Title: Standing balance in individuals with Parkinson’s disease during single and dual-

task conditions

Authors: Angela Fernandes, MSc, * b.c Tiago Coelho, MSc, * 4 Ana Vitéria, BSc, ?,
Augusto Ferreira, MSc, ©, Rubim Santos, PhD, ¢, Nuno Rocha, PhD, °, Lia Fernandes,

PhD, MD, ©, Jodo Manuel R. S. Tavares, PhD, &

* Escola Superior da Tecnologia de Satde do Instituto Politécnico do Porto, Rua Valente Perfeito, 322,
4400-330, Vila Nova de Gaia, Portugal

®Faculdade de Engenharia, Universidade do Porto, Rua Dr. Roberto Frias, s/n, 4200-465 Porto, Portugal

¢ Centro de Estudos de Movimento e Actividade Humana, Escola Superior da Tecnologia de Satde do
Instituto Politécnico do Porto, Rua Valente Perfeito, 322, 4400-330, Vila Nova de Gaia, Portugal

¢ Unidade de Investigagdo e Formagio sobre Adultos e Idosos, Instituto de Ciéncias Biomédicas Abel
Salazar, Universidade do Porto,, Rua Jorge Viterbo Ferreira, 228, 4050-313, Porto, Portugal

¢ Centro Hospitalar Entre Douro e¢ Vouga, EPE - Hospital S. Sebastifo, Rua Doutor Candido Pinho, 4520-
211 Santa Maria da Feira, Portugal

f Unidade de Investigacdo e Formacdo sobre Adultos e Idosos, Centro de Investigagdo em Tecnologias e
Sistemas de Informagdo em Saude, Faculdade de Medicina, Universidade do Porto, Al. Prof. Hernani
Monteiro, 4200-319, Porto, Portugal

¢ Instituto de Ciéncia e Inovagdo em Engenharia Mecénica e Engenharia Industrial, Departamento de
Engenharia Mecénica, Faculdade de Engenharia, Universidade do Porto, Rua Dr. Roberto Frias, s/n,
4200-465 Porto, Portugal, E-mail: tavares@fe.up.pt, Phone: +351 22 508 1487, Fax: +351 22 508 1445

(corresponding author)

Conflict of interest
None declared.
Source of funding

None declared.



Title: Standing balance in individuals with Parkinson’s disease during single and dual-
task conditions

Abstract: This study aimed to examine the differences in standing balance between
individuals with Parkinson’s disease (PD) and subjects without PD (control group),
under single and dual-task conditions. A cross-sectional study was designed using a
non-probabilistic sample of 110 individuals (50 participants with PD and 60 controls)
aged 50 years old and over. The individuals with PD were in the early or middle stages
of the disease (characterized by Hoehn and Yahr as stages 1-3). The standing balance
was assessed by measuring the centre of pressure (CoP) displacement in single-task
(eyes-open/eyes-closed) and dual-task (while performing two different verbal fluency
tasks).

No significant differences were found between the groups regarding sociodemographic
variables. In general, the standing balance of the individuals with PD was worse than
the controls, as the CoP displacement across tasks was significantly higher for the
individuals with PD (p<0.01), both in anteroposterior and mediolateral directions.
Moreover, there were significant differences in the CoP displacement based parameters
between the conditions, mainly between the eyes-open condition and the remaining
conditions. However, there was no significant interaction found between group and
condition, which suggests that changes in the CoP displacement between tasks were not
influenced by having PD.

In conclusion, this study shows that, although individuals with PD had a worse overall
standing balance than individuals without the disease, the impact of performing an
additional task on the CoP displacement is similar for both groups.

Keywords: Centre of pressure; dual-task; Parkinson’s disease; single-task; standing

balance.



Introduction

Parkinson’s disease (PD) is a chronic, progressive and neurodegenerative disorder
affecting over 4 million people worldwide [1, 2]. Its symptoms can be categorized as
motor and non-motor. The four cardinal features of the disease are motor: tremor at rest,
rigidity, bradykinesia and postural instability [3].

