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Abstract

Difficulties performing a concurrent cognitive taskile walking have been reported in
several neurological conditions. Such difficultiesay have significant functional
consequences, including increasing the risk ofsfafl systematic review of studies
investigating the effect of a concurrent cognititesk on walking in neurological
conditions was conducted. The aims of the reviewewl to determine the effect of a
concurrent cognitive task on walking, 2) to deterenihe effect of titrating task demand on
dual-task performance and 3) develop recommendation future research. Forty-one
articles were identified through electronic and dhaearch. Sixteen articles met inclusion
criteria. Studies were rated using quality critendfect sizes were calculated and a
narrative review was conducted. Fifteen out of 1&dies reported a disproportionate
decrement in walking ability, relative to healthgntrols, when performing a concurrent
cognitive task in neurological conditions; inclugirAlzheimer's disease, Parkinson’s
disease, stroke and brain injury. It was only dassio calculate effect size for half of the
studies; the median effect size was 0.77. Seveethadological issues with the literature
were identified. Performing a concurrent cognititask while walking has a
disproportionate effect in a range of neurologmahditions. Recommendations are made

for future research.

Key words:Adult, attention, memory, neuropsychological tegtst, nervous system

disorders



Introduction

In everyday life we frequently do morerttane thing at any one time; e.g. having a
conversation while walking, crossing a busy roamd mavigating a supermarket. Dual-
tasking refers to this ability to do two thingsoaice. Dual-task paradigms compare
people’s performance when tasks are performed gkingle task) and when two tasks are
performed simultaneously (dual-task). The decrenmedtial-task performance, compared
to single task performance, is thought to refleetattempt to share limited capacity
between the two tasks. Investigations using a ths-paradigm further our understanding
of the organisation of cognitive resources in threrb(Della Sala & Logie, 2001) and the
effect of neurological conditions such as Alzheimeisease, stroke, brain injury and
Parkinson’s disease on divided attention. This tstdading is important because if our
ability to do two things at once is impaired, thkis has implications for our functioning
in everyday life. Though activation studies implethe pre-frontal and anterior cingulate
cortices in dual-tasking (Dreher & Grafman, 20085 unclear which anatomical lesions
may be responsible for deficits in dual-task perfance.

Different types of dual-task combinations are palssifor example demands of both
tasks may be principally motor or principally cagre, or tasks may include both motor
and cognitive demands. One type of dual-task i®paing a simultaneous cognitive task
while walking, something people are frequently iegito do in everyday lifeln the past
walking was generally considered to be an autonpaticess involving minimal attentional
resources (Woollacott & Shumway-Cook, 2002). Recest¢arch however has shown that
even in healthy adults walking can be attentiond#ynanding when a secondary task is
performed simultaneously (Woollacott & Shumway-CopB02). In healthy adults the
dual-task effect is smadéind occurs only when quite complex secondary mhaik tasks
are performed, though the dual-task effect increasth age.

Adults with a variety of neurological conditionscluding Alzheimer’s disease

(Cocchini et al., 2004), Parkinson’s disease (Yogreal., 2005), stroke (Hyndman et al.,



2006 and Kemper et al., 2006) and acquired brgimyirfHaggard et al., 2000) appear to
be disproportionately impaired while walking anohsltaneously performing a cognitive
task, compared to healthy age-matched controlsekample reduced step length and
slower speed have been reported in Parkinson’ssks@rochester et al., 2004) and
increased stride duration and poorer cognitivequarénce are reported in brain injury
under dual-task conditions (Haggard et al., 20D@gl-task walking may therefore
uncover deficits not apparent under single tasklitmms, and may be a more sensitive
assessment of everyday walking ability in thesealegical groups. This may have
implications for the assessment and rehabilitatifowalking in physiotherapy settings in
brain injury and other neurological conditions (lgagd et al., 2000).

Lundin-Olsson and colleagues reported that oldaltsevho tended to stop walking
while talking were more likely to suffer falls (Ldm-Olsson et al., 1997). Subsequent
studies have suggested that dual-tasking doesroatp independent prediction of falls
but significantly affects gait parameters assodiatéh falling (Yogev-Seligman et al.,
2008). It has been suggested that this dual-tagkffigulty explains the high risk of falls
in Alzheimer’s disease (Cocchini et al., 2004),qikesthe fact that gait and motor function
are relatively spared early in the disease (Sheri@dHausdorff, 2007).

Difficulties performing a concurrent cognitive taskile walking may be affected
both by motor and cognitive factors in neurologimahditions. Sensory/motor deficits as a
direct consequence of disease interfere with gabme conditions, such as Parkinson’s
disease or stroke. Mulder and colleagues suggeshttor system comprises both a fast
mode, involving the automatic control of over-lesdrmovements, and a slow mode,
involving direct cognitive control of newly learned complex movements. They postulate
that when the motor system is damaged control afement is primarily directly
cognitive and via this slow mode of control (Muldgral., 2002). Walking therefore

becomes an attention demanding task.



There are therefore three possible explanationthéodevelopment of a dual-tasking
deficit. One is that a basic deficit in motor funcing means that motor tasks require more
conscious attention for successful performancegasribed above, and so the limited
capacity working memory system is overloaded indial-task situation. Another
possibility is that in neurological conditions worg memory capacity is reduced, so that
is overloaded by previously normal loads of motad aognitive content. A third
possibility is that rather than basic working meynecapacity being the problem, there is a
deficit in the attention control system that all@saattention between concurrent demands
(Logie et al., 2004). Baddeley and Hitch’'s modelorking memory suggests that a
central executive is responsible for the divisibmatbention between concurrent tasks
(Baddeley & Hitch, 1974). From this model a diffiiguperforming two concurrent tasks is
seen as due to a deficit in the ability to alloctentional resources to competing
demands, rather than due to insufficient attentioapacity. Deficits in divided attention
are well documented in Alzheimer’s disease (Birgdtal., 1996), Parkinson’s disease
(Dubois & Pillon, 1997) and brain injury (Park &t 4999). Holtzer and colleagues (2005,
2006) reported that in healthy older adults dusktaerformance decrement is predicted
both by speed/executive attention factors and meffiagtors.

It has been argued that in studying dual-taskimgiinportant to control for the effect
of task demand impacting on dual-tasking when camga patient group with a healthy
control group (Cocchini et al., 2004 and Yogevlet2008). In order to determine whether
dual-tasking difficulties are specifically causgdabdivided attention/dual-tasking process
impairment it is suggested that it is necessatirtte tasks according to performance
under single task conditions. Some studies haeengtied to do this, while in other studies
this issue is not addressed. Cocchini and collea(2@4) assessed ability to perform a
digit span task under single task conditions. Tigé dpan task involves listening to
sequences of numbers of varying length and repe#tam, e.g. 2-5-1, 5-4-9-2-7-8. Under

titrated dual-task conditions participants wereurssfl to complete the digit span task at



their individual span length as previously assessedsome individuals listened to
sequences five digits long while others heard secgseseven digits long. In a fixed
demand condition all participants would have hesrgluences seven digits long, as this is
the average digit span in adults. Titrating duaktdemand to single task performance has
the advantage of making it clearer whether a dovigiéention deficit or task demand is
responsible for difficulties dual-tasking in newrgical conditions, though may be less
clinically relevant to the extent that everyday @ibions are not titrated to individual
performance levels.

Two other factors may influence the performanca obncurrent cognitive task
while walking; the prioritisation of performancerthg dual-tasks and the effect of
instruction on task performance. Bloem and colleag2001) suggest that healthy adults
prioritise performance on walking over cognitivefpemance, while a recent review of
dual-tasking in Parkinson’s disease suggest tlesetipatients maintain cognitive
performance at the cost of a reduction in walkiegigemance (Bloem et al., 2006).
Huitema et al. (2006) report that post-stroke pasielso fail to prioritise walking during
dual-tasking. Canning (2005) reports that instngcparticipants to direct their attention
to walking improved walking performance while corremtly carrying a tray in
Parkinson’s disease.

Research on the effect of performing concurrenntvg tasks on walking in
neurological conditions is spread across a vaoétieratures; including physiotherapy,
gait and cognition; and has employed a number dhoa®logies. For example some
studies have used simple measures of walking, asiclumber of steps walked within a
time limit, while others have used measures sudirate variability and stride duration.
Different studies have also employed different ¢tvgmtasks. The extent to which a
cognitive task is attentionally demanding will hareeffect on study outcomes. This

makes it difficult to assess or summarise the figdiof the literature. Without an adequate



summary of the literature and its findings it iffidult to evaluate competing explanations
of any possible dual-task effects.

There has been one review of the effect of a coanticognitive task on walking
(Woollacott & Shumway-Cook, 2002).The review covsttsdies of dual-tasking in both
healthy adults and adults with neurological condisi and is helpful in summarising a new
and developing literature. It concludes that thierdgional demands of dual-tasking varied
depending on the complexity of the task and the tyfpsecondary task being performed.
The review is now several years old and has samalions; it is not systematic, both
healthy and neurological populations are includedliadoes not address the task demand
issue or the methodological issues of the litemtlihere is a more recent review of
walking and a concurrent task (either cognitivenmtor) in patients with Parkinson’s
disease (Bloem et al., 2006), though this is nstesyatic nor does it address the above
iIssues in the literature.

The aims of this review are to determine the eféé@ concurrent cognitive task on
walking in people with neurological conditions aondletermine the effect of titrating task
demand on dual-task performance. It is hoped thaill allow a more complete analysis
of possible explanations for performance on comeurcognitive and walking tasks in

neurological conditions and will lead to suggessidor future research in the area.

Method
A systematic review was conducted. All studies stigating the effect of a
concurrent cognitive task on walking in neurologjmapulations over 18 years of age were
eligible for inclusion.
Search Strategy and Sensitivity Analysis
Computerised databases searched were MEDLINE (t08eek 1 October 2007),

Cochrane Database of Systematic Reviews (Issu@03)2British Nursing Index and



Archive (1985 to September 2007), CINAHIL (1982Mzek 1 October 2007) and
PsycINFO (1806 to Week 2 October 2007). Searchgersed were [dual task] AND
[walking] OR [gait] AND [neurological] OR [Alzheim&s] OR [Parkinson’s] OR
[dementia] OR [Multiple Sclerosis] OR [Stroke] ORrain Injury] OR [cognitive]. Other
search terms were used, including divided attenbanidentified no further articles. On-
line abstracts were reviewed and copies of potignségible articles were obtained.
Reference lists of included articles were handchest for additional articles. Further
electronic search using first authors of includedties was conducted and all first authors
of included articles were contacted via emalil fetadls of any further articles, though no
extra articles were identified .
Data Extraction

Exclusion criteria were (1) performance of the éagical group was not compared
to a healthy control group, (2) single and duaktasrformance were not compared, (3) the
paper involved case report rather than experimeialy, (4) the motor task was not
walking and (5) the paper was a review paper rdtraar original research (see Figure 1).

Figure 1 outlines the article selection procesgHerreview. Electronic searches
identified 28 relevant studies and hand searchtiitesha further 13. Of these, nine were
excluded as the motor task was not walking, andtadr 16 were excluded for other
reasons (see Figure 1). Sixteen research papdisshpd between 1997 and 2007, met the
inclusion criteria.

[INSERT FIGURE 1 HERE]

Quality Criteria

A quality criteria protocol was compiled (see Tab)éased on the Scottish
Intercollegiate Guidelines Network (SIGN) MethodpyaChecklist 4: Case-control studies
(SIGN, 2007), the Consolidated Standards of Repgitrials (CONSORT) (Altman et al.,
2001), York Centre for Reviews and Disseminatio€RD) guidelines (YCRD, 2007)

and the criteria used by Ellis and colleagues (1.9Bee quality criteria covered six



methodological areas; participants, confoundingpfisc study design, study description,
results and overall assessment (Table 1). Eachigones the protocol was answered
‘yes’, ‘partial’, ‘no’ or ‘not reported’ with scoeof 2, 1, 0, and 0 respectively. The total
maximum possible score was 38. Two raters asséssapiality of each paper
independently using the protocol. Agreement was.8X%hird party arbitrator was
available to resolve any disagreements. The qualitggs of included studies are outlined
in Table 2. A narrative review of the included sasiwas also conducted in order to
identify issues unique to this particular literatur
[INSERT TABLE 1 HERE]

Effect Sizes

Effect sizes were calculated for each variable uimdestigation within each
particular study, wherever possible. Effect size walculated regardless of whether a

statistically significant difference was found fbat variable under dual-task conditions.

Results

Studies Included in Review

Sixteen papers (17 studies as one paper includedtiwdies) were included in the
review. Details of the included studies, as wellhesquality rating and effect size for each
study, are outlined in Table 2. Studies involvedipgants with four different
neurological conditions; Alzheimer’s disease (fstadies), brain injury (four studies),
Parkinson’s disease (six studies) and stroke (tudies).

[INSERT TABLE 2 HERE]

Four out of five Alzheimer’s disease studies repoid disproportionate decrement in

patient performance, relative to controls, in thaleasking condition. One study reported

a greater combined decrement (of both walking sp@&edcognitive performance) in
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patients. Four out of five of these studies didmeasure the effect of dual-tasking on
performance on the cognitive task.

Three out of four brain injury studies reportedodigortionate dual-task effects for
patients on various walking parameters. Threeobtdur brain injury studies measured
cognitive performance. Of these three, one fousgrdportionate dual-task effects in
patients on the number of errors on cognitive tasks

All of the Parkinson’s disease studies reporte@tgredual-task effects for patients
on several different walking parameters. Half & studies measured cognitive
performance. Of these, all found disproportionataldask effects on cognitive tasks in
patients; primarily in slower response rate andaased error rate.

Both stroke studies reported disproportionate das-effects for patients on both
walking and cognitive performance.

