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Abstract

Cognitive loading aggravates the freezing of gait (FoG), which is observed in approximately 50% of patients with
Parkinson’s disease (PD) in the advanced stages. To investigate whether a specific pattern of executive deficits, that is,
attentional set-shifting and/or inhibitory control, are associated with FoG in PD, 30 PD patients with FoG (PD-FoG+)
and 36 PD patients without FoG (PD-FoG-) and 22 control healthy subjects were examined with a comprehensive
neuropsychological battery. Intra-Extra Dimensional Set shifting Test (IED) and Stop Signal Task (SST), selected from
the Cambridge Automated Neuropsychological Battery (CANTAB battery), were administered to analyze set-shifting and
motor inhibition, respectively. The IED task was significantly sensitive for differentiating between PD-FoG+ and
PD-FoG- groups (p <.01), as well Adenbrook’s clock drawing task (p = .033). By contrast, no differences emerged on
any aspect of the SST task and other cognitive tasks. The attrition rate during the IED task showed that the problem in
the PD-FoG+ group appeared at the pre-ID level, on the discrimination-learning set; the 32% PD-FoG+ subjects did not
achieve the ID level of the task in comparison to negligible 4% of the PD-FoG- patients (p = .011). The logistic regres-
sion analysis, indicated the higher the IED stage successfully completed, the less likely presence of FoG in PD subjects.
These results demonstrate that the complex cognitive—motor interplay might be responsible for FoG in PD and have had
real life implication for the patients. (JINS, 2014, 20, 929-936)
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INTRODUCTION during “off” time, but it can also be observed during “on”
time (Okuma & Yanagisawa, 2008). PD patients suffering
from FOG (PD-FoG+) are more likely to experience falls,
loss of independence, and decrease in quality of life
compared with those without (PD-FoG-) (Nutt et al., 2011).
The precise pathophysiology of FoG and the underlying
neural network damage are still unknown. Besides described
environmental stimuli, considerable evidence suggested that
additional cognitive demands while walking might be an
important trigger of FoG. Recent evidence suggested that FoG
in PD correlated with generalized executive dysfunction, sug-
gesting the role of fronto-striatal circuitry (Amboni, Cozzolin,
Longo, Picillo, & Barone, 2008). The FoG severity negatively
correlated with the executive test performance, with faster
) progression of executive dysfunction in PD-FoG+ patients
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Freezing of gait (FoG), defined as “a brief, episodic absence
or marked reduction of forward progression of the feet
despite the intention to walk™ (Nutt et al., 2011), is a unique
and disturbing gait disorder usually observed in patients with
Parkinson’s disease (PD), affecting approximately half of
them in the advanced stages of the disease (Giladi et al.,
2001). It can be experienced when initiating gait or
approaching destination, turning or obstacle avoiding, pas-
sing through a narrow spaces (e.g., a doorway), but also while
walking in an open space, and in stressful, time-constrained
situations (Okuma & Yanagisawa, 2008). FoG mainly occurs

929

https://doi.org/10.1017/51355617714000769 Published online by Cambridge University Press


mailto:steela21@gmail.com
https://doi.org/10.1017/S1355617714000769

930

More recent data, instead of generalized, favored the specific
pattern of executive deficits in PD-FoG+; i.e., set-shifting and
conflict resolution being the “key disabilities in the cognitive
profile” (Naismith, Shine, & Lewis, 2010; Vandenbossche
et al,, 2011). Lewis and Barker (2009) suggested that the
mechanism underlying FoG could be due to a reduced ability to
keep different tasks (motor, cognitive, and/or limbic) on-line
and to shift from one response set to another.

Attentional set-shifting in both treated and particularly
drug-naive PD patients were impaired in their ability to per-
form an extra-dimensional (ED), but not an intra-dimensional
(ID) shift (Downes et al., 1989; Owen, Downes, Sahakian,
Polkey, & Robbins, 1990; Owen, Roberts, Polkey, Sahi, &
Robbins, 1991). In situations in which competitive stimuli
were present, PD patients have impaired attentional
set-shifting abilities, but preserved task-set switching abilities
(Kehagia, Barker, & Robbins, 2010).

