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Dual task performance in Parkinson’s disease
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Abstract. Several studies have found dual tasking to be impaired in Alzheimer’s disease (AD), but unaffected by healthy ageing.
It is not known if this deficit is specific to AD, or also present in other neurodegenerative disorders that can occur in later life,
such as Parkinson’s disease (PD). Therefore, this study investigated dual tasking in 13 people with PD, 26 AD and 42 healthy
age-matched controls. The people with AD demonstrated a specific impairment in dual tasking, which worsened with increasing
disease severity. The people with PD did not demonstrate any deficits in dual tasking ability, when compared to healthy controls,
suggesting that the dual task impairment is specific to AD.
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1. Introduction

1.1. Dual tasking

Dual tasking is the ability to perform two tasks at
once. The cognitive processes involved in performing
a dual task are thought to depend upon the nature of the
two constituent tasks. When the two tasks involve sim-
ilar processes (e.g. verbal processing), they are thought
to compete for the same, limited, set of cognitive re-
sources, leading to a bottleneck in processing and large
dual task decrement [39,53]. However, when these two
tasks involve separate processes (e.g. verbal and visuo-
spatial processing), the two tasks are thought to be per-
formed in parallel, resulting in no cognitive conflict
and minimal dual task decrement [15,21–24,26,32,41].
This latter type of dual task is thought to rely upon a
coordination function, which is one of the executive
resources available within working memory [7].

Several studies have found dual tasking to be im-
paired in Alzheimer’s disease (AD), but unaffected by
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healthy ageing. It is not known if this deficit is specific
to AD or also present in other neurodegenerative dis-
orders that can occur in later life, such as Parkinson’s
disease (PD). In this study, we compare dual tasking in
healthy ageing, AD and PD.

1.2. Dual tasking in healthy ageing

The effect of age on the ability to dual task also
appears to depend upon the nature of the two tasks.
When the two tasks compete for the same cognitive
resources, the observed dual task decrement increases
with age [27,32,43,49]. When there is no such cogni-
tive conflict, some studies have also reported that dual
task performance declineswith increasing age [3,18,19,
36]. However, in these studies, the demands of the two
individual tasks were not individually calibrated to the
ability of each participant. If single task performance is
not equated across age groups, any group difference in
dual tasking ability may simply reflect an amplification
of baseline differences in the ability to perform either
of the two individual tasks (c.f. [55]). Several studies
have found that when the demands of the two tasks are
calibrated to the ability of each individual, and single
task performance is equated across groups, dual task-
ing ability is unaffected by normal ageing [8,9,22,23,
37,54].
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1.3. Dual tasking in Alzheimer’s disease

In addition to their early deficits in episodic mem-
ory, people with AD show a striking impairment in
dual tasking ability [6,8,21,24,33,37,40,41,46–48,56].
As dual tasking is unaffected by healthy ageing, but is
significantly impaired in AD, dual tasking impairment
appears to be specific to AD. This impairment is indeed
present not only in people with familial AD but also
in asymptomatic carriers, when it is detectable even
before the onset of the disease [42]. The deficit be-
comes even more pronounced with increasing disease-
severity [5,6]. This finding has been replicated using
various dual task combinations, including memory and
motor tasks (e.g. [8]), visual and verbal memory tasks
(e.g. [41]), and more everyday task combinations, such
as walking and talking [14], and keeping track of who
said what in a conversation [1].

Importantly, the dual task impairment in AD does not
seem to reflect a general effect of increased cognitive
load on a damaged brain. Logie et al. [37] systematical-
ly varied the demands of two individual tasks, and a du-
al task, in healthy younger and older people, and people
with AD. They found that whereas all groups showed
decreased performance with increasing demands, the
AD group always showed a dual task impairment, even
when the demands were very low. Moreover, the AD
patients did not show differential sensitivity to level of
demand. This suggests that the dual task impairment
does not simply reflect reduced general resources, but
a specific impairment in the coordination of two inde-
pendent tasks.

This dual task impairment is not present in other
disorders than can mimic AD, such as chronic depres-
sion or in old age [34], or Mild Cognitive Impair-
ment (MCI) [28]. This suggests that the impairment is
specific to AD, which would have both theoretical and
clinical implications. However, before such specificity
is assumed, it is essential to determine how dual tasking
ability is affected by other neurodegenerative disorders
that can occur in later life, such as Parkinson’s disease
(PD).

1.4. Parkinson’s disease

PD affects around 7 million people worldwide [52].
The disease is caused by degeneration of dopamine
producing cells, initially restricted to the substantia ni-
gra pars compacta, but later progressing to the ventral
striatum and prefrontal cortex. Its characteristic mo-
tor symptoms are slowed movement or ‘bradykinesia’,

muscular rigidity, tremor and postural instability. The
presence of non-motor symptoms is also increasing-
ly recognised, including cognitive and emotional dys-
function [30].