The postural instability impairs the ability to maintain standing balance during everyday
activities and increases the risk of falling. This ability depends of the integrated
functioning of proprioceptive, vestibular and visual systems, muscle properties and
neural control [4]. The preservation of standing balance relies upon the ability to keep
the body’s centre of mass inside the base of support [5]. The corrective forces that
control the centre of mass are usually measured by assessing the centre of pressure
(CoP) displacement, which represents the point of application of all the ground reaction
forces. Therefore, the CoP is commonly examined to detect subtle changes in standing
balance [6].

Individuals with PD frequently resort to attentional strategies to maintain the postural
stability and standing balance, due to the difficulty in achieving automaticity [7].
Consequently, several studies [8-10] have shown that these individuals have serious
difficulties in processing simultaneous tasks adequately. In fact, when two tasks are
performed at the same time by the individuals, the competition for limited resources
results in dual-task interference and deterioration in the performance of one or both
tasks. This further impairs the ability of the individuals to perform everyday activities
[1, 10].

As the dual-task interference on standing balance depends on the nature and complexity
of the secondary task [11], researchers should focus on examining which tasks

significantly affect this ability in individuals with PD. Consequently, this study aimed to



analyse the differences in the standing balance between individuals with PD and
without PD (control group), under single and dual-task conditions. Furthermore, the

impact of performing an additional task on the standing balance was compared.

2. Methods

2.1. Study Design and Participants

A cross-sectional study was designed using a non-probabilistic sample of 50 individuals
with PD and 60 controls. The individuals diagnosed with PD were from the Sao
Sebastido Hospital, Santa Maria da Feira, in Portugal, and had been referred by their
neurologist. These participants were 50 years old and over as in a previous research that
has shown that the prevalence of this disease is significantly higher in this age group
[12]. Consequently, in order to reduce the probability of having significant differences
between the groups due to age, only individuals 50 years old or more were included in
the control group. The control group was made up of community-dwelling subjects
without PD that volunteered after information regarding the study was disclosed in
community institutions, like social, recreation and day care centres, in Porto, Portugal.
The exclusion criteria were severe cognitive impairment, screened using the Mini
Mental State Examination (MMSE) [13]. This exam used the following cut-off points:
<22 for 0-2 years of literacy; <24 for 3-6 years; and <27 for >7 years, which are based
on the normative values for Portuguese older adults [14] as its performance varies
within the population according to the education level. Individuals that could not stand
upright, walk short distances without assistance, unable to speak Portuguese were also
excluded. Further exclusion criteria for individuals with PD were severe disability (>3
on the Modified Hoehn and Yahr Scale [15]), additional diagnosis of neuromuscular

disease, and history of deep brain stimulation through subthalamic surgery. Controls



that self-reported any neuromuscular disease were also excluded. However, taking into
account that these individuals were community-dwelling individuals that volunteered to
participate in the study, their medical doctor was not consulted. A trained researcher
conducted the data collection, using a structured protocol. The individuals with PD were
assessed in the Sao Sebastido Hospital and in the Portuguese Parkinson’s Association in
Porto. The controls were evaluated in the local community institutions through which
they had first been contacted in order to be included in the study.

The study was approved by all the Institution’s Ethical Review Boards and written
informed consent, according to the Helsinki Declaration, was obtained from all

participants.

2.2. Measurements

The data collected from all participants included sociodemographic characteristics (age,
sex and level of education), use of a walking aid, body mass index (BMI), cognitive
performance (assessed with MMSE [13]), standing balance in single and dual-tasks
(examined by measuring of the CoP displacement using a pressure platform (Emed-
AT25 D, from Novel Inc., Munich, Germany)), and number of words enunciated in the
dual-task condition. The Modified Hoehn and Yahr Scale [15] and part III of the
Unified Parkinson’s Disease Rating Scale (UPDRS) [16] were also used to determine
the severity of the impairment regarding the motor function of the individuals with PD.
The latter information was provided by the individuals’ neurologists immediately before
the evaluation conducted in this study.

