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Abstract

Facial expression recognition impairment has been reported in Parkinson’s disease. While some authors have referred to
specific emotional disabilities, others view them as secondary to executive deficits frequently described in the disease,
such as working memory. The present study aims to analyze the relationship between working memory and facial
expression recognition abilities in Parkinson’s disease. We observed 50 patients with Parkinson’s disease and 49 healthy
controls by means of an n-back procedure with four types of stimuli: emotional facial expressions, gender, spatial
locations, and non-sense syllables. Other executive and visuospatial neuropsychological tests were also administered.
Results showed that Parkinson’s disease patients with high levels of disability performed worse than healthy individuals
on the emotional facial expression and spatial location tasks. Moreover, spatial location task performance was correlated
with executive neuropsychological scores, but emotional facial expression was not. Thus, working memory seems to

be altered in Parkinson’s disease, particularly in tasks that involve the appreciation of spatial relationships in stimuli.
Additionally, non-executive, facial emotional recognition difficulty seems to be present and related to disease progression.

(JINS, 2014, 20, 496-505)
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INTRODUCTION

Parkinson’s disease (PD) is associated with cognitive and
emotional impairments which, although not as distinctive as
the motor symptoms, have been commonly observed even
from early stages of the disease (Aarsland, Bronnick, &
Fladby, 2011). Among cognitive impairments, executive
dysfunction and, in particular, working memory (WM)
disabilities have been frequently observed (Alonso-Recio,
Martin, Carvajal, Ruiz, & Serrano, 2013; Kehagia, Barker, &
Robbins, 2010; Siegert, Weatherall, Taylor, & Abernethy,
2008). WM refers to a basic ability for managing, maintain-
ing, and operating with present and stored information to
organize and guide behavior, and as such, seems to be
necessary in many everyday activities and in social interac-
tion (Wager & Smith, 2003). The attempts to explain WM
organization and structure have generated several psycholo-
gical models, the one developed by Baddeley and Hitch
(1974) being one of the most influential. According to this
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model, WM consists of a central executive that controls and
coordinates the operation of two subsystems: the phonolo-
gical loop and the visuospatial sketchpad (Baddeley, 2003;
Repovs & Baddeley, 2006). While the phonological loop is
responsible for the manipulation of verbal information, the
visuospatial sketchpad operates with visuospatial informa-
tion. Despite the development of alternative hypotheses, the
distinction between spatial and non-spatial (verbal and
visual) components in WM remains constant (Stuss &
Knight, 2002; Rottschy, Langner, et al., 2012).

In PD, WM impairments seem especially evident for
visuospatial tasks (Costa et al., 2003; Lee et al., 2010; Possin,
Filoteo, Song, & Salmon, 2008; Stoffers, Berendse, Deijen,
& Wolters, 2003), which is consistent with the suggestion
that spatial and non-spatial components in WM arise from
differentiated brain areas (Courtney, 2004; Owen, McMillan,
Laird, & Bullmore, 2005). These deficits have been attributed
to the characteristic loss of dopaminergic neurons in fron-
tostriatal circuits connecting the basal ganglia and prefrontal
cortex (Cools, Miyakawa, Sheridan, & D’Esposito, 2010).
Moreover, they may suggest a disconnection between
prefrontal and spatial processing areas (the dorsal stream)
and identity processing brain areas (the ventral stream)
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(Rottschy, Caspers, et al., 2012). However, independence
of WM components and their cerebral correlates is still con-
troversial (Nee et al., 2013; Postle, 2006; Volle et al., 2008).

