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Psychomotor symptoms are those symptoms that are characterized by deficits in the 
initiation, execution and monitoring of movements, such as psychomotor slowing, catatonia, 
neurological soft signs (NSS), reduction in motor activity or extrapyramidal symptoms 
(EPS). These symptoms have not always received the attention they deserve although they 
can be observed in a wide range of psychiatric illnesses, including mood disorders, psychotic 
disorders, anxiety disorders, pervasive developmental disorders and personality disorders. 
Nevertheless, these symptoms seem to have prognostic value on clinical and functional 
outcome in several pathologies. 

In the late 19th century, the founding fathers of modern psychiatry (including Kahlbaum, 
Wernicke, Kraepelin and Bleuler) had a strong focus on psychomotor abnormalities in their 
description and definitions of psychiatric illnesses and systematically recognized these as 
core features of several psychiatric pathologies. Nevertheless, emphasis on these symptoms 
has reduced substantially since the emergence of psychopharmacology, given the association 
between antipsychotics or antidepressants and medication-induced motor deficits. This has 
resulted in the general idea that most if not all psychomotor deficits were merely side effects of 
their treatment rather than intrinsic features of the illness. 

Yet, the last two decades a renewed interest in these deficits can be observed and has yielded 
an exponential growth of research into these psychomotor symptoms in several psychiatric 
illnesses. This recent evolution is also reflected in the increased appreciation of these symptoms 
in the DSM-5. 

As a result of this increased focus, new insights into the clinical and demographical presentation, 
the etiology, the course, the prognostic value as well as treatment aspects of psychomotor 
symptomatology in different illnesses has emerged. Still, many new questions arise from  
these findings. 

This research topic is comprised of all types of contributions (original research, reviews, 
and opinion piece) with a focus on psychomotor symptomatology in a psychiatric illness, 
especially research focusing on one or more of the following topics: the clinical presentation of 

2 November 2015 | Psychomotor Symptomatology in Psychiatric IllnessesFrontiers in Psychiatry

http://journal.frontiersin.org/journal/psychiatry
http://journal.frontiersin.org/researchtopic/2648/psychomotor-symptomatology-in-psychiatric-illnesses


the psychomotor syndrome; the course through the illness; the diagnostical specificity of the 
syndrome; the underlying neurobiological or neuropsychological processes; new assessment 
techniques; pharmacological or non-pharmacological treatment strategies.

Citation: Morrens, M., Walther, S., eds. (2015). Psychomotor Symptomatology in Psychiatric Illnesses. 
Lausanne: Frontiers Media. doi: 10.3389/978-2-88919-725-5

3 November 2015 | Psychomotor Symptomatology in Psychiatric IllnessesFrontiers in Psychiatry

http://journal.frontiersin.org/journal/psychiatry
http://journal.frontiersin.org/researchtopic/2648/psychomotor-symptomatology-in-psychiatric-illnesses


1. Editorial

06 Editorial: Psychomotor symptomatology in psychiatric illnesses
 Sebastian Walther and Manuel Morrens

2. Catatonia syndrome

08 Prevalence of the catatonic syndrome in an acute inpatient sample
 Mirella Stuivenga and Manuel Morrens

14 A clinical review of the treatment of catatonia
 Pascal Sienaert, Dirk M. Dhossche, Davy Vancampfort, Marc De Hert and  

Gábor Gazdag

3. Major Depression

23 Psychomotor retardation in elderly untreated depressed patients
 Lieve Lia Beheydt, Didier Schrijvers, Lise Docx, Filip Bouckaert, Wouter Hulstijn and 

Bernard Sabbe

33 Functional and structural alterations in the cingulate motor area relate to  
decreased fronto-striatal coupling in major depressive disorder with  
psychomotor disturbances

 Benny Liberg, Paul Klauser, Ian H. Harding, Mats Adler, Christoffer Rahm,  
Johan Lundberg, Thomas Masterman, Caroline Wachtler, Tomas Jonsson,  
Maria Kristoffersen-Wiberg, Christos Pantelis and Björn Wahlund

42 The functional anatomy of psychomotor disturbances in major depressive  
disorder

 Benny Liberg and Christoffer Rahm

4. Developmental disorders

49 Neurological abnormalities in recent-onset schizophrenia and  
Asperger-syndrome

 Dusan Hirjak, Robert Christian Wolf, Sabine C. Koch, Laura Mehl,  
Janna K. Kelbel, Katharina Maria Kubera, Tanja Traeger, Thomas Fuchs and  
Philipp Arthur Thomann

60 Hyperactivity and motoric activity in ADHD: characterization, assessment,  
and intervention

 Caterina Gawrilow, Jan Kühnhausen, Johanna Schmid and Gertraud Stadler

70 Decalogue of catatonia in autism spectrum disorders
 Dirk M. Dhossche

Table of Contents

4 November 2015 | Psychomotor Symptomatology in Psychiatric IllnessesFrontiers in Psychiatry

http://journal.frontiersin.org/journal/psychiatry
http://journal.frontiersin.org/researchtopic/2648/psychomotor-symptomatology-in-psychiatric-illnesses


5. Schizophrenia spectrum disorders

74 Physical activity in schizophrenia is higher in the first episode than in  
subsequent ones

 Sebastian Walther, Katharina Stegmayer, Helge Horn, Nadja Razavi,  
Thomas J. Müller and Werner Strik

79 The longitudinal course of gross motor activity in schizophrenia – within  
and between episodes

 Sebastian Walther, Katharina Stegmayer, Helge Horn, Luca Rampa, Nadja Razavi, 
Thomas J. Müller and Werner Strik

86 Preserved learning during the symbol–digit substitution test in patients with 
schizophrenia, age-matched controls, and elderly

 Claudia Cornelis, Livia J. De Picker, Wouter Hulstijn, Glenn Dumont,  
Maarten Timmers, Luc Janssens, Bernard G. C. Sabbe and Manuel Morrens

95 Stable schizophrenia patients learn equally well as age-matched controls and 
better than elderly controls in two sensorimotor rotary pursuit tasks

 Livia J. De Picker, Claudia Cornelis, Wouter Hulstijn, Glenn Dumont, Erik Fransen, 
Maarten Timmers, Luc Janssens, Manuel Morrens and Bernard G. C. Sabbe

107 Cerebellar-motor dysfunction in schizophrenia and psychosis-risk: the  
importance of regional cerebellar analysis approaches

 Jessica A. Bernard and Vijay A. Mittal

121 Neurological soft signs in the clinical course of schizophrenia: results of a  
meta-analysis

 Silke Bachmann, Christina Degen, Franz Josef Geider and Johannes Schröder

126 Movement disorders and psychosis, a complex marriage
 Peter N. van Harten, P. Roberto Bakker, Charlotte L. Mentzel, Marina A. Tijssen and 

Diederik E. Tenback

129 Beyond boundaries: in search of an integrative view on motor symptoms  
in schizophrenia

 Manuel Morrens, Lise Docx and Sebastian Walther

6. Dementia

133 Neurological soft signs in aging, mild cognitive impairment, and Alzheimer’s 
disease – the impact of cognitive decline and cognitive reserve

 Nadja Urbanowitsch, Christina Degen, Pablo Toro and Johannes Schröder

5 November 2015 | Psychomotor Symptomatology in Psychiatric IllnessesFrontiers in Psychiatry

http://journal.frontiersin.org/journal/psychiatry
http://journal.frontiersin.org/researchtopic/2648/psychomotor-symptomatology-in-psychiatric-illnesses


EDITORIAL
published: 01 June 2015

doi: 10.3389/fpsyt.2015.00081

Edited and reviewed by:
Mihaly Hajos,

Yale University School of Medicine,
USA

*Correspondence:
Sebastian Walther

walther@puk.unibe.ch

Specialty section:
This article was submitted to

Schizophrenia, a section of the journal
Frontiers in Psychiatry

Received: 08 April 2015
Accepted: 17 May 2015
Published: 01 June 2015

Citation:
Walther S and Morrens M (2015)

Editorial: Psychomotor
symptomatology in psychiatric

illnesses.
Front. Psychiatry 6:81.

doi: 10.3389/fpsyt.2015.00081

Editorial: Psychomotor
symptomatology in psychiatric
illnesses
Sebastian Walther 1* and Manuel Morrens2

1 University Hospital of Psychiatry, University of Bern, Bern, Switzerland, 2 Collaborative Antwerp Psychiatric Research Institute,
University of Antwerp, Antwerp, Belgium

Keywords: schizophrenia, affective disorders, ADHD, Alzheimer’s disease, autism spectrum disorders

In this research topic, we have gathered articles focusing on the psychomotor component of psychi-
atric disorders. Indeed,motor symptoms remain as an important dimension of psychopathology that
can be assessed by objective means. Particularly, in major depressive disorder and schizophrenia,
motor signs have been acknowledged from the very early descriptions (1–3). But, psychomotor
abnormalities have also been demonstrated in other psychiatric disorders.

This research topic included nine original articles, four reviews, three opinion papers, and
one mini-review. Catatonia has been subjected to two reviews (4, 5) and one investigation of its
prevalence among acutely hospitalized patients (6). Neurological soft signs have been shown to
occur in autism spectrum disorders (7), in Alzheimer’s disease (8) and have been reviewed for
their predictive validity in the course of schizophrenia (9). Fine motor tasks demonstrated that
motor learning was preserved in schizophrenia despite cognitive and motor impairments (10, 11).
In addition, psychomotor retardation was found in depressed elderly more than in elderly without
depression (12). A neuroimaging study explored the cingulate motor area in motor retardation
in major depression (13). The functional neuroanatomy of motor retardation in depression was
also subjected to a mini-review (14). The topography of the cerebellum has been suggested as
interesting focus of study to disentangle motor and cognitive functions in schizophrenia spectrum
disorders (15). Two studies using actigraphy reported on gross motor activity in the course of
schizophrenia (16, 17). Finally, Gawrilow and colleagues summarized the importance of motor
activity in ADHD (18).

Currently, ambiguous terminology and definitions hamper research on psychomotor phenomena.
In addition, some studies focus exclusively on single signs probably missing the complete picture.
Therefore, we have tried to put forward a systematic approach to study psychomotor phenomena
in psychotic disorders (19). In addition, van Harten and colleagues have proposed to consider
movement disorders as non-mental signs of psychotic disorders just as psychiatric symptoms are
classified as non-motor signs in idiopathic movement disorders (20).

One example of ongoing debate is the current discussion on the catatonia syndrome. Depending
on the criteria applied, prevalence rates differ substantially (6, 21, 22), challenging the specificity of
assessment methods. Despite the fact that the syndrome is quite remarkable, there is not much of a
common ground in the literature as to what catatonia should be defined as. Clearly, this ambiguity of
definitions has contributed to the scarcity of descriptive and interventional studies in the catatonia
syndrome.

Another important field of research is the outcome of interventions in motor symptoms. Fur-
ther research needs to clarify whether the motor dimension in psychiatric disorders is prop-
erly ameliorated by treating the underlying disorder or whether specific therapeutic options are
required. The former would call for generalized therapies in depression, schizophrenia, or autism.
The latter would instead require searching for new therapeutic targets, such as in movement

Frontiers in Psychiatry | www.frontiersin.org June 2015 | Volume 6 | Article 816

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/editorialboard
http://dx.doi.org/10.3389/fpsyt.2015.00081
https://creativecommons.org/licenses/by/4.0/
mailto:walther@puk.unibe.ch
http://dx.doi.org/10.3389/fpsyt.2015.00081
http://www.frontiersin.org/Journal/10.3389/fpsyt.2015.00081/abstract
http://www.frontiersin.org/Journal/10.3389/fpsyt.2015.00081/abstract
http://www.frontiersin.org/Journal/10.3389/fpsyt.2015.00081/abstract
http://loop.frontiersin.org/people/100106/overview
http://loop.frontiersin.org/people/130880/overview
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive


Walther and Morrens Editorial: Psychomotor symptomatology in psychiatric illnesses

disorders known in neurology. Clearly defined psychomotor dis-
turbances may benefit from deep brain stimulation of the sub-
thalamic nucleus (23), pedunculopontine nucleus (24), or other
targets such as the reward system (25). Likewise, non-invasive
brain stimulation may become a treatment option in those psy-
chomotor disturbances related to dysfunctions in cortical motor
areas.

Taken together, clarified terminology, increased awareness, and
improved assessment methods will help psychomotor symptoms
to become an important objective dimension of psychopathology
that is informative on underlying neuropathology and longitu-
dinal course. These transitions in psychiatric assessment will
also allow for more specialized interventions for psychomotor
symptoms.
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Objective: In this exploratory open label study, we investigated the prevalence of cata-
tonia in an acute psychiatric inpatient population. In addition, differences in symptom
presentation of catatonia depending on the underlying psychiatric illness were investigated.

Methods: One hundred thirty patients were assessed with the Bush–Francis Catatonia
Rating Scale (BFCRS), the Positive and Negative Syndrome Scale, theYoung Mania Rating
Scale, and the Simpson–Angus Scale. A factor analysis was conducted in order to gener-
ate six catatonic symptom clusters. Composite scores based on this principal component
analysis were calculated.

Results: When focusing on the first 14 items of the BFCRS, 101 patients (77.7%) had
at least 1 symptom scoring 1 or higher, whereas, 66 patients (50.8%) had at least 2
symptoms. Interestingly, when focusing on the DSM-5 criteria of catatonia, 22 patients
(16.9%) could be considered for this diagnosis. Furthermore, different symptom profiles
were found, depending on the underlying psychopathology. Psychotic symptomatology
correlated strongly with excitement symptomatology (r=0.528, p < 0.001) and to a lesser
degree with the stereotypy/mannerisms symptom cluster (r=0.289; p=0.001) and the
echo/perseveration symptom cluster (r=0.185; p=0.035). Similarly, manic symptomatol-
ogy correlated strongly with the excitement symptom cluster (r=0.596; p < 0.001) and to
a lesser extent with the stereotypy/mannerisms symptom cluster (r=0.277; p=0.001).

Conclusion:There was a high prevalence of catatonic symptomatology. Depending on the
criteria being used, we noticed an important difference in exact prevalence, which makes it
clear that we need clear-cut criteria. Another important finding is the fact that the catatonic
presentation may vary depending on the underlying pathology, although an unambiguous
delineation between these catatonic presentations cannot be made. Future research is
needed to determine diagnostical criteria of catatonia, which are clinically relevant.

Keywords: catatonia, psychomotor, acute psychiatric admissions, classification, schizophrenia, mood disorders

INTRODUCTION
Catatonia is a psychomotor symptom cluster characterized by a
heterogeneous group of mental, motor, vegetative, and behavioral
signs. The recognition of catatonia is essential since it is a syndrome
that can be effectively and rapidly relieved in most cases. Whereas,
the pathophysiology of catatonia is still unknown, it is clear that
the psychomotor syndrome results from many etiologies (1).

Although some critics have suggested the syndrome is much
more uncommon than a century ago or may even be disappearing,
catatonia is still highly prevalent (2). Whereas early investigators
reported catatonia in 20–50% of the schizophrenic patients (3, 4),
contemporary literature demonstrates the presence of catatonia in
4–15% of schizophrenia patients (5–8). In acutely ill psychiatric
inpatients higher estimates are reported, ranging between 5 and
20% (9, 10).

Most recently, the DSM-5 rightfully loosened the association
between schizophrenia and catatonia that was predominant in
its preceding editions and now recognizes that catatonia can be

induced by different disorders (11). In the study of Pommepuy
and Januel, including 607 catatonic patients, there was an average
of 30.9% of all patients with a primary diagnosis of schizophre-
nia, whereas 43% of the patients had a mood disorder (12). The
review of Caroff and colleagues shows similar results (13). Among
patients with a mood disorder, catatonia can be seen in patients
with a bipolar disorder with a percentage of 17–47% in mania and
0–20% in patients with a depressive episode (14, 15). In a study
including patients with an unipolar depressive disorder 20% of
the patients met the criteria for catatonia (16).

There are reasons to believe that the profile of catatonic symp-
tomatology may depend on the underlying pathology (15, 17).
Krüger and colleagues demonstrated that catatonia in schiz-
ophrenia was mainly characterized by abnormal movements,
stereotypies, mannerisms, catalepsy, negativism, automatic obe-
dience, and waxy flexibility, whereas, catatonic excitation was
more associated with mania and catatonic inhibition more with
depression (15). This notion is very intriguing since it can both
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Stuivenga and Morrens Relevance of catatonia

have diagnostical and therapeutical implications and give clues
toward future research on the underlying pathophysiology of the
psychomotor syndrome.

In the present study, prevalence of catatonia in an acute psy-
chiatric inpatient population was investigated. In addition, dif-
ferences in symptom presentation of catatonia depending on the
underlying psychiatric illness were investigated.

MATERIALS AND METHODS
STUDY DESIGN
In an exploratory open label study design, each patient admitted
to a psychiatric intensive ward during a period of 12 months was
assessed for catatonic and clinical symptomatology. The patients
admitted to this department were experiencing the most acute
phase of a mental illness. The department is for men and women
over the age of 18 year who require a period of psychiatric intensive
care. The assessments were conducted on the first day of admission
in the hospital. There were no exclusion criteria for participa-
tion. All of the 130 patients who were admitted to the psychiatric
intensive ward were included in the study.

PARTICIPANTS
A total group of 130 patients (female: n= 50; 38.5%) were tested
after admission on an acute psychiatric enclosed ward. The mean
age was 40.5 years (SD= 13.9; range 18–76). More than half of
our patient group had a psychotic illness as a primary illness
(n= 67; 51.5%) including 26 patients (20.0%) with schizophrenia
(amongst which 3 patients with a diagnosed catatonic subtype)
and 35 patients with a psychotic illness not otherwise specified
(26.9%). The second most common primary diagnosis (n= 16;
12.3%) was a bipolar disorder, followed by substance abuse dis-
orders (n= 14; 10.8%). Major depressive disorder was the main
diagnosis in six patients (4.6%). Similarly, six patients received a
diagnosis of personality disorder (4.6%).

Antipsychotics were taken by 56.9% of the patients (n= 74).
Twenty-six patients (20.0%) took at least 1 first generation antipsy-
chotic (FGA), whereas 64 patients (49.2%) took a second genera-
tion antipsychotic (SGA), 4 patients were taking lithium (3.1%),
whereas 12 patients took anti-epileptics (9.2%) at the time of test-
ing. Antidepressants were administered to 30.8% of the patients
at the time of testing [SSRI (n= 17); SNRI (n= 10); TCA (n= 2);
and others (n= 5)]. Finally, 40% of the patients were taking
benzodiazepines (n= 52) and 6 patients took an anticholinergic
agent (4.6%).

CLINICAL ASSESSMENT
All patients were assessed with the Bush–Francis Catatonia Rat-
ing Scale (BFCRS) (18), the Positive and Negative Syndrome Scale
(PANSS) (19), the Young Mania Rating Scale (YMRS), and the
Simpson–Angus Scale (SAS).

The BFCRS is used to recognize and score catatonic signs and
symptoms. It measures the severity of 23 catatonic signs. By scor-
ing the first 14 items of the BFCRS, the instrument can be used as a
screening tool. If two or more of the BFCRS signs are present, the
presence of catatonia can be considered. Items of the BFCRS are
scored on a 0–3 point scale. The PANSS is a widely used medical
scale for measuring symptom severity of patients with schizophre-
nia. Scores ranging from 1 to 7 are given on 30 different symptoms

in three subscales (positive scale 7 items, negative scale 7 items,
general psychopathology scale 16 items), with total score ranging
from 30 to 210. In order to measure depressive symptoms we used
a depression-subscale of the PANSS (PANSS-dep) including items
depression, anxiety and guilt feelings. The YMRS is a rating scale
to assess manic symptoms. The scale has 11 items and is based on
the patient’s subjective report of his or her clinical condition over
the previous 48 h. Additional information is based upon clinical
observations made during the course of the clinical interview. The
SAS is used to measure extrapyramidal symptoms. It is composed
of 10 items and signs.

RESULTS
CATATONIA SYMPTOMATOLOGY
Catatonic symptomatology was highly prevalent in our patient
sample. When focusing on the first 14 items of the BFCRS, which
are suggested for using the instrument as a screening tool, 101
patients (77.7%) had at least 1 symptom scoring 1 or higher,
whereas 66 patients (50.8%) had at least 2 symptoms. Interest-
ingly, when focusing on the DSM-5 criteria of catatonia (at least
3 out of 12 selected symptoms), 22 patients (16.9%) fulfill the
diagnostic criteria, which still implied a high prevalence rate, but
drastically lower than when using the BFCRS-criteria, and inter-
estingly and unexpectedly, also lower than with the DSM-IV-TR
criteria (see Table 1).

In our patient sample, the most prevalent catatonic symptoms
were excitement (n= 49; 37.7%), perseveration (n= 32; 24.6%),
impulsivity (n= 31; 23.8%), and verbigeration (n= 31; 23.8%),
whereas, a grasp reflex or waxy flexibility could not be observed
in any of the patients. Similarly, catatonic symptoms such as mit-
gehen (n= 3; 2.3%), gegenhalten (n= 2; 1.5%), or ambitendency
(n= 3; 2.3%) could only seldomly be observed (see Table 2).

A factor analysis (Principal Component Analysis, varimax
rotation) was conducted in order to generate catatonic symp-
tom clusters. Given that items grasp reflex and waxy flexibil-
ity had a zero variance, these items were excluded from the
analysis. This yielded six symptom clusters (see Table 3): a
negative factor including immobility/stupor, mutism, staring, pos-
turing, rigidity, negativism, withdrawal, gegenhalten, and ambi-
tendency; a stereotypy/mannerism factor including stereotypy,

Table 1 | Prevalence of catatonia in an acute psychiatric patient

sample according to different criteria.

DSM-IV

(20)

DSM-V

(11)

BFCRS

(18)

Fink and

Taylor (21, 22)

Psychotic

disorder

19 (28.4%) 14 (20.9%) 48 (71.6%) 9 (13.4%)

Mood disorder 7 (31.8%) 5 (22.7%) 17 (77.3%) 5 (22.7%)

Substance use

disorder

1 (7.1%) 0 (0%) 3 (21.4%) 0 (0%)

Another diagnosis 5 (18.5%) 3 (11.1%) 14 (51.9%) 2 (7.4%)

Total patient

group

32 (24.6%) 22 (16.9%) 82 (63.1%) 16 (12.3%)
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Stuivenga and Morrens Relevance of catatonia

Table 2 | Scores on the individual items of the BFCRS.

Score = 0

(absent symptom)

Score = 1 Score = 2 Score = 3 Patients with

symptom (N )

Excitement 81 35 14 0 49

Immobility/stupor 107 18 5 0 23

Mutism 117 4 6 3 13

Staring 101 22 5 2 29

Posturing/catalepsy 112 11 4 3 18

Grimacing 119 11 0 0 11

Echopraxia/echolalia 126 3 1 0 4

Stereotypy 104 19 6 1 26

Mannerisms 114 7 7 2 16

Verbigeration 99 17 12 2 31

Rigidity 115 13 2 0 15

Negativism 124 5 1 0 6

Waxy flexibility 130 0 0 0 0

Withdrawal 107 12 6 5 23

Impulsivity 99 13 18 0 31

Automatic obedience 121 4 5 0 9

Mitgehen 127 0 0 3 3

Gegenhalten 128 0 0 2 2

Ambitendency 127 0 0 3 3

Grasp reflex 130 0 0 0 0

Perseveration 98 0 0 32 32

Combativeness 112 15 2 1 18

Autonomic abnormality 116 13 1 0 14

mannerisms, and mitgehen; an echo/perseveration factor includ-
ing echophenomena, verbigeration, and perseveration; an excite-
ment factor encompassing items excitement, impulsivity, and
combativeness; a grimacing factor only including that specific
item, and finally, an autonomic factor including autonomic abnor-
malities and, strangely, automatic obedience. Composite scores
based on this principal component analysis were calculated.

CLINICAL SYMPTOMATOLOGY
All patients completed the PANSS. Out of the total patient group,
88 (67.7%) had a PANSS-pos score higher than 14 reflecting a
symptom state that was higher than dubious and 51 patients
(39.2%) had at least mild psychotic symptomatology (i.e., a
PANSS-pos score of 21 or higher). Similarly, all patients com-
pleted a YMRS: 29 patients (22.3%) had a score of 20 or higher,
reflecting (hypo)manic symptomatology whereas only 34 patients
(26.2%) had an absent of manic symptomatology (i.e., a maximum
score of 6).

TO WHAT EXTENT IS THE CATATONIC SYMPTOMATOLOGY
DETERMINED BY THE UNDERLYING DIAGNOSIS?
The total patient sample was divided in four groups: patients
with a psychotic disorder (n= 67; 51.5%), patients with a mood
disorder (n= 22; 16.9%; composed of 16 bipolar patients and
6 patients with a major depressive disorder), patients with a
substance use disorder (SUD; n= 14; 10.8%), and patients with
another diagnosis (patients-OD; n= 27; 20.8%).

Patients with a psychotic or mood disorder as a primary diag-
nosis had the most prominent catatonic symptom profiles (see
Figure 1).

Compared to patients with a SUD or the patient-OD
group psychotic patients tended to score higher on the stereo-
typy/mannerism symptom cluster (SUD: p= 0.044; patient-
OD: p= 0.076), the negative symptom cluster (SUD: p= 0.069;
patient-OD: p= 0.121), and on the excitement symptom cluster
(SUD: p= 0.021; patient-OD: p= 0.063). No differences between
the psychosis group and the combined mood disorder group could
be seen. However, when only the bipolar patients entered analy-
ses, these patients had significant more excitement symptoms
(p= 0.015) than the patients with a psychotic illness, whereas, the
latter group had significantly more excitement symptoms com-
pared to the major depressive disorder group (p= 0.029). Very
similar results were found after controlling for extrapyramidal
symptomatology by use of the total score on the SAS. These
results could mostly be explained by the fact that the SUD- and
patient-OD groups hardly showed any catatonic symptomatology.

Psychotic symptomatology correlated strongly with excite-
ment symptomatology (r = 0.528, p < 0.001) and to a lesser
degree with the stereotypy/mannerisms symptom cluster
(r = 0.289; p= 0.001) and the echo/perseveration symptom clus-
ter (r = 0.185; p= 0.035). Similarly, manic symptomatology as
assessed by the YMRS correlated strongly with the excitement
symptom cluster (r = 0.596; p < 0.001) and to a lesser extent
with the stereotypy/mannerisms symptom cluster (r = 0.277,
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Stuivenga and Morrens Relevance of catatonia

Table 3 | Factor analysis (principal component analysis), varimax rotation on the items of the BFCRSa.

Negative

factor

Stereotypy/mannerisms

factor

Echo/perseveration

factor

Excitement

factor

Grimacing

factor

Autonomic

factor

Excitement −0,320 0,509 0,070 0,442 0,070 −0,156

Immobility/stupor 0,836 −0,06 0,096 −0,135 −0,019 −0,143

Mutism 0,837 0,013 −0,068 −0,069 0,047 −0,177

Staring 0,790 0,140 0,086 −0,111 0,055 0,105

Posturing/catalepsy 0,900 0,007 −0,038 −0,037 0,006 −0,094

Grimacing −0,065 0,142 −0,046 0,180 0,637 −0,065

Echopraxia/echolalia −0,092 −0,209 0,756 −0,066 0,204 −0,247

Stereotypy −0,074 0,830 0,096 0,008 −0,026 −0,005

Mannerisms 0,139 0,608 −0,071 0,215 0,053 0,138

Verbigeration 0,109 0,188 0,727 0,070 −0,149 0,270

Rigidity 0,777 0,069 0,146 0,096 −0,034 0,183

Negativism 0,663 0,115 0,033 0,137 0,490 0,257

Withdrawal 0,665 −0,129 −0,199 0,004 −0,219 −0,103

Impulsivity 0,112 0,492 0,134 0,399 0,192 0,030

Automatic obedience −0,047 0,068 0,010 0,154 −0,068 0,714

Mitgehen 0,075 0,688 −0,018 −0,403 0,270 −0,127

Gegenhalten 0,678 −0,016 0,164 0,280 −0,041 0,053

Ambitendency 0,650 0,223 0,004 −0,069 0,545 0,068

Perseveration 0,243 0,348 0,560 −0,036 −0,403 0,09

Combativeness 0,006 0,068 −0,050 0,728 0,147 −0,018

Autonomic Abnormality −0,033 −0,109 0,042 −0,285 0,053 0,660

aItems waxy flexibility and grasp reflex were excluded from this analysis, because of the zero variance on these items.

Composite scores based on this principal component analysis (symptoms scores in bold) were calculated.

FIGURE 1 | Distribution of catatonic signs.

p= 0.001). It should be noted that the PANSS-pos subscale and
the YMRS strongly intercorrelated (r = 0.695; p < 0.011), which
undoubtedly confounded these results.

A PANSS-dep was calculated including items depression, anx-
iety, and guilt feelings. Kontaxakis and colleagues found this sub-
scale to intercorrelate with the Hamilton Depression subscale (23).
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Stuivenga and Morrens Relevance of catatonia

PANSS-dep was inversely correlated with the grimacing factor
(r =−0.288; p= 0.001) and tended toward an inversely correla-
tion with the excitement factor (r =−0.170; p= 0.054), suggesting
that depressive patients had these catatonic symptoms to a lesser
degree than their non-depressed peers.

The total score on the SAS also correlated with the nega-
tive catatonia symptomatology (r = 0.350; p < 0.001) and with
the echo/perseveration symptoms (r = 0.318; p < 0.001), which
suggests that catatonic symptoms and extrapyramidal symptoms
could not clearly be delineated from each other in our patient
sample.

DISCUSSION
Out of the 130 patients that were admitted to an enclosed psychi-
atric ward, 101 patients (77.7%) had at least 1 symptom, whereas
66 patients (50.8%) had at least 2 symptoms when screened for
catatonia symptoms, irrespective of the underlying diagnosis. In
other words, catatonic symptomatology was highly prevalent in
our patient population, although in most cases mildly. The most
prevalent catatonic symptoms were excitement (n= 49; 37.7%),
perseveration (n= 32; 24.6%), impulsivity (n= 31; 23.8%), and
verbigeration (n= 31; 23.8%).

Our current findings demonstrate the presence of at least one
symptom that is labeled as being catatonic by the BFCRS in most
of the patients admitted to an enclosed psychiatric ward. In other
studies, catatonia has been reported in 5–20% of acutely ill patients
admitted to psychiatric units (9, 10, 18, 21, 24–26). In these studies,
different criteria to diagnose catatonia were used, which renders a
comparison between different studies on the prevalence of catato-
nia more difficult. For example, in the study of Lee, DSM-criteria
were used to classify catatonia (24). When we used the latest DSM-
criteria, only 16.9% of the patients (n= 22) could be considered as
being catatonic. In the study of Ungvari, the diagnosis was made in
the presence of four or more signs or symptoms with at least one
having a score “2” or above on the BFCRS (26), which again, are
more strict criteria than those used in our study. Fink and Taylor
made their own diagnostic criteria with emphasis on the duration
of the catatonic symptoms (22). Consequently, these divergent
findings raise two interesting points. Depending on which crite-
ria are being used, the more strict DSM-criteria versus the more
liberal criteria suggested by Bush and colleagues (i.e., two items
on the BFCRS), very different prevalence rates were found, which
clearly emphasizes the shortcomings caused by a lack of clear-
cut criteria (27). Of note, the DSM-5 criteria for catatonia appear
to be even more strict than those of its predecessor, even if all
12 items, which were clustered in five categories in the DSM-IV
can now be scored separately. This is mainly due to the fact that
now three instead of two items have to be present. On the other
hand, the high prevalence of symptoms using the BFCRS-criteria
was mostly explained by the presence of mild symptomatology,
whereas, more severe symptoms were present in a minority of our
sample. Consequently, our results seem to point out that catatonic
features, and more broadly psychomotor symptoms, may deserve
a dimensional approach, much like cognitive symptoms associated
with these psychiatric illnesses (27). It should also be noted that
the most prevalent catatonic symptoms were not the strictly motor
symptoms, which mostly seem associated with the traditional view

on catatonia. Cognitive symptoms like perseveration and affec-
tive symptoms like excitement were the most prevalent and their
validity and specificity as catatonic features should be questioned,
especially in the more mild presentations. The unknown patho-
physiology may contribute to the different views on catatonia. An
unifying pathogenesis of catatonia that explains all motor, vege-
tative, and behavioral symptoms remains elusive. As a result, an
unclear clinical concept of catatonia exists with the use of different
diagnostical criteria and different rating scales to score catatonic
symptomatology.

In our study, no significant differences in overall prevalence of
catatonia between the psychosis group and the combined mood
disorder group could be seen. Other studies also show that the
syndrome is highly prevalent in both psychotic and mood disor-
ders (17). Several studies found that the frequency of catatonia
as part of schizophrenia varies with a range between 4 and 15%
(5–8). Slightly higher prevalence rates have been shown in mood
disorders with prevalence rates of 10–25% in bipolar disorder and
up to 20% of patients with an unipolar depressive disorder (14–16,
22). However, again, different criteria for catatonia were used in
these studies.

