for FOG ratio at baseline,16 we used ANCOVA analyses to rule out the
possibility that FOG ratio values at baseline between the groups could be affecting our
results. Then, we controlled (ANCOVA tests) for baseline FOG ratio values. Effect Size (ES)
for within-group (pre- to post-changes) and between-group (post-changes) comparisons,
using Cohen’s d36, were used for each cognitive outcome. ESs were classified as small (ES
<0.49), medium (ES, 0.50-0.79), and large (ES =0.80).

Chi-square was used to determine whether the proportion of PD+FOG with frontal lobe
dysfunction (score <12 in the FAB)37 and mild cognitive impairment (score <25 in the
MoCA)34 decreased after interventions.

Independent #tests were used to compare the changes (4) in each secondary cognitive
outcome between the groups and compare between-groups differences for demographic
characteristics and clinical variables at baseline.

To test our second hypothesis, a linear multiple regression, forward stepwise method was
used to verify if changes in cognition could explain changes in FOG severity (FOG ratio —
dependent variable) following ARTI. For this analysis, we used FAB, MoCA, and DSST of
the present study, and previous executive tests (Stroop-11l1 and [TMTg_a]) and FOG ratio we
have previously published that improved only after ARTI.1%: 16 Only independent variables
(FAB, MoCA, DSST, Stroop-11l, TMTg_a) with low collinearity (<0.7)38 with the dependent
variable (FOG ratio) entered the regression model. We also included baseline FOG ratio as a
continuous predictor in the linear multiple regression.

Normality and the presence of extreme observations were assessed through the Shapiro-Wilk
test and box-plots, respectively. Non-normal data (FOG ratio) were log-transformed. Results
are presented as mean and standard deviation (SD). The significance level was set at P<0.05.
Statistical procedures were implemented using SAS 9.2%, with exception of linear multiple
regression, which was performed with the IBM SPSS Statistics (version 27).

RESULTS

Participants

Forty individuals performed baseline testing and were randomized into each group (TMR
or ARTI). Thirty-two participants (TMR n=15; ARTI n=17) composed the final sample as
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8 participants dropped out before post-assessment (TMR n=5; ARTI n=3) (Figure 1). Of
the TMR group, we were unable to contact two participants; two participants had family
problems; and one participant had surgery due to a fall in the house. Of the ARTI group,
one participant experienced lower limb pain (no medical intervention required) and dropped
his consent to participate; one participant dropped out due to family problems; and one
participant had surgery due to a fall getting out of the car.

Baseline values

As demonstrated in Table 1, there were no between-group differences in demographic,
anthropometric, clinical characteristics, and outcomes (FAB, MoCA, DSST, Stroop-IlI,
TMTg_a, FOG ratio) at baseline.

ARTI improves frontal lobe function

The FAB scores showed a significant group x time interaction (A1, 30]=4.16, £=0.01).

Only the ARTI group increased the FAB scores from pre- to post-training (£<0.01,
ES=1.15) presenting higher scores than the TMR group at post-training (£=0.05, ES=1.00).
Improvements in FAB scores after ARTI were observed in the inhibitory control subscores
(P<0.01, ES=1.20) presenting higher scores than the TMR group (#<0.01, ES=1.36) at post-
training, and a trend toward higher subscores in the mental flexibility (2=0.08, ES=0.73)
from pre- to post-training. See Tables 2 and 3 for details.

ARTI improves global cognition

The MoCA scores showed a significant group x time interaction (A1, 30]=6.00, P=0.02).
Only the ARTI group increased the MoCA scores (/<0.01, ES=1.68), although the TMR
group presented a trend toward higher scores from pre- to post-training (£=0.08, ES=0.86).
Improvements in MoCA scores after ARTI were observed in the visuo-executive subscores
(P<0.01, ES=1.19), presenting a stronger trend toward higher scores than the TMR group
(P=0.06, ES=1.19) at post-training. See Table 2 and 4 for details.

ARTI improves attention and psychomotor speed

The DSST scores showed a significant group x time interaction (Fy 30]=9.30, /<0.01).
Only the ARTI group increased the DSST scores from pre- to post-training (~£<0.01,
ES=0.36). See Table 2 for details.

