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Abstract

stroke patients.
Methods:
Design: Cross-sectional, observational
Setting: Tertiary care centre, Mumbai, India
Participants: 60 ambulatory post-acute stroke patients

Main outcome measures:

addressed for successful rehabilitation outcome in stroke.

L

Background: Regaining the ability to walk independently is the most important functional goal in rehabilitation of
stroke patients. Cognitive impairments are increasingly recognized as affecting functional outcome in stroke. The
purpose of this study was to determine the association between cognition and functional ambulation level in chronic

+ Cognition was assessed using Montreal Cognitive Assessment (MoCA) scale
* Functional ambulation level was determined using Modified Hoffer functional ambulation classification (FAC).

Results: The prevalence of cognitive impairments was 46%. According to FAC, 28.3% of the patients were
community walkers. MoCA score discriminated between unlimited household and most limited community walkers
(p<0.03) and also between least limited community and community walkers (p<0.04).

Conclusion: Community ambulation is significantly limited in chronic stroke patients. Cognitive impairments are
prevalent and persistent even after the acute phase. Cognition is an important factor in the attainment of community
ambulation in chronic stroke patients. Along with physical impairments, cognitive impairments need to be specifically

J

Keywords: Stroke; Cognitive impairments; Functional ambulation;
MoCA

Introduction

Stroke is the second most common cause of acquired cognitive
impairment [1-3] with the prevalence of post-stroke cognitive
impairments ranging from 20% to 80% across different countries [4].
In India, the prevalence of cognitive impairment is reported as 20% in
total stroke survivors [5]. With an aging population and a decline in
mortality after stroke, the rates of post-stroke cognitive impairment
will increase. Cognitive impairment is associated with decreased
activities of daily living and instrumental activities of daily living
function, and patients may require longer-term, ongoing rehabilitation
[6]. Cognitive impairment predisposes  patients toward
institutionalization, disability, increased mortality, and poorer quality
of life [1-3]. Despite being as common as other neurological deficits,
such as motor and sensory, cognitive impairment is often overlooked
in the follow-up of stroke survivors unless they have progressed to

dementia [7]. Recently, there is a growing body of evidence showing an
association between cognition and physical performance. Individuals
with mild dementia have worse balance performance and decreased
walking speed [8,9] whereas disturbances in gait are suggested as one
of the earliest predictors of dementia [10-12].

Stroke is the third leading cause of adult disability [13]. The limited
walking ability that follows the stroke restricts a patient’s independent
mobility about the home and community, a significant social handicap.
Regaining the ability to walk independently is the most important
functional goal in rehabilitation of stroke patients. Despite the efforts
taken to achieve good mobility outcomes, most of the patients with
stroke do not get out in the community. Community ambulation is the
ability to integrate walking with other tasks in a complex environment
[14]. In addition to walking function, patients must be able to adapt
physically and cognitively to sudden disturbances in body movement
when they encounter environmental barriers and unexpected events
during community ambulation. Cognition and gait have often been
studied separately after stroke whereas it has been suggested that these
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two domains could interact through a cognitive-motor interference.
Although walking speed is a relevant predictor of health outcomes,
there is limited research on the interaction of impaired cognitive
function in stroke with resultant effect on community ambulation.
Also, due to context-specificity of environmental factors, results of
previous studies cannot be generalized to Indian population.
Therefore, this study aimed to determine the association between
cognition and functional ambulation level in chronic stroke patients.
The results of the study can shed light on new ways to approach and
understand stroke rehabilitation.

Methodology

This was a cross-sectional study conducted on a convenience sample
of stroke patients receiving outpatient rehabilitation in a tertiary care
center. Individuals i) Between the age group 18-65 years, ii) Having
unilateral hemiplegic involvement, iii) Ambulatory (with or without
assistive devices), iv) Community-dwelling were recruited. Individuals
were excluded from participation if they had i) Pre-stroke cognitive
impairment and dementia ii) Neurological conditions apart from
stroke, iii) Perceptual deficits, iv) Uncorrected visual impairment, v)
Vestibular impairment, vi) Symptomatic musculoskeletal conditions
which affect balance and mobility, vii) Unstable medical conditions.
Institutional review board approved design and conduct of the study.
The procedures followed protocol and accord with the ethical
standards of the institutional review board. All the participants were
volunteers and informed written and verbal consent was obtained from
them. For every participant general demographic data, health-related
comorbidity and stroke characteristics were collected.