Studies examining the cognitive deficits in PD tend
to report mainly a dysexecutive profile, but with a vari-
able pattern of impairment across the different execu-
tive functions [45]. Several studies have reported im-
paired performance on measures of shifting, such as
the CANTAB ID/ED [16,51,58] and other task switch-
ing paradigms [13,35]. Impairments in inhibition have
also been found, with reports of poorer performance on
the Hayling Sentence Completion [10,57] and Stroop
tests [45]. Some studies have reported impaired perfor-
mance on measures of updating, such as digit span [29],
spatial span [17,60] and verbal fluency [45], but oth-
ers have not [25]. There is also evidence of preserved
planning abilities [45,47,48]. For a recent review, see
Kehagia et al. [35].

1.5. Dual tasking in Parkinson’s disease

It is unclear if people with PD display deficits in dual
tasking. Several studies have reported that people with
PD show impaired dual tasking ability when compared
to age-matched healthy controls (see Table 1 for sum-
mary of relevant studies), but these studies have used
task combinations which compete for the same cogni-
tive resources, involved baseline differences in single
task performance and no calibration of the demands of
the two individual tasks [12,50,59]. Accordingly, Wu
and Hallett [59] found that the PD group were differen-
tially sensitive to greater dual task complexity, which
lends support to the alternative hypothesis that any ap-
parent dual task impairment is actually an artefact of
greater demand placed upon a damaged cognitive sys-
tem, rather than reflecting a specific impairment in the
ability to coordinate the performance of two indepen-
dent tasks.

To date, there has only been one study published that
has attempted to address these methodological issues.
Dalrymple-Alford et al. [20] assessed eight people with
PD and eight age-matched healthy control participants
using a dual task paradigm based upon that initially
described by Baddeley et al. [8]. Importantly, this dual
task involved two tasks that loaded upon separate cog-
nitive resources and allowed for the demands of the two
tasks to be individually adjusted for each participant.
The two tasks were a tracking task and a digit recall
task. In the tracking task, participants were asked to use
a joystick to keep an orange cross (10 mm × 10 mm)
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Table 1
Studies investigating dual tasking in PD

Study Participants Dual tasks Findings Issues with methodology

Brown and
Marsden [12]

17 PD, 17 age-
matched controls

Stroop task plus either:
random number generation
(RNG), articulatory sup-
pression or foot pressing

PD show impaired dual
task performance

1. Stroop, RNG and articulatory
suppression are all verbal tasks
2. Baseline differences in single
task performance
3. No calibration.

O’Shea, Morris and
Iansek [50]

15 PD, 15 age-
matched controls

A walking task plus either:
a motor task or a back-
wards counting task

PD show impaired dual
task performance

1. Walking and motor tasks are
both visuo-motor tasks
2. Baseline differences in single
task performance
3. No calibration.

Wu and Hallett [59] 12 PD, 12 age-
matched controls

A finger movement task
(simple or complex) plus
either: a tapping task or a
visual letter counting task

PD show impaired dual
task performance, with
increasing impairment
on more complex tasks

1. Finger movement and tapping
tasks are both visuo-motor tasks
2. Baseline differences in single
task performance
3. No calibration

Dalrymple-Alford,
Kalders, Jones and
Watson [20]

8 PD, 8 age-
matched controls

Tracking and digit recall
tasks

PD showed impaired du-
al task performance

1. No overall measure of dual
tasking ability
2. PD patients not screened for
dementia

inside a green square (starting size of 40 × 40 mm). If
the participant could keep the cross within the square
for 40–60% of a 20 second trial, and in three trials in
total, then the size of the square decreased. This was
continued until the participants could no longer keep
the cross on target for 40–60% of the time, over three
trials. The minimum size at which the participant could
remain on target for at 40–60% of the time was consid-
ered to be their tracking span. In the digit recall task,
participants were asked to listen to and repeat back se-
quences of digits. If the participant could recall the
digits correctly, in two out of three trials, the length of
the sequence was increased by one digit. This was con-
tinued until the participant could no longer recall two
out of three digit sequences correctly. The maximum
sequence length that the participant could recall accu-
rately was considered to be their digit span. They then
adjusted the demands of the tracking and digit recall
tasks according to the participant’s span, and compared
performance when the two tasks were performed alone
and then together.

The PD patients demonstrated significantly lower
proportional performance of the tracking task than the
healthy controls, but no difference in proportional per-
formance of the digit recall task. Thus, it appears that
the PD group show difficulties performing dual tasks.
However, closer examination of the data suggest that
the PD patients actually performed better (yet not sta-
tistically) than the healthy controls on the digit recall
task in both single and dual task conditions. Therefore,

it is possible that if dual task performance on these
two measures was combined, any trade-off between
tasks would be accounted for and a group difference
might disappear. Moreover, unlike the other studies de-
scribed, the PD patients were not screened for cognitive
impairment, and thus it is also possible that some of the
PD patients had Parkinson’s disease dementia (PD-D).
Indeed, like all of the healthy controls, three out of the
eight PD patients demonstrated less than 10% drop in
tracking performance in the dual task condition (with
one actually showing a gain of 5%), whereas the oth-
er five patients showed drops of between 25 and 40%,
which may suggest that only some of the patients had
difficulty performing the dual task.