Different catatonia symptom profiles were found, depending
on the underlying psychopathology. Psychotic patients tended
to score higher on the stereotypy/mannerism symptom clus-
ter, the negative symptom cluster, and the excitement symptom
cluster compared to patients with a substance use disorder and
patients with another diagnosis, but not compared to patients
with mood disorders. In this line, psychotic symptomatology cor-
related strongly with excitement symptomatology and to a lesser
degree with the stereotypy/mannerisms symptom cluster and the
echo/perseveration symptom cluster. Similarly, manic symptoma-
tology correlated strongly with the excitement symptom cluster
and to a lesser extent with the stereotypy/mannerisms symptom
cluster. Kraepelin already suggested that catatonia had a different
symptomatology depending on the underlying pathology. Partly in
line with our results, he described that negativism and mannerism
were mainly associated to dementia praecox (4). Similarly, Schnei-
der compared patients with catatonic (schizophrenic) and manic
excitement, respectively and found that schizophrenic agitated
patients displayed more blocking, waxy flexibility, stereotyped
speech, mutism, and negativism (28). In a study of catatonic ado-
lescents, automatic obedience and stereotypies were significantly
more associated with schizophrenic than they were with non-
schizophrenic catatonia (29). Finally, Krüger and colleagues found
that catatonic chronic schizophrenia is mainly associated with
catalepsy, waxy flexibility, and volitional disturbances such as auto-
matic obedience and negativism, as well as mannerisms and abnor-
mal involuntary movements such as grimacing, jerky movements,
and stereotypies. In contrast, manic patients mainly displayed
catatonic excitement, whereas, depressed patients were charac-
terized by catatonic inhibition in terms of stupor, mutism, and
rigidity (15). This was also in line with our findings, since symp-
toms of excitement and combativeness was significantly more
present in the manic patients sample and significantly less in the
depressed group, when compared to the psychotic patients sample.

Some limitations of our study should be pointed out. First, the
impact of medication could be a confounding factor in our study.
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A vast number of patients were taking benzodiazepines at the time
of testing, which could have masked more severe presentations
of the catatonic syndrome. Another limitation of the study is the
lack of a depression scale. To overcome this limitation, we used
the PANSS-dep but a dedicated depression scale would have been
more elegant. Moreover, the sample size was rather small, espe-
cially in some subgroups. Larger scale trials are needed to replicate
our findings.

In conclusion, there was a high prevalence of catatonic symp-
tomatology. Remarkably, there is an important difference in exact
prevalence depending on the criteria being used, which makes it
clear that we need clear-cut criteria. Another important finding
is the fact that the catatonic presentation may vary depending on
the underlying pathology, although an unambiguous delineation
between these catatonic presentations cannot be made. Future
research is needed to determine diagnostical criteria of catatonia,
which are clinically relevant.
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Catatonia is a severe motor syndrome with an estimated prevalence among psychiatric
inpatients of about 10%. At times, it is life-threatening especially in its malignant form
when complicated by fever and autonomic disturbances. Catatonia can accompany many
different psychiatric illnesses and somatic diseases. In order to recognize the catatonic syn-
drome, apart from thorough and repeated observation, a clinical examination is needed.
A screening instrument, such as the Bush-Francis Catatonia Rating Scale, can guide the
clinician through the neuropsychiatric examination. Although severe and life-threatening,
catatonia has a good prognosis. Research on the treatment of catatonia is scarce, but there
is overwhelming clinical evidence of the efficacy of benzodiazepines, such as lorazepam,
and electroconvulsive therapy.

Keywords: catatonia, benzodiazepines, electroconvulsive therapy, glutamate antagonists, zolpidem, transcranial
magnetic stimulation

INTRODUCTION
Catatonia is a severe motor syndrome with an estimated preva-
lence among psychiatric inpatients of about 10% (1, 2). Catatonia
can accompany many different psychiatric illnesses and somatic
diseases. A minority of catatonic patients suffers from schizo-
phrenia (30%), while a majority has a bipolar disorder (43%)
(1, 3, 4). Catatonia has also been linked to other psychiatric dis-
orders, such as obsessive-compulsive disorder (5), post-traumatic
stress disorder (6, 7), or withdrawal from alcohol (8) or benzo-
diazepines (9, 10). In up to 25% of cases, catatonia is related
with general medical or neurologic conditions (1, 11). Recently,
it was shown repeatedly that catatonic symptoms are observable
in most patients diagnosed with anti-N -methyl-d-aspartate recep-
tor (anti-NMDAR) encephalitis (12, 13). In adolescents and young
adults with autism, catatonia is found in 12–17% (14). Pediatric
catatonia also emerges in patients with tic disorders, and a variety
of other (developmental) disorders (15). The same principles of
evaluation and treatment seem to apply to pediatric patients as in
adult patients (15, 16).

A life-threatening situation occurs when catatonia is accompa-
nied by fever and autonomic abnormalities. Malignant catatonia,
coined as “lethal catatonia” by Stauder in 1934 (17), presents as
a constellation of catatonia, stuporous exhaustion, autonomic
instability, respiratory failure, collapse, coma, and often death
if left untreated. This clinical picture is very close to what is
observed in neuroleptic malignant syndrome (NMS), which is
considered by several experts to be a drug-induced form of
catatonia (18).

EVALUATION, DIFFERENTIAL DIAGNOSIS, AND TREATMENT
An effective treatment starts with a swift and correct diagnosis. In
any patient exhibiting marked deterioration in psychomotor func-
tion and overall responsiveness, catatonia should be considered.
Moreover, any patient that is admitted to a psychiatric ward with a
severe psychiatric disorder, such as depression, bipolar disorder, a
psychotic disorder, or autism spectrum disorder, should be exam-
ined routinely (19). Some signs and symptoms are evident upon
observation of the patient during a psychiatric interview. Other
specific symptoms, however, such as automatic obedience, ambi-
tendency, negativism should be elicited during a neuropsychiatric
examination (19, 20). A rating scale can be used as a screening
instrument and aid in the detection and quantification of catato-
nia. A number of rating scales have been found reliable, sensitive
and specific: the Rogers Catatonia Scale, the Bush-Francis Catato-
nia Rating Scale (BFCRS) (and its revised version), the Northoff
Catatonia Rating Scale, and the Braunig Catatonia Rating Scale
(19). Early detection of catatonia is of great importance, since the
presence of catatonic signs possesses significant prognostic and
therapeutic value (19).

Unfortunately, no laboratory test specifically defines catato-
nia. The “diagnostic weight” of several proposed laboratory and
imaging tests is limited (21). Possible laboratory tests, primar-
ily to assess various underlying conditions, include a complete
blood count and metabolic panel, erythrocyte sedimentation
rate, blood urea nitrogen, creatinine, serum iron, and creatinine-
phosphokinase, antinuclear antibodies, and urinalysis, and mag-
netic resonance imaging, electroencephalogram, cerebrospinal
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fluid analysis (4, 11). Given the frequent association with anti-
NMDAR-encephalitis, detection of IgG antibodies to NMDAR in
cerebrospinal fluid or serum is advisable (22). Since serum iron
was found to be reduced in NMS compared to catatonia (23), some
authors see low serum iron as a risk factor for developing NMS
after using antipsychotics in a catatonic patient (24). A drug screen
to detect common illicit and prescribed substances is necessary.

PROGNOSIS
Prognosis of catatonia is good, especially with early and aggressive
treatment. In mood disorders, prognosis is probably better than in
psychotic disorders. Kraepelin, who classified catatonia as a type
of dementia praecox, wrote, in the 9th edition of his textbook,
that almost half of catatonic attacks begin with a depressive phase
and that these patients had a better prognosis. Hoch, in a mono-
graph on benign stupors, reports good outcomes (‘remission and
return to the community ’) in 13 patients with manic-depressive
illness, and a poor outcome in 12 schizophrenics (25). In more
recent studies, results are conflicting. Most of the available data
confirm a worse prognosis in the context of schizophrenia. In a
randomized double-blind, placebo-controlled trial in 18 patients
with chronic schizophrenia, who also displayed enduring catatonic
features, 6 mg lorazepam per day for 12 weeks did not have any
effect on catatonic symptoms (26). In another recent study, 73% of
24 patients with catatonia remitted within 6 days after starting ben-
zodiazepines: partial responders (6/24) all had schizophrenia (27).
In a retrospective study ECT was only partially efficacious in 2 of 4
patients with schizophrenic catatonia, whereas 5 out of 5 patients
with mood disorder fully recovered (28). In a small open study,
however, lorazepam (4–12.5 mg/day) was reported ineffective in 5
of 20 patients; all 5 with mood disorders (29). In a recent retro-
spective chart study on the effects of lorazepam in 107 inpatients
with a primary diagnosis of catatonia, there was no significant
difference between patients with mood disorder and those with
a non-affective psychotic disorder (30, 31). Similarly, in an ECT-
study in 22 patients, 13 (59%) of which had a mood disorder, no
statistically significant difference was found in the effectiveness of
the resolution of catatonic symptoms in persons with mood dis-
order versus schizophrenia (32), although the authors stress that
in the patients with mood disorders more catatonic symptoms
resolved with ECT than in the other group.

A factor that might complicate the difference in reported
response rates of affective versus schizophrenic catatonia is
chronicity. At least part of the studies showing a worse response in
the context of schizophrenia have included patients with chronic
catatonia (4, 26, 33). Some authors have suggested that “chronic
catatonia” in the context of schizophrenia is phenomenologically
different and less responsive to either benzodiazepines or ECT
(34), and thus carries a less favorable prognosis then the acute
forms of catatonia. The fact that a longer duration of the episode
has been reported to predict a worse response should not be seen
as a reason to withhold adequate treatment in patients presenting
with longstanding or resistant catatonic symptoms. Catatonia that
is not effectively treated may persist for years, but should never-
theless be promptly treated upon detection. A number of cases
are illustrative of the overall good prognosis, even in chronic and
longstanding catatonic symptoms. A man with a 17-year history

of catatonia responded swiftly to the administration of lorazepam
(35); a 15-year-old girl with catatonic lupus, resistant to several
treatments was successfully treated with ECT after 3 months (36).
A man developing catatonia after myocardial infarction remained
catatonic for 1.5 years until he was treated with ECT (37). A men-
tally retarded boy with catatonia of 5 year’s duration improved
with lorazepam (38). Both Ripley and Millson (39) and Salam
et al. (40) reported positive response to lorazepam in two patients
with psychogenic catatonia that lasted 2 1/2 years and 3 months,
respectively. A long treatment delay should, however, be avoided
since it can lead to a variety of serious medical complications,
some of which may be lethal (41).

In the above mentioned retrospective lorazepam-study in 107
inpatients (30), predictors of response to lorazepam were exam-
ined. A longer illness duration, the presence of mutism, third-
person auditory hallucinations and ‘made phenomena’ (in which
the individual feels he is being made to do something) predicted a
poor response, whereas the presence of waxy flexibility predicted
a good response (30). It should be noted that low lorazepam doses
(3–6 mg/day) were used. A longer illness duration also seemed to
predict a worse outcome in the first 11 patients treated by László
Meduna, who invented convulsive therapy in 1934 (42, 43). In a
1912 monograph, Urstein reports on 30 patients with catatonia,
with various underlying conditions and a variable prognosis, being
worse in patients with a higher number of episodes (44). Fink states
that prognosis is especially favorable when the syndrome is dom-
inated by stupor, hyperactivity, rapid, and pressured speech, and
lability of mood, or if there is a previous episode with recovery, a
rapid onset of the episode, and good social functioning prior to
the episode (45, 46). Van Waarde and co-workers have examined
predictors of response to ECT in 27 catatonic patients and found
improvement to be significantly associated with younger age, and
the presence of autonomic dysregulation, especially higher body
temperature (47). There is anecdotal evidence that organic catato-
nia is less responsive, or does not respond at all, to ECT. Swartz and
colleagues described four patients with a variety of neurological
impairment (Alzheimer’s disease, post-encephalitic mental retar-
dation, cerebellar atrophy, epilepsy, and spinal injury). Patients
showed only transient and partial improvement to ECT. The
authors suggest that advanced pathological changes of the CNS
might explain a diminished response and that these states require
a particularly intensive treatment (48).

Raffin and coworkers (16) recently reported treatments used
in 66 consecutively hospitalized children and adolescents between
the ages 9–19 with catatonia. The most frequent comorbid condi-
tions were schizophrenia (N = 38, 58%), pervasive developmental
disorder (N = 17, 26%), medical conditions (N = 16, 24%), bipo-
lar disorder (N = 11, 17%), and intellectual disability (N = 8,
12%). The naturalistic design of the study lists a wide range
of treatments in various combinations. Average catatonia scores
decreased and level of function increased during the admission.
Fifty-one (77%) patients received benzodiazepines, in doses up to
15 mg of lorazepam per day, which were effective in 65% of cases.
Twelve (18%) received ECT, in three cases as first-line treatment
(of which two cases had malignant catatonia). One patient with
schizophrenia received maintenance ECT. There was no associa-
tion between sociodemographic variables, except gender (males
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improved less than females) or co-morbid (medical or psychi-
atric) condition, and treatment response. Lower catatonia scores
on admission and acute onset were associated with better clinical
response. Cases with posturing and mannerisms were found to
have less improvement than other cases.

TREATMENT OF CATATONIA
SUPPORTIVE MEASURES
A broad range of complications of catatonia can occur, such as
aspiration pneumonia, dehydration, muscle contractures, pres-
sure ulcers, nutritional deficiencies, severe weight loss, thiamine
deficiency, electrolyte disturbances, urinary tract infections, and
venous thromboembolism (11, 49, 50), some of which can lead
to life-threatening situations. Some patients will require a high
level of nursing care, and IV fluids and/or nasogastric tube feeds,
in order to reduce the risk of morbidity and mortality caused
by immobility, poor nutrition and dehydration (11). Antico-
agulant therapies can be used to prevent deep vein thrombo-
sis/pulmonary embolism in immobile patients (50). Medical com-
plications should be treated lege artis. Given the often dramatic
and prompt improvement of motor immobility after treatment,
the major measure in preventing complications is a prompt diag-
nosis, and a rapid initiation of an adequate treatment of the
catatonic state.

ANTIPSYCHOTICS
All prescribed medications should be evaluated for their poten-
tial to induce catatonic symptoms and discontinued if possible.
There is some ambiguity about the role of antipsychotics but it
is generally encouraged to discontinue antipsychotic treatment
in patients presenting with catatonia (46). In the presence of a
catatonic state, both first and second generation antipsychotics
(SGA) may contribute to maintaining or worsening the cata-
tonic state and increase the risk of developing NMS (51–54).
During a prospective follow-up of 82 patients that had received
antipsychotics at some point when catatonic, NMS developed
in three cases (3.6%) (4), a substantially higher incidence than
the estimated incidence of 0.07–1.8% in all antipsychotics-treated
patients (55). The risk of worsening catatonia appears greater with
neuroleptics and antipsychotics with higher D2-blockade and a
higher potential of causing extrapyramidal side effects (56), but
a worsening of catatonia and precipitation of NMS has also been
reported in association with, e.g., olanzapine (57, 58).

Although it is generally accepted that neuroleptics are inef-
fective in catatonia (59), the role of the SGA in the treatment
of catatonia is more ambiguous, and based on cases mostly with
schizophrenia (21). SGA have weak GABA-agonist activity and
5HT2-antagonism that could stimulate dopamine release in the
prefrontal cortex and thus alleviate catatonic symptoms (11).
Several authors have reported a beneficial effect of SGA, such
as clozapine (60–63), olanzapine (64–66), risperidone (67–70),
and quetiapine (71). In one randomized controlled trial, in 14
stuporous psychotic patients, risperidone (4–6 mg/day) was com-
pared to ECT. ECT-treated patients showed significantly greater
improvement than those receiving risperidone (72).

The use of antipsychotics in the presence of catatonia should be
evaluated in any individual case. We support, however, the general

notion to discontinue neuroleptics because of their inefficacy
and their potential of aggravating the catatonic symptoms. Once
treatment with benzodiazepines or ECT is started and catatonia
improves, there may be a role for SGA to target residual psy-
chotic symptoms such as delusions or hallucinations, especially
in patients with schizophrenia (69), or as a prophylactic treat-
ment in psychotic disorders and mood disorders. SGA with low
D2 blockade (quetiapine, olanzapine) or with D2 partial agonism
(aripiprazole) should be favored in these situations (54).

Patients presenting with both delirium and catatonia warrant
special consideration (73, 74). Catatonia is a frequent feature of
delirious mania, a severe syndrome characterized by the rapid
onset of delirium, mania, and psychosis. Symptoms of catato-
nia and delirium overlap, complicating diagnosis. Moreover, DSM
states that catatonia should not be diagnosed if it occurs during the
course of a delirium. The issue is important because treatments
for catatonia and delirium are different, albeit with overlap. While
delirium is typically treated with (typical or atypical) antipsy-
chotics, the emergence of catatonia may caution against the use
of antipsychotics (75, 76). Moreover, if catatonia is not recognized
in a delirious patient, the withdrawal or withholding of benzo-
diazepines sometimes thought to worsen delirium may induce
catatonia or leave catatonia untreated. Further studies in delirious
patients are needed to aid these treatment dilemmas (77).

DIAGNOSTIC TEST
Benzodiazepines are the mainstay of the treatment of catatonia and
are also helpful as a diagnostic probe. A positive Lorazepam Chal-
lenge Test validates the diagnosis of catatonia. After the patient is
examined for signs of catatonia, 1 or 2 mg of lorazepam is admin-
istered intravenously. After 5 minutes, the patient is re-examined.
If there has been no change, a second dose is given, and the
patient is again reassessed (46, 78). A positive response is a marked
reduction (e.g., at least 50%) of catatonic signs and symptoms, as
measured with a standardized rating scale. Favorable responses
usually occur within 10 min (46). If lorazepam is given intramus-
cularly or per os, the interval for the second dose should be longer:
15′ and 30′, respectively. Many clinicians will share the experi-
ence that a “lorazepam test” not only confirms the diagnosis of
catatonia but that it also makes the underlying psychopathology
apparent “by permitting mute patients to speak” (79). Analogous to
the lorazepam test, a Zolpidem Challenge Test was proposed (80,
81). In this test 10 mg of zolpidem is administered per os and after
30 min the patient is examined. A positive response is a reduc-
tion of at least 50% of the BFCRS-score. After a positive response,
treatment can be initiated.

BENZODIAZEPINES
Benzodiazepines are the first-choice treatment for catatonia,
regardless of the underlying condition. Benzodiazepines are pos-
itive allosteric modulators of GABA-A receptors and will correct
deficient GABA-ergic function in the orbitofrontal cortex (11).
Following a positive Lorazepam Challenge Test, repeated doses of
benzodiazepines can be used as a treatment. Their use is safe,
easy and effective, with remission rates reported to be as high
as 70–80% (4, 27, 82–87). In a naturalistic study of 66 children
and adolescents with catatonia, it was found that benzodiazepines

Frontiers in Psychiatry | Schizophrenia December 2014 | Volume 5 | Article 181 | 16

http://www.frontiersin.org/Schizophrenia
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sienaert et al. Treatment of catatonia

improved catatonia in 65% of cases, that there was no relation
between dose and level of improvement, that the dose was higher
in some cases (up to 15 mg of lorazepam) than the dose recom-
mended in pediatric patients, and that side effects were few (16).
In a recent trial in 107 adult inpatients (49% with a psychotic
disorder; 44% with a mood disorder), lower success rates were
reported: two thirds responded but only one third of patients
remitted (30). The authors argue that the lower remission rate
could be explained by a delay between illness onset and treatment
(30) but the doses used in the trial (3–6 mg per day) were inad-
equately low. As described above, it was shown repeatedly that
chronic catatonia associated with schizophrenia is less respon-
sive to benzodiazepines. Beckmann and colleagues, in a 5-year
follow-up study, found benzodiazepines ineffective in the treat-
ment of chronic catatonic schizophrenia (33). A comparable poor
response (to lorazepam 6 mg per day) was shown in a randomized
double-blind, placebo-controlled trial in 18 patients with chronic
catatonia in schizophrenia (26).

Efficacy of benzodiazepines in catatonia is determined by
dosage (75), and doses from 8 to 24 mg lorazepam per day are com-
mon and are tolerated without ensuing sedation, especially when
instituted using daily incremental dosages (77). Most authors sug-
gest starting at 1–2 mg of lorazepam every 4–12 h, and adjusting
the dose in order to relieve catatonia without sedating the patient
(11). With an adequate dose, response is usually seen within 3–
7 days (75), but is some cases, response can be gradual and slow
(38). If high dosages of lorazepam are used, patients should be
monitored carefully for excessive sedation and respiratory com-
promise (77). The issue of whether some benzodiazepines are
more efficacious in catatonia has not been cleared. Lorazepam is
generally accepted to be a first-choice drug, demonstrating a 79%
remission rate and the highest frequency of use (84). Successful use
of diazepam (86–90), oxazepam (91), or clonazepam (27, 92–95)
has also been reported. There is no consensus on how long benzo-
diazepines are to be continued, and generally they are discontinued
once the underlying illness has remitted. In a number of cases,
however, catatonic symptoms will emerge each time lorazepam is
tapered off, urging the clinician to continue benzodiazepines for
an extended period of time (96, 97).

ZOLPIDEM
Zolpidem, a positive allosteric modulator of GABA-A receptors,
seems to be a safe and effective treatment alternative. To our
knowledge, Mastain and colleagues were the first to report a dra-
matic durable improvement of catatonia, resistant to ECT and
benzodiazepines, with zolpidem in a 56-year-old woman that was
in a catatonic state secondary to a subcortical stroke (98). Two
years later, the same group presented an open study with zolpi-
dem in seven catatonic patients, observing remission of catatonic
symptoms in five of them within 15–30 min after ingestion, last-
ing 2–5 h (99). They observed these therapeutic effects at a plasma
concentration between 80 and 130 ng/L. They also published a
case report about catatonia in a 21-year-old woman, resolving
15 min after administration of zolpidem as the plasma concentra-
tion reached a peak level of 90 ng/mL. Relapse occurred after 4 h
when plasma concentrations fell below 90 ng/mL (80). In a subse-
quent publication of the same French group, the authors confirm

a prompt response (i.e., reduction of at least 50% of symptoms)
in all patients 20 min after the administration of 10 mg zolpidem,
at a plasma level of 80–150 ng/L (29). These favorable results are
replicated in a few case reports (100–102). In some instances, the
beneficial response to zolpidem occurred after treatment with ben-
zodiazepines and/or ECT had failed (98, 101, 102). These data have
led to the proposition of a Zolpidem Challenge Test (see higher),
and have urged some clinicians to continue treatment with zolpi-
dem instead of benzodiazepines, using doses from 7.5 to 40 mg per
day, without noticeable adverse effects. Even though the short-half
life results in a transient effect on symptoms, long-term treatment
with zolpidem has also been described (101, 102).

GLUTAMATE ANTAGONISTS
Because of its N -methyl-d-aspartic acid (NMDA) antagonist
properties, amantadine (100–500 mg three times a day), and its
derivative memantine (5–20 mg/day), have been tried in catato-
nia. Carroll and coworkers identified 25 cases of amantadine and
memantine use in the treatment of catatonia (103). All cases (16/25
were psychotic disorders) were substantially improved, mostly
after 1–7 days. It should be noted, however, that six of these cases
were unpublished, and that seven other were cases experiencing
a “catatonia-parkinsonian syndrome” while under treatment with
the high-potency neuroleptic drugs haloperidol or fluphenazine.
The symptoms diminished when neuroleptics were tapered and
amantadine was added (104, 105). Since then, eleven additional
cases describing the successful use of amantadine or memantine
in catatonia have been published (58, 105–110). In one case, in an
adolescent girl, catatonia that was resistant to ECT improved after
the addition of amantadine (58). Only in a review of Hawkins
and coworkers, a case is reported in which the use of amanta-
dine remained without effect (84). It should be acknowledged,
however, that negative cases are less likely to be published. Never-
theless, given these positive signals in the published literature, and
evidence of its efficacy in treating the negative and cognitive symp-
toms of schizophrenia, amantadine should be further studied as a
possible treatment option for catatonia.

OTHER AGENTS
There is anecdotal evidence from case-reports on the use of various
other pharmacological agents, such as bromocriptine (111) and
biperiden (112). Based on the GABA-hypothesis of catatonia, and
the GABA-related working mechanism of several anti-convulsive
mood stabilizers, these drugs have been proposed as a possible
treatment option for the treatment of catatonia in bipolar patients.
Only a few case-reports have been published. Valproate was used in
several case reports (113–115), and found not only to have prophy-
lactic effects but also“an ameliorating effect on the catatonic symp-
toms”(116). In a single case report, levetiracetam was advocated as
a treatment for catatonia in bipolar disorder (117), given its possi-
ble mood stabilizing efficacy. It is of note, however, that levetirac-
etam has also been described to provoke catatonia (118). The use of
topiramate (119) and carbamazepine (120) has also been reported.
Although lithium has been anecdotally reported to have a bene-
ficial effect on acute catatonic symptoms (121, 122), it is mostly
described to be of use in the prevention of recurrent catatonia
(121, 123–127), albeit with sometimes limited results (123).
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ELECTROCONVULSIVE THERAPY
Electroconvulsive therapy should be started in a patient with cata-
tonia that is not responding to benzodiazepines or when a decisive
and rapid response is required in severe cases with life-threatening
conditions such as malignant catatonia featuring high idiopathic
fevers, tachycardia, severe blood pressure changes. If the under-
lying condition, e.g., psychotic depression, warrants ECT, this
treatment may as well become the treatment of first choice.

The excellent efficacy of ECT in catatonia is generally acknowl-
edged, even in the absence of randomized controlled evidence.
The guidelines for the use of neurostimulation therapies in major
depressive disorder of the Canadian Network for Mood and Anxi-
ety Treatments define catatonia as one of the indications in which
ECT should be considered as a first-line treatment (128).

Response rates in ECT are not systematically studied, but it is
efficacy is described in hundreds of case reports and some small
studies. In a review paper, Hawkins et al. reported an 85% (47/55)
complete response rate (84). To our knowledge, only one ran-
domized controlled ECT trial has been published. In this trial, the
efficacy of ECT (BT, 3/W, N = 8) plus oral placebo was compared
with sham ECT plus risperidone in lorazepam non-responsive
non-affective catatonia. BFCRS scores reduced markedly, but the
reduction was significantly more profound in the ECT group (72).
Suzuki and co-workers studied both short- and long-term efficacy
of ECT in intractable catatonic schizophrenia. In the acute phase,
100% of 11 patients responded to ECT. Relapse occurred in seven
cases, and all occurred within 6 months. The 1-year recurrence
rate was 63.6%, despite continuation pharmacotherapy (129).
Relapsers received a second course of ECT followed by mainte-
nance ECT for 1 year and four remained in remission (130). Those
who relapsed again could be treated successfully with adjusting the
frequency of treatment sessions (131). In another Japanese study,
the efficacy of ECT was shown very clearly (132). Fifty patients
presenting with catatonic symptoms, 23 of whom were diagnosed
with schizophrenia, received either ECT or a benzodiazepine as
first-line treatment. If benzodiazepines were ineffective, the next
step was either ECT or an antipsychotic drug; if the latter failed,
ECT was the last resort. Only 1 of 41 patients responded fully
to benzodiazepines, and 19 responded partially. In contrast, all 17
patients who received ECT achieved remission. Payee and cowork-
ers confirmed these favorable results: 8 of 9 (89%) lorazepam-
non-responders responded to ECT (85). In another small (N = 9)
prospective comparative study Escobar and colleagues (133) noted

that catatonic symptoms remitted faster and to a greater extent in
the depressed patients (4/9) than in those with schizophrenia (5/9).

In seven retrospective chart reviews, with a total of 222 patients,
mostly benzodiazepine-non-responders, high response rates are
confirmed (Table 1). The largest and most informative study
included a chart review of 250 patients with catatonic schizophre-
nia, and was part of the Iowa 500 project (134). Eighty-five (40%)
patients remitted (regardless of treatment used), while 53% of the
75 patients who had received ECT remitted. Another retrospec-
tive chart review was conducted in a university-affiliated inpatient
unit. Seven of 19 patients presenting with catatonia were diagnosed
with schizophrenia and ECT was used in four of them, expe-
riencing partial (N = 3) or considerable (N = 1) improvement.
In contrast, five out of five patients with mood disorder fully
recovered after receiving ECT (28).

Rohland et al. reported ECT to be effective in 93% (26/28) of
patients with catatonia admitted to an inpatient psychiatric unit
(32). England et al. reported dramatic improvement in 10 of 12
(83%) patients with catatonia after 1–5 ECT sessions (63). In the
largest study to date, 63 patients with catatonia (30% schizophre-
nia; 41% mood disorders) received bilateral ECT, thrice weekly,
either as a first choice (n = 6), or after lorazepam had failed
(n = 57). Fifty-six patients (89%) responded to ECT. Patients
who responded in 4 sessions (31/56; 55%) had a lower duration
of catatonia, a higher BFCRS-score, more often waxy flexibility
and Gegenhalten, the involuntary resistance to passive movement
of the extremities. Echophenomena predicted a slower response
(136). The lowest response rates were reported in a retrospective
study of 27 patients, treated with bitemporal ECT, often daily dur-
ing the first week (47). Response rates were 59%. Probably, the
smaller proportion of patients with a primary mood disorder, a
significant treatment delay (a mean time interval of 2 months)
may have negatively influenced treatment response. Another pos-
sible explanation is the fact that one third of the patients had been
exposed to antipsychotics before ECT, which was reported earlier
to be related to a decreased effectiveness (84).

The successful use of ECT in chronic catatonia has been
described in a few case reports (137–140). Duration of catato-
nia varied from 3 months to 12 years, and in some cases protracted
courses of bitemporal ECT (e.g., 17–68 treatments (138, 140) were
needed to achieve a response. In several of these chronic cases, the
catatonic symptoms reappeared when ECT was stopped. Some
patients with chronic catatonia in schizophrenia will respond to a

Table 1 | ECT in catatonia: retrospective chart reviews.

Author(s), year ECT EP/Schedule Mood (%)/psychotic disorder (%) N responders/N total Responders (%)

Morrison (134) NA/NA 0/100 40/75 53

Pataki (28) BT/NA 56/44 6/9 67

McCall (135) BT/NA 75/12 7/8 88

Rohland (33) BT/3*W 59/23 26/28 93

van Waarde (47) BT (93%)/daily [first week (56%)] 48/44 16/27 59

England (63) BT/NA NA 10/12 83

Raveendranathan (136) BT/3*W 41/30 56/63 89

EP, electrode position; BT, bitemporal; N, number; NA, not available.
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combination of ECT and clozapine. In a retrospective study, this
combination resulted in sound clinical improvement as measured
with the clinical global impression (CGI) in 22 patients (141).

A recent systematic review of treatment of (severe) autistic cata-
tonia identified 12 cases with autism and catatonic symptoms of a
few months to around 6 years’ duration, treated with ECT-courses
that ranged from 7 to 29 sessions. Almost all cases reported a dra-
matic improvement with ECT, usually after relatively few sessions.
A few papers report a more mixed response to ECT. Several cases
reported rapid recurrence of symptoms when ECT was discontin-
ued or suspended (142). Consoli et al collected 59 cases of children
and adolescents with catatonia treated with ECT. Response to ECT
was favorable for 45 patients (76%), with partial improvement
noted in 3 (5%) and a lack of response in only one (143).

Recently, several authors report on the successful use of uni-
lateral ECT in a total number of 21 cases (36, 144), 15 of
which were treated with an ultra-brief pulse (UB) width (139,
145, 146). In a case-series of 5 patients with catatonia, resistant
to benzodiazepines, 4 patients experienced a full response with
unilateral ECT; one patient achieved only partial response, and
was switched to bitemporal without experiencing any additional
benefit (144). In the largest case-series to date, of 13 catatonic
patients treated, 11 had rapid symptom resolution with UB right-
unilateral (RUL) ECT with minimal adverse effects. Two patients
who did not improve with RUL ECT were switched to bilat-
eral ECT, which provided no additional symptom benefit (146).
These favorable results probably reflect the high responsiveness
of catatonia to ECT, whatever technique is used. Most authors,
however, strongly recommend bilateral ECT at substantially supra-
threshold stimulus dosing in severely ill patients, arguing that
there is substantially more evidence, and that transient cognitive
impairment is a secondary consideration in patients with severe
catatonia (41, 147).

It is generally advised to stop psychopharmacological agents
prior to initiation of ECT. When there was a partial response
with benzodiazepine treatment, it might be unwise to abruptly
discontinue this treatment, because of possible interference with
seizure threshold and the risk of aggravating the catatonic state.
Lorazepam and ECT can be given concurrently. If lorazepam inter-
feres with eliciting seizures, flumazenil, a partial benzodiazepine
antagonist, can be given just before the anesthetic (75).

The number of treatments, before substantial and sustained
improvement becomes obvious, cannot be predicted. Often, a
rapid response is seen, after one or a few treatment sessions (63,
136), but sometimes catatonia seems to require more treatments
than is necessary for the relief of major depression (138, 140).
Therefore, ECT treatment must be individually tailored. In severe
or malignant catatonia, daily (“en bloc”) treatments for three to
5 days may be necessary. Maintenance-ECT may be useful for
sustained symptom-remission.

TRANSCRANIAL MAGNETIC STIMULATION
The successful use of rTMS was reported in four cases, after 7–10
high-frequency stimulation sessions of the dorso-lateral prefrontal
cortex (148–151). In one case, a 45-year-old man with schizo-
phrenia, previously recovering from catatonia with ECT failed to
improve with rTMS (152).

CONCLUSION
Catatonia is a severe psychomotor syndrome with an excellent
prognosis if recognized and treated appropriately. The treatment
of catatonia in children and adolescents should follow the same
principles as in adults. Great care should be taken to avoid (med-
ical) complications. Although a number of pharmacological agents
have been tried successfully in catatonia, rarely, if ever, the effect
is as immediate and dramatic as seen with benzodiazepines. If
lorazepam is not available, zolpidem can be used as a diagnostic
probe, and probably as a treatment alternative. If benzodiazepines
fail (inadequate or transient response, excessive sedation), ECT
should be started without delay. If the underlying condition war-
rants ECT-treatment, or in life-threatening situations like malig-
nant catatonia or NMS, ECT is the treatment of first choice. It
is advised to choose the most efficacious technique, i.e., bilat-
eral standard-pulse ECT with a stimulus dose that is substantially
above the seizure threshold.

