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Abstract The interplay between gait and specific cognitive faculties, in particular executive function (EF) and
dual tasking abilities, has been described in healthy adults
and in patients with Parkinson’s disease (PD). There is,
however, little direct evidence on the relationship between
cognitive function, gait, and fall risk in PD, especially in
the ‘‘ON’’ state (i.e., under the influence of the anti-parkinsonian medications). To address this issue, we evaluated
cognitive function and gait under usual walking and dualtask conditions in 30 patients with PD in the ON state of

M. Plotnik (&)  N. Giladi  Y. Dagan  J. M. Hausdorff
Laboratory for Gait and Neurodynamics, Movement Disorders
Unit, Department of Neurology, Tel Aviv Sourasky Medical
Center, 6 Weizmann St., 64239 Tel Aviv, Israel
e-mail: meirp@tasmc.health.gov.il

the medication cycle. Subjects were classified as fallers or
non-fallers based on their history. A computerized battery
quantified cognitive function. Gait was assessed under
three conditions: (1) Usual walking, (2) While subtracting
serial 3 s, and (3) While subtracting serial 7 s. The EF and
attention scores were lower in the fallers, compared to nonfallers (P B 0.037), but general measures of cognition,
e.g., memory, (P = 0.341) were not. Gait speed, variability, and the bilateral coordination of gait were worse in the
fallers in all conditions. The DT effects on gait variability
and bilateral coordination were larger in the fallers
(P = 0.044, P = 0.061, respectively). These results suggest that patients with PD who have a high risk of falling
are more sensitive to DT effects, perhaps as a result of
relatively poor EF. These cognitive and motor deficits may
increase the likelihood of loss of balance during everyday
attention-demanding tasks among patients with PD.
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Falls are one of the most common negative consequences
of Parkinson’s disease (PD). Patients with PD fall frequently, two to three times that seen in the general elderly
population (Bloem et al. 2004; Pickering et al. 2007). Falls
in PD significantly impact on psychological and physical
function in many ways. They often bring about the
development of fear of falling (Adkin et al. 2003), loss of
independence, increased admission to nursing home (Hely
et al. 1999), injuries, reduced mobility, and weakness (Sato
et al. 1998). Given the profound and widespread negative
impact of falls, it is not surprizing that recently published
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guidelines suggest that neurologists inquire about fall status at every clinical visit (Cheng et al. 2010).
Fall risk factors among patients with PD include disease
severity, motor function, and level of mobility (Kerr et al.
2010). Recent studies also identified cognitive impairment
as an independent contributing factor (Latt et al. 2009a;
Allcock et al. 2009). This association between cognitive
impairment and falls in PD parallels findings in older adults
and in a variety of neurological patient populations
(Alexander and Hausdorff 2008; Bootsma-van der et al.
2003; Rochester et al. 2005; Springer et al. 2006; van Iersel
et al. 2008; Yogev-Seligmann et al. 2008). In those populations, the ability to walk while performing another task,
i.e., dual tasking (DT), has specifically been associated
with fall risk (Bootsma-van der et al. 2003; Springer et al.
2006; Sheridan and Hausdorff 2007; Plummer-D’Amato
et al. 2008; Yang et al. 2007; Kalron et al. 2010). Patients
with PD share many of the fall risk factors of the general
elderly population and, while clearly not identical, the
profiles of the motor and cognitive deficits overlap (Bloem
et al. 2004; Hausdorff et al. 2006; Yogev et al. 2007).
While the negative impact of DT on gait among patients
with PD has also been documented (Camicioli et al. 1998;
Yogev-Seligmann et al. 2008; Yogev et al. 2005, 2007;
Hausdorff et al. 2003a), it remains to be seen if a reduced
DT performance is associated with an increased fall risk
among patients with PD. To more fully understand the
factors that contribute to fall risk in PD, it is important to
determine the possible role of DT gait in fall risk.
To our knowledge, however, no studies have yet to
directly compare the effects of DT among PD fallers and
non-fallers. The purpose of the present report was to begin
to evaluate the relationship between DT gait abilities and
fall risk in patients with PD. Given the study by Allcock
et al. (2009) and the findings in other populations, we
hypothesized that the effects of DT on gait would be larger
among PD fallers, compared to PD non-fallers. More
specifically, since in the elderly population, gait variability
increased in DT conditions among fallers (Springer et al.
2006), we hypothesized that the DT effect would be larger
among PD fallers, compared to PD non-fallers. We also
evaluated the effects of DT on other measures of gait (e.g.,
bilateral coordination of gait) to determine whether these
features responded differently in fallers and non-fallers. A
secondary objective was to evaluate which executive
functions are more impaired among PD fallers, compared
to PD non-fallers. To accomplish these aims we re-examined a database that was recently analyzed for other purposes (Plotnik et al. 2011). Since many falls occur in the