Quality Ratings

The quality ratings of the studies ranged from 8a(830/38, with a median score of
25/38. Scores of each study on each quality coiteare available in Appendix B1. Few
studies reported the percentage of patients anmat®that participated, and none of the
studies compared participants and those who dectmearticipate. Only one study
reported how sample size was determined. Studigstiae lowest overall scores tended
not to have reported exclusion criteria, whetherdame criteria were applied to cases and
controls or to have addressed multiplicity of asak; Other common reasons for losing
points were not taking potential confounders intocaint and not comparing patients and
controls on demographic and clinical charactesstiic particular many studies took
account of age and education as potential confagntat few controlled for fatigue.

It was difficult to determine whether study quaktifected findings, due to study
differences in factors such as patient group, aueemeasures and methodology (see
below). For example 15 studies used speed or aymmiospeed (e.g. time, distance) as an

outcome measure. Of these seven reported a diff@rdoal-task decrement in the patient
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group and eight reported no difference. There veasystematic discrepancy in quality
ratings between studies that reported a differamckethose that did not. However, studies
differed with respect to time or distances walkaxnitive task used and patient group.
Effect Sizes

It was not possible to calculate effect sizes fghiestudies. This was primarily
because studies reported means and standard dasi&dr dual-task performance and for
single-task performance, but not means and startdasidtions for differences between
dual and single task performances. For the remgimiime studies effect sizes were
calculated for each outcome measure, thereforastpossible to have several different
effect sizes for the same study. Calculated effizets ranged from 0.46 to 1.2, with a
median effect size of 0.77. This is approachingrgd effect size (Cohen, 1988).
Methodological Issues

A number of methodological issues make it diffidolcompare included studies.
First, there is wide variability in the walking kzsemployed in the studies (see Table 3).

[INSERT TABLE 3 HERE]

Five studies employed distance walked during aiset, ranging from 30 seconds to
5 minutes, as the measure of walking. Twelve studiaployed time to walk a particular
distance, ranging from 5 metres to 11 metres (osith study not specifying the distance),
as the measure of walking. There are two diffiegltivith this variability. Greater distances
or greater time spent walking may be more taximgpédients and therefore these studies
may be more likely to show a dual-task effect, tjtoit is unclear how much of this may
be due to the greater effects of fatigue in theepagroups. Patient groups may also be at a
disadvantage in studies employing a fixed distarsche measure of walking. Patient
groups, compared to healthy controls, may be slonezven simple walking. This means
that they will be walking for longer than healthgntrols on all tasks involving walking. In
comparison, studies that utilise a fixed time &srtteasure of walking ensure that all

participants are dual-tasking for the same duration
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A further difficulty comparing studies is that teidies have measured different
parameters of walking and it may be that some eddlare more sensitive to the effects of
dual-tasking on walking than others (see Tabl&d)ne studies have used basic measures
of walking such as time, distance, velocity or nemaf steps. Other studies have used
electronic equipment, such as electronic walkwtygjeasure more complex parameters
such as stride time, stride length, step widthstnde and swing variability. Table 4
summarises the parameters of walking used in éiffestudies.

[INSERT TABLE 4 HERE]

Thirdly, there is variability in the cognitive taskmployed by studies (see Table 3).
Six studies employed some form of verbal fluenski&ither reciting names in a
particular category or producing exemplars fronategory. One study employed a digit
span task. Seven studies used tasks which invaledel of mental manipulation; such as
subtracting serial numbers or reciting the daythefweek backwards. One study
employed the Stroop, which was projected onto & wiale participants walked. Two
studies required participants to answer ‘autobiplgical questions’, though the nature of
the questions is unclear. Two studies requiredgiaants to repeat sentences, while one
study required participants to learn and recaéh\aes item shopping list. Some studies
used more than one cognitive task, therefore tta¢ ¢ognitive tasks exceeds the total
number of studies.

The extent to which cognitive tasks are attentigr@@manding may influence the
size of any dual-task effect found. It is questldravhether some of the tasks employed
were difficult enough to induce a dual-task effdatio studies have compared cognitive
tasks of varying levels of difficulty. Campbell andlleagues (2003) found that a dual-task
effect was evident in their high demand task (dzfythe week backwards) but not in their
low demand task (repeating sentences). Similarbgex and colleagues (2005) found a
greater dual-task effect during a complex listertagk compared to a simple listening

task.
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Fourth, six studies did not measure performanceherognitive task (Camicioli et
al., 1997; Campbell et al., 2003; Catena et abD,72®arker et al., 2005; Rochester et al.,
2004). Of the 10 studies that did measure perfoom@n the cognitive task, six found that
dual-tasking had a differential effect. The failofesome studies to measure cognitive task
performance makes it difficult to comprehensivelglaate dual-task decrements in these
studies. In dual-task conditions some participamy sacrifice performance on the
walking task, while others maintain walking perf@mee but sacrifice performance on the
cognitive task. If performance on both tasks isex@luated then a full picture of
performance under dual-task conditions will noabhieved.

A related issue is the use of combined decrememescCocchini and colleagues
(2004) calculated combined decrement scores irr ¢odevaluate dual-task effects. The
combined decrement score is a single score fopvtkeall combined decrement for both
dual-tasks (cognitive and walking). It averagesgbecentage change in each task under
dual-task, compared to single task, conditionsite gn overall percentage change score.
It assumes both tasks have equal importance. ppi®ach takes into account any
variability in the relative emphasis that differgairticipants give the two tasks when
performing them simultaneously (Nebes et al., 200kt is, a participant may trade off
performance on one of the tasks in order to mairtiatter performance on the other task.
Thus two participants may have a similar combineal-dask decrement, though one may
have sacrificed performance on the cognitive talsltenthe other has sacrificed
performance on the walking task. In the studietexe®d here only one study adopted this
approach, and as previously mentioned severalatidieasure cognitive task
performance, making it more difficult to compareabtask effects across participants and
across studies.

There is another issue in comparing the dual-tasfopnance of a patient population
to that of healthy control participants: differeade single-task performance can confound

interpretation of dual-task performance. Thoseigagnts who have difficulty carrying
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out a task by itself will find the dual-task condlit proportionately more difficult than will
subjects for whom the single-task condition islya@asy, because the poorer performers
are operating closer to their performance limitemithe single-task condition (Baddeley et
al., 1986). Some studies have dealt with this leralby titrating the difficulty level of
each cognitive task to the individual’s performateeel under single-task conditions
(Logie et al., 2004; Nebes et al., 2001). Thivess that the amount of decrement
produced when subjects have to combine the twa taskot confounded by individual
differences in performance on the single-task dwordiIn this review however, only one
study titrated cognitive task difficulty, and found difference between dual and single

task performance (Cocchini et al., 2004).

Discussion
The findings of this review suggest that a conatromgnitive task has a

disproportionate effect on walking in people witlzldeimer’s disease, Parkinson’s
disease, brain injury and stroke. Traditionally kirad) has been considered an automatic
task, requiring few higher cognitive resources (Wmott & Shumway-Cook, 2002). The
findings indicate that there are significant densaaod attentional resources when walking
whilst performing a concurrent cognitive task. Tehex a disproportionate effect in several
neurological conditions, with a variety of both kia and cognitive parameters
disproportionately affected under dual-task coondsi This has a number of real life
implications for individuals living with these coitidns. We can expect that for these
individuals, performance on many everyday taskEhelpoorer where concurrent
cognitive and walking demands are present.

It has been suggested that disproportionate imgait on dual-tasks is related to the
risk of falls (Yogev et al., 2005; Lundin-Olssonadt 1997; Bloem et al., 2006). Falls are

common in many neurological diseases and are diiffio predict as clinical tests assess
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single components of postural control while eveyyfddls mechanisms are typically more
complex (Bloem et al., 2006). Dual-task walking ntiagrefore be a more sensitive
assessment of walking ability in these neurologigalips. The relative contribution of
dual-task effects in predicting falls is still umdevestigation. Recognition of dual-task
effects and their impact on fall risk may leadhe tlevelopment of strategies, including
physiotherapy and cognitive rehabilitation stragsgiwhich these groups could use to
ensure safer walking and to minimise the impactua-task demands. A recent study
using randomised control trial methodology repottet a cognitive-motor training
programme, involving walking with simultaneous cibiye tasks of gradually increasing
demand, may lead to improvements in walking andrglin people with brain injury
(Evans et al., submitted).

The current review identified several methodolobissues. It was possible to
calculate effect size for only half of the studiasd these effect sizes were approaching
large. Considerable variability in the methods ®sdised, particularly in the types of
tasks and their measurement, made studies dificompare. It would have been helpful
to compare effect sizes across different methodesotyp determine whether this
influenced findings. This was not possible howeagponly half the studies contained
enough information to calculate effect sizes. Goig study evaluated the effect of
titrating task demand, therefore it was not possiblinvestigate the effect of this on
outcome. Whilst this type of research has sevatarent limitations, based on the
findings of this review a number of recommendatitmiduture studies are made.
Recommendations for Future Studies

Study design.
1. Methodological rigour could be increased by statiogr sample size was
determined. Sample size should be based on povedaizons.
2. Study design should take account of potential camders; in particular age,

education and fatigue. The possible effects oftegtion performance on experimental
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trials can be controlled for by i) comparing papants performance on a timed walk

before and after the experimental trials ii) codoéancing experimental trials and iii)

participants completing a fatigue questionnairé theasures general fatigue levels.

3. Studies comparing the effects of fixed and titratechand cognitive tasks are

needed, in order to control for individual diffeoes in single task performance.
Measurement issues.

1. Walking a fixed time rather than distance is pralide as it ensures all participants

are exposed to dual-tasking for the same durafibaugh this cannot take account of the

fact that walking may be more physically effortfat patient groups than for controls, it

ensures that both groups are dual-tasking foraheesduration.

2. It is not clear if a 30 second walk is long enotwylelicit a dual-task effect or

indeed the optimum length of time required. Haggard colleagues (2000) found that the

dual-task effect was most apparent in the laste80rsds of a 60 second walk. This

suggests that at least a 60 second walk shouldrmdered.

3. It is important that the cognitive task is attenly demanding and without floor

or ceiling effects. Tasks such as verbal fluenayit dpan and serial sevens are more likely

to be attentionally demanding than listening tamkssks involving answering

autobiographical questions. Verbal fluency is & thst is self-titrated, rather than having

fixed and titrated demand versions.

4. Performance on the cognitive task should be medsMeasurement could include

number of responses or percent of correct responses

5. Performance on both motor and cognitive tasks shbelcompared in single and

dual-task conditions.

6. Means and standard deviations for difference scapeghe mean difference

between single and dual-task performance and émelatd deviation of the difference,

should be reported, to allow calculation of effeizes.
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7. Combined decrement scores should be calculatedepidted as in the dual-task
some patrticipants will have greater decrement gmitiove performance and others will
have greater decrement in walking performance. Alined decrement score allows
comparison of the overall decrement in the dudt;teegardless of whether the effect is on
cognitive or walking performance. Cocchini and eafjues used Baddeley et al.’s (1997)

formulae:

Percentage of change task A = Single task A-Dask A x 100

Single task A

Combined decrement = 100 - Percentd change task A+ Percentage of change task B

2

Questions for Future Research

Studies to date have generally been limited irr tvgploration of possible
mechanisms of and explanations of dual-task eff@¢tere are a number of ways in which
this future research could address this issuet, Hitudies adopted the approach of
reporting difference scores it should be possibledmpare dual-task effects between
different neurological conditions. This might prdgigreater information about the
different mechanisms at work.

Second, in their review of dual-tasking in Parkimsalisease Bloem and colleagues
(2006) identified that patients adopted a ‘possgeond’ strategy, in which cognitive
performance was maintained while motor performatexeased in dual-task conditions.
Improved measurement in studies, as outlined abwoeld allow similar analyses of
strategies in other patient groups. Better knowgeoliithe mechanisms of poor dual-task
performance would lead to the development of impdoassessment and rehabilitation

strategies.
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Third, it would be helpful to examine of the retaiship between executive function
and performance under dual-task conditions. Restenies have begun to examine this.
Yogev and colleagues (2005) compared performan&addinson’s disease patients and
controls on executive and memory tasks. Patiernfsnneed worse on the executive tasks
than controls and performance on the executivesteskelated with dual-task
performance. The executive tests used focus prhiymamiset shifting and response
inhibition. This suggests that a divided attenfimpairment results in poor walking and
talking performance, rather than poor performamegly being a result of increased task
demand in dual-task conditions. Yogev-Seligman@ikkagues (2008) discuss the
possible impact of executive functions; includirgition self-awareness, planning,
response inhibition, response monitoring and duidigention; on gait and review findings
of studies examining executive function and gahtey conclude that assessment of
executive function and dual-task walking shoulddmee a part of the routine examination
among neurological patients in order to more felaluate gait abnormalities and fall risk.
Sheridan and Hausdorff (2007) review the role @&aertive function in gait and its
possible relation to falls, in Alzheimer’s diseashey suggest several possible
mechanisms whereby impaired cognition influencesigalzheimer’'s disease;
disintegration of higher cortical sensory functleads to breakdown of automaticity of
walking, poor control of timing in the cerebellugabs to variability of stepping and
subsequent gait unsteadiness, and impairment ddimgpmemory which is necessary for
sequential ordering of movement leads to instatilftan automatic walking program.
They suggest a treatment approach that specifitaifjets executive function in order to
reduce the rate of falls. Future studies couldinely include standard measures of
executive function and attempt to use them to expreechanisms of dual-task

performance.
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Conclusions

The findings suggest that a concurrent cognitig& taas a disproportionate effect on
walking in Alzheimer’s disease, Parkinson’s diseasain injury and stroke. It was not
possible to determine the effects of titrating tdsknand. Effect size could only be
calculated for half the studies, with a large mediffect size. This meant that meta-
analytic review was not possible. Analysis of stadwlity identified a number of

methodological issues, which future studies codldress.
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Table 1

Quiality Criteria Protocol

CRITERION

PARTICIPANTS

Cases are clearly defined and differentiated frem-cases

It is clearly established that controls are noresas

Exclusion criteria are sufficiently described

The same exclusion criteria are used for cases@mirols

The disease state of cases is reliably assessedhbaated

Cases & controls are taken from similar populations

The % of cases and controls that participated eseribed

Participants and non-participants are compared

CONFOUNDING FACTORS

Potential confounders are identified and taken atoount in design and analyses

STUDY DESIGN

Measures are appropriate e.g. have sufficienthiéitia, no floor or ceiling effects