ARTI improves executive function

As previously published!®: 16, the Stroop-111 (A1, 30]=22.28, P<0.01) and TMTg.a (A,
30]=14.59, £<0.01) showed significant group x time interactions. Only the ARTI group
decreased the Stroop-I11 test (£<0.01, ES=-0.35) and the TMTg_a values (P=0.01,
ES=-0.34). from pre- to post-training. See Table 2 for details.
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ARTI maintains effects on secondary cognitive outcomes even after controlling for
baseline FOG ratio

FOG-ratio at baseline was used as a covariate and it did not present any significant influence
on the secondary cognitive outcomes (#>0.05). See details in the Supplementary ANCOVA
results.

ARTI decreases the proportion of people with cognitive impairments

Our Chi-squared analysis showed that the proportion of PD+FOG who scored < 12 on the
FAB significantly decreased from 76.4% (13 PD+FOG) to 23.5% (4 PD+FOG) for the ARTI
group from pre- to post-training (CI=-0.81 to —0.24) but not for the TMR group (C1=0.07

to —0.60) where the FAB decreased from 73.3% (11 PD+FOG) to 46.6% (7 PD+FOG).

The proportion of PD+FOG who scored < 25 on the MoCA decreased from 100% (17
PD+FOG) to 70.5% (12 PD+FOG) for the ARTI group from pre- to post-training (Cl=-0.51
to —0.07) but not for the TMR group, where the proportion remained the same (100%) pre-
to post-training.

ARTI shows large improvements in secondary cognitive outcomes and FOG ratio

The ARTI group presented larger improvements in FAB (£=0.01), MoCA (P=0.01), DSST
(P<0.01), Stroop-111 (A<0.01), TMTg.a (P<0.01), and FOG ratio (P<0.01) compared with
the TMR group. See details in Supplementary Figure 2.

Improvements in FAB scores explain changes in FOG ratio

This analysis was performed only for the ARTI group due to the significant results for
cognition in the present study (FAB, MoCA, and DSST) and our previously published
results of other executive tests (Stroop-111 and TMTg.a)!® 16 and FOG ratiol6 that improved
only after ARTI. The linear multiple regression, using baseline FOG ratio as a covariate,
showed that changes in FAB score explained 43% (/~<0.01) of the changes in FOG ratio
following ARTI (Figure 2). See details in Supplementary Table 2.

Adherence and Adverse events

The TMR group performed 35.4+1.3 sessions (98%) and the ARTI group performed
36.0+0.0 sessions (100%) showing high adherence to the training protocols. Only one
adverse effect was reported during ARTI sessions (lower limb pain while performing lunge
exercise). Finally, no adverse effect was reported during the TMR classes.

DISCUSSION

Our study is the first to show that: a) challenging exercises with high motor complexity
(ARTTI) are more effective than those without motor complexity in improving frontal lobe
function in PD+FOG, and b) improvement in frontal lobe function is correlated to decreased,
objectively assessed FOG following ARTI. These findings show the link between frontal
lobe function, FOG, and exercise.
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ARTI improves frontal lobe function

Our results show that the ARTI program, but not the TMR program significantly improved
frontal lobe function as assessed through FAB (Table 2). In addition, ARTI was more
effective than TMR in improving FAB scores. Specifically, the ARTI group showed a 68.2%
(n=9) reduction in the proportion of PD+FOG with frontal dysfunction (score < 12 in the
FAB). A recent meta-analysis, based on data from 69 studies, showed that PD+FOG have
lower FAB scores (worse frontal function) than PD-FOG, regardless of disease severity.>
Our study is the first to show exercise-induced improvements in FAB and its association
with decreasing PD+FOG severity. Improvements in FAB scores were observed in the
inhibitory control (go-no-go task) subscores and a trend for the mental flexibility (lexical
fluency) (Table 3). These findings are vital for PD+FOG because frontostriatal dysfunction
is one of the hypotheses for FOG pathogenesis.”: 17: 30-32

The literature on the effects of exercise interventions on the frontal lobe function of
PD+FOG is unknown. Ourl6 and previous studiesl# have demonstrated that challenging
exercises can cause significant improvements in executive function such as cognitive
inhibition measured with the Stroop task in PD+FOG. A systematic review of 34
neuroimaging studies showed that conflict-related activity (Stroop task) is related to activity
in the anterior cingulate cortex, bilaterally in the lateral prefrontal cortex, the anterior
insula, and the parietal lobe.3° In PD+FOG, but not in healthy control subjects or PD-
FOG, pedunculopontine nucleus tract laterality is strongly associated with performance

on response inhibition tasks (Stroop and Flankers).#0 Our previous study showed that

