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Background: As the disease progresses to moderate to advanced stages, people with
Parkinson’s disease (PwP) are likely to have various degrees of disability due to the motor
and non-motor symptoms, such as ambulatory difficulty and cognitive impairment. The
objective of this study was to investigate the impact of cognition and ambulation status
on the functioning and disability of PwP using the World Health Orgnaization Disability
Assessment Schedule 2.0 (WHODAS 2.0).

Materials and Methods: A group of 10,581 PwP with Hoehn and Yahr Staging
3 and above were collected from a database of disability evaluation and functional
assessment using the Taiwan Data Bank of Persons with Disability between July 2012
and October 2018. WHODAS 2.0 was administered and all PwP were grouped based on
their ambulatory status, which was assessed by 3-m back and forth walk and cognitive
ability, assessed by WHODAS 2.0 first domain with cut-off level at 58.

Results: Non-ambulation and cognitive disability contributed independently to disability
in all aspects of WHODAS 2.0 survey, including self-care, getting along with others,
performing life activities and participation in society. Compared to ambulation status,
cognitive disability had a greater negative impact on functioning in all aspects.

Conclusion: Cognitive disability was associated with greater disability in moderate to
advanced PwP than non-ambulatory status. The results of this study may indicate that
cognition preservation is essential to ameliorate functional impairment and disability in
moderate to advanced PwP.
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INTRODUCTION

Parkinson’s disease (PD) is the second most common
neurodegenerative disease comprising of motor and non-
motor features due to dopaminergic and non-dopaminergic
deficiencies (1). In industrialized countries, the prevalence of PD
is around 0.3% in the general population and 1% in those older
than 60 (2). In 2016, 6.1 million individuals were affected by PD,
causing 3.2 million Disability-adjusted-life-years. Global burden
of this condition is expected to increase as a result of longer
life expectancies, longer disease duration, and environmental
factors (3).

Disability is defined as “the state of decreased functioning
associated with disease, disorder, injury, or other health
conditions, which in the context of ones environment
is experienced as an impairment, activity limitation, or
participation restriction”, hence it is fundamental to use a
comprehensive assessment tool to examine all aspects that may
hinder a person’s ability to carry out normal daily activities,
whether it may be instrumental activities of daily living,
social participation, or environmental contributions (4). The
WHO Disability Assessment Schedule 2.0(WHODAS 2.0)
is a generic assessment tool developed in accordance to the
conceptual framework of the International Classification of
Functioning, Disability, and Health and is used to produce
standardized disability levels and profiles applicable across
different populations and health conditions from various
countries including Taiwan with good reliability and validity
(5-8). WHODAS 2.0 encompasses six domains of life: cognition
(understanding and communicating), mobility (moving and
getting around), self-care (hygiene, dressing, eating and
staying alone), getting along (interacting with other people),
life activities (domestic responsibilities, leisure, work, and
school), and participation (joining in community activities).
In Taiwan, The Functioning Disability Evaluation Scale Adult
Version (FUNDES-Adult) was modified and translated from the
WHODAS 2.0 with some minor modifications made to account
for the Chinese culture. Domain 7 (environmental attributes)
and domain 8 (motor action, capability and capacity scores) were
added in order to increase comprehensiveness and to account for
perceived environmental barriers (5, 6, 8, 9).

Regarding moderate and advanced PD, disability is
traditionally thought to be associated with the core motor
features of tremor, rigidity, bradykinesia, and postural instability;
out of these features, postural instability is found to be most
common in this population and a strong prognostic factor
of determining progression to disability (10, 11). However,
non-motor aspects of PD can also profoundly impact a person’s
level of disability, although the extent of their contribution can
be oftentimes underestimated or even overlooked (12). Amongst
the non-motor symptoms, dementia presents insidiously over
the disease course, occurring in up to 40% of people with PD
(PwP), which is six times higher than aged matched controls
(13, 14). In The Sydney multicenter study of PD, the cumulative
prevalence of PD dementia (PDD) is 83% over 20 years and the
prevalence increases as age advances (15, 16). Both patients and
caregivers frequently report cognitive decline as one of their

