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Abstract
Background/Aim: Gesturing plays an important role in social behavior and social learning. Deficits are frequent in
schizophrenia and may contribute to impaired social functioning. Information about deficits during the course of the
disease and presence of severity and patterns of impairment
in first-episode patients is missing. Hence, we aimed to investigate gesturing in first- compared to multiple-episode
schizophrenia patients and healthy controls. Methods: In 14
first-episode patients, 14 multiple-episode patients and 16
healthy controls matched for age, gender and education,
gesturing was assessed by the comprehensive Test of Upper
Limb Apraxia. Performance in two domains of gesturing –
imitation and pantomime – was recorded on video. Raters of
gesture performance were blinded. Results: Patients with
multiple episodes had severe gestural deficits. For almost all
gesture categories, performance was worse in multiple- than
in first-episode patients. First-episode patients demonstrated subtle deficits with a comparable pattern. Conclusions:
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Subjects with multiple psychotic episodes have severe deficits in gesturing, while only mild impairments were found in
first-episode patients independent of age, gender, education and negative symptoms. The results indicate that gesturing is impaired at the onset of disease and likely to further
deteriorate during its course.
© 2016 S. Karger AG, Basel

Introduction

Social impairment is a cardinal feature of schizophrenia and present throughout the course of illness starting
at the prodromal stage [1]. Nonverbal communication is
critical for successful social interaction [2]. Patients with
schizophrenia suffer from severe problems in nonverbal
information processing. They have difficulties in perceiving and recognizing nonverbal social cues [3]. This has
been repeatedly shown for emotion recognition of facial
expression [4] and is also true for other nonverbal cues,
such as visual body cues (hands and body posture) as well
as vocal nonverbal cues [5, 6]. Furthermore, patients display nonverbal actual face-to-face interaction deficits [7].
These deficits have been associated with negative symptoms [8] and reduced social competence [9].
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Table 1. Clinical characteristics of first-episode patients (n = 14), multiple-episode patients (n = 14) and healthy

controls (n = 16)

Age, years
Males, %
Education
PANSS pos.
PANSS neg.
PANSS gen.
PANSS total
CPZ
FAB
MRS
AIMS glob.
UPDRS-3
MMSE

First episode

Multiple episodes

Healthy controls

d.f.

F/T/χ2

p

27.2 ± 8.5
78.6
14.4 ± 3.0
17.1 ± 6.8
17.7 ± 5.7
35.2 ± 10.9
70.0 ± 19.3
225.9 ± 170.8
16.8 ± 1.5
1.4 ± 1.7
0.1 ± 0.4
2.6 ± 3.3
29.3 ± 1.0

28.1 ± 4.6
78.6
14.3 ± 3.0
14.5 ± 5.1
18.1 ± 5.0
33.9 ± 7.6
66.5 ± 14.2
414.5 ± 336.9
16.9 ± 1.5
3.4 ± 3.5
1.1 ± 1.5
5.6 ± 6.1
27.9 ± 2.5