36 sessions of complex and challenging exercises improved cognitive inhibition and
mesencephalic locomotor region activity in PD+FOG.16 In the current study, we did an
exploratory analysis. We observed a significant association of increased mesencephalic
locomotor region activity with improvements in the Stroop-I11 test (r=0.51, P=0.04) but not
with FAB improvements (r=-0.41, £=0.11) following complex and challenging exercises
in PD+FOG. These results suggest that complex and challenging exercises cause positive
effects on midbrain areas, which seem to modulate only cognitive inhibition.

Ourl® and previous studies3: 14 also showed that exercise improves cognitive flexibility
measured with the TMT in PD+FOG. A review showed that the rostral anterior cingulate,
dorsomedial prefrontal, insular, temporal, and parietal cortex when lesioned, are associated
with impaired TMT performance.?! In older adults, significant relationships were found
between slower TMT-B completion times and thinner cortex in the frontal, temporal,

and inferior parietal regions as well as the Sylvian fissure/insula.*? In PD+FOG, worse
set-shifting ability (TMT-B) was associated with decoupling between cognitive and motor
networks, with increased coupling between the ventral striatum and the cortical limbic
network and between the cerebellum and caudate nucleus.*® Taken together, these findings
suggest that complex and challenging exercises may have positive effects on brain areas
beyond the frontal lobe that also modulate executive functions. However, the current study
focused specifically on the improvement of the FAB scores.

One study showed that 10 sessions of telerehabilitation did not affect FAB scores in PD-
FOG.# This is the first study to investigate the effects of exercises specifically on frontal
lobe function in PD+FOG. It has been suggested that FOG episodes may occur due to
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abnormal patterns of functional connectivity within and between cortico-striatal networks*3
due to frontostriatal dysfunction implicated in FOG pathophysiology.” 17- 18 FOG severity
has been associated with greater coupling within the cognitive control network.*3 This
suggests that although PD+FOG have frontal lobe dysfunction, they still can compensate
for frontal circuits. Although we do not know the effects of exercise on brain compensation
in PD+FOG, our results support our hypothesis that challenging and complex exercise
interventions attenuate frontal lobe dysfunction in PD+FOG.

Our linear multiple regression showed that improvement in frontal lobe function (FAB
scores) explained decreased FOG severity following ARTI (Figure 2). Since FOG is
strongly linked to frontal lobe dysfunction,’- 32 4546 our results support our hypothesis

that increasing the complexity of a task, as when performing ARTI exercises, may demand
multiple processes in the frontal lobe related to executive function,33 which are trigger

for FOG. For example, performing lunge exercises, forward and backward, on unstable
devices (dyna disc and BOSU) while wearing a load and alternating arm movements require:
a) coupling of posture with gait (e.g., anticipatory postural adjustments) that involves
frontal lobe motor planning and initiation of movements; b) executive control to perform
stepping while alternating arms simultaneously (e.g., inhibition of inappropriate actions and
set-shifting while performing dual-task exercise); and c) high attentional demand while
maintaining balance on unstable surfaces while wearing a load. Thus, our results suggest
that ART1 may improve FOG through the high complexity required in the frontal lobe while
performing the exercises. Future studies should consider other challenging and complex
sensorimotor exercises for improving frontal lobe function in PD+FOG.

ARTI improves global cognition

Our results show that ARTI significantly improved global cognition (MoCA scores) (Table
2). There was a 29.4% (n=5) reduction in the proportion of PD+FOG with mild cognitive
impairment (MoCA < 25 scores) for the ARTI group from pre- to post-training. Although
the TMR group presented a strong trend toward higher MoCA values from pre- to post-
training, the proportion of PD+FOG with mild cognitve impairment remained the same
(100%). These results suggest that challenging and complex exercises are important to
improve global cognition in PD+FOG. A recent meta-analysis (68 studies) showed worse
global cognition (MoCA scores) in PD+FOG than in non-PD+FOG and that disease severity
influenced the global cognitive differences between them.®