Therefore, it remains unclear if people with PD with-
out dementia display dual task impairment. The aim
of the current study was to compare dual task perfor-
mance in people with PD, AD and healthy age-matched
controls, to determine if dual tasking is also impaired in
PD. In order to account for the methodological issues
previously raised, this study used a dual task paradigm
based upon that described by Baddeley et al. [8], but, in
addition, also provided an overall measure of dual task
performance to account for any possible trade-off in
between performance on the two tasks. Moreover, all
PD participants were screened for dementia to ensure
that appropriate conclusions could be drawn.
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2. Methods

2.1. Participants

A total of 13 people with PD, 26 people with AD
and 42 age-matched controls participated in this study.

The 13 PD patients (six women and seven men)
had been diagnosed with idiopathic PD by a consultant
neurologist and assessed as being between Hoehn and
Yahr stages I–III (stage I, n = 1; stage II n = 10;
stage III n = 2). They had a mean disease duration
of 69.15 months (SD = 53.09, range = 9–192). All
patients were screened for dementia using the Mini-
Mental Status Examination (MMSE) and scored 26
and above, with a mean score of 28.85 (SD = 1.28,
range = 26–30). All patients were tested while on
anti-parkinsonian medication. Dosages of dopaminer-
gic medicationwere converted into equivalent levadopa
dosages using the standard formula, as described in
Brodsky, Godbold, Roth and Olanow [11], and ranged
from 12–1412 mg per day (mean = 510.00 mg, SD =
345.54). The PD participants were aged between 55
and 74 years (mean = 66.08 years, SD = 6.05), and
had a mean of 15.63 years of formal education (SD =
3.41, range = 10–23). They had no history of other
neurological impairment, psychiatric disorder, major
medical illness or brain injury.

The 26 AD patients (12 women and 14 men) had
been diagnosed in accordance with National Institute
of Neurologic, Communicative Disorders, and Stroke-
AD and Related Disorders Association (NINCDS-
ADRDA; McKhann et al. [44]) and DSM-IV [2] cri-
teria. The AD patients had a mean MMSE score of
21.54 (SD = 3.19, range = 13–25). They ranged in age
between 46 and 79 years (mean = 64.65 years, SD =
8.61) and had a mean of 10.12 years of formal educa-
tion (SD = 2.64, range = 8–18). They had no history
of other neurological impairment, psychiatric disorder,
major medical illness or brain injury.

The 42 healthy controls (26 women and 16 men)
were matched as closely as possible to the PD and AD
groups for age, gender and education. They had a
mean MMSE score of 28.76 (SD = 1.27, range = 26–
30). The healthy participants ranged in age between
46 and 82 years (mean = 63.21, SD = 8.24) and a
mean of 10.88 years of formal education (SD = 3.26,
range = 8–21). All healthy participants had no history
of psychiatric, neurological or degenerative disorder,
or brain injury.

The research was done in accordance with the
Helsinki declaration, and had ethical approval from
NHS Lothian and University of Edinburgh research
ethics committees.

2.2. Procedure and materials

Each participant completed the dual task assessment,
which consisted of performing digit recall and track-
ing tasks separately and then simultaneously. This du-
al task assessment, and the full instructions for its ad-
ministration and scoring, can be found at www.psy.ed.
ac.uk/people/sdsala/tests/sdsdualtask/.

Before commencing the digit recall task, digit span
for each individual was established. Participants heard
a list of digits at a rate of one per second. Partici-
pants were then asked to repeat these digits back in the
same order as they heard them. The initial sequence
length was two digits long and participants were pre-
sented with six sequences at each sequence length. If
five out of the six sequences were recalled correctly,
the digit sequence was lengthened by one digit. Once
a participant could no longer recall five out of the six
digit sequences, digit span was taken as the maximum
length at which the participant was able to recall five
out of six digit sequences correctly. After the partici-
pant’s span had been established, they heard sequences
at their individual span length for immediate serial re-
call, and this was repeated for as many sequences as
could be presented and recalled over a 90 second peri-
od. Therefore, the number of lists for each participant
varied depending on the length of their digit span, and
the performance measure was the proportion of digits
accurately recalled in the correct serial order position.

The tracking task consisted of using a pencil to draw a
line through a series of circles arranged in a path around
a sheet ofA3 paper. Participantswere given a shortened
version for a practice trial, with only 17 circles, to
ensure that they understood the task demands. After
this, the participant was presented with the full version
comprising 319 circles, and asked to start at one end of
the path and draw a line through each successive circle
as quickly as they could for a period of 90 seconds.
The performance measure was the number of circles
crossed by the pencil.