27.7 ± 6.3
56.3
14.8 ± 2.8
–
–
–
–
–
17.8 ± 0.4
–
–
–
–

2
2
2
1
1
1
1
1
2
1
1
1
1

0.4
2.4
0.1
1.1
–0.2
0.4
0.5
–1.9
2.9
–2.0
–2.3
–1.6
2.0

0.690
0.296
0.886
0.267
0.862
0.719
0.589
0.073
0.072
0.058
0.027
0.116
0.061

CPZ = CPZ-equivalent dosage; FAB = Frontal Assessment Battery; MRS = Modified Rogers Scale; glob. =
global judgment.
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gradually returned to baseline levels with continued treatment [26, 27]. Furthermore, subjects at risk for psychosis
demonstrate reduced and faulty gesturing [28, 29].
The aim of the current study was to establish whether
gestural deficits are present at the first psychotic episode.
Furthermore, the study explored whether gestural deficits
were likely to progress during the course of the illness,
contrasting patients with first and multiple episodes. Patients were matched for age, gender and education. We
expected to find gestural impairments in first-episode patients with lower severity and frequency than in patients
with multiple episodes.
Participants and Methods
Participants
Twenty-eight inpatients (14 first-episode patients and 14 multiple-episode patients) of the University Hospital of Psychiatry, Bern
(Switzerland), meeting the diagnostic criteria of schizophrenia,
schizoaffective disorder or schizophreniform disorder according to
DSM-IV, and 16 healthy control subjects participated in this study.
Diagnoses were given after thorough clinical examination and review of all case files by board-certified psychiatrists and were ascertained by the Structured Clinical Interview for DSM (SCID). All
study participants provided written informed consent. The study
protocol adhered to the Declaration of Helsinki and was approved
by the local ethics committee. General exclusion criteria were a history of traumatic brain injury, or concurrent alcohol or substance
dependence. All subjects were right handed, which was assessed
with the Edinburgh Handedness Inventory [30]. Age, gender and
duration of education did not differ between groups (table 1).
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One critical feature in nonverbal communication is
gesturing [10, 11]. Gestures can for instance enhance language understanding [12], and mediate social learning
and memory processes [13, 14]. Recently, gesture performance has been shown to be impaired in patients with
schizophrenia. Simple imitation of meaningless manual
and oral gestures was impaired [9]. In addition, it was
shown that pantomiming meaningless gestures was particularly disturbed [15], which is associated with poor
frontal lobe function [16]. Furthermore, disturbed nonverbal social perception is linked to poor gesture performance in schizophrenia [17].
Schizophrenia often encompasses multiple episodes
with progressive deterioration. Some psychosis-related
neuropsychological deficits occur early in the course of
the disease. Patients may present with deficits in memory,
and executive and motor functioning after remission of
the first episode [18]. Neurocognitive deficits such as verbal executive and verbal memory deficits, for example,
are found early on, with a clear trend toward decline during the course of the disorder [19]. Likewise, motor abnormalities in patients with schizophrenia were present
before treatment. In fact, motor abnormalities have also
been observed in high-risk samples [20, 21] in children
who later developed schizophrenia [22] and in unmedicated first-episode patients with psychosis [23, 24, for review see 25]. Interestingly, some motor deficits in firstepisode patients exacerbated acutely during antipsychotic treatment (i.e. over the first few months) and then

Table 2. Gesture performance of first- and multiple-episode patients and healthy controls

TULIA

First episode

Multiple episodes

Healthy controls

Total left
Total right
Imitation left
Pantomime left
Imitation right
Pantomime right

220.6±14.2 (21)
222.3±12.9 (21)
112.7±5.4 (7)
107.9±9.3 (21)
112.3±6.1 (14)
110.0±8.3 (21)

205.6±17.9 (57)
210.9±18.3 (21)
103.7±10.9 (21)
101.9±10.5 (50)
106.7±11.1 (21)
104.1±9.2 (36)

228.2±5.4 (0)
227.3±7.2 (0)
114.4±2.4 (0)
113.8±4.2 (0)
114.5±2.8 (0)
112.8±5.1 (0)

Means ± SD. Percent deficits are shown in parentheses. Note that TULIA cutoff scores were determined for
the left hand.

Procedures
Diagnoses were given following clinical interviews, review of all
records available as well as SCID. Psychopathology was assessed
by trained raters using the Positive and Negative Syndrome Scale
(PANSS) [33]. In addition, frontal lobe function, motor behavior
and broad cognitive function were assessed using the Frontal Assessment Battery [34], the Modified Rogers Scale [35], the Abnormal Involuntary Movement Scale (AIMS) [36], the Unified Parkinson’s Disease Rating Scale motor part (UPDRS-3) [37] and the
Mini-Mental State Examination (MMSE) [38].
Gesture Tests
Participants performed the Test of Upper Limb Apraxia (TULIA) [39] with the left and the right arm separately. Briefly, the
TULIA assesses the performance of meaningless, transitive (toolrelated) and intransitive (symbolic non-tool-related) gestures in
two domains, i.e. imitation (performance after demonstration)
and pantomime (performance following verbal instruction). The
order of tests in both arms and both presentation domains was
randomized across the participants. The performance was videotaped and rated by an expert rater blinded to clinical information
and diagnoses. Each of the 48 items is rated on a scale from 0 (no
movement) to 5 (correct performance), taking spatial, temporal
and content errors such as body part as an object into account. The
test can be obtained at www.tulia.ch, and instructions are given in
the original publication. Previously, cutoff scores were determined
for each semantic category for the left arm in a group of younger
adults [15].