greatest concerns and a major unmet need despite increasing
recognition of PD as much more than a motor disorder (17). It
has also been proposed that there are inter-relationships between
motor function and cognition based on observations functional
mobility is significantly correlated with cognitive impairment
and that those with cognitive impairment demonstrate poorer
motor function compared to matched PD patients without
cognitive impairment (18, 19). Others have found faster rate
of cognitive decline in those with postural instability (20). In
addition, studies that looked at dual tasking found that even
when they are treated optimally, PwP showed deterioration
in gait parameters and that the degree of deterioration was
correlated with baseline cognitive and mobility status (21). As
one of the leading sources of disability globally, it is of utmost
importance to understand the association between the major
symptoms of PD and the emerging disability in order to provide
better care and delay functional limitations. This current study
investigated the disability of moderate and advanced PwP at
variable cognitive and walking status, which were assessed by
WHODAS 2.0 with the objective of identify the associations
between ambulation, cognitive status, and disability.

METHODS

Participants and Data Collection

The data from a total of 19,196 moderate and advanced PwP
(Hoehn and Yahr, H&Y, stage 3-5) were collected between July
2012 and October 2018 from a registry of disability evaluation
and functional assessment established by the Taiwan Data Bank
of Persons with Disability. The database was established by the
Ministry of Health and Welfare in Taiwan which stipulates that
only PwP with modified H&Y stages 3, 4, and 5 are eligible
to receive disability certification and corresponding benefits.
These may include all persons who are eligible for the first
time (first time reaching the disease statue of H&Y stages 3-
5) and those who are extending their disability certification.
Applicants with PD were selected from the database via the
International Classification of Diseases (ICD), Ninth Revision,
Clinical Modification (ICD-9-CM) and ICD tenth Revision,
Clinical Modification (ICD-10-CM) diagnosis codes ICD-9-
CM 332 and ICD-10-CM G20. After excluding those with
secondary parkinsonism (ICD-9-CM 332.1), omitted or missing
data regarding the patient’s ambulatory status, WHODAS 2.0
domains, and those who refused to answer, 10,581 subjects were
analyzed (Figure 1).

The FUNDES-Adult was administered by multiple certified
personnel from different hospitals, including social workers,
physical, and occupational therapists from July 2012 and October
2018. For each study participant, basic demographic data
including age, gender, residence, employment status, education
level, family economic status, urbanization level, modified H&Y
stage were collected. Following this, the six WHODAS 2.0
domains of cognition (domain 1), mobility (domain 2), self-care
(domain 3), getting along with others (domain 4), household
activities component of the life activities domain (domain 5-1,
household activities), and participation in society (domain 6)
were obtained by asking the participants to rate the extent to

Frontiers in Neurology | www.frontiersin.org

January 2020 | Volume 10 | Article 1360


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Wang et al.

Cognition and Ambulation on Disability in PD

Inclusion criteria:

People with Parkinson's disease,
Modified Hoehn & Yahr stage 3,4,5
ICD-9-CM: 332 or ICD-10-CM: G20
Study period: 11 July 2012-31 October 2018 (n =19,196)

Exclusion criteria:
Parkinson ICD-9-CM:332.1 (n=4,496)
Missing data on Education level
(n=2,120)

Analyzed
Participants
(n=10,581)

Missing data in any items of domain
1-6 of FUNDES-Adult (n=1,969 )

Missing data regarding ambulatory
status ( Domain 8.6) (n=30)

Cognition (Domain 1) of WHODAS 2.0

set 58 as cut-off value

Cognitive
disability(n=4,145)

FIGURE 1 | The study participants selection flow chart.

|
Intact cognition
(n=6,436)

which their disabilities interfered with their lives in the preceding
30 days. Each domain consisted of 4-8 questions and a 5-point
scale was used to assess the level of difficulty in the activities in
each domain (0 = no difficulty, 1 = mild difficulty, 2 = moderate
difficulty, 3 = severe difficulty, 4 = extreme difficulty). For
example, domain 1 (cognition) consists of assessments of
the following items: concentrating on something for 10 min,
remembering to do important things, analyzing, and finding
solutions to problems in day-to-day life, learning a new task,
understanding what people say and starting and maintaining a
conversation. For each item in the cognition domain, a score
ranging from 0 to 4 is assigned. The total score is the sum of all
the items, which ranges from 0 (best performance) to 20 (worst
performance). The absolute score would be transformed to the
standardized score for each domain were calculated based on the
manual for WHODAS and ranged from 0 to 100, with higher
scores indicating greater difficulty. The standardized scores were
then summated to form the total score. The questionnaire was
administered to the participants or the participants’ caregivers
if the participants could not answer the questions themselves.