Regarding emotional abilities, difficulties in facial
expression and in the recognition of prosody have also been
commonly described in PD (Ariatti, Benuzzi, & Nichelli,
2008; Borod et al., 1990; Dara, Monetta, & Pell, 2008;
Schroder et al., 2006; Simons, Ellgring, & Pasqualini, 2003).
Nevertheless, findings regarding the recognition of emotional
facial expression (EFE) have not been entirely consistent
(Alonso-Recio, Serrano-Rodriguez, Carvajal-Molina, Loeches-
Alonso, & Martin-Plasencia, 2012; Gray & Tickle-Degnen,
2010; Peron, Dondaine, Le Jeune, Grandjean, & Verin,
2012). Some authors have reported preserved EFE recogni-
tion abilities (Adolphs, Schul, & Tranel, 1998; Borod et al.,
1990; Cohen, Gagne, Hess, & Pourcher, 2010; Pell & Leo-
nard, 2005), while others have found a widespread impair-
ment for all the EFEs studied (Beatty et al., 1989;
Breitenstein, Daum, & Ackermann, 1998; Dujardin et al.,
2004; Herrera, Cuetos, & Rodriguez-Ferreiro, 2011; Yip,
Lee, Ho, Tsang, & Li, 2003), and still others have reported
selective problems in the recognition of only some EFEs
(Assogna et al., 2010; Kan, Kawamura, Hasegawa, Mochizuki,
& Nakamura, 2002; Lachenal-Chevallet et al., 2006; Suzuki,
Hoshino, Shigemasu, & Kawamura, 2006). Even when
impairment has been found, varying explanations have been
proposed. On the one hand, some have suggested that
problems are mainly a consequence of the inability to per-
ceive the emotional message (Dujardin et al., 2004; Herrera,
Cuetos, & Rodriguez-Ferreiro, 2011; Suzuki, Hoshino,
Shigemasu, & Kawamura, 2006; Yip et al., 2003). On the
other hand, others have argued that problems in performance
with EFE could be secondary to other cognitive deficits
found in PD (e.g., executive) and involved in recognition
processes (Assogna, Pontieri, Caltagirone, & Spalletta, 2008;
Gray & Tickle-Degnen, 2010; Peron et al., 2012). Both
cognitive and emotional dysfunctions have been related to
damage in nigrostriatal and mesolimbic dopaminergic sys-
tems. The nigrostriatal circuit connects the substantia nigra
(pars compacta) with several prefrontal areas and has been
related to executive and motivational processes (Zgaljardic,
Borod, Foldi, & Mattis, 2003). The mesolimbic circuit con-
nects the ventral tegmental area with limbic structures, and it
has been frequently associated with emotional processes. In
individuals with PD, brain damage resulting in emotional
recognition impairments has been observed both in prefrontal
and limbic areas (Harding, Stimson, Henderson, & Halliday,
2002; Ibarretxe-Bilbao et al., 2009). However, investigators
have discovered that the nigrostriatal circuit is impaired earlier
in the disease course than the mesolimbic one (Braak et al.,
2003; Owen, 2004). The distinct role and course of the decline
in these dopaminergic systems may reflect independence
between emotional and cognitive task performance in PD
patients (Salgado-Pineda, Delaveau, Blin, & Nieoullon, 2005).

Therefore, discerning the nature of this possible EFE
recognition deficit may be relevant from a basic as well as
applied point of view. From a basic perspective, it may
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contribute to understanding the functional correlates of the
brain damage that characterizes the disease. Relationships
between emotional recognition and cognitive deficits may
indicate that the frontostriatal decline associated with
executive deficits in PD is also involved in emotional
recognition. Alternatively, differentiable emotional and cog-
nitive problems could indicate that additional brain circuits
and areas (specifically, those used in emotional recognition)
are also affected. From an applied point of view, the rele-
vance of this question is supported by the role of emotional
expressions in communication and social interaction. Thus,
determining whether the problems are primarily of emotional
origin or subsequent to other cognitive processes may help
to better define and guide intervention programs designed
for these cognitive/emotional symptoms experienced by
individuals with PD.

One of the cognitive processes relevant in the recognition
of emotions and other stimuli is working memory (Phillips,
Channon, Tunstall, Hedenstrom, & Lyons, 2008). In particular,
EFE recognition tasks entail the management and processing of
various facial features (e.g., physical configuration, identity
features, the emotional message transmitted, etc.). Furthermore,
the association between this facial expressive configuration and
its emotional significance implies a selective recovery of
information, for which WM is required (Garcia-Rodriguez,
Fusari, & Ellgring, 2008; Garcia-Rodriguez et al., 2011).

One way to ascertain the extent to which WM and/or
emotional recognition abilities may underlie EFE recognition
in PD is to compare WM tasks with EFEs in comparison to
other similar stimuli, which share most but not all of their
characteristics, such as non-emotional faces. To our knowl-
edge, no studies have investigated WM abilities in PD by
comparing EFEs with this kind of similar stimuli. However,
Cohen et al. (2010) compared EFE and object recognition
with an n-back task, frequently used to observe WM abilities.
They found that PD patients were as accurate as the healthy
controls in the recognition of EFEs and objects, although they
were slower in the most cognitively demanding condition
they evaluated. However, it is noteworthy that their stimuli
(i.e., animals, fruit, vegetables, tools, and items of clothing)
are very distinct from EFEs in several dimensions and
attributes, not only in their emotional content, but also in their
physical configuration and social nature.