Main outcome measures

Cognition: Montreal Cognitive Assessment (MoCA) was used for
assessing cognitive functions. The MoCA assesses several cognitive
domains and has been considered as a useful cognitive screening tool
for several neurological diseases including vascular cognitive
impairment. Neuropsychological functions assessed by this scale
include short-term memory recall task; visuospatial abilities; multiple
aspects of executive functions; attention, concentration, and working
memory; language, and orientation to time and place. MoCA scores
range between 0 and 30 [15]. Score of 26 or over is considered to be
normal.

Functional ambulation: It was determined using Modified Hoffer
functional ambulation classification (FAC) [16]. The patient’s level of
functional walking ability at home and in the community was assigned
by the investigator to one of the six categories as per the criteria after
his/her gait was examined and certain data were obtained by
questioning the subject. The degree of walking independence, agility,
and safety was assessed, as was information obtained directly from
both patients and their relatives. Attention was given especially to the
patient’s ability to deal with different surroundings. Only the patient’s
usual walking level was considered, not the level he/she could
potentially achieve.

These two tests were administered by two different assessors
independently.
Results and Discussion

60 Stroke patients met the eligibility criteria and volunteered to
participate in the study. Data thus collected was subjected to statistical

analysis using computerized software. All the variables were examined
by descriptive statistics. Table 1 shows the demographic and stroke
characteristics of the participants.

Characteristic Descriptive statistics

Age (in years) 58.4 + 8.12 (mean + SD)

Gender — Male : Female 02:03

Time post stroke (in months) 15.18 + 19.33 (mean £ SD)

Side of hemiplegic involvement: Right/Left | 02:03

Gait speed (m/min) 59.9 £ 16.1 (mean + SD)

MoCA score 24.1 £ 6.7 (mean = SD)

Table 1: Demographic and stroke characteristics.

Though this sample consisted of 78% patients with gait speed > 48
m/min (cut-off value for community ambulation, Perry et al, 1995)
[16], only 28.3% of the patients were community walkers (according to
FAC). Similar figures on community mobility have been reported in
previous studies on post-acute stroke survivors using performance-
based and/or self-reported outcome measures [17-19].

Cognitive impairments

For neuropsychological testing, we chose an interval of three
months following onset of stroke to allow sufficient time for the acute
and/or transient effects of stroke to subside [20,21]. MCI and dementia
were merged into a main outcome named cognitive impairment in the
analyses of the data. In this sample of sub-acute stroke patients, the
prevalence of cognitive impairments was 46% (as per the cut-off of <
26 on MOCA). Our results are in line with previous studies which
suggested that cognitive impairments may continue for a long time in
approximately 1/3 of the patients [22-24]. The predominant cognitive
deficits were observed in visuo-constructional abilities and memory
(37.5% each) followed by attention (17.5%) and abstraction (15%). In a
large cohort of stroke patients cognitive impairments occurred in
35.2% of patients with stroke and 3.8% of controls and cognitive
domains most likely to be defective in stroke were memory,
orientation, language, and attention [22].

Relationship between cognition and functional ambulation
categories

Patients were stratified according to the level of functional
ambulation into six different categories as determined by the FAC. The
score of cognition on MoCA scale served as the independent variable
whereas the functional ambulation level served as the dependent
variable in the association model. Variables distribution was tested
using Kolmogorov-Smirnov test which exhibited normality, and
therefore parametric test was used for all the analyses. The test applied
was one way ANNOVA with post-hoc analysis. 2-tailed significance
level of p value was set at 0.05

Table 2 and Graph 1 show the comparison of cognition among the
different groups stratified by functional ambulation classification. It
was observed that MoCA score discriminated between unlimited
household and most limited community walkers (p<0.03) and also
between least limited community and community walkers (p<0.04). It
should be noted that in this sample MoCA score did not discriminate
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between categories with lower levels of functions. This finding could be
because of lack of responsiveness of FAC for these categories [23,24]
and should be interpreted with caution. It can also be inferred that
cognition is more closely associated with community than household
ambulation [25,26].