‘‘ON’’ medication state, when patients are generally more
mobile and exposed to circumstances that often lead to falls
(Kerr et al. 2010), we focused on gait during the ‘‘ON’’
state.
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Materials and methods
Subjects
The analyses described herein are based on a data set
previously reported (Plotnik et al. 2011). The study
participants were subjects with idiopathic PD (n = 30),
as defined by the UK Brain Bank criteria (Gelb et al.
1999).
Patients were included if they were receiving levodopa
treatment and experienced motor response fluctuations,
either ‘predictable’ or ‘non-predictable’ (as documented in
their routine medical records by the treating neurologist).
In addition to levodopa, seven patients were treated with
dopamine agonists, ten with amantadine, eight with
monoamine oxidase B (MAO-B) inhibitors, and three with
catechol-O-methyltransferase (COMT) inhibitors. Subjects
were excluded if they had brain surgery in the past, or if
they had clinically significant co-morbidities likely to
affect gait including diabetes mellitus, rheumatic or
orthopedic disease, dementia (score of the Mini Mental
State Exam, MMSE \ 25), major depression, or history of
stroke, as determined by clinical or radiological evaluation.
The subjects were characterized with respect to age, gender, height and weight, body mass index (BMI), and disease duration.
To determine if a subject has an increased risk of falling,
the following questions were introduced to the patient: (1)
Did you fall in the past month?; (2) Did you fall in the past
year?; (3) How many times did you fall in the past year?;
and (4) Do you fear that you will fall?. For the purpose of
the present analyses, the subjects were divided into two
groups: (1) Fallers (n = 16) if a subject responded ‘yes’ to
question 2 and (2) Non-fallers (n = 14) if a subject
responded ‘no’. To further explore the association between
DT gait and fall risk, we also compared recurrent fallers
(patients who reported at least two falls) to non-fallers. The
experimental protocol was approved by the local human
studies committee. All subjects provided informed written
consent according to the Declaration of Helsinki prior to
enrollment in the study.
Experimental procedure
The patients started the testing during their ‘‘ON’’ state of
the medication cycle, i.e., approximately 45 min to 1 h
after the last intake of anti-parkinsonian medication, after
confirming being in a good ‘‘ON’’ state. All testing was
performed in the ‘‘ON’’ state to address our primary
objective and as is typical in studies of the assessment of
cognitive function in patients with PD, minimizing potentially confounding motor effects. If the subject or the
examiner reported ‘wearing off’, the patient took the next
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dose of medication, and when the patient reported returning
to ‘‘ON’’, he/she resumed the examination (only three
subjects had to retake their medications). The protocol was
performed in this order: the assessment of gait, cognitive
function, and clinical symptoms. The protocol lasted about
1.5–2 h.
Clinical evaluation and assessment
of falls and group classification
PD status was evaluated using the Unified Parkinson’s
Disease Rating Scale (UPDRS) (Fahn et al. 1987) and the
Hoehn and Yahr (H&Y) staging (Hoehn and Yahr 1967).
The clinical evaluation also included the timed up and go
(TUG) test of mobility (Podsiadlo and Richardson 1991).
Briefly, for the TUG, the subject was seated in a chair.
When told to start, the subject was asked to get up, walk
forward a distance of 3 m, turn, go back to the chair, and sit
down again. The time required for completion of the task
was measured using a stopwatch. Two trials were performed and the second was analyzed. Affect, a potential
confounder, was assessed using the Geriatric Depression
Scale (GDS; Yesavage et al. 1982) and the Spielberger
State and Trait Anxiety Inventory test (Spielberger and
Gorusch 1983).
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Cognitive assessment
‘‘Pen and Paper’’ tests
To assess executive function (EF) capabilities, we used The
Trails Making test (TMT), a classic test of EF test that
evaluates visual scanning and task switching. TMT performance has been associated with dual-task abilities and
gait impairments (e.g., reduced gait speed) during a complex walking task (Coppin et al. 2006; Herman et al. 2010).
The color version of the test was used. Briefly, the
subject has to draw a line connecting numbered circles
(1–25) randomly scattered on a page (TMT-A), and then to
repeat this task (on a different page) with the additional
demand to alternate the path between circles painted in two
different colors (TMT-B). Times needed for completing the
TMT-A, TMT-B, and the time difference between TMT-B
and TMT-A [TMT (B-A)] were recorded.
The second test of EF is the digit span test. Subjects
were requested to repeat series of digits that were read by
the examiner in the same order (‘forward’) or in reverse
order (‘backwards’). The maximum numbers of digits that
could be repeated without two mistakes were recorded for
the ‘forward’ and ‘backward’ parts. These values were
summed and served as the score of this test. This test
assesses the domain of working memory.