Domain 8.6 of the FUNDES-Adult was obtained to determine
the patient’s walking status, which is assessed by asking the
applicant to walk in a straight line for 3m and then return
to the initial location on the spot in front of the interviewer.
This aspect of motor capacity was judged with or without
assistive technology and personal assistance. Walking statuses
were defined as ambulatory/assisted ambulatory (domain 8.6
score from 0 through 3) and non-ambulatory (score of 4) if
extreme difficulty is encountered and total assistance is need in
an attempt to walk.

Statistical Analysis

The optimal cut-off point on the Receiver Operating
Characteristic (ROC) curve was determined using the Youden’s
index for the highest sensitivity and specificity in predicting
cognitive disability in PwP by the ambulatory status based on
their score of cognition (WHODAS 2.0 domain 1). The cut-off
value was 58 with area under curve was 0.77, with sensitivity and
specific of 62 and 79%, respectively (Figure 2). Demographic
characteristics of age and gender were employed via the x? test
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FIGURE 2 | The Receiver Operating Characteristic (ROC) curve, which was
utilized to predict the cognitive disability (score of WHODAS 2.0 domain 1) in
PwP by ambulatory status. At the cut-off value of 58, the area under the curve
was 0.77, with sensitivity and specificity of 62% and 79%, respectively.

and one-way ANOVA test were used for comparisons between
groups. Non-parametric regression was applied to compare the
impact of cognition and ambulation on different WHODAS 2.0
domains. SAS (version 9.2, SAS institute, Inc., Cary, NC, USA)
was utilized to perform the analyses and statistical significance
was set at p < 0.05.

RESULTS

Of the analyzed 10,581 PwP, 4,145 were categorized as having
cognitive disability and the other 6,436 were considered
cognitively intact using the cut-off value at 58 score of the
cognition domain (domain 1) in WHODAS 2.0. The mean age
was 76.4 + 8.3 years old in the PwP with cognition disability,
compared to 71.1 + 9.9 years old in the cognition intact
counterpart. Demographic data of these two groups revealed
that the gender distribution was similar; however, significant
differences were noted for age, education level, work status
residence, severity of disability and modified H&Y stage. All
domains of the WHODAS 2.0 were significantly higher in those
with cognitive disability than those without, representing higher
disability levels in all aspects of daily living (Table 1).

Further taking walking status into the analysis for the impact
on disability, the overall PwP were grouped according to
the combination of two conditions: intact cognition/cognitive
disability and ambulatory/non-ambulatory status (Table 2).
There were 1,231 patients (11.6%) categorized into the cognitive
disability/ambulatory or assisted ambulatory group, 4,673
(44.2%) ambulatory or assisted ambulatory/intact cognition,

TABLE 1 | Demographic data of all the study participants.

Cognitive Intact p-value
disability cognition
(n = 4,145) (n = 6,436)
Female 2,104 (50.8) 3,205(49.8) 0.33
Age (y/0) 76.4 +8.3 711+99 <0.001
18-64 411 (9.9 1,690 (26.3)
Education <0.001
College or higher 92 (2.2 131 (2.0)
Senior high school 305 (7.4) 552 (8.6)
Junior high school 378 (9.1) 1,125 (17.5)
Primary school 2,550 (61.5) 4,033 (62.7)
No education 820 (19.8) 595 (9.3)
Residence <0.001
Community dwelling 3,336 (80.5) 6,044 (93.9)
Institution 809 (19.5) 392 (6.1)
Urbanization level <0.001
Rural 567 (13.7) 724 (11.3)
Suburban 1,505 (36.3) 2,219 (34.5)
Urban 2,073 (50.0) 3,493 (54.3)
Work status <0.001
Employment 13(0.3) 219 (3.4)
Unemployment 4,132 (99.7) 6,217 (96.6)
Family economic status 0.51
General 4,112 (99.2) 6,392 (99.3)
Middle low and low 33(0.8) 44 (0.7)
Modified H&Y Stage <0.001
Stage 3 879 (21.2) 3,052 (47.4)
Stage 4 1,658 (40.0) 2,737 (42.5)
Stage 5 1,608 (38.8) 647 (10.1)
WHODAS 2.0
Cogpnition (domain 1) 81.1+14.2 29.0+ 171 <0.001
Mobility (domain 2) 75.3 £22.8 47.8 +24.9 <0.001
Self-care (domain 3) 52.6 + 34.1 30.7 £ 25.2 <0.001
Getting along (domain 4) 83.8+£19.7 442 £27.0 <0.001
Life activities (domain 5-1) 85.2 £ 32.7 60.6 £ 37.9 <0.001
Participation in society 62.1 + 23.1 40.4 £ 211 <0.001
(domain 6)
Summary score 72.8 £15.2 40.8 +16.3 <0.001