Gesturing in First- and Multiple-Episode
Schizophrenia Patients

Statistical Analyses
Statistical tests were performed using SPSS 21.0 (SPSS Inc.,
Chicago, Ill., USA). Two-sample t tests, one-way analysis of variance (ANOVA) and χ2 tests were used to test continuous and categorical clinical variables between patients and healthy controls.
Gesture performance for both arms was tested between the patient groups and healthy controls. First, we used a repeated-measure ANOVA with group as between-subject factor and hand (left
and right), domain (imitation and pantomime) and semantic category (meaningless, intransitive and transitive gestures) as withinsubject factors. Greenhouse-Geisser correction was applied. Post
hoc tests between the groups (multiple- vs. first-episode patients,
multiple-episode patients vs. controls and first-episode patients vs.
controls) were calculated and corrected for multiple comparisons
(Sidak correction).
Next, to further disentangle triple interactions of repeatedmeasure ANOVA, we analyzed all semantic categories independent of the performance hand (mean left and right hand) using
multivariate ANOVA (MANOVA) over all groups. Post hoc tests
for MANOVA were corrected for multiple comparisons (Sidak
correction).
In addition, exploratory analyses were conducted to test differences between first-episode patients and controls using nonparametric Mann-Whitney U tests. For these results, we calculated effect sizes using Rosenthal’s r (small effect > 0.1; medium effect >
0.3, and large effect > 0.5 [40]). Level of significance was set at p <
0.05 (two tailed).
Finally, we assessed the association of antipsychotic medication
dosage (CPZ) with abnormal involuntary movements (AIMS
scores) and gesture performance using Pearson’s correlation in the
patients.

Results

Gesture Impairments in Schizophrenia
Applying the cutoff scores determined previously for
the left hand [15], 50% of the multiple-episode and 21%
of the first-episode patients presented deficits in pantomime gestures (gesture performance on verbal command), and 21% of the multiple-episode and 7% of the
Neuropsychobiology 2016;73:201–208
DOI: 10.1159/000446116

203

Downloaded by:
Universitätsbibliothek Bern
130.92.9.55 - 7/13/2016 3:40:05 PM

Healthy controls were volunteers recruited from the hospital
staff and the community. They were screened using the Mini International Neuropsychiatric Interview [31] to exclude any concurrent or previous history of axis I psychiatric disorders. None of
the controls took psychotropic medication or suffered from any
neurological or major medical condition. Controls had no firstdegree relative with a psychotic disorder.
In the patient groups, dosages of antipsychotic medication
were assessed and chlorpromazine (CPZ)-equivalent doses were
calculated according to Woods [32]. CPZ equivalents did not differ
between the patient groups (table 1) with 3 patients being off antipsychotic medication at the time of participation. Abnormal involuntary movements were more frequent in multiple-episode patients. The mean duration of illness in the multiple-episode patient
group was 9.3 ± 5.2 years.

Table 3. Gesture performance of first- and multiple-episode patients and healthy controls: effects of hand, domain, category, group and
interaction effects
Repeated-measure ANOVA

Post hoc test: effect of group

effect

Hand
Domain
Category
Group

effect

F

d.f.

p

2.769
5.922
36.500
8.981

1.0
1.0
1.9
2.0

0.104
0.019
<0.001
<0.001

hand × group
domain × group
category × group
hand × domain
hand × category
domain × category

effect

F

d.f.

p

2.299
0.497
3.944
0.028
1.409
3.207

2.0
2.0
3.9
1.0
1.7
2.0

0.113
0.612
0.006
0.898
0.250
0.017

hand × domain × group
domain × category × group
hand × domain × category
hand × domain × category × group

F

d.f.

p

p

1.289
3.207
0.292
0.879

2.0
3.4
2.0
3.5

0.286
0.017
0.747
0.480

controls > multiple episodes
<0.001
first > multiple episodes
0.026
controls > first episode
0.462

Table 4. Gesture performance of first- and multiple-episode patients and healthy controls in each semantic category

MANOVA (Wilks’ λ = 0.469; F = 2.759; d.f. = 24; p = 0.004)

Post hoc test: Sidak correction

first
episode

multiple
episodes

healthy
controls

F

d.f.

p

multiple episodes
vs. controls

first vs. multiple
episodes

controls vs.
first episode

Mean TULIA: imitation
Meaningless 37.2 ± 2.3
Intransitive
38.6 ± 1.4
Transitive
36.7 ± 1.4