Gait protocol
Computerized battery of cognitive tests
The subjects wore force-sensitive insoles (Pedar-X,
Novel, Germany) that use an array of capacitive sensors
(99 in each insole) to measure the ground reaction forces
under each foot at a sampling rate of 100 Hz. The data
were saved on a portable recording unit and then
transferred to a computer for offline analysis (i.e.,
extracting from the signal temporal parameters of the
gait cycles). Prior to the experiment, the subjects
received an explanation about the protocol and were
introduced to the walking area, a level *20-m-long and
2-m-wide corridor. Three gait tasks were performed in a
random order, with about 5 min of rest between each
task: (1) Usual walking: the subject walked back and
forth in the corridor covering a distance of *80 m at his
or her self-selected comfortable pace. (2) Dual Tasking
(DT): serial three (S3) condition (DT_S3). The subject
walked the same path as during Usual-walking, but this
time performed serial subtractions of the number three
starting from a randomly presented three digit number
(e.g., 500, 497, 494…). (3) DT_S7: same as DT_S3,
except that the number seven was subtracted. Several
studies suggest that serial subtractions is one of the most
effective DT paradigms, causing gait changes in healthy
subjects and patients with PD (e.g., Springer et al. 2006;
Yogev et al. 2005).

Computerized cognitive tests were performed with the
Mindstreams system (NeuroTrax, Corp., Newark, NJ). This
consists of software that resides on a local testing computer
and serves as the platform for interactive cognitive tests
(Dwolatzky et al. 2003, 2004). The following cognitive
capacities were studied and quantified as individual indices: EF, attention, information processing speed, memory,
and visual–spatial orientation. Familiarization with the
testing environment and with each individual test was
accomplished through practice sessions. The scoring system has been elaborately described elsewhere (Doniger
et al. 2005, 2006; Dwolatzky et al. 2003, 2004; Yogev et al.
2005). Briefly, the performance of each cognitive domain
is compared to a normal distribution of values based on
data collected from healthy control subjects with the same
age and gender as the subject. A score of 100 represents the
mean of each cognitive domain for healthy control subjects. Scores of 85 and 115 are one standard deviation
below or above the age and education adjusted mean,
respectively. Performance on these computerized cognitive
tests were previously associated with fall risk in older
adults (Herman et al. 2010; Springer et al. 2006) and with
the effects of therapeutic interventions and DT on gait
among patients with PD (Yogev et al. 2005). The Mini
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Mental State Exam (MMSE; Folstein et al. 1975) was used
as a screen for dementia and as a gross measure of cognitive function.
Gait analysis
For each leg, the time series of the force profile (sum of
the forces sampled by each of the individual sensors)
were analyzed by computer software that automatically
detects the times of the heel strike and the toe-off of
each gait cycle, as previously described (Hausdorff et al.
1998, 2003b). In order to focus on the assessment of
undisturbed continuous walking, the collected data were
pre-processed and strides belonging to 180 turns (i.e., at
the end of the corridor) were excluded from the analysis,
as detailed elsewhere (Hausdorff et al. 2003b). Gait
outcome measures representing general mobility, gait
variability, and bilateral function of gait were calculated
for each walking condition: Mobility measures: (1) Gait
speed- Average gait speed was determined using a
stopwatch by measuring the average time the subject
walked the middle fifteen meters of the walking path; (2)
Stride length- Average stride length was determined by
the product of the average gait speed and the average
stride time (see below). Gait variability measures: (1)
Stride time variability (i.e., the coefficient of variation
(CV) of the stride time, left and right stride times, i.e.,