In the present study, we tested the cognitive-behavioral
and motor characteristics of the PD-FoG+ and PD-FoG-
patients. We hypothesized that the attentional set-shifting
disabilities in PD-FoG+ were not solely due to ED shifting
impairment, as it has been previously reported in PD, but
might be due to dysfunction in visual discrimination and
attentional set formation maintenance in the interplay with
inadequate inhibitory control system. Therefore, in the
present study particular emphasis was put on the certain
components of executive control processes in FoG, assessed
by the automated tests of Cambridge Automated
Neuropsychological Test Battery (CANTAB) (i.e., Intra and
Extra dimensional (IED) shifting and Stop Signal (SST)
tasks). The IED is a test of rule acquisition and reversal.
It features: visual discrimination and attentional set formation
maintenance, shifting and flexibility of attention, while the
SST is best described as a laboratory measure of inhibitory
control.

MATERIALS AND METHODS

Patients

Thirty PD-FoG+ and 36 PD-FoG- right-handed outpatients
were recruited from the Institute of Neurology, University of
Belgrade, Serbia (Table 1). PD was diagnosed according to
the UK PD Brain Bank criteria (Hughes, Daniel, Kilford, &
Lees, 1992). All patients except (n = 2) used levodopa,
which was combined with dopamine receptor agonists
(n = 55), COMT-inhibitors (n =2), and amantadine
(n = 10), respectively. Inclusion criteria were: (1) age >45
years; (2) Hoehn and Yahr (H&Y) stage score <4 (“off”
time) (Hoehn & Yahr, 1967); (3) stable and optimized
antiparkinsonian treatment during the 4 weeks before study
entry; and (4) the Mini-Mental State Examination (MMSE)
score >25 (Folstein, Folstein, & McHugh, 1975). Patients
were excluded if they had: (1) significant comorbidities
limiting gait, such as cardiovascular or cerebrovascular
disorders including strokes, history of traumatic brain injury,
hydrocephalus, or intracranial mass, rheumatic or orthopedic
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disease, visual disturbances impairing walking abilities, or
musculoskeletal disorders; (2) a major depression according
to DSM-IV criteria; and (3) an anticholinergic treatment.
Patients were clinically examined, tested in the morning
during “on” period. At study entry, stage of the disease was
scored using the H&Y staging system, patient disability
using the Unified Parkinson’s Disease Rating Scale part III
(motor part; UPDRS III) (Fahn & Elton, 1987), and global
cognitive function using the Mini-Mental State Examination
(MMSE). Patients were also administered the Hamilton
Depression Rating Scale (HDRS) (Hamilton, 1960) and the
Hamilton Anxiety Rating Scale (HARS) (Hamilton, 1959).

Approval was received from local ethical committee on
human experimentation and written informed consent was
obtained from all subjects participating in the study. Patients
were classified as freezers (PD-FoG+ ) if the following condi-
tions were satisfied: (1) score>1 on FoG Questionnaire
(FoG-Q) item 3 (Giladi, Shabtai, Simon, Biran, Tal, &
Korczyn, 2000); and at least two out of following criteria:
(2) observation of FoG by two experienced neurologists
(including the timed “up-and-go” test [TUG] with obstacles)
(Podsiadlo & Richardson, 1991); (3) the participant’s verbal
account on whether they had experienced FoG; and (4) the
recognition in their experience of typical FoG when this was
identified and described to them by a physician. None of the
patients with a score <1 had results on the remaining three
criteria suggestive of FoG. Twenty-two age- and sex-matched,
healthy controls (HC) of similar age, sex, and education, to
patients were recruited from patients’ spouses and friends, free
from parkinsonism, dementia, major depression, psychosis and
history of cerebrovascular accidents. All control subjects
underwent clinical and neuropsychological testing.