In the dual task condition, participants were asked to
perform the tracking task at the same time as listening
to and repeating back the digit sequences they heard, for
a further 90 seconds. The performance measures were
the proportion of digits accurately recalled in the correct
serial order position and the number of circles crossed
by the pencil. Proportional performance in digit recall
(pm) was calculated by measuring the change in digit
recall between single (msingle) and dual task (mdual)
conditions, where m is the proportion of digits recalled
accurately, and using:
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pm = 100 − (msingle − mdual) × 100
msingle

Proportional performance in tracking (pt) was cal-
culated by measuring the change in tracking between
single (tsingle) and dual task (tdual) conditions, where
t is the number of circles drawn through, and using:

pt = 100 − (tsingle − tdual) × 100
tsingle

In order to account for any possible trade-off in per-
formance across tasks, performance on both tasks was
combined to give a measure of overall dual task perfor-
mance (μ), which was calculated by using:

μ =
pm + pt

2

3. Results

3.1. Analytical strategy

Mean and standard deviations were calculated for
each of the variables. Normality of distribution was
assessed using the Kolmogorov-Smirnov test and, if
significant, by examining the z-scores for skewness
and kurtosis. Homogeneity of variance was assessed
using the Levene’s test. Unless otherwise stated, all data
met the assumptions of normality and homogeneity of
variance. Data were analysed using PASW Statistics
Data Editor.

3.2. Participants

A one-way between-subjects analysis of variance
(ANOVA) showed that there were no group differ-
ences in age [F (2, 78) = 0.70, n.s]. A Kolmogorov-
Smirnov test revealed that education was not normal-
ly distributed in two of the three participant groups.
There was a positively skewed and leptokurtic distri-
bution of years of education in the AD [D (26) = 0.36,
p < 0.001; zskewness = 4.65; zkurtosis = 4.22] and
healthy groups [D (42) = 0.37, p < 0.001; zskewness
= 5.14; zkurtosis = 3.74]. A Kruskal-Wallis test re-
vealed significant group differences in years of educa-
tion [H (2) = 20.30, p < 0.001], and Mann-Whitney
tests revealed that the PD patients were significantly
more educated than both the AD patients (U = 29.00,
p < 0.001) and the healthy participants (U = 71.50,
p < 0.001), but there was no difference between the
AD and healthy groups (U = 419.50, n.s.).

Table 2
Group means and standard deviations of proportional performance
in digit recall (pm), tracking (pt) and both tasks overall (µ)

PD AD Healthy
Mean (SD) Mean (SD) Mean (SD)

Digit recall 83.21 (18.07) 92.51 (10.95) 93.71 (10.01)
Tracking 95.53 (19.95) 64.52 (24.04) 90.12 (12.50)
Overall 89.37 (15.33) 78.50 (2.73) 91.92 (7.36)

A Levene’s test revealed that the three participant
groups had MMSE scores with significant different
variances [F (2, 78) = 21.16, p < 0.001]. A Kruskal-
Wallis test revealed that there was a significant differ-
ence inmeanMMSE score between the three groups [H
(2) = 54.85, p < 0.001]. Mann-Whitney tests showed
that the AD participants had lower MMSE scores than
both PD (U = 0.00, p < 0.001) and healthy groups
(U = 0.00, p < 0.001), but with no difference between
the PD and healthy groups (U = 263.50, n.s.). Years of
education was not found to be related to MMSE score
[F (1, 76) = 2.41, n.s.].

3.3. Digit span

A one-way ANOVA revealed a significant group dif-
ference in digit span [F (2, 76) = 28.45, p < 0.001].
Years of education was found to be related to digit span
performance [F (1, 76) = 19.71, p < 0.001], but when
the effect of educationwas partialled out, using an anal-
ysis of co-variance, there remained a group difference
[F (3, 76) = 28.88, p < 0.001]. Bonferroni-corrected
post-hoc analyses revealed that the AD group had sig-
nificantly shorter digit span (mean = 4.23, SD = 0.95)
than both the PD (mean = 7.08, SD = 1.50, p < 0.001)
and healthy groups (mean = 5.40, SD = 0.17, p <
0.001), whose difference fell short of significance (p =
0.06).

3.4. Single task performance

The healthy group’s digit recall performance in
the single task condition was significantly positively
skewed [D (42) = 0.20, p < 0.05; zskewness = 2.44].
A Kruskal-Wallis test revealed no group differences in
mean digit recall performance in the single task condi-
tion [H (2) = 2.35, n.s.], with no obvious outliers ex-
plaining the apparent group difference in performance.

A one-way ANOVA revealed a significant group dif-
ference in tracking performance in the single task con-
dition [F (2, 78) = 16.62, p < 0.001]. Bonferroni-
corrected post-hoc analyses revealed that healthy adults
performed better on the tracking task than both the PD
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and AD groups (both p < 0.001), but there was no
difference between the two patient groups (n.s.).

Years of education was not found to be related to
either digit recall [F (1, 76) = 0.78, p = 0.38] or
tracking performance [F (1, 76) = 0.60, n.s.].