The present study aims to contribute to our knowledge
about possible relationships between EFE recognition and
WM abilities in PD. For this purpose, we used an n-back
procedure, frequently used to measure WM abilities. This
consists of a sequenced presentation of stimuli in which
subjects must indicate whether or not the current stimulus
matches the one shown from n steps earlier. We compared
patients and healthy individuals’ performance in an EFE
n-back task and three other non-emotional tasks: a task based
on facial identity wherein subjects identified the gender of
presented faces, a spatial location task, and a verbal task
using non-sense syllables. By comparing PD patients’ per-
formance on these tasks, we hoped to discern whether EFE
recognition is related to WM ability in PD and, particularly,
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with any of the proposed components of WM (i.e., gender
recognition, spatial, or verbal components). In this way,
worse performance of PD patients relative to healthy indivi-
duals in all tasks may suggest a global dysfunction in WM.
By contrast, worse performance only on the EFE task may
suggest selective emotional recognition impairment in PD.
We also hope to discern whether this impairment is related
with a more general decline in other cognitive processes. For
this purpose, we administered several visuospatial, language,
and executive standardized tests.

METHODS

Participants

Selection criteria for participants with PD included a
diagnosis of idiopathic PD by a neurologist specialized
in movement disorders and according to international
guidelines (Hughes, Ben-Shlomo, Daniel, & Lees, 2001).
Exclusion criteria for both the PD group and healthy controls
(HC) included the presence of major medical illnesses, major
psychiatric disorders, vision deficits, and suspected dementia
or cognitive impairment (Mini Mental State Examination
MMSE < 27; Folstein, Folstein, & McHugh, 1975). Specific
exclusion criteria for PD patients were the presence of an
unclear history of chronic dopaminergic treatment respon-
siveness. Two individuals were excluded from the PD group
for suspected dementia or Mild Cognitive Impairment
(MMSE < 27), one for a significant visual problem, and two
for scoring below 2 standard deviations relative to their group
in at least one of the experimental tasks. Two healthy controls
were also excluded for this last reason. In total, 50 PD

Table 1. Major characteristics of 50 participants with PD and 49 HC

L. Alonso-Recio et al.

patients (30 females) were enrolled in the study. The control
group was composed by 49 healthy individuals (25 females).
The background data for the two groups are summarized in
Table 1. As can be seen in Table 1, both groups were matched
for sex, age, educational level, and general cognitive abilities,
as estimated by the Spanish version of the National Adult
Reading Test (TAP; Del Ser, Gonzalez-Montalvo, Martinez-
Espinosa, Delgado-Villapalos, & Bermejo, 1997) and MMSE.
A significant difference was found between groups for mood as
measured by the Spanish version of the Geriatric Depression
Scale (GDR-R; Izal, Montorio, Nuevo, Perez-Rojo, & Cabrera,
2010). However, patients’ average score on this scale was
below the cutoff for suspicion of depressed mood.

Patients were recruited across five institutions in Madrid.
Clinical information is presented in Table 2. Mode and
median of PD severity on the Hoehn and Yahr Scale (Hoehn &
Yahr, 1967) were both 2 (range, 1-4). On the Clinical
Impression of Severity Index for Parkinson’s Disease
(CISI-PD; Martinez-Martin, Forjaz, Cubo, Frades, & de Pedro
Cuesta, 2006), the PD group mean score was 9.00 of a possible
maximum of 24 (SD = 3.40). Global functional capacity
and dependence corresponded to 84.00 of a possible 100
(SD = 11.78) as measured by the Schwab and England scale
(Schwab & England, 1969), and to 48.98/156 (SD = 28.38)
on the Spanish version of the Parkinson Disease Questionnaire
(PDQ-39; Martinez-Martin & Frades Payo, 1998). The mean
illness duration was 6.45 years (SD = 3.98).

All patients were taking anti-Parkinsonian medication
with the following distribution: carbidopa/L-Dopa (44), d2
agonists (41), MAO - inhibitors (25), amantadine (3), and
anticholinergics (1). Participants were informed of the con-
fidential and anonymous treatment of their data and signed
the informed consent. The study was completed in accordance

PD HC x> ort p
Mean age, year (SD) 65.14 (6.74) 64.86 (3.84) -0.26 .79
n male gender (%) 20 (40) 24 (41) 0.81 37
% Education 2.35 .79
1. No studies 6.0 8.1
2. Basic studies 16.0 22.4
3. Primary studies 42.0 36.7
4. Secondary studies 18.0 20.4
5. Higher studies 18.0 12.2
Mean TAP (SD) 22.28 (5.85) 21.88 (5.89) -0.34 73
Mean MMSE (SD) 29.00 (1.098) 29.18 (1.03) 0.86 .39
Mean GDS-R (SD) 2.62 (2.69) 1.57 (1.61) -2.34 <.05
Range H& Y 1-4
Range CISI-PD 2-19
Range S & E 50-100
Range PDQ-39 0-127
Mean duration 6.45 (3.98)

disease, year (SD)