Neuropsychological Tests

An experienced neuropsychologist, who was unaware of the
FoG status, administered neuropsychological and behavioral
tests during 2 consecutive days due to an extensive battery
planned for the present study. It included the Addenbrooke’s
Cognitive Examination—Revised (ACE-R) (Mioshi, Dawson,
Mitchell, Arnold, & Hodges, 2006), Frontal Assessment
Battery (FAB) (Dubois, Slachevsky, Litvan, & Pillon, 2000),
Executive Interview (EXIT) (Royall, Mahurin, & Gray,
1992), and two executive tests from CANTAB battery
(duration of 60—70 min): (1) the IED set shifting and (2) SST.
For the later two tests, procedure began with a motor
screening test (MOT) introducing subjects to the touch
screen, while assessing difficulties in vision, movement or
comprehension. Familiarization with the testing environment
and with each individual test was accomplished through
practice sessions. In the IED shifting task (for detailed
description of the task see Jazbec et al., 2007) four empty
rectangular boxes appeared on a computer screen, and each
trial started with two stimuli in separate opposing boxes
(left-right or top-bottom). The stimuli were abstract,
unfamiliar pink shapes or white line drawings. The subjects
were instructed to select a stimulus and then induce a rule
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through computer feedback (“correct” displayed in green or
“wrong” displayed in red). After selecting correctly for six
consecutive trials, the rule changed. Subjects had to make six
consecutive correct selections within 50 trials to successfully
complete a stage, and the task ended when they fail a stage.
The task had nine stages. Stages 1-5 were discrimination
stages, which required from the subject to distinguish
between one of two shapes through trial and error learning,
while ignoring distracting shapes. Stages 6 and 7 introduce
ID shifting and reversal demands, while the stages 8 and 9
required ED shifting and reversal, because the subject must
attended to a previously ignored feature of the stimulus. This
test has several outcome measures, assessing IED errors, and
IED numbers of trials and IED stages completed.

Stop Signal Task

This test consists of two parts: In the first part, the participant
is introduced to the press pad, and told to press the left hand
button when they see a left-pointing arrow, and the right hand
button when they see a right-pointing arrow. There is one
block of 16 trials for the participant to practice this. In the
second part, the participant is told to continue pressing the
buttons on the press pad when they see the arrows, as before,
but, if they hear an auditory signal (a beep), they should
withhold their response and not press the button. SST has five
outcome measures, each of which can have various options
applied to it. The SST measures cover direction errors, pro-
portion of successful stops, SST Reaction Time (RT) on GO
trials, SSD (50%), and SST SRT.

Statistical Analyses

All datasets were examined for normality (Kolmogorov-
Smirnov test). If the criterion was not met, the datasets were

analyzed by the Kruskal-Wallis analysis of variance
(ANOVA). One-way ANOVAs analyses were applied on all
other data to compare PD-FoG+ and PD-FoG- and healthy
controls, with post hoc Scheffe comparisons between groups.
To differentiate the specific subset of IED task (discrimina-
tion task set, ID and ED paradigm), the nine stages were
divided in Level 1 (discrimination learning 1-5" stage),
Level 2 (ID 6™ shift and 7™ reversal stages), and Level 3
(ED 8™ shift and 9™ reversal stages). The %> test of
homogeneity was applied to test the differences between
PD-FoG+ and PD-FoG- groups in attrition rates on
3 different levels of the IED task (discrimination set learning
part, ID and ED, respectively). Logistic regression analysis
was performed to evaluate the relationship between the set of
predictors (H&Y stage, IED stages, and ACE-R clock
drawing score) and the FOG status as dependent variable.
These analyses were performed using the STATISTICA
version 7 software.

RESULTS

The demographic and clinical features of PD-FoG+ and
PD-FoG- patients, and healthy controls are presented in
Table 1: (1) Cognitive functioning of patients with
Parkinson’s disease, with and without freezing of gait, and
healthy controls. (2) The results on the ACE-R, FAB and
Exit-25 are presented in Table 2. With the exception of
ACE-R attention orientation subtest, significant differences
were observed on all ACE-R scores (total, fluency, memory,
language, and visuo-constructional scores) between the three
groups. (3) However, in the post hoc analyses the only
significant difference between PD-FoG+ (3.40 +1.88) and
PD-FoG- patients (4.24 +1.29) was found on the ACE-R
clock drawing task scores (F(1,60) =4.75; p = .033)

Table 1. Demographic and clinical characteristics of the PD-FoG+ patients, PD-FoG—- patients, and healthy controls