L_str and R_str, respectively); (2) Swing time variabilitythe CV of the swing time- left and right (LSW_CV and
RSW_CV, respectively). Since stride and swing time
values and stride and swing time variability values were
highly correlated between the left and the right leg
during all walking conditions (0.79 B R B 1.00;
P \ 0.001), we report here data from the left leg only
(i.e., L_str and L_CV, L_SW, and LSW_CV). Gait
variability measures have been shown to be associated
with parkinsonian gait from early stages of the disease
(Baltadjieva et al. 2006), may even be a bio-marker of
PD (Mirelman 2011), and have been associated with fall
risk in PD (Hausdorff 2009). Swing time variability was
found especially sensitive to DT in PD (Yogev et al.
2005).
Finally, the following measures assessed bilateral
function of gait:
1.

Gait Asymmetry (GA): Calculation of GA is performed
according to the relationship:

GA ¼ 100  jlnðR SW=L SWÞj
This measure has been described in healthy subjects and in
patients with PD (Plotnik et al. 2005; Yogev et al. 2007).
The natural logarithm was applied to take into account the
skewed nature of the data.
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2.

Phase Coordination Index (PCI): The coordination of
left–right stepping was assessed using a recently
described measure, i.e., the PCI. A full description
and derivation of the PCI metric is detailed elsewhere
(Plotnik et al. 2007). Lower PCI values reflect a more
consistent and more accurate phase generation.

Data handling and statistical analysis
Descriptive statistics are reported as mean ± standard
deviation (SD). Demographic and clinical parameters were
compared between the fallers and the non-fallers based on
the Student’s t test. Since age was significantly higher for
the fallers (see Table 1), scores on cognitive tests were
compared between the groups using univariate analysis of
variance (U-ANOVA) entering GROUP (i.e., fallers, nonfallers) as a fixed factor. For the ‘pen and paper’ tests, age
was entered as a covariate to the model, but not for the
computerized test battery for which the scores are already
normalized with respect to age. Gait variables were
checked for normality and pair wise exclusion of outliers
was performed if needed. Only in the case of PCI and GA,
one data point was excluded in some of the walking conditions. Statistical significance was considered if P \ 0.05.
If 0.1 \ P \ 0.05, the results were considered marginally
significant.
To address the primary objective of the study, a general
linear model (GLM) with repeated measures was applied to
evaluate how DT affected gait variability. Similar analyses
were applied for each of the different gait parameters (i.e.,
gait speed, stride length, GA, PCI). Each gait parameter
was assessed as within-subject variable with three levels
(i.e., TASK: usual walking, DT_S3, DT_S7). The GROUP
parameter (i.e., fallers, non-fallers) was the between-subject variable and age was fed into the model as a covariate.
The Group X Task interaction assessed any differential
effect of DT.
For any gait parameter that this interaction was significant or marginally significant, we applied a secondary
analysis in order to determine if the different extent of the
DT effect on gait was associated with the DT_S3 effect as
compared with the usual walking, and also (or exclusively)
with the DT_S7 effect in comparison with the performance
in the DT_S3. Therefore, additional post hoc analyses were
applied two more times, this time with only two TASK
levels: (1) Usual walking and DT_S3 and (2) DT_S3 and
DT_S7 (Bonferroni corrected, K = 2).
For any gait parameter for which a significant GROUP
effect was found by the GLM, in the case of significant
Group X Task interaction, additional post hoc comparisons
between the two groups, for each task independently. This
was done using three U-ANOVA models with GROUP as a
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Table 1 Demographic, clinical, and mental health characteristics of the study groups (Mean ± SD)
Variable