CISI-PD = Clinical Impression of Severity Index for Parkinson’s Disease; H & Y = Hoehn and Yahr Scale; GDS-R = Geriatric
Depression Scale-Revised; MMSE = Minimental State Examination; PDQ-39 = Spanish version of the Parkinson Disease
Questionnaire; SD = Standard Deviation; TAP = Test de Acentuacion de Palabras; S & E = Schwab and England scale.
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Table 2. Neuropsychological features of individuals in the PD and

HC groups
PD HC
M (SD) M (SD) T p

VF

PVF 12.26 (5.24) 11.47 (4.80) -.78 44

AVF 10.52 (4.38) 11.33 (3.66) 99 32
BNT 49.98 (7.05) 50.41 (5.66) .34 74
FDS 4.90 (1.79) 2.23 (1.56) 98 .33
TMTB-A 96.10 (71.06) 65.30 (39.07) -2.66 .009
BJLOT 20.06 (5.83) 21.46 (4.89) 1.30 .19

AVF = Alternative verbal fluency; BNT = Boston Naming Test; BJLOT =
Benton Judgement of Line Orientation Test; FDS = Forward digit span;
M = Mean; SD = Standard Deviation; PVF = Phonological verbal fluency;
TMTB-A = Trail Making Test (PartB-Part A); VF = Verbal fluency.

with the Helsinki Declaration and approved by the Ethical
Committee of the Universidad Autonoma de Madrid.

Stimuli and Tasks

Neuropsychological background

Basic visuospatial, language, and executive abilities of both
groups were assessed. Visuospatial ability was estimated by
means of the Benton Judgment of Line Orientation test
(BJLOT; Benton, Varney, & Hamsher, 1978), language skills
through Boston Naming Test (BNT; Kaplan, Goodglass, and
Weintraub, 1983), and executive functioning by means of the
Trail Making Test (TMT; Reynolds, 2002), Forward Digit
Span (Weschler, 2004), Phonemic and Alternating Word
Fluency (Benton and Hamsher, 1978). For BNT, Verbal
fluency, TMT, and BJLOT we used Spanish Multicenter
Normative Studies (NEURONORMA Project) norms.

Stimuli

Four types of stimuli were designed for the WM tasks: EFEs
(happiness, sadness, anger, fear, and disgust), neutral faces of
men and women, visual matrices of spatial location stimuli,
and nonsense syllables. For the EFEs and neutral faces tasks,
80 pictures (6.1 x9cm) of male and female faces from
different individuals (40 males and 40 females) were selected
from the FACES Database (Ebner, Riediger, & Linderberger,
2010). Half of them corresponded to EFE prototypes
(4 examples of each emotion x 5 emotions x 2 genders), and
the other half corresponded to neutral faces (20 males and
20 females). The hair and background were removed from all
the pictures to reduce insignificant or extraneous information.
For the spatial location stimulus, we presented a 3 x 3 square
matrix with one blue square and 8 white squares. The location
of the blue square varied systematically through all 9 possible
locations in the matrix (four positions were presented five
times and five positions four times). Finally, for the nonsense
syllables, we used five pairs of non-sense syllables composed
of three letters (consonant-vowel-consonant).
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Fig. 1. Examples of stimuli used in the WM tasks. (A) “Facial
expression 1-back™; (B) Gender 1-back™; (C) “Spatial location
1-back”; and (D) “Syllables 1-back” [Facial images were adapted,
with permission, from FACES Database (Ebner et al., 2010)].

WM tasks

With these stimuli we designed four different tasks using an
n-back procedure (Braver et al., 1997). Each task consisted of
40 consecutive trials in which a stimulus, identified as the
target set, was followed by the presentation of a stimulus
target probe. In each task, participants were instructed to
decide as quickly as possible whether or not the target probe
matched the previous target set (1-back). The tasks were
completed in a fixed order with the matching criteria being
EFE, gender, spatial location, or syllable, respectively (see
Figure 1), with 5 min of resting time between them. Stimuli
were balanced to appear the same number of times through-
out the 40 trials of each task.

All four tasks started with a verbal explanation about the
precise nature of the experiment, and included several prac-
tice trials. Participants were instructed to respond whether the
target probe matched the target set by pressing the 1 (yes) or
2 (no) button on the numeric keypad. Once the task was fully
understood, the experiment began by presenting a white cross
in the middle of the screen for 500 ms to fixate the partici-
pant’s attention. After this, a target set was presented until the
participant pressed the spacebar. Once a response was given
(or a maximum of 10,000 ms elapsed), a new stimulus
appeared, and participants had to compare it with the pre-
vious target probe which now acts as a target set. This
sequence was repeated until the 40 trials included in each task
were completed.