PD-FoG+ PD-FoG- Controls p
N 30 36 22
Age 64.90 (8.29) 64.67 (7.16) 65.04 (7.64) 982
Education 11.76 (3.26) 11.50 (3.10) 13.57 (2.90) .06
Age at onset 53.64 (8.43) 54.41 (8.71) n.a. 722
Disease duration 11.61 (4.42) 10.09 (5.94) n.a. 265
Hoehn &Yahr stage 2.77 (0.50) 2.29 (0.64) n.a. .002
UPDRS (total) 63.00 (16.05) 52.75 (18.87)* n.a. .026
UPDRS III (motor) 37.50 (11.44) 32.33(9.84) n.a. .056
MMSE 27.43 (2.57) 27.88 (1.75) 28.95 (1.09) .031
HARS 10.07 (6.10) 8.18 (6.10) 6.45 (4.41) 182
HDRS 12.78 (7.86) 8.44 (6.89)* 6.33 (4.40) .005
FoG-Q total score 12.85 (4.88) 6.28 (5.50)* n.a. .000
LED 837.39 (243.84) 720.46 (280.81) n.a. .088
treatment duration 10.61 (4.53) 9.72 (5.24) n.a. 534

Note. PD-FoG+ = Parkinson’s disease patients with freezing of gait; PD-FoG- = Parkinson’s disease patients without freezing of gait; UPDRS
total = Unified Parkinson’s Disease Rating Scale; MMSE = Mini Mental Status Examination; HARS = Hamilton Anxiety Rating Scale;
HDRS = Hamilton Dementia Rating Scale; FoG-Q = Freezing of gait scale; LED = levodopa equivalent dosage.

*significance at p <.05 between PD-FoG+ and PD-FoG-.
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Table 2. Cognitive performance in PD-FoG+ and PD-FoG- patients and healthy controls

PD-FoG+ PD-FoG- Controls p PD-FoG+ vs. PD-FoG-
N 30 36 22
ACE-R
Attention/orientation 16.70 (1.46) 17.06 (1.16) 17.40 (0.94) 159 0.293
Fluency 9.33 (2.60) 9.57 (2.16) 11.25 (1.86) .010 0.695
Language 22.85 (3.55) 24.14 (1.94) 25.00 (1.41) .014 0.072
Visuoperception 12.74 (2.61) 13.51 (1.91) 14.55 (1.23) .015 0.188
Memory 20.40 (4.95) 21.46 (3.63) 23.85 (2.78) .014 0.339
Total 82.03 (12.23) 85.74 (8.33) 92.05 (5.98) .002 0.161
FAB
Conceptualization 1.81 (1.04) 2.00 (0.87) 2.45 (0.66) .051 0.449
Phonemic fluency 2.37 (0.63) 2.46 (0.66) 2.75 (0.44) .09 0.601
Motor series 2.07 (0.83) 2.46 (0.70) 2.85 (0.37) .001 0.053
Competing instructions 2.11 (1.08) 2.28 (0.83) 2.75 (0.44) .040 0.475
Inhibitory control 1.81 (1.07) 2.34 (0.87) 2.75 (0.55) .002 0.056
Environmental autonomy 2.92 (0.27) 2.93 (0.18) 2.96 (0.16) 126 0.104
total 13.11 (3.52) 14.54 (2.40) 16.55 (1.39) .0001 0.062
EXIT 25 8.90 (5.07) 6.38 (4.23) 3.25 (2.93) .0002 0.07

Note. PD-FoG+ = Parkinson’s disease patients with freezing of gait; PD-FoG- = Parkinson’s disease patients without freezing of gait; ACE-R =
Addenbrooke’s Cognitive Examination—Revised; FAB = Frontal Assessment Battery (FAB); EXIT-25 = Executive Interview.

(Cohen’s d = 0.521). Although the significant differences
between the three groups were also obtained in the FAB total
and the Exit-25 results (Table 2), post hoc Scheffe compar-
isons did not achieve significance when PD-FoG+ and
PD-FoG- groups were analyzed.

CANTAB Tasks

The performances on the SST and IED shifting tasks for the
PD-FoG+, PD-FoG-, and control groups are presented in
Table 3. Due to a testing on two consecutive days, outpatients
living outside Belgrade were not included; therefore, 22 PD-
FoG+ and 25 PD-FoG- patients were tested with the
CANTAB SST and IED shifting tasks.

Stop Signal Task (SST)

Regarding the outcomes on the SST (Table 3), the
PD patients showed significantly more direction errors and
prolonged SST reaction time in comparison to HC. By
contrast, no significant differences were btained on the post
hoc analyses between PD-FoG+ and PD-FoG- groups
(Table 3).