35.1 ± 3.0
36.8 ± 4.2
33.4 ± 5.6

38.8 ± 1.3
39.4 ± 0.9
36.3 ± 1.6

10.015
4.135
3.799

2
2
2

<0.001
0.023
0.031

p < 0.001
p = 0.022
p = 0.017

p = 0.051
p = 0.169
p = 0.049

p = 0.178
p = 0.801
p = 0.989

Mean TULIA: pantomime
Meaningless 34.8 ± 4.6
Intransitive
38.6 ± 2.0
Transitive
35.6 ± 3.1

30.8 ± 4.7
36.8 ± 4.0
36.4 ± 3.0

37.4 ± 2.3
39.0 ± 1.2
36.8 ± 2.0

10.562
2.972
1.257

2
2
2

<0.001
0.062
0.295

p < 0.001
p = 0.075
p = 0.411

p = 0.032
p = 0.198
p = 0.502

p = 0.209
p = 0.971
p = 0.999
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ences in gesture performance were detected between
healthy controls and first-episode patients.
In detail, the performance of meaningless gestures was
more impaired in both patient groups and both gesture
domains. Most pronounced differences in gesture performance between multiple-episode patients and healthy
controls were detected in meaningless gestures in the imitation and pantomime domain. The group differences
were less prominent for intransitive (symbolic) gestures.
In contrast, transitive (tool-related) pantomime performance was unaffected. Patient groups (first vs. multiple
episodes) differed mainly in pantomime performance of
meaningless gestures, with more deficits in the chronic
patients (table 4; fig. 1).
Exploratory Analysis of Gesture Impairments in
First-Episode Patients
Comparing first-episode patients and healthy controls, no significant differences in gesture performance
were found using post hoc tests with correction for mulStegmayer/Moor/Vanbellingen/
Bohlhalter/Müri/Strik/Walther
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first-episode patients showed deficits in gesture imitation
(performance after demonstration). None of the control
subjects showed any deficit (table 2).
The repeated-measure ANOVA demonstrated significant effects of gesture domain, gesture category and group
(table 3). In addition, we found a significant effect of the
interactions category × group and of domain × category
× group. In contrast, no significant effect emerged for
performance hand or any of the interactions with performance hand (table 3). The corrected post hoc tests demonstrated that multiple-episode patients experienced
more problems performing gestures than healthy controls and first-episode patients (table 3).
In addition, we investigated gesture performance between the groups in each semantic category irrespective
of the performing hand using MANOVA (table 4; fig. 1).
Multiple-episode patients displayed more difficulties performing gestures in most categories than healthy controls, and more difficulties performing some categories
than first-episode patients (table 4). No significant differ-
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Fig. 1. Gesture performance of first- and multiple-episode patients

and healthy controls in each semantic category. Lines indicate
means ± SEM. * p < 0.05, multiple-episode patients vs. healthy
controls; ** p < 0.05, multiple- vs. first-episode patients.

Noteworthy, all first-episode patients (n = 5) with gesture performance below the cutoff scores (TULIA total
scores) showed a positive family history for psychosis,
while this was the case only for 1 first-episode patient
without gesture performance deficits below the cutoff
scores. However, this patient scored only 2 points above
the cutoff score for TULIA total, but below some cutoff
scores of the gesture categories. Moreover, comparing the
duration of the episode prior to the test did not differ between first-episode patients with and without gesture
performance deficits [patients with deficits: duration of
episodes 6–36 weeks prior to the test (16.1 ± 8.7); patients
without deficits 6–22 weeks (13.0 ± 6.7); T = –0.64; p =
0.536].
Finally, in patients, no significant associations of antipsychotic medication dosage (CPZ) and AIMS scores
with gesture performance (TULIA total scores) were
shown (left hand: CPZ and TULIA total scores: r = –0.243;
p = 0.212, AIMS global scores and TULIA total scores:
r = –0.341; p = 0.076; right hand: CPZ and TULIA total
scores: r = –0.275; p = 0.157; AIMS global scores and
TULIA total scores: r = –0.335; p = 0.080).