Procedure

Participants were individually tested in a quiet room. The PD
group was assessed at a time of day when their motor
symptoms were less severe (‘“‘on-state”). The study was
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performed in two sessions of one hour duration each. The
first began with screening for sociodemographic and general
characteristics followed by the neuropsychological assess-
ment. In the second session, participants performed the four
WM tasks. For these last tasks, a high resolution computer
monitor at a visual distance of 60 cm was used. E-Prime 1.2
software (43) controlled stimulus presentation, trial rando-
mization, and recording the response.

RESULTS

Neuropsychological Background Test

Table 2 provides data on the neuropsychological tests
performance of the two groups. There were no differences
between the two groups in their basic visuospatial ability as
assessed by BJLOT (#97) = 1.30; p = .19). Similarly, in
relation to executive and language tests, no significant
differences between PD and HC groups were observed in
Phonemic Fluency (f97) = —-0.78; p = .44), Alternating
Word Fluency (97, = 0.99; p = .32), Forward Digit Span
(to7y = 0.98; p = .33), and BNT (197, = 0.34; p = .74). In
contrast, significant differences were found in TMT perfor-
mance (f97, = —2.66; p = .01), where PD scores were lower
than HC ones.

Working Memory Tasks

The performance of PD and HC groups in the four WM tasks
was compared by means of a mixed 2 (group: PD patients vs.
healthy controls) x4 (task: EFE, Gender, Spatial location,
and Non-sense syllables) analysis of variance (ANOVA)
with the number of correct responses as the dependent
variable (see Table 3). Results showed a significant main
effect of task (F(3 201y = 103.15; p <.01; n* = .52). The EFE
recognition task (M = 27.59; SD = 5.71) was more difficult
than Spatial Location (M = 38.32; SD = 2.01) and Syllables
(M = 37.21; SD = 3.37) overall (p <.01 for both tasks). The
Gender task (M = 27.35; SD = 9.99) was also more difficult
than Spatial Location (p<.01) and Syllables (p <.01).
Analyses also revealed a significant group x task interaction
(Fa201y = 3.40; p = .02; n2 = .03). Post hoc analyses for
simple effects revealed significant differences between PD
and HC scores such that PD patients performed worse on the
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EFE (F,97, = 10.74; p =.001; n*=.10) and Spatial
Location tasks (F(; .97, = 7.29; p = .001; n2 =.07).

Taking into account that PD patients performed sig-
nificantly worse than HC on the TMT completion times (i.e.,
TMT-B time minus TMT-A time), we designed an additional
ANCOVA including these TMT scores as a covariate.
Results showed that the significant group x task interaction
was maintained (F328g) = 3.05; p = .03; r]2 = .03) even
after covarying for TMT scores. However, further analyses
for simple effects revealed that significant differences
between PD and HC groups for the EFE task (F(; 96y = 6.19;
p =.02; nz = .06) remained, while the difference between
PD and HC groups was no longer significant for the Spatial
Location task (F(96) = 3.09; p = .08; n2 = .03) after
covarying for TMT scores.

With the aim of assessing the possible influence of psy-
chomotor speed in PD group performance, an additional
mixed 2 (group: PD patients vs. healthy controls) x4 (task:
EFE, gender, spatial location, and syllables) ANOVA was
carried out with reaction time as the dependent variable (see
Table 4). Analyses revealed a significant main effect of task
(Fa201y = 71.35; p = .00; nz = .04). Differences in reaction
times were found between the four tasks (p = .01 for all
comparisons). For both groups, the EFE task took longer
(M = 2180.43 ms; SD = 607.26 ms) and the Spatial location
task was completed more quickly (M = 1456.72 ms;
SD = 473.97 ms). Analyses also revealed a significant main
effect of group (F(; 97y = 4.51; p = .04; n? = .04), such that
PD patients (M = 1855.17ms) were slower than HC
(M = 1683.81 ms) on all the tasks used. Statistically sig-
nificant results were not found for the group x task interac-
tion (Faao1) = 2.07; p=.10; n*> =.02), indicating that
differences between groups were not influenced by any of the
four tasks we used. So, it is not likely that processing speed
explains the differences we found for performance on the
EFE and Spatial Location tasks.