A recent meta-analysis, including 11 studies, investigated the effects of different exercises
programs (e.g., combined exercises, aerobic training, and resistance training) on MoCA
scores in PD-FOG.# In this meta-analysis, interventions combining different types of
exercises (e.g. balance with coordination, dance, meditation-based complex exercise
programs) but not exercise alone (e.g., aerobic or resistance training) significantly improved
global cognition.” These results reinforce the use of complex and coordinated exercises

for improving cognition in PD. A few studies have investigated the effects of exercise on
global cognition of PD+FOG.13. 14 Walton et al.,13 did not find any effect of 12 sessions
(120 min each) of cognitive training (specific computer-based cognitive tasks) on the MoCA
scores of PD+FOG. King et al.,14 found a significant improvement in global cognition
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(Scales for Outcomes in Parkinson’s disease-COGnition) of PD+FOG after 18 sessions (80
min each) of challenging cognitive-mobility exercises. These previous findings suggest that
complex and challenges in mobility and dual-task exercises4 16 rather than computerized
cognitive training tasks without any mobility exercisel3 seem to improve global cognitive
function in PD+FOG. Our study and the study of King et al.,1* used progression based on
the difficulty of challenging exercises. For example, King et al., 14 used motor-cognitive
dual-task exercises where the participants were able to progress in the difficulty of their
cognitive challenges during the agility/mobility training. Our study used motor-motor
dual-task exercises where the participants were able to progress in the difficulty of their
coordinative tasks with the arms simultaneously while performing half-squat exercises on
the unstable device and wearing a load, which required more complexity of the exercises.
Taken together, motor-cognitive dual-task exercises and motor-motor dual-task exercises
with complexity are needed to improve global cognition in PD+FOG.

Our previous study in PD-FOG with mild-to-moderate PD showed an improvement of

6 points on the MoCA scores following challenging and complex training.2® Here, we
observed an improvement of 3.7 points on MoCA score in PD+FOG with moderate-to-
severe PD after challenging and complex training, which suggests that PD+FOG with
severe PD may be more resistant in improving global cognition than PD-FOG with less PD
severity. A recent study showed that cortical and subcortical atrophy is accelerated early
after the onset of PD and becomes prominent in moderate-to-severe PD.48 PD+FOG with
severe PD have more and diffuse cortical and subcortical atrophy (e.g., frontal, parietal,
occipital and basal ganglia) than PD-FOG.32: 45 46 A recent study demonstrated that

FOG progression was significantly associated with visuo-executive subscores of MoCA.4
Interesting, improvements in MoCA score following ARTI were observed in the visuo-
executive subscores (Table 4). Our previous study showed that frontoparietal and visual
cortical areas are predictors of responsiveness to challenging and complex exercises in
PD+FOG unmatched and matched for motor severity.#® Thus, ARTI may cause neural
stimuli to different brain areas in PD+FOG, which could support our hypothesis that
challenging and complex exercise interventions are effective in improving global cognition
assessed by MoCA in PD+FOG.

ARTI improves attention and psychomotor speed

Our results show that only ARTI improves attention and psychomotor speed assessed
with DSST from pre- to post-training (Table 2), although its improvements were not
associated with the reduction of FOG. Attentional deficits and affected psychomotor speed
are well-known cognitive impairments in individuals with PD.%0 Studies have shown

that psychomotor slowing in healthy older adults is associated with an increased risk of
developing PD.50 For PD+FOG, attentional control plays a major role in gait initiation
postural adjustments, as attentional deficits and cognitive overload of attentional brain
networks contribute to the gait initiation failure observed in FOG.51 52 |n addition,
PD+FOG present worse attentional control to perform dual tasks during postural sway,
postural transitions, and walking than PD-FOG.53 This reinforces the importance of ARTI
due to dual-task, challenging, and motor complexity exercises which are important for
maintaining and enhancing attentional control and psychomotor speed of PD+FOG.
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A few studies have investigated the effects of exercise on DSST scores in PD+FOG
Carapellotti et al.,>* showed that 20 sessions of the Dance for PD® program did not improve
DSST scores in PD+FOG or PD-FOG. Walton et al.,3 showed that 12 sessions (120 min
each) of cognitive training (specific computer-based cognitive tasks) but not the active
control (non-specific computer-based tasks) improved processing speed assessed by the Trial
Making Test part A in PD+FOG. These results suggest that cognitive training!3 and ARTI
may promote more efficient integration of cognitive and motor brain networks, improving
attentional control of movement and psychomotor speed; however, this hypothesis needs to
be tested.