Functional ambulation category No. of subjects n MoCA score

(%) (mean * SD)
Physiological walker 6 (10%) 16.44 £ 0.34
Limited household walker 10 (16.66%) 17.28 +0.23
Unlimited household walker 8 (13.33%) 17.18 £ 3.11
Most-limited community walker 9 (15%) 20.29+4.12
Least-limited community walker 10 (16.66%) 21.12+4.15
Community walker 17 (28.3%) 26.41+3.07

Table 2: Comparison of cognition among the different groups stratified
by functional ambulation classification.

Physiological walker 26.41
Limited household walker 21.12
Unlimited household... 20.29
Most-limited community... 17.18 B MoCA score
Least-limited community... .28
Community walker 4
(‘) 1‘0 2‘0 30

Graph 1: Comparison of cognition among the different groups
stratified by functional ambulation classification.

Currently our understanding of how to predict and prevent
cognitive impairment and dementia following a stroke is limited. Thus,
finding the strongest motor predictor of cognitive impairment is
requested in order to develop potential interventions. Some studies
using a prospective design have examined baseline gait speed, other
motor signs and mobility as predictors of the future development of
cognitive impairment in stroke survivors, however have found
conflicting results [27-29]. Ursin et al. found that balance on figure of
eight and Berg balance scale in the acute phase of stroke predicted
cognitive impairment 1 year after stroke whereas the measures of
maximum walking speed and Timed Up and Go test did not have
predicting ability [30]. Recently, a multicentre study suggested that the
motoric cognitive risk syndrome, a combined assessment of walking
speed and memory, identify those at risk of developing cognitive
impairment [31].

On the other hand, several prospective studies pointed out that
initial cognitive status is a predicting factor of rehabilitation success,
especially for motor skills and functional independence, in post-stroke
patients [32-34]. Tatemichi et al. 1994 found that in stroke patients
functional impairment was greater with cognitive impairment; and
dependent living after discharge either at home or nursing home was
more likely (55.0% with, vs. 32.7% without cognitive impairment) [22].
They concluded that the presence of cognitive impairment in patients

with stroke has important functional consequences, independent of the
effects of physical impairment. Yet another study assessed outcomes up
to 4 years after stroke and found that cognitive impairment is
associated with poor long-term outcomes, including death and
disability, and higher institutionalization [23].

Because physical and cognitive impairments after stroke have
independent prognostic implications, measures that evaluate both
functions should be used in future studies of stroke outcome and in
care of stroke patients.

Cognition and gait have often been studied separately after stroke
whereas it has been suggested that these two domains could interact
through cognitive-motor interference. While still poorly understood,
the close interaction between cognition and gait could be related to a
cortical competition amidst cognitive and motor processes [35]. This
phenomenon could be exacerbated by various brain changes in stroke
patients, the main one being the extent of white matter lesions and, as
was recently described the amyloid brain burden [36-38]. Cognitive
motor interference following a stroke could be because of a reduced
capacity to perform cognitive and motor tasks simultaneously, reduced
cognitive function, or decreased walking ability secondary to post-
stroke deficits. The strong interaction between these two domains has
been well described in neurodegenerative disorders [35]; and only
recently has been evaluated in post-stroke studies. Also, this
relationship in stroke has been mentioned however, from the dual-task
paradigm wherein the attentional demands of gait are tested. However,
relatively few studies have evaluated this relationship in the context of
community ambulation. The cognitive efforts required to detect
environmental changes and to compensate postural perturbations
when walking suggests that these two domains could interact even
more during walking in the community.

Community ambulation requires walking in a complex environment
while focusing on multiple attention-demanding tasks, including
walking faster when crossing the street, negotiating obstacles, and
holding conversations in a busy environment. Thus, it is considered as
much more demanding cognitively than walking in a controlled
environment. Cognitive-motor interference, owing to a concurrent
cognitive or motor task, is postulated to affect walking speed and the
quality of walking, leading to poor participation in the community.
Paker et al. concluded that cognitive dysfunction interfered with
community ambulation after 6 months in patients with stroke [39].
More than 2/3 of the cognitively normal stroke patients were doing
community ambulation; however, this rate was only 1/5 for the
cognitively impaired persons.