To assess whether PD stage (severity) influenced EFE
recognition abilities, we divided patients into two groups by
considering a global indicator of their motor and behavioral
state (i.e., the CISI-PD scale, Martinez-Martin et al., 2006).
This scale not only assesses motor decline (as the Hoehn and
Yahr scale does) but also accounts for information about
cognitive impairment and global disability. Then we divided
patients into two groups by distinguishing CISI-PD scores
above or below the percentile 50 based on percentile 50 on

Table 3. Correct responses in working memory with facial expression, gender, spatial location and syllables tasks by PD participants and Healthy controls (HC)

PD HC
Task M (SD) M (SD) Average (SD) F p
Correct responses (/20)
EFE 25.82 (5.83) 29.41 (5.02) 27.59 (5.71) 10.74 .001
Gender 28.20 (9.82) 26.49 (10.20) 27.35(9.99) 0.72 .39
Spatial location 37.80 (2.32) 38.86 (1.47) 38.32 (2.01) 7.29 .001
Syllable 36.66 (3.53) 37.77 (3.15) 37.21 (3.37) 2.75 .10

EFE = Emotional facial expression; M = Mean; SD = Standard deviation
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Table 4. Reaction times (ms) in working memory with facial expression, gender, spatial location and syllables tasks by PD participants

and Healthy controls (HC)

PD HC
Task M (SD) M (SD) Average (SD)
Reaction times (10 000)
EFE 2186.63 (618.59) 2174.30 (601.81) 2180.43 (607.26)
Gender 1992.21 (462.58) 1806.27 (403.36) 1900.18 (442.05)
Spatial location 1576.78 (582.42) 1334.22 (286.44) 1456.72 (473.97)
Syllable 1665.05 (677.02) 1420.43 (374.00) 1543.98 (559.28)

EFE = Emotional facial expression; M = Mean; SD = Standard deviation

their CISI-PD scores, resulting in 24 patients with a high level
of disability and 26 patients with a low level of disability.
A one-way ANOVA was carried out to test for differences
among the three groups (high disability, low disability, and
HC) for the EFE task. The analyses revealed that there were
significant differences among the three groups (F29s5) = 5.12;
p = .01). Bonferroni LSD post hoc tests revealed that the high
disability group (M = 25.24; SD = 7.02) scored significantly
lower (p = .01) than the HC group (M = 29.41; SD = 5.02).
No significant differences were found between the HC and low
disability groups (M = 26.61; SD = 4.64), nor between low
and high disability score groups.'

Finally, we analyzed the possible relationship between EFE
and depression in PD patients by calculating Pearson’s r statistic.
No statistically significant correlations between the EFE task
and GDR-S scores were found (r49) = -0.09; p = .50).

DISCUSSION

The present study aimed to contribute to knowledge about
WM and EFE recognition abilities in PD and the possible
relationships between these processes. For this purpose, we
used an n-back procedure to compare recognition of EFE and
other stimuli in a group of PD patients compared to healthy
individuals. We found that Parkinson’s patients have greater
difficulty than healthy individuals in recognizing emotional
facial expressions. Moreover, we found that this deficit is
more pronounced in more severe PD patients. Control

! We also analyzed PD stage influence dividing patients into three groups
(high, medium and low). A mixed ANOVA 4 (Group: Low PD, Medium PD,
High PD and HC) x4 (Stimulus: EFE, Gender, Spatial Location, and Sylla-
bles) was performed with number of correct responses as the dependent
variable. The analysis revealed a significant Group x Stimulus interaction
(F(9,285) = 2.29, p = .02, n2 = .07). Analysis for simple effect revealed
significant differences between the four groups in EFE (F(3,95) = 5.78,
p =.001, n* = .15), but not in Gender (F(3,95) = .79, p = .50, n° = .02),
Spatial Location (F(3,95) =249, p = .65, 112 =.07) or Syllables
(F(3,95) = 2.14, p = .10, n2 = .06). In the EFE task, differences were
observed between HC (M = 29.41, SD = 5.02) and High PD (M = 23.27,
SD = 6.77) (p = .001). In addition, we conducted a one-way ANOVA to test
differences among four groups (Low PD, Medium PD, High PD, and HC) in
the EFE task. The analysis revealed significant differences between the three
groups (F(3,95) = 5.78, p = .001, n> = .15). Bonferroni LSD post-hoc test
revealed that the high disability PD group (M = 23.27, SD = 6.77) scored
significantly lower than the HC group (M = 29.41, SD =5.02) (p = .001).
No differences were found among the other groups.
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conditions revealed that this deficit of facial emotion recog-
nition cannot be accounted for by worse facial recognition in
general, by working memory or executive function deficits,
or by depression.