STUDY DESCRIPTION

Settings and location of data collection described

How sample size determined is outlined & poweniicent

Objectives and hypotheses outlined

Outcome measures described

Precise details of intervention and how and whaniaidtered described

RESULTS

Demographic and clinical characteristics of eadugrdescribed & compared

Number of participants in each analyses described

Appropriate statistical analyses performed

Multiplicity of analyses is addressed

TOTAL QUALITY SCORE

Note.For each criterion a score of 2 (yes), 1 (partal) (no or not reported) was awarded
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Table 2

Summary and Quality Ratings of Studies IncludeRlaumiew

Reference Quality Effect Participants Walking task ~ Cognitive task Outcome masures Results in patient group
score Size compared to control
ALZHEIMER'S DISEASE
Camicioli 1997 25/38 0.74 AD n=15 30 foot (9.14  Reciting names Walking -Increased walking time in dual
0.83ns Oldold n=20 metres) walk - Time taken task
0.54 ns Youngold n=23 - No. of steps -No difference in steps taken
0.46 ns Cognitive task not measured
Cocchini 2004a 25/38 0.84 AD n=15 30 second walk Association fluencyValking -No differences in distance or no.
Controls n=15 - Distance walked of words
Cognitive task -Greater combined dual-task
- No. of words decrement scores in AD
Cocchini 2004b 25/38 0.55ns AD n=15 30 second walk Titrated digit span  Walking -Reduced distance in dual task
Controls n=15 - Distance walked -No difference in decrement
Cognitive task scores
- % digit span correct
Petterson 2005 23/38 1.2 Controls n=33 10 metre walk  TUG task. Walking -Both AD & OD greater reduction
0.7 MCI n= 59 Cognitive task not - Time taken in speed in dual task
AD n= 22 described Cognitive task not measured
oD n=26
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Reference Quality Effect Participants Walking task ~ Cognitive task Outcome masures Results in patient group
score Size compared to control

Petterson 2007 27/38 1.2 Controls n=25 10 metre walk  Reciting names Walking -AD greater reduction in speed in
MCI n=6 - Time taken dual task
AD n=6 Cognitive task not measured

BRAIN INJURY

Cantena 2007 28/38 Concussed n= 14 8 metre walk Mini-mental tasks; Walking - No decrement differences found
Controls n=14 DLROW, - gait velocity in walking or cognitive tasks

continuous - stride time

subtraction or

months backwards

stride length

step width
Cognitive task
- Measured but not indicated

how
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Reference Quality Effect Participants Walking task ~ Cognitive task Outcome masures Results in patient group
score Size compared to control
Haggard 2000 20/38 Patients n=5060 second walk 1) Category fluencyValking - Dual task decrement in stride
(mixture of and - No. of strides duration for all cognitive tasks, no
traumatic brain 2) Mental - Median duration difference in gait variability
injury and stroke) arithmetic and - Variability in stride - Increased errors in word
Controls n=10 3) VPA monitoring duration generation, mental arithmetic,
and Cognitive tasks VPA monitoring but not
4) Visuospatial task - No. of errors visuospatial tasks in dual task
conditions
- Decrement in dual task word
generation confined to last 30s
- Dual task performance correlated
with ADL. Standard gait measures
did not correlate with ADL
Parker 2005 22/38 Concussed n= 1010 metre walk  Serial sevens or  Walking - Increased medio-lateral CoM
Controls n=10 DLROW or - gait velocity sway while walking in dual-task

months backwards - step width

- stride length & time

- Whole body CoM motion

& velocity

Cognitive task not measured

condition in patients but not

controls
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Reference Quality  Effect Participants Walking task  Cognitive task Outcome masures Results in patient group
score Size compared to control
Vallee 2006 25/38 TBI n=9 11 metre walk  Stroop Walking - Stride length decreased in dual
Controls n=9 - speed task, no difference in speed
- stride length decrement
- foot clearance margin - No difference in reading time
Cognitive task decrement
- reading time
PARKINSON'S DISEASE
Camicioli 1998 22/38 1.2 PD-NF n=9 30foot (9.14  Reciting names Walking -PD-F group increased number of
0.8 PD-F n=10 metres) walk - Time taken steps, but not time during dual
Controls n=19 - No. of steps tasking
Cognitive task not measured
Campbell 2003 23/38 PD n=9 6 metre walk 1) Repeating a Walking - In high (but not low) cognitive
Controls n=10 sentence (low - time taken demand dual task increased time

cognitive demand) - no. of steps

and steps

2) Reverse days of Cognitive task not measured

week (high

cognitive demand)
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Reference Quality Effect Participants Walking task ~ Cognitive task Outcome masures Results in patient group
score Size compared to control
Galletly 2005 21/38 0.6 PD n=16 10 metre walk 1) backwards Walking - Decreased stride length in dual
Control  n=16 counting in threes - velocity task
2) verbal fluency - stride length - Slower correct response rate in
- cadence dual task
Cognitive task
- Correct response rate
OShea 2002 30/38 0.9 PD n=15 10 metre walk  Subtracting serial Walking - Greater decrement in stride
0.9 0.9 Controls n=15 3's - speed length, speed and cadence in
0.9 0.7 - stride length dual task conditions, no
0.7 - cadence difference in double support
- double support duration duration
Cognitive task - Controls improved response rate
- response rate during dual tasking, PD did not
- no of errors - Increased error rate during dual
tasking compared to controls
Rochester 2004 29/38 PD Distance Answering Walking - Greater decrement in speed &
n=20 unspecified autobiographical - speed step length in dual task
Controls questions - step length
n=10 - step frequency

Cognitive task not measured
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Reference Quality Effect Participants Walking task ~ Cognitive task Outcome masures Results in patient group
score Size compared to control
Yogev 2005 28/38 PD n=302 minute walk 1) listening to text Walking - No difference between groups in
Controls  n=28 (simple task) and - velocity dual-task decrement in speed
2) listening to text - stride time and variability - Gait variability differentially
and counting word - swing time and variability affected in patients in dual-task
occurrences - speed - Decrement in performance on
(complex task) and Cognitive task serial sevens in dual task
3) serial sevens - listening comprehension - Gait variability during dual task
- subtraction errors correlated with tests of executive
function, gait variability during
normal walking did not
STROKE
Hyndman 2006 21/38 0.5 Stroke n=36 5 metre walk Remembering 7 Walking - Increased walking time in dual
Controls n=24 item shopping list - time taken task

- stride length
- velocity

Cognitive task

- no of items recalled

- Fewer items recalled in dual task
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Reference Quality  Effect Participants Walking task  Cognitive task Outcome masures Results in patient group

score Size compared to control
Kemper 2006  23/38 Stroke n=10 3-5 minute Answering Walking - Decreased time on task in dual
Controls n=10 walk autobiographical - errors while walking task, no effect on walking errors
questions - steps per second - Fluency, grammatical complexity
Cognitive task and content decreased in dual task
- language fluency for stroke but not controls

- grammatical complexity

- language content

Note. AD= Alzheimer's disease, MCl= Mild Cognitive Impaient, OD= Other dementia, PD= Parkinson’s diseBfeF= Parkinson’s disease freezing, PD-NF= Parkiissdisease no freezing, Reh.
=Rehabilitation, Phys.=Physical, n.s= not stat@lycsignificant in study analysis
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Table 3

Walking and Cognitive Tasks Employed in Studies

Task Studies using this task Number of studies that found a dual-

task effect in this task

WALKING TASKS

30-60 second walk Cocchini et al. (2004a & b), Hadget al. (2000) 2/3

120 second walk Yogev et al. (2005) 1/1

3-5 minute walk Kemper et al. (2006) 1/1

5 metre walk Hyndman et al. (2006) 1/1

6 metre walk Campbell et al. (2003) 1/1

8 metre walk Cantena et al. (2007) 0/1

9-11 metre walk Camicioli et al. (1997, 1998), Petson et al. (2005, 2007), Parker et al. (2008)7
Vallee et al. (2006), Galletly et al. (2005), O&lst al. (2002)

Unspecified Rochester et al. (2004) 1/1

COGNITIVE TASKS

Verbal fluency task Camicioli et al. (1997), Coathet al. (2004a)Pettersson et al. (2005, 2007)7
Haggard et al. (2000), Camicioli et al. (1998), |64} et al. (2005)

Digit span task Cocchini et al. (2004) B 1/1

Subtracting serial numbers, reciting Cantena et al. (2007), Haggard et al. (2000), Pakal. (2005), Campbell et al5/6
days of week backwards, spelling (2003), Galletly et al. (2005), OShea et al. (2002)
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Task

Studies using this task

Number of studies that found a dual-

task effect in this task

WORLD backwards

STROOP Vallee et al. (2006) 1/1
Autobiographical questions Rochester et al. (20Rémper et al. (2006) 2/2
Repeating sentences Campbell et al. (2003) 0/1
Simple listening task Yogev et al. (2005) 1/1
Learning seven item shopping list Hyndman et &06) 1/1
Verbal monitoring task Haggard et al. (2000), Yogewal. (2005) 2/2
Visuospatial task Haggard et al. (2000) 1/1
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Table 4

Walking Parameters Used in Included Studies

Walking parameter

Studies using this parameter

effect in this parameter

Time taken

Camicioli et al. (1997), Camicioli et £1998), Pettersson et al. (2005), Petterssorb&
al. (2007), Campbell et al. (2003), Hyndman e{2006)

Distance walked

Cocchini et al. (2004a & b) 1/2

Number of steps

Camicioli et al. (1997), Camicaidlial. (1998), Campbell et al. (2003), Rochestex.et3/5
(2004), Kemper et al. (2006)

Velocity

Cantena et al. (2007), Parker et al. (30®allee et al. (2006), Galletly et al. (2005R/7
OShea et al. (2002), Rochester et al. (2004), Yegev. (2005)

Stride time

Cantena et al. (2007), Parker et 8052 0/2

Stride length

Cantena et al. (2007), Parker ef28l05), Vallee et al. (2006), Galletly et al. (2D054/6
OShea et al. (2002), Rochester et al. (2004), Hymdet al. (2006)

Step width Cantena et al. (2007), Parker et aD%20 0/2
Stride variability Yogev et al. (2005) 1/1
Swing variability Yogev et al. (2005) 1/1
Median duration Haggard et al. (2000) 1/1
Variability Haggard et al. (2000) 0/1

LE

Number of studies that found a dual-task



Walking parameter

Studies using this parameter

Number of studies that found a dual-task

effect in this parameter

Whole body Centre of MassParker et al. (2005) 1/1
motion & velocity

Foot clearance margin Vallee et al. (2006) 0/1
Cadence/Step frequency Galletly et al. (2005), @%teal. (2002), Rochester et al. (2004) 1/3
Double support duration OShea et al. (2002) 1/1
Walking errors Kemper et al. (2006) 0/1
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Figure Captions

Figure 1 Flowchart of article selection process.
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Figure 1

Articles identified by electronic
search and screened for retrieval
n=28

Articles identified by hand search of
reference lists and screened for retrieval
n=13

Total articles n=41

Total excluded articles n=25

Motor task is not walking n=9
Not a dual tasking study n=4
No healthy control group n= 6
No cognitive task n=1
Case report n=1
Review paper n=2
Data presented in

previous paper n=2

Total included articles n=16
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CHAPTER TWO

MAJOR RESEARCH PROJECT
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Abstract

Problems with walking and attention are known t@hevalent in Multiple Sclerosis (MS),
though no studies have reported how these twadlffes might interact. The study aimed
to investigate the effects of performing a conauramgnitive task when walking in MS

and determine the effects of task demand on ds&lgarformance. Eighteen MS
participants and 18 healthy controls took parttiBipants completed walking and

cognitive tasks under single and dual task conabtid/S participants, compared to healthy
controls, had greater decrements in dual-task pegnce; including decrements in
cognitive task performance, walking speed and swing variability. Dual-task
decrements were evident in titrated and fixed dehzamditions. Dual-task decrements
were related to fatigue, cognitive functioning aetf-reported cognitive errors, but not to
measures of disease severity or duration. MS pyaaitits perform differentially poorly on
walking and talking dual-tasks compared to headthriytrols. This may lead to difficulties

in everyday life and increase the risk of fall$i®. Clinicians should independently assess
dual-task walking in MS patients. The role of tagknand in dual-tasking decrements
remains unclear and needs further investigatioturEistudies should replicate the current

findings and develop practical clinical tools te@ss walking and talking ability.

Key words: Adult, attention, memory, neuropsychatagjtests, gait, nervous system

disorders

43



Introduction

Problems with walking and cognition arentoon in Multiple Sclerosis (MS).
Cognitive impairment affects about 50% of peoplehwilS (NICE, 2004). One of the
most frequently impaired cognitive domains is diten(Calabrese, 2006), with 22-25% of
people with MS reporting attentional problems (&alh, et al., 1990 and Arnett, 2003). In
a recent review of neuropsychological impairmen¥ii®, Calabrese (2006) concluded that
impairment of attention appears to occur earljhadisease and may contribute to
subsequent dysfunction in memory and abstract neago

Despite apparently being a common difficulty thare only a few studies
investigating attention in MS (Calabrese, 2006)Qdithy et al. (2005) investigated
divided and sustained attention in MS. They rembtiat MS participants were slower and
less accurate on both types of attention comparedrtrols and that divided attention was
more impaired than sustained attention. D’Espadital. (1996) used a dual-task paradigm
with people with MS, asking participants to perfamm cognitive tasks simultaneously in
the dual-task condition. They found that, compacelealthy controls, MS participants
had a greater reduction in performance in the tasd-condition compared to the single
task, suggesting a differential impairment in deddattention.