3.5. Dual task performance

Group means and SDs of proportional performance
in digit recall (pm), tracking (pt) and both tasks overall
(μ) are presented in Table 2.

The score distribution of the healthy group’s propor-
tional performance of the digit recall task (pm) was sig-
nificantly negatively skewed and leptokurtic [D (42) =
0.17, p < 0.05; zskewness = −3.68; zkurtosis = 3.11].
A Levene’s test also revealed that the three participant
groups had significantly different variances on this task
[F (2, 78) = 9.14, p < 0.001]. A Kruskal-Wallis test
revealed no group differences inmean proportional per-
formance of digit recall [H (2) = 3.34, n.s.].

A Levene’s test also revealed that there were signif-
icant differences in the variances in scores of propor-
tional performance of tracking (pt) between the three
groups [F (2, 78) = 26.89, p < 0.001]. A Kruskal-
Wallis test revealed a significant group difference in
these scores [H (2) = 25.89, p < 0.001]. Mann-
Whitney tests showed that the AD group had poorer
proportional performance of tracking than both the PD
(U = 47.50, p < 0.001) and healthy groups (U =
165.00, p < 0.001), but no difference between the PD
and healthy groups (U = 259.50, n.s.).

Wilcoxon signed-rank tests revealed that the differ-
ence in the overall dual task decrement shown between
the digit recall and tracking tasks in either the PD
(z = −1.73, p = 0.08) or healthy groups (z = −1.73,
p = 0.10) did not reach significance. However, the
AD group showed significantly greater dual task decre-
ment in the tracking task than the digit recall task
(z = −4.31, p < 0.001).

A Levene’s test also revealed that there were signif-
icant differences in the variances of overall dual task
performance (μ) between the three groups [F (2, 78) =
10.08, p < 0.001]. A Kruskal-Wallis test revealed a
significant group difference in these scores [H (2) =
18.89, p < 0.001]. Mann-Whitney tests showed that
the AD group had poorer overall performance than both
the PD (U = 100.00, p < 0.005) and healthy groups
(U = 203.00, p < 0.001), but with no difference be-
tween the PD and healthy groups (U = 210.00, n.s.)1.

Spearman’s correlations revealed proportional per-
formance of both tasks overall was not associated with

years of education (ρ = 0.14, n.s.), butwas significantly
correlated with MMSE score (ρ = 0.47, p < 0.001).

A Pearson’s correlation revealed that PD patients’
overall dual task performance was not associated with
the duration of their PD (r = −0.21, n.s.). The PD
patients’ equivalent levadopa dosages had a leptokurtic
distribution [D (13) = 0.30, p < 0.05; zkurtosis =
2.92] and a Spearman’s correlation revealed that dosage
was not associated with overall dual task performance
(ρ = 0.33, n.s.).

4. Discussion

Several studies have reported that dual tasking is un-
affected by healthy ageing but significantly impaired
in AD [6,8,21,24,28,33,37,40–42,56]. In this study,
the people with AD were significantly impaired in du-
al tasking when compared with healthy age-matched
controls, confirming this previously reported pattern of
impairment.

4.1. Alzheimer’s disease

Themain aim of the present studywas to determine if
dual tasking impairment was specific to AD, or also af-
fected by another neurodegenerative condition, namely
PD. When people with PD were compared with people
with AD and healthy age-matched controls, only the
people with AD demonstrated dual task impairment.
Dual tasking ability was negatively correlated with in-
creasing disease severity. Thesefindings are in linewith
those of previous studies reporting that dual tasking is
specifically impaired by AD, and not sensitive to other
disorders that can mimic AD, such as chronic depres-
sion in old age [34], or MCI [28].

Furthermore, the AD group demonstrated signifi-
cantly shorter digit spans than the other two groups,
with the PD group appearing to have longer digit spans
than the healthy controls. It is possible that the differing
digit spans in three groups simply reflects the differing
number of years of formal education received.

More importantly, perhaps, is that this variation in
digit span performance underlines the need to adjust
the demands of the tasks according to such individual
differences. Indeed, when the level of demand was in-
dividually titrated, there were no group differences in
single task digit recall performance, confirming that the
dual task impairment observed was not caused by rela-
tively poorer performanceon the single tasks, but rather
reflects a specific impairment in the ability to coordi-
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nate the simultaneous performance of two independent
tasks.

The finding that dual tasking is preserved in PD
contradicts previous research [12,20,50,59]. However,
these previous studies have used two tasks that do not
load upon separate cognitive resources, do not equate
single task performance across groups and/or do not
take into account possible trade-off in dual task perfor-
mance. This study is the first to show, that when care
is taken to avoid these methodological confounds, that
people with PD do not show dual task impairment. The
sparing of dual task ability is consistent with the previ-
ous literature reporting a patchy pattern of impairment
across different cognitive functions in PD (e.g. [45]),
with deficits found in set-shifting (e.g. [16]) and inhibi-
tion (e.g. [57]), but less clear impairments observed in
updating (e.g. [25]) and planning abilities (e.g. [45]).