REFERENCES
1. Pommepuy N, Januel D. [Catatonia: resurgence of a concept. A review of the

international literature]. Encephale (2002) 28(6 Pt 1):481–92.
2. Francis A, Fink M,Appiani F, Bertelsen A, Bolwig TG, Braunig P, et al. Catatonia

in diagnostic and statistical manual of mental disorders, fifth edition. J ECT
(2010) 26(4):246–7. doi:10.1097/YCT.0b013e3181fe28bd

3. Abrams R, Taylor MA. Catatonia: a prospective clinical study. Arch Gen Psychi-
atry (1976) 33(5):579–81. doi:10.1001/archpsyc.1976.01770050043006

4. Rosebush PI, Mazurek MF. Catatonia and its treatment. Schizophr Bull (2010)
36(2):239–42. doi:10.1093/schbul/sbp141

5. Fontenelle LF, Lauterbach EC, Telles LL, Versiani M, Porto FH, Mendlowicz
MV. Catatonia in obsessive-compulsive disorder: etiopathogenesis, differential
diagnosis, and clinical management. Cogn Behav Neurol (2007) 20(1):21–4.
doi:10.1097/WNN.0b013e31802e3bc6

6. Shiloh R, Schwartz B, Weizman A, Radwan M. Catatonia as an unusual presen-
tation of posttraumatic stress disorder. Psychopathology (1995) 28(6):285–90.
doi:10.1159/000284940

7. Moskowitz AK.“Scared stiff”: catatonia as an evolutionary-based fear response.
Psychol Rev (2004) 111(4):984–1002. doi:10.1037/0033-295X.111.3.808

8. Geoffroy PA, Rolland B, Cottencin O. Catatonia and alcohol withdrawal: a
complex and underestimated syndrome. Alcohol Alcohol (2012) 47(3):288–90.
doi:10.1093/alcalc/agr170

9. Parameswaran R, Moore K, Hannan T, Austin M. Catatonia associated
with temazepam withdrawal. Aust N Z J Psychiatry (2011) 45(11):1006–7.
doi:10.3109/00048674.2011.607131

10. Sivakumar T, Yadav A, Sood M, Khandelwal SK. Lorazepam withdrawal catato-
nia: a case report. Asian J Psychiatr (2013) 6(6):620–1. doi:10.1016/j.ajp.2013.
05.008

11. Daniels J. Catatonia: clinical aspects and neurobiological correlates. J Neuropsy-
chiatry Clin Neurosci (2009) 21(4):371–80. doi:10.1176/appi.neuropsych.21.4.
371

12. Dalmau J, Gleichman AJ, Hughes EG, Rossi JE, Peng X, Lai M, et al. Anti-
NMDA-receptor encephalitis: case series and analysis of the effects of antibod-
ies. Lancet Neurol (2008) 7(12):1091–8. doi:10.1016/S1474-4422(08)70224-2

13. Gulyayeva NA, Massie MJ, Duhamel KN. Anti-NMDA receptor encephali-
tis: psychiatric presentation and diagnostic challenges from psychosomatic
medicine perspective. Palliat Support Care (2014) 12(2):159–63. doi:10.1017/
S1478951513000515

14. Wing L, Shah A. Catatonia in autistic spectrum disorders. Br J Psychiatry (2000)
176:357–62. doi:10.1192/bjp.176.4.357

15. Dhossche D, Goetz M, Gazdag G, Sienaert P. New DSM-5 category ‘unspecified
catatonia’ is a boost for pediatric catatonia: review and case reports. Neuropsy-
chiatry (2013) 3(4):401–10. doi:10.2217/npy.13.42

16. Raffin M, Zugaj-Bensaou L, Bodeau N, Milhiet V, Laurent C, Cohen D, et al.
Treatment use in a prospective naturalistic cohort of children and adolescents
with catatonia. Eur Child Adolesc Psychiatry (2014). doi:10.1007/s00787-014-
0595-y

www.frontiersin.org December 2014 | Volume 5 | Article 181 | 19

http://dx.doi.org/10.1097/YCT.0b013e3181fe28bd
http://dx.doi.org/10.1001/archpsyc.1976.01770050043006
http://dx.doi.org/10.1093/schbul/sbp141
http://dx.doi.org/10.1097/WNN.0b013e31802e3bc6
http://dx.doi.org/10.1159/000284940
http://dx.doi.org/10.1037/0033-295X.111.3.808
http://dx.doi.org/10.1093/alcalc/agr170
http://dx.doi.org/10.3109/00048674.2011.607131
http://dx.doi.org/10.1016/j.ajp.2013.05.008
http://dx.doi.org/10.1016/j.ajp.2013.05.008
http://dx.doi.org/10.1176/appi.neuropsych.21.4.371
http://dx.doi.org/10.1176/appi.neuropsych.21.4.371
http://dx.doi.org/10.1016/S1474-4422(08)70224-2
http://dx.doi.org/10.1017/S1478951513000515
http://dx.doi.org/10.1017/S1478951513000515
http://dx.doi.org/10.1192/bjp.176.4.357
http://dx.doi.org/10.2217/npy.13.42
http://dx.doi.org/10.1007/s00787-014-0595-y
http://dx.doi.org/10.1007/s00787-014-0595-y
http://www.frontiersin.org
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sienaert et al. Treatment of catatonia

17. Stauder KH. Die todliche Katatonie. Arch Psychiatr Nervenkr (1934)
102:614–34. doi:10.1007/BF01813829

18. Sienaert P, Dhossche DM, Gazdag G. Adult catatonia: etiopathogenesis, diagno-
sis and treatment. Neuropsychiatry (2013) 3(4):391–9. doi:10.2217/npy.13.41

19. Sienaert P, Rooseleer J, De Fruyt J. Measuring catatonia: a systematic
review of rating scales. J Affect Disord (2011) 135(1–3):1–9. doi:10.1016/j.jad.
2011.02.012

20. Rooseleer J, Willaert A, Sienaert P. [Rating scales for assessing catatonia; which
ones are the best?]. Tijdschr Psychiatr (2011) 53(5):287–98.

21. Gazdag G, Sienaert P. Diagnosing and treating catatonia: an update. Curr Psy-
chiatry Rev (2013) 9(2):130–5. doi:10.2174/1573400511309020007

22. Lazar-Molnar E, Tebo AE. Autoimmune NMDA receptor encephalitis. Clin
Chim Acta (2014) 438C:90–7. doi:10.1016/j.cca.2014.08.010

23. Rosebush PI, Mazurek MF. Serum iron and neuroleptic malignant syndrome.
Lancet (1991) 338(8760):149–51. doi:10.1016/0140-6736(91)90138-F

24. Lee JW. Serum iron in catatonia and neuroleptic malignant syndrome. Biol
Psychiatry (1998) 44(6):499–507. doi:10.1016/S0006-3223(98)00109-7 Epub
1998/10/20.,

25. Hoch A, MacCurdy JT. Benign Stupors; A Study of a New Manic-Depressive
Reaction Type. New York, NY: The Macmillan Company (1921). 284 p.

26. Ungvari GS, Chiu HF, Chow LY, Lau BS, Tang WK. Lorazepam for chronic
catatonia: a randomized, double-blind, placebo-controlled cross-over study.
Psychopharmacology (Berl) (1999) 142(4):393–8. doi:10.1007/s002130050904

27. Lee JW, Schwartz DL, Hallmayer J. Catatonia in a psychiatric intensive care
facility: incidence and response to benzodiazepines. Ann Clin Psychiatry (2000)
12(2):89–96. doi:10.3109/10401230009147094

28. Pataki J, Zervas IM, Jandorf L. Catatonia in a university inpatient service (1985-
1990). Convuls Ther (1992) 8(3):163–73.

29. Thomas P, Cottencin O, Rascle C, Vaiva G, Goudemand M, Bieder J. Catatonia
in French psychiatry: implications for the Zolpidem challenge test. Psychiatr
Ann (2007) 37(1):45–54.

30. Tibrewal P, Narayanaswamy J, Zutshi A, Srinivasaraju R, Math SB. Response
rate of lorazepam in catatonia: a developing country’s perspective. Prog Neu-
ropsychopharmacol Biol Psychiatry (2010) 34(8):1520–2. doi:10.1016/j.pnpbp.
2010.08.017

31. Narayanaswamy JC, Tibrewal P, Zutshi A, Srinivasaraju R, Math SB. Clinical
predictors of response to treatment in catatonia. Gen Hosp Psychiatry (2012)
34(3):312–6. doi:10.1016/j.genhosppsych.2012.01.011

32. Rohland BM, Carroll BT, Jacoby RG. ECT in the treatment of the catatonic
syndrome. J Affect Disord (1993) 29(4):255–61. doi:10.1016/0165-0327(93)
90015-C

33. Beckmann H, Fritze J, Franzek E. The influence of neuroleptics on specific syn-
dromes and symptoms in schizophrenics with unfavourable long-term course.
A 5-year follow-up study of 50 chronic schizophrenics. Neuropsychobiology
(1992) 26(1–2):50–8. doi:10.1159/000118896

34. Ungvari GS, Caroff SN, Gerevich J. The catatonia conundrum: evidence of
psychomotor phenomena as a symptom dimension in psychotic disorders.
Schizophr Bull (2010) 36(2):231–8. doi:10.1093/schbul/sbp105

35. Singh LK, Praharaj SK. Immediate response to lorazepam in a patient with 17
years of chronic catatonia. J Neuropsychiatry Clin Neurosci (2013) 25(3):E47–8.
doi:10.1176/appi.neuropsych.12070181

36. Mon T, L’Ecuyer S, Farber NB, White AJ, Baszis KW, Hearn JK, et al. The
use of electroconvulsive therapy in a patient with juvenile systemic lupus
erythematosus and catatonia. Lupus (2012) 21(14):1575–81. doi:10.1177/
0961203312464803

37. Bulbul F, Unal A, Copoglu US, Alpak G, Savas HA. Persistent catatonia for 1.5
years finally resolved with electroconvulsive therapy. J ECT (2013) 29(1):e1.
doi:10.1097/YCT.0b013e318257c8fe

38. Gaind GS, Rosebush PI, Mazurek MF. Lorazepam treatment of acute and
chronic catatonia in two mentally retarded brothers. J Clin Psychiatry (1994)
55(1):20–3.

39. Ripley TL, Millson RC. Psychogenic catatonia treated with lorazepam. Am J
Psychiatry (1988) 145(6):764–5.

40. Salam SA, Pillai AK, Beresford TP. Lorazepam for psychogenic catatonia. Am J
Psychiatry (1987) 144(8):1082–3.

41. Nazarian RS, Liebman LS, Kellner CH. Electroconvulsive therapy (ECT)
for catatonia: delay may be risky. Lupus (2013) 22(3):336. doi:10.1177/
0961203313476362

42. Meduna L. Die Konvulsionstherapie der Schizophrenie. Halle: Carl Marhold
Verlagsbuch-Handlung (1937).

43. Gazdag G, Bitter I, Ungvari GS, Baran B, Fink M. Laszlo Meduna’s pilot stud-
ies with camphor inductions of seizures: the first 11 patients. J ECT (2009)
25(1):3–11. doi:10.1097/YCT.0b013e31819359fc

44. Urstein M. Manisch-depressives und periodisches Irresein als Erscheinungsform
der Katatonie. Berlin: Urban und Schwarzenberg (1912).

45. Fink M. Catatonia: syndrome or schizophrenia subtype? Recognition and treat-
ment. J Neural Transm (2001) 108(6):637–44. doi:10.1007/s007020170041

46. Fink M, Taylor MA. Catatonia: A Clinician’s Guide to Diagnosis and Treatment.
New York, NY: Cambridge University Press (2003). 256 p.

47. van Waarde JA, Tuerlings JH, Verwey B, van der Mast RC. Electroconvulsive
therapy for catatonia: treatment characteristics and outcomes in 27 patients.
J ECT (2010) 26(4):248–52. doi:10.1097/YCT.0b013e3181c18a13

48. Swartz CM, Acosta D, Bashir A. Diminished ECT response in catatonia due
to chronic neurologic condition. J ECT (2003) 19(2):110–4. doi:10.1097/
00124509-200306000-00010

49. Rosebush PI. Perspectives on catatonia: 2 decades of personal clinical experi-
ence. 10th World Congress of Biological Psychiatry. Prague: (2011).

50. Clinebell K, Azzam PN, Gopalan P, Haskett R. Guidelines for preventing com-
mon medical complications of catatonia: case report and literature review.
J Clin Psychiatry (2014) 75(6):644–51. doi:10.4088/JCP.13r08870

51. White DA, Robins AH. Catatonia: harbinger of the neuroleptic malignant syn-
drome. Br J Psychiatry (1991) 158:419–21. doi:10.1192/bjp.158.3.419

52. White DA. Catatonia and the neuroleptic malignant syndrome – a single entity?
Br J Psychiatry (1992) 161:558–60. doi:10.1192/bjp.161.4.558

53. Braunig P, Kruger S, Hoffler J. [Exacerbation of catatonic symptoms in neu-
roleptic therapy]. Nervenarzt (1995) 66(5):379–82.

54. Carroll BT, Lee JWY, Appiani F, Thomas C. The pharmacotherapy of catatonia.
Prim psychiatry (2010) 17(4):41–7. doi:10.1097/YCT.0b013e3181fe28bd

55. Adityanjee, Aderibigbe YA, Mathews T. Epidemiology of neuroleptic malignant
syndrome. Clin Neuropharmacol (1999) 22(3):151–8.

56. Lee JW. Neuroleptic-induced catatonia: clinical presentation, response to ben-
zodiazepines, and relationship to neuroleptic malignant syndrome. J Clin Psy-
chopharmacol (2010) 30(1):3–10. doi:10.1097/JCP.0b013e3181c9bfe6

57. Lewis AL, Pelic C, Kahn DA. Malignant catatonia in a patient with bipolar disor-
der, B12 deficiency, and neuroleptic malignant syndrome: one cause or three? J
Psychiatr Pract (2009) 15(5):415–22. doi:10.1097/01.pra.0000361282.95962.9f

58. Goetz M, Kitzlerova E, Hrdlicka M, Dhossche D. Combined use of elec-
troconvulsive therapy and amantadine in adolescent catatonia precipitated
by cyber-bullying. J Child Adolesc Psychopharmacol (2013) 23(3):228–31.
doi:10.1089/cap.2012.0045

59. Ungvari GS, Kau LS, Wai-Kwong T, Shing NF. The pharmacological treatment
of catatonia: an overview. Eur Arch Psychiatry Clin Neurosci (2001) 251(Suppl
1):I31–4. doi:10.1007/PL00014198

60. Naber D, Holzbach R, Perro C, Hippius H. Clinical management of clozapine
patients in relation to efficacy and side-effects. Br J Psychiatry Suppl (1992)
161(17):54–9.

61. Rommel O, Tegenthoff M, Widdig W, Braunig P, Malin JP. Organic catatonia
following frontal lobe injury: response to clozapine. J Neuropsychiatry Clin
Neurosci (1998) 10(2):237–8.

62. Hung YY, Yang PS, Huang TL. Clozapine in schizophrenia patients with recur-
rent catatonia: report of two cases. Psychiatry Clin Neurosci (2006) 60(2):256–8.
doi:10.1111/j.1440-1819.2006.01495.x

63. England ML, Ongur D, Konopaske GT, Karmacharya R. Catatonia in psychotic
patients: clinical features and treatment response. J Neuropsychiatry Clin Neu-
rosci (2011) 23(2):223–6. doi:10.1176/appi.neuropsych.23.2.223

64. Cassidy EM, O’Brien M, Osman MF, Finucane J, O’Keane V. Lethal catato-
nia responding to high-dose olanzapine therapy. J Psychopharmacol (2001)
15(4):302–4. doi:10.1177/026988110101500412

65. Martenyi F, Metcalfe S, Schausberger B, Dossenbach MR. An efficacy analysis of
olanzapine treatment data in schizophrenia patients with catatonic signs and
symptoms. J Clin Psychiatry (2001) 62(Suppl 2):25–7.

66. Numata S, Kato O, Misawa H. Treatment of catatonia with olanzapine. German
J Psychiatr (2002) 5:115–6.

67. Kopala LC, Caudle C. Acute and longer-term effects of risperidone in a case of
first-episode catatonic schizophrenia. J Psychopharmacol (1998) 12(3):314–7.
doi:10.1177/026988119801200312

Frontiers in Psychiatry | Schizophrenia December 2014 | Volume 5 | Article 181 | 20

http://dx.doi.org/10.1007/BF01813829
http://dx.doi.org/10.2217/npy.13.41
http://dx.doi.org/10.1016/j.jad.2011.02.012
http://dx.doi.org/10.1016/j.jad.2011.02.012
http://dx.doi.org/10.2174/1573400511309020007
http://dx.doi.org/10.1016/j.cca.2014.08.010
http://dx.doi.org/10.1016/0140-6736(91)90138-F
http://dx.doi.org/10.1016/S0006-3223(98)00109-7
http://dx.doi.org/10.1007/s002130050904
http://dx.doi.org/10.3109/10401230009147094
http://dx.doi.org/10.1016/j.pnpbp.2010.08.017
http://dx.doi.org/10.1016/j.pnpbp.2010.08.017
http://dx.doi.org/10.1016/j.genhosppsych.2012.01.011
http://dx.doi.org/10.1016/0165-0327(93)90015-C
http://dx.doi.org/10.1016/0165-0327(93)90015-C
http://dx.doi.org/10.1159/000118896
http://dx.doi.org/10.1093/schbul/sbp105
http://dx.doi.org/10.1176/appi.neuropsych.12070181
http://dx.doi.org/10.1177/0961203312464803
http://dx.doi.org/10.1177/0961203312464803
http://dx.doi.org/10.1097/YCT.0b013e318257c8fe
http://dx.doi.org/10.1177/0961203313476362
http://dx.doi.org/10.1177/0961203313476362
http://dx.doi.org/10.1097/YCT.0b013e31819359fc
http://dx.doi.org/10.1007/s007020170041
http://dx.doi.org/10.1097/YCT.0b013e3181c18a13
http://dx.doi.org/10.1097/00124509-200306000-00010
http://dx.doi.org/10.1097/00124509-200306000-00010
http://dx.doi.org/10.4088/JCP.13r08870
http://dx.doi.org/10.1192/bjp.158.3.419
http://dx.doi.org/10.1192/bjp.161.4.558
http://dx.doi.org/10.1097/YCT.0b013e3181fe28bd
http://dx.doi.org/10.1097/JCP.0b013e3181c9bfe6
http://dx.doi.org/10.1097/01.pra.0000361282.95962.9f
http://dx.doi.org/10.1089/cap.2012.0045
http://dx.doi.org/10.1007/PL00014198
http://dx.doi.org/10.1111/j.1440-1819.2006.01495.x
http://dx.doi.org/10.1176/appi.neuropsych.23.2.223
http://dx.doi.org/10.1177/026988110101500412
http://dx.doi.org/10.1177/026988119801200312
http://www.frontiersin.org/Schizophrenia
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sienaert et al. Treatment of catatonia

68. Valevski A, Loebl T, Keren T, Bodinger L, Weizman A. Response of catatonia
to risperidone: two case reports. Clin Neuropharmacol (2001) 24(4):228–31.
doi:10.1097/00002826-200107000-00006

69. Van Den Eede F, Van Hecke J, Van Dalfsen A, Van den Bossche B, Cosyns P,
Sabbe BG. The use of atypical antipsychotics in the treatment of catatonia. Eur
Psychiatry (2005) 20(5–6):422–9. doi:10.1016/j.eurpsy.2005.03.012

70. Grenier E, Ryan M, Ko E, Fajardo K, John V. Risperidone and lorazepam con-
comitant use in clonazepam refractory catatonia: a case report. J Nerv Ment Dis
(2011) 199(12):987–8. doi:10.1097/NMD.0b013e3182392d7e

71. Yoshimura B, Hirota T, Takaki M, Kishi Y. Is quetiapine suitable for treatment
of acute schizophrenia with catatonic stupor? A case series of 39 patients. Neu-
ropsychiatr Dis Treat (2013) 9:1565–71. doi:10.2147/NDT.S52311

72. Girish K, Gill NS. Electroconvulsive therapy in lorazepam non-responsive cata-
tonia. Indian J Psychiatry (2003) 45(1):21–5.

73. Detweiler MB,Mehra A,Rowell T,Kim KY,Bader G. Delirious mania and malig-
nant catatonia: a report of 3 cases and review. Psychiatr Q (2009) 80(1):23–40.
doi:10.1007/s11126-009-9091-9

74. Lee BS, Huang SS, Hsu WY, Chiu NY. Clinical features of delirious mania: a
series of five cases and a brief literature review. BMC Psychiatry (2012) 12:65.
doi:10.1186/1471-244X-12-65

75. Fink M, Taylor MA. Neuroleptic malignant syndrome is malignant catatonia,
warranting treatments efficacious for catatonia. Prog Neuropsychopharmacol
Biol Psychiatry (2006) 30(6):1182–3. doi:10.1016/j.pnpbp.2006.03.029

76. Seitz DP, Gill SS. Neuroleptic malignant syndrome complicating antipsy-
chotic treatment of delirium or agitation in medical and surgical patients:
case reports and a review of the literature. Psychosomatics (2009) 50(1):8–15.
doi:10.1176/appi.psy.50.1.8

77. Dhossche DM, Wachtel LE, Goetz M, Sienaert P. Catatonia in psychiatric ill-
nessess. In: Fatemi H, Clayton P, editors. The Medical Basis of Psychiatry. New
York: Springer (2014).

78. Bush G, Fink M, Petrides G, Dowling F, Francis A. Catatonia. II. Treatment
with lorazepam and electroconvulsive therapy. Acta Psychiatr Scand (1996)
93(2):137–43. doi:10.1111/j.1600-0447.1996.tb09815.x

79. McEvoy JP. Relief from catatonic immobility can be maintained. J Clin Psy-
chopharmacol (1986) 6(2):126–7. doi:10.1097/00004714-198604000-00025

80. Thomas P, Rascle C, Mastain B, Maron M, Vaiva G. Test for catatonia with
zolpidem. Lancet (1997) 349(9053):702. doi:10.1016/S0140-6736(05)60139-0

81. Cottencin O, Warembourg F, de Chouly de Lenclave MB, Lucas B, Vaiva G,
Goudemand M, et al. Catatonia and consultation-liaison psychiatry study of
12 cases. Prog Neuropsychopharmacol Biol Psychiatry (2007) 31(6):1170–6.
doi:10.1016/j.pnpbp.2007.04.006

82. Rosebush PI, Hildebrand AM, Furlong BG, Mazurek MF. Catatonic syndrome
in a general psychiatric inpatient population: frequency, clinical presentation,
and response to lorazepam. J Clin Psychiatry (1990) 51(9):357–62.

83. Rosebush PI, Hildebrand AM, Mazurek MF. The treatment of catatonia: ben-
zodiazepines of ECT? Am J Psychiatry (1992) 149(9):1279–80.

84. Hawkins JM, Archer KJ, Strakowski SM, Keck PE. Somatic treatment of cata-
tonia. Int J Psychiatry Med (1995) 25(4):345–69. doi:10.2190/X0FF-VU7G-
QQP7-L5V7

85. Payee H, Chandrasekaran R, Raju GV. Catatonic syndrome: treatment response
to Lorazepam. Indian J Psychiatry (1999) 41(1):49–53.

86. Hung YY, Huang TL. Lorazepam and diazepam rapidly relieve catatonic fea-
tures in major depression. Clin Neuropharmacol (2006) 29(3):144–7. doi:10.
1097/01.WNF.0000221908.56361.C7

87. Huang YC, Lin CC, Hung YY, Huang TL. Rapid relief of catatonia in
mood disorder by lorazepam and diazepam. Biomed J (2013) 36(1):35–9.
doi:10.4103/2319-4170.107162

88. McEvoy JP, Lohr JB. Diazepam for catatonia. Am J Psychiatry (1984)
141(2):284–5.

89. Huang TL. Lorazepam and diazepam rapidly relieve catatonic signs in patients
with schizophrenia. Psychiatry Clin Neurosci (2005) 59(1):52–5. doi:10.1111/j.
1440-1819.2005.01331.x

90. Hung YY, Huang TL. Lorazepam and diazepam for relieving catatonic fea-
tures in multiple sclerosis. Prog Neuropsychopharmacol Biol Psychiatry (2007)
31(7):1537–8. doi:10.1016/j.pnpbp.2007.06.016

91. Schmider J, Standhart H, Deuschle M, Drancoli J, Heuser I. A double-blind
comparison of lorazepam and oxazepam in psychomotor retardation and

mutism. Biol Psychiatry (1999) 46(3):437–41. doi:10.1016/S0006-3223(98)
00312-6

92. Clothier JL, Pazzaglia P, Freeman TW. Evaluation and treatment of catatonia.
Am J Psychiatry (1989) 146(4):553–4.

93. Martenyi F, Harangozo J, Mod L. Clonazepam for the treatment of stupor in
catatonic schizophrenia. Am J Psychiatry (1989) 146(9):1230.

94. Benazzi F. Parenteral clonazepam for catatonia. Can J Psychiatry (1991)
36(4):312.

95. Kumar R. Acute severe catatonia in a young woman with chronic schizophrenia
responding to parenteral clonazepam. Aust N Z J Psychiatry (2001) 35(3):391.
doi:10.1046/j.1440-1614.2001.0905i.x

96. Manjunatha N, Saddichha S, Khess CR. Idiopathic recurrent catatonia needs
maintenance lorazepam: case report and review. Aust N Z J Psychiatry (2007)
41(7):625–7. doi:10.1080/00048670701400032

97. Grover S, Aggarwal M. Long-term maintenance lorazepam for catatonia: a case
report. Gen Hosp Psychiatry (2011) 33(1):e1–3. doi:10.1016/j.genhosppsych.
2010.06.006

98. Mastain B, Vaiva G, Guerouaou D, Pommery J, Thomas P. [Favourable effect
of zolpidem on catatonia]. Rev Neurol (Paris) (1995) 151(1):52–6.

99. Rascle C, Thomas P, Maron M, Mastain B, Guesdon I, Cottencin O, et al. Cata-
tonia relief with zolpidem: an open study. Eur Neuropsychopharmacol (1997)
7(Suppl 2):S277. doi:10.1016/S0924-977X(97)88920-1

100. Zaw ZF, Bates GD. Replication of zolpidem test for catatonia in an adolescent.
Lancet (1997) 349(9069):1914. doi:10.1016/S0140-6736(05)63915-3

101. Peglow S, Prem V, McDaniel W. Treatment of catatonia with zolpidem. J Neu-
ropsychiatry Clin Neurosci (2013) 25(3):E13. doi:10.1176/appi.neuropsych.
11120367

102. Hlal H, Kettani N, Berhili N, Rammouz I, Aalouane R. Place du zolpidem dans
le traitement des catatonies résistantes aux benzodiazépines. À propos d’un
cas. Presse Med (2014) 43(9):1018–20. doi:10.1016/j.lpm.2013.11.023

103. Carroll BT, Goforth HW, Thomas C, Ahuja N, McDaniel WW, Kraus MF,
et al. Review of adjunctive glutamate antagonist therapy in the treatment of
catatonic syndromes. J Neuropsychiatry Clin Neurosci (2007) 19(4):406–12.
doi:10.1176/appi.neuropsych.19.4.406

104. Gelenberg AJ, Mandel MR. Catatonic reactions to high-potency neuroleptic
drugs. Arch Gen Psychiatry (1977) 34(8):947–50. doi:10.1001/archpsyc.1977.
01770200085010

105. Obregon DF, Velasco RM, Wuerz TP, Catalano MC, Catalano G, Kahn D.
Memantine and catatonia: a case report and literature review. J Psychiatr Pract
(2011) 17(4):292–9. doi:10.1097/01.pra.0000400268.60537.5e

106. Babington PW, Spiegel DR. Treatment of catatonia with olanzapine and aman-
tadine. Psychosomatics (2007) 48(6):534–6. doi:10.1176/appi.psy.48.6.534

107. Muneoka K, Shirayama Y, Kon K, Kawabe M, Goto M, Kimura S. Improvement
of mutism in a catatonic schizophrenia case by add-on treatment with aman-
tadine. Pharmacopsychiatry (2010) 43(4):151–2. doi:10.1055/s-0029-1242821

108. Hervey WM, Stewart JT, Catalano G. Treatment of catatonia with
amantadine. Clin Neuropharmacol (2012) 35(2):86–7. doi:10.1097/WNF.
0b013e318246ad34

109. de Lucena DF, Pinto JP, Hallak JE, Crippa JA, Gama CS. Short-term treatment of
catatonia with amantadine in schizophrenia and schizoaffective disorder. J Clin
Psychopharmacol (2012) 32(4):569–72. doi:10.1097/JCP.0b013e31825ebf6e

110. Ene-Stroescu V, Nguyen T, Waiblinger BE. Excellent response to amantadine in
a patient with bipolar disorder and catatonia. J Neuropsychiatry Clin Neurosci
(2014) 26(1):E43. doi:10.1176/appi.neuropsych.13020038

111. Mahmood T. Bromocriptine in catatonic stupor. Br J Psychiatry (1991)
158:437–8. doi:10.1192/bjp.158.3.437

112. Franz M, Gallhofer B, Kanzow WT. Treatment of catatonia with intravenous
biperidene. Br J Psychiatry (1994) 164(6):847–8. doi:10.1192/bjp.164.6.847b

113. DelBello MP, Foster KD, Strakowski SM. Case report: treatment of catatonia in
an adolescent male. J Adolesc Health (2000) 27(1):69–71. doi:10.1016/S1054-
139X(00)00109-9

114. Kruger S, Braunig P. Intravenous valproic acid in the treatment of severe cata-
tonia. J Neuropsychiatry Clin Neurosci (2001) 13(2):303–4. doi:10.1176/appi.
neuropsych.13.2.303

115. Bowers R, Ajit SS. Is there a role for valproic acid in the treatment of cata-
tonia? J Neuropsychiatry Clin Neurosci (2007) 19(2):197–8. doi:10.1176/appi.
neuropsych.19.2.197

www.frontiersin.org December 2014 | Volume 5 | Article 181 | 21

http://dx.doi.org/10.1097/00002826-200107000-00006
http://dx.doi.org/10.1016/j.eurpsy.2005.03.012
http://dx.doi.org/10.1097/NMD.0b013e3182392d7e
http://dx.doi.org/10.2147/NDT.S52311
http://dx.doi.org/10.1007/s11126-009-9091-9
http://dx.doi.org/10.1186/1471-244X-12-65
http://dx.doi.org/10.1016/j.pnpbp.2006.03.029
http://dx.doi.org/10.1176/appi.psy.50.1.8
http://dx.doi.org/10.1111/j.1600-0447.1996.tb09815.x
http://dx.doi.org/10.1097/00004714-198604000-00025
http://dx.doi.org/10.1016/S0140-6736(05)60139-0
http://dx.doi.org/10.1016/j.pnpbp.2007.04.006
http://dx.doi.org/10.2190/X0FF-VU7G-QQP7-L5V7
http://dx.doi.org/10.2190/X0FF-VU7G-QQP7-L5V7
http://dx.doi.org/10.1097/01.WNF.0000221908.56361.C7
http://dx.doi.org/10.1097/01.WNF.0000221908.56361.C7
http://dx.doi.org/10.4103/2319-4170.107162
http://dx.doi.org/10.1111/j.1440-1819.2005.01331.x
http://dx.doi.org/10.1111/j.1440-1819.2005.01331.x
http://dx.doi.org/10.1016/j.pnpbp.2007.06.016
http://dx.doi.org/10.1016/S0006-3223(98)00312-6
http://dx.doi.org/10.1016/S0006-3223(98)00312-6
http://dx.doi.org/10.1046/j.1440-1614.2001.0905i.x
http://dx.doi.org/10.1080/00048670701400032
http://dx.doi.org/10.1016/j.genhosppsych.2010.06.006
http://dx.doi.org/10.1016/j.genhosppsych.2010.06.006
http://dx.doi.org/10.1016/S0924-977X(97)88920-1
http://dx.doi.org/10.1016/S0140-6736(05)63915-3
http://dx.doi.org/10.1176/appi.neuropsych.11120367
http://dx.doi.org/10.1176/appi.neuropsych.11120367
http://dx.doi.org/10.1016/j.lpm.2013.11.023
http://dx.doi.org/10.1176/appi.neuropsych.19.4.406
http://dx.doi.org/10.1001/archpsyc.1977.01770200085010
http://dx.doi.org/10.1001/archpsyc.1977.01770200085010
http://dx.doi.org/10.1097/01.pra.0000400268.60537.5e
http://dx.doi.org/10.1176/appi.psy.48.6.534
http://dx.doi.org/10.1055/s-0029-1242821
http://dx.doi.org/10.1097/WNF.0b013e318246ad34
http://dx.doi.org/10.1097/WNF.0b013e318246ad34
http://dx.doi.org/10.1097/JCP.0b013e31825ebf6e
http://dx.doi.org/10.1176/appi.neuropsych.13020038
http://dx.doi.org/10.1192/bjp.158.3.437
http://dx.doi.org/10.1192/bjp.164.6.847b
http://dx.doi.org/10.1016/S1054-139X(00)00109-9
http://dx.doi.org/10.1016/S1054-139X(00)00109-9
http://dx.doi.org/10.1176/appi.neuropsych.13.2.303
http://dx.doi.org/10.1176/appi.neuropsych.13.2.303
http://dx.doi.org/10.1176/appi.neuropsych.19.2.197
http://dx.doi.org/10.1176/appi.neuropsych.19.2.197
http://www.frontiersin.org
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sienaert et al. Treatment of catatonia

116. Yoshida I, Monji A, Hashioka S, Ito M, Kanba S. Prophylactic effect of valproate
in the treatment for siblings with catatonia: a case report. J Clin Psychophar-
macol (2005) 25(5):504–5. doi:10.1097/01.jcp.0000177850.23534.69

117. Muneer A. Catatonia in a patient with bipolar disorder type I. J Neurosci Rural
Pract (2014) 5(3):314–6. doi:10.4103/0976-3147.133652

118. Chouinard MJ, Nguyen DK, Clement JF, Bruneau MA. Catatonia induced
by levetiracetam. Epilepsy Behav (2006) 8(1):303–7. doi:10.1016/j.yebeh.2005.
04.016

119. McDaniel WW, Spiegel DR, Sahota AK. Topiramate effect in catatonia: a case
series. J Neuropsychiatry Clin Neurosci (2006) 18(2):234–8. doi:10.1176/appi.
neuropsych.18.2.234

120. Rankel HW, Rankel LE. Carbamazepine in the treatment of catatonia. Am
J Psychiatry (1988) 145(3):361–2.

121. Wald D, Lerner J. Lithium in the treatment of periodic catatonia: a case report.
Am J Psychiatry (1978) 135(6):751–2.