Up to 50% of people require assistance walkingiwilb years of MS onset
(Ruddich, 1999). Walking has traditionally been idered automatic or reflex controlled,
requiring minimal attentional resources (Woollag$Shumway-Cook, 2002). A recent
review however suggests that control of walking lbarattentionally demanding
(Woollacott & Shumway-Cook, 2002). In healthy youamylts this is detectable only
when quite complex additional secondary tasks artopned in addition to walking, while
in healthy older adults performing a secondary tggbears to have a more deleterious
effect.

Dual-tasking refers to the ability to do two thiregsonce. Recent studies have

investigated the effects of a particular type adlebasking in neurological conditions;
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performing concurrent cognitive tasks while walkirfgtudies of people with Alzheimer’s
(e.g. Cocchini et al., 2004) and Parkinson’s diedasy. Yogev et al., 2005) have
suggested that speed and accuracy of walkingestafi by simultaneously performing a
cognitive task. The research suggests that in thegelogical conditions performing
concurrent tasks has a disproportionate effect aking, compared to healthy controls
(Hamilton et al., chapter one this volume; Woolthd&Shumway-Cook, 2002). As well
as having implications for everyday life, where ave frequently required to do two things
at once, dual-tasking difficulties may help expldia high risk of falls (Cocchini et al.,
2004) and may have implications for the assessamhtehabilitation of walking
(Haggard et al., 2000) in several neurological @oras. A recent study using randomised
control trial methodology reported that a cognimaetor training programme, involving
walking with simultaneous cognitive tasks of gradtiuacreasing demand, may lead to
improvements in walking and talking in people waitquired brain injury (Evans et al.,
submitted).

There are three possible explanations for the dpweént of a dual-tasking deficit
(Hamilton et al., chapter one this volume). Ontha basic deficits in motor functioning
mean that motor tasks require more conscious aitefuar successful performance.
Mulder and colleagues, for example, postulatewhen the motor system is damaged
control of movement is primarily directly cognitig®ulder et al., 2002) and under a ‘slow
mode’ of control. Walking becomes an attention deding task. The limited capacity
working memory system is therefore overloaded endhal-task situation. Another
possibility is that in neurological conditions worg memory capacity is reduced, so that
is overloaded by previously normal loads of motad aognitive content. A third
possibility is that rather than basic working meyncapacity being the problem, there is a
deficit in the attention control system that all@saattention between concurrent demands
(Logie et al., 2004). Baddeley and Hitch’s workimgmory model suggests that a central

executive is responsible for dividing attentionvioetn concurrent tasks (Baddeley &
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Hitch, 1974). From this model a difficulty perfonmgj two concurrent tasks is seen as due
to a deficit in the ability to allocate attentiomakources to competing demands, rather than
due to insufficient attentional capacity. Defidgitsdivided attention are well documented

in a variety of neurological conditions.

It has been argued (e.g. Cocchini et al., 2004Laxgike et al., 2004) that in studying
dual-tasking it is important to control for thiskademand effect when comparing a patient
group with a healthy control group. In order toedtetine whether dual-tasking difficulties
are specifically caused by a divided attention/dasking process impairment they suggest
that it is necessary to titrate tasks accordingetdormance under single task conditions.
Logie et al. (2004) for example investigated tHe@t of manipulating task demand on
performing two simultaneous cognitive tasks ingats with Alzheimer’s disease and
healthy controls. It was reported that there wgeeater dual-task decrement in patients
with AD, compared to healthy controls, independdriaverall task demand, suggesting a
divided attention impairment, rather than a cagasgue. Titrating dual-task demand to
single task performance therefore has the advamtageking it clearer whether a divided
attention deficit is responsible for difficultieader dual-tasking conditions, though may be
less clinically relevant to the extent that evegydanditions are not titrated to individual
performance levels.

Difficulties both with walking and attention aredwn to be prevalent in people with
MS, though no studies have investigated how theedltfficulties might interact as in
other neurological conditions. The present stuekseo investigate the effects of
performing a simultaneous cognitive task when wajkn MS. In order to determine
whether dual-tasking difficulties are specificatipused by a divided attention/dual-tasking
process impairment both titrated and fixed demasis will be used.

The aims of this study were; to investigate whetognitive-motor dual-tasking is
impaired in MS, relative to healthy controls; teéstigate whether any cognitive-motor

dual-tasking impairment in MS is due to increatest demand or a divided attention
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deficit; and to identify any association betweelfrsgported attentional difficulties, self-
reported fatigue and dual-task performance.

It was expected that MS participants would perfalifferentially poorly on dual-
tasks compared to controls. Specifically, it wapdthiesised that performance on measures
of walking and an additional cognitive task woutldisproportionately impaired in dual-
task conditions compared to single-task conditiam$/1S participants compared to

controls).

Method

Ethical Approval

The study was granted ethical approval by the Ibit#6 Research Ethics
Committee.
Participants

Power calculations indicated that a sample size=d20-26 per group was needed
(see Appendix C1, page 111). Participants werelpeoph MS and healthy controls. MS
participants were recruited from MS clinics by tresearch nurses and a consultant
neurologist specialising in MS. Controls were réedivia MS participants and via
recruitment posters placed throughout the hosjitahich the study was being conducted.

Inclusion criteria for MS participants were; a ciagis of relapsing-remitting MS
and an Expanded Disability Status Scale (EDSSes¢urtzke, 1983) up to 5.5.
Relapsing-remitting MS refers tbearly defined disease relapses with either dbrvery
or with residual deficit upon recovery; periodsvbetn relapses are characterised by a lack
of disease progression (NICE, 2004). Diagnosis 8fwhas made by a consultant
neurologist specialising in MS using the Poser éPes al., 1983) and McDonald
(McDonald et al., 2001) criteria i.e. at least t@hmical attacks and abnormal MRI

consistent with MS, either with or without abnorr@8F consistent with MS. An EDSS
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score up to 5.5 indicates minimal or moderate immpant in up to four functional systems
and an ability to walk at least 100 meters unai@#iSS scores were assessed by a
consultant neurologist. Healthy controls were medicfor age. Exclusion criteria for both
MS participants and healthy controls were; majgrchgtric disorder, history of brain
injury or neurological disease (other than MS) arfustory of falls in the past month.
Healthy controls with a history of any disordereating walking were also excluded.
Design

A cross sectional design was used comparing tferpgasince MS and control
participants under single and dual task conditions.
Materials

Baseline assessment

Pre-morbid intellectual functioningras assessed using the Weschler Test of Adult
Reading (WTAR) (Weschler, 2001). Reliability andigéy have been reported as good,;
with internal consistency coefficients of 0.87 t8%) test-retest correlation coefficients of
0.90 and correlation coefficients of 0.73 with Weschler Adult Intelligence Test Full
Scale 1Q score (Spreen et al., 2003).

General cognitiorwas assessed using thddenbrooke’s Cognitive Examination-
Revised (ACE-R), a brief cognitive test designeddreen for dementia. It has not been
validated with MS but was used in this study tocdég basic cognitive function of
patients and controls. In the general populatiorsis@ity of 0.94 and specificity of 0.89
have been reported at a cut-off of 88/100 (Hodgesy).

Cortical visionwas screened using the Cortical Vision Screenirgj [&VST)
(James et al., 2001). This test includes ten sstis-gach designed to evaluate a different
aspect of early visual processing and identifissi& problems with a cortical cause.

Anxiety and depressiomere screened using the Hospital Anxiety and Dejpyas
Scale (HADS) (Zigmund and Snaith, 1983). The HAB& self-report instrument

designed for use with non-psychiatric hospitalgras. The reliability and validity of the
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HADS is described as good to very good with intecoasistency coefficients of 0.8,
concurrent validity of 0.6 to 0.8 and both sengifiand specificity of 0.8 (Bjelland et al.,
2002).

Fatiguewas assessed using the Modified Fatigue Impade $RH-IS) (Multiple
Sclerosis Council for Clinical Practice Guidelin&898). The MFIS is a 20-item self-
report instrument. It is the recommended measurtafgue in MS (Multiple Sclerosis
Council for Clinical Practice Guidelines, 1998) vgood reliability (e.g. internal
consistency coefficients 0.92, intra-class corietatoefficient 0.91) and validity
(convergent validity coefficient 0.67) reportedvts patients (Kos et al., 2005).

Self-rated attentiowvas measured using the Cognitive Failures Question(CFQ)
(Broadbent, 1982). Good reliability, with interra@nsistency coefficients of 0.76 to 0.86,
and construct validity have been reported (Walktca., 2002).

Disease severitgf MS was assessed using Kurtzke’'s EDSS (Kurtz883)1L

The followingdemographic informatiomwas recorded; age, gender, history of mental
health problems, medical history, disease type fd&icipants) and years of illness (MS
participants).

An individual digit span assessmefsee Appendix C2y)as completed using
Cocchini et al.’s method (2004). Participants he@ to a string of digits and repeated
them back (e.g. 3-2-5). Cocchini et al. preserteddigits at the rate of two per second, in
the current study however digits were presentédeatate of one per second.Three trials
were given at each sequence length. If two ouhi&fe trials at a given length were correct
the participant was deemed to have passed tha¢iseglength and the length was
increased by one digit. Each participant’s digarsgvas determined as the last sequence
length at which two out of three trials were cotrec

Gait assessment
The GAITRite System was used to measure walkingmaters. The GAITRite

system is a flexible electronic walkway providing@nated measurement of the spatial
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and temporal parameters of gait using a carpet édaaewith sensors which detect
footfalls. It has been shown to give valid andatde data (van Uden & Besser, 2004).
The carpet is 457cm long with an active area otB66nd a sampling rate of 32.3-
38.4Hz. The GAITRIite was placed so that it fornpadt of a circuit of approximately 18
metres.

During all walking trials participants walked unadiaround the circuit continuously
for 90 seconds until told to stop. They were indied to walk at their preferred speed.
Participants performed between three and six régesi of the circuit during each trial.
Walking speed, step length, step frequency, stee,tswing time and double limb support
time variability were automatically calculated byntputer software designed for
GAITRIite and recorded on disc for later analysistéhce walked during each trial was
measured manually by the researcher.

Cognitive tasks

There were two cognitive tasks; a fixed and atettadlemand task. During each task
participants listened to sequences of digits, laateud on a CD player, and were required
to repeat each sequence in order. During the fileedand task all participants were
presented with sequences that were seven digesgth, since this is the average digit
span in adults (Miller, 1956). During the titratéeimand task participants were presented
with sequences at their own digit span length;saessed in the baseline digit span
assessment. Participant responses were recorcde@dnket sized digital voice recorder
with portable microphone worn by the participartieTpercentage of digit sequences
correctly recalled was later calculated by the aed®er. Development of the CD version of
cognitive tasks is described in Appendix C3.

Procedure

All participants provided written informed conseRarticipants first completed the

baseline assessment measures as described. Ratsdipen completed walking and

cognitive tasks under both single and dual tasklitmms. In total each participant
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completed five trials; walking alone, fixed digitsk alone, titrated digit task alone,
walking with fixed digit task and walking with tated digit task. Each trial lasted 90
seconds. Trials were counter-balanced to ameliarater effects. To control for fatigue
effects, counter-balancing was blocked to ensucevialking tasks did not occur together.
Immediately before and after the protocol, paracis completed three repetitions of a
timed 10metre walk to determine any impact of iaign walking performance.
Data Analysis

Descriptive statistics are reported as meatafidard deviation or, where indicated,
medians (95% confidence intervals). Student’s thiM&/hitney U and chi-square tests
were used as appropriate to compare MS and cqudrbtipants on demographic and
baseline clinical characteristics. Decrement sgorespercentage change from single to
titrated and fixed demand dual-task performancegwalculated for each outcome
measure. Combined decrement scores, i.e. a siogle for the overall combined change
in cognitive task and walking task performance unieated and fixed demand dual-task
conditions, were calculated for cognitive task aadh walking outcome measure.
Decrement and combined decrement scores for M&a@midol participants were
compared on each outcome measure using StudamsMann Whitney U tests as
appropraite. Since specific predictions were madanding findings and effect sizes (r)
are reported Bonferroni corrections were not appltie to the risk of Type Il errors.

The relation between education, pre-morbid abifigneral cognition and self-
reported depression, anxiety, cognitive errorsgtiet and dual-task decrement scores was
investigated using Pearson correlation coeffici¢ntsAssociation between measures of
disease severity (EDSS score, years since diagnogiee MS group only and dual-task
decrement scores was also investigated using Reeoselation coefficients (r). Logistic
regression was used to explore the relative alofityual-task decrement and measures
which correlated with dual-task decrement to prieditether a participant was from the

MS or control group.
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Results
Descriptive Characteristics

Eighteen people with MS and 18 healthy control& foart. The basic demographic
and clinical details of each group are outlinedable 1. MS participants were in
remission and did not use walking aids. Of the &8lthy controls, five were recruited via
MS participants and 13 were recruited using posBwgh groups were similar with respect
to age and gender. There were statistically sigpnifi differences in pre-morbid ability and
education, with controls on average having 1.76s/e®re education. MS participants
performed more poorly on the ACE-R; five MS pagants scored in the possible
dementia range compared to none of the controlspMgcipants reported greater levels
of fatigue, everyday cognitive errors and (non4ichkfly significant) anxiety and
depression. None of the controls reported fallmghe past 6 months, while MS
participants reported an average of 0.8 falls. &@heas no difference between MS and
control participants in assessed digit span witaaerage digit span of 6.39 (range 4-9) in
MS participants and 6.5 (range 5-9) in controls.eWtime to walk 30 metres after
experimental trials were completed was subtractaa time to walk 30 metres prior to
experimental trials there was no difference betwd&nand control participants.

[INSERT TABLE 1 HERE]

The data were analysed to determine percentagectanrthe digit task, walking
speed, step frequency, step time, step length gstivire variability and double support
time variability for each task alone and in titchend fixed demand dual-task conditions.
Step frequency, step time and step length werdyhaginrelated with walking speed (r=
0.958, -0.929, -0.925 respectively, p<0.001) antevieerefore excluded from further
analyses. The performance of MS and control padiuis for each task alone and in
titrated and fixed demand dual-task conditionse&sented in Table 2 and Figure 1.