The lack of dual task impairment in PD cannot be
explained by the relative differences in education (or
digit span), as although the PD patients were, on av-
erage, more educated than the other two groups, edu-
cation was not related to dual task performance. Dual
task performance in the PD group was also not asso-
ciated with either disease duration or equivalent lev-
adopa dosage. Previous studies have also found few
correlations between cognitive performance and dis-
ease duration and/or motor symptoms (e.g. [45]). It is
possible that the sparing of dual tasking ability in PD
is limited to people without PD-D. The previous study
by Dalrymple-Alford et al. [20] that found dual task
deficits in people with PD did not screen for possible
dementia. The cognitive phenotype of PD-D is still be-
ing determined [30], and dual tasking ability in this
type of dementia has yet to be examined.

This specificity is of considerable theoretical and
clinical interest. It appears that the ability to coordi-
nate performanceof two independent tasks is a function
available in the healthy brain, but specifically damaged
by AD, leading to further questions about its under-
lying biological mechanisms, and the neurobiological
underpinnings of dual tasking.

The lack of dual task impairment in depression [34],
MCI [28], and now also PD, suggests that dual task as-
sessments may be particularly useful in the differential
diagnosis of AD. Indeed, the paper-and-pencil version
used in this study offers an easily-transportable, inex-
pensive and usable measure, which could be readily
used in primary health care to support the early and
accurate diagnosis of AD. Dual task measure are also
appropriate for following up people over time, as dual
task performance is associated with disease severity,
but less vulnerable to floor effects than measures of
episodic memory (e.g. [31]).

Acknowledgments

This work was funded by an award from the Uni-
versity of EdinburghMoray Endowment Fund awarded
to Jennifer A. Foley. We are very grateful to Parkin-
son’s UK for their assistance with recruitment and John
Howard and Rebecca Sanderson for their help with
testing the PD patients.

References

[1] Alberoni M, Baddeley A, Della Sala S, Logie R, Spinnler H.
Keeping track of a conversation: Impairments in Alzheimer’s
disease. International Journal of Geriatric Psychiatry, 1992; 7,
639-46.

[2] American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision
(DSM-IV-TR). Washington, DC: American Psychiatric Asso-
ciation; 2000.

[3] Anderson ND Craik FIM, Naveh-Benjamin M. The attention-
al demands of encoding and retrieval in younger and older
adults: 1. Evidence from divided attention costs. Psychology
and Aging, 1998; 13, 405-423.

[4] Baddeley AD. Working memory, thought and action. Oxford:
Oxford University Press; 2007.

[5] Baddeley AD, Baddeley HA, Bucks KS, Wilcock GK. At-
tentional control in Alzheimer’s disease. Brain, 2001; 124,
1492-1508.

[6] Baddeley AD, Bressi S, Della Sala S, Logie RH, Spinnler H.
The decline of working memory in Alzheimer’s disease: A
longitudinal study. Brain, 1991, 114, 2521-2542.

[7] Baddeley AD, Della Sala S. Working memory and executive
control. Proceedings of the Royal Society London B, 1996;
351, 1397-1404.

[8] Baddeley AD, Logie R, Bressi S, Della Sala S, Spinnler H.
Dementia and working memory. Quarterly Journal of Experi-
mental Psychology, 1986; 38A, 603-618.

[9] Belleville S, Rouleau N, Caza N. Effect of normal aging on
the manipulation of information in working memory. Memory
& Cognition, 1998; 26, 572-583.

[10] Bouquet CA, Bonnaud V, Gil R. Investigation of supervisory
attentional system functions in patients with Parkinson’s dis-
ease using the Hayling task. Journal of Clinical and Experi-
mental Neuropsychology, 2003; 25, 751-60.

[11] Brodsky MA, Godbold J, Roth T, Olanow W. Sleepiness in
Parkinson’s disease: A controlled study. Movement Disorders,
2003; 18, 668-672.

[12] Brown RG, Marsden CD. Dual task performance and process-
ing resources in normal subjects and patients with Parkinson’s
disease. Brain, 1991; 114A, 215-231.

[13] Cameron IG, Watanabe M, Pari G, Munoz DO. Executive im-
pairment in people with Parkinson’s disease: Response au-
tomaticity and task switching. Neuropsychologia, 2010; 48,
1948-1957.

[14] Cocchini G, Della Sala S, Logie RH, Pagani R, Sacco L,
Spinnler H. Dual task effects of walking whilst talking in
Alzheimer’s disease. Revue Neurologique, 2004; 160, 74-80.

[15] Cocchini G, Logie RH, Della Sala S, MacPherson SE, Badde-
ley AD. Concurrent performance of two memory tasks: Evi-
dence for domain-specific working memory systems. Memory
& Cognition, 2002; 30, 1086-1095.