122. Pheterson AD, Estroff TW, Sweeney DR. Severe prolonged catatonia with asso-
ciated flushing reaction responsive to lithium carbonate. J Am Acad Child Psy-
chiatry (1985) 24(2):235–7. doi:10.1016/S0002-7138(09)60454-4

123. Gjessing LR. Lithium citrate loading of a patient with periodic catatonia. Acta
Psychiatr Scand (1967) 43(4):372–5. doi:10.1111/j.1600-0447.1967.tb05774.x

124. Petursson H. Lithium treatment of a patient with periodic catatonia. Acta Psy-
chiatr Scand (1976) 54(4):248–53. doi:10.1111/j.1600-0447.1976.tb00118.x

125. Looper KJ, Milroy TM. Catatonia 20 years later. Am J Psychiatry (1997)
154(6):883.

126. Sugahara Y, Tsukamoto H, Sasaki T. Lithium carbonate in prophylaxis of
reappearing catatonic stupor: case report. Psychiatry Clin Neurosci (2000)
54(5):607–9. doi:10.1046/j.1440-1819.2000.00762.x

127. Padhy SK, Subodh B, Bharadwaj R, Arun Kumar K, Kumar S, Srivastava M.
Recurrent catatonia treated with lithium and carbamazepine: a series of 2 cases.
Prim Care Companion CNS Disord (2011) 13(1). doi:10.4088/PCC.10l00992

128. Kennedy SH, Milev R, Giacobbe P, Ramasubbu R, Lam RW, Parikh SV,
et al. Canadian network for mood and anxiety treatments (CANMAT) clin-
ical guidelines for the management of major depressive disorder in adults.
iv. neurostimulation therapies. J Affect Disord (2009) 117(Suppl 1):S44–53.
doi:10.1016/j.jad.2009.06.039

129. Suzuki K, Awata S, Matsuoka H. One-year outcome after response to ECT
in middle-aged and elderly patients with intractable catatonic schizophrenia.
J ECT (2004) 20(2):99–106. doi:10.1097/00124509-200406000-00005

130. Suzuki K, Awata S, Takano T, Ebina Y, Iwasaki H, Matsuoka H. Continu-
ation electroconvulsive therapy for relapse prevention in middle-aged and
elderly patients with intractable catatonic schizophrenia. Psychiatry Clin Neu-
rosci (2005) 59(4):481–9. doi:10.1111/j.1440-1819.2005.01402.x

131. Suzuki K, Awata S, Takano T, Ebina Y, Shindo T, Harada N, et al. Adjust-
ing the frequency of continuation and maintenance electroconvulsive ther-
apy to prevent relapse of catatonic schizophrenia in middle-aged and elderly
patients who are relapse-prone. Psychiatry Clin Neurosci (2006) 60(4):486–92.
doi:10.1111/j.1440-1819.2006.01536.x

132. Hatta K, Miyakawa K, Ota T, Usui C, Nakamura H, Arai H. Maximal response
to electroconvulsive therapy for the treatment of catatonic symptoms. J ECT
(2007) 23(4):233–5. doi:10.1097/yct.0b013e3181587949

133. Escobar R, Rios A, Montoya ID, Lopera F, Ramos D, Carvajal C, et al. Clini-
cal and cerebral blood flow changes in catatonic patients treated with ECT. J
Psychosom Res (2000) 49(6):423–9. doi:10.1016/S0022-3999(00)00190-2

134. Morrison JR. Catatonia: prediction of outcome. Compr Psychiatry (1974)
15(4):317–24. doi:10.1016/0010-440X(74)90053-4

135. McCall WV. The response to an amobarbital interview as a predictor of ther-
apeutic outcome in patients with catatonic mutism. Convuls Ther (1992)
8(3):174–8.

136. Raveendranathan D, Narayanaswamy JC, Reddi SV. Response rate of catatonia
to electroconvulsive therapy and its clinical correlates. Eur Arch Psychiatry Clin
Neurosci (2012) 262(5):425–30. doi:10.1007/s00406-011-0285-4

137. Malur C, Pasol E, Francis A. ECT for prolonged catatonia. J ECT (2001)
17(1):55–9. doi:10.1097/00124509-200103000-00012

138. Ozgen H, Wijkstra J, Vorstman J. Successful electroconvulsive therapy in a
young woman with chronic catatonia. Primary Care Companion CNS Disord
(2012) 14(3). doi:10.4088/PCC.11l01328

139. Cupina D, Patil S, Loo C. Chronic catatonic schizophrenia treated successfully
with right unilateral ultrabrief pulse electroconvulsive therapy: case report.
J ECT (2013) 29(2):134–6. doi:10.1097/YCT.0b013e31827659e4

140. de Silva VA, Lakmini WD, Gunawardena HN, Hanwella R. Chronic catatonia
treated with electroconvulsive therapy: a case report. J Med Case Reports (2013)
7:219. doi:10.1186/1752-1947-7-219

141. Gazdag G, Kocsis-Ficzere N, Tolna J. The augmentation of clozapine treatment
with electroconvulsive therapy. Ideggyogy Sz (2006) 59(7–8):261–7.

142. DeJong H, Bunton P, Hare DJ. A systematic review of interventions used to
treat catatonic symptoms in people with autistic spectrum disorders. J Autism
Dev Disord (2014) 44(9):2127–36. doi:10.1007/s10803-014-2085-y

143. Consoli A, Benmiloud M, Wachtel L, Dhossche D, Cohen D, Bonnot O. Elec-
troconvulsive therapy in adolescents with the catatonia syndrome: efficacy and
ethics. J ECT (2010) 26(4):259–65. doi:10.1097/YCT.0b013e3181fb3924

144. Cristancho P, Jewkes D, Mon T, Conway C. Successful use of right unilateral
ECT for catatonia: a case series. J ECT (2014) 30(1):69–72. doi:10.1097/YCT.
0b013e31829a01d3

145. Rhoads JC, Votolato NA, Young JL, Gilchrist RH. The successful use of right
unilateral ultra-brief pulse electroconvulsive therapy in an adolescent with
catatonia. Brain Stimul (2010) 3(1):51–3. doi:10.1016/j.brs.2009.07.003

146. Kugler JL, Hauptman AJ, Collier SJ, Walton AE, Murthy S, Funderburg LG,
et al. Treatment of catatonia with ultrabrief right unilateral electroconvulsive
therapy: a case series. J ECT (2014). doi:10.1097/YCT.0000000000000185

147. Kellner CH, Popeo DM, Aloysi AS. Electroconvulsive therapy for catatonia. Am
J Psychiatry (2010) 167(9):1127–8. doi:10.1176/appi.ajp.2010.10020261

148. Grisaru N, Chudakov B, Yaroslavsky Y, Belmaker RH. Catatonia treated with
transcranial magnetic stimulation. Am J Psychiatry (1998) 155(11):1630.

149. Saba G, Rocamora JF, Kalalou K, Benadhira R, Plaze M, Aubriot-Delmas B,
et al. Catatonia and transcranial magnetic stimulation. Am J Psychiatry (2002)
159(10):1794. doi:10.1176/appi.ajp.159.10.1794

150. Di Michele V, Bolino F. A novel treatment option of bipolar depression with
psychotic and catatonic features. Gen Hosp Psychiatry (2006) 28(4):364–5.
doi:10.1016/j.genhosppsych.2006.05.003

151. Kate MP, Raju D, Vishwanathan V, Khan FR, Nair, Thomas SV. Successful
treatment of refractory organic catatonic disorder with repetitive transcranial
magnetic stimulation (rTMS) therapy. J Neuropsychiatry Clin Neurosci (2011)
23(3):E2–3. doi:10.1176/appi.neuropsych.23.3.E2

152. Trojak B, Meille V, Bonin B, Chauvet-Geliner J-C. Repetitive transcranial mag-
netic stimulation for the treatment of catatonia: an alternative treatment to
electroconvulsive therapy? J Neuropsychiatry Clin Neurosci (2014) 26(2):E42–3.
doi:10.1176/appi.neuropsych.13050102

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 30 September 2014; paper pending published: 03 October 2014; accepted: 26
November 2014; published online: 09 December 2014.
Citation: Sienaert P, Dhossche DM, Vancampfort D, De Hert M and Gazdag G
(2014) A clinical review of the treatment of catatonia. Front. Psychiatry 5:181. doi:
10.3389/fpsyt.2014.00181
This article was submitted to Schizophrenia, a section of the journal Frontiers in
Psychiatry.
Copyright © 2014 Sienaert , Dhossche, Vancampfort , De Hert and Gazdag . This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | Schizophrenia December 2014 | Volume 5 | Article 181 | 22

http://dx.doi.org/10.1097/01.jcp.0000177850.23534.69
http://dx.doi.org/10.4103/0976-3147.133652
http://dx.doi.org/10.1016/j.yebeh.2005.04.016
http://dx.doi.org/10.1016/j.yebeh.2005.04.016
http://dx.doi.org/10.1176/appi.neuropsych.18.2.234
http://dx.doi.org/10.1176/appi.neuropsych.18.2.234
http://dx.doi.org/10.1016/S0002-7138(09)60454-4
http://dx.doi.org/10.1111/j.1600-0447.1967.tb05774.x
http://dx.doi.org/10.1111/j.1600-0447.1976.tb00118.x
http://dx.doi.org/10.1046/j.1440-1819.2000.00762.x
http://dx.doi.org/10.4088/PCC.10l00992
http://dx.doi.org/10.1016/j.jad.2009.06.039
http://dx.doi.org/10.1097/00124509-200406000-00005
http://dx.doi.org/10.1111/j.1440-1819.2005.01402.x
http://dx.doi.org/10.1111/j.1440-1819.2006.01536.x
http://dx.doi.org/10.1097/yct.0b013e3181587949
http://dx.doi.org/10.1016/S0022-3999(00)00190-2
http://dx.doi.org/10.1016/0010-440X(74)90053-4
http://dx.doi.org/10.1007/s00406-011-0285-4
http://dx.doi.org/10.1097/00124509-200103000-00012
http://dx.doi.org/10.4088/PCC.11l01328
http://dx.doi.org/10.1097/YCT.0b013e31827659e4
http://dx.doi.org/10.1186/1752-1947-7-219
http://dx.doi.org/10.1007/s10803-014-2085-y
http://dx.doi.org/10.1097/YCT.0b013e3181fb3924
http://dx.doi.org/10.1097/YCT.0b013e31829a01d3
http://dx.doi.org/10.1097/YCT.0b013e31829a01d3
http://dx.doi.org/10.1016/j.brs.2009.07.003
http://dx.doi.org/10.1097/YCT.0000000000000185
http://dx.doi.org/10.1176/appi.ajp.2010.10020261
http://dx.doi.org/10.1176/appi.ajp.159.10.1794
http://dx.doi.org/10.1016/j.genhosppsych.2006.05.003
http://dx.doi.org/10.1176/appi.neuropsych.23.3.E2
http://dx.doi.org/10.1176/appi.neuropsych.13050102
http://dx.doi.org/10.3389/fpsyt.2014.00181
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Schizophrenia
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PSYCHIATRY
ORIGINAL RESEARCH ARTICLE

published: 26 January 2015
doi: 10.3389/fpsyt.2014.00196

Psychomotor retardation in elderly untreated depressed
patients
Lieve Lia Beheydt 1*, Didier Schrijvers1, Lise Docx 1, Filip Bouckaert 2,Wouter Hulstijn1 and Bernard Sabbe1

1 Collaborative Antwerp Psychiatric Research Institute (CAPRI), Antwerp University, Antwerp, Belgium
2 University Psychiatric Center KU Leuven, Kortenberg, Belgium

Edited by:
Sebastian Walther, University Hospital
of Psychiatry, Switzerland

Reviewed by:
Tobias Bracht, Cardiff University, UK
Valentin Johannes Benzing, University
Hospital of Psychiatry, Switzerland

*Correspondence:
Lieve Lia Beheydt, Medical and
Health Science Department,
Collaborative Antwerp Psychiatric
Research Institute (CAPRI), Antwerp
University, Campus Drie
Eiken – gebouw R D.R.328,
Universiteitsplein 1, Antwerp 2610,
Belgium
e-mail: lieve.beheydt@uantwerpen.be

Background: Psychomotor retardation (PR) is one of the core features in depression
according to DSM V (1), but also aging in itself causes cognitive and psychomotor slow-
ing. This is the first study investigating PR in relation to cognitive functioning and to the
concomitant effect of depression and aging in a geriatric population ruling out contending
effects of psychotropic medication.

Methods: A group of 28 non-demented depressed elderly is compared to a matched con-
trol group of 20 healthy elderly. All participants underwent a test battery containing clinical
depression measures, cognitive measures of processing speed, executive function and
memory, clinical ratings of PR, and objective computerized fine motor skill-tests. Statis-
tical analysis consisted of a General Linear Method multivariate analysis of variance to
compare the clinical, cognitive, and psychomotor outcomes of the two groups.

Results: Patients performed worse on all clinical, cognitive, and PR measures. Both groups
showed an effect of cognitive load on fine motor function but the influence was significantly
larger for patients than for healthy elderly except for the initiation time.

Limitations: Due to the restrictive inclusion criteria, only a relatively limited sample size
could be obtained.

Conclusion: With a medication free sample, an additive effect of depression and aging on
cognition and PR in geriatric patients was found. As this effect was independent of demand
of effort (by varying the cognitive load), it was apparently not a motivational slowing effect
of depression.

Keywords: major depression, elderly, psychomotor retardation, cognition, copying tasks, neuropsychological
assessment, medication free

INTRODUCTION
Apart from a depressed mood and lack of interest, psychomo-
tor symptoms are core features of a major depressive episode (2).
Recently, a three factor model of depression was found, repre-
senting negative effect, anhedonia, and psychomotor change (3).
This psychomotor change symptom cluster has an important clini-
cal, diagnostic, pathophysiological, and therapeutic significance in
the clinical and scientific approach of Major Depressive Disorder
(MDD) (4–8). Psychomotor retardation (PR) has repeatedly been
denoted as an important marker of the melancholia subtype of
depression (5, 9–11), and as a predictor for treatment response to
several types of antidepressant treatment (5). Since psychomotor
functioning is the only factor of depression that does not corre-
late with severity of depression and since it is not predictive for
clinical outcome, it is thought to be a dimension defining a sep-
arate type (3), though not exclusively the melancholic subtype of
depression. PR has been found to be present in other subtypes
of depression too (11–19). However, it is not only the presence
of PR that is important, the type of slowing and the cognitive
share in the PR are thought to be differentiating between subtypes

of depression too (20). Hence the importance of investigating
psychomotor functioning in depression in relation to cognitive
functioning.

Psychomotor retardation appears to be a particularly predom-
inant symptom of late life depression, an organic subtype of
geriatric depression with vascular damage of frontal–subcortical
circuits and a depressive–executive dysfunction syndrome (21, 22),
but also of other atypical depression presentations such as subsyn-
dromal depression (23). As aging itself already causes a substantial
psychomotor slowing in healthy elderly (24–26), elderly depressed
patients could be expected to show an even more pronounced form
of PR. Pier and colleagues (25) hypothesized an additive effect of
aging and depression on the psychomotor performance, be it on
the basis of a sample of 11 medicated patients. Bonin-Guillaume
et al. (27) too found an additive PR effect in 16 patients. The
retardation showed to be an addition of two different types of
slowing. There was a general slowing in aging, affecting all stages
of information processing, and a more specific slowing in depres-
sion, affecting the decisional stage and the neuromotor stage, but
not the sensory-motor stage. It should be noted, however, that
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they did only investigate the reaction time and not the motor time
as a measure of psychomotor speed (27). The included patients
in both studies were all using psychotropic medication, i.e., anti-
depressants (selective serotonin re-uptake inhibitors and tricyclic
antidepressants) as well as anxiolytics and confounding medica-
tion effects were observed (25, 27). Admittedly, polypharmacy is
very common in elder age patients, and since these patients are
also more sensitive to all kinds of adverse medication induced
side-effects, differentiating between the specific effects of depres-
sion, age, and medication is particularly difficult, especially as the
medication profiles of the subjects in previous studies may have
been extremely divergent. Studies on PR in elderly depression are
still scarce and show only partial results, because most of these have
only measured PR on the basis of cognitive reaction times, with-
out distinguishing and separating out motor slowing (27–30). The
two studies that do investigate motor time include only medicated
patients (25, 31). All in all, differentiated research of psychomo-
tor symptoms in geriatric depression is still very limited and only
exists in medicated clinical cohorts, so that evidence is still missing
for the value of these types of symptoms as a diagnostic tool for
this subgroup of depressed patients.

Psychomotor retardation not only involves motor processes,
but also cognitive processes. Indeed, the term PR “not only
encompasses the output of muscle contractions, but also the
wider involvement of perceptual processes and cognitive-control
mechanisms” (5) (p. 14). Indeed, several cognitive sub-processes
contribute to the psychomotor processing. Studies on neuropsy-
chological functioning in late life depression generally mention
processing speed and executive function as the main cognitive
impairments in MDD in the elderly (32, 33). Yet, PR and exec-
utive functioning are not correlated, indicating that cognitive
retardation is not the sole explanation of PR (34). It has been
suggested that retardation in executive function is merely the con-
sequence of reduced processing speed (35–37). However, Sexton
et al. (38) found that executive deficits could not be fully explained
by general impairments in processing speed. Controlling for pro-
cessing speed, Dybedal et al. (32) still found impaired executive
function in elderly depressed compared to healthy controls. Con-
sidering that both processing speed and executive functioning are
the cognitive hallmarks of depression, they will be treated sepa-
rately here in relation to psychomotor measures. Since executive
function and PR are not correlated, it would be interesting to
figure out whether depression severity without interfering med-
ication effects, has a specific impact on cognitive and psychomotor
functioning, respectively.

The current study aims to measure cognitive and psychomotor
functioning in a sample of unmedicated depressed elderly, apply-
ing objective psychomotor, and cognitive assessment methods.
In accordance with previous studies (25, 28), it is hypothesized
that unmedicated elderly depressed patients will perform worse
both on the cognitive and psychomotor tasks. Different cognitive
and psychomotor measures will be applied to shed a light on dif-
ferent cognitive factors that may influence PR, most importantly
processing speed, but also inhibition and interference resistance,
cognitive flexibility, and memory. With the objective measures of
PR, the cognitive reaction time, i.e., the initiation time of a move-
ment and the reinspection time, the time needed to verify the

stimuli, will be separated from the motor time, i.e., the real move-
ment time. Finally, the effect of cognitive load in PR will be tested
by experimentally varying the complexity of the stimuli of the
copying task to investigate the interaction of cognition and motor
functioning in PR.

MATERIALS AND METHODS
STUDY POPULATION
Twenty-eight non-demented (Mini Mental State Examination
Score > 24) elderly (age >60) in- and out-patients with unipo-
lar single episode or recurrent MDD, meeting DSM-IVTR criteria
(2), were compared to 20 healthy controls, matched for age, gender,
education, and vascular risks (diabetes, hypertension, smoking,
obesity, and hyperlipidemia). Patients with a MMSE score under
24, the consensus cut-off score for probable dementia (39–41),
were excluded. Depression was identified using the DSM-IVTR
criteria and the severity of depression was assessed by means
of the Geriatric Depression Scale (GDS). A minimum score of
11 on the GDS was required for inclusion of patients. Patients
taking medication with important psychotropic impact such as
psychopharmacological treatments, but also antihistaminics and
anticholinergics for instance, were excluded. For every type of dis-
allowed or concomitant medication, the drug free period before
testing was specified. For most antidepressants, a wash-out period
of 1 week prior to baseline was applied, with the exception of fluox-
etine (5 weeks), fluvoxamine (2 weeks), and monoamine oxidase
inhibitors (2 weeks). Any anxiolytics (including benzodiazepines)
and hypnotics (except Zolpidem, Zopiclone, or Zaleplon) were dis-
allowed within the last week prior to testing. Patients and controls
suffering from any medical condition [e.g., Parkinson’s disease,
dementia, psychotic disorders, mental retardation, substance- or
alcohol abuse, organic mental disorders due to a general medical
condition as defined in the DSM-IV-TR (2)] that might affect fine
motor or cognitive processes were excluded, as were patients with
personality disorders that might compromise the study. All partic-
ipants were native Dutch speakers and had given their informed
consent after the study was fully explained to them. The study was
carried out consistent with the latest version of the Helsinki Dec-
laration (42) and was approved by the medical ethics committee
of the participating hospitals.

ASSESSMENTS AND TASKS
All participants performed an extensive cognitive and psychomo-
tor test battery (see below). All testing, for patients and for healthy
controls, took place in the afternoon.

Clinical assessment
Clinical depression severity was assessed using the GDS (30 items)
(43) whereas the State and Trait Anxiety Inventory (STAI 1 and
STAI2) (44) informed about the degree of subjective anxiety symp-
toms. Both tests were also applied to the controls. The 15-item
Salpêtrière Retardation Rating Scale (SRRS) (45) was administered
to assess the subjective, rated level of PR.

Psychomotor tasks
For the objective psychomotor assessment (46, 47), participants
carried out drawing tasks. Subjects were asked to copy figures from

Frontiers in Psychiatry | Schizophrenia January 2015 | Volume 5 | Article 196 | 24

http://www.frontiersin.org/Schizophrenia
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Beheydt et al. Psychomotor retardation in geriatric depression

a computer screen with the use of a special pressure-sensitive pen
and a digitizer (48). A full description of the set up as shown in
Figures 1A,B can be found in Pier et al. (25).

Line and figure copying task. In the Line Copying Task (LCT;
Figure 1A), patients had to draw a line in one of four directions
(horizontal, vertical, or one of the two diagonals) as quickly as
possible. In the Figure Copying Task (FCT; Figure 1B), they had
to copy figures consisting of four line segments with varying com-
plexity, some were well-known letters, other were familiar figures
and the third kind were less familiar patterns. The stimulus (line
or figure) appeared on the screen when the participant placed the
pen tip in the start circle at the bottom left of the box in which
the stimulus had to be copied. As soon as participants started
drawing, the figure disappeared from the screen. However, there
was the possibility (which was not encouraged) to reinspect the
figure by retouching the start circle. To end a trial, participants
had to place the pen in the stop circle at the upper right corner
of the box. Initiation time, the time between the presentation of
the stimulus and the start of the first drawing movement, was
measured. Also the motor time, the time from the start of the
first drawing movement to the end of the last drawing move-
ment, was calculated. In the second task, the reinspection time,
the time from retouching the spot to resuming starting the draw-
ing was also determined. Time to reinspect was not included in
the motor time.

FIGURE 1 | (A,B) Set up (A) of the line and complex figure copying task
(B) with pressure-sensitive digitizer.

Symbol-digit substitution test. The same recording techniques
were used as with the copying tasks (49–51). This made it possible
to differentiate between a cognitive and a psychomotor component
apart from the general measure of information processing speed.
The subjects had to substitute symbols by digits during a period
of 90 s, using a key consisting of nine symbol–digit pairs. The
following variables were analyzed: raw scores, i.e., the number of
correct answers, matching time, representing mean pen-up time,
and pause time between two successive digits (comparable to the
initiation time in the copying tasks), and writing time, representing
the time needed to write a digit (comparable to motor time).

Cognitive tasks
Wisconsin card sorting task. In the Wisconsin card sorting task
(WCST) (52), which is primarily intended to measure cognitive
flexibility, an executive function, four key cards were presented
with geometric figures that vary according to three perceptual
dimensions (color, form, and number). The subjects had to dis-
cover the correct sorting principle by trial and error. After each
choice they got a feedback (right or wrong). Once the participant
made a correct choice, this sorting principle had to be maintained
across changing stimulus conditions while ignoring the other –
now irrelevant – stimulus dimensions. After 10 consecutive correct
matches, the classification principle changed without warning. As
the WCST is not timed, sorting continued until all cards were
sorted or a maximum of six correct sorting criteria had been
reached. Index of the participant’s performance was the number
of categories completed (53–56). However, since some patients
did not even complete one category, executive functions such as
switching could not be measured.

Stroop color-word test. The Stroop color-word test (57, 58) is a
cognitive test that requires participants to firstly read the names of
colors printed in black ink (trial 1), then name printed colors (trial
2) as quickly as possible without making errors and then naming
the color of a word in which it is printed (trial 3). The test measures
the individual’s ability to suppress task-irrelevant responses (i.e.,
the tendency to read the color name rather than name the color)
and ability to maintain attention and concentration (59). The
Stroop interference score was calculated as the time taken to name
colors in trial 3 minus the time taken to name color names in trial 2.
A higher Stroop interference score thus refers to the degree of inter-
ference caused by suppressing the habit of reading words in order
to name colors; a higher score reflects poorer performance (59).

15-Words tests. In the 15-words task, a verbal memory task (60),
subjects were presented 5 times a list of 15 words, which they had
to reproduce. After an interval of 20 min, the experimenter asked
to reproduce the memorized words once more. Afterward they had
to recognize in a list of 30 words, which were the words they had
studied. Only the sum of correct recalls has been recorded (Verbal
Memory Total). The delayed recall was scored as Verbal Mem-
ory Recall. For the Verbal Memory Recognition too, only correct
recognitions were scored.

STATISTICAL ANALYSIS
Statistical analysis of the data was performed using SPSS 17.00 and
consisted of a General Linear Method (GLM) multivariate analysis
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of variance to compare the psychomotor and cognitive outcomes
of the two groups. To measure the effect of cognitive load in the
figure copying tasks, a GLM Repeated Measures Analysis of Vari-
ance with Group (MDD, Controls) as between-subjects factor and
Complexity (letters, figures, and patterns) as within-subjects fac-
tor was performed. In addition, bivariate Pearson correlations were
computed between severity of depression and the other clinical,
cognitive, and psychomotor measures. Significance level was set at
p < 0.05.

RESULTS
DEMOGRAPHIC AND CLINICAL VARIABLES
As can be seen in Table 1, there were no significant differences
between groups on demographical variables. Patients were sig-
nificantly more depressed, more anxious (as well state as trait
anxiety), and showed more psychomotor retardation (SSRS) and
cognitive impairment (MMSE). Severity of depression correlated
with none of the cognitive and psychomotor measures, only
with clinical measures of state anxiety (r GDS-STAI I = 0.524,
p = 0.006) and slightly with the clinical rating of retardation (r
GDS-SRRS = 0.418, p = 0.047).

COGNITIVE AND PSYCHOMOTOR PERFORMANCE
Patients performed significantly worse than controls on all cogni-
tive measures. For an overview, see Table 2. The largest effects are
found for the number of correct filled in items on the symbol-digit
substitution test (SDST) (Cohen’s d = 1.37) (61), the matching
time of SDST (Cohen’s d = 0.94), the Wisconsin number of cat-
egories completed (Cohen’s d = 1.40), and the total recall of the
verbal memory test (Cohen’s d = 0.96). The measures of the perse-
verative errors and non-perseverative errors in the Wisconsin task
had to be left out because they proved meaningless, as patients
could not even complete one category. The impaired learning
capacity is confirmed by the verbal memory scores. As can be seen
in the table, the Stroop tasks too almost reached significance on
the 0.01 level. In general, however, the significance was lowered by
the difference in variance between patients and healthy controls,
with a larger variance in the patient scores, except for the WCST.
The latter exception can presumably be explained by a floor effect,
as patients did not even manage to learn one category. The differ-
ence in SDST total correct, the measure of processing speed, reveals
that a general retardation of processing speed is a central feature
of elderly depression. Still on the SDST, both the matching and

Table 1 | Demographic and clinical variables of patients and controls.

Patients (N = 28) Controls (N = 20) F p Cohen’s d

Age 74.71 (7.56) 71.95 (5.14) 2.01 0.163

Male/female 4/24 5/15 X 2
= 0.879 0.348

MMSE 25.52 (3.80) 28.30 (1.38) 9.73 0.003 0.97

GDS 17.58 (4.46) 4.15 (2.50) 145.83 <0.001 3.71

STAI 1 51.93 (11.38) 34.50 (7.83) 34.98 <0.001 1.82

STAI 2 51.00 (10.25) 34.45 (7.65) 36.81 <0.001 1.83

SRRS 16.44 (8.74) 2.30 (1.92) 50.16 <0.001 2.23

Standard deviations are shown in parentheses.

Table 2 | Mean performance levels of patients and controls on cognitive and psychomotor measures.

Patient Control F P Cohen’s d

Neuropsychological tests

SDST number correct 43.63 (9.38) 27.52 (13.46) 19.41 <0.001 1.37

SDST_matching time 3.42 (2.90) 1.47 (0.45) 8.44 0.006 0.94

SDST_writing time 1.17 (1.08) 0.66 (0.13) 4.23 0.047 0.67

Stroop card 1 63.43 (24.10) 47.32 (11.21) 7.19 0.011 0.83

Stroop interference 111.43 (110.54) 46.11 (21.42) 37.23 0.016 0.80

WCST N categories completed 0.65 (0.83) 2.00 (1.12) 19.16 <0.001 1.40

Verbal memory total 26.71 (11.91) 36.32 (7.77) 9.55 0.003 0.96

Verbal memory recall 4.59 (3.24) 6.63 (3.06) 4.63 0.037 0.53

Verbal memory recognition 22.72 (4.21) 25.72 (2.61) 7.15 0.011 0.86

Psychomotor tasks

LCT_initiation time (s) 1.46 (1.00) 0.97 (0.17) 4.49 0.040 0.65

LCT_movement time (s) 0.73 (0.38) 0.47 (0.17) 7.78 0.008 0.86

FCT_initiation time (s) 2.98 (1.03) 2.60 (0.85) 1.67 0.203 0.39

FCT_reinspection time (s) 0.41 (0.66) 0.10 (0.19) 3.99 0.053 0.60

FCT_movement time (s) 3.94 (2.36) 2.38 (1.15) 7.03 0.011 0.79

Standard deviations are shown in parentheses.
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the writing time were significantly higher in patients, indicating
cognitive as well as psychomotor slowing on this task.

As for performance on the copying tasks, patients’ initiation
time was found to be impaired on the LCT, but not on the FCT,
whereas movement time was significantly higher in patients than
in controls on both the LCT and the FCT. Analysis reveals a
more significant difference between the healthy and the depressive
elderly on the movement time compared to the initiation time.
Finally, patients reinspected significantly longer than controls on
the FCT.

As shown in Figure 2, increasing figure complexity in the
FCT for increased cognitive load, resulted in a significantly
increased initiation time (F = 10.38, p = 0.0002) and execution
time (F = 10.721, p = 0.0002) for both patients and controls and
in a significantly longer reinspection time (F = 3.89, p = 0.029) in
the patient group. However, the increased cognitive load affected
patients’ psychomotor performance more than that of controls,
except for the initiation time (IT, Figure 2A: F = 1.27, p = 0.267,
ns; MT, Figure 2B: F = 10.721, p = 0.002; and Reinspection,

FIGURE 2 | (A–C) Differences in initiation time (A), movement time (B), and
reinspection time (C) as a function of complexity between depressive
patients and healthy controls.

Figure 2C: F = 4.98, p = 0.031). Both patients and healthy controls
initiated the drawing movements immediately, but the patients
faltered while drawing and recurred more often to the stimuli.

DISCUSSION
In this study, we investigated psychomotor and cognitive perfor-
mance as an effect of depression in an elderly medication free
depressed sample, with both objective motor and cognitive mea-
sures. To find out the impact of a cognitive factor in PR, we
experimentally varied the amount of cognitive load in psychomo-
tor functioning. Because Tarbuck and Paykel (28), on the basis of
an unmedicated sample, assumed that retardation due to age is
associated with timed tasks only and that PR due to depression is
associated with the complexity of the task, we chose to use a non-
timed psychomotor task to see whether the difference still showed.
The geriatric depressed patients (as a group) were found to be sig-
nificantly slower on almost all psychomotor measures, as reflected
in high SRRS scores as well as in inferior outcomes on most of the
copying tasks, compared to the outcomes recorded for the matched
healthy controls. In general, this is in line with previous studies in
depressed samples that applied the same assessment methods, in
elderly (25) and in younger patients (14, 62–64). However, the
sample in this medication free population shows peculiarities of
slowing that, moreover, provide valuable insights into the very
specific interaction of cognitive and psychomotor slowing in the
convergence of depression and aging.

When varying the complexity of figures to copy and thus
varying the cognitive load, it is strikingly the motor time that
shows the most significant interaction effects of group (depressive
elderly versus healthy elderly) and complexity; the reinspection
time is less significant, the initiation time not at all. Patients start
copying immediately, irrespective of the complexity of the task.
Nevertheless, in cognitive more difficult motor tasks, the move-
ments of the depressed elderly become slower or more hesitating,
with some more reinspection. Apparently, various cognitive and
motor processes are involved in figure copying. Initiation times are
assumed to mainly reflect the cognitive processes and encompass
the attention for and the perception of the stimulus figure, as well
as the storage of the representation in working memory, but also
the programing and planning of the first drawing movement and
the activation of motor programs that initiate the muscle to start
drawing (14).