Discussion

tiple comparisons (tables 3, 4). However, some first-episode patients clearly presented severe performance deficits with scores below the cutoff scores (table 2 and online suppl. fig. A; for all online suppl. material, see www.
karger.com/doi/10.1159/000446116). We therefore aimed
to further explore whether first-episode patients would
differ from controls in gesture performance applying exploratory analyses.
First-episode patients performed poorer than controls
for both hands (right hand: z = –2.10; p = 0.036; r = 0.27,
and left hand: z = –2.65; p = 0.008; r = 0.31). Exploring
gesture domains (imitation and pantomime), performance of imitation of the left hand (z = –3.32; p = 0.001;
r = 3.4) was particularly disturbed. The same was true for
the right hand but to a lesser degree, with a trend for significance (z = –1.73; p = 0.084; r = 0.25). Moreover, pantomime of the right hand (z = –2.14; p = 0.032; r = 0.28)
was impaired in first-episode patients. For additional exploratory analysis of the semantic subcategories, see online supplementary material (suppl. analysis A).

The present study investigated gesture performance in
first- and multiple-episode schizophrenia patients and
healthy controls. We applied a comprehensive test of gesture performance including two domains: imitation (performance after demonstration) and pantomime (performance following verbal instruction) with blinded video
ratings [39]. Patients with multiple episodes showed severe deficits in performing gestures with both hands. Performance deficits were particularly prominent during
meaningless and intransitive gestures. Performance of
first-episode patients was not significantly worse than
performance of healthy controls. However, a proportion
of first-episode patients (21%) presented substantial gesture performance errors, e.g. body part as an object, omission and spatial orientation errors, leading to performance rates below the cutoff scores in some patients [15].
Exploratory analysis revealed subtle deficits in gesture
performance with a comparable pattern of deficits in
first- and multiple-episode patients. Particularly, meaningless gesture performance was affected.
We hypothesized that patients with first-episode
schizophrenia would demonstrate gestural impairments.
The findings of the present investigation partially support
this notion. As noted, gesture performance was difficult

Gesturing in First- and Multiple-Episode
Schizophrenia Patients
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Gesture performance (mean TULIA score)
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gesture impairments as the multiple-episode patients.
Still, the frequency of errors was much higher in patients
with multiple episodes than in first-episode patients. The
differences in this cross-sectional analysis are unlikely to
stem from effects of age, medication or negative symptoms. In fact, first- and multiple-episode patients did not
differ in age, education, gender, PANSS scores or CPZ
dosage in our study. Moreover, groups did not differ in
the presentation of motor signs such as parkinsonism or
catatonia. This supports the assumption that deterioration in gesture performance is likely to be a result of the
process of the illness itself rather than driven by external
effects. Still, AIMS scores differ between both patient
groups. This is in line with the literature showing an increase in abnormal movements with increasing duration
of illness [43]. This is also true for never-treated at-risk
subjects [44]. Yet, AIMS scores as well as CPZ dosage did
not correlate with gesture performance in patients in a
previous report [16] and the current study.
In our study, the majority of first-episode patients
showed largely preserved performance when producing
gestures on command. In contrast, two reports of spontaneous gesture use suggest alterations in gesture use in
unmedicated schizotypal adolescents and youth at ultrahigh risk for psychosis [28, 29]. The authors investigated
the spontaneous frequency of well-defined gesture categories, such as iconic, metaphoric, beat and deictic (pointing) gestures, during a natural interview situation. Besides the quantitative reduction in spontaneous gesture
use [29], subjects at risk also demonstrated qualitative alterations in gesture content [28]. In fact, increased mismatch errors (incongruence between content of speech
and gesture) and more retrieval gestures (gestures during
speech pause while the participant is searching an expression) were reported in subjects at risk. These data suggest
that gesture use is altered before the onset of frank psychosis. Our results support the notion that gesture performance is altered already in the early phase of the disorder
and grossly deteriorated in chronic patients. The difference in the results between these studies is very likely due
to the methods applied. TULIA focuses on a set of specific hand gestures that need to be replicated as precisely
as possible. The task posits specific underlying demands
for the gesture categories tested. Specific motor skills and
matching action, for instance, are required during imitation. Therefore, imitation deficits possibly reflect severe
motor, observation and matching action deficits. These
neuropsychological deficits in gesture imitation in schizophrenia have been reported by others [9, 45]. Furthermore, understanding of gestures in a specific context and
Stegmayer/Moor/Vanbellingen/
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in some but not all first-episode patients, and exploratory
analyses revealed mild impairments in gesture performance compared to healthy controls. Particularly the
performance of meaningless gestures remained difficult,
as previously reported in schizophrenia patients [15].
These deficits have specifically been associated with impaired frontal lobe function [16]. In general, the frontal
lobe is relevant for higher-order motor control, including
planning and execution [41]. Indeed, schizophrenia patients with gesture deficits present reduced gray matter
volume in the left inferior frontal gyrus [42]. Performance
of meaningless (novel) gestures may be more demanding
in terms of frontally mediated action planning than transitive and intransitive gestures, which are sought to be
highly overlearned gestures [39]. We may, therefore,
speculate that in patients with slightly disturbed action
planning, performance of the more demanding gestures
(meaningless gestures) is affected, while the performance
of highly overlearned gestures (transitive and intransitive
gestures) is still preserved. In real life, nonverbal communication relies frequently on familiar gestures. However,
sometimes familiar gestures are not sufficient and we
need to generate new gestures with changing context.
Thus, defective action planning may impair performance
of novel gestures, which in turn disturbs correct nonverbal communication.
Our findings are suggestive of an effect of familial load
on gesture performance. Those who had clear-cut deficits
among the first-episode patients also had a positive family history of psychosis. Future studies should, therefore,
attempt to identify gesture deficits and a possible genetic
vulnerability to the illness. In order to rule out effects of
the disease process on gesture deficits among first-episode patients, we compared the duration of the episode
prior to the test with no obvious difference between firstepisode patients with and without gesture performance
deficits. In sum, a subgroup of first-episode patients presented with clear gestural deficits, and the exploratory
analysis revealed a poorer performance compared with
healthy subjects for the entire group in almost all gesture
categories.
Our hypothesis that gestural impairments would be
less prominent in first-episode patients than in patients
with multiple episodes was confirmed. Patients with multiple episodes showed severer impairment in gesture performance (higher error rates) in almost all gesture categories. Thus, our findings are consistent with a progressive
decline in gesture performance during the course of the
disease rather than a stable deficit. In fact, first-episode
patients demonstrated a similar pattern of difficulties in