190 J.A. Foley et al. / Dual task performance in Parkinson’s disease

[16] Cools R, Rogers R, Barker RA, Robbins TW. Top-down atten-
tional control in Parkinson’s disease: Salient considerations.
Journal of Cognitive Neuroscience, 2009; 22, 848-859.

[17] Cools R, Stefanova E, Barker RA, Robbins TW, Owen AM.
Dopaminergic modulation of high-level cognition in Parkin-
son’s disease: The role of the prefrontal cortex revealed by
PET. Brain, 2002; 125, 584-594.

[18] Craik FIM,Govoni R, Naveh-Benjamin M, Anderson ND. The
effects of divided attention on encoding and retrieval process-
es in human memory. Journal of Experimental Psychology:
General, 1996; 125, 159-180.

[19] Craik FIM, McDowd JM. Age differences in recall and recog-
nition. Journal of Experimental Psychology: Learning, Mem-
ory, and Cognition, 1987; 13, 474-479.

[20] Dalrymple-Alford JC, Kalders AS, Jones RD, Watson RW. A
central executive deficit in patients with Parkinson’s disease.
Journal of Neurology, Neurosurgery & Psychiatry, 1994; 57,
360-367.

[21] Della Sala S, Baddeley A, Papagno C, Spinnler H. Dual-task
paradigm: A means to examine the central executive. Annals
of the New York Academy of Sciences, 1995; 769, 161-171.

[22] Della Sala S, Cocchini G, Logie RH, Allerhand M, MacPher-
son SE. Dual task during encoding, maintenance and retrieval
in Alzheimer’s disease. Journal of Alzheimer’s Disease, 2010;
19, 503-515.

[23] Della Sala S, Foley JA, Beschin N, Allerhand M, Logie RH.
Assessing dual task performance using a paper-and-pencil test:
Normative data. Archives of Clinical Neuropsychology, 2010;
25, 410-419.

[24] Della Sala S, Foley JA, Parra MA, Logie RH. Dual tasking and
memory binding in AD. Journal of Alzheimer Disease, 2011;
23 Suppl: 22-24.

[25] Della Sala S, Pasetti C, Sempio P. Deficit of the “primacy ef-
fect” in Parkinsonians interpreted by means of the Working
Memory model. Schweizer Archiv für Neurologie und Psy-
chiatrie, 1987; 138, 5-14

[26] Duff SC, Logie RH. Processing and storage in working mem-
ory span. The Quarterly Journal of Experimental Psychology
Section A, 2001; 54, 31-48.

[27] Fernandes MS, Moscovitch M. Divided attention and mem-
ory: Evidence of substantial interference effects at retrieval
and encoding. Journal of Experimental Psychology: General,
2000; 129, 155-176.

[28] Foley JA, Kaschel R, Logie RH, Della Sala S. Dual task per-
formance in Alzheimer’s disease, Mild Cognitive Impairment
and normal ageing. Archives of Clinical Neuropsychology,
2011; 26, 340-348.

[29] Gabrieli JDE, Singh J, Stebbins GT, GoetzCG. Reducedwork-
ing memory span in Parkinson’s disease: Evidence for the role
of a frontostriatal system in working and strategic memory.
Neuropsychology, 1996; 10, 322-332.

[30] Goetz CG, Emre M, Dubois B. Parkinson’s disease dementia:
Definitions, guidelines and research perspectives in diagnosis.
Annals of Neurology, 2008; 64, S81-S92.

[31] Greene JD, Hodges JR, Baddeley AD. Autobiographical
memory and executive function in early dementia of the
Alzheimer’s type. Neuropsychologia, 1995; 33, 1647-1670.

[32] Hartley AA, Little DM. Age-related differences and similar-
ities in dual-task interference. Journal of Experimental Psy-
chology: General, 1999; 128, 416-449.

[33] Holtzer R, Burright RG, Donovick PJ. The sensitivity of dual-
task performance to cognitive status in aging. Journal of the
International Neuropsychological Society, 2004; 10, 230-238.

[34] Kaschel R, Logie RH, Kazén M, Della Sala S. Alzheimer’s
Disease, but not ageing or depression, affects dual-tasking.
Journal of Neurology, 2009; 256, 1860-1868.

[35] Kehagia AA, Cools R, Barker RA, Robbins TW.Switching be-
tween abstract rules reflects disease severity but not dopamin-
ergic status in Parkinson’s disease. Neuropsychologia, 2009;
47, 1117-1127.

[36] Lindenberger U, Marsiske M, Baltes PB. Memorizing while
walking: Increase in dual-task costs from young adulthood to
old age. Psychology and Aging, 2000; 15, 417-436.

[37] Logie RH, Cocchini G, Della Sala S, Baddeley A. Is there a
specific executive capacity for dual task coordination? Evi-
dence from Alzheimer’s disease. Neuropsychology, 2004; 18,
504-513.

[38] Logie RH, Della Sala S, MacPherson S, Cooper J. Dual task
demands on encoding and retrieval processes: Evidence from
healthy adult ageing. Cortex, 2007; 43, 159-169.