This study has some limitations. First, only neuropsychological scales were used to evaluate
cognition, thus, assumptions on brain cognitive networks involved in the ARTI program

are lacking. Second, although some cognitive domains (e.g., visuospatial function) may

be underrepresented due to the lack of specific scales, they are included in the MoCA
subscores. Third, all participants have mild cognitive impairment by MoCA but not
dementia by Mini-Mental State Examination, which was used as screening. Fourth, we

did not assess participants after a 12-week wash-out period to determine whether these
improvements in cognition from the ARTI program were retained. Fifth, even though our
study showed robust changes in secondary cognitive outcomes after ART], but not after
TMR, the total sample size of the present trial was small. Thus, a larger RCT trial is needed
to validate the reported benefits of ARTI on cognition.

CONCLUSIONS

ART]I, a challenging and high motor complexity exercise intervention, improves different
cognitive domains in PD+FOG such as frontal lobe function, global cognition, and attention
and psychomotor speed. Improvement in frontal lobe function was correlated with decreased
FOG ratio objectively assessed following ARTI. These findings show the link between
frontal lobe function, FOG, and exercise. Thus, ARTI is an innovative intervention resulting
in cognitive improvement in PD+FOG.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Assessed for eligibility (n=102)

Page 17

- Non-freezers (n=24)
- Dementia (n=3)

- Parkinsonism (n=6)

- Severe tremor (n=35)
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transportation issues (n

- Cardiovascular disease (n=4)

- Deep Brain Stimulation (n=6)
- Claustrophobia (n—4)
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+ Received TMR
(n=20)

+ Received ARTI
(n=20)
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.

Lost to follow-up (n=5)

+ Unable to contact (n=2)
+ Family problems (n= 2)
+ Surgery due to fall (n=1)

Lost to follow-up (n=3)

+ Lower limb pain (n= 1)
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+ Surgery due to fall (n=1)
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Trial profile with schematic representation of participant recruitment and allocation. TMR,

traditional motor rehabilitation; ARTI, adapted resistance training with instability.
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R%=0.43 P<0.01
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Figure 2.
Correlation of changes in freezing of gait (FOG) ratio with changes in Frontal Assessment

Battery (FAB) following ARTI, adapted resistance training with instability. R and A-values
of the linear multiple regression approach are shown.
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Characteristics, clinical, and cognitive variables of people with Parkinson’s disease and freezing of gait at

baseline, by group (mean + SD).

TMR (n=15)
Men/women (number) 9/6
Age (years) 66.8 +8.9
Educational level (years) 105+58
Body mass (kg) 675+9.1
Height (cm) 16+0.1
Body mass index (kg/m?) 25.3+2.7
Mini-Mental State Examination (score) 256+2.0
Years since diagnosis (years) 10.0+56
Hoehn and Yahr staging scale (a.u) 32+04
Hoehn and Yahr stage 3 (number) 11
Hoehn and Yahr stage 4 (number) 4
Symptom-dominant side (R/L/B) 1/3/11
Postural instability and gait disturbance (score) 89+26
L-Dopa equivalent daily dose (mg/day) 854.8 + 251.9
UPDRS-III (score) 51.4+10.6
NFOGQ (score) 22.3+59
FOG ratio during 360-degrees turning task (a.u.) 12.8+8.8
FAB (score) 120+15
MoCA (score) 21.1+19
DSST (points) 1565+7.1
Stroop-111 test (a.u.) 72.1+44.4
TMTg.a (seconds) 72.0+68.2

ARTI (n=17)
12/5

64.6 + 10.5
129+58
73.4+135
16+0.1
268+4.1
255+1.7
7.7+40
3.1+03
15

2

3/2/12
7719
7725+ 2758
465+ 11.4
21.6+5.7
9.8+82
11.8+24
204 +23
12.8+8.2
79.1+40.3
79.3+56.8

P value

0.542
0.253
0.162
0.577
0.235
0.986
0.204
0.296

0.153
0.342
0.212
0.743
0.311
0.744
0.374
0.347
0.712
0.653

TMR= Traditional Motor Rehabilitation; ARTI= adapted resistance training with instability; L-Dopa = levodopa; a.u = Arbitrary units; R = right;

L = left; B = both; UPDRS-111 = Unified Parkinson’s Disease Rating Scale part 111 motor subscale score; NFOGQ = New Freezing of Gait

Questionnaire; FOG ratio = freezing-of-gait ratio; FAB = Frontal Assessment Battery; MoCA = Montreal Cognitive Assessment; DSST = Digit

Symbol Substitution Test; TMTB-A= the difference in time to completion between Trail Making Tests B and A.
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Table 2.