Our results showed that the PD group performed worse
than the HC group for the EFE and Spatial location WM
tasks, but not for the Gender and Nonsense syllable tasks.
Even so, when executive function performance (assessed by
TMT) was covaried with spatial and EFE recognition, sig-
nificant differences between groups remained for only the
EFE WM task and not the Spatial Location task. Thus, as is
well known, PD patients did evidence worse executive
functioning and this finding seemed to underlie worse spatial
localization abilities but not their deficit of recognizing
emotional expression in faces. Additionally, our results
indicate that these differences are more evident in patients
with high motor and cognitive disability (assessed by CISI-
PD) than in the less affected patients, and when compared to
healthy individuals. Moreover, the fact that both the PD and
HC groups performed similarly on the Gender tasks, an
underlying general facial processing ability deficit cannot
explain the PD patients’ deficit in emotional facial recognition.
Similarly, since both groups performed similarly on the
Syllables task, a general working memory deficit cannot
explain the PD patients’ deficit of emotional facial recognition.

This finding of worse EFE in PD cannot be attributed
simply to task difficulty. Accuracy and reaction times
demonstrated that the EFE and Gender tasks were more dif-
ficult than the Spatial Location and Nonsense Syllable tasks
for both PD and HC groups. However, significant differences
between groups were found both in one of the difficult tasks
(EFE) and in one of the easy tasks (Spatial Locations). Thus,
although tasks ranged in difficulty, task difficulty cannot
explain why PD patients were significantly poor at recog-
nizing emotional faces.

The relative independence between executive function and
EFE recognition deficits suggests the possible presence of an
additional and specific EFE recognition impairment. This
result is somewhat distinct from those of Cohen et al. (2010)
who, with a similar n-back procedure, found a global slowing
on their most complex recognition task (3-back vs. 1-back),
but did not find a specific EFE deficit. In this respect, we
should stress that we also found a non-specific slowing in
reaction times in PD compared to HC in all the four tasks we
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used. Nevertheless, as we did not evaluate task complexity,
and they only contrasted facial expression with other very
different objects, a direct comparison between their results
and ours is difficult. Thus, the most parsimonious inter-
pretation for our results would suggest that response slowing
in PD individuals is a separable characteristic that may not
fully explain our EFE recognition results (Low, Miller, &
Vierck, 2002). Moreover, this specific EFE recognition
impairment has also been widely observed in other studies
(Dujardin et al., 2004; Herrera et al., 2011; Lachenal-
Chevallet et al., 2006; Suzuki et al., 2006; Yip et al., 2003).
Our results agree with this set of studies, and add reasonable
evidence to support that emotional recognition problems in
PD are not attributable to their executive process dysfunction.

Although PD patients performed worse on a Spatial Location
task, this result did not remain significant after covarying for
TMT-A time minus TMT-B time. The association between
visuospatial WM and TMT deficits has been observed by other
authors (Miller, Price, Okin, Montijo, & Bowers, 2009). So,
this result indicates that spatial perception and executive per-
formance, which are both found to be frequently impaired in
PD, may be explained by similar underlying mechanisms. It is
also in accordance with our own, and other previous, results
indicating that spatial memory, but not verbal memory, is
related to executive function performance in individuals with
PD (Alonso-Recio et al., 2013; Rilling, 2003).

It is interesting that PD patients did not show problems
with the Gender WM task, which presumably also entails
spatial abilities. A possible explanation is that the perception
of facial emotional expression and facial identity features
(such as gender) do not require similar perceptive processes
and brain areas, and therefore they may be differentially
impaired in PD. In this respect, neurocognitive models for
face perception suggest differentiable components for the
perception of identity versus emotional facial features (Bruce
& Young, 1986; Calder & Young, 2005; Haxby, Hoffman, &
Gobbini, 2000). Related to this proposal is the suggestion of
distinguishable WM components: one operating with spatial
properties of stimuli and another one for object recognition
(Rottschy, Caspers, et al., 2012). Both suggest modular or at
least partially distinctive cognitive processes and brain areas
for the recognition of more changeable facial features, such
as those of the emotional expression, or more stable ones,
such as those defining gender (Haxby & Gobbini, 2011).
Relevant to this line of reasoning, our results may support this
differentiation in face recognition processes, indicating that
the management of spatial cues involved in EFE recognition
are specifically altered in PD. Conversely, the ability to pro-
cess facial features related to identity recognition, such as
gender, could be preserved. In support of this hypothesis, it
has also been found that the perception of emotional facial
expressions and facial identity features (as gender) do not
induce similar facial scanning strategies (Dakin & Watt,
2009; Goffaux & Dakin, 2010), and may be differentially
impaired in PD (Narme, Bonnet, Dubois, & Chaby, 2011).