[INSERT TABLE 2 HERE]

[INSERT FIGURE 1 HERE]
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Comparison of Single and Dual-Task Performancelitated and Fixed Task Demand
Percentage change (decrement) from single to dsklgerformance was calculated

using Baddeley et al.’s (1997) formula (as cite€otchini et al., 2004):

Percentage of change task A = Single task AialBask A x 100

Single task A

The percentage changes, or decrements, in défif vealking speed, swing time
variability and double support time variability fnosingle to dual task for titrated and fixed
task demand are outlined in Table 3 and Figuresd23a Since neither pre-morbid ability
nor education correlated with primary outcome meas(see Table 5) in dual-task
conditions they were not included as covariatesnalyses.

[INSERT TABLE 3 HERE]
Digit task performance

There was a statistically significant differencévizen MS and control participants
in digit task performancdecrementn fixed demand (t (df 34) = -2.219, p = 0.033 two
tailed, r = 0.36), but not titrated demand (t (dj 3 -1.564, p = 0.127 two-tailed, r = 0.26),
dual-tasks. The percentage of digit span task®pred correctly by MS participants
reduced by 14% and 17% in titrated and fixed dentad-tasks respectively, compared
to 3% and 0% for controls. The small-medium efieze (r = 0.26) in the titrated demand
dual-task suggests the study may have lacked provwdatect this effect.

Walking speed

There were statistically significant differencesviieen the groups for walking speed
decrementn both titrated (t (df 25.913) = -3.959, p = QlGWvo-tailed, r = 0.61) and fixed
(t (df 34) = -4.467, p < 0.001 two-tailed, r= 0.@lBmand dual-tasks. This was a large
effect size with average walking speed decreasyn@lb and 11% in titrated and fixed

demand dual-tasks respectively for MS participatdsypared to 2% and 2% for controls.
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Swing time variability and double support time adility*

Change in swing time variability between single dndl-task conditions was
statistically significantly different for MS partgants compared to controls in the fixed
demand dual-task (U (N 36) = 96, p = 0.037 tweethilr = 0.35). MS participants
increased swing time variability by an average @#lin fixed demand dual-tasks,
compared to a 7% decrease for controls. In theteitk demand dual-task there was a trend
towards a significant difference between the grolggN=36) = 104, p = 0.068, r = 0.31),
the medium effect size indicating that failure éach significance is a result of a power
issue. MS patrticipants increased swing time vditglly 30% in titrated demand dual-
tasks, compared to 5% for controls. There weretattstically significant differences
between MS and control participants for double suptime variability in either fixed (U
(N=36) = 124, p = 0.239, r = 0.200) or titrated((\=36) = 141, p = 0.521, r = 0.11)
demand dual-tasks.

[INSERT FIGURES 2 & 3 HERE]
Combined Decrement from Single to Dual-Task Perémiee for Fixed and Titrated Task
Demand

A single score for the overall combined changeognitive task and walking task

performance under dual-task conditions was caledlasing the following formula

(Baddeley et al., 1997):

Combined decrement score = Percentage changé tagkercentage change task B

2
A combined decrement score was calculated for twgrtask and each of walking
speed, swing time variability and double supponetivariability. Combined decrement
scores for MS and control participants in bothated and fixed demand dual-tasks are

outlined in Table 4.

¥ See Appendix C4, page 123, for definitions of gitime and double support time and brief overviéw o
gait cycle.
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[INSERT TABLE 4 HERE]
Cognition and walking speed
There were statistically significant differencesviien MS and control participants
for combined cognition and walking speed decrenrehoth titrated (t (df 34) =-2.418, p
= 0.021 two-tailed, r = 0.38) and fixed (t (df)34-3.274, p = 0.002 two-tailed, r = 0.49)
demand dual-tasks. On average MS participants byerdormance decreased by 12% in
the titrated demand dual-task and 14% in the foexthand dual-task, compared to 2% and
1% respectively for controls.
Cognition and swing time variability
Combined cognition and swing time variability denent was statistically
significantly different between MS and control papants in both titrated (U (N=36) =
98, p = 0.044 two-tailed, r = 0.34) and fixed deth@d (N=36) = 81, p = 0.010, r = 0.43)
dual-tasks. Overall performance by MS participal@sreased by 23% in the titrated
demand dual-task and 20% in the fixed demand dsil-tompared to a 3% decrease and
9% improvement respectively for controls.
Cognition and double support time variability
There was a statistically significant differencévizen MS and control participants
for combined cognition and double support timeafaitity decrement in the fixed demand
dual-task (U (N=36) = 100, p = 0.051, r = 0.330ithvperformance of the MS group
reducing by 20% compared to 1% for controls. Thegis no statistically significant
difference between the groups in the titrated dehthral-task (U (N=36) = 118, p =
0.171, r = 0.23), the overall performance of the ¢i®ip decreased by 16% compared to
3% in controls.
Exploratory Analysis of Possible Factors Affectidgal-Task Differences in MS and
control Participants
Exploratory correlational analysis was conducteddtermine if pooled MS and

control participants’ differences in dual-task asuent scores could be explained by other
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factors. The difference between each participagsessed digit span and the fixed
demand digit span was calculated (e.g. the paatntip assessed digit span might be 5
while fixed digit span is 7 resulting in a diffex@nof -2). There was no association
between difference between assessed and fixedsgigit and either cognitive task
decrement for titrated (r= -0.126, p = 0.464) ardd (r = 0.091, p =0.595) demand dual-
tasks or walking speed decrement for titrated{0.690, p = 0.607) and fixed (r = 0.051, p
= 0.769) demand dual-tasks. There was a largeteditee for the difference in time taken
to walk 30 metres before and after experimentalsiand dual-task decrement in walking
speed in both titrated (r =-0.540, p = 0.001) el (r = -0.508, p = 0.002) demand
dual-tasks.

The relation between education, pre-morbid abifigneral cognition and self-
reported depression, anxiety, overall cognitivers;rcognitive errors as reported on CFQ
Question 9, fatigue and dual-task decrements wal®rd in pooled MS and control
participants. CFQ Question 9 was selected forahaysis as this CFQ question most
closely relates to dual-tasking ability; ‘Do youl t®@ hear people speaking to you when
you are doing something else?’ The results arenaatlin Table 5. Self-reported fatigue
and performance on a cognitive screening test (AR} Kere related to decrement in
walking speed in fixed demand dual-tasks (r = 0,38:885, p = 0.020, 0.020
respectively). Decrement in walking speed in thatiéd demand dual-task was related to
cognitive errors as reported on CFQ Question 9lewhifixed demand dual-task
conditions this association approached statissigalificance (r = 0.332, 0.320, p = 0.048,
0.057 respectively). Further analysis, shown ibl@®, indicated there was no association
between measures of disease severity in the M$JEDSS score or years since
diagnosis) and dual-task decrements.

[INSERT TABLES 5 & 6 HERE]
Logistic regression was used to explore the regadivility of self-reported fatigue,

performance on a cognitive screening test (ACEeBgnitive errors (CFQ Question 9),
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difference in time taken to walk 30 metres befard after experimental trials and
decrement in walking speed under fixed demand thsid-conditions to predict whether a
participant was from the MS group or control gromglependent variables were centred to
prevent multi-collinearity. Interactions of indepkemt variables were also included in the
model. Using the forward conditional entry methasignificant model emerged tXdf 1)
=9.982, p = 0.002). The results are shown in Tabland 7. Performance on the ACE-R,
CFQ Question 9 and difference in time taken to v&lknetres before and after
experimental trials did not enter the model as tidynot increase the predictive ability of
the model. The odds of being from the MS groupeaased by 1.3 for every 1% change in
walking speed from single to dual task and by trlelvery 1 point increase in MFIS score.
The overall predictive ability of the model was 788iagelkerke R= 0.728).

[INSERT TABLES 7 & 8 HERE]

Discussion

Consistent with hypotheses, the main findings Weaé MS participants, compared
to healthy controls, had greater decrements inthsikl performance; including decrements
in digit task performance, walking speed and sviamg variability in fixed demand dual-
tasks and in walking speed in titrated demand thsds. The study may have lacked
power to detect similar differences with smalldeef sizes in titrated demand dual-tasks.
Differences between MS and control participantdual-tasks remained when cognitive
task decrements and decrements on gait measuresambined. Effects sizes were
medium to large where statistically significanfeli€nces were found.

Fatigue (both self-reported fatigue and physictjiee from experimental trials) and
performance on a cognitive screening measure (ACERBwed significant relationships
with dual-task decrement in walking speed durixgdi demand conditions. Score on CFQ

Question 9 showed a significant relationship witlalekask decrement in walking speed
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during titrated demand conditions and approachatisstal significance in the fixed
demand dual-task condition. There were no sigmticalationships between dual-task
decrement in MS participants and measures of cdiseagerity.

The Effect of Dual-Tasking in MS

The findings are consistent with those of D’Espmsital. (1996), who reported
differential dual-task decrements in MS particigacompared to controls, when
performing two cognitive tasks simultaneously. Ehare several possible explanations for
the current findings including; reduced working nmgyncapacity, task demand, use of
different strategies, confounding factors and adei attention deficit.

A titrated demand condition was designed in casepsi8cipants had lower assessed
digit spans than control participants; in this eweefixed demand task would have put MS
participants at a disadvantage. This was not tee bawever, there being no difference in
assessed digit span between groups, suggestinditiea¢ntial dual-task decrements in
MS participants are not due to reduced working nrgroapacity. Thus the fixed demand
condition simply represents a small increase inatehfor both groups.

In some ways the finding of differential dual-tafkects in MS under both demand
conditions differs from that of Cocchini et al. D) who found that dual-task differences
between people with Alzheimer’'s disease and healtmyrols disappeared when task
demand was titrated. The present study differs f@wuachini et al. in three important ways
however. First, the present study presented thesdigthe rate of one per second, which is
less challenging than the rate of two per secoati@occhini et al. presented them at.
Second, Cocchini et al. did not include digit sparthe cognitive task in both demand
conditions. Instead their titrated demand conditisad the digit span task similar to the
present study, but their fixed demand task usebatdiuency, a self-titrated task, as the
cognitive task. Third, the dual-task differencevin Alzheimer’s participants and

healthy controls, reported by Cocchini et al.,hia fixed demand condition was quite small
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and only evidenced when a combined decrement seseaised, not with individual
decrement scores.

The results of the present study are more consigtiéimthose of Logie et al. (2004)
and D’Esposito et al. (1996), suggesting that teeskand is not a prime determinant of
dual-task performance. Logie et al. (2004) repotted manipulating task demand did not
ameliorate greater dual-task decrements in Alzhespatients, compared to healthy
controls, suggesting a divided attention defidihea than an overall capacity issue.
D’Esposito et al. (1996) did not directly manipelaask demand but reported no difference
in dual-task decrement between easy and diffiartddions. In the present study however
the role of task demand remains unclear, as thasenw difference in assessed digit span
between patients and controls. If, as Mulder e{28102) suggest, walking becomes
attention demanding in MS then the patient growgamne of their limited working
memory capacity for walking, while the control gpodio not. Therefore, in dual-tasking
conditions working memory capacity is overloade#i@ participants but not in controls.
In order to test this it would be necessary to ialaite task demand and investigate dual-
tasking performance when task demand was at aslSlesst, below assessed level and
above assessed level. If dual-tasking deficits wetea result of capacity issues one would
expect to find that differential dual-tasking densnts remained across all demand
conditions. The lack of association between asdemse fixed digit span difference and
dual-task decrement scores in this study sugdestslifferential dual-task decrements in
MS participants are not simply due to task demand.

The use of decrement and combined decrement salbves comparison of MS and
control dual-task strategies; for example conteotipipants might have prioritised the
walking task at the expense of the cognitive tabBkenthe patient group may have done
the opposite as, has been reported in Parkinsisessk (Bloem et al., 2001). The fact that

differences between MS and control participantsaiaed when decrements in the

59



cognitive task were combined with decrements ohrgaasures suggests that differential
dual-task decrements in MS participants are nottdwfferent prioritisation of tasks.

MS and control participants differed with respecséveral baseline characteristics.
Of these, fatigue (both self-reported fatigue ahgsical fatigue from experimental trials)
and general cognitive functioning were associatid dual-task decrements, suggesting
that the other characteristics were not confoundungl-task decrement differences in MS
and control participants. Fatigue (both self-répadfatigue and physical fatigue from
experimental trials), CFQ Question 9 score, ger@rghitive functioning and dual-task
decrement score were entered into a model to grist8oor control group membership.
Self-reported fatigue and dual-task decrement seere included in the final model,
suggesting that these separately contributed t@M®ntrol group membership. This
suggests that neither physical fatigue from expemnital trials, CFQ Question 9 score nor
general cognitive functioning alone can predictldask decrement. This is consistent
with the findings of D’Esposito et al. (1996) wheported no association between dual-
task decrement and mood or fatigue for MS or copiadicipants.

The lack of association between measures of dissasity and duration and dual-
task decrement also rule this out as an explan&otgr. D’Esposito et al. (1996) also
reported no association between disease duratiBD8IS score and dual-task decrement.

The results suggest that MS participants havefardiitial dual-task impairment;
which can be partially explained by fatigue andegahcognitive functioning but which is
not due to reduced working memory capacity or dsifferent strategies. The role of task
demand remains unclear, for reasons outlined, rgakautfficult to determine whether the
dual-task impairment is due to a divided attenteficit or capacity issues. This may be
less clinically important in that task demandsvergday life are not titrated to individual

performance levels.

60



Everyday and Clinical Implications

The findings suggest that people with MS will haveryday difficulties walking and
talking, with performance on both decreasing whnenttvo tasks are attempted at once.
This has implications for everyday life where we &iequently required to walk while
attending to cognitive tasks simultaneously; suchaving a conversation while walking,
crossing a busy road, and navigating a superméebieerease in walking speed may not in
itself cause undue difficulty but Yogev et al. (83)8@uggest increased gait variability
during dual-tasking may explain some of the highrigk in Parkinson’s disease patients.
Gait variability during usual walking is independlgrassociated with fall risk in
community living older adults (Hausdorff et al.,91® Maki, 1997), Alzheimer’s disease
patients (Nakamura et al., 1996) and Parkinsorseatie patients (Hausdorff et al., 2001,
Schaafsma et al., 2003). Increased gait variabiitS patients while walking and talking
may therefore increase fall risk.