PwR, People with Parkinson’s disease,; H&Y, Modified Hoehn-Yahr Stage; WHODAS, WHO
Disability Assessment Scale. Data was presented as number (percentage) or mean +
standard deviation.

2,914 (27.5%) in the cognitive disability/non-ambulatory group
and 1,763 (16.7%) in the intact cognition/non-ambulatory group.
There were statistically significant age differences within the four
groups, with non-ambulatory and cognition disability PwP being
the oldest (77.6 & 7.7 years old) and the ambulatory and intact
cognition group being the youngest (69.7 £ 10.1 years old, p
for trend). We found that the presence of cognitive disability
is associated with higher individual domain and total scores in
both ambulatory and non-ambulatory groups (p < 0.05). Non-
ambulatory PwP with cognitive disability had the highest level
of disability (76.5 £ 14.4), followed by ambulatory PwP with
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TABLE 2 | Subgrouping of all study participants based on ambulation and cognition, n = 10,581.

Ambulatory Non-ambulatory p for trend
Cognitive Intact Cognitive Intact
disability cognition disability cognition
(n =1,231) (n = 4,673) (n =2,914) (n =1,763)
Female 594 (48.3) 2,272 (48.6) 1,510 (51.8) 933 (52.9) 0.46
Age (y/0) 73.6 £8.8 69.7 + 10.1 776 £77 75.0+£8.3 <0.001
H&Y Stage <0.001
Stage 3 533 (43.3) 2,677 (57.9) 346 (11.9) 375 (21.3)
Stage 4 587 (47.7) 1,815 (38.8) 1,071 (36.8) 922 (52.3)
Stage 5 111 (9.0) 181 (3.9) 1,497 (51.4) 466 (26.4)
WHODAS 2.0
Cognition (domain 1) 736+ 11.5 271 +£17.0 84.2 +14.0 341 +16.4 <0.001
Mobility (domain 2) 61.4 +£22.4 41.2+217 81.2 +£20.3 65.4 £+ 241 <0.001
Self-care (domain 3) 421 +28.9 27.3+223 571 +£35.2 39.6 +29.9 <0.001
Getting along (domain 4) 74.7 £221 40.2 +25.6 87.7£17.2 54.9 +27.8 <0.001
Life activities (domain 5-1) 80.9 + 33.9 55.7 + 36.1 87.0 +£32.0 73.6 +£39.5 <0.001
Participation in society (domain 6) 55.4 +21.7 37.8 +20.3 64.9 + 23.0 472 +21.6 <0.001

WHODAS, WHO Disability Assessment Scale; H&Y, Hoehn and Yahr Stage. Data was presented as number (percentage) or mean + standard deviation.

TABLE 3 | Non-parametric regression comparing the effects of cognition and ambulation on WHODAS domains 3-6.