underlying neuronal correlates was investigated in schizophrenia patients [46, 47]. The authors noted specific difficulties in gesture understanding in an abstract sentence
context (metaphoric gestures). They assume a dysfunctional integration of multimodal communication processing (speech and gesture – verbal and visual) in schizophrenia patients. With the current study, we did not test
gesture perception or actual gesture use. It is, however,
conceivable that impaired gesture performance would be
related to poor gesture perception in patients with schizophrenia spectrum disorders.
In summary, our findings confirm that gesture performance is frequently impaired in schizophrenia patients
and suggest, together with previous findings, that at least
slight impairment is present early in the course of the disorder, prompting the question about their pathophysiological and clinical significance. In the nonverbal domain,
gesture performance deficits may contribute to poor
communicative functioning. It has been demonstrated
that in the absence of gestures, language is difficult to understand [10]. Furthermore, deficits in nonverbal communication contribute to poor social functioning of patients with schizophrenia [2]. In the light of these findings, it is likely that inefficient gesture performance may
contribute to impaired social functioning and functional
outcome. Given that poor social perception impaired gesture performance [17], poor gesture performance in firstepisode patients may result from poor social cognition at
the very onset of the disorder. In fact, deficits in social
cognition were reported even before the actual onset of
psychosis, for instance in adolescents at risk for psychosis
[48], and may already substantially impact social functioning in first-episode patients.

The present study has some limitations. The sample
size was relatively small. In addition, most patients had
been exposed to antipsychotics prior to study participation; therefore, deficits could be partly attributed to both
the disorder itself and to the effects of antipsychotic treatment. In particular, multiple-episode patients have been
exposed to long-term antipsychotic treatment, which was
not the case in first-episode patients. Still, groups did not
differ in terms of age, gender, education and extrapyramidal motor function. Finally, this was a cross-sectional
study, and longitudinal analyses of gesture performance
are clearly needed.
In conclusion, we found that multiple psychotic episodes were associated with severe deficits in gesture performance compared to the first episode independent of
age, gender, education and negative symptoms. Firstepisode patients showed relatively preserved gesture performance (although some deficits were detected) even if
they are not entirely devoid of gesture performance impairment. Therefore, our results indicate that gesture performance deficits occur early and are likely to continuously decline during the course of the disease.
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