Non-fallers (n = 14)

Fallers (n = 16)

P value

Demographic variables
Gender: male/female

10/4

11/5

0.99*

Age (year)

62.8 ± 6.8

68.6 ± 6.7

0.026

BMI (Kg/m2)

28.9 ± 4.1

24.6 ± 4.0

0.008

Clinical variables
Disease duration (y)

8.2 ± 3.2

10.4 ± 5.5

0.178

UPDRS total score

32.7 ± 9.7

36.2 ± 10.8

0.366

UPDRS motor part (III)

19.3 ± 8.2

20.3 ± 6.9

0.707

Hoehn & Yahr staging

2.1 ± 0.6

2.1 ± 0.6

0.810

Timed ‘‘Up and Go’’ (s)

8.3 ± 2.2

10.1 ± 3.2

0.029

Anxiety and depression scores
Geriatric depression scalea

7.0 ± 3.2

9.2 ± 7.2

0.285

Spielberger state anxiety inventory

28.7 ± 7.3

29.6 ± 7.5

0.799

Spielberger trait anxiety inventory

34.8 ± 6.3

37.6 ± 12.2

0.433

Fear of falling (yes/total)

4/14

8/16

0.490*

Significant or marginally significant values are typed in bold face
BMI body mass index, UPDRS Unified parkinson’s disease rating scale
*Comparisons between proportions were based on chi-square analysis. Group comparisons were performed using two tailed t test
a

Score of 10 or more in the geriatric depression scale points to mild depression

fixed factor and AGE as a covariate (for usual walking,
DT_S3 and DT_S7). The statistical significance level was
adjusted using the Bonferroni method (K = 3). Withingroup DT effects were assessed for each gait parameter
using multiple paired t test procedures (i.e., comparing
Usual walking with DT_S3 and DT_S7 and comparing
DT_S3 with DT_S7) for each group separately, with the
statistical significance level adjusted using the Bonferroni
method (K = 3).

Results
Demographic and clinical characteristics of the fallers and
non-fallers are described in Table 1. The mean age of
the fallers was approximately 6 years higher than the
non-fallers (fallers: 68.6 ± 6.7 years; non-fallers: 62.8 ±
6.8 years; P = 0.026), and their BMI was significantly
lower (fallers: 24.6 ± 4.0 kg/m2; non-fallers: 28.9 ±
4.1 kg/m2; P = 0.008). Disease duration, Hoehn & Yahr
staging, UPDRS total score, and the score of UPDRS motor
part (part III) did not differ significantly between the
groups (P C 0.178). The fallers had significantly higher
TUG values (fallers: 10.1 ± 3.2 s; non-fallers: 8.3 ±
2.2 s; P = 0.029). Anxiety, depressive symptoms, and fear
of falling were not statistically different between the
groups (P C 0.285). Univariate analysis of variance
(U-ANOVA) with ‘age’ as a covariate suggested that BMI
group differences was not affected by age and that the level