Scrutinizing the differential effect of increased task difficulty
on movement time and initiation time leads to an adaptation
of the notion of initiation time. Traditionally, “initiation time”
has been defined as a “cognitive” time, different from “motor”
time, the time of execution of the movement (14, 25, 64). The
fact that more complex tasks lead to longer motor times but not
to longer initiation times reveals a cognitive aspect in the motor
time. The initiation time, in turn, should be perceived as a simple
reaction time, a measure of general processing speed and cogni-
tive reserve. This measure of processing speed in the performed
tasks was merely measuring the time of “decision to start,” which
is not different for simple and complex tasks. “Decisions are made
by accumulating noisy stimulus information until sufficient infor-
mation for a response [for a response criterion] is obtained” (65).
Admittedly, the initiation time of patients was longer compared
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Beheydt et al. Psychomotor retardation in geriatric depression

to controls in copying simple lines. This could, however, be linked
to changes in white matter integrity of the motor system (66).
In a study of Walther et al. (66), patients with MDD differed
from healthy controls in a loss of frontal integrity, which was
linearly related to a lower activity level. An alternative explana-
tion could be that there was already a ceiling effect of slowing of
initiation time in simple tasks in patients. Slower subjects have
already more influence of prefrontal executive control in simple
tasks for successful performance (67). Evidence has been found
indeed for different associations between structures and behav-
ior in depressive patients and healthy controls (66). Bracht et al.
found altered cortico-cortical white matter motor pathways, and
concluded that these may contribute to movement initiation in
MDD (68). A more refined gradation of cognitive reserve impair-
ment can still be made by involving the motor time assessed in the
copying task. The execution of a movement while planning and
preparing the next is a dual task recruiting more brain regions in
parallel (69). The impaired efficiency of interaction between the
dorsolateral prefrontal cortex and the pre-supplementary motor
area by altered white matter organization of the pathway (68)
needs more prefrontal executive higher order compensation (69).
We presume that this hierarchical plasticity of the brain principle
with higher order integration for output with lower order deficits
is also responsible for disbalanced motor control with more activa-
tion of (higher order) right orbitofrontal cortex and less activation
of the (lower order) left supplemental motor area in higher activity
level (70).

The predominantly dopaminergic dysregulation of cognition
and motor functioning by striatal dopamine transporters (71,
72) has motivational correlates too (73), manifested in decisional
anhedonia (74). Lowered mesolimbic dopamine projections in the
nucleus accumbens (74) and overstimulation of nucleus accum-
bens adenosine receptors (75) change the GABAergic signals that
relay through the ventral tegmentum, associated with motor con-
trol, and the substantia nigra, associated with reward cognition,
resulting in changed effort-based decision making with decreased
perceived net-value under increasing response costs (74). These
response costs can be increased by task complexity or higher activ-
ity level. Limitations of these findings are the important age and
sex influences in dopaminergic neuromodulating influences (72),
which urge for further investigation.

Clearly, figure copying is different from the separate cogni-
tive measures in standard cognitive testing. Even the SDST tends
to reflect higher order cognitive, memory related functions more
than it does psychomotor speed (14, 76). The bigger higher order
executive cognitive load of searching for a number in the legend
code, memorizing the found digit and subsequently performing
the initiation and planning of writing the digit in the SDST and
the relative easiness of writing a well-known automatized digit
compared to an unknown pattern, may also explain the difference
in effect size of the matching time of SDST (Cohen’s d = 0.94)
and the initiation time of the figure copying (Cohen’s d LCT
initiation = 0.65; Cohen’s d FCT initiation = 0.39). Furthermore,
patients performed worse than controls on all cognitive measures
in the standard cognitive tasks. It must be remembered, however,
that above all, the more cognitive executive aspects show cumula-
tive effects of aging and depression, except in the WCST. The lack

of interaction effect in the WCST is clearly a result of the missing
measure of executive function due to the patients’ inability to learn
even one category. Measuring adaptation and perseveration thus
became impossible.

All in all, the difference in slowing as a result of increasing cog-
nitive load may be explained as an effect of cognitive aspects in
psychomotor functioning. Presumably, the cognitive component
of PR is different in nature and involves more motor circuitry
involvement than that measured by the standard cognitive tasks.

The present results suggest that PR observed in the patient
group was caused by both a cognitive and a motor factor, as,
respectively, most matching times and writing times were higher in
patients. In order to further scrutinize the possible cognitive effect,
we compared the current results post hoc to the ones obtained
in a similar study in an adult population of depressed med-
icated patients and in healthy controls (18–60 years). This way,
we could also gain some insight into possible interaction effects
of age and depression and we could determine whether there was
a link with cognitive functioning. In Figure 3, we have presented
the results of this post hoc comparison. Since adult medicated
patients appear to be even less retarded than elderly depressive
unmedicated patients, these results only corroborate the hypoth-
esis of an aging effect in depression. The overall comparison in
Figure 3 reveals a clear effect of depression in all ages, both, for the
cognitive measures (Figure 3A: F SDST matching time = 36.40,
p < 0.001; F SDST writing time = 22.36, p < 0.001; F Stroop card
1 = 25.58, p < 0.001; F Stroop interference = 31.24, p < 0.001; and
F WCST N categories completed = 10.54, p = 0.001) and for the
psychomotor measures (Figure 3A: F LCT initiation time = 24.29,
p < 0.001; F LCT movement time = 13.83, p < 0.001; F FCT ini-
tiation time = 8.54, p = 0.004; F FCT reinspection time = 14.71,
p < 0.001; and F FCT movement time = 25.35, p < 0.001). An
aging effect is equally obvious, also in both, in cognitive measures
(Figure 3A: F SDST matching time = 29.96, p < 0.001; F writ-
ing time = 45.32 p < 0.001; F Stroop card 1 = 16.21, p < 0.001;
F Stroop interference = 39.19, p < 0.001; and F WCST N cate-
gories completed = 31.21, p < 0.001) and in psychomotor mea-
sures (Figure 3B: F LCT initiation time = 8.55, p = 0.004; F LCT
movement time = 3.22, p = 0.074; F FCT initiation time = 144.70,
p < 0.001; FCT reinspection time = 19.37, p < 0.001; and FCT
movement time = 22.02, p < 0.001). A calculation of possible
interaction effects of aging and depression in the GLM test indi-
cates that only the matching time and the writing time of the
SDST and the Stroop interference show interaction effects (F SDST
matching time = 11.80 p = 0.001; F SDST writing time = 9.50,
p = 0.002; F Stroop card 1 = 1.57, p = 0.211; F Stroop inter-
ference = 12.65, p < 0,001; F WCST = 0.63, p = 0.429). In the
psychomotor measures, only the reinspection time shows a
slightly significant interaction effect (F LCT initiation time = 2.10,
p = 0.149; F LCT movement time = 0.001, p = 0.979; F FCT ini-
tiation time = 0.04, p = 0.837; F FCT reinspection time = 6.35,
p = 0.12; and F FCT movement time = 3.09, p = 0.80). However,
this effect was not reflected in the results. The significance was
diminished by the much larger variance on the reinspection times
of the complex figure copying task in the elder population. Indeed,
there is an overall increase of variance in the elderly, especially in
psychomotor tasks where motor and cognitive aspects coincide
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Beheydt et al. Psychomotor retardation in geriatric depression

FIGURE 3 | (A,B) Comparison of psychomotor and cognitive measures
between healthy and depressed elderly against the background of
previous research with the same tasks in adults. Because of limited
competence of the population, with the elderly the copying task consisted

of just four lines, whereas with the adults a task with eight lines was used.
To make the results comparable, recalculations were made for the adult
scores based on the mean time for four lines. Separate times for each line
were available.

(SDST matching, writing time, and complex figure reinspection).
Overlooking the overall results leads to the assumption that the
interaction of depression and aging reveals itself in executive
functioning and in the interaction of cognitive and psychomotor
functioning. The main comparison of the Cohen’s d effect sizes
in the elderly and adult group shows that the effect of depression
is always bigger in elderly. The relatively small difference between
the effect sizes of the adults and the elderly however, is explained
by the large variance in older groups, which limits the found inter-
group effects. Surprisingly, the effect sizes of initiation time of the
copying tasks show the reverse direction; it is bigger in adults. Evi-
dently, these results need to be confirmed by direct comparative
research.

The present study not only confirms the results of a similar
study by Pier et al. (25), it also provides a valuable contribu-
tion in its own right, as it overcomes some of the restrictions
of the earlier study. Whereas, the study by Pier et al. (25) was a
small sample study (n = 11) in which patients were taking med-
ication that could have impacted the results, the present study
is unique in that it involves only patients that are free of psy-
chotropics. The importance of the latter condition is apparent
from the fact that in the Pier et al. study (25) correlations were

found between the use of antidepressants and anxiolytics on the
one hand, and several psychomotor outcomes on the other. With
our larger medication free sample, we succeeded in replicating the
results of Pier et al. (25), corroborating their preliminary results
concerning the presence of PR in elderly depressed patients, inde-
pendent of medication status. Apart from that, the present study
revealed an interesting difference between medicated and unmed-
icated patients. In comparison to the control groups (healthy aged,
younger depressed), the pattern of interaction between the degree
of slowing and the cognitive complexity of the task in the unmed-
icated elderly sample seemed to be the reverse. In the unmedicated
elderly sample, PR was proportionately more visible in more com-
plex tasks (copying more complex figures, less familiar figures)
than in copying simple lines. In the medicated sample, on the
contrary, the PR was more obvious in comparison with the other
groups in the simple copying task than in the more complex tasks
(63) (p. 24). This result is in line with the suggestion by Caligiuri
et al. (20) that retardation caused by medication is predominantly
neuromotor retardation, i.c. abnormal velocity, as opposed to
the psychomotor slowing in depression, in which the cognitive
factor is more important. Benzodiazepines, opioids, anticholiner-
gics, but also tricyclic antidepressants (77) often elicit modest or
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more pronounced psychomotor or cognitive impairments (78).
These findings support the diagnostic relevance of the quality of
slowing in major depression, in aging and in a broad range of
psychopathological disorders.

Notwithstanding the relatively small sample size, the reported
effects were robust. The very restrictive inclusion criteria deter-
mining the sample size were introduced because of the high
comorbidity of depression and the considerable use of medication
in the elderly and because of the numerous possible cognitive – and
psychomotor – side-effects of somatic and degenerative diseases.
To avoid such confounding cognitive effects a selection of elderly
depressive patients imposed itself. Despite the fact that such a strict
selection can hardly be seen as representative for the “natural”
population, it afforded a unique opportunity to rule out possible
medication and comorbidity effects and to obtain an unbiased
view on the differential PR effects of depression in the elderly.
A limitation of this study could be that cardiovascular disease, a
recognized cause of psychomotor slowing in elderly due to white
matter lesions (WML) (79), was only excluded after introducing
a questionnaire for the patient and the treating physician. The
sample of patients was, however, too small to introduce cardio-
vascular disease as a covariate. MRI volume measures of WML
could have provided a more objective measure of vascular risks
causing neuromotor slowing (80), but the primary focus of the
present investigation was to reveal the different types of slowing
factors. Admittedly, Hickie et al. (79), who combined clinical, neu-
ropsychological, magnetic resonance imaging, and single photon
emission computerized tomography, found that the percentage
caudate nucleus regional cerebral blood flow was associated with
psychomotor slowing and presence of WML. Even if their neu-
ropsychological measures included only reaction times and did
not offer an integrated view of cognitive and motor psychomotor
slowing (cf. the movement time of complex figures in the present
study), they still found 25% of the variance explained by “depres-
sion.” Consequently, they concluded that “while psychomotor
slowing is determined in part by subcortical changes, other cor-
tical and illness-dependent factors are likely to be relevant” (79).
This result confirms the necessity of a detailed neuropsychologi-
cal analysis of psychomotor functioning in the explorative stage.
Such analysis is essential to unravel the complexity of the symptom
of slowing and to better understand its physiopathology. Further
research with more direct neurobiological measures will have to
objectify relative shares of biological and functional aspects in dif-
ferent types of slowing. Since it has become clear that biological
aspects like WML account for age-related declines, irrespective of
depression (81), an interdisciplinary approach of PR in elderly
depressed seems to be in order.
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Psychomotor disturbances are a classic feature of major depressive disorders. These can
manifest as lack of facial expressions and decreased speech production, reduced body pos-
ture and mobility, and slowed voluntary movement. The neural correlates of psychomotor
disturbances in depression are poorly understood but it has been suggested that outputs
from the cingulate motor area (CMA) to striatal motor regions, including the putamen, could
be involved. We used functional and structural magnetic resonance imaging to conduct a
region-of-interest analysis to test the hypotheses that neural activation patterns related
to motor production and gray matter volumes in the CMA would be different between
depressed subjects displaying psychomotor disturbances (n=13) and matched healthy
controls (n=13). In addition, we conducted a psychophysiological interaction analysis to
assess the functional coupling related to self-paced finger-tapping between the caudal
CMA and the posterior putamen in patients compared to controls. We found a cluster of
increased neural activation, adjacent to a cluster of decreased gray matter volume in the
caudal CMA in patients compared to controls. The functional coupling between the left
caudal CMA and the left putamen during finger-tapping task performance was additionally
decreased in patients compared to controls. In addition, the strength of the functional cou-
pling between the left caudal CMA and the left putamen was negatively correlated with
the severity of psychomotor disturbances in the patient group. In conclusion, we found
converging evidence for involvement of the caudal CMA and putamen in the generation of
psychomotor disturbances in depression.

Keywords: major depression, bipolar disorder, psychomotor disturbances, cingulate cortex, cingulate motor area,
striatum, putamen

INTRODUCTION
Psychomotor disturbance is a cardinal feature of major depres-
sive disorder. The severity of psychomotor disruption is clinically
associated with depression severity and predicts response to cer-
tain pharmacological treatments (1–4). Psychomotor disturbances
transcend illness phase and manifest as changes in interactiveness
and spontaneity, alongside reductions in facial expression, body
mobility, postural tone, speed of movement, and speech (5–7).
Investigations of the neural correlates underpinning psychomotor
disturbances remain sparse; indeed, the motor system has been rel-
atively neglected in brain imaging studies of psychiatric disorders

in general (8). However, available evidence points to metabolic
deficits, neurochemical changes, and altered structural connec-
tions and functional connectivity involving large-scale brain net-
works that connect frontal cortical regions and subcortical (esp.
basal ganglia) areas (9–24). Interactions between the striatum,
frontal motor regions, and prefrontal association cortices are
known to be critical to the initiation and regulation of motor out-
put and cognitive processing (25, 26). However, the localization
and relevance of brain abnormalities in these fronto-striatal sys-
tems to psychomotor disturbances observed in depression remains
largely unknown.
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One important target for investigation of psychomotor distur-
bances is the cingulate cortex. Converging evidence supporting
the involvement of the cingulate cortex in the clinical expres-
sion of major depressive disorder comes through experimental
studies using interventions, such as sadness induction (27), cog-
nitive behavioral therapy (28), pharmacological probes, such as
antidepressants and dopamine-modulating treatments (29, 30),
or neuromodulation such as electroconvulsive therapy or tran-
scranial magnetic stimulation (31–35). Additionally, secondary
cingulate cortex lesions can also lead to a neuropsychiatric condi-
tion known as akinetic mutism that involves severe alterations of
volition, psychomotor slowing, and apathy – clinical features that
resemble severe major depressive disorder (36, 37).

The cingulate cortex has been suggested to integrate volition,
affect, and behavior. It is located on the midline rim of the corpus
callosum and is generally divided anatomically into four distinct
subregions (38, 39). One of these subregions is the midcingulate
region, which contains the cingulate motor area (CMA) (40, 41).
The CMA is a cortical midline structure, located in the poste-
rior frontal lobe, superior to the corpus callosum, and inferior to
the supplementary motor area. The CMA has been implicated in
motor behaviors with affective incentives (42) and receives neural
signals from affective limbic regions, frontal executive regions,
and motor regions (37, 43). A caudal subregion of the CMA has
long been implicated in the execution of simple motor tasks, but
only recently has its somatotopy and functional organization been
determined with more spatially precise brain imaging (44–47).
Functional connectivity and retrograde tracings in primates sug-
gest inputs from caudal CMA to lateral putamen in general, and
to rostral ventral putamen in particular, overlap with inputs from
primary motor areas (48, 49).

There is currently no empirically validated functional anatom-
ical model of psychomotor disturbances in major depressive
disorder. However, within the anatomical framework of large-
scale brain networks, Vogt proposed one such pathophysiological
model in which a loss of neurons in the cortical output layer
(layer V) of the cingulate cortex specifically attenuates the out-
put from the CMA to subcortical motor regions, resulting in a
paucity of internally guided movement and speech (50). Clin-
ically, this neural disruption could be reflected in the altered
response to external events and slowed movements that char-
acterize psychomotor disturbances observed in major depressive
disorder.

Using the framework of Vogt’s theory of movement paucity
in major depressive disorder, we hypothesized that psychomo-
tor disturbances in major depressive disorder rely on structural
and functional abnormalities in a network encompassing the
CMA and striatal motor regions. We predict that participants
with major depressive disorder show modifications of functional
activation in left CMA and left posterior putamen during a task
involving the generation of rapid right-lateralized finger move-
ments (i.e., self-paced finger-tapping). We also anticipate that these
functional alterations are accompanied by modifications of gray
matter volume in both the left CMA and left putamen. Finally,
the severity of both functional and structural abnormalities is
predicted to correlate with the degree of observed psychomotor
disturbances.

MATERIALS AND METHODS
STUDY SAMPLE
The Karolinska University Hospital and Stockholm City Coun-
cil Ethics Committee approved the study protocol. Each subject
gave oral and written informed consent to participate in this
study. Thirteen patients with a bipolar I diagnosis (n= 9), bipo-
lar II diagnosis (n= 1), or unipolar depression diagnosis (n= 3)
were recruited from The Affective Disorders Unit at Psychiatry
Southwest at Karolinska University Hospital in Huddinge, Swe-
den. All patients were experiencing a current episode of depression
with a duration > 1 month and featuring psychomotor distur-
bances. No patient fulfilled the diagnostic criteria for concurrent
mania, hypomania, or rapid cycling disorder. Thirteen healthy
controls without psychiatric diagnoses were recruited. Clinical
diagnoses were confirmed using a computerized version of the
Structured Clinical Interview for DSM Disorders (51). All partici-
pants were right handed, had no history of neurologic illness, and
had normal or corrected-to-normal visual acuity (52). All patients
were on medication (Table 1), and all controls were drug free.

Table 1 | Sample characteristics.

Variable Controls Patients

Sex 6 F, 7 M; n=13 9 F, 4 M; n=13

Age (years) 39 (29–67) 44 (24–62)

Bipolar depression (type I, type II) n=10 (n=9, n=1)

Unipolar depression

(recurrent, first episode)

n=3 (n=2, n=1)

MADRS total score 28.9 (11–48)

CORE total score 17.7 (10–36)

CORE retardation items score 9.1 (3–15)

AS-18 retardation factor score 8.2 (0–12)

AS-18 depression factor score 23.2 (1–36)

AS-18 mania factor score 4.9 (0–13)

AS-18 total score 36.2 (2–58)

Lithium n=4

Typical neuroleptics (FGA) n=2

Atypical neuroleptics (SGA) n=4

Anticonvulsants n=5

Antidepressant (TCA) n=1

Antidepressant (SSRI) n=1

Antidepressant (SNRI) n=5

MAO-I n=1

Thyroxine n=1

Electroconvulsive treatment n=2

If not otherwise specified, values represent the mean and the range is given into

brackets.

M/F, male/female; FGA, first-generation antipsychotics; SGA, second-generation

antipsychotics;TCA, tricyclic antidepressants; SSRI, serotonin reuptake inhibitors;

SNRI, serotonin-noradrenalin reuptake inhibitors; MAO-I, monoamine-oxidase

inhibitors.
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Depression severity was rated by Benny Liberg and Mats Adler
with the Montgomery Åsberg Depression Rating Scale (53) and
psychomotor disturbance was rated with the CORE scale (54). Ret-
rospective assessment of patient files did not reveal the presence
of extrapyramidal symptoms or signs in medicated patients.

Image acquisition
Participants performed finger-tapping while in the MRI-scanner,
following instructions on a computer screen viewed through a
head-coil mounted mirror. Before the experiment started, par-
ticipants were shown how to perform finger-tapping, defined as
a thumb-index finger opposition of the right hand. Participants
were asked to tap as quickly as possible. The experiment had an
ON/OFF design consisting of 20 s of finger-tapping followed by
20 s of rest. During the first second of each ON-period, the instruc-
tion “tap” was presented, and the screen then turned black for 19 s.
Rest periods were indicated by a fixation-cross presented for 20 s.
This stimulus cycle was repeated seven times. The total functional
scanning time was 280 s.

A Siemens Avanto 1.5-T scanner was used to acquire blood
oxygen level dependent (BOLD) sensitive T2*-weighted echo pla-
nar images. Each echo planar image comprised 22 axial slices
with a resolution of 3.75 mm× 3.75 mm× 5 mm and an inter-
slice interval of 1 mm. Volumes were acquired with a repetition
time (TR) of 2.5 s, an echo time (TE) of 30 ms, a field-of-view of
64 mm× 64 mm, and a flip angle of 90°. The first six (dummy)
volumes of each run were discarded to allow for T1 equilibration
effects. A total of 112 volumes were acquired. After the func-
tional scans had been collected, a T1-weighted anatomical image
[magnetization prepared rapid acquisition gradient echo (MP-
RAGE)], 128 slices; TR, 2400 ms; TE, 3.44 ms; with a voxel size of
1.3 mm× 1.3 mm× 1.3 mm] was acquired for all subjects. To rule
out radiological signs of pathology, a consultant in neuroradiol-
ogy (Maria Kristoffersen-Wiberg) assessed the anatomical scans
of each subject.

Region-of-interest masks
We used the software GingerALE 2.3 to define the left caudal CMA
mask. GingerALE allows for meta-analysis of human brain imag-
ing studies using published co-ordinates in standard space (55).
Co-ordinates were derived from a study that mapped the func-
tional anatomy of the CMA at the single-subject level (44). Input
foci data included co-ordinates in the left hemisphere that repre-
sented neural activation in the CMA during motor execution using
the right hand. Significant clusters in the whole-brain analysis were
determined by a (corrected using a Monte-Carlo approach) clus-
ter significance threshold of p≤ 0.05. The resulting ROI mask is
illustrated in Figure 3. The ROI mask for the putamen region con-
necting to the caudal motor cortex was derived from the Oxford
Imanova Striatal Connectivity Atlas (seven-regions) supplied with
FSL (56).

Analysis of functional activations
Imaging data were analyzed using the FSL 5.0.2 software suite
[The Oxford Centre for Functional MRI of the Brain (FMRIB),
Oxford University, United Kingdom]. Data processing was carried
out using the fMRI Expert Analysis Tool version 5.98. Rigid-body

head motion correction was first performed (57). We subsequently
de-noised the data using the multivariate ICA-based classifier FIX
(58, 59), based on a conservative threshold of five components.
Non-brain tissue was then removed (60) and the functional data
were smoothed using a Gaussian kernel set to a full-width half-
maximum (FWHM) of 6 mm. To account for time differences
in slice acquisition, we performed slice-timing correction using
Fourier-space time series phase shifting. In addition, we normal-
ized the grand-mean intensity of the entire four-dimensional (4D)
dataset by a single multiplicative factor and filtered out physi-
ological noise using a high-pass temporal filter set to a period
of 100 s. Registration of the data to standard anatomical space
was undertaken with the high-resolution structural (T1) scan
using boundary-based registration with BBR, and affine linear
registration with FLIRT (61). Estimated transformations were
subsequently applied to the co-registered functional data. The
time series of each subject was modeled using a general linear
model (GLM) containing a single predictor representing the on–
off time-course of the experiment, convolved with a hemodynamic
response function (gamma). Parameter estimates (PEs) were cal-
culated for all brain voxels. Correction for local autocorrelation in
the time series was undertaken using FILM (62).

The subject-specific contrast (COPE) images of the finger-
tapping effect were then entered into a second-level group analy-
sis. As our patient sample had a different sex distribution than
our control group, we added age and sex as covariates in the
regression model to remove their potential confounding effects.
We also created a 4D covariate image of gray matter using
the feat_gm_prepare script. The 4D image output containing
gray matter partial volume information was inserted as voxel-
dependent EVs in the GLM model for each subject (63). The
higher level analysis was carried out using FMRIB’s local analy-
sis of mixed effects stage 1 and stage 2 (64–66). Z (Gaussianized
T/F) statistic images in the ROI analysis were thresholded using
clusters determined by Z ≥ 2.3 and a (corrected using Gaussian
random field theory) cluster significance threshold of p≤ 0.05.

Analysis of functional connectivity
We performed a psychophysiological interaction (PPI) analysis
to determine group differences in task-dependent alterations of
functional coupling between the left caudal CMA and left puta-
men regions connected to caudal cortical motor regions. Analysis
was performed in SPM8 using the preprocessed first-level data
described above (preprocessed in FSL). A PPI analysis determines
how the statistical dependency between the time courses of neural
activation in a region-of-interest (ROI) and a targeted brain region
depends on a task context (67). We extracted the BOLD time series
data from each subject within a 5 mm sphere centered at the peak
of the task-related group activation difference within the left CMA
(see Results). At the first level of analysis, a GLM consisting of three
predictors was specified: the left CMA time series data as a physio-
logical regressor, the task-based model as psychological regressor,
and the interaction term (the PPI) formed by their crossproduct.
We entered first-level COPE images representing the interaction
term into a second-level random effects analysis of group differ-
ences in a region of the left putamen connected to caudal cortical
motor areas involved in movement. Inference was undertaken
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using two-sample T -tests restricted to a mask of the left puta-
men and corrected for multiple comparisons (p≤ 0.05) based on
minimum cluster-extent thresholds estimated using the AlphaSim
permutation procedure (REST toolbox; http://pub.restfmri.net).
Simulations were run using an uncorrected voxel-level threshold
of p≤ 0.05, across 1000 permutations, resulting in a minimum
required cluster-threshold of 14 voxels (p≤ 0.05, corrected at the
mask level).

Analysis of gray matter volume
Paul Klauser and Benny Liberg inspected every image to assess the
presence of artifacts or gross anatomical abnormalities that could
impact image preprocessing. We estimated gray matter volume
using voxel-based morphometry (VBM) implemented in SPM8
(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/). Each partici-
pant’s T1-weighted anatomical scan was segmented into gray,
white, and cerebrospinal fluid compartments using the VBM8
toolbox (http://dbm.neuro.uni-jena.de/vbm) set to default para-
meters. Native-space gray matter images were then spatially nor-
malized to the DARTEL template in MNI standard space cre-
ated from 550 healthy control subjects from the IXI-database
(http://www.brain-development.org). For the generation of gray
matter volumes, Jacobian determinants were used to modulate
gray voxel intensities with non-linear warping only in order to
preserve original gray matter volumes while discarding initial dif-
ferences in brain sizes. The images were then smoothed with a
6 mm full-width-half-maximum Gaussian kernel prior to statisti-
cal analysis. A GLM was used to test for group differences in gray
matter volume at each voxel within the CMA ROI mask, as imple-
mented in Randomise (http://fsl.fmrib.ox.ac.uk/fsl/randomise).
All results were corrected for multiple comparison type I error at
the ROI mask level using a non-parametric cluster size-based pro-
cedure. We set the voxelwise cluster-forming threshold to T ≥ 2.5.
Then, a clusterwise p-value corrected at the ROI level was cal-
culated from a permutation test (10,000 permutations). Age and
gender were entered as covariates in the GLM.

Correlation analyses
Calculation of Spearman’s Rho correlation coefficients between
CORE ratings, imaging metrics, and neurobiological indices were
assessed to determine associations between clinical phenomenol-
ogy and brain abnormalities determined with different imaging
modalities.

RESULTS
FUNCTIONAL ACTIVATION
In our group, comparison of task-related neural activation in
the caudal CMA during self-paced finger-tapping, we found that
patients activated the left caudal CMA more than healthy con-
trols (cluster size: 356 voxels/2848 mm3; Z CMA= 3.01; p= 0.003,
corrected at the cluster level; peak voxel: x =−6, y =−10, z = 38;
Figure 1; Table 2).

FUNCTIONAL CONNECTIVITY
In our PPI analysis of task-related functional coupling between
the caudal CMA and the posterior putamen regions connected
to caudal motor regions in the frontal lobe, we found significant

FIGURE 1 |The image shows the structural and functional imaging
findings in the left caudal cingulate motor area (CMA) and putamen
regions connected to caudal motor regions in the frontal lobe. The first
row shows the contrast parameter estimates reflecting how patients
activate the caudal cingulate motor regions more than healthy controls
(Z > 2.3, p=0.05, corrected) during self-paced finger-tapping. The second
row shows decreased gray matter volume in the left CMA of patients
(T > 2.5, p=0.05, corrected). The third row shows the decreased functional
coupling of the left CMA and left posterior putamen regions connected to
caudal motor regions in the frontal lobe during self-paced finger-tapping
(p=0.02, corrected). Metrics (mean) from clusters of between-group
differences in the left caudal CMA and posterior putamen were retrieved
using masks comprising 356 voxels/2848 mm3 from the functional
magnetic resonance imaging analysis, 941 voxels/3176 mm3 from the
voxel-based morphometry analysis, and 31 voxels/248 mm3 from the
psychophysiological interaction analysis.

group differences (cluster size: 31 voxels/248 mm3, p= 0.02, cor-
rected; peak voxel: x =−26, y =−6, z = 0; Figure 1). We found
that neural activation in controls showed a task-related correspon-
dence between the left caudal CMA and left posterior putamen
regions connected to caudal motor regions in the frontal lobe,
whereas this relationship was absent in the patients.

GRAY MATTER VOLUME
In our comparison of left CMA gray matter volume in patients and
controls, we observed one cluster of decreased gray matter volume
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Table 2 | Functional activation statistics during self-paced

finger-tapping (patient > controls).

Z -max Cluster MNI

co-ordinates

Anatomical label

x y z

3.85 1 2 −14 52 38% precentral gyrus, 36% SMA

3.66 −2 −14 50 38% SMA, 34% precentral gyrus

3.01 −6 −10 38 32% cingulate gyrus, anterior

division (CMA)

2.75 4 −2 52 73% SMA

2.53 8 −2 48 49% SMA

FIGURE 2 |The image shows the localization of structural and
functional imaging findings in the left caudal cingulate motor. Left is
left in the image. The red cluster represents increased functional activation
in patients compared to controls (Z > 2.3, p= 0.05, corrected). The blue
cluster represents gray matter volume decreases in patients compared to
controls (T > 2.5, p=0.05, corrected). The purple voxels represent the
overlap between function and structural findings.

in the patient group that encompassed the left caudal CMA (clus-
ter size: 941 voxels/3176 mm3; T CMA= 6.79; p= 0.01, corrected
at the cluster level; peak voxel: x =−9, y = 4.5, z = 33; Figures 1
and 2).

CROSS-MODALITY RELATIONSHIPS
We found a statistically significant and negative correlation (rho:
−0.57, p= 0.002; Table 3) between mean functional activa-
tion (356 voxels/2848 mm3) and gray matter volume (941 vox-
els/3176 mm3) in the left caudal CMA across both groups. There
was also a statistically significant and positive correlation (rho:
0.52, p= 0.006, Table 3) between gray matter volume (941 vox-
els/3176 mm3) and functional coupling of the left caudal CMA and
left posterior putamen regions connected to caudal motor regions
in the frontal lobe (31 voxels/248 mm3) across both groups. The

Table 3 | Non-parametric correlations between neuroimaging

modalities and clinical ratings.

Variables Size #Voxels (mm3) Rho p

Functional activation – CORE

(patients)

n=13 356 (2848) 0.28 0.35

Functional coupling – CORE

(patients)

n=13 31 (248) −0.57 0.04

Gray matter volume – CORE

(patients)

n=13 941 (3176) −0.11 0.71

Gray matter

volume – Functional activation

n=26 941 (3176)/356

(2848)

−0.57 0.002

Gray matter

volume – Functional coupling

n=26 941 (3176)/31

(248)

0.52 0.006

spatial overlap of between-group differences in gray matter volume
and functional activation is shown in Figure 2.

CLINICAL CORRELATIONS
We found a statistically significant and negative correlation
(rho=−0.57; p= 0.04, Table 3) between clinical ratings of
psychomotor disturbances (CORE) in patients and functional
coupling of the left caudal CMA and left posterior putamen
regions connected to caudal motor regions in the frontal lobe
(356 voxels/2848 mm3). We did not find a significant correlation
(rho= 0.39; p= 0.18) between CORE ratings and functional acti-
vation of the left caudal CMA (356 voxels/2848 mm3) or between
CORE ratings and gray matter volume in the left caudal CMA
(rho=−0.11; p= 0.71; 941 voxels/3176 mm3).

DISCUSSION
In the present study, we used structural and functional neuroimag-
ing to investigate the contribution of the CMA to psychomotor
disturbances in major depressive disorder. By combining neu-
roimaging modalities, we found converging evidence supporting a
neural model of psychomotor disturbances that involves a fronto-
striatal network contributing to motor execution. Specifically, we
found that (1) patients activated the CMA more than healthy
controls during right-handed self-paced finger-tapping; (2) func-
tional coupling of the CMA and putamen was absent in patients
compared to controls during task performance; (3) patients had
decreased gray matter volume in the CMA; (4) clinical ratings of
psychomotor disturbance in patients were negatively correlated
with functional coupling of the CMA and putamen; and (5) gray
matter volume of the CMA region with between-group differences
was negatively correlated with functional activation, and positively
correlated with functional coupling.

Our study lends experimental support to the involvement of
a fronto-striatal network in the emergence of psychomotor dis-
turbances in major depressive disorder. In our study, gray matter
volume decreases were associated with decreased functional cou-
pling of the left caudal CMA and left posterior putamen during
motor execution of a right-handed self-paced finger-tapping task.
The midcingulate region comprising the CMA is known to pro-
vide extensive output to skeletomotor areas, including the striatum
(41). Changes in the CMA would, therefore, impact upon its
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FIGURE 3 |The image shows the binarized region of interest masks defining the left caudal cingulate motor area and the left putamen regions
connected to caudal motor regions in the frontal lobe.

glutamatergic inputs to subcortical motor systems and, in turn,
lead to impairments in motor behavior, i.e., psychomotor dis-
turbances. Although beyond the scope of the current study, this
finding may be relevant to neuron loss in cortical layer V, from
which efferent fibers are derived, in accordance with Vogt’s model
of motor dysfunction (50).