Raising awareness, among both professionals angdepaith MS, of potential
walking and talking difficulties is important scathit is taken into account in everyday
activities, clinical assessment and treatment ptenimhe study findings suggest that
assessing walking ability alone will not necesgawslate to everyday walking ability,
where people may be required to attend simultarietasther tasks. Walking under dual-
tasking conditions should therefore be separatsgssed. The study results also suggest a
clinical challenge in assessing dual-tasking in l8al-task decrements were not
predicted by MS disease severity or years singgnoisis, and while general cognitive
ability, fatigue and a high score on Question ¢hefCFQ are associated with dual-task
decrements none of these are predictive of groupbmeship. This suggests that dual-
tasking ability needs to be independently asse§sedate no clinical measures have been
developed to do this. A paradigm where performamcevalking and cognitive tasks under
both single and dual task conditions is comparedlavsuffice, though from a practical

perspective this may not be ideal in clinical ditas.
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Evans et al. (submitted) have described a rehatiilit programme that may lead to
improvements in walking and talking in people waitquired brain injury. This presents
the possibility of developing treatment stratedaswalking and talking impairments in
MS, but as with other treatments any effects matjrbe-limited in a degenerative
neurological condition such as MS.

Limitations

The present study has several limitations. Whilegrowvas sufficient to detect effect
sizes that were medium to large as predicted, $tinsufficient for two analyses where the
effect size was smaller (small to medium) than joted from studies with other
neurological groups. In the present study the digén task was scored by giving one point
if an entire digit sequence (e.g. 5-6-1-7) waseaxrand zero points if any digit in the
sequence was incorrect. Since an average of segiesebjuences was performed in each
condition this made the scoring system less sgeditian preferable. In future studies a
more sensitive scoring system might be preferdbiegxample giving one point for each
digit in the correct place in a sequence.

Future Work

Since there are no published studies investigataging and talking in MS the
present study needs to be replicated. In addibdhé comments above regarding
limitations, future studies could explore the effetmanipulating task demand on dual-
task decrements, in order to determine if impain®ane due to capacity issues or a
divided attention deficit. Finally developing a ptigal clinical tool for the assessment of

walking and talking ability must be a priority fluture work.

Conclusions
Initial hypotheses that MS participants perfornfetigntially poorly on walking and

talking dual-tasks compared to healthy controlseneemfirmed. It is suggested that fatigue

62



and general cognitive ability contribute to thitieTrole of task demand in dual-tasking
deficits remains unclear and needs further invastg. Clinicians should independently
assess dual-task walking in MS. Future studiesldireplicate the current findings and

develop practical clinical tools to assess walkang talking ability.
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Table 1

Basic Demographics and Clinical Characteristicdairticipants

Demographic variables
Age (years
Gende
Femal
Male

Years of educatio

Clinical variables
WTAR score (Standard score)
ACE-R score
Assessed digit sp:
CFQ
MFIS
HADS
Anxiety
Depressio
Number of falls in past six
month
Time to walk 30 metres (aftel
experimental trials- before

experimental trials’

MS participants only
EDSS scor

Years since diagnos

MS participants

n=18

39.23 + 8.15

16
2
15.06.+ 2.9

105.22 14.40
91.17 +6.49
6.39+ 1.19
53.50 (43-62)
44.00 (42-55)

8.28 + 3.79
6.50 (2-9)

0.83+ 1.2

1.00 (0-5)

2.74 +1.59
4.00 (1-7)

Healthy participants P value

n=18

39.25 $1.42

12
6
16.82 +1.78

114.18 +8.97
96.70 +2.64
6.50 +1.12

35.00 (30-41)
14.00 (6-32)

5.65 +2.57
1.50 (0-4)
09

1.00 (0-3)

0.944

0.228
0.051*

0.043*
0.002*
0.900
0.004*
<0.000*

0.015*

0.001*

0.003*

0.210

Note Values are mean standard deviation, median (95% confidence intsj\a n.* Statistically
significant difference for MS versus healthy papémts.
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Table 2

Performance of MS and Control Participants for Eaask Alone and in Titrated and Fixed Demand DuadklConditions

Task

DA—T

DAF

w*F

Participant Type

MS

Healthy controls

MS

Healthy controls

MS

Healthy controls

MS

Healthy controls

MS

Healthy controls

Digit Task

(% correct)

64.89 +22.78
70.78 +19.56

46.11 +29.14
61.22 +20.91

50.50 +27.94
67.94 +23.03

29.28 +26.57
62.78.+27.32

Walking Speed

(cm/second)

108.76 +15.75
139.57 +19.47

99.57 +16.10
136.72.49.63

97.35 _+16.98
135.74 +19.28

Swing Time Variability

(%)

3.03 (2.40 to 3.65)
3.40 (2.75 to 4.55)

3.93 (3.05 to 4.60)
3.23 (2.70 to 3.70)

4.00 (2.75 to 6.35)
3.00 (2.30 to 3.60)

Double Limb Support Time
Variability (%)

5.65 (3.90 t0 6.45)
7.78 (5.65 to 9.90)

5.55 (3.20 to 10.00)
7.38 (5.45 t0 9.70)

6.45 (4.25 t0 9.20)
6.93 (6.30 to 8.45)

Note.Values for digit task and speed are mean standard deviation, values for swing time and doule support time variability are median (95% confidence
intervals). Abbreviations: D*", digit task alone-titrated demand; D', digit task alone-fixed demand; W, walking alone; W', walking with titrated demand

digit task; W*F, walking with fixed demand digit task.
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Table 3

Percentage Change in Performance from Single tol{Dasak for Titrated and Fixed Task Demand.

NoteFor digit task and speed positive signs indicade@ease in performance from single to dual tabidstwfor swing time and double support time vailigbnegative

signs indicate a decrease in performance fromesitagtiual task (i.e. an increase in variability).

Task Participant Type Digit Task Walking Speed Swing Time Variability = Double Limb Support
Time Variability

w*T MS 14.39 +22.44 8.62 +6.67 -29.51 (-57.581t0 06.02) 1.25 (-46.47 to 20.00)
Healthy controls 2.83 +21.89 1.57 +3.55 -4.46 (-13.00to0 32.29) 2.85 (-25.83 to 32.86)

P value 0.127 0.001* 0.068 0.521

Effect size (r) 0.26 0.61 0.31 0.11

wF MS 16.83 +27.95 10.72 +6.65 -18.94 (-100.00 to 25.00) -6.07 (-64.29 to 9.66)
Healthy controls -1.56 +21.32 2.12 +4.83 7.36 (-23.77 t0 35.09) 1.85 (-25.45to 33.84)

P value 0.033* <0.000* 0.037* 0.239

Effect size (r) 0.36 0.61 0.35 0.20

Note.Values for digit task and speed are meatandard deviation, values for swing time and ¢esbpport time variability are median (95% coafide intervals).
Abbreviations: W', walking with titrated demand digit task; Wwalking with fixed demand digit task. * Statistlty significant difference for MS
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Table 4

Combined Percentage Change in Performance froml&toddual Task for Titrated and Fixed Demands@agnitive Task Change and Each Gait

Variable

Note.Positive signs indicate a decrease in performé&ooe single to dual task for all variables.

Task Participant Type Walking Speed

w*T MS 11.50 +11.29
Healthy controls 2.41 +11.27

P value 0.021*

Effect size (r) 0.38

w*F MS 13.80 +13.99
Healthy controls -0.51 +10.03

P value 0.002*

Effect size (r) 0.49

Swing Time Variability

22.89 (05.09 to 44.06)
3.24 (-15.01 to 20.45)

0.044*
0.34

19.91 (02.63 to 65.73)
-9.31 (-16.50 to 13.93)

0.010*
0.43

Double Limb Support Time
Variability

15.73 ( -8.21 to 40.26)
2.97 (-10.93t0 18.91)

0.171
0.23

20.45 ( -2.13t0 39.82)
0.75 (-19.84 to 13.10)

0.051*
0.33

NoteValues for speed are mearstandard deviation, values for swing time and d®sbpport time variability are median (95% coefide intervals). Abbreviations:
W*'T, walking with titrated demand digit task; Wwalking with fixed demand digit task. * Statistlty significant difference for MS versus healthariicipants.
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Table 5
Correlation Between CFQ, MFIS, HADS-A, HADS-D, ACBR AR, Education and Decrement Scores

CFQ CFQ MFIS HADS-A HADS-D ACE-R WTAR Education
Question 9"
Digit task
W' 0.119 -0.028 0.120 0.150 0.181 -0.147 0.052 -0.090
P value 0.490 0.872 0.162 0.386 0.289 0.393 0.768 0.603
W~ 0.150 -0.068 0.238 0.109 0.310 -0.045 -0.035 -0.120
P value 0.382 0.692 0.486 0.546 0.066 0.793 0.841 0.485
Walking speed
W' 0.167 0.332 0.209 0.228 0.173 -0.187 -0.130 -0.032
P value 0.332 0.048* 0.222 0.182 0.313 0.274 0.458 0.852
WF 0.200 0.320 0.387 0.194 0.136 -0.385 -0.233 -0.314
P value 0.243 0.057 0.020* 0.256 0.427 0.020* 0.179 0.062

Note.Values are Pearson’s r. » CFQ Question 9 ‘Do yaltd hear people speaking to you when you aragisbmething else?’ Abbreviations: Wwalking with titrated demand digit
task; WF, walking with fixed demand digit task. * Statistlty significant correlation.
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Table 6
Correlation Between Measures of Disease SeverigSnParticipants and Decrement Scores

Digit task Digit task Walking speed
W W W
EDSS score 0.278 -0.002 0.069
P value 0.280 0.993 0.791
Years since diagnosis 0.240 -0.207 0.008
P value 0.337 0.410 0.974

Walking

-0.296
0.248

-0.069

0.785

W

Note.Values are Pearson’s r. Abbreviations 'Wvalking with titrated demand digit task; Wwalking with fixed demand digit task
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Table 7

Logistic Regression Analysis for Pooled Data froid &hd Control Participants

Predictor B SE. B Wald'&? df P value & 95% C.I. for &
(odds ratio)

W*F Decrement in walking 0.263 0.106 6.220 1 0.013 1.301 1.058 to 1.600
speed
MFIS score 0.096 0.036 7.312 1 0.007 1.101 1.027 to 1.180
Constant 0.217 0.570 0.146 1 0.703 1.243 NA
Test X df P value
Overall model evaluation

Omnibus tests of model coefficients 9.982 0.002
Goodness of fit test

Homer & Lemeshow 2.730 0.909

Note.Cox and Snell R= 0.546. Nagelkerke® 0.728. Abbreviations: NA, not applicable.
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Table 8
The Observed and the Predicted Frequencies for kfagsor Control Group by Logistic Regression

Predicted Percentage correct
Observed MS group Control group
MS group 15 3 83.3
Control group 2 16 88.9
Total 18 17 86.1
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Figure Captions

Figure 1 Performance of MS and control participants ond#jt task % correct (B)
walking speed (C) swing time variability and (utble support time variability in single

task conditions and titrated and fixed demand dasit-conditions.

Figure 2 The mean percentage chang8B-in (A) digit task and (B) walking speed for
MS and control participants for single task minusletask performance in both titrated
and fixed demand conditionSote.Positive signs indicate a decrease in performénoce

single to dual task i.e. fewer digit task correcsiower speed in dual-tasks compared to single

tasks.

Figure 3 The median percentage chang®35% ClI in (A) swing time variability and (B)
double support time variability for MS and contpalrticipants for single task minus dual-
task performance in both titrated demand and fo@mand condition$Note.Negative signs

indicate a decrease in performance from singlautd-thsk i.e. greater variability in dual-tasks

compared to single tasks.
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Figure 1 (A & B)

A Digit tasks (% correct)
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Figure 1 (C & D)

C Swing time variability
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Abbreviations. D*T, digit task alone-titrated demand; D**, digit task alone — fixed

demand; W*, walking alone; W*", walking with titrated demand digit task; W*F, walking

with fixed demand digit task.
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Figure 2
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Figure 3
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CHAPTER THREE

ADVANCED PRACTICE | REFLECTIVE CRITICAL ACCOUNT
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Advanced Practice | Reflective Critical Account:

Learning to Make Decisions in Complex Clinical Sitations
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ABSTRACT

Decision-making in complex situations where theran absence of all the information is a
key competency in doctoral training. Yet decisioaking in these circumstances can be
extremely complex. This reflective account desaithe process of learning to make these
decisions in a third year specialist neuropsychplptacement. The account describes
relevant learning experiences, my changing thougimd feelings about my practice

through the course of the placement, and the inflee on my practice, thoughts and
feelings. The subsequent reflective review diss#utslearning process and relates it to
relevant literature. The skills | developed throdgharning to make these judgments are
related to National Occupational Standards for Rsligists. The key learning points

relate to evaluating evidence, the assessmentggpawareness of the limit's of evidence
and of my own competence, and managing the ematilmpact of decision-making. The

utility of reflective practice is discussed.
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CHAPTER FOUR

ADVANCED PRACTICE Il REFLECTIVE CRITICAL ACCOUNT
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Advanced Practice Il Reflective Critical Account:

Working Psychologically in Teams
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ABSTRACT