The participants’ standing balance, both under single- and dual-task conditions, was
assessed with a pressure platform, containing 4000 capacitive sensors within a sensing

area of 380x240 mm?2 (sensor resolution of 3 sensors/cm2), capable of acquiring the



individual’s plantar distribution, both in a static or dynamic form, as well as obtaining
stabilometric measures, such as the CoP . Following previous studies [17, 18], the CoP
displacement based parameters studied were its maximum displacement (cm) in the
anteroposterior (AP) and mediolateral (ML) directions, and its mean velocity (cm/s).
For this measurement, each subject was asked to take off his/her shoes, step onto the
platform, and maintain an orthostatic position for 60 seconds. The standing balance
under single-task condition was assessed in two tasks: with eyes open (looking at a
target placed two meters away at the height of the participants’ eyes) and with eyes
closed. In order to examine the standing balance under dual-task conditions, the
participants were asked to maintain an upright standing position while performing two
different verbal fluency tasks: semantic fluency task (enunciate the name of as many
species of animals as possible) and phonemic fluency task (enunciate as many words as
possible beginning with the letter R). These verbal fluency tasks were adapted from a
previous study [19]. The order of each test changed randomly, from individual to
individual, in order to avoid a learning effect and fatigue. The CoP based parameters
were further analysed considering the most stable 30-second period of each test.

The UPDRS [16], which was developed to monitor multiple aspects of PD related to
disability and impairment, is made up of four parts, and is the most widely used scale
for multicentre clinical trials in PD. Furthermore, this assessment tool has a satisfactory
interrater reliability. Only the part III of the UPDRS scale was used in this study for the
motor examination. The score given for each item varies from 0-4, from normal to
severe; and the part III total score ranged from 0-52. This scale is often accompanied by
the Modified Hoehn and Yahr Scale [15], which evaluates the severity of overall
dysfunction in PD. This is a 7-point scale, in which each point is a different stage of the

disease (stages 1 to 5, including 1.5 and 2.5). The scale increases with the severity of



dysfunction along with the stage of the disease. All tests were carried out with the
participants taking their prescribed medications, and were therefore denoted as “ON”

medication, as in others studies [10, 20].

2.3. Statistical Analysis

According to the nature of the variables under study, descriptive statistical analyses
were performed using proportions and measures of central tendency and dispersion.
Independent samples t test and chi-square test were performed to examine whether there
were significant differences between the individuals with PD and the controls, for the
sociodemographic variables, BMI, use of walking aid, MMSE score, number of words
enunciated in each verbal fluency task. The correlation of the CoP based parameters
with age and with the amount of words enunciated in the verbal fluency tasks were also
examined using the Pearson correlation.

A mixed model (between-within) ANOVA analysis of variance was conducted to
ascertain if any change in the CoP displacement between tasks is different across groups
(PD x controls), i.e. if there is an interaction effect. The differences in CoP based
parameters between tasks (within-subjects) and between groups (between-subjects)
were also analysed separately. The Bonferroni post-hoc analysis was used as a post-hoc
test to determine between which tasks there were significant differences.

Two-tailed tests were used in all analyses and a p-value<0.05 was adopted for statistical
significance. All statistical analyses were conducted using IBM SPSS Statistics 22.0

(SPSS, Inc., Chicago, IL, USA).

3. Results

The PD sample comprised 50 subjects (62% male), with a mean age of 68.3 years old



(SD=7.3) and a mean education of 5.2 years (SD=3.9). Most participants were classified
in stage 2 of the Modified Hoehn and Yahr Scale, and had a mean UPDRS score of 19.1
(SD=7.9). The control sample comprised 60 individuals (56.7% male), with a mean age
of 68.9 years old (SD=10.1), and mean education of 5.8 years (SD=3.8). Independent
samples t test and chi-square test showed no statistically significant differences between
samples, concerning the sociodemographic variables, BMI, use of walking aid, MMSE

score, and number of words enunciated in each verbal fluency task, Table 1.

< Insert Table 1 about here>

No significant association was found between the CoP based parameters and the age
(0.38 <p <0.99 and -0.08 < r < 0.08) and also between the CoP based parameters and
the amount of words enunciated in the verbal fluency tasks (semantic fluency task: 0.18
<p <0.98 and -0.08 < r < 0.13; phonemic fluency task: 0.07 <p < 0.64; -0.17 <r < -
0.05). Consequently, these variables were not included as covariates in further analyses.