It is interesting to note the relative position of the clusters
resulting from the functional and the structural analysis: few vox-
els show an overlap between the functional cluster representing
increased neural activity and the structural cluster representing
decreased gray matter volume in the CMA of patients (Figure 2).
The interpretation of the spatial extent of clusters, resulting from
cluster-based statistics is known to be problematic, especially when
relatively low cluster-forming thresholds are used like in this study
(i.e., T > 2.5) (68). Nevertheless, the increase of functional activa-
tion in an area that seems to be spared by gray matter volume loss
may represent a less affected region or a compensatory mechanism.
Compensatory cortical plasticity has been previously described
after acute brain lesions but a similar mechanism could also be
involved following more chronic alterations of brain networks in
the context of mental illness (69).

This study conforms to previous studies that have shown par-
alimbic hyperactivation in major depressive disorder using both
molecular metabolic imaging and functional magnetic resonance
imaging with BOLD (70, 71). Hypothetically, a loss of neurons in
cingulate layer V suggested by Vogt et al. (50) could arise from
excess glutamate signaling with impaired plasticity and neural
resilience (72). However, the BOLD signal comprises several neu-
ronal and vascular factors that preclude a specific association of
increased activation and hyperglutamatergia (73). Indirect corre-
lational evidence for cingulate hyperglutamatergia may be inferred
from the positive correlation of glutamate signaling and sponta-
neous neural activity of paralimbic medial frontal and posterior
cingulate regions: the so-called “default-mode” network (74, 75).
Several studies suggest that this network is hyperactivated in major
depressive disorder (76–78). In a previous study of the bipolar
disorder subgroup of this sample (n= 9), there was an increased
activation among depressed patients in the default-mode network
during motor execution (15). However, the opposite association
between glutamate, functional connectivity, and depression sever-
ity has also been shown (79). Thus, we remain cautious regarding
definitive interpretations of our findings in the context of the

pathophysiology underlying psychomotor disturbances in major
depressive disorder.

Our study has limitations. First, this is a ROI study where we
had an a priori hypothesis involving selected brain regions in
the left hemisphere known to activate during simple right-hand
movements. The disadvantage of the ROI approach is that it dis-
cerns a comprehensive observation of the full large-scale neuronal
networks implicated in these disturbances (80). However, our
motivation for choosing the ROI approach was that our hypothesis
addressed specific ideas based on previous research on the CMA
in major depressive disorder. An advantage of the ROI approach
is that it potentially increases the sensitivity of the neuroimag-
ing methods we applied, and previous research suggests that ROI
analyses may provide a better statistical control of both type I and
type II errors than in whole-brain analyses as the ROI approach
is less dependent on correction for multiple comparisons (81).
This becomes even more important in smaller samples such as
ours. Second, our brain imaging approach is restricted to infer-
ence from indirect monitoring of the disease underlying major
depressive disorder. Functional imaging studies and anatomical
mapping advocate a limbic hyperactivation in major depressive
disorder and suggest that more anterior cingulate cortex regions
convey limbic signals to the CMA, which in turn suggests that
our observed CMA alterations may only be a tertiary marker for
a disease that alters upstream nodes in the same neural network
(29, 43). The BOLD contrast mechanism itself also highlights the
importance of inputs to CMA (82). Third, the CMA and puta-
men are both rich in ascending midbrain dopamine afferents that
contribute to the initiation, preparation, execution, and control
of movement (56, 83). Six patients in our sample were treated
with antipsychotic medication that affects dopamine transmission
in both regions. This could potentially lead to misrepresenta-
tive and biased results. However, neuroimaging metrics in these
six individuals were distributed across the whole patient sample,
and there were no outliers in the patient group with respect to
functional activation, gray matter volume, or functional coupling.
Fourth, there are many types of motor behavior, and it is pos-
sible that finger-tapping does not engage identical fronto-striatal
networks in the same way as more elaborate motor behavior. The
strength of the finger-tapping task is that it is sensitive to pathol-
ogy in fronto-striatal neurocircuitry and is considered to measure
a defined entity: motor speed (84). Fifth, the BOLD signal in the
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CMA may be subject to noise due to partial volume effects because
of the spatial resolution of our functional scans. This contributes
to a possible source of error in our PPI analysis. Finally, given the
small sample size of our groups, the GLM may not provide the
best fit of our second-level data. However, we analyzed our data at
second level using a mixed effects analysis (FMRIB’s Local Analy-
sis of Mixed Effects stage 1 and stage 2) similar to a vast majority
of comparable functional imaging studies. In order to confirm the
validity of our results, we also re-analyzed data at second level with
Randomise for non-parametric inference while using an identical
statistical threshold. The spatial extent of those statistically signif-
icant results was close to identical regarding the CMA cluster of
between-group differences. We would like to reiterate that even if
the GLM does not provide the best fit for our second level analysis,
the corrected p-value calculated by Randomise is valid, regardless
the distribution of our data.

CONCLUSION
Our data are cross-sectional but implicates the possibility of a
chain of events where primary neural hyperactivation in paral-
imbic regions has secondary effects on gray matter volume in
fronto-striatal networks involved in movement. In our study,
functional activation was negatively correlated with gray matter
volume, which suggests an association between paralimbic hyper-
activation and gray matter alterations. The positive correlation
between gray matter volume and functional coupling supports
the notion of diminished cortical output via layer V to subcortical
regions that are involved in motor control. The functional coupling
was also negatively correlated with clinical ratings, which suggests
a role of decreased functional connectivity within fronto-striatal
networks in the emergence of clinical psychomotor disturbances
in major depressive disorder. Thus, our results propose an involve-
ment of the CMA in the generation of psychomotor disturbances
in a major depressive disorder. Our data also suggest the pos-
sibility of elucidating the causality of these events by using an
experimental longitudinal study design and analyses of direc-
tional effective connectivity within these networks during motor
performance.
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Psychomotor disturbances (PMD) are a classic feature of depressive disorder that
provides rich clinical information. The aim our narrative review was to characterize the
functional anatomy of PMD by summarizing findings from neuroimaging studies. We
found evidence across several neuroimaging modalities that suggest involvement of
fronto-striatal neurocircuitry, and monoaminergic pathways and metabolism. We suggest
that PMD in major depressive disorder emerge from an alteration of limbic signals, which
influence emotion, volition, higher-order cognitive functions, and movement.

Keywords: psychomotor performance, major depressive disorder, neuroimaging, frontal lobe, basal ganglia,
monoamines

Introduction

Psychomotor signs are a classic feature of major depressive disorder that already attracted attention
over a century ago (1). Emil Kraepelin gave a vivid and still valid description of psychomotor
disturbances (PMD) in his chapter on general symptomatology in Lehrbuch des Psychiatrie, 1907:
“The psychomotor retardation, which is the most important disturbance in the depressed states of
manic-depressive insanity, is probably due to a [. . .] increase in resistance [. . .] In spite of every
apparent exertion, the patients cannot utter a word or at best answer only in monosyllables, and are
unable to eat, stand up, or dress. As a rule they clearly recognize the enormous pressure lying upon
them, which they are unable to overcome” (2).

Psychomotor disturbances in depressive disorder can be broadly classified in to four subgroups
of symptoms and signs based on three available clinical rating scales designed to characterize
them [CORE, motor agitation and retardation scale (MARS), Widlöcher scale] (3–5): retardation,
agitation, non-interactiveness, and mental slowing (Table 1). The symptoms and signs of PMD
therefore entail a wide range of brain functions including motor performance, executive function,
volition, and drive. These provide rich clinical information (i.e., diagnostic subgroup, prognosis,
treatment) (6, 7).

No previous review has focused specifically on neuroimaging findings related to PMD in major
depressive disorder. The aim of this narrative review is to characterize the functional anatomy of
PMD in major depressive disorder by summarizing findings from human neuroimaging studies that
probe structure, function, neurochemistry, and connectivity.

Structural Neuroimaging

Structural aberrations in white matter are the most prominent structural neuroimaging findings
associated with PMD in depressive disorder.
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TABLE 1 | Psychomotor signs in major depressive disorder.

Subgroup of
psychomotor
disturbances

Example

Retardation Slowed movements (motor slowness), facial immobility
(lack of facial expressivity, downcast gaze, reduced voice
volume, slurring of speech), body immobility (immobility of
trunk/proximal limbs), postural slumping (postural
collapse), delay in motor activity, delay in responding
verbally (delayed speech onset), slowing of speech rate
(monotone speech), abnormal gait

Agitation Frightened apprehension (static facial expression,
abnormal staring, increased blinking, erratic eye
movement), facial agitation (movement/tension in mouth),
motor agitation (increased axial truncal movement),
stereotyped movements (tension in fingers and hands,
hand movement, foot/lower leg movement), verbal
stereotypy

Non-interactiveness Response to social cues, emotional responsiveness,
inattentiveness, poverty of associations, spontaneous
speech, length of verbal responses

Mental slowing Language and verbal flow, variety of themes
spontaneously approached, richness of associations,
subjective experience of ruminations, fatigability,
perception of flow of time, memory, concentration, interest
in habitual activities

White-matter alterations (hyperintensities, WHI; and white-
matter fiber integrity), are one of the most reproduced findings in
mood disorders. White-matter hyperintensities (WHIs) are radi-
ological hyperintense regions of whitematter with elusive etiology
inMRI images. They are primarily associatedwith late-life depres-
sion, but are also more common in major depressive disorder in
younger age groups. The extent of WHIs correlates with illness
severity, poor treatment response, and decreased psychomotor
speed on several neuropsychological tests (8). White-matter tis-
sue broadly comprises glial cells with myelin surrounding axons.
Currently, the general understanding is that the WHIs alterations
observed in depression arise from small vessel disease that lead
to disruption of white-matter pathways (9). However, other dis-
ease mechanisms involving white-matter tissue may also lead
to disruptions of specific neurocircuits and lead to psychiatric
symptoms such as PMD (10).

White-matter fiber integrity can be assessed with diffusion-
weighted imaging. One study by Walther et al. (11) who specif-
ically addressed psychomotor functioning in depressive disorder
used diffusion-weighted magnetic resonance imaging and actig-
raphy – an objective measure of the general activity level in
an individual. It showed that lower activity levels correlate with
measures of differential myelinization in the frontal lobe and
posterior cingulate region, and that there is a negative correla-
tion between the same measures in the white matter beneath
the primary motor cortex and in the parahippocampal region.
The authors conclude that changes in psychomotor function in
depressive disorder may be linked to changes in white matter in
motor regions. Bracht et al. used diffusion-weighted imaging to
investigate white-matter microstructure in relation to PMD. They
found a positive association between decreased physical motor

activity and alterations in paralimbic and motor midline regions
not only involved in volitional movement but also involvement of
ascending mesocortical dopamine pathways in clinical states with
prominent PMD (12, 13).

To this date, few studies have investigated the relation between
gray matter volume and PMD in major depressive disorder. Cur-
rent findings involve volume reductions in several pre-executive
parts of the motor system. One volumetric study showed that
thinning of the right presupplementary motor cortex (pre-SMA)
is associated with impaired performance on a motor learning
test (14). The pre-SMA is a part of the mesial premotor cor-
tex that advances signals from the prefrontal regions, engaged
in higher-order cognitive functions. In studies measuring sub-
cortical volumes and regional shape alterations, no significant
associations could be found between performance on a psy-
chomotor task (trail making test variations) and the volumes
of striatum, pallidum, and thalamus in depressed subjects (15,
16). Another study found that reduced caudate nucleus vol-
umes predicts decreased psychomotor speed in depressed subjects
>50 years old (17).

Only one study, using CT, has assessed cerebrospinal fluid
space size. This study found that the size of the third ventricle was
associated with clinical ratings of psychomotor retardation (18).

Functional Neuroimaging

Blood–oxygen-level-dependent (BOLD) functional magnetic res-
onance imaging (fMRI) is currently the most prevalent method
for studying neural activation patterns during experimental tasks
in patients with depressive disorder. A few research teams have
specifically addressed PMD using fMRI and experimental motor
tasks, clinical ratings of psychomotor disturbance, ormotor physi-
ologymetrics (i.e., actigraphy, reaction time). Two types of studies
have been employed – task and non-task based studies. Naismith
et al. (19) used a motor sequence task (button press response) to
study motor learning, and found increased activation of lateral
prefrontal cortex, superior temporal regions, and the cerebellum.
Caligiuri et al. (20, 21) studied motor execution using a man-
ual reaction time task, and found increased activation during
movement in the primary motor cortex, alongside motor asym-
metry. Five other studies investigated motor speed using different
finger-tapping variations (22–27), and suggest an increased acti-
vation in both motor and paralimbic regions, and with altered
fronto-striatal coupling among patients. One non-task, resting-
state study, by Yao et al. (28) corroborates the hyperactivation of
paralimbic regions in patients.

Electroencephalography

Electroencephalography (EEG) is used to study power amplitude
of particular frequency spectrums, hemisphere asymmetry, and
chronometric features of cortical neural activation. PMD have
been associated with greater variability and increased amplitudes
in the delta (<4Hz) and theta (4–7Hz) spectrum, but not with
hemisphere asymmetry (29). The post-imperative negative vari-
ation is a metric related to frontal lobe function, and has been
associated with psychomotor slowing in a choice reaction task
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(30). Another frontal metric (P300) has also been correlated pos-
itively correlated with PMD (31). Interestingly, this study also
showed that only clinical ratings more focused on PMD than
the Hamilton depression ratings scale (HDRS) predicted P300
latency. In a group of patients receiving electroconvulsive treat-
ment, clinical ratings of PMD were positively correlated with
frequency decreases during initial improvement, whereas the
reverse relationship was found during the later partial remis-
sion phase (32). One study by Nieber et al. (33) showed a
positive correlation between decreased frequencies in particular
regions of the theta and alpha (7–13Hz) spectrum and over-
all retardation, with motor retardation, in particular. In that
study, increased frequency in particular regions of in the alpha
and beta spectrum was negatively correlated with PMD. Error-
related negativity and positive-negativity are metrics associated
with anterior and posterior cingulate cortex function, respec-
tively (34, 35). These metrics have been associated with a slowing
of psychomotor performance in subjects during action moni-
toring, but only positive-negativity differentiated patients and
controls (36).

Molecular Neuroimaging

Single-photon emission tomography (SPECT), positron emis-
sion tomography (PET), and arterial spin labeling (ASL) are
the three molecular neuroimaging methods that have been used
to study PMD. These three methods measure regional cere-
bral blood flow, glucose metabolism, oxygen consumption, or
synaptic transmission factors. Walther et al. (37) used ASL and
actigraphy to measure the correlation between regional cerebral
blood flow and general motor activity outside of the scanner
environment in depressed subjects. The study showed a posi-
tive correlation between physical activity and blood perfusion
in the right orbitofrontal cortex, and a negative correlation with
left supplementary motor area perfusion. The available evidence
from PET and SPECT studies also suggests that PMD in depres-
sion are associated with decreased DLPFC metabolism (38–40),
increased ACC metabolism (41–43), and a lower dopaminergic
tone and altered metabolism in striatal regions (41, 42, 44–47).
However, a SPECT study by Graff-Guerrero et al. (48) failed to
reproduce these associations between clinical rating of PMD and
cerebral blood flow. One longitudinal study also suggests that
improvement of psychomotor slowing is associatedwith increased
activation in the dorsal ACC (49).

Transcranial Ultrasound

Hypo- or hyperechogenicity measured by transcranial sonogra-
phy in vivo reflect changes in tissue impedance, likely due to
alterations of microarchitecture such as shifts in cell density,
changes in interstitial matrix composition, or alterations of fiber
tract integrity (50, 51). Those transcranial ultrasound studies that
have investigated PMD in major depression have focused on
the serotonergic raphe nuclei and the dopaminergic substantia
nigrae. A significantly reduced echogenicity of the mesencephalic
midline raphe nuclei has been reported in depressed subjects (52).
Hypoechogenicity of the raphe nuclei can be found in 50–70% of

unipolar depressed subjects compared to 10% in healthy subjects
(53). Hypoechogenicity of the raphe nuclei of the brain stem is
associated with better treatment response to serotonin reuptake
inhibitors (54) and with symptom severity in suicidal ideation
(55).One study could not find any association between echogenic-
ity of the raphe nuclei and PMD (51), another found a positive
correlation with the degree of psychomotor retardation (56),
and a third a negative correlation with psychomotor retardation
(54). Hoeppner et al. showed that substantia nigra echogenic size
correlates with motor asymmetry and reduced verbal fluency in
unipolar depression. In that study, the association was stronger in
patients≥50 years, and in patients with reduced brain stem raphe
nuclei hypogenicity (57).

Conclusion

In this review, we summarize the literature on the functional
neuroanatomy of PMD in major depressive disorder (Table 2).
Despite the clinical importance of PMD, we found relatively few
studies. Indeed, the motor system has been relatively neglected
in brain imaging studies of psychiatric disorders in general (58).
We conclude that structural alterations that correlate with PMD
have been found in gray- and white-matter regions within several
nodes of cortico-subcortical circuits. Findings in functional neu-
roimaging studies show involvement of the same neurocircuitry
nodes (along with their white-matter connections) as in structural
neuroimaging studies, and further that limbic influences on the
motor system may be important in the emergence of PMD. EEG
studies suggest that frequency variations across many spectra,
and an involvement of the frontal cortex, anterior, and posterior
cingulate cortex, are associated with PMD. The molecular neu-
roimaging correlates of PMD resemble the functional anatomy
of major depression described with functional and structural
methods, but in addition also implicate disrupted monoamine
transmission in PMD. The few available studies that use tran-
scranial ultrasound primarily show an association between PMD
and echogenic features of the substantia nigra, which then corrob-
orates molecular neuroimaging findings of disrupted dopamine
transmission.

Structural and functional neuroimaging studies suggest that
PMD involve alterations in large-scale cortico-striato-thalamo-
cortical neurocircuits, and in particular fronto-striatal subdi-
visions. Findings from transcranial ultrasound, and molecular
neuroimaging studies, suggest a putative underlying factor for
these alterations in the form of disrupted influence of ascending
dopamine tracts that emanate from deeper midbrain nuclei. This
notion also fits with the broader picture of a depressive disorder
with psychomotor disturbances, which also include alterations in
cognitive function, drive, and emotional expression – phenomena
that alsomap onto ascendingmonoamine tracts with targets in the
frontal lobe. Taken together, the broad picture suggests that PMD
inmajor depressive disorder emerges fromaltered limbic signals at
the interface of emotion, volition, higher-order cognitive function,
and movement.

Our review shows that PMD is an emerging field of research
that has kept growing since over 20 years. However, the currently
available studies also preclude firmer evidence when evaluated
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TABLE 2 | Neuroimaging findings and their correlation to psychomotor disturbances.

Study N Diagnosis Method Measure Finding

Structural CT
and MRI

Hickie et al. (8) 39 MDD MRI (WMH) Mean decision time ↑ White-matter hyperintensities

Walther et al. (11) 21 MDD DTI (FA) Actigraphy ↓ White-matter in motor regions

Bracht et al. (12) 21/21 MDD DTI (FA) Actigraphy ↓ White-matter in ACC and midline motor
regions connected with PFC

Bracht et al. (13) 22/21 MDD DTI (FA) Clinical features of
PMD

↓ White-matter in medial forebrain bundle

Exner et al. (14) 9 MDD MRI (ROI) Serial reaction time
task

↓ pre-SMA volume

Liberg et al. (15) 27 BPD MRI (ROI,
shape)

Trail Making Tests,
reaction Time

No significant findings in the striatum,
pallidum, and the thalamus

Liberg et al. (16) 20 BPD MRI (ROI,
shape)

Trail Making Tests No significant findings in the striatum,
pallidum, and the thalamus

Naismith et al. (17) 47 MDD MRI (ROI) Trail Making Test A ↓ Right caudate volume

Schlegel et al. (18) 44 MDD CT, ventricle size Bech–Rafaelsen
Melancholia Scale

↑ Lateral ventricle size

fMRI Naismith et al. (19) 19/20 MDD Task-based
fMRI

Motor sequencing task ↑ Middle frontal gyrus, superior temporal
gyrus, and cerebellum

Caligiuri et al. (20) 24/13 BPD Task-based
fMRI

Manual reaction time
task

↑ Right primary motor cortex in patients

Caligiuri et al. (21) 18/13 BPD Task-based
fMRI

Manual reaction time
task

↑ Left primary motor area in patients. Motor
asymmetry in patients with a failure to
suppress right hemisphere activation during
movement

Marchand et al. (22) 10 BPD Task-based
fMRI

Finger-tapping ↑ Right anterior cingulate cortex and medial
frontal gyrus (euthymia>depression)

Liberg et al. (24) 9/12 BPD Task-based
fMRI

Finger-tapping No significant findings

Liberg et al. (25) 9/12 BPD Task-based
fMRI

Finger-tapping,
Motor imagery, CORE,
AS-18

↓ Primary motor cortex, lateral ventral
premotor cortex in relation to clinical ratings. ↑
Medial posterior parietal cortex during motor
imagery. ↑ Fronto-parietal regions, and insular
cortex, during motor execution

Liberg et al. (26) 13/13 MDD Task-based
fMRI

Finger-tapping ↓ Fronto-striatal coupling between cingulate
motor area and putamen. ↑ Left cingulate
motor area. ↑ Functional coupling and clinical
ratings

Marchand et al. (27) 14/15 BPD Task-based
fMRI

Finger-tapping ↑ Left pre- and post-central gyrus, bilateral
cingulate, right striatum, and left striatum, in
patients

Yao et al. (28) 22/22 MDD Resting-state
fMRI

HDRS ↑ Regional homogeneity in right posterior
cingulate cortex and right insula

EEG Nyström et al. (29) 25 MDD EEG power
spectrum
analysis

Comprehensive
Psychopatho-logical
Rating Scale

↑ Delta-, theta-amplitude, and variability

Thier et al. (30) 11/11 MDD ERP Serial choice reaction
task

↑ Post-imperative negative variation

Schlegel et al. (31) 36 MDD ERP Bech–Rafaelsen
Melancholia Scale

↑ P300 latency

Silfverskiöld et al.
(32)

21 MDD Global EEG
frequency

Rating Scale for
Affective Symptoms

↓ Acute effects
↑ Non-acute effects

Nieber et al. (33) 63 MDD EEG power
spectrum
analysis

Bech–Rafaelsen
Melancholia Scale

↑ Slow activity
↓ Fast activity

Schrijvers et al. (36) 26 MDD ERP, Eriksen
Flanker’s Task

Salpêtrière Retardation
Rating Scale

↑ Error-related negativity potentials

(Continued)
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TABLE 2 | Continued

Study N Diagnosis Method Measure Finding

Molecular
neuroimaging

Walther et al. (37) 20/19 MDD ASL Wrist actigraphy ↑ Right orbitofrontal cortex,
↓ left SMA

Bench et al. (38) 40 MDD PET HDRS ↓ rCBF in left DLPFC, left parietal cortex

Dolan et al. (39) 40 MDD PET HDRS ↓ rCBF in left DLPFC
Videbech et al. (40) 42 MDD PET HDRS ↓ rCBF in DLPFC and OFC

Milak et al. (41) 298 MDD FDG-PET HDRS ↑ Metabolism in the cingulate gyrus, thalamus,
and basal ganglia

Dunn et al. (42) 58 MDD FDG-PET Beck’s Depression
Inventory

↓ Metabolism in right insula, claustrum,
anteroventral caudate/putamen, and temporal
cortex.

↑ Metabolism in ACC

Mayberg et al. (43) 13 MDD 99mTc-SPECT Finger-tapping ↑ rCBF in paralimbic cortex (frontal and
temporal) and prefrontal

Meyer et al. (44) 9/21 MDD RTI-32-PET Finger-tapping ↓ Dopamine transporter binding potential in
striatum

Meyer et al. (45) 21 MDD Raclopride PET Finger-tapping ↑ Dopamine D2 receptor binding potential in
the putamen

Ebert et al. (46) 20 MDD IBZM-SPECT – ↑ Striatal IBZM-BP

Perico et al. (47) 15 MDD 99mTc-SPECT HDRS ↑ Left premotor cortex and right anterior
medial orbitofrontal cortex metabolism

Graff-Guerrero et al.
(48)

14 MDD 99mTc-SPECT HDRS No significant correlation between retardation
and CBF

Brody et al. (49) 39 MDD FDG-PET HDRS Improvement in psychomotor symptoms is
associated with metabolism in dorsal ACC

Transcranial
sonography

Berg et al. (51) 31 PD with MDD Ncl raphe Columbia University
Rating Scale

No significant correlation

Walter et al. (53) 55 MDD Ncl raphe,
substantia nigra

Unified Parkinson’s
Disease Rating Scale
(Motor part)

↓ Raphe echogenicity,
↑ Substantia nigra echogenecity

Walter et al. (54) 52 MDD Ncl raphe Motor Retardation and
Agitation Scale

↑ Raphe echogenecity

Becker et al. (56) 30 PD with MDD Ncl raphe Columbia University
Rating Scale

↓ Raphe echogenecity

Höppner et al. (57) 45 MDD Substantia nigra Finger-tapping (motor
asymmetry), verbal
fluency

↑ Substantia nigra echogenic size

ACC, anterior cingulate cortex; AS-18, affektiv skattningsskala 18 (59); ASL, arterial spin labeling; BP, binding potential; BPD, bipolar disorder depression; CT, computed tomography; DTI,
diffusion tensor imaging; DLPFC, dorsolateral prefrontal cortex; EEG, electroencephalography; ERP, event-related potentials; FA, fractional anisotropy; FDG-PET, fluorodeoxyglucose
positron emission tomography; fMRI, functional magnetic resonance imaging; HDRS, Hamilton Depression Rating Scale; IBZM, iodobenzamide single-photon emission computed
tomography; MDD, major depressive disorder; MRI, magnetic resonance imaging; OFC, orbitofrontal cortex; PD, Parkinson’s disease; PET, positron emission tomography; ROI, region of
interest; rCBF, regional cerebral blood flow; RTI-32, (1R-2-exo-3-exo)-8-methyl-3-(4-methylphenyl)-8-azabicyclo[3.2.1]octane-2-carboxylate; SMA, supplementary motor area; SPECT,
single-photon emission computed tomography; 99mTc, Technetium-99.

in the context of general research methodology. Most studies
are cross-sectional, have <25 participants, and have not been
reproduced. Furthermore, a wide variety of clinical psychomotor
measures have been used. Thus, information about the anatomical
specificity of PMD from future studies could be improved by the
use of objective measurements of motor performance (i.e., finger-
tapping, actigraphy) when investigating the different dimensions
of PMD delineated by current clinical measurements (i.e., CORE,
MARS), and using rating scales that probe PMD specifically.
Further studies would also benefit from longitudinal experimen-
tal designs that disentangle the effects of brain changes on the

functional components of PMD, and assess differences across
neuropsychiatric disorders.
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Background: Neurological abnormalities including a variety of subtle deficits such as dis-
crete impairments in sensory integration, motor coordination (MOCO), and sequencing of
complex motor acts are frequently found in patients with schizophrenia (SZ) and commonly
referred to as neurological soft signs (NSS). Asperger-syndrome (AS) is characterized by
sensory-motor difficulties as well. However, the question whether the two disorders share
a common or a disease-specific pattern of NSS remains unresolved.

Method: A total of 78 age- and education-matched participants [26 patients with recent-
onset SZ, 26 individuals with AS, and 26 healthy controls (HC)] were recruited for the study.
Analyses of covariance (ANCOVAs), with age, years of education, and medication included
as covariates, were used to examine group differences on total NSS and the five subscale
scores. Discriminant analyses were employed to identify the NSS subscales that maximally
discriminate between the three groups.

Results: Significant differences among the three groups were found in NSS total score and
on the five NSS subscales. The clinical groups differed significantly in the NSS subscale
MOCO. The correct discriminant rate between patients with SZ and individuals with AS
was 61.5%.The correct discriminant rate was 92.3% between individuals with AS and HC,
and 80.8% between SZ patients and HC, respectively.

Conclusion: Our findings provide new evidence for the presence of NSS in AS and lend
further support to previously reported difficulties in movement control in this disorder.
According to the present results, SZ and AS seem to be characterized by both quantitative
and qualitative NSS expression.

Keywords: NSS, motor abnormalities, recent-onset schizophrenia, Asperger-syndrome

INTRODUCTION
Neurological soft signs (NSS) are neurological abnormalities
including a variety of subtle deficits such as discrete impairments
in sensory integration, motor coordination, sequencing of com-
plex motor acts, clumsiness, and occurrence of primitive reflexes
(1–3). A higher prevalence of NSS has been consistently demon-
strated not only in patients with clinically manifest schizophrenia
(SZ) but also in their non-psychotic first-degree relatives (4).
Recent studies indicated that NSS are not only restricted to SZ
but are also present in bipolar disorders, depression, obsessive–
compulsive disorders (OCD), and other forms of psychosis (5).
Nevertheless, previous studies have assessed the power of NSS to
discriminate between SZ and other neuropsychiatric disorders. In
particular, SZ patients have significantly higher NSS levels than
individuals with OCD (6, 7), alcohol dependence (8), bipolar dis-
orders (9, 10), depression (11), and mixed psychiatric diagnoses
(12). From a neurobiological point of view, the prefix “soft” indi-
cates that NSS refer to a non-specific or global cerebral dysfunction
rather than to impairments of specific or distinct brain regions.

Recent magnetic resonance imaging (MRI) studies on SZ found
that increased NSS levels are related to aberrant brain morphol-
ogy within cortical (13–15) and subcortical regions (13, 16–20).
Furthermore, the aforementioned studies converge on the conclu-
sion that NSS should be discussed as potential endophenotypes
for SZ (4).

In 1911, a renowned German psychiatrist named Eugen Bleuler
introduced the concept of accessory and fundamental symptoms
in SZ (21, 22). Accessory symptoms were non-specific state phe-
nomena and comprised hallucinations, delusions, and catatonic
signs (21). The fundamental symptoms were more specific to
SZ and included autism, formal thought disorders, ambivalence,
disorders of volition, affective-emotional, and affect-expressive
changes (21, 22). Furthermore, when Bleuler (21) described the
“autistic core”in SZ patients, he spoke about the withdrawal within
the own inner world: “The most severe schizophrenics, who have no
more contact with the outside world live in a world of their own.
They have encased themselves with their desires and wishes [. . .];
they have cut themselves off as much as possible from any contact
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with the external world. This detachment from reality with the rel-
ative and absolute predominance of the inner life, we term autism”
[(21, 23), p. 1122]. In general, the schizophrenic autism is char-
acterized by a rich variety of clinical phenomena such as poor
ability to interact with others, inaccessibility, negativistic tenden-
cies, indifference, rigid attitudes, and behaviors, private hierarchy
of values and goals, inappropriate expression and behavior, and
idiosyncratic logic and thinking, respectively (22). Taken together,
from the historical standpoint, SZ, and autism have been regarded
as part of the same spectrum (24, 25).

In the early 40s, Kanner’s (26) and Asperger’s (27) use of the
term autism changed it in the direction of its present meaning
of disturbed social cognition. Subsequently, with the introduc-
tion of DSM-III in the late 1970s, autism became an independent
diagnostic entity not being part of the diagnostic concept of
SZ. However, problems with interpersonal contact, interaffective
attunement, and perspective-taking, are core to both patholo-
gies, though appearing in different forms, and hence, several
studies provided empirical evidence for a diagnostic overlap in
both disorders (28). Furthermore, clinical studies have shown that
negative/deficit, disorganized, and motor symptoms are present
in both individuals with autism and patients with SZ (29–31).
More recently, before introduction of DSM-5, some authors even
discussed an autism dimension for SZ (25). This suggests that dis-
tinguishing between both spectrum disorders remains a diagnostic
challenge. Such diagnostic overlaps might confound the diagnosis
and delay appropriate treatment of these patients. As a matter of
fact, the symptoms overlap could at least partially account for the
inconsistent findings in previous scientific studies.

Asperger-syndrome (AS) belongs to pervasive developmental
disorders and is characterized by interaction and communication
difficulties, and repetitive, stereotype, and restricted patterns of
behavior. In fact, several clinical studies observed motor abnormal-
ities in individuals with AS including involuntary dyskinesia, rigid-
ity, hypotonia, abnormal posture and gait, clumsiness, reduced
coordination of locomotor skills, and unstable balance, respec-
tively (32–35). Some authors even consider motor abnormalities
as a putative endophenotype for autism spectrum disorders (36).
In the last decade, clinical research interest on motor abnormalities
in autism has extended to the investigation of NSS in AS. However,
there are only two studies which have investigated NSS prevalence
in individuals diagnosed with AS (33, 34) and we are still lacking
a profound understanding of NSS in AS.

Overall, the above mentioned clinical studies suggest that motor
abnormalities are a typical characteristic of SZ and AS. Hence,
there is a stimulating debate whether these disorders share similar
sensory-motor features or not (37). Regarding subtle neurological
deficits in autism, however, only Mayoral et al. (34) compared NSS
in early-onset SZ and AS. Therefore, at present it is difficult to high-
light a potential difference in subtle sensory-motor abnormalities
in patients with SZ and individuals with AS. The precise evalua-
tion of subtle sensory-motor neurological signs in SZ and AS is of
potential clinical significance, since the assessment of NSS might
allow for more accurate disease classification. Also, this approach
might help to overcome the missing conceptual clarity and better
delineate a precise phenotype in order to identify endophenotypes
underpinning SZ and AS.

The purpose of this investigation was twofold. First, we were
interested in whether there is a difference between NSS severity
in patients with SZ and individuals with AS. Second, we sought
to identify characteristic NSS, which are either unique or shared
by both disorders. Based on the findings of a previous study in
juveniles (34) and on our clinical observation, it was hypothesized
that individuals with AS would show NSS scores at least as high
as patients with SZ. Further, we expected AS individuals being
predominantly susceptible to NSS that involve gross motor skills.
Finally, we employed a descriptive and predictive linear discrimi-
nation analysis (LDA) in order to examine if both total NSS and
subscale scores are able to discriminate between the three groups.