of statistical significance for group differences in TUG
values decreases after adjusting for age (F1,27 = 2.993;
P = 0.095).
Cognitive evaluation
Table 2 depicts the results of the computerized battery of
cognitive tests and the ‘pen and paper’ tests for each
group. No significant group differences in the performance of the ‘pen and paper’ tests were observed
(F1,27 B 2.018; P C 0.167). On the computerized cognitive test battery, fallers had lower EF and attention scores
(F1,27 C 4.180; P B 0.037) and visual spatial performance
also tended to be worse among the fallers (F1,28 = 3.195;
P = 0.085).
Differential effects of cognitive loading on gait
for fallers and non-fallers
Figure 1 describes the mean values of each of the gait
measures in each walking condition for each group. For
both groups, DT had a detrimental effect for all gait
measures. Gait became slower (Fig. 1a), stride length
became shorter (Fig. 1b), and gait pacing became more
variable (Fig. 1c, d). In addition, gait became less coordinated in terms of the left–right stepping phasing (i.e.,
increased PCI, Fig. 1e) and more asymmetric (Fig. 1f; see
the figure legend for details on within-group statistical
comparisons).
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Table 2 Performance scores on the cognitive tests (mean ± SD)
Test/index

Non-fallers

Fallers

F values

P value*

Computerized tests
Global cognitive score

95.1 ± 8.2

89.7 ± 11.9

F1,28 = 2.027

0.166

Executive function index

97.2 ± 13.9

86.1 ± 13.9

F1,28 = 4.810

0.037

Attention index

98.5 ± 14.4

86.2 ± 15.6

F1,28 = 4.996

0.034

Information processing speed index

97.1 ± 12.9

91.7 ± 19.1

F1,27 = 0.787

0.383

Memory index

89.3 ± 17.3

95.4 ± 17.6

F1,28 = 0.908

0.349

101.2 ± 12.6

91.5 ± 16.5

F1,28 = 3.195

0.085

TMT-A (s)

83.1 ± 32.3

85.2 ± 51.4

F1,27 = 0.081

0.778

TMT-B (s)

Visual spatial index
‘Pen and paper’ tests

124.6 ± 25.8

154.9 ± 78.8

F1,27 = 0.433

0.516

TMT difference (B-A) (s)
Digit span

41.5 ± 28.5
15.9 ± 2.8

69.7 ± 42.0
16.2 ± 4.5

F1,27 = 2.018
F1,27 = 0.086

0.167
0.772

MMSE

28.4 ± 1.1

28.6 ± 1.5

F1,27 = 0.695

0.412

Statistical significance for comparison between groups was based on univariate analysis of Variance (U-ANOVA). Marginally significant effects
and significant effects are bold faced
TMT Trail making test, MMSE Mini Mental State Exam

The GLM models did not identify significant Group X Task
interactions (F2,26 B 1.228; P C 0.301) for DT-related
changes of gait speed (Fig. 1a), stride length (Fig. 1b), stride
time variability (Fig. 1c), or GA (Fig. 1f). Statistically significant and marginally significant Group X Task interactions
were found for swing time variability (F2,26 = 3.301;
P = 0.044; Fig. 1d) and for PCI (F2,25 = 3.234; P = 0.061,
Fig. 1e), respectively. Post hoc group comparisons (with ‘age’
as a covariate, and Bonferroni corrected) revealed that for PCI
and swing time variability group differences, only the DT_S3
condition significantly differentiated between the groups
(F2,25 C 8.561; P \ 0.05; 1D and 1E).
Further inspection suggests that for PCI. The Group X Task
interaction is significant in the case of usual walking and
DT_S3 conditions (F1,26 = 8.561; P \ 0.01), but not for the
incremental deterioration between DT_S3 and DT_S7 conditions (F1,26 = 0.811;[0.378). Similarly, there was a trend
for the increase in swing time variability to be higher in fallers
when compared to non-fallers between usual walking and
DT_S3 (F1,27 = 5.553; 0.05 \ P \ 0.1), but not between
DT_S3 and DT_S7 (F1,27 = 5.553; P [ 0.119).
Effect of recurrent falls
To further explore the association between DT gait and fall
risk, we repeated the analyses evaluating the DT effects
among recurrent fallers (patients who reported at least two
falls; n = 7, mean age: 70.9 ± 5.7 years). In general, the
Group X Task interactions were even stronger than that
observed when including all of the fallers. For example,
among the recurrent fallers, the mean values (±SD) of
swing time variability were 6.55 ± 2.22%, 10.96 ± 3.24%,
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and 10.64 ± 2.1% for the usual walking, DT_S3 and
DT_S7 conditions, respectively (compare with Fig. 1d; for
example, during DT_S7, swing time variability only
increased to 5.58 and 8.47% among non-fallers and fallers,
respectively). The Group X Task interaction when comparing recurrent fallers to non-fallers was highly significant
(F2,17 = 10.524; P = 0.001).