Some  authors  have  suggested that domain-specific
neuropsychological evaluation tests should be considered in the acute
phase of stroke to predict the recovery of functional mobility. Park et
al. reported that verbal fluency test and construction praxis test about
two weeks after stroke were predictors for community ambulation at
six months after stroke [40]. In another study, baseline orientation
seemed to be the most important variable, more than the total MMSE
[41]. Self-awareness and perception of environment had an effect on
ambulation, which required complicated corroborating activities
including balance, transfers, and reciprocal movements. It has been
suggested that executive functions as opposed to global cognition or
memory, are important for gait and balance. Executive function is
regarded as higher-level cognitive function, implying a control
function of other cognitive functions. Performance of balance and
mobility tasks involves executive functioning often linked to vascular
disease and partly regulated by the prefrontal areas of the frontal lobe
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[42]. Executive function is associated with balance in older adults after
mild stroke [43] and with falls among older people [44], which might
correspond well with our results. In a study on post-stroke patients,
fallers showed lower cognitive function as assessed using MMSE than
the non-fallers [45]. Sustained and divided attention scores correlated
with balance, ADL ability and fall-status highlighting that attention
deficit might contribute to accident prone behaviour and falling [46].
To achieve effective goal-directed behaviour, it is not only important to
be able to initiate and plan actions, but also to be flexible, to be able to
shift plan and to inhibit irrelevant information or responses during
action. Possibly, the individual's cognitive flexibility also described as a
set-shifting ability is challenged when performing functional
ambulation [42].

We therefore conclude that cognitive impairment is not only
frequent with stroke, but also significantly affects functional adaptation
after the acute phase. Community ambulation is a more meaningful
outcome of stroke but has not been studied extensively in the context
of cognitive impairments. Results of this study emphasize the broader
aspects of stroke impairments including the neuropsychological
deficits and can shed light on new ways to approach and understand
functional consequences in stroke rehabilitation.

The WHO-ICF (2001) is an amalgam of the medical and social
models and brings into focus the interaction of the body’s structure
and function, activities, and participation in life situations [47]. With
the advent of WHO-ICF model, health professionals are encouraged to
evaluate and consider the impact of stroke more comprehensively. In
order to adequately address decreased post-stroke activity and
participation, it is important to understand the factors that contribute
to this reduction. The influence of cognitive impairments on stroke
survivors’ ability to negotiate obstacles and move over different
terrains (functional ambulation performance) has not received much
attention in literature. An important highlight of the present study is
that it attempted to associate cognitive impairments with the activity

limitation (walking) and participation restriction (functional
ambulation) in stroke patients (Figure 1).
o * Functional
Participation ambulation
at home and in
the community
Activity * Walking
Body Function * Cognition
Figure 1: ICF Model.

Nevertheless we acknowledge some limitations. It is important to
note that cognitive outcome following a stroke is dependent on socio-
demographic, health, and stroke-related risk factors, the timing of
cognitive assessment, inter hemispheric differences, etc. Also, other
confounding factors for functional ambulation viz. physical
impairments, fatigue and walking endurance, etc. were not considered
in the study. To address these possible limitations in the current study,

we recommend future studies with multivariate logistic regression
model.

The inherent diversity of abilities involved in cognitive function is
naturally difficult to grasp in single assessments and entails a lack of
gold standard measure. It has been found that stroke survivors with
cognitive deficits may decline, initially decline and then improve,
remain stable, or progress to dementia over time [48,49]. Considering
the changing longitudinal pattern of cognition function in stroke
survivors, this relationship between cognition and functional
ambulation could be more dynamic and thus, should be explored
further with a longitudinal study design [50].

Conclusion

Community ambulation is significantly limited in chronic stroke
patients. Cognitive impairments are prevalent and persistent even after
the acute phase. Though gait speed remains central to community
ambulation, cognition is an important factor in the attainment of
community ambulation in chronic stroke patients. Studies of stroke
outcome and intervention should take into account both cognitive and
physical impairments.

Clinical Implications

Community ambulation is a multidimensional task. This study
highlights the important role of cognition in functional ambulation in
chronic stroke patients. Along with physical impairments, cognitive
impairments need to be specifically addressed for successful
rehabilitation outcome in stroke. Results of this study relate the social
disadvantage in stroke patients to the impairments in body function as
per the ICF model of WHO.
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