Frontal Assessment Battery (FAB), Montreal Cognitive Assessment (MoCA), Digit Symbol Substitution Test
(DSST), Stroop-111 test, and Trial Making Test part B-A (TMTg.

A) at pre- and post-training assessments for each training group.

Change from pre- to post- Difference at post-

Outcomes TMR ARTI  Group x Time interaction training trainir_}_gMARRTI 'S
F value P value TMR P value ARTI P value P value

FAB (scores) 4.16 0.01

Pre 119+15 11.8+25

Post 123+21 146 +2.7 0.86 <.01 0.05
MoCA (scores) 6.00 0.02

Pre 21.1+19 204+22

Post 22713 241+19 0.08 <.01 0.12
DSST (score) 9.30 <.01

Pre 155+7.1 13277

Post 15.7+6.9 16.3+6.8 0.97 <.01 0.91

Stroop-111 test (a.u.) 22.3 <.01

Pre 72.1+444 79.1+403

Post 725+411 65.1+314 0.99 <.01 0.95

TMTg_a (seconds) 14.6 <.01

Pre 720+68.2 79.3+56.8

Post 86.9+70.5 59.8+62.6 0.13 0.02 0.63

a.u., arbitrary units
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Subscores of Frontal Assessment Battery (FAB) at pre- and post-training assessments for each training group.

Group x Time

Change from pre- to post-

Difference at

Outcomes TMR ARTI interaction training Xlgﬁ_tlt\';gl.?:\r)l%
F value P value T\Zlﬁep A\Z-Irdep P value
Conceptualization (subscore) 0.81 0.37
Pre 15+06 18+06
Post 23+08 28%04 <014 <014 0.14
Mental flexibility (subscore) 7.11 0.01
Pre 2406 21%05
Post 22+07 25+07 0.55 0.08 0.62
Programming (subscore) 3.22 0.08
Pre 2606 24%07
Post 23+08 25%07 0.28 0.87 0.73
Sensmv(lg kggclgrtg)rference 1.62 021
Pre 12+04 1407
Post 15+06 21+09 <.014 <.014 0.06
Inhibitory control (subscore) 8.09 <.01
Pre 12+05 13+07
Post 12+07 21+09 0.99 <.01 <.01
Enwron(ri?uek?stél(lJ il,)ltonomy 167 0.20
Pre 29+03 28%04
Post 29+03 2607 1.00 0.25 0.17

a . . .
Main time effect

Neurorehabil Neural Repair. Author manuscript; available in PMC 2025 January 11.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Silva-Batista et al.

Table 4.

Page 22

Subscores of Montreal Cognitive Assessment (MoCA) at pre- and post-training assessments for each training

group.

Change from pre- to post-

Difference at post-

Outcomes TMR ARTI  Group x Time interaction training trainiq_gMARRTl Vs
F value P value TMRPvalue  ARTI Pvalue P value
Visuo-executive (subscore) 7.15 0.01
Pre 23+x08 2009
Post 2306 31x09 1.0 <.01 0.06
Naming (subscore) 0.58 0.45
Pre 2706 2410
Post 2903 28x05 0.75 0.15 0.96
Attention (subscore) 1.70 0.20
Pre 35+12 31x20
Post 44+05 4.8+09 <014 <014 0.86
Language (subscore) 0.12 0.73
Pre 2903 29%03
Post 29+03 28=+04 1.00 0.95 0.98
Abstraction (subscore) 01.3 0.71
Pre 19+04 17x04
Post 19+03 18+07 0.91 0.61 0.99
Delayed recall (subscore) 1.39 0.25
Pre 1.7+08 22%09
Post 19+07 27+07 <.014 <014 0.06
Orientation (subscore) 2.45 0.12
Pre 54+0.7 50+11
Post 5706 51zx11 0.16 1.00 0.29

a . . .
Main time effect
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