IED Attention Set-Shifting Task

Significant differences were shown in the main IED
efficiency measures between three groups (Table 3). Further
post hoc analyses showed that PD-FoG+ and PD-FoG-
patients had significantly different performances on three
measures of the IED tasks, such as IED total errors adjusted
(Kruskal-Wallis ANOVA test; H (1, n =47) =6.28;
p = .012) (Cohen’s d = 0.9488), IED stages completed
(Kruskal Wallis test; H (1, n =47) =5.70; p = .017)
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(Cohen’s d = 0.901), and IED total trials adjusted (Kruskal
Wallis test; H (1, n =47) = 5.760; p = .016), (Cohen’s
d = 0.936).

Attrition Rates on IED Task (% of Patients
Failing Stage)

As stated in statistical section, the 9 stages of the IED
task were divided in Level 1 (discrimination learning;
1-5" stage), Level 2 (ID 6" shift and 7™ reversal stages) and
Level 3 (ED 8™ shift and 9" reversal stages). Analysis by
x> for homogeneity of distribution revealed significant
group differences at the discrimination learning level
(Yate’s X2 =4.59; df = 1, p = .03), but not at the level 2
(Yate’s x2 = 0.41; df = 1; p = .52) and the level 3 (Yate’s
x* = 1.44; df = 1; p = .23). Significantly more patients in
PD-FoG+ group have difficulties in discrimination tasks than
PD-FoG- patients. The attrition rates analyses showed
deficient decline for the PD-FoG+ group in the course of the
IED task, in comparison to PD-FoG- on the pre ID level of
the task.

Thirty-two percent PD-FoG+ patients and 4% PD-FoG-
patients did not succeed further after the 5™ stage of the IED
task (X2 (df=1)=641; p =.011), whereas in healthy
control group all subjects proceed further to ID shift level
(6" stage). Thirty-two percent of patients from the PD-FoG+
and 40% from the PD-FoG- group finished the IED task on
ID level (ID shift and reversal) (p = .759). In contrast, only
20% healthy controls stopped on ID level (6™ and 7™ stage).
Reversal difficulties were not seen on the ID level between
the both PD groups either with FoG or without (p > .05).
Eventually, 52% of PD-FoG- patients successfully finished
the 9" stage in contrast to only 23% of those from the
PD-FoG+ group (Figure 1).
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Table 3. CANTAB measures in PD-FoG+, PD-FoG- and healthy control subjects

PD-FoG+ PD-FoG- Controls p PD-Fog+ vs. PD-FoG-

N 22 25 20
IED Total errors 36.41 (12.34) 33.44 (10.24) 24.75 (14.65) .032 0.398
1IED Total errors (adjusted) 98.90 (77.20) 46.44 (22.74)* 29.50 (20.96) .0002 0.012
IED Completed stage errors 14.95 (16.28) 19.92 (14.89) 16.30 (10.44) 257 0.280
IED completed stage trials 60.91 (45.76) 82.08 (33.14) 78.08 (22.94) .093 0.073
IED ED errors 12.82 (13.75) 17.69 (12.23) 10.90 (10.56) 308 0.191
IED Pre-ED errors 18.73 (13.75) 11.48 (11.14) 8.35 (4.45) 079 0.052
IED Stages completed 5.73(3.37) 8.00 (1.15)* 8.50 (0.83) .001 0.017
IED Total trials 99.55 (34.00) 106.08 (23.51) 94.20 (26.25) 324 0.443
IED Total trials (adjusted) 224.54 (133.92)  132.08 (39.56)* 104.20 (37.21) .0004 0.016
Signal Stop Task (SST)

SST direction errors 9.09 (15.90) 3.72 (5.48) 2.35 (5.66) 133 0.119

SST Proportion of successful stops

(last half) 0.64 (0.19) 0.66 (0.18) 0.56 (0.13) .060 0.690

SST Median correct RT on GO trials ~ 895.70 (266.34)  890.72 (278.29)  715.23 (184.62)  .028 0.950

SST SSD (50%) (last half) 537.59 (212.19)  543.83 (223.18) 480.6 (180.64)  .180 0.922