Self-care (domain 3)

Getting along (domain 4)

Life activities (domain Participation in society

5-1) (domain 6)
] SE P- B SE P- ] SE P- ] SE P-
value value value value
Cognitive disability 14.7 0.7 <0.001 35 0.5 <0.001 18.1 0.8 <0.001 22 0.6 <0.001
(ref = Intact cognition)
Non-ambulatory (ref= 10.6 0.7 <0.001 12 0.6 <0.001 11.3 0.8 <0.001 11.3 0.6 <0.001
Ambulatory)
Age > 65 (ref = 18-64) -2.0 0.9 0.02 1.1 0.7 0.12 5.2 1.0 <0.001 -7.8 0.8 <0.001
Institution Residence 3.3 1.0 <0.001 2.0 0.8 0.01 2.8 1.1 0.01 0.7 0.9 0.40
(ref = Community dwelling)
Urbanization level
Suburban (ref = urban) 0.6 0.6 0.36 -0.5 0.5 0.32 -1.0 0.7 0.15 0.2 0.6 0.77
Rural (ref = urban) -3.0 0.9 0.002 -1.3 0.7 0.07 -2.2 1.1 0.03 1.7 0.8 0.04
Education <6 years (ref > 6 1.6 0.8 0.06 -0.7 0.6 0.26 0.8 0.9 0.36 —1.1 0.7 0.12
years)
Modified H&Y Stage
Stage 4 (ref = Stage 3) 2.0 0.7 0.003 3.2 0.5 <0.001 5.8 0.8 <0.001 3.4 0.6 <0.001
Stage 5 (ref = Stage 3) 5.0 1.0 <0.001 9.2 0.8 <0.001 5.5 1.1 <0.001 3.5 0.8 <0.001

cognitive disability (64.2 + 13.4), non-ambulatory PwP with
intact cognition (50.6 & 15.4) and ambulatory PwP with intact
cognition (37.2 £ 15.1). The same trend holds true for each
individual domain of the WHODAS 2.0.

In order to further delineate the isolated association between
ambulatory status and cognition with the functional disability,
a non-parametric regression was conducted. Age, education,
and urbanization level, location of residence (whether they
are community dwelling or not), modified H&Y were also
included in the regression in order to examine their effects
(Table 3). The results showed that non-ambulatory and cognitive

disability were significantly associated with the severity of
disability in every aspect. The effect size (B) of cognitive
disability was consistently greater than that of ambulatory
status in four domains of self-care (14.7 £ 0.7 vs. 10.6 =+
0.7), getting along with others (35 £ 0.5 vs. 12 £+ 0.6),
life activities (18.1 4 0.8 vs. 11.3 % 0.8), and participation
(22 £ 0.6 vs. 11.3 £ 0.6). Similarly, disease stage (modified
H&Y stage) also showed a statistically significant effect in
all four domains, though the effect sizes were still smaller
compared to either that of cognition and ambulation status.
Institutional residents, age, and level of urbanization also appears
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to have impact on some domains whereas education level
does not.

DISCUSSION

The findings from the present study revealed that non-
ambulatory status and cognitive disability were both
independently associated with the severity of disability, and
the contribution of cognition was greater than ambulation.
Unlike the PD-specific Unified Parkinson’s Disease Rating
Scale (UPDRS) (22), the present study utilized WHODAs
2.0 to evaluate the multiple aspects of disability, which
can be assessed by qualified medical personnel who do not
necessarily have to be physicians, is less time-consuming
and enables the evaluation of disability under the ICF
framework. Using WHODAS 2.0, the present study showed
that the disability in moderate to advanced PwP is not
merely limited to motor-related life activities, but affects
one’s ability to understand and communicate, getting along
with people and participation in society and such difficulties
become more prominent as cognition levels deteriorate
and as independent or assisted ambulation is lost. Out of
the four study groups, non-ambulatory PwP with cognitive
disability have the most severe disabilities in all domains of
daily functioning. These findings are consistent with previous
findings, indicating that functional decline in PD results from
motor impairment and is likely aggravated by concomitant
cognitive impairment (23-25). Furthermore, based on the
results of our non-parametric analysis, we hypothesize that
as a determinant of functional disability, cognition is likely
to be more important than ambulation status in later stages
of PD.