Working with teams and developing team effectivera® increasingly important parts of
psychologists’ roles. In my current placement | awrking in two mental health teams
with very different team approaches and this hasgmted many learning opportunities. |
have therefore chosen to write this reflective ant@bout ‘working psychologically with
teams’. Kolb’'s Theory of Experiential Learning ised to reflect on key learning
experiences. Key learning points were about thegqs® of becoming a team member,
working psychologically with teams at several diéet levels, formulating team dynamics
and thinking about the management of psychologiealices at systems level. The lessons
| learned and the skills | developed are in linéghvNlational Occupational Standards for
Psychology which describe the provision of psychmal systems, services and resources
as a key competency for psychologists. | discuss Inmope to use these skills and develop

them further as a qualified clinical psychologist.
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Appendix Al: Author Guidelines for Journal of Inter national Neuropsychological

Society

Instructions for Contributors

Manuscript Submission and Review

The Journal of the International Neuropsychological Bbguses online submission and
peer review. Authors who are not able to subtiéir manuscripts online are asked to
contact the editoriabffice at: jins@unm.edu. The website address fdynsssionsis:
http:00mc.manuscriptcentral.comOcupOQjins, anthplete instructions are provided on the
website. Prior to online submission, please consult
http:00www.ncbi.nlm.nih.govOentrezOquery.fcgi?dbSimdor 6 keywords omesh terms
that are different from words in the title. Accugatesh terms will increase the probability
that your manuscripwvill be identified in online searches. Please fellthe instructions
carefully to avoid delays. The menu will prompt thathor to provide all necessary
information, including the manuscript category, toeresponding author including phone
number, fax number and e-mail address, and sugbestéewers. The website will
automatically acknowledge receipt of the manusaipd provide a manuscript reference
number. The Editor-in-Chief will assign the manysicfor review to an Associate or
Department Editor and at least two other reviewexgry effort will be made to provide
the author with a review within 6 tol0 weeks of mseript assignmentRapid
Communicationsvill be reviewed within 6 weeks. If the Editor rexpis that revisions be
made to a manuscript before publication, a maxinainr3 months will be allowed for
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manuscripts is th&ublication Manual of the American Psychologi@sdsociation(5th
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figures). At the top right provide a short title @b to 45 characters preceded by the lead
author’'s last name. Example: Smith-Memory in Pas@iris Disease. This running
headline should be repeated at the top right ofyefa@lowing page. The Abstract and
Mesh terms (Keywords) opage 2should include a brief statement of the problene, th
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(see http:00www.ncbi.nlm.nih.gov0 entrezOquery2dip5mesh for list), and they should
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Appendix B1: Table Showing Scores of Each Study deach Quality Criterion
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ABSTRACT

Background: Up to 50% of individuals with MS experience somegeleof cognitive
impairment and this can contribute to the disabiékperienced in everyday life. One
cognitive domain frequently thought to be impairedMS is attention, in particular
divided attention. The present study seeks to e divided attention in people with
MS using a dual-task paradigm.

Aims: The aim of the study is to investigate dual-taskohmgng two things at once, in MS,
specifically ‘walking while talking’. It is hopedhat the findings will add to the
understanding of divided attention in MS as welltasthe general understanding of
cognition-motor relationships.

Methods: Both MS participants and controls will perform cdgye tasks and motor tasks
under both single and dual task conditions. It ypdthesised that walking will be
differentially impaired while performing concurrenbgnitive tasks in MS participants
compared to controls.

Applications: Since impairment of both attention and mobilitypepr to effect a
significant number of people with MS an investigatiof cognitive—motor interference
may have practical implications for assessmentrahdbilitation in MS, as well as adding

to the general understanding of divided attentiothe brain.
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INTRODUCTION
Multiple Sclerosis (MS) is the most common neuralaf disease affecting young and
middle aged adults (Arnett, 2003). The impairmeatsing from MS can lead to
significant disability. MS is estimated to costlme region of 1.4 billion GBP per annum in
the UK (Kobelt et al., 2000), compared with anrastied 7 billion per annum for stroke

(National Audit Office, 2005), which has a prevalerof 700 per 100, 000 (NICE, 2004).

Physical impairments in MS include impairment tos®y and motor systems, with
problems with fatigue and mobility common. Cogretiimpairment is thought to affect
about 50% of people with MS (NICE, 2004). The mirsguently impaired cognitive
domains in MS are memory, mental flexibility, visaonstruction, information processing

speed and attention (Calabrese, 2006).

When surveyed 22-25% of people with MS report impant of attention (Sullivan,
Edgley & Dehoux, 1990 & Arnett, 2003), though thexygpear to be only a few studies
investigating attention in MS (Calabrese, 2006)a Irecent review of neuropsychological
impairment in MS, Calabrese (2006) concluded thgtairment of attention appears to
occur early in the disease course and may be asomefor subsequent dysfunction in
memory and abstract reasoning. McCarthy et al. fp@@vestigated the performance of
MS and control participants on measures of dividad sustained attention. The results
suggested that MS participants were slower anddessrate on both measures of attention
compared to controls and that divided attention wasre impaired than sustained
attention. D’Esposito et al. (1996) used a dudt-fzeradigm with people with MS, asking
participants to perform two cognitive tasks simuodtausly in the dual-task condition. They
found that the MS participant’'s had greater decrdéniie performance in the dual-task

compared to healthy controls, suggesting a diffigempairment in divided attention.
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Dual-tasking refers to the ability to do two thirgfsonce. Investigations using a dual-task
paradigm further our understanding of both the oiggion of cognitive resources in the
brain (Della Sala & Logie, 2001) and the effect rdurological conditions such as
Alzheimer’s disease, stroke, brain injury and R#s&in’s disease on divided attention. This
understanding is important because if one’s abilitydo two things at once is impaired
then this has implications for people’s ability ftsnction in everyday life where one is

frequently required to attend to more than oneglaihany one time.

The control of posture and gait has traditionalgei considered automatic or reflex
controlled, requiring minimal attentional resour§@goollacott & Shumway-Cook, 2002).
A recent review suggests that control of walkingy dae attentionally demanding
(Woollacott & Shumway-Cook, 2002). In healthy youagults this dual-task effect
appears to be small and is detectable only whete gomplex additional secondary tasks
are performed, while in healthy older adults perfig a dual-task appears to have a more

deleterious effect.

Recent studies have investigated the effect ofopmihg concurrent cognitive tasks on
walking in adults with various neurological condits. Studies of people with
Alzheimer’'s (Cocchini et al., 2004) and Parkinsodisease (Yogev et al., 2005) have
suggested that speed and accuracy in walking ecteff by simultaneously performing a
cognitive task. The research suggests that in theseological conditions performing
concurrent tasks has a disproportionate effect alking, compared to healthy controls

(Woollacott & Shumway-Cook, 2002).

One possible reason why a concurrent cognitive tagly impact on walking is that
performing two tasks simply reflects an increasdask demand and once this demand

exceeds attentional capacity a decrement in pedoca on one of the tasks occurs. In
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neurological conditions one might expect that #itentional capacity is reduced making it
more likely that a dual-task performance decremelhtoccur. An alternative explanation
is that that performing two tasks makes demandslivided attention and that in these
neurological conditions there is damage to somewdke co-ordination function required
to divide attention between concurrent demands id.eg al., 2004). It has been argued
(e.g. Cocchini et al., 2004 & Logie et al., 2004qttin studying dual-tasking it is important
to control for this task demand effect when compara patient group with a healthy
control group. In order to determine whether dasking difficulties are specifically
caused by a divided attention/dual-tasking prodegsairment they suggest that it is
necessary to titrate tasks according to performamcker single task conditions. This has
the advantage of making it clearer whether a dividd#ention deficit is responsible for
difficulties under dual-tasking conditions, thougtay be less clinically relevant to the

extent that everyday conditions are not titratesh¢éividual performance levels.

Regardless of the reason for dual-tasking diffieslthere are implications for everyday
life. It has been suggested that difficulty doimgtthings at once may explain the high risk
of falls in Alzheimer’s disease (Cocchini et al002) and may have implications for the
assessment and rehabilitation of walking in physcpy settings in a brain injured
population (Haggard et al., 2000). The presentystgkks to investigate the effects of
performing a simultaneous cognitive task when wagkin MS. This has not previously
been investigated in a MS population but the procesihave been widely used with other
neurological populations. Since impairment of battention and mobility appear to affect
a significant number of people with MS an invediiga of cognitive—motor interference
may have practical implications for assessmentrahdbilitation in MS, as well as adding
to the understanding of divided attention in MSoitder to determine whether dual-tasking
difficulties are specifically caused by a dividetieation/dual-tasking process impairment

both a fixed and a titrated demand task will beduse

103



AIMS AND HYPOTHESES
Aims
» To investigate whether cognitive-motor dual-tasksgnpaired in MS
» To investigate whether any cognitive-motor duakiag impairment in MS is a result
of increased task demand or whether it is a divatéehtion impairment

» To add to the understanding of cognition-gait refeghips

Hypotheses

It is expected that MS participants will performffelientially poorly on dual-tasks
compared to controls. Specifically it is hypothedisthat walking and an additional
cognitive task will be disproportionately impairéd dual-task conditions compared to

single task conditions (in MS participants compacedontrols).

PLAN OF INVESTIGATION

Participants

Participants will be individuals with MS and, casteint with previous studies of dual-
tasking in neurological conditions, a control grafphealthy individuals. The purpose of
the control group is to compare the effect of daak conditions on walking in those with
and without MS. Previous studies, as mentioned @ablo&ve found that the performance of
healthy controls decreases under dual-task conditiout that this performance decrement
is significantly smaller than that found in the ieais neurological conditions studied.
Inclusion of a control group allows one to evaluatey dual-task decrement in MS
participant’'s performance in light of the performanof healthy controls, making it

possible to consider what dual-task decrementrsiaband what may be attributed to MS.

A control group of individuals with orthopaedic ditions was considered, as this would

allow one to control for musclo-skeletal contrilbms to dual-task performance
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decrements. This consideration was discounted hemvéurst obtaining an orthopaedic
control group would present practical difficultiesthe timeframe available. In addition it
would be difficult to ascertain what was an appiater orthopaedic control, for example
how the level of physical impairment in the MS goqwhich in this study would be mild

due to the inclusion criteria) could be matchedetels of impairment in an orthopaedic
group. Second since there is very little previoualdask research with MS it was thought
preferable to first compare MS participants witlalttey participants to establish whether
MS participants dual-task performance decremegtester than that of healthy controls.
The key issue is a clinical one, i.e. whether dasking is a difficulty in an MS population

compared to a healthy one, regardless of the ¢tanion of physical and cognitive factors
to this. As the first study to investigate cogretimotor dual-tasking in an MS population,
it was considered preferable to first establish tivke there is a cognitive-motor dual-

tasking problem in this population.

Inclusion & Exclusion Criteria

MS participants will be included if they meet thelldwing criteria; a diagnosis of
relapsing-remitting sub-type of MS and an ExpanDesbility Status Scale (EDSS) score
(Kurtzke, 1983) up to 5.5. Relapsing-remitting Mé&fers to clearly defined disease
relapses with full recovery or with sequelae ansid@al deficit upon recovery; periods
between relapses are characterised by a lack ehsksprogression (NICE, 2004). An
EDSS score up to 5.5 includes individuals with méldd moderate MS. It indicates
minimal or moderate impairment in up to 4 functibegstems and an ability to walk at
least 100 meters unaided. A Consultant Neurologitassess patients using the EDSS

and confirm their ability to do the physical demsamd the task.

Healthy controls will be matched for age and prefnt ability as described below.

Individuals, either MS participants or healthy cotg, with major psychiatric disorder will
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be excluded otherwise anxiety and depression wilséreened for (see under ‘Measures
below). Individuals with a history of brain injugr neurological disease (other than MS)

will be excluded. Individuals with a history of lgin the past month will be excluded.

Recruitment Procedures

Recruitment of MS participants will be undertakarconjunction with Dr. Colin O’Leary,

Consultant Neurologist at the Neurology Departmenthe Southern General Hospital
(SGH), Glasgow. Potential MS participants will baemtified by the neurologist in
outpatient appointments and provided with an infatron pack about the study. After two
weeks a Research Nurse unconnected with the stultlcamtact those provided with

information packs to determine if they wish to tgleat. Individuals who wish to take part
will then be contacted by the researcher, Fiona ikiam Controls will be recruited by

including requests for suitable controls in infotima packs to MS participants. It is

anticipated that controls will therefore be relas\vand friends of MS participants.

Measures

The screening measures described below will be. ddezl purpose of these measures is to
ensure participants meet the inclusion criteria S5 to adequately describe the
population being studied, to match participants ematrols (WTAR) and to identify any
association between self-reported attentionaldiffies (CFQ) and dual-task performance

and self-reported fatigue (MFIS) and dual-task @anfance in the current study.

Pre-morbid ability: Weschler Test of Adult Reagl(WTAR) (Weschler,
2001).
General cognition: Addenbrooke’s Cognitive Exarntiora (ACE)

(Mathuranath, 2000).

Vision : The Cortical Vision Screening Test (C\J§James,
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Plant & Warrington, 2001).

Anxiety & depression: Hospital Anxiety and DepressEcale (HADS)
(Zigmund & Snaith, 1983).

Fatigue Modified Fatigue Impact Scale (MFIS) (Mplé Sclerosis
Council for Clinical Practice Guidelines, 1998)

Self-rated attention: Cognitive Failures QuestiorméCFQ) (Broadbent, 1982).

Disease severity: Kurtzke Expanded Disability Ste&daore (EDSS)
(Kurtzke, 1983) and Multiple Sclerosis Functional
Composite Scale (Cutter et al.., 1999). These v
completed by the neurologist.

Demographic information:  Age, gender, history odibrinjury or neurological disease,
disease type (MS participants) and years of illn@dS

participants).