SSD SSRT (last half) 37542 (193.04)  351.69 (216.34)  236.75 (70.43) .055 0.695

Note. CANTAB = Cambridge Automated Neuropsychological Battery PD-FoG+ = Parkinson’s disease patients with freezing of gait; PD-FoG- = Parkin-
son’s disease patients without freezing of gait; IED = Intra/Extra dimensional set-shifting task from CANTAB; IED Total errors = IED Total errors (adjusted);
IED Completed stage errors = IED completed stage trials; IED ED errors, IED Pre-ED errors, IED Stages completed, IED Total trials, IED Total trials

(adjusted),

SST = Stop Signal Task from CANTAB; SST direction errors; SST Proportion of successful stops (last half); SST Median correct Reaction Time (RT) on GO trials;
SST SSD (50%) (last half); SST = Stop signal delay (50%) (last half); SST SSRT (last half) = an estimate of the subject’s response time to the stop signal.

*Significance at p < .05 between PD-FoG+ and PD-FoG-.

Logistic Regression Analysis

Previously presented bivariate analyses have indicated a possible
set of predictors of FOG status, namely IED Stages score and
ACE-R clock drawing score, the variables that are relevant to the
testing of one of our initial hypotheses. To evaluate the rela-
tionship between this set of predictors and the FOG status as
dependent variable, taking into account the impact of motor

120
100
80

60

Attrition rate %

40
4 PD-FoG+
< PD-FoG-
20

-+ Controls

0 1 2 3 4 5 6 7 8 9
IED stages

Fig. 1. Attrition rate per stage (%) on IED task in PD-FoG+,
PD-FoG- and healthy control subjects; PD-FoG+ = Parkinson’s
disease patients with freezing of gait; PD-FoG- = Parkinson’s
disease patients without freezing of gait; IED = Intra/Extra
dimensional set-shifting task from CANTAB.
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impairment as potentially confounding variable, a sequential
logistic regression procedure was applied. H&Y score (dichot-
omized 1 and 2 vs. 3 and 4) was put into the model first, and
IED Stages score and ACE-R clock drawing score (dichot-
omized: 5 vs. all other values) as the second block of variables.
A test of the model with these three predictors against a constant
only model was statistically significant (x> = 13.42; p <.004
with df = 3). Nagelkerke’s R2 was 0.33, and prediction success
overall was 75%. This was a slight improvement on the 68%
correct classification with the constant and H&Y covariate
model. The Wald statistics were significant for H&Y score
(dichotomous) and for the IED Stages score (4.65 and 4.55,
respectively). Clock drawing score was not a significant pre-
dictor of the FOG, over and above these two predictors.
Cross-odds ratio, OR for IED Stages score was 1.67, indicating
that, even after controlling for the motor impairment, the higher
the stage successfully completed the less likely that the FoG is
present.

DISCUSSION

The main finding of this study is that FoG in PD is not merely
associated with general executive dysfunction, but that it is
associated with specific attentional set-shifting profile, i.e., an
inability to ignore the irrelevant stimuli and to follow the rule,
indicating discrimination and learning impairments. In the
present study the attentional shifting performance on IED
task was the most consistent predictors of FoG in PD, the
significance mainly brought by the disproportionate failure at
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pre-ID stage in PD-FoG+ patients, on discrimination and
set-learning level. The second of our initial hypotheses was
not proved; by contrast, no differences emerged on any
aspect on inhibitory control (SST) task.

Previous studies have demonstrated the association between
FoG and a dysexecutive phenotype in PD (Amboni et al., 2008,
2010; Naismith et al., 2010; Vandenbossche et al., 2011; for
review see: Heremans et al., 2013). Our results are in agreement
with the findings of Naismith et al. (2010) who showed that
difficulties in set-shifting were strongly associated with FoG,
while other executive domains such as working memory,
verbal fluency, and planning/organization abilities had weaker
association. The correlation between impaired attentional
set-shifting and FoG severity (Shine et al., 2013) supported this
hypothesis that an inability to shift between competing
attentional demands particularly under time constrains may
form part of the pathophysiological mechanisms underlying
FoG (Shine, Naismith, & Lewis, 2013).

In situations in which competitive stimuli were present, PD
patients have impaired attentional set-shifting abilities, but
preserved task-set switching abilities (Kehagia et al., 2010).
Considering attentional set-shifting, both treated and parti-
cularly drug-naive PD patients were impaired in their ability
to perform an ED (involves a shift of responding that entails
switching of attention between two perceptual dimensions),
but not an ID shift (defined as a shift that occurs when new
stimuli or exemplars are presented, but the subject has to
continue to choose the same perceptual dimension or follow
the same rule when responding to them) (Downes et al.,
1989; Owen et al., 1990, 1991; Robbins, 2007).