It has been demonstrated that axial impairment (postural
instability and gait difficulty) is strongly associated with the
disability, functional dependence, and poor quality of life in
non-demented mild to moderate PwP whereas there is relatively
little impact of cognitive performance on functional outcome.
(26) The loss of functional dependency tends to occur at
the transition between H&Y stages 2-3 which characterizes
the emergence of postural instability and possibly loss of
independent ambulation (27, 28). It is thought that gait
impairment portends the loss of many gait-dependent activities
and thus, the effect of early manifesting gait disturbance
such as freezing and postural instability can become especially
prominent. The cognition is more likely to be spared or mild
impairment when the affected persons are still in their early
stages of PD. In contrast to the findings in early disease,
we observed that ambulatory PwP with cognitive disability
had higher overall disability compared to those who were
cognitively intact but non-ambulatory, suggesting that cognitive
function contributes more to disability than mobility and
ambulation status. This illustrates the important concept of
disparity between mobility and “functional mobility” in PD
(29): despite that the ambulatory/cognition disability group
had preserved physiological ability of moving independently
or with assistance, they still experienced more difficulties in

performing life activities and in maintaining an active and
social life.

The findings of the present study may indicate the
necessity of cognitive interventions, such medical therapy
or cognitive training to prevent the disability of PwP. So
far, there is evidence to support the efficacy and safety
of acetylcholinesterase inhibitors such as rivastigmine with
regarding slowing the cognitive impairment in PDD (30,
31). It will be worthwhile to investigate whether this benefit
can translate into improvements in functional ability. Non-
pharmacological options, on the other hand, may be preferable
in those who are already burdened by polypharmacy or in
cases who are already suffering from drug side effects (32).
Compelling evidence from randomized controlled trials have
found that cognitive training can improve cognitive domains
known to be impaired in PD, such as working memory,
processing speed, and executive function (33, 34). Cognitive
training can also reduce motor complications such as freezing of
gait (35, 36). Another study found that cognitive rehabilitation
of a 3-month duration can lead to improved cognition and
reduced functional disability measured by WHODAS. Moreover,
these improvements were sustained after a period of 18 months
(37). The targeted effects of aerobic exercise on motor and
cognitive circuitry is also promising, with observed reduction
in motor symptom severity and non-motor symptoms of
fatigue, depression, and executive function (38). Since the
aforementioned studies included mild to moderate PD or
exclude patients with dementia, whether the same benefits
can be replicated in more severely affected patients should be
further investigated. The impact magnitude of physical exercise
on cognitive function and real-world activities needs to be
further clarified.

As a cross-sectional study, the limitations of this study
include its sampling population, which consists of moderate to
advanced PwP, restricting the applicability of the aforementioned
findings to people with early stage or mild disease and precludes
inferences about causality. Secondly, due to the retrospective
nature of the study, the group with cognition disability was
defined using the more generic cognition domain score on the
FUNDES-Adult instead of tests such as the Mini Mental State
exam or the Montreal Cognitive Assessment and definitions of
the Movement Disorder Society criteria for PDD (39); cognition
while those in this group may not strictly fulfill the diagnosis
of “dementia” and may even include those with non-demented
cognitive impairment, this method may have wider applicability
in the primary care setting, providing an easier assessment
of cognitive status for Physical Medicine and Rehabilitation
physicians, physical therapists, or clinicians less familiar PDD
diagnosis or when formal comprehensive neuropsychological
testing cannot be conducted. Similarly, ambulation and walking
status was evaluated by asking the patient to walk back and
fro 3m (domain 8.6 of FUNDES-Adult) instead of tests such
as the Timed up and Go test. The 3-m walking course has
been found to be a valid form of assessment of walking status
compared to longer course lengths and is employed on a national
level by the Taiwanese government after being tested for its
validity and reliability (5, 8, 40). Thirdly, we cannot gather
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information on disease duration, treatment status, comorbidities
in our cohort, for instance, co-existing cerebrovascular disease,
amyloid pathology, and mood disorders, the impact of which can
potentially confound our analysis but due to the advantage of
having a large sample size, the evidence nonetheless still supports
our hypothesis. Finally, the ambulation assessment by to and fro
3-m walk is episodic and the PwP may in their off status, which
may result in miss categorization.

CONCLUSION

In mid-to-late stages of disease, PWP may experience significant
functional disability resulting from dependent ambulation and
cognitive impairment. This study identified that cognitive status
has a greater impact on functional disability compared to
ambulation status in those who are modified H-Y stages 3 and
above. Future research must determine whether methods for
secondary prevention of cognitive decline in this population
can delay or mitigate functional dependency and reduce
the social and economic burden brought about by this
neurodegenerative disease.
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