MATERIALS AND METHODS
SUBJECTS
The study sample consisted of 26 clinically stable patients with
recent-onset SZ, 26 individuals with AS, and 26 healthy controls
(HC) who participated in a larger study at the Department of Gen-
eral Psychiatry in Heidelberg, Germany as part of the Toward an
Embodied Science of Intersubjectivity-Project (TESIS). The study
sample was consecutively recruited between 2010 and 2013 from
the Department of General Psychiatry in Heidelberg, Germany
and from SALO GmbH in Ludwigshafen, Germany, a professional
rehabilitation institution of education for autistic individuals. All
participants were Caucasians. Study participants were excluded
if: (1) they were aged <18 or >35 years, (2) they had a history
of brain trauma or neurological disease, (3) they had a comor-
bid Axis-I- or -II-Disorder according to ICD-10 or DSM-IV, (4)
they had shown alcohol/substance abuse or dependence within
24 months prior to participation, or (5) they had an IQ < 70.
Diagnoses of SZ and AS were made by specialized clinicians (DH
and PAT) corresponding to DSM-IV criteria and supplemented
by an extensive neuropsychological assessment. Clinical symp-
tom determinations and structured clinical diagnostic interviews
were conducted by trained clinical raters (Dusan Hirjak, Laura
Mehl, and Janna K. Kelbel) and senior diagnosticians (Sabine C.
Koch, Philipp Arthur Thomann). In particular, all study individ-
uals were assessed for lifetime psychiatric diagnoses by trained
psychiatrists (Dusan Hirjak and Philipp Arthur Thomann) via the
German version of the Structured Clinical Interview for DSM-
IV (38) and reviews of hospital case notes. All participants in
the AS group had previously received a clinical diagnosis of AS
(F84.5) from an independent clinician according to standard cri-
teria (a valid diagnosis of autism is an admission criterion for
SALO GmbH). In addition, diagnoses of the participants with AS
were confirmed with the Autism Diagnostic Observation Schedule
[ADOS; (39)] administered by a trained and clinically experienced
psychiatrist (Dusan Hirjak). In addition, IQ of individuals with AS
(F84.5) has been systematically assessed with the German version
of the Culture Fair Intelligence Test (CFT-20-R) (40). The intel-
ligence in SZ patients and HC was not explicitly assessed, but
clinically judged to be average or above average. Both patients
with SZ and HC were required to have a leaving certificate from
one of the secondary schools – Hautpschule (9 years), Realschule
(10 years),or Gymnasium (13 years) – in order to participate in our
study. The demographics and psychiatric history of the two clini-
cal samples were retrieved from medical records. To examine the
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possible effect of medications on NSS, we standardized the dosage
of antipsychotic medications chlorpromazine equivalents (CPZ).
In healthy individuals, we used the PRIME early psychosis screen-
ing test [prevention through risk identification, management, and
education (PRIME)] to screen for the presence of early psychotic
symptoms, including information on any contact or treatment for
any mental or psychological disorder (41). All study participants
gave informed consent to participation, and the study has been
approved by the local ethics committee of the Medical Faculty,
University of Heidelberg, Germany.

CLINICAL ASSESSMENTS
Neurological soft signs were assessed using the Heidelberg Scale (2)
that consists of five items assessing motor coordination (MOCO)
(Ozeretski’s test, diadochokinesia, pronation/supination, finger-
to-thumb opposition, speech articulation), three items assessing
integrative functions (IF) (station and gait, tandem walking, two-
point discrimination), two items assessing complex motor tasks
(COMT) (finger-to-nose test, fist-edge-palm test), four items
assessing right/left and spatial orientation (RLSO) (right/left ori-
entation, graphesthesia, face-hand test, stereognosis), and two
items assessing hard signs (HS) (arm holding test, mirror move-
ments). Items were rated on a 0 (no prevalence) to 3 (marked
prevalence) point scale. All items, with the exception of station and
gait, tandem walking, right/left orientation, speech articulation,
primitive reflexes, and Ozeretzki’s test were rated separately on
the right and left side. A sufficient internal reliability (Cronbach’s
alpha 0.83) and high test-retest reliability (0.88) have been estab-
lished previously (2, 42). In the study conducted by Schröder and
colleagues (2), to test the interrater reliability of the NSS scale, 42
patients and HC were simultaneously evaluated by two raters. The
internal reliability of the scale was assessed by calculating Cron-
bach’s α. The testing procedure was generally standardized, but
the explanations and the time required to complete the tasks were
adjusted to the condition of the patients. In the present study, the
NSS assessment has been conducted by two raters (Janna K. Kelbel
and Laura Mehl) trained and supervised by the same psychiatrist
(Dusan Hirjak). Both raters were blind to the main hypothesis of
the study and investigated study participants independent of their
diagnosis. Handedness was assessed on the Edinburgh Inventory
(43). The severity of psychopathological symptoms was assessed
with the Brief Psychiatric Rating Scale (BPRS) (44), the Scale for
the Assessment of Positive Symptoms (SAPS) (45), and the Scale
for the Assessment of Negative Symptoms (SANS) (46). Predic-
tors of outcome were rated on the Strauss-Carpenter Scale (SCS)
(47). The social, occupational, and psychological functioning in
individuals with AS was assessed with the Global Assessment of
Functioning (GAF) scale (48).

CHARACTERISTICS OF PARTICIPANTS
The three groups of participants were matched according to age
and education. Level of IQ among individuals with AS ranged
from 71 to 124 (mean IQ: 99.0± 18.5) according to CFT-20-R
(40). Patients with SZ according to DSM-IV had an initial onset
of psychosis within 2 years prior to study entry with a mean
duration of illness of 7.15 months (range 2–15 months). SZ sub-
types were distributed as follows: paranoid n= 12, disorganized

n= 4, and undifferentiated n= 10. At the time of inclusion,
all SZ patients were clinically stable with consistent medica-
tion doses for 4 weeks or longer. They were receiving treatment
with a single second-generation antipsychotic agent according
to their psychiatrists’ choice. Patients were treated on average
for 2.33± 1.44 months throughout the course of illness. Poten-
tial extrapyramidal side effects were excluded before study entry
by an experienced psychiatrist who was not directly involved
in the study. Individuals with AS and HC did not take any
antipsychotic, mood stabilizing, anti-cholinergic, or antidepres-
sive medications. SZ patients had low or no prevalence of positive
and negative symptoms, as measured by SAPS (range: 0–74),
SANS (range: 0–70), and BPRS. At the time of clinical and NSS
assessment, no SZ patients manifested psychotic symptoms (two
or more of the positive symptom items >3 or a total SAPS
score >40).

DATA ANALYSIS
Data were analyzed using the Statistical Package of the Social
Sciences (SPSS version 21.0, SPSS Inc., Chicago, IL, USA). Sociode-
mographic and clinical variables were described and compared
between the three groups with unpaired t-test or chi-square test
for categorical variables using conventional significance levels
(p < 0.05). To test for differences in NSS performance between
the three study subgroups, we conducted an analysis of covariance
(ANCOVA) including the potentially distorting factors age, years
of education, and CPZ. Gender comparisons on NSS performance
within each study group and between the three groups used t-tests
and analysis of covariance (ANCOVA). Further, p values of the
identified NSS subscales were corrected for the number of tested
NSS subscales in our main analysis using the Bonferroni method.
To this end, α was set to p= 0.05/N, where n (=18) equaled the
number of correlations (classical Bonferroni correction). For this
reason, the corrected threshold was set to p= 0.0027 [α= 0.05/18
tests (total NSS+ five subscale scores× three groups)]. In a sec-
ond step, a series of ANCOVAs considering age, years of education,
and CPZ as covariates was conducted to further examine the dif-
ferences between groups if a significant main effect was identified.
Further, p values of the identified NSS subscales were corrected for
the number of tested NSS subscales using the Bonferroni method.
To this end, α was set to p= 0.05/N, where n (=12) equaled the
number of correlations (classical Bonferroni correction). For this
reason, the corrected threshold was set to p= 0.0041 [α= 0.05/12
tests (total NSS+ five subscale scores× two groups)]. Correlative
analyses of SAPS, SANS, BPRS, and CPZ with total scores and
subscores of NSS were conducted with the Pearson correlation
coefficient.

To examine the ability of NSS to discriminate among the three
groups, both descriptive and predictive LDAs were used (11, 49,
50). The aim of this analysis was to determine whether NSS sub-
scales would discriminate between patients with SZ and those
with AS. In this study, total NSS and the five subscale scores
were treated as “within subject variable” (independent variables),
whereas the diagnostic group was treated as the “between sub-
ject factor” (grouping variable). However, only those NSS scores
that reached statistical significance in the ANCOVAs were used as
predictive variables.
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RESULTS
Demographic characteristics of the patient groups and the HC are
summarized in Table 1. Comparison of the three groups revealed a
significant difference in gender (chi-square test: χ2

= 8.35; df= 2;
p= 0.015) and CPZ [F(2, 75)= 85.16; p < 0.001]. There were no
significant differences in age [F(2, 75)= 0.55; p= 0.577] and years
of education [F(2, 75)= 2.63; p= 0.078] among the three groups.
There was also no significant difference for BPRS scores between
SZ patients and individuals with AS [F(1, 50)= 2.9; p= 0.094].
There were no significant differences between male and female par-
ticipants in NSS performance among the three groups. In addition,
we found no significant differences between male and female indi-
viduals in the control group in any of NSS scores (Table 3). But,
there was a significant gender difference in the performance on
NSS subscale COMT in both individuals with AS and SZ patients
(Table 3). However, this effect is most likely driven by the influence
of confounders such as age, education, and medication, since a sig-
nificant gender effect diminished after covarying for these factors.

GROUP DIFFERENCE IN NSS SCORES (ANCOVA: CONTROLLING FOR
AGE, YEARS OF EDUCATION, AND MEDICATION)
Table 1 shows the prevalence of NSS across the three groups. Sig-
nificant differences after controlling for age, years of education,

and CPZ were found in NSS total score [F(5, 72)= 14.7; p < 0.001]
and on the five NSS subscales MOCO [F(5, 72)= 11.5; p < 0.001],
IF [F(5, 72)= 3.41; p= 0.008], COMT [F(5, 72)= 8.9; p < 0.001],
RLSO [F(5, 72)= 4.02; p= 0.003] and HS [F(5, 72)= 3.2;
p= 0.012] among the three groups (Figure 1; Table 2). Fur-
ther, p values of the identified NSS subscales were corrected for
the number of tested NSS subscales in our main analysis using
the Bonferroni method (p < 0.0027). NSS total and two sub-
scale scores (MOCO and COMT) hold Bonferroni correction for
multiple testing.

AS VS. SZ
The ANCOVA showed that compared with SZ patients, the indi-
viduals with AS showed significantly higher NSS total scores
[F(4, 47)= 3.63; p= 0.012] and higher scores on the subscale
COMT [F(4, 47)= 4.2; p= 0.005]. However, individuals with AS
showed lower scores on the NSS subscale MOCO [F(4, 47)= 4.38;
p= 0.004] when compared to SZ patients. Further, p values of
the two identified NSS subscales were corrected for the number
of tested NSS subscales in our main analysis using the Bonferroni
method (p < 0.0041). Only the NSS subscale, MOCO hold Bon-
ferroni correction for multiple testing. No significant difference
was found between individuals with AS and SZ patients on the

Table 1 | Descriptive summary of the sociodemographic and clinical variables of all participants.

Variable Asperger-syndrome (n = 26) Schizophrenia (n = 26) Healthy controls (n = 26)

Mean age, years (SD) 22.76±3.81 23.38±3.87 23.58±3.77

Gender, n

Male 18 (69.2%) 9 (34.7%) 9 (34.7%)

Female 8 (30.8%) 17 (65.3%) 17 (65.3%)

Handedness, n

Right 23 (88.4%) 26 (100%) 26 (100%)

Left 3 (11.6%) 0 (0%) 0 (0%)

Mean education, years (SD) 12.03±1.84 12.07±1.32 12.8±0.63

Mean duration of illness, months (SD) – 7.15± .31 –

Mean antipsychotic dose(CPZ) (SD) 0 435.11±240.4 0

Mean NSS score (SD) 16.19±6.71 (median=14.5) 14.92±7.54 (median=16.0) 5.57±3.08 (median=5.5)

MOCO 6.23±3.31 6.79±3.91 2.11±1.55

IF 2.61±1.62 1.92±1.38 1.42±1.06

COMT 2.84±1.68 1.61±1.67 0.61±0.89

RLSO 3.07±2.41 1.65±1.89 0.8±1.05

HS 1.42±1.65 1.73±1.34 0.61±0.89

Mean ADOSa (SD) 13.61±3.27 – –

Mean SAPSb (SD) – 20.11±13.98 –

Mean SANSc (SD) 41.07±15.78 30.69±18.81 –

Mean BPRSd (SD) 29.34±15.49 23.0±10.94 –

Mean SCSe (SD) – 39.0±15.72 –

Mean GAFf (SD) 63.96±10.67 – –

Mean± standard deviation (SD).
aAutism Diagnostic Observation Schedule.
bScale for the assessment of negative symptoms.
cScale for the assessment of positive symptoms.
dBrief Psychiatric Rating Scale.
eStrauss-Carpenter Scale.
fGlobal Assessment of Functioning.
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Table 2 | Group differences in NSS performance.

NSS measure AS vs. SZ vs. HC AS vs. SZ AS vs. HC SZ vs. HC

F (5, 72) p F (4, 47) p F (3, 48) p F (4, 47) p

NSS total score 14.7 <0.001 3.63 0.012 24.5 <0.001 12.9 <0.001

MOCO 11.5 <0.001 4.38 0.004 15.29 <0.001 11.33 <0.001

COMT 8.9 <0.001 4.2 0.005 17.81 <0.001 2.45 0.059

IF 3.41 0.008 2.51 0.054 3.71 0.018 2.59 0.048

RLSO 4.02 0.003 1.5 0.217 6.21 0.001 1.56 0.2

HS 3.2 0.012 1.1 0.364 3.25 0.03 4.48 0.004

ANCOVA= controlling for age, years of education and medication (CPZ); MOCO, motor coordination; COMT, complex motor tasks; IF, integrative function; RLSO,

right/left and spatial orientation; HS, hard signs; AS, Asperger-syndrome; SZ, schizophrenia patients; HC, healthy controls. Differences surviving Bonferroni correction

in bold.

Table 3 | Gender differences in NSS performance (two-tailed t -tests).

NSS measures Asperger-syndrome Schizophrenia Healthy controls

Male

(n = 18)

Female

(n = 8)

t

(df = 24)

p Male

(n = 9)

Female

(n = 17)

t

(df = 24)

p Male

(n = 9)

Female

(n = 17)

t

(df = 24)

p

NSS total score 16.5±6.86 15.5±6.76 −0.34 0.73 11.66±7.77 16.64±7.04 1.65 0.11 5.88±3.10 5.41±3.16 −0.36 0.71

MOCO 6.55±3.72 5.5±2.13 −0.74 0.46 5.44±4.15 7.47±3.71 1.27 0.21 2.11±1.69 2.11±1.53 0.01 0.99

COMT 3.27±1.70 1.87±1.14 −2.08 0.04 0.66±1.65 2.11±1.49 2.26 0.03 0.66±1.0 0.58±087 −0.2 0.83

IF 2.50±1.72 2.87±1.45 0.53 0.59 1.55±1.01 2.11±1.53 0.98 0.33 1.66±1.11 1.29±1.04 −0.84 0.40

RLSO 2.77±1.80 3.75±3.49 0.94 0.35 1.44±1.87 1.76±1.95 0.4 0.69 0.55±0.88 0.94±1.14 0.87 0.38

HS 1.38±1.81 1.50±1.30 0.15 0.87 1.33±1.0 1.94±1.47 1.1 0.28 0.88±1.16 0.47±0.71 −1.13 0.26

Mean±SD; MOCO, motor coordination; COMT, complex motor tasks; IF, integrative function; RLSO, right/left and spatial orientation; HS, hard. Bold font indicates

significant differences (p < 0.05).

FIGURE 1 | Neurological soft signs total scores and NSS scores
on the five subscales among the three groups. The bottom and top
of the box represent the first and third quartile, and the band inside
the box is the second quartile (the median). The ends of the whiskers

indicate the minimum and maximum of the NSS performance.
MOCO, motor coordination; COMT, complex motor tasks; IF,
integrative functions; RLSO, right/left and spatial orientation; HS, hard
signs.
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subscales IF [F(4, 47)= 2.51; p= 0.054], RLSO [F(4, 47)= 1.5;
p= 0.217], and HS [F(4, 47)= 1.1; p= 0.364].

AS VS. HC
Compared with HC, individuals with AS showed significantly
higher NSS total scores [F(3, 48)= 24.50; p < 0.001] and elevated
NSS on the subscales MOCO [F(3, 48)= 15.29; p < 0.001], IF
[F(3, 48)= 3.71; p= 0.018], COMT [F(3, 48)= 17.81; p < 0.001],
RLSO [F(3, 48)= 6.21; p= 0.001], and HS [F(3, 48)= 3.25;
p= 0.03]. NSS total and three subscale scores (MOCO, COMT,
and RLSO) hold Bonferroni correction for multiple testing
(p < 0.0041).

SZ VS. HC
Compared with HC, SZ patients showed significantly more total
NSS signs [F(4, 47)= 12.90; p < 0.001] and higher NSS scores
on the subscale MOCO [F(4, 47)= 11.33; p < 0.001], IF [F(4,
47)= 2.59; p= 0.048], and HS [F(4, 47)= 4.48; p= 0.004]. NSS
total and two subscale scores (MOCO and HS) hold Bonferroni
correction for multiple testing (p < 0.0041). Additionally, no sig-
nificant difference was found between SZ patients and HC on
the subscale COMT [F(4, 47)= 2.45; p= 0.059] and RLSO [F(4,
47)= 1.56; p= 0.2].

CLINICAL COMPARISONS
In patients with SZ, SAPS, SANS, and BPRS scores were not signif-
icantly associated with total score and five subscores of NSS at the
conventional significance level (p < 0.05). In individuals with AS,
BPRS scores were not associated with total score and five subscores
of NSS at the conventional significance level (p < 0.05).

DISCRIMINANT ANALYSES OF NSS PERFORMANCE
In this study, we conducted a LDA (11, 49, 50), to examine the
ability of the total NSS and five subscale scores to discriminate
between the three groups. With this method, we also tested for
the possibility of predicting the correct diagnosis solely based on
NSS performance. Only the NSS subscales that reached statisti-
cal significance in post hoc analysis and survived the Bonferroni
correction were used as predictive variables.

Using predictive LDA, we found that 71.8% of the cases were
correctly classified in terms of the group as a function of the total
NSS and two subscale scores (MOCO and COMT). The individ-
ual discriminant rates for each diagnostic group were 92.3% for
HC, 69.2% for individuals with AS, and 53.8% for SZ patients.
The results of the descriptive LDA revealed the emergence of
two significant linear discriminant functions: function 1 (Wilks’
λ= 0.495; χ2

= 52.106; p < 0.001; eigenvalue: 0.627; canonical
correlation= 0.621) could explain 72.1% of the variance, while
function 2 (Wilks’ λ= 0.805; χ2

= 16.084; p < 0.001; eigenvalue:
0.243; canonical correlation= 0.442) could only explain 27.9% of
the variance. The distribution of the three groups is shown in
Figure 2 and function 1 and function 2 are illustrated.

In this study, predictive LDA was also conducted for group–
group comparison. All three analyses showed significant results.

AS VS. SZ
One of them was between individuals with AS and SZ patients. In
this analysis, only the NSS subscale MOCO that reached statistical

FIGURE 2 | Canonical discriminant functions of neurological soft signs
(total score, MOCO, and COMT), which are prevalence for patients
with AS, schizophrenia, and healthy controls. MOCO, motor
coordination; COMT, complex motor tasks.

significance in the post hoc analysis and survived the Bonfer-
roni correction was used as predictor variable. The total cor-
rect discriminant rate was 61.5%. The results of the descriptive
LDA revealed the emergence of non-significant linear discrim-
inant function (Wilks’ λ= 0.994; χ2

= 0.283; p= 0.595; eigen-
value: 0.006; canonical correlation= 0.076). Because of the non-
significant discriminant function between individuals with AS and
patients with SZ, we re-ran the LDA by adding two more NSS
variables, which did not survive the Bonferroni correction (11).
After including the NSS total score and the NSS subscale COMT
in the LDA, the correct discriminant rate elevated from 61.5
to 71.2% (Wilks’ λ= 0.774; χ2

= 12.438; p= 0.006; eigenvalue:
0.292; canonical correlation= 0.476). The correct rate of AS indi-
viduals was 65.4%, while the correct rate of SZ patients was 76.9%.

AS VS. HC
The other was between individuals with AS and HC. In this analy-
sis, total NSS and three subscale scores (MOCO, COMT, and HS)
that reached statistical significance in the post hoc analysis and sur-
vived the Bonferroni correction were used as predictor variables.
The total correct discriminant rate was 92.3%. The descriptive
LDA revealed the emergence of one significant linear discriminant
function (Wilks’ λ= 0.445; χ2

= 37.746; p < 0.001; eigenvalue:
1.195; canonical correlation= 0.738).

SZ VS. HC
The remaining predictive LDA was between SZ patients and HC. In
this analysis, total NSS and three subscale scores (MOCO and HS)
that reached statistical significance in the post hoc analysis and sur-
vived the Bonferroni correction were used as predictor variables.
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The total correct discriminant rate was 80.8%. The results of the
descriptive LDA revealed the emergence of one significant linear
discriminant function (Wilks’ λ= 0.569; χ2

= 27.334; p < 0.001;
eigenvalue: 0.757; canonical correlation= 0.656).

POTENTIAL INFLUENCE OF MEDICATION
In patients with SZ, NSS total scores (r = 0.335; p= 0.095) and
scores on the subscales MOCO (r = 0.262; p= 0.228), COMT
(r = 0.133; p= 0.547), HS (r = 0.255; p= 0.240), IF (r = 0.289;
p= 0.182), and RLSO (r = 0.140; p= 0.523) were not associ-
ated with CPZ equivalents at the conventional significance level
(p < 0.05).

DISCUSSION
This study assessed and compared NSS levels in both patients
with SZ and AS. Two main findings emerged: first, patients with
SZ show significantly higher NSS score on the subscale MOCO
when compared to individuals with AS. Second, SZ patients can
be distinguished from those with AS by only one NSS subscale
(MOCO). These findings were consistent across the analyses of
prevalence and in the LDA.

Previous studies on motor abnormalities in AS clearly under-
estimated the prevalence of NSS in this syndrome and focused
exclusively on rather complex movement disorders. In fact, only
two previous studies investigated the severity of NSS in AS (33,
34). In the study conducted by Tani (33), individuals with AS had
significantly higher NSS total and complex motor acts scores when
compared to the control group. The authors concluded that NSS
represent a non-specific vulnerability factor for AS (33). More
recently, Mayoral (34) investigated 30 patients with early-onset
SZ and 29 individuals with AS. In agreement with our results,
they found that individuals with AS have higher NSS scores than
HC. Second, however, the authors concluded that there are no
significant differences between both patient groups in any of the
NSS scores. However, it is possible that the discordant findings
reported by Mayoral (34) were due to large differences in socio-
demographic variables among the study participants. In fact, the
IQ levels in the control group were significantly higher than in
SZ patients and individuals with AS. Hence, some patients with
AS were taking antipsychotic medication, a fact that may have
biased particular NSS tasks in this group. Last but not least, recent
research indicates that only 5% of SZ patients have a psychosis
onset before age of 15 years (51). Therefore, investigating young
patients with early-onset SZ does not allow making inferences
for the whole SZ spectrum, because NSS might be instable in sub-
groups of young patients with incomplete brain maturation. Thus,
the above mentioned findings cannot be generalized to the whole
autism spectrum.

To some extent, our findings are consistent with the two above
mentioned NSS studies. In line with results presented by Tani
(33), we found that individuals with AS exhibit higher NSS lev-
els on the subscale MOCO, COMT, and RLSO when compared to
HC. However, we did not find any significant difference between
NSS levels on the subscale HS. In contrast to Mayoral (34),
who found no differences between SZ and patients with AS, we
observed significantly higher NSS scores on the subscale MOCO
in SZ when compared to individuals with AS. Compared with

both previous studies, our findings are likely to be more robust
because of three reasons: first, individuals with AS were free of
psychotropic medication. Though all our SZ patients were med-
icated, the negative results in correlations between NSS and CPZ
further reduces potential concerns that our findings might be
confounded by antipsychotic drug treatment. Furthermore, the
duration of exposure to second-generation antipsychotic medica-
tion in SZ patients was rather low. A second strength of our study
is that individuals with SZ and AS had low prevalence of acute psy-
chiatric symptoms and, in addition, did not differ in BPRS scores
as measures of psychopathology. We believe this to be important,
as SZ patients with more severe psychotic symptoms have been
shown to score higher on the NSS scale in comparison with SZ
patients without any negative or positive symptoms (3). In fact,
recent studies showed that patients with negative symptoms are
characterized by more severe neurological abnormalities includ-
ing different sensory-motor functions (52). For instance, a number
of reports have also noted that SZ patients with negative symptoms
exhibit higher prevalence of spontaneous movements (53, 54) or
NSS (55–59) . In conclusion, there is an association between NSS
and negative symptoms in SZ. However, our SZ sample scored
rather low on SANS and SAPS. Third, SZ patients and individuals
with AS were of similar educational level. Given the large body
of evidence in individuals with AS and SZ suggesting a significant
relationship between intelligence and movement (60), we used
years of education as a covariate when analyzing differences in
NSS scores. In contrast to both aforementioned studies, our study
sample comprised mainly young adults in a clinically stable dis-
ease state and rather advanced brain maturation. However, for the
interpretation of the present results, it is important to bear in mind
that the human brain undergoes a highly dynamic development,
which continues into adulthood (61). While the majority of lon-
gitudinal studies on brain growth in autism focused on children,
the trend of brain development in adolescence, and adulthood
remains unidentified (62). Our data might support the hypothesis
of developmental deficits in AS during adolescence and adulthood.

Several lines of scientific evidence suggest that AS and SZ have
both unique and similar sensory-motor features. In particular,
there is a stimulating debate whether these disorders are related
conditions or not (37). The findings of our present study pro-
vide support for both positions. SZ patients exhibited significantly
higher NSS levels on the subscale MOCO when compared to indi-
viduals with AS. The NSS subscale MOCO comprises both, tasks
which involve small muscles of the hand, and tasks which neces-
sitate a tight link between one’s own bodily movement and the
spatial–temporal constraints. This finding is of particular inter-
est given recent evidence of individuals with SZ showing poor
levels of motor dexterity (63). As such, this action is based on
visual perception and fine motor precision. Therefore, our first
finding supports the hypothesis that patients with SZ exhibit seri-
ous problems when using sensory information to guide and time
fine finger and hand movements. Moreover, there is some evi-
dence that abnormalities of fine MOCO have a developmental
origin and manifest even in a group of clinical at-risk mental state
individuals (64, 65). In fact, research on NSS in ultra-high risk
(UHR) conditions for developing mental illness might also provide
important clues for the understanding of motor abnormalities in
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psychotic disorders. Nevertheless, to date, only few studies inves-
tigated NSS in UHR individuals (66, 67). Leask and colleagues
(67) concluded that NSS might precede SZ, but are not caused by
infectious illness in early childhood. In the pioneer longitudinal
neuroimaging study on UHR individuals, Mittal and colleagues
(68) suggested a significant relationship between NSS and lon-
gitudinal cerebellar-thalamic tract integrity. As such, NSS might
provide insight into the role of cognitive dysmetria in the high-
risk period. These results are supported by previous research on
infant motor development that considered childhood neuromo-
tor dysfunction as a risk factor for SZ spectrum disorders (64,
69). In summary, NSS might be considered as an intrinsic part of
vulnerability to psychosis and should be discussed as markers of
disordered neurodevelopment in SZ (70).

After Bonferroni correction, no significant differences were
found between SZ and AS in total NSS and four subscales com-
prising rather gross motor skills such as stait and gait, tandem
walking, finger-to-nose test or right/left orientation. There are sev-
eral explanations for the particular deficit in gross motor skills in
both disorders. In order to properly perform gross bodily actions,
the interaction of motor cortex, basal ganglia, and thalamus is crit-
ical. Recently, altered gray matter volumes within the limbic basal
ganglia loop system (e.g., left thalamus, putamen) were found to
be common in both SZ and autism (37, 71). We believe that these
findings lend support to the theory of a disrupted basal ganglia
loop system in both disorders and suggest that SZ and AS share
a number of neurobiological similarities. Hence, our results pro-
vide arguments against the theory that SZ and AS are diametrically
opposite ends of a continuum (72).

The present study employed LDA in order to test for unique dis-
ease related patterns of NSS and to explore the degree of accuracy
to which these patterns could be used to statistically discriminate
between SZ and AS. Although the NSS subscale MOCO was found
to be the most important predictor involved in discriminating,
among the two clinical groups, it only accounted for an overall
61.5% correct classification. These results implicate that the level
of abnormalities in perception-action coupling as described by
MOCO may serve as a valuable predictor when trying to differen-
tiate between patients with SZ and AS. However, it is noteworthy
that by combining the NSS subscale MOCO with the total NSS
and COMT subscale score the correct discriminant rate elevated
to 71.2% and revealed significant discriminant function. Because
of our modest sample size, some findings diminished more than
it would have probably been the case with a larger study group.
Although the LDA consisting NSS total scores was significant, NSS
subscales tended to fall below our cut-off of 0.05 as the determi-
nant of significance. Still, our observation that the subscale MOCO
has a significant discriminant power between SZ patients and indi-
viduals with AS supports earlier assumptions that abnormalities of
motor dexterity per se might be a major characteristic of SZ (73).
According to our results, especially motor tests evaluating fine
motor skills and manual dexterity might be helpful when classify-
ing and differentiating patients with SZ and individuals with AS.

LIMITATIONS
We acknowledge several potential limitations of this study such as
the possible differences in IQ levels among the study participants.

It is thus possible that we missed small between-group effects due
to missing IQ scores in SZ patients and the control group. Apart
from this, deficits in global measures of cognition such as intelli-
gence are common in SZ patients (74, 75). On the other side, it
is a well-established finding that IQ levels do not change over the
course of illness and that lower IQ is a stable trait in patients suf-
fering from SZ (76–78). Furthermore, variables such as education,
occupation, and age can contribute significantly to IQ values (79).
In other words, we believe the recent evidence to clearly suggest
years of education as being an appropriate and stable indicator
of global cognition in SZ. Second, the relatively small number of
participants in each study group limits the power of the LDA.
Third, statistical analysis of the three groups revealed a significant
difference in gender. According to Cai (80) and colleagues, higher
NSS levels were observed in 14- and 15-years-old boys when com-
pared with girls of the same age. Since the differences in NSS
performance declined with increasing age, the authors concluded
that young boys might experience a delay of brain maturation
when compared to girls of similar age, and hence, this might cause
higher NSS scores in the male group (80). In our study, there were
no differences for age distribution among the three groups and the
majority of our study subjects were young adults with completed
brain maturation. Further, there were no significant differences
between male and female participants in NSS performance among
the three groups. Therefore, uneven gender distribution across
diagnostic groups might have not directly impact upon results
of the statistical analysis in this study. Fourth, all SZ patients
had been exposed to antipsychotic medication. In order to par-
tial out a putative dose-dependent effect of second-generation
antipsychotics on NSS performance, SZ patients’ CPZ were con-
sidered as potential confounders in the present study. Although
CPZ doses were included as covariates in the statistical analyses,
we cannot completely rule out the possibility that antipsychotic
medication might have influenced the NSS performance to some
degree. Still, an influence of medication in our study is unlikely as
every SZ patient was treated with atypical neuroleptics, the dura-
tion of treatment was relatively short, and none of the subjects
showed serious medication side effects. Furthermore, none of the
individuals with AS was treated with second- or first-generation
antipsychotics. Correspondingly, second-generation antipsychotic
treatment or medication side effects seem to have no effect on NSS
performance in SZ (81). Fifth, healthy participants were not explic-
itly screened for AS by means of a standardized test. However, no
signs of autistic traits were observed in healthy subjects during
clinical and diagnostic (DSM-IV) interviewing. Last but not least,
our study sample comprised patients suffering from different sub-
types of SZ, a point that might complicate the interpretation of
our results (82). However, subgroups were too small to test for this
potential influence. Moreover, it is important to bear in mind that
our findings are preliminary and that they need to be replicated in
larger samples.

CONCLUSION
Sensory-motor abnormalities in SZ and AS might manifest as NSS.
Since NSS are present in both, individuals with SZ and AS, they
may represent a putative neuromotor marker across the traditional
diagnostic categorization. Understanding the role of NSS could
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help to gain further insight into the neurobiological underpin-
nings of SZ and AS. To this end, future studies should ideally
combine thorough clinical, neurological, and psychopathological
assessments with multi-modal neuroimaging techniques in order
to elucidate how the respective factors relate to each other.
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The aim of the present literature review is threefold. (1)We will review theories, models, and
studies on symptomatic hyperactivity and motoric activity in attention-deficit/hyperactivity
disorder (ADHD). (2) Another focus will be on assessment methods that have been proven
to be effective in the detection of hyperactivity and motoric activity in children, adoles-
cents, and adults with and without ADHD and emerging areas of research in the field of
ADHD. We will compare subjective methods (i.e., rating scales) and objective methods
(i.e., accelerometers). (3) Finally, physical activity intervention studies aiming at a modifi-
cation of activity and overactive behavior will be summarized that seem to be promising
candidates for alleviating hyperactivity symptoms in children, adolescents, and adults with
ADHD.