In the present study, the PD-FoG+ patients did not express
impairment on ID or ED shifting on IED task. The failure
appeared at earliest stage on pre-ID (stimulus discrimination
set learning part) level (1*' to 5™ stage). Approximately a
third (32%) of PD-FoG+ patients did not pass to the ID level
of the IED task in contrast to almost negligable 4% of patients
in PD-FoG- group (p = .0113). Seventy percent of the
control subjects and 52% of PD-FoG- patients finished the
ED level, in contrast to only 23% of PD-FoG+ patients.
Therefore, the PD-FoG+ group appeared inefficient in
accomplishing the IED task on several measures, as it was
shown in the present study (measures of efficacy on
attentional shifting included completion of the IED stages,
total errors and trials and attrition rate). Significantly more
subjects in PD-FoG+ group failed at the pre-ID level already
at the earliest stages of the task when distracting and/or
non-relevant stimuli are introduced. Thus, implicated that
performance difficulties on attentional set-shifting might not
only be caused by failure in performing an attentional shift
per se, but also by impairments in other cognitive functions
required to establish and maintain an attentional set such as
susceptibility to distraction. It means that the failure might be
at the level of set maintenance, stabilization of representa-
tions and sensitivity to distraction, besides the perseverative
behavior (i.e., being stuck on a previously established
attention set; Elliott, McKenna, Robbins, & Sahakian, 1995,
Jazbec et al., 2007).
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Functional magnetic resonance imaging (fMRI) has identified
that the IED set-shifting task is associated with activity in the
ventrolateral prefrontal cortex (VLPFC), while reversal learning
with activity in orbitofrontal cortex (OFC)-ventral striatal
circuitry (Hampshire & Owen, 2006). Essentially, the orbito-
frontal cortex (OFC) plays a crucial role in complex decision-
making processes (Rolls, 2004), the evaluation of relative reward
values (Padoa-Schioppa & Assad, 2006), and assigning affective
values to choice alternatives (Kringelbach, 2005).

A particular role of the prefrontal cortex (PFC) in response
selection becomes evident in fluctuating or ambiguous circum-
stances (Shine, Moustafa, Matar, Frank, & Lewis, 2013). Brain
imaging studies suggested that structural damage and reduced
functional connectivity in the frontal and parietal cortices may
underlie exaggerated executive dysfunction in freezers com-
pared to non-freezers (Kosti¢ et al., 2012; Tessitore, Amboni,
Esposito, et al., 2012; Tessitore, Amboni, Cirillo, et al., 2012).

In the present study, the classical tests like the ACE-R,
FAB, Exit-25, and the verbal fluency were not sufficiently
sensitive to show significant differences between PD-FoG+
and PD-FoG- patients. Recently, published reports favored
the fluency, TMT B task and Clock drawing as the good
predictors for FoG in PD (Amboni et al., 2008; Giladi et al.,
2001; Naismith et al., 2010). The reduced performance on
Clock drawing task in the group of PD-FoG+ in the present
study, which requires both executive and visuospatial func-
tions, could be consistent with the study that evaluated the
influence of space perception on gait in patients with PD and
found that visuospatial ability appeared to be more
profoundly affected in those with FoG (Almeida & Lebold,
2010; Nantel, McDonald, Tan, & Bronte-Stewart, 2012).

It is necessary to mention that our study was including
small number of participants, and the results need to be
interpreted cautiously. Also the follow-up studies could help
us to clarify the more specific cognitive deficits underpinning
the freezing in PD. The new experimental paradigms testing
in the context of attentional set-shifting and inhibitory control
are needed.

CONCLUSIONS

Our neuropsychological findings support the hypothesis that
rather specific, but not generalized, attentional set-shifting
dysfunction might be associated with FoG in PD. In this par-
ticular study, on freezing in PD, the specific processing failure
was showed in the context of IED performance that reflect
difficulties in stabilizing a representation, at the pre ID stage, in
contrast to expected problems on ED-stage, suggestive of
compromising set shifting of classic prefrontal failures.
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