Regarding the difficulty with the spatial working memory
measure, this may also indicate that the PD group did not
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perform at a lower level on the BJLOT test. Several studies
suggest that visuospatial impairment in PD is associated
with executive function. In particular, such impairments
have been mostly observed in the visuospatial tasks con-
veying sequential organization, planning, abstraction or
self-monitoring (Crucian & Okun, 2003; Crucian et al., 2000;
Stella et al., 2007). It is possible that BILOT, which is a pure
visuoperceptive test, may be performed without a high
executive involvement, which could explain the lack of
differences between the PD and HC groups.

From a neuroanatomical perspective, WM impairments in
PD have been linked to the dopaminergic drop in frontos-
triatal circuits. Our results may further indicate that the white
matter connections between the prefrontal and dorsal
posterior brain areas (related to spatial perception) may be a
particular region of interest for impairment in PD (Postle,
2006; Rottschy, Caspers, et al., 2012). Emotional recognition
impairments, at least in patients with a higher level of PD-
related disability, could be related to other brain impairments
that are not so evident in the initial stages of the disease.
There is evidence that, in these initial stages, the mesolimbic
dopaminergic and non-dopaminergic circuits tend to be
preserved but that they decline as the disease progresses
(Braak et al., 2003; Owen, 2004). These mesolimbic path-
ways connect the striatum, amygdala, hippocampus, limbic
and paralimbic cortex, as most of these structures play a
relevant role in emotion recognition (Adolphs, 2002). So, our
results may indicate that EFE recognition problems are more
closely associated with the progressive damage in these
mesolimbic circuits and areas (Peron et al., 2012).

Our study is limited by the use of static images; future
research using the use of more realistic portrayals of emo-
tional facial expression would permit further evaluation of
EFE in PD patients. We must also emphasize that our main
objective was to analyze WM abilities through behavioral
measures, which limits our approach to studying the neural
correlates of these abilities. Studies specifically designed to
compare patients’ abilities with functional neuroimaging
techniques may provide relevant information to the neuro-
anatomical postulates above. Moreover, all of our PD
patients were evaluated while undergoing dopaminergic
treatment. As such, we were unable to assess the potential
influence of the medication on their performance. The fact
that patients show EFE recognition impairments despite
treatment may implicate extradopaminergic more than
dopaminergic circuits. However, comparison of patients’
abilities under different treatment conditions could help to
discern this issue. Also, other factors that could be investi-
gated as a potential influence on our results are those specific
to the dominant motor symptomatology or the side of onset of
the disease. So, future studies must be designed taking into
consideration these disease characteristics and their relevance
on PDs’ performance. Finally, we may also point out that our
experimental design could possibly have been improved by
using randomization among tasks. However, our results can
be considered to not have been influenced by using a fixed
order. In this sense, we did not observe a progressive
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improvement in performance (greater accuracy and/or lower
reaction times) throughout tasks.

Taken in the context of the literature, our findings have
important clinical implications that will be useful to consider
in the neuropsychological assessment and rehabilitation of
PD patients. EFE are very frequent in everyday social inter-
action and, as such, recognition deficits may have a greater
impact on patients’ quality of life. Also, WM is a very rele-
vant ability that helps individuals to maintain and manage
information to cope with a lot of daily situations. Therefore, it
is important to conduct a more detailed assessment of emo-
tional recognition abilities to better understand their impact
on PD patients’ social interactions and daily activities.
Similarly, EFE may be useful to address in rehabilitation
programs as a way facilitating PD patients’ interpersonal
efficacy, and consequently, it will be important to train clin-
icians in this aspect of PD rehabilitation. It has been pointed
out that one of the main problems of cognitive training pro-
grams, especially in aging, is engaging people in them, as
well as generalizing the results to their daily life (Park &
Bischof, 2013). So, to design more engaging and ecologically
valid rehabilitation programs, inclusion of goals to enhance
EFE recognition may be useful to for facilitating the extra-
polation of their improvements to common everyday settings.
Exercises to improve recognition of facial emotional expres-
sion may be implemented both for basic spatial WM and affect
recognition abilities. Other authors have already reported the
positive effect of using relevant daily-life situations in WM
training programs with PD individuals (Ranchet, Paire-Ficout,
Marin-Lamellet, Bernard, & Brousolle, 2011).

In summary, the PD patients evidenced deficits of recogniz-
ing facial emotions in the context of a working memory task.
While they also exhibited a weakness for spatial localization on
a working memory task, this was explained by a deficit of
executive functioning. Considering that neutral faces did not
elicit the same difficulties, the deficit in recognizing emotional
expression seems to be specific to the affective content. Thus,
the evidence from our results allows us to distinguish some of
the cognitive and emotional deficits often found in PD.
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