[39] Logie RH, Zucco GM, Baddeley AD. Interference with visual
short-term memory. Acta Psychologica, 1990; 75, 55-74.

[40] MacPherson SE, Della Sala S, Logie RH. Dual-task interfer-
ence on encoding and retrieval processes in healthy and im-
paired working memory. Cortex, 2004; 40, 183-184.

[41] MacPherson SE,Della Sala S, Logie RH, Wilcock GK. Specif-
ic AD impairment in concurrent performance of two memory
tasks. Cortex, 2007; 43, 858-865.

[42] MacPherson SE, Parra MA, Moreno S, Lopera F, Della Sala
S. (2012). Dual task abilities as a possible preclinical marker
of Alzheimer’s disease in carriers of the E280A presenilin-
1 mutation. Journal of the International Neuropsychological
Society, 18, 1-8.

[43] McDowd JM & Craik FIM. Effects of ageing and task difficul-
ty on divided attention performance. Journal of Experimental
Psychology: Human Perception and Performance, 1988, 14,
267-280.

[44] McKhann G, Drachman D, Folstein M, Katzman R, Pice D,
Stadian EM. Clinical diagnosis of Alzheimer’s disease: re-
port of the NINCDS-ADRDA work group under the auspices
of department of Health and Human Services task force on
Alzheimer’s disease. Neurology, 1984; 34, 189-198.

[45] McKinlay A, Grace RC, Dalrymple-Alford JC, Roger D. Cog-
nitive characteristics associated with mild cognitive impair-
ment in Parkinson’s disease. Dementia and Geriatric Cognitive
Disorders, 2009; 289, 121-129.

[46] Morris RG. Short-term forgetting in senile dementia of the
Alzheimer’s type. Cognitive Neuropsychology, 1986; 3, 77-
97.

[47] Morris RG, BaddeleyAD. Primary andworkingmemory func-
tioning in Alzheimer-type dementia. Journal of Clinical and
Experimental Neuropsychology, 1988; 10, 279-296.

[48] Morris RG, Downes JJ, Sahakian BJ, Evenden JL, Heald A,
Robbins TW. Planning and spatial working memory in Parkin-
son’s disease. Journal of Neurology, Neurosurgery & Psychi-
atry, 1988; 51, 757-766.

[49] Naveh-Benjamin M, Craik FIM, Guez J, Kreuger S. Divided
attention in younger and older adults: Effects of strategy and
relatedness on memory performance and secondary task costs.
Journal of Experimental Psychology: Learning, Memory, and
Cognition, 2005; 31, 520-537.

[50] O’Shea S, Morris ME, Iansek R. Dual task interference during
gait in people with Parkinson disease: Effects of motor versus
cognitive secondary tasks. Physical Therapy, 2002; 82, 888-
897.

[51] Owen AM, Roberts AC, Hodges JR, Summers BA, Polkey CE,
Robbins TW. Contrasting mechanisms of impaired attentional



J.A. Foley et al. / Dual task performance in Parkinson’s disease 191

set-shifting in patients with frontal lobe damage or Parkinson’s
disease. Brain, 1993; 116, 1159-1175.

[52] Parkinson’s Disease Foundation Understanding Parkinson’s:
Parkinson’s FAQ. Parkinson’s Disease Foundation; 2010.

[53] Pashler H. Dual-task interference in simple tasks: Data and
theory. Psychological Bulletin, 1994; 116, 220-244.

[54] Salthouse TA, Fristoe NM, Lineweaver TT, Coon VE. Aging
of attention: Does the ability to divide decline? Memory &
Cognition, 1995; 23, 59-71.

[55] Salthouse TA, Rogan JD, Prill KA. Division of attention: Age
differences on a visually presented memory task. Memory &
Cognition, 1984; 12, 613-620.

[56] Sebastian MV, Menor J, Elosua MR. Attentional dysfunction
of the central executive in AD: Evidence from dual task and
perseveration errors. Cortex, 2006; 42, 1015-1020.

[57] Uekermann J, Daum I, Bielawski M, Muhlack S, Peters S,
Przuntek H., Mueller T. Differential executive control impair-
ments in early Parkinson’s disease. Journal of Neural Trans-
mission, 2004; Suppl. 39-51.

[58] Williams-Gray CH, Hampshire A, Barker RA, Owen AM.
Attentional control in Parkinson’s disease is dependent on
COMT val158 met genotype. Brain, 2008; 131, 397-408.

[59] Wu T, Hallett M. Neural correlates of dual task performance
in patients with Parkinson’s disease. Journal of Neurology,
Neurosurgery & Psychiatry, 2007; 79, 760-766.

[60] Zgaljardic DJ, Borod JS, Foldi NS, Mattis PJ, Gordon MF,
Feigin A, Eidelberg D. An examination of executive dysfunc-
tion associated with frontostriatal circuitry in Parkinson’s dis-
ease. Journal of Clinical and Experimental Neuropsychology,
2006; 28, 1127-1144.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