Through the Mixed Model ANOVA (Table 2) analyses, it was possible to ascertain that
there were statistically significant differences (p<0.01) between the individuals with PD
and the controls regarding the maximum CoP displacement (both in AP and ML
directions), but not in regard to the mean CoP velocity (p=0.19). Overall, the CoP based

values were higher for the individuals with PD (Table 3).

< Insert Tables 2 and 3 about here>

Significant differences were also found between the tasks (within-subjects) for the
maximum CoP displacement in ML direction (p<0.01), maximum CoP displacement in

AP direction (p<0.05), and mean CoP velocity (p<0.01). Post-hoc analysis (Table 4)
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showed that these differences were between the eyes-open task and the remaining tasks,
particularly for the maximum CoP displacement in ML direction and for the mean CoP
velocity, and between the eyes-open and the eyes-closed conditions, in particular, for

the maximum CoP displacement in AP direction.

< Insert Table 4 about here>

On the other hand, no significant interaction was found between group and task, which
seems to indicate that the differences in the CoP displacement between tasks were
similar for both groups. Therefore, it was found that the effect of performing a more
complex task (standing with eyes closed), or an additional task (enunciating words
while standing), on standing balance was not significantly different between the

individuals with PD and controls (Figure 1).

< Insert Figure 1 about here>

4. Discussion

In general, the standing balance of the individuals with PD was worse (i.e. presented
higher CoP displacement values) than those without the disease. For both groups,
considering the selected CoP based parameters, the standing balance with eyes closed
and under dual-task conditions was worse than the standing balance with eyes open.
Furthermore, the differences in standing balance between tasks were not influenced by
having PD. In other words, the impact of performing more complex tasks on standing
balance was similar for the individuals with PD and the controls, although the standing
balance of the individuals with PD was consistently worse.

In comparison with the controls, the individuals with PD had an increased difficulty in



maintaining the standing balance. Although only early or middle severity PD
individuals were included in the present study, these findings were reasonable
considering that postural instability may occur in the early stages of PD [2, 21].
Concomitantly, the CoP based values observed were similar to the ones found in
previous studies [4, 21, 22].

Also as expected, the standing balance was worse when the participants were requested
to close their eyes or to perform an additional task. The visual system provides the
central nervous system continuous information about the position of the body relative to
the environment. Indeed, studies indicate that the postural stability increases with an
increasing degree of visual control, as in biofeedback mechanisms [23]. Likewise, the
performing of a dual-task can influence the motor performance [20, 24]. Individuals
with PD can perform normal movement patterns when they are focused on the
movement performance, i.e. when they focus their attention on the implementation of
the intended movements. In this situation, the non-injured premotor cortex is activated,
without allocating the injured basal ganglia circuit, thereby facilitating the production of
movements. When two tasks are performed simultaneously, there is a competition for
limited resources, given that the cortical resources are used to perform motor tasks,
resulting in interference of the dual-task and in performance deterioration of one or both
tasks [9]. In the present study, clear distinctions were found between the single-task
with eyes-open and the other conditions (single-task with eyes-closed and dual-task -
while performing two different verbal fluency tasks). Also, the standing balance was
found to be worse in more complex tasks (eyes-closed while performing the additional
tasks). However, one should argue that the impact of dual-task is related to the
complexity of the tasks [10, 25]. Regarding the tasks selected for this study, the

semantic and phonetic tasks activate different parts of the brain and represent a different
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level of complexity for different people. The phonetic fluency tasks are more associated
with executive function, while the semantic fluency tasks are more closely related to the
recovery of information [26, 27]. The fact that the cognitive function of all participants
(assessed with MMSE) was relatively preserved might explain why the standing balance
in dual-task had values near the eyes-closed single-task condition.