Dependent and independent variables will be medsasdollows;

Walking

Previous studies have used both simple and compedesystems for measuring walking
and gait, though these studies were conducted har ateurological populations. After
consulting with physiotherapists and a bioengine#h interests in dual-tasking the
GAITRIite System for measuring walking parameters alaosen. The GAITRite system in
a flexible electronic walkway providing an autonthteeans of measuring the spatial and
temporal parameters of gait using a carpet embeddthdsensors which detect footfalls.
It has been shown to give valid and reliable desm (Uden & Besser, 2004 he carpet is
457cm long with an active area of 366cm and a saqgpate of 32.3-38.4Hz. Walking
speed, step length, step frequency, step time aandle limb support time variability will
be automatically calculated by computer softwarggied for GAITRIite and recorded on

disc for later analysis.
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First participants will be assessed for risk ofisfalA timed test of balance will be
completed for each participant. Participants wdldsked to perform a single leg stance on
each leg and tandem stance with right and leftidefyjont. Ability to maintain position

without losing balance for up to 30s will be receutd

For each trial participants will be asked to wallaided around a circuit of approximately
25m at their preferred walking speed continuouslyd0 seconds. Distance walked will
be one measure of walking. This duration was chdgeto ensure that total distance
walked does not exceed 100 metres, since abilityais at least 100 metres is part of the
inclusion criteria, 2) so as not to induce sigmfit fatigue and 3) this time length was
thought long enough to induce a dual-tasking efé@ate it has been used in several other
studies. In order to ensure that difficulties eitng walking do not influence the results
timing of walking will commence after the individuaas walked 5 metres (as in Cocchini
et al.,, 2004). An instrumented walkway (GAITRitejllvibe used to collect data on gait
parameters as outlined above. It will be placedhst it forms part of the circuit and
positioned so that individuals do not initiate aadninate walking immediately before and
after it in order to avoid the effects of accelematand deceleration. It is anticipated that
participants will perform up to 4 continuous repetis of the circuit during each trial
resulting in a maximum of 20 repetitions over thakway. A rest will be given between
each trial to avoid the effects of fatigue. Dat#l v stored on disc for later analysis.
Immediately before and after the protocol, baselatking speed will be measured using
the 10m walk test during which subjects perform epetitions of the 10m walk to

determine any impact of fatigue on gait performance
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Cognitive tasks

We propose to use two cognitive tasks and to coenparformance under single and dual
task conditions (i.e. when paired with walking) fach task. An important distinction is
that between tasks where difficulty is titrated@ding to the individual’'s performance in
single task performance, so that the dual-task‘isua’ measure of the ability to do two
things at once rather than merely representingnarease in task demand, and tasks where
the dual-task has a fixed demand. One task will liged demand task (i.e. same task for
all participants) and the other will be a titratadk where the form of the task used will be

titrated in terms of each participant’s level offpemance under single task conditions.

The fixed demand task will be a fixed digit spasktaParticipants will listen to sequences
of digits, played aloud on a CD player, and will tegjuired to repeat each sequence in
order. All participants will be presented with segoes that are seven digits in length,
since this is the average digit span in adultsl@v]ill956). The dependent variable will be

percentage of digits correctly recalled in the eoriposition in one minute.

The titrated task will involve a digit span taslatlunder dual-task conditions is titrated to
the individual's level of single task ability. Thdration procedures are those used by
Cocchini et al. (2004) and Logie et al. (2004).sFia digit recall assessment will be
performed. The participant will listen to sequenogsligits and will be required to repeat
each sequence. The sequence of digits will be asex in length by one digit at a time
until the participant fails two out of three seqoes of a particular length. Digit span will

be taken to be one digit less than the length atlwthe individual failed (e.g. if the

participant was successful at length six but fatd out of three sequences at length
seven then their digit span would be consideredbdosequence length six). Once an
individual’'s digit span is ascertained the titrathgit span task will consist of listening to

sequences of digits at their span length for imatedserial ordered recall. Digit sequences
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will be played aloud on a CD player. The dependamiable will be percentage of digits

correctly recalled in the correct position in oneate.

Design
The design will involve comparing performance peopith MS and healthy controls in
terms of decrement from single to dual task coadgifor the walking task and the two

cognitive tasks.

Research Procedures

All participants will complete the digit span titian assessment before completing
experimental trials. Experimental trials will invel participants completing both motor
and cognitive tasks in single task conditions fobe tpurpose of control. Motor and

cognitive tasks will then be combined in dual-tasinditions. In total this means each
participant will complete 5 trials; walking alonfed digit task alone, titrated digit task

alone, walking with fixed digit task and walkingthvititrated digit task. Each trial will last

a maximum of 90 seconds. Trials will be counteabaéd to take account of order effects.
Counter-balancing will be blocked to ensure twokiveg tasks do not occur together, this
is to control for fatigue effects. Table 1 overleaftlines the different permutations of
counter-balancing. All experimental trials will be&leotaped to assist scoring of walking

and digit span tasks.
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Table 1 outlining counter-balancing of trials

Permut- | Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
ation
1 Walking Fixed digit | Fixed digit | Titrated Titrated
alone task alone | & walking | digit task digit &
alone walking
2 Walking Fixed digit | Titrated Titrated Fixed digit
alone task alone | digit & digit task & walking
walking alone
3 Walking Titrated Fixed digit | Titrated Titrated
alone digit task task & digit task digit &
alone walking alone walking
4 Walking Titrated Titrated Fixed digit | Fixed digit
alone digit task digit & task alone | task &
alone walking walking
Sample Size

Studies of divided attention have found large dff@zes when two cognitive tasks have
been examined (e.g. D'Esposito (1996) d=0.79 (N=3&ith MS patients) and when a
cognitive task and motor task have been combinegl (@&amiocioli (1997) d= 0.73 and
d=0.83 (N=38) and Cocchini et al. (2004) d= 0.86=3N), both with patients with
Alzheimer’s disease). In the absence of studiesstigating cognitive-motor dual-tasking
in MS effect size will be estimated based on cogsitnotor dual-tasking studies in
Alzheimer's disease. Assuming a similar effect sioe cognitive-motor dual-task
combinations in MS would suggest that for alphaQtvo tailed), power =0.8, a sample
size of n=26 per group would be needed, or forakpb.05 (1 tailed), n=20 per group. In

order to allow for potential drop-outs 25 people geup will be recruited.
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Settings & Equipment

The Gait-Rite System will be borrowed from Glasg@aledonian University, for the
purpose of the study. Blank CD’s will be requitedrecord digit span sequences. A CD
player will be needed to play the CD’s for the dtiga task. A video-recorder will be
required to tape experimental trials. The reseantihbe conducted in a movement lab at
the Southern General Hospital. This space will bevided by Glasgow Caledonian

University.

Data Analysis

The dependent variables will be performance deanénfeom single to dual-task
conditions for the walking task and the two cogmittasks. A composite decrement score
averaging the decrement on the walking and cognitigks (walking and fixed digit task;
walking and titrated digit task) will be calculatdddependent variable will be participant
group (MS participants and healthy controls). #nstard assumptions are met, t-tests will

be used to compare means.

Secondary correlational analysis of dual-task deerd score and the Cognitive Failures
Questionnaire score will be performed. This analysidesigned to evaluate whether dual-
task performance decrement correlates with selfirted dual tasking and general
attentional difficulties in everyday life. A secarg correlational analysis of dual-task
decrement score and the Modified Fatigue ImpacteS8eore will be performed in order
to assess whether individuals who experience gréatigue on a day-to-day basis have

greater difficulties with cognitive motor dual-tasg.
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HEALTH AND SAFETY ISSUES
Researcher Safety Issues
There are no apparent risks to the researcher éamying out this study. The study will
be carried out in a hospital setting that the pgrdints routinely attend and where there are
health and safety procedures in place. The pagienip is not known to be aggressive. The

research procedures are not known to cause signifdistress.

Participant Safety Issues

One possible risk is a risk of MS participantsifeglwhile walking since this is a group
with some physical limitations. This will be addsed by the inclusion criteria, of an
EDSS score of less than 5.5, which sets a safé ¢éyghysical impairment for inclusion
and will be judged by the neurologist. Participantt also be asked as part of the initial

screening if they have fallen within the past moiRagular fallers will be excluded.

Risk of falls will be identified by the use of sereng and the timed balance test as
outlined in the method section. When walking pgvaats will be issued with instructions

regarding what to do if they think they may faliese instructions will be based on advice
from the physiotherapist. The researcher will walkcouple of steps behind each
participant as they complete walking tasks. Inialdthe research will be conducted in a
hospital setting that participants routinely attevitere procedures are in place to minimize

risk and where medical help is readily available.

If a participant falls the following procedure wile adhered to, this is based on the NHS
GG&C Falls Management Policies & Guidelines (2006here is no obvious injury or
discomfort the participant will be moved to a splface to rest, such as seating in the gait
lab. If there is obvious injury or the participa@mplains of discomfort the participant will
be referred to medical staff for assessment. meeitase an incident/accident form will be

completed.
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ETHICAL ISSUES
It will be necessary to ensure that the procedtoespproach and recruit participants are
free from any pressure to participate. Participawi be provided with adequate
information to make an informed decision to papi@te including; the purpose of the
study, what would be involved in taking part (indilhg time), any benefits or risks to
taking part, the option to withdraw at any time, etlfer participant expenses will be
covered (e.g. travel expenses) and that partiapatr non-participation will not effect
their medical treatment at the hospital. In additmarticipants will be briefed on how
information obtained will be used and that theidiudual results remain confidential.
Steps will be taken to ensure data are safelydtora confidential manner and in the data
analysis stages, anonymous. Research proceduldsenwdesigned to ensure the safety of

the participants (see Health & Safety Issues above)

Ethical & Management Approval Submissions
Ethics application will be made to the SGH ethicsnmittee. Dates for committee

meetings are as follows:

Date of Meeting Cut off aate for meeting
16.01.2007 04.01.2007
27.02.2007 13.02.2007
27.03.2007 13.03.2007
24.04.2007 10.04.2007
29.05.2007 15.05.2007
26.06.2007 12.06.2007
31.07.2007 17.07.2007

Application will also be made to the NHS Managem&pproval System; this will include

a Health & Safety Assessment.
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FINANCIAL ISSUES

See Appendix for breakdown of estimated costs.

TIMETABLE
A provisional timetable is as follows:
January —March 2007:
» Prepare and submit Draft MRP Proposal and full MR#®posal; including
finalizing research design and procedures
» Initiative Research Logbook
» Prepare and submit Systematic Review Outline
» Sit in on Neurology clinics for MS patients at SGH
» Consult with Physiotherapy Department at SGH reasuees of gait and possible
space for performing study
April-July 2007
» Prepare and submit ethics and management appadwalissions
» Source and finalise research and recruitment proges, space and materials on
site
» Finalize planned statistical analysis of data
August-September 2007
» Begin participant recruitment
October-December 2007
» Data collection
» Research Progress Meeting
January-April 2008
» Data Collection
» Research Progress Meeting

April-May 2008
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» Data analyses

» Research Progress Meeting
June-July 2008

» Submit MRP drafts to supervisor

> Bind and submit MRP

PRACTICAL APPLICATIONS
It is hoped the findings of the study will have gireal implications for assessment and
rehabilitation of cognitive-motor dual-tasking inSylas well as adding to the general
understanding of divided attention and cognitiontaneoelationships in the brain. There is
anecdotal evidence that cognitive-motor dual-tagkimay be an issue in this population,
for example clinicians report that patients oftéopswalking while they are talking to
them. In addition, in other neurological populatortognitive-motor dual-tasking
difficulties have been linked to risk of falls (Gduni et al., 2004). In particular it is hoped
the findings of the study will further understargliof everyday functioning in MS as many
everyday activities require dual-tasking, such atking while talking and walking while
negotiating a busy environment with many distradioe.g. crossing the street. It is
possible that people with MS avoid these situatifos fear of falling or becoming
unsteady. It is hoped that the current study w#intify if cognitive-motor dual-tasking is a
common problem in MS populations, identify if cotiwe-motor dual-tasking problems
can be assessed and suggest whether there isiglofentrehabilitation strategies to

address this issue.
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Appendix C2: Individual Digit Span Assessment

Digits Answer
6-1

1-9

3-5

5-1-9

4-5-2

6-3-1

2-9-1-5

6-5-1-9

8-5-4-7

8-2-9-6-1
5-8-7-4-9
4-1-8-7-2
4-5-3-8-6-2
3-9-5-2-4-6
9-7-8-1-2-6
4-3-6-7-1-2-5
5-9-8-4-6-1-2
3-4-1-6-5-8-2
3-5-8-7-2-6-4-1
6-2-7-1-4-5-6-9
4-9-8-2-7-3-1-5
5-2-1-4-7-3-6-9-8
4-1-8-7-2-3-9-5-6
3-6-5-9-2-4-7-1-8
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Appendix C3: Description of Development of Digit San Task

Digit sequences of lengths varying from two digdden digits long were generated using
Microsoft Word Excel random numbers function. A @as compiled with 18 tracks. On

each track the researcher was recorded readingseigiiences of a particular length for 90
seconds. The digits in each sequence were redu aate of one per second. After each
digit sequence was read there was a pause fomtiieipant response before the next digit
sequence was read. Two different tracks were recoad each digit sequence length (i.e.
two tracks where all sequences were two digits Itwg tracks where all sequences were

three digits long etc).
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Appendix C4: Definitions of Swing Time and Double 8pport Time and Overview of

Gait Cycle

Figure: Timing During a Single Gait Cycle (from \the, 2007, page 54)

Left Left Left
Toe Off Initial Contact Toe Off
Left Swing Left Stance
Double Right Double Left Double
Support Single Support Support Single Support | Support]

Right Stance Right Swing
Right Right Right
Initial Contact Toe Off Initial Contact
time

o

Stance PhasePart of the gait cycle for one side in which tbetfis on the ground (from
Whittle, 2007, page 240).

Swing PhasePart of the gait cycle for one side in which tbetfis off the ground,
moving through the air (from Whittle, 2007, pag®R4

Double Support Time Period in the gait cycle in which both feet aretbe ground (from
Whittle, 2007, page 235).

Swing Time: Duration of the swing phase, between toe off aitehl contact (from
Whittle, 2007, page 240).

Initial Contact: Event in the gait cycle when first contact is mhdaveen the foot and the
ground, made by the heel in normal gait (from Wit2007, page 236).

Toe Off: Event in the gait cycle when the foot (generdiky toe) leaves the ground (from
Whittle, 2007, page 240).
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