Discussion
This study joins previous investigations that demonstrated
the strong detrimental effect of DT on the quality of gait
among patients with PD (e.g., Yogev et al. 2007). Here, we
show, presumably for the first time, that the DT effect is
stronger in patients with PD who have a tendency to lose
postural stability and fall, when compared to other patients
with PD who do not. In particular, the findings support the
hypothesis that DT differentially effects gait variability
among PD fallers, compared to non-fallers. Our results also
indicate that specific cognitive capacities, i.e., executive
function and attention, are impaired among subjects with
PD who tend to fall. The DT effects on gait were observed
during the optimal ‘‘ON’’ stage of the medication cycle.
The significant DT effect seen even during this relatively
optimal motor state underscores how difficult it is for these
patients to maintain stable gait patterns when encountering
concurrent demands on cognitive resources.
In the present study, relatively decreased executive
function and attention capacities were observed among the
PD fallers, but cognition in general was not. For example,
MMSE scores were similar in fallers and non-fallers (recall
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Fig. 1 Effect of DT on gait measures. Across all panels, ** represent
statistical significance level of 0.01 \ P \ 0.05 for between subjects
comparisons. Error bars reflect the SEM, within group comparisons
between conditions were performed by paired t test. a Gait speed- for
both groups gait speed decreased significantly from usual to DT_S3
and from DT_S3 to DT_S7 conditions (P \ 0.001). b Stride lengthfor both groups stride length decreased significantly from usual to
DT_S3 conditions (P \ 0.001). The additional decrease from DT_S3
to DT_S7 was significant for non-fallers (P \ 0.01) and for the fallers
(P \ 0.05). c Stride time variability- increased for fallers from usual
to the DT conditions (P \ 0.05), but not for the change between
DT_S3 and DT_S7 (P [ 0.552). For non-fallers, the increase of stride
time variability from usual to DT_S3 condition was marginally

significant (0.05 \ P \ 0.10) and not significant between DT_S3 and
DT_S7 (P [ 0.10). d Swing time variability- for the fallers swing
time variability increased significantly between DT_S3 and usual
walking (P \ 0.01), but not between DT_S3 and DT_S7 (P [ 0.9).
For non-fallers, this increase from usual to DT_S3 condition was not
significant (P [ 0.2). The increase in between DT_S3 and DT_S7
was significant (P \ 0.05). e PCI- for the fallers PCI increased
significantly from usual to DT_S3 (P \ 0.01), but not between
DT_S3 and DT_S7 (P [ 0.67). Similar results were seen for the nonfallers (P \ 0.01 and P [ 0.144, respectively). f GA-. for the fallers
and for the non-fallers, none of the within-subject paired comparisons
between gait conditions was statistically significant (P [ 0.215)

Table 2). This finding is consistent with that reported earlier
among the general elderly (without PD; Herman et al. 2010).
Among subjects with PD, lower executive function and
attention scores were previously associated with increased
gait variability (Yogev et al. 2005), a gait measure that has
been related to fall risk (Hausdorff et al. 2001; Hausdorff