Also, the impact of increasing the complexity of the tasks was relatively similar for the
two groups. Although the changes in the CoP based parameters, especially in the
maximum CoP displacement in the ML direction and in the mean CoP velocity, across
tasks were greater for the individuals with PD, the values of these parameters did not
significantly differ from the ones presented by the controls. Some studies [28, 29] have
found that individuals with PD have greater standing balance difficulties in dual-task
conditions because they need to assign resources previously recruited in order to
compensate the deficits in postural control. However, considering that the participants
in this study were in early to middle stages of the disease, it is arguable that they did not
have the need to recruit significantly more attentional strategies to maintain the postural
stability than the controls. Moreover, the added complexity of the dual-task conditions
selected for this study might not have been enough to affect these attentional strategies
and therefore, the ability of the individuals with PD to maintain the standing balance
[7]. Consequently, one can argue that if more cognitively demanding tasks were
selected and/or if the PD participants were in later stages of the disease, the results
could have been different. It would also be possible to claim that the results of the
present study can be explained by the differences in cognitive status between groups or
by different prioritization strategies, i.e. enunciate a reduced amount of words in verbal
fluency tasks in order to maintain standing balance; however, no statistically significant

differences were found between groups regarding the MMSE score and number of
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words enunciated in dual-task conditions [10, 30].

This is the first study that compares individuals with PD to subjects without the disease
regarding the changes in the standing balance resulting from performing an additional
task. However, some limitations of the study performed can be pointed out. First, the
size of the sample and the sampling method could have limited the results in regard to
generalizability. Second, the cognitive tasks that were chosen might not have been
complex enough to detect the differences between the individuals with PD and the
controls. Likewise, the findings could have been different if other CoP based parameters

were studied, for example, the length of the CoP path.

S. Conclusion

The present study showed that the standing balance of individuals with PD is worse
than controls. This evidence should provide some guidance for further studies and for
the planning of therapeutic interventions, with the aim to improve the functional
performance of individuals with PD and delay the oncoming of further disabilities.
Future studies should focus on how different cognitive tasks affect the individual’s
standing balance, as well as to further investigate the relationship between the single-
task condition “eyes closed” and the remaining single- and dual-task conditions.
Researchers should also focus on understanding the changes in the CoP based values
between single- and dual-task conditions across PD severity and age groups of

individuals with PD.

Acknowledgment

The authors thank Dr Claudia Camila Dias for assisting with the statistical analysis.

12



References

[1] Brauer SG, Woollacott M, Lamont R, Clewett S, O’Sullivan J, Silburn P. Single and
dual task gait training in people with Parkinson’s Disease: A protocol for a randomised
controlled trial. BMC Neurology. 2011;11:1-6.

[2] Matinolli M, Korpelainen JT, Korpelainen R, Sotamiemi KA, Virranniemi M,
Myllyla VV. Postural Sway and Falls in Parkinson's Disease: A Regression Approach.
Movement Disorders. 2007;22:1927-35.

[3] Goldenberg MM. Medical Management of Parkinson's Disease. Pharmacy and
Therapeutics. 2008;33:590-606.

[4] Morris ME, lansek R, Smithson F, Huxham F. Postural instability in Parkinson’s
disease: a comparison with and without a concurrent task. Gait Posture. 2000;12:205-
16.

[5] Pollock AS, Durward BR, Rowe PJ, Paul JP. What is balance? Clinical
Rehabilitation. 2000;14:402-6.

[6] Mancini M, Horak FB. The relevance of clinical balance assessment tools to
differentiate balance deficits. European Journal of Physical Rehabilitation.
2010;46:239-48.

[7] Smithson F, Morris ME, lansek R. Performance on clinical tests of balance in
Parkinson's disease. Physical Therapy. 1998;78:577-92.

[8] Foley JA, Kaschel R, Sala SD. Dual Task Performance in Parkinson’s Disease.
Behavioural Neurology. 2013;27:183-91.

[9] Holmes J, Jenkins M, Johnson A, Adams S, Spaulding S. Dual-task interference: the
effects of verbal cognitive tasks on upright postural stability in Parkinson's disease.
Parkinson's Disease. 2010;69:49-52.

[10] Kelly VE, Eusterbrock AJ, Shumway-Cook A. A Review of Dual-Task Walking

13



Deficits in People with Parkinson's Disease: Motor and Cognitive Contributions,
Mechanisms, and Clinical Implications. Parkinson’s Disease. 2012;2012:1-14.

[11] Dault MC, Yardley L, Frank JS. Does articulation contribute to modifications of
postural control during dual-task paradigms? Cognitive Brain Research. 2003;16:434-
40.

[12] Tanner CM, Aston DA. Epidemiology of Parkinson's disease and akinetic
syndromes. Current Opinion Neurology. 2000;13:427-30.

[13] Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method
for grading the cognitive state of patients for the clinician. Journal Psychiatric Research.
1975;12:189-98.

[14] Morgado J, Rocha CS, Maruta C, Guerreiro M, Martins [P. New Normative Values
of Mini-Mental State Examination. Sinapse. 2009;9:19-25.

[15] Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neurology.
1967;17:427-42.

[16] Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Fahn S, et al. The
Unified Parkinson's Disease Rating Scale (UPDRS): Status and Recommendations.
Movement Disorders. 2003;18:738-50.

[17] Babi¢ J, Petri¢ T, Peternel L, Sarabon N. Effects of supportive hand contact on
reactive postural control during support perturbations. Gait & Posture. 2014;40:441-6.
[18] DiDomenico A, Gielo-Perczak K, McGorry RW, Chang C-C. Effects of simulated
occupational task parameters on balance. Applied Ergonomics. 2010;41:484-9.

[19] Cavaco S, Goncalves A, Pinto C, Almeida E, Gomes F, Moreira I, et al. Semantic
Fluency and Phonemic Fluency: Regression-based Norms for the Portuguese
Population. Archives of Clinical Neuropsychology. 2013;28:262-71.

[20] Conradsson D, Lofgren N, Stadhle A, Hagstromer M, Franzén E. A novel

14



conceptual framework for balance training in Parkinson's disease-study protocol for a
randomised controlled trial. BMC Neurology. 2012;12:1-11.

[21] Stylianou AP, McVey MA, Lyons KE, Pahwa R, Luchies CW. Postural sway in
patients with mild to moderate Parkinson's disease. The International Journal Of
Neuroscience. 2011;121:614-21.

[22] Warnica MJ, Weaver TB, Prentice SD, Laing AC. The influence of ankle muscle
activation on postural sway during quiet stance. Gait & Posture. 2014;39:1115-21.

[23] Palm H-G, Strobel J, Achatz G, von Luebken F, Friemert B. The role and
interaction of visual and auditory afferents in postural stability. Gait & Posture.
2009;30:328-33.

[24] Bohnen N, Albin R, Miiller M, Chou K. Advances in Therapeutic Options for Gait
and Balance in Parkinson’s Disease US Neurology. 2011;7:100-8.

[25] Sethi V, Raja R. Effects of Dual task training on balance and activities of Daily
Livings (ADLs) in patients with Parkinsonism. International Journal of Biological &
Medical Research. 2012;3:1359-64.

[26] Zec RF, Landreth ES, Fritz S, Grames E, Hasara A, Fraizer W. A Comparison of
Phonemic, Semantic, and Alternating Word Fluency in Parkinson's Disease. Archives of
Clinical Neuropsychology. 1999;14:255-64.

[27] Azuma T, Bayles KA, Cruz RF, Tomoeda CK, Wood JA, McGeagh A, et al.
Comparing the difficulty of letter, semantic, and name fluency tasks for normal elderly
and patients with Parkinson’s disease. Neuropsychology. 1997;11:488-97.

[28] Gobbo S, Bergamin M, Sieverdes JC, Ermolao A, Zaccaria M. Effects of exercise
on dual-task ability and balance in older adults: A systematic review. Archives of
Gerontology and Geriatrics. 2014;58:177-87.

[29] Targino VR, Freire AANF, Sousa ACPdA, Maciel NFB, Guerra RO. Effects of a

15



dual-task training on dynamic and static balance control of pre-frail elderly: a pilot
study. Fisioterapia em Movimento. 2012;25:351-60.

[30] Bloem BR, Grimbergen YAM, van Dijk JG, Munneke M. The “posture second”
strategy: A review of wrong priorities in Parkinson's disease. Journal of the

Neurological Sciences. 2006;248:196-204.

16



TABLES

Table 1 — Comparison of both groups regarding the sociodemographic variables, body
mass index (BMI), use of walking aid, Mini-Mental State Examination (MMSE) score,

and number of words enunciated in each verbal fluency task.