2009; Verghese et al. 2009). The present results also point to
a trend, similar to that seen in the general elderly population
e.g., by Menant et al. (Menant et al. 2010), that visual spatial
deficits are associated with fall risk in PD, at least among
patients with relatively advanced disease (i.e., suffering from
motor response fluctuations). Together, this constellation of
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findings suggests that specific cognitive deficits exacerbate
the risk of falls among patients with PD.
Differential effect of dual tasking on gait in fallers
Almost without exception, gait measures were worse among
the fallers when compared to non-fallers across all walking
conditions (recall Fig. 1). These differences did not always
reach statistically significant levels, perhaps due to the
conservative statistical approach we employed (i.e., Bonferroni adjustments) and the relatively small number of
subjects in each group, which limited the statistical power of
the study. At the same time, even with these constraints, the
differential effect of DT on fallers stood out and was
expressed as a relatively stronger deterioration of bilateral
coordination of gait already in the DT_S3 condition
(Fig. 1e). A significant Group X Task interaction was also
seen for gait variability measures (i.e., Swing_CV) when
comparing the usual walking with the DT_S3 conditions.
Further inspection of Fig. 1 suggests that in fallers, but not in
non-fallers, there is a trend for relatively stronger expression
in of the DT effect already in the DT_S3 trial. Even when the
concurrent cognitive task becomes more difficult (i.e., S7 vs.
S3), only minimal further deterioration in gait features
occurs in the fallers. For the non-fallers, on the other hand,
gait continues to deteriorate between the DT_S3 and the
DT_S7 conditions. One of the limitations of this study, that
restricts our ability to fully interpret this observation, is that
the performance of the concurrent cognitive task was not
recorded and scored (e.g., number of counts, number of
errors). Nonetheless, this paradoxical finding, i.e., that
among fallers, the extent to which gait measures are altered
in DT is apparently fully expressed in the ‘easier’ task (i.e.,
DT_S3) suggests that non-fallers seem to ‘restrain’ the level
of gait deterioration with respect to the level of the concurrent cognitive load, exhibiting higher flexibility of the
central nervous system to negotiate the DT conditions and to
allocate compensatory resources to the competing tasks.
Fallers, on the other hand, lack this flexibility. Without a
healthy control group, we cannot unambiguously determine
whether this observation is unique among PD fallers. Still, a
previous study in which different levels of DT difficulty
were introduced to elderly subjects (fallers vs. non-fallers)
did not observe this ‘saturation’ of the DT effect in older
adult fallers (Springer et al. 2006). While not definitive, this
comparison suggests that specifically PD fallers inappropriately respond to the relatively simple DT.
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‘‘ON’’ state, especially on gait features that were previously
related to falls in PD, e.g., gait rhythmicity (Latt et al. 2009b;
Hausdorff 2009), can therefore partially explain the high risk
of falling, even in this optimally medicated condition. It
seems therefore that these patients function under paradoxical
terms. On one hand, they tend to increase their mobility,
perhaps with simultaneous additional activities, due to the
subjective feeling of ‘‘ON’’, and on the other hand, the
exposure to the effects of DT on stability, in regular or transient conditions, e.g., backward stepping (Hackney and Earhart 2009), increase their risk to fall. This aspect should be
considered when developing appropriate treatment plans for
fall risk among patients with PD. It appears that patients
should be informed, treated, and perhaps specifically
instructed how to avoid falls, taking into an account the specific functional disturbances in the ‘‘ON’’ medication state.
In recent years, several therapeutic interventions have
been developed to improve gait and postural stability in PD
even in the presence of DT (Brauer and Morris 2010;
Mirelman et al. 2011; Yogev-Seligmann et al. 2010). These
interventions attempt to enhance the patient’s ability to
negotiate DT conditions and increase the flexibility in the
allocation of the control of resources to the gait and cognitive tasks. While questions remain about the efficacy of
these interventions, the present study supports the rationale
behind them and suggests that interventions that reduce the
DT effects on gait will help to reduce the risk of falls
among patients with advanced PD as they carryout their
activities of daily living during the ‘‘ON’’ medication state.
The present study has several limitations. For example,
inclusion of a healthy control group, a larger sample size, and
prospective study would increase the robustness and interpretability of the findings. Nonetheless, the differential DT
effects observed when comparing recurrent fallers to nonfallers were highly significant, providing support for the key
findings of the study. A larger-scale, prospective study would
be helpful for confirming the results. Still, results of the
present study suggest that DT gait abilities are associated
with an increased risk of falls in patients with PD.
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What increases fall risk in PD?—clinical implications
The pharmacological treatment of patients with PD is aimed
at maximizing the time with optimal function (i.e., ‘‘ON’’
state). The significant impact of DT on gait in PD during the
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