Individuals with PD (n=50) Controls (n=60) p-value
M (SD) M (SD)

Age [years] 68.3(7.3) 68.9 (10.1) 0.72%*
Gender [male], n (%) 31 (62) 34 (56.7) 0.70**
Education [years] 5.2(3.9) 5.8 (3.8) 0.47*
BMI [kg/cm?] 26.7 (4.2) 27.5 (4.0) 0.32%*
MMSE 27.0 (1.9) 26.4 (3.7) 0.31%*
Use of walking aid, n (%) 7 (14) 9 (15) 1.00**
UPDRS 19.1(7.9) - -
Modified Hoehn and Yahr Scale

Stage 1, n (%) 3(6) - -

Stage 1.5, n (%) 8 (16) - -

Stage 2, n (%) 26 (52) - -

Stage 2.5, n (%) 9 (18) - -

Stage 3, n (%) 4(8) - -
Verbal fluency tasks

Semantic task 12.3 (3.8) 11.9 (4.5) 0.55%

Phonemic task 6.5(2.9) 6.2 (4.3) 0.67*

Modified Hoehn and Yahr Scale: Stage 1 - Unilateral disease; Stage 1.5 - Unilateral and axial disease;
Stage 2 - Bilateral disease without impairment of balance; Stage 2.5 - Mild bilateral disease; Stage 3 -
Mild to moderate bilateral disease.

* Independent samples t-test and ** chi-square test.
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Table 2 — Results of the Mixed Model (between-within) ANOVA analysis of variance

for each CoP based parameter

CoP parameter

Effect

p-value

Maximum CoP displacement in ML direction

Maximum CoP displacement in AP direction

Mean CoP velocity

Group (between-subject)
Condition (within-subjects)
Interaction

Group (between-subject)
Condition (within-subjects)
Interaction

Group (between-subject)
Condition (within-subjects)

Interaction

<0.01
<0.01
0.11
<0.01
0.03
0.32
0.19
<0.01
0.65
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Table 3 — Comparison of estimated marginal means of the CoP based parameters

between groups

Controls Individuals with PD
CoP Parameters p-value
M (SE) 95%CI M (SE) 95%CI

Maximum CoP displacement in 1.87 (0.16) 1.54;2.19  2.55(0.18) 2.19;2.90 <0.01
ML direction [cm]
Maximum CoP displacement in 2.11 (0.12) 1.88;2.34  2.59(0.13) 2.34;2.84  <0.01
AP direction [cm]
Mean CoP velocity [cm/s] 1.01 (0.09) 0.90;1.27  1.27(0.10) 1.06; 1.47 0.19
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Table 4 — Comparison of estimated marginal means differences of the CoP based

parameters between conditions

Maximum CoP displacement

in ML direction [cm]

Maximum CoP displacement

in AP direction [cm]

Mean CoP velocity [cm/s]

Tasks
M (SE)  95%CI vallle M(SE)  95%CI  p-value (;\; 95%Cl val;e
EO EC  -027 052,- <005 039 -062- <0001 -027 -036- <00l
(0.09) 0.03 (0.09) 0.16 0.03)  0.18
SF -0.63 -1.14;- <001  -036  -0.78; 0.2 -038 -0.63;- <0.01
(0.19) 0.13 (0.15) 0.05 0.09) 0.4
PF 065 -1.15- <001  -023  -059; 051 -034 -0.60;- <0.01
(0.19) 0.14 (0.13) 0.13 0.10)  0.09
EC SF  -036  -093;  0.53 003  -041; 100 -0.11  -038;  1.00
0.21) 0.21 (0.16) 0.47 0.10)  0.16
PF 038  -095;  0.50 0.16  -020; 100 -0.07 -035  1.00
0.21) 0.20 (0.14) 0.53 0.10) 021
S PF 001  -027;  1.00 0.13  -0.12; 094 004 -0.05  1.00
(0.10) 0.25 (0.09) 0.38 0.03)  0.13

Eyes-open task (EO), eyes-closed task (EC), semantic fluency task (SF), phonemic fluency task (PF)
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FIGURES
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Figure 1. Estimated marginal means and standard errors of the CoP based parameters in
each condition and for each group.
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