Keywords: accelerometers, bifactor models of ADHD, ADHD, hyperactivity–impulsivity, physical activity, support
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INTRODUCTION
Hyperactivity and a general increase in motoric activity
with respect to amount/frequency and variability of activ-
ity/movements are main symptoms of both the combined and the
hyperactive–impulsive type of attention-deficit/hyperactivity dis-
order (ADHD). Children with ADHD fidget with hands and feet,
have difficulties remaining seated, run about, or climb excessively,
and have difficulties to engage in activities quietly (1). Children
with ADHD show increased physical activity (PA) both during the
day and the night (2). Thus, research indicates that in one-third of
children with ADHD and with an even higher prevalence in adults
with ADHD sleep disorders (i.e., daytime sleepiness, insomnia,
delayed sleep phase syndrome, fractured sleep, restless legs syn-
drome, and sleep disordered breathing) are common (3). Whereas
children without ADHD usually outgrow hyperactivity around
the age where they enter elementary school, hyperactivity remains
present in children who receive an ADHD diagnosis. This leads to
severe problems during structured school activities and interac-
tions with parents, teachers, and peers. In adolescents and adults
with ADHD, hyperactivity remains as a symptom, leading to, for
instance, extreme restlessness and feelings of always being on the
go or driven by a motor. Hyperactivity as one of the core symp-
toms of ADHD is thus leading to maladaptive cognitive and social
functioning and disturbed well-being.

Counterintuitively though, children and adolescents with
ADHD appear to be less likely to engage in regular vigorous PA and
organized sports (4). Research only begins to investigate possible
barriers that might constitute underlying reasons for this physical
inactivity. One of the reasons might be that due to the ADHD

symptoms of inattentiveness and impulsivity, affected children are
easily distracted by or respond impulsively to alternative activi-
ties [e.g., watching TV (5)]. Another reason might be that deficits
in executive functions that potentially underlie the ADHD symp-
tomatology lead to difficulties initiating and maintaining PA (4,
6). Furthermore, it seems that children are at risk for not being
physically active when they receive no ADHD treatment [i.e.,
medication with methylphenidate, MPH (7)].

While inattentiveness as a core symptom has been investigated
in numerous studies, no clear characterization of symptomatic
hyperactivity and motoric activity in children, adolescents, and
adults with ADHD exists. In addition, there are no guidelines for
the assessment and intervention of motoric activity in ADHD (8).

Therefore, aims of the present literature review are (1) to
review studies on symptomatic hyperactivity and motoric activ-
ity in ADHD on different developmental stages. This is important
because hyperactivity as a symptom and its possible differentia-
tion from other symptoms as for instance inattentiveness might
alter over the lifespan. (2) Another focus will be on subjective and
objective assessment methods that have been proven to be effective
in the detection of hyperactivity and motoric activity in ADHD.
This is important because there is a need for adequate and effi-
cient detection methods of hyperactivity in clinical settings. As we
will explain in more detail, clinical diagnoses often rely on ret-
rospective parental and teacher reports on hyperactive behavior
shown by children and adolescents. (3) Finally, PA intervention
studies aiming at a change or modification of activity and overac-
tive behavior that seem to be promising candidates for alleviating
hyperactivity symptoms in ADHD will be summarized.

Frontiers in Psychiatry | Schizophrenia November 2014 | Volume 5 | Article 171 | 60

http://www.frontiersin.org/Psychiatry
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/about
http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00171/abstract
http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00171/abstract
http://www.frontiersin.org/people/u/156356
http://www.frontiersin.org/people/u/49125
http://community.frontiersin.org/people/u/195180
mailto: caterina.gawrilow@uni-tuebingen.de
mailto: caterina.gawrilow@uni-tuebingen.de
http://www.frontiersin.org/Schizophrenia
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gawrilow et al. Hyperactivity and motoric activity in ADHD

DIAGNOSTIC CRITERIA OF SYMPTOMATIC HYPERACTIVITY
AND MOTORIC ACTIVITY IN ADHD
Hyperactivity constitutes a core symptom of ADHD that rep-
resents one of the most common disorders in childhood and
adolescence, with approximately 5.3% of school-aged individu-
als being affected (9). The Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) classifies ADHD as a neurodevelop-
mental disorder and lists 18 symptoms on two dimensions (see
Table 1), namely, (1) hyperactivity–impulsivity and (2) inatten-
tion that manifest in three possible main presentations: (a) pre-
dominantly hyperactive/impulsive presentation (314.01), (b) pre-
dominantly inattentive presentation (314.00), and (c) combined
presentation (314.01). A diagnosis requires at least six symptoms
of hyperactivity–impulsivity and/or inattention in childhood and
adolescence, and at least five symptoms in adulthood to be present

in two or more settings (e.g., at home, school/work, with friends)
for at least six months, and to interfere with developmental level
and functioning.

CURRENT PSYCHOLOGICAL THEORIES OF HYPERACTIVITY
AND MOTORIC ACTIVITY IN ADHD
Several psychological theories exist that address the question of
what gives rise to symptomatic hyperactivity and motoric activ-
ity in ADHD. In our review we outline three current theoretical
conceptions: (1) the State Regulation Model, (2) Multiple Pathway
Theories, and (3) the Dynamic Developmental Theory of ADHD.

The State Regulation Model suggests that clinical levels of
ADHD symptomatology can be traced back to a deficit in keeping
optimal activation states (10, 11). Building up on the cognitive-
energetic theory of Sanders (12) and Sanders and van Duren (13)

Table 1 | Hyperactivity–impulsivity and inattention symptoms according to DSM-5 (1).

Hyperactivity–Impulsivity

1. Often fidgets with or taps hands or feet or squirms in seat

2. Often leaves seat in situations when remaining seated is expected (e.g., leaves his or her place in the classroom, in the office or other workplace, or

in other situations that require remaining in place)

3. Often runs about or climbs in situations where it is inappropriate. (Note: In adolescents or adults, may be limited to feeling restless.)

4. Often unable to play or engage in leisure activities quietly

5. Is often “on the go,” acting as if “driven by a motor” (e.g., is unable to be or uncomfortable being still for extended time, as in restaurants, meetings;

may be experienced by others as being restless or difficult to keep up with)

6. Often talks excessively

7. Often blurts out an answer before a question has been completed (e.g., completes people’s sentences; cannot wait for turn in conversation)

8. Often has difficulty waiting his or her turn (e.g., while waiting in line)

9. Often interrupts or intrudes on others (e.g., butts into conversations, games, or activities; may start using other people’s things without asking or

receiving permission; for adolescents and adults, may intrude into or take over what others are doing)

Inattention symptoms

1. Often fails to give close attention to details or makes careless mistakes in schoolwork, at work, or during other activities (e.g., overlooks or misses

details, work is inaccurate)

2. Often has difficulty sustaining attention in tasks or play activities (e.g., has difficulty remaining focused during lectures, conversations, or lengthy

reading)

3. Often does not seem to listen when spoken to directly (e.g., mind seems elsewhere, even in the absence of any obvious distraction)

4. Often does not follow through on instructions and fails to finish schoolwork, chores, or duties in the workplace (e.g., starts tasks but quickly loses

focus and is easily sidetracked)

5. Often has difficulty organizing tasks and activities (e.g., difficulty managing sequential tasks; difficulty keeping materials and belongings in order;

messy, disorganized work; has poor time management; fails to meet deadlines)

6. Often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental effort [e.g., schoolwork or homework (for older adolescents

and adults, preparing reports, completing forms, reviewing lengthy papers)]

7. Often loses things necessary for tasks or activities [e.g., school materials, pencils, books, tools (wallets, keys, paperwork, eyeglasses, and mobile

telephones)]

8. Is often easily distracted by extraneous stimuli (for older adolescents and adults, may include unrelated thoughts).

9. Is often forgetful in daily activities (e.g., doing chores, running errands; for older adolescents and adults, returning calls, paying bills, keeping

appointments)

Behavioral examples added to symptom descriptions in DSM-5 compared to DSM-IV are given in square brackets. Symptoms 1–6 from the hyperactivity–impulsivity

dimension denote symptoms classed as hyperactivity. Symptoms 7–9 from the hyperactivity–impulsivity dimension denote symptoms classed as impulsivity.
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the model assumes that a given person’s activation level increases
in situations where the presentation rate of stimuli is high, and
decreases in situations where the presentation rate of stimuli
is low. To reach optimal levels of performance and counteract
overactivation under high stimulus presentation rates as well as
underactivation under low stimulus presentation rates, the allo-
cation of extra effort (i.e., effortful control) is necessary. Several
studies at various developmental stages have shown that individ-
uals with ADHD show greatest performance deficits compared to
individuals without ADHD not under medium event rates but
under fast (14, 15) and slow (15, 16) event rates when the effortful
allocation of extra effort would have been necessary for optimal
performance. Correspondingly, the State Regulation Model pos-
tulates ADHD symptoms, including hyperactivity, to increase or
decrease relative to a given person’s respective state that requires
effortful control. Thus, in the context of this theoretical model,
levels of hyperactivity are not seen as stable across situations but
to become increasingly present under low activation states as an
attempt of self-stimulation and under high activation states as a
behavioral sign of overactivation.

Multiple pathway conceptions (17–19) postulate that there are
several distinct developmental influences (i.e., ‘pathways’) that
converge onto a core symptom expression of ADHD but with
remaining specificities (20). Today, the most prominent multi-
ple pathway conceptions is the Triple-Pathway Model (19) that
suggests dissociable timing, inhibition, and delay deficits to give
rise to highly heterogeneous expressions of ADHD symptoms.
With regard to timing, the model suggests that individuals with
ADHD display deficits in, for example, the discrimination of dura-
tions and the adequate anticipation of time intervals. Inhibition
deficits refer to impaired abilities of individuals with ADHD to
inhibit responses in inappropriate situations (21) such as awaiting
turn in communications. Delay deficits denote the aversion and
enhanced negative emotional reactions to situations characterized
by (temporal) delays [e.g., Ref. (22)] such as waiting for further
instructions in the classroom. Within this theoretical framework,
the symptom of hyperactivity is conceptualized as a behavioral
attempt to attenuate negative subjective experiences of delay where
delay cannot be circumvented (23).

The Dynamic Developmental Theory of ADHD (24) suggests a
hypofunctioning mesolimbic dopamine branch to underlie altered
reinforcement of novel behavior and insufficient extinction of
behavior that has previously been reinforced. It is assumed that
the critical time frame for a reinforcer to take effect is shorter in
individuals with ADHD compared to individuals without ADHD.
Accordingly, socially desirable behavior is frequently not positively
reinforced, and undesirable behavior not negatively reinforced in
time. The theory predicts that (gradually developing) hyperactiv-
ity stems from a combination of altered positive reinforcement
and deficient extinction processes, leading to an increased and
accumulating number of behavioral responses that may display in
excess motoric activity.

STRUCTURAL ACCOUNTS OF HYPERACTIVITY AND MOTORIC
ACTIVITY IN ADHD
Despite broad consensus about what classifies as hyperactivity in
the context of ADHD and several theoretical approaches to its

underlying causes, the question of how the symptom relates to
impulsivity and inattention has been one of the main areas of
scientific debate in this research field for the last 20 years. Respec-
tive research questions are (a) is hyperactivity essentially just an
expression of one underlying ADHD condition? (b) Is hyper-
activity distinguishable from, yet related to impulsivity and/or
inattention? (c) Or is a combination of those two perspectives pos-
sible? These questions concern our understanding of hyperactivity,
how it relates to functional impairment and, by association, what
kind of treatment may work and for whom. Important statistical
methods to address the ongoing debate are factor analyses, which
directly concern the measurement structure underlying ADHD
symptoms and thus the question of coherence and distinctness
between hyperactivity, impulsivity, and inattention. Factor mod-
els that have been discussed are (a) the one-factor model, which
assumes one underlying unitary symptom domain, (b) the corre-
lated factor models, which assume distinct symptom domains that
are correlated, and (c) bifactor models, which incorporate both
an underlying unitary symptom domain and additional specific
independent symptom domains.

A one-factor model assumes that there is a single dimension
underlying hyperactivity as well as impulsivity and inattention. No
structural distinction is made in this model between hyperactivity
and other symptom domains. However, there has been abun-
dance of empirical evidence from factor-analytic investigations
convincingly showing that this factor model does not represent an
adequate conceptualization [e.g., Ref. (25–27)].

Correlated factor models emphasize the separability of hyper-
activity from inattention and/or impulsivity (28). They conceptu-
alize separate, yet related, latent constructs with either two factors
(i.e., representing hyperactivity–impulsivity and inattention) or
three factors (i.e., representing hyperactivity, impulsivity, and inat-
tention) without a common core, which give rise to the phenotypic
representation of ADHD.

Factor-analytic studies until the beginning of the 21st century
found strong support for correlated factor models being bet-
ter statistical representations of the symptom structure than the
one-factor model [e.g., Ref. (29–34)]. Direct comparisons of the
correlated two-factor model separating hyperactivity–impulsivity
and inattention into two separate dimensions, and three-factor
models separating the dimensions of hyperactivity and impulsiv-
ity besides inattention are somewhat inconclusive: Whereas many
studies found support for differentiating two latent symptom
dimensions (26, 29–31, 35–37), others pointed to the superior fit
of models with three latent symptom dimensions that emphasize
the separability of hyperactivity and impulsivity [e.g., Ref. (33,
34, 38)]. However, the more parsimonious two-factor model is
usually favored because separating hyperactivity from impulsivity
tends to improve the overall model fit only slightly and the latent
factors of hyperactivity and impulsivity are usually highly corre-
lated (39). Nevertheless, the question has been brought up as to
whether the relative underrepresentation of symptoms of impul-
sivity in DSM (i.e., three) compared to the number of symptoms
of hyperactivity (i.e., six; see Table 1) and limited psychomet-
ric properties—which limit statistical power to confirm a specific
factor of impulsivity—may also explain some of the conflicting
results between the studies mentioned above (30, 37, 39). Overall,
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it has been proposed that support for the validity of the correlated
factor models comes from differential associations of the symp-
tom domains with criterion variables of functional impairment
(e.g., externalizing and internalizing behaviors). However, subscale
sum scores for different symptom domains may not only repre-
sent domain specific symptom variation but also variation that can
be traced to an underlying general symptom domain. Thus, such
differential associations with measures of functional impairment
could be compounded with influences from an underlying core
symptom domain.

More recently than the one-factor model and correlated factor
models, bifactor models have been proposed. They simultaneously
account for both the common variance (i.e., coherence) between
hyperactivity and the other core symptoms of ADHD with a latent
general (g) ADHD factor, and the unique separable variance of
hyperactivity, impulsivity, and inattention with specific domain
factors (s) that are independent (i.e., orthogonal) from the gen-
eral ADHD factor. Thus, to a greater extent than correlated factor
models, bifactor models promote the common variance between
symptom domains suggesting a unitary core construct underlying
all ADHD symptoms, while endorsing additional covariation that
manifests in orthogonal, specific symptom factors. During the last
years, a number of studies have compared the more traditional
correlated factor models with bifactor models and generally sup-
ported the superior model fit of the latter across a wide range of
age groups (i.e., children, adolescents, adults), informants (i.e., self,
parent, teacher, clinician ratings), methods of measurement (i.e.,
rating scales, interviews), and target populations [i.e., clinical and
community samples (28, 39–48)]. Nevertheless, substantial incon-
sistency remains with regard to the question of whether a specific
factor of hyperactivity can be distinguished from a specific factor
of impulsivity (28, 40, 45, 47, 48). Just as discussed for the corre-
lated factor models, the relative scarcity of impulsivity items may
limit the power to detect a separate specific factor representing
these symptoms separately from hyperactivity.

In sum, and although further studies and possibly the develop-
ment of further items to assess impulsivity are needed to shed light
on the question of separability between hyperactivity and impul-
sivity, a bifactor model framework seems to be a valid account of
hyperactivity in the context of ADHD and its phenotypic repre-
sentation for the following reasons: First, studies addressing the
question of the development of ADHD across the lifespan reveal
that it shows a substantial degree of stability and in many cases
persists into adulthood (49), even though the specific symptom
manifestation of this disorder may change with development [e.g.,
Ref. (50)]. This suggests a generic component, which lies at the core
of the disorder and is stable over time, along with additional spe-
cific manifestations that may fluctuate (43). Due to the lack of a
‘common core’ in correlated factor models, which assume interre-
lated but conceptually independent symptom domains, they lack
explanatory value for such a generic component. Second, quan-
titative genetic research (i.e., twin and adoption studies) suggest
that there are sets of genes that exclusively influence hyperactivity
and sets of genes that influence all domains of ADHD symptoms
[(51, 52); for a review of quantitative genetic research on ADHD
see (53)]. A bifactor model that represents a general ADHD symp-
tom factor as well as independent specific symptom factors may

be especially well suited to account for these findings. Third, the
bifactor model has been suggested to be in line with current eti-
ological models [e.g., Ref. (28, 43, 54)] such as multiple pathway
conceptions (17–19), which postulate that there are several distinct
developmental influences (i.e., ‘pathways’) that converge onto a
core symptom expression, while specificities do remain (20).

SYMPTOMATIC HYPERACTIVITY AND MOTORIC ACTIVITY IN
ADHD ON DIFFERENT DEVELOPMENTAL STAGES
Excessive motor activities are a first precursor of ADHD and often
observed by parents during toddlerhood, even though they are
hardly distinguishable from highly variable normative behaviors
during this developmental period. Most frequently, impairing lev-
els of hyperactivity are identified during the primary school years
with a majority of children (approximately 60–85%) continuing
to meet diagnostic criteria of ADHD throughout childhood and
into adolescence and adulthood [e.g., Ref. (55)]. Notably, pre-
dominantly boys show symptomatic hyperactivity [e.g., Ref. (56)].
Sparse research addressing the trajectory of hyperactivity through-
out development suggests a moderate stability (57). For instance,
sleep problems operationalized as movements during the night
(assessed by actigraphs) remain from childhood to adulthood
(58). For many individuals, overt signs of hyperactivity decline
from childhood into adulthood and may be confined with more
subjective states such as mental restlessness, jitteriness, or impa-
tience, indicating that the symptomatology undergoes substantial
changes during the developmental course (1, 59, 60).

However, until to date, knowledge about the development of
hyperactivity in the context of ADHD is limited and mainly
based on retrospective self-reports of symptoms [e.g., Ref. (57)]
which may well be affected by retrospective recall bias. To gain
a more fine-grained understanding of the development of symp-
tomatic hyperactivity and motoric activity across development,
prospective longitudinal studies are needed that address symptom
expressions as experienced by affected individuals themselves but
also significant other people (e.g., parents, teachers, peers).

ASSESSMENT METHODS FOR THE DETECTION OF
SYMPTOMATIC HYPERACTIVITY AND MOTORIC ACTIVITY IN
ADHD
Physical activity can be assessed with a variety of measures, includ-
ing subjective self-reports via survey questionnaires or more fre-
quent daily or hourly recalls, and more objective measures such as
wearable sensors (i.e., pedometers, accelerometers including those
built into mobile phones, heart rate sensors), doubly labeled water,
and direct observation.

So far, there is no single gold standard of measuring activity
across populations (e.g., children, adolescents, adults) and across
different assessment purposes [e.g., activity status in populations,
relationship of activity with short-term and long-term health and
well being, clinical and intervention research (61)]. With widely
varying time periods assessed (from minutes to days, weeks up to
several years, over the lifespan) and activity definitions regarding
activity dimension and intensity, findings obtained with different
activity measures can be difficult to compare. One important con-
sideration in choosing activity measures is assessment purpose:
It is important to clearly specify the research purpose as well as
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the exact frequency, duration, and distribution of activity of inter-
est and then choose the appropriate study design and assessment
instrument. For example, studying sedentary behavior over several
years to better understand the development of obesity will likely
have to recur to questionnaires; whereas a study relating micro-
movements of arms and legs to concurrent ADHD symptoms over
a short time period would combine several sensors on arms and
legs with frequent ADHD symptom assessments.

Self-report questionnaires are still the most commonly used
method for measuring activity due to their cost effective applica-
tion and low participant burden. Several reviews give an overview
of available measures in children and adolescents (62–65) and
adults (66–68). However, several other reviews also stated con-
cerns about the validity of self-reported activity for youth and
adults without clinical diagnoses as for instance ADHD (63,
67–70). Despite mostly acceptable reliability, the validity of PA
questionnaires is still low to moderate. However, the reviews iden-
tified several questionnaires that showed both good reliability and
acceptable validity [e.g.,FPACQ,Flemish physical activity comput-
erized questionnaire (71); PDPAR, previous day physical activity
recall (72); RPAR, recess physical activity recall (73)]. To sum up,
given that the validity of self-report questionnaires is limited in
youth and adults without ADHD, their validity and reliability is
even more questionable in children, adolescents, and adults with
ADHD. This is because problems with inattention and impulsiv-
ity interfere with accurately noticing, memorizing, and reporting
activity in a questionnaire, making reliable and valid self-reports
even less likely.

Sensor-based activity assessment with pedometers and
accelerometers has gained popularity in research (74–76) and
in everyday life over the past years. As activity sensors shrink
in size and have increasingly lasting batteries, they have become
widely used in activity research in children, adolescents, and adults
without ADHD. Wearable sensors require some buy-in from par-
ticipants, as they have to be trained how to wear them – over
the hip bone, usually putting them on in the morning and taking
them off at night and during water-based activities – and have to
give them back at the end of the study. Pedometers often do not
store wear time in addition to steps and thus miss an important
confounding variable for analysis; whereas accelerometers record
wear time so that it can be included in analyses. Standard cut offs
for valid days are at least 10 h of daily wear time (76). Among the
disadvantages of pedometers are that they miss acceleration and
speed of movement that should be especially interesting for under-
standing hyperactivity. Among their many advantages,pedometers
are affordable (i.e., participants can even keep them after the
study enabling continued self-monitoring), and they allow within-
person comparisons. Pedometers and accelerometers are useful
for measuring habitual activity in everyday life that is hard to
capture in questionnaires because it evades conscious attention.
Accelerometers can record more fine-grained activity information
(i.e., speed, timing of movement) that may be particularly relevant
for the assessment of hyperactivity. They can also detect move-
ment of arms and legs if worn on wrist and ankle. However, there
are also disadvantages of accelerometers and pedometers: Most
devices miss water-based activities (i.e., swimming) and underes-
timate activities that do not involve movement of the part of the

body where the sensor is located, as for example rowing or cycling
with an accelerometer worn at the hip (77).

Smart phones have built-in accelerometers and can be used to
measure activity. However, their assessment is less precise because
the phone is not consistently worn in the same position (e.g.,
hand, pocket, bag). In the same vein, GPS assessments can be
used but again are less precise about micro-movements. Heart rate
sensors provide a comprehensive method of measuring physical
exertion that captures many activities, not only vertical movement.
Other methods for determining activity, such as doubly labeled
water, multichannel devices combining accelerometers with respi-
ration rate, electrocardiography, or electromyography and direct
observation are expensive and can be burdensome for participants
and are therefore more frequently used in smaller studies within
the lab.

So far, there are few studies that have used sensor-based activ-
ity assessments in children and adolescents – and even fewer in
those with ADHD. Thus, particularly in individuals with ADHD
the cut-off points and algorithms for counting a movement as
motion and classifying activity are still being developed. How-
ever, children diagnosed with ADHD differ from those without
ADHD in the amount and intensity of their movements, as has
been shown with different techniques of measuring movements,
such as motion tracking systems using infrared motion analysis
[(78); see also Ref. (79) for the Qb test], parent and teacher rating
scales (80), and accelerometers (2). This knowledge has been used
to identify children with ADHD with moderate accuracy measur-
ing their activity with accelerometers over a 2-hour period (2) and
with good accuracy measuring activity for 24 h (81).

In addition to comparisons of the amount and intensity of
PA over a prolonged period of time, more fine-grained analyses
of movements could also be informative. Modern accelerometers
provide the opportunity to obtain data measured at very high res-
olutions (milli-G) and at very small time intervals (100th of a
second). This allows not only for a measurement of the amount of
activity, but also of more detailed qualitative differences in activ-
ities. These differences can already be detected with rather short
measurement times. For example, it is possible to distinguish dif-
ferent kinds of activities by analyzing raw accelerometer data [e.g.,
Ref. (82, 83)]. In these studies, accelerometer data were accurately
classified into different kinds of activities using Support Vector
Machines [SVMs (84, 85)]. SVMs are machine learning techniques
that allow for the classification of data into different categories.
The great advantage of SVMs for this purpose lies in their ability
to deal with highly complex and non-linear associations between
accelerometer data and the corresponding categories of activity.
Therefore, SVMs are perfectly suited to classify subjects as either
having or not having ADHD. In recent years, this has already been
done with quite some success with the use of different kinds of
data, such as EEG (86, 87), inertial measurement units [IMU (88)],
and MRI data (89–91).

These considerations indicate that fine-grained data from mod-
ern accelerometers, analyzed with SVMs, could be beneficial in two
respects. First, they could be used to accurately identify children
with ADHD with relatively little effort, in terms of both time and
money. Second, those characteristics of accelerometer data that
prove to be useful for distinguishing participants with and without
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ADHD could be further analyzed. By doing so, new insights about
the nature of ADHD and hyperactivity could be obtained. These
insights would go beyond the concept that was used in previ-
ous accelerometer studies on ADHD, namely that children with
ADHD merely show higher amounts and intensities of activity.
Hence, they could help to refine the concepts related to ADHD
and hyperactivity (e.g., fidgeting, jitteriness), making them more
objectively accessible, and less susceptible to subjective ratings.

MODIFYING ADHD AND ADHD RELATED SYMPTOMS
Vigorous PA interventions in general address several areas that
are problematic for children, adolescents, and adults with ADHD.
For instance, short- and long-term interventions for increasing
vigorous PA have led to improved mood and improved execu-
tive functioning (i.e., neuropsychological functions as for instance
inhibition, shifting/task-switching, working memory), especially
to improved inhibition performance in children, adolescents, and
adults (92–94). Hence, enhancing vigorous PA could be an impor-
tant additional treatment option for children with ADHD, ame-
liorating both comorbid affective disorders and deficits in execu-
tive functioning without potential negative side effects. Children
diagnosed with ADHD might particularly benefit from PA inter-
ventions treating ADHD symptoms and comorbid problems due
to various reasons: (a) PA might improve children’s emotional and
social functioning in addition to having a positive effect on their
cognitive functioning (95–97), (b) PA prevents health problems
such as weight gain and obesity, which are common in children
with ADHD due to impulsive behavior as for instance impulsive
unhealthy snacking (98), (c) PA does not interact negatively with
other therapy programs (e.g., medication with MPH, cognitive
behavioral therapy), and (d) PA can easily be integrated into the
everyday routine of children (e.g., in schools).

However, only few observational and single-case studies have
reported improved attention and reduced hyperactivity (i.e., fid-
getiness) in children with ADHD following regular PA sessions
(99). Only recently, research investigated potential benefits of vig-
orous PA in children and adolescents with ADHD and found
positive effects of various types of short- and long-term PA inter-
ventions on behavioral, (neuro-)cognitive, and comorbid symp-
toms associated with ADHD (99, 100). For instance, Medina et al.
(101) examined the impact of running on a treadmill for 30 min
in boys diagnosed with ADHD and showed improved sustained
attention irrespective of medication use. More specifically, chil-
dren improved on response time and vigilance in a Continuous
Performance Test while decreasing in impulsivity after being phys-
ically active for 30 min. Tantillo et al. (102) tested the efficacy of
treadmill walking versus quiet rest on the management of behav-
ioral features of ADHD in 8- to 12-year-old children compared to
matched comparison children. Improved motoric functions after
exercise were found only in boys with ADHD. However, findings
should be considered preliminary, as the sample size was rather
small (i.e., 18 participants). Finally, Pontifex et al. (103) found that
a single 20-min bout of exercise (i.e., again treadmill running)
improved inhibitory performance and neurocognitive functions
(i.e., EEG measures) in children with ADHD in particular.

Regarding long-term PA, Gapin and Etnier (99) found that
higher levels of PA as measured by accelerometers were associated

with better executive function performance in 18 boys with
ADHD. Moderate-to-vigorous PA predicted the performance on
the Tower of London planning task and was positively associ-
ated with other executive function measures. In a randomized
study, Verret et al. (104) tested the effects of a moderate- to high-
intensity PA program on fitness, cognitive functioning, and ADHD
symptoms over 10 weeks in 21 children diagnosed with ADHD.
Children in the treatment group showed better information pro-
cessing and parents reported fewer attention problems as well as
a lower total number of problems at follow-up than at baseline
compared to children in the control group. In a pilot study, Smith
et al. (105) investigated a daily 26-min continuous moderate-to-
vigorous PA program before school that lasted for 8 weeks and
found positive effects on inattention, hyperactive, and impulsive
symptoms in children with ADHD: Response inhibition improved
following the program, and ratings by parents, teachers, and pro-
gram staff indicated overall improvements of motor, cognitive,
and behavioral functioning in two thirds of participating chil-
dren. Jensen and Kenny (106) randomly assigned 19 boys with
ADHD stabilized on medication to a 20-session yoga group or a
control group with cooperative activities. Both groups improved
in hyperactive and impulsive behavior and the global DSM eval-
uation of ADHD. However, yoga decreased oppositional, restless,
and impulsive behavior, and those in the yoga group who engaged
in more home practice showed greater improvement for attention
and affective lability.

The aforementioned studies demonstrate potential positive
effects of PA interventions in children with ADHD. However, all
studies are clearly underpowered and replication studies are war-
ranted. Moreover, this claim for replication studies is underscored
by a recent meta-analysis investigating the effects of acute bouts of
PA in children with ADHD in laboratory and field studies, which
revealed inconclusive results (107). Some laboratory studies found
significant improvements on cognitive tasks (i.e., tasks measuring
visual attention referring to symptomatic attention problems in
ADHD and executive functions referring to underlying cognitive
deficits in ADHD). One laboratory study (108) found a signifi-
cant improvement in response times in a visual attention task, one
study showed a maintenance of accuracy (109), and three studies
showed a significant reduction of error rates but no influence on
response times (103, 110, 111).

The meta-analysis also revealed that with respect to school set-
tings, no effects of PA (i.e., as implemented in so called active
lessons) on dependent variables such as measures of attention
could be found. However, subgroups as elementary school chil-
dren (112) seem to benefit from PA interventions. This is impor-
tant because in this age group ADHD diagnoses are given fre-
quently compared to other age groups. Furthermore, specific
sports and activities as for instance coordinative exercises seem
to be particularly helpful (113).

Thus, direct positive effects of acute and chronic PA interven-
tions on ADHD symptomatic behavior including hyperactivity
seem to be possible. Still, there is scarce research revealing het-
erogeneous results. An important research question that is still
unanswered is whether there is a direct route of improving ADHD
symptoms (i.e., hyperactivity) via PA or an indirect route improv-
ing for example executive function deficits leading to a subsequent
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improvement of ADHD symptoms. In the same vein it might also
be the case that comorbid emotional deficits as for instance affec-
tive lability shown by children and adolescents with ADHD is
altered via PA interventions leading to subsequent improvement
of core ADHD symptoms (i.e., hyperactivity). More specifically,
ADHD and affective problems are common co-morbidities in
youths (114) and it might be the case that PA interventions
target those affective problems and not the ADHD symptoms
per se.

The association between vigorous PA and improved affect is
well established and PA interventions have been shown to have
positive effects on affect in healthy adults (115). While there is
empirical evidence that children and adolescents accrue mental
health benefits from PA interventions in general [e.g., Ref. (96)],
until now, the specific link between physical activities and affect
among children and adolescents has only been investigated in a
few studies (116). A 10-year longitudinal study suggests that dur-
ing adolescence, changes in leisure-time PA and negative affect
are related inversely, that is, decreasing levels of PA are correlated
with a rising prevalence of negative affect (117). In the same vein,
a meta-analysis of studies investigating the depression-reducing
effects of vigorous PA interventions on children and adolescents
revealed effects in favor of the physically active group (118). Thus,
vigorous PA is associated with lower levels of negative affect in
children, adolescents, and adults in observational studies and
randomized controlled trials.

Concretely, three studies have addressed the effects of PA
on affective symptoms shown by children with ADHD so far.
Jensen and Kenny (106) randomly assigned medicated boys with
ADHD to a 20-session yoga condition or a control condition
with cooperative leisure activities. Children in both conditions
showed improvement in hyperactive and impulsive behaviors and
in the global DSM evaluation of ADHD. Yoga decreased oppo-
sitional, restless, and impulsive behavior, and the children in the
yoga condition who engaged in more home practicing of yoga
showed greater improvement in attention and emotional stabil-
ity. Kiluk et al. (119) found that participation in PA predicted less
severe anxiety and depression in children with ADHD. Scores on
parental reports of affect and behavior indicated that children with
ADHD who participated in three or more sports displayed fewer
symptoms of anxiety and depression compared to those children
with ADHD who participated in fewer than three sports. Ver-
ret et al. (104) found in their exploratory but randomized study
that teachers reported lower anxiety-depression scores and fewer
social problems in children with ADHD after a 10-week PA pro-
gram. In summary, PA interventions appear to improve not only
executive functioning but also negative affect in children with and
without ADHD.

SUMMARY
A bifactor model that represents a general ADHD symptom factor
as well as independent specific symptom factors seems to be the
best model to characterize the disorder. With regard to measuring
hyperactivity as one of the ADHD symptoms only few studies have
used sensor-based activity assessments in children and adolescents
with ADHD. However, fine-grained accelerometer data analyzed
with SVMs could potentially be useful to distinguish children

with hyperactivity symptoms from those showing no hyperactivity
symptoms. Moreover, further studies might also want to investi-
gate the influence of medication (with MPH and Atomoxetine)
and cognitive behavioral therapy on accelerometer data analyzed
with SVMs. This is important because results could potentially
inform about optimal treatments for individual children (i.e., tai-
lored therapy). In order to gain further insight into the usefulness
of PA interventions for children with motoric activity and hyper-
activity as in children with diagnosed ADHD, it is important to
investigate effects of PA regarding several aspects. First, the effects
of everyday PA (i.e., biking to school, active lessons in school) and
organized, structured sports need to be disentangled. Second, the
dose–response relationship is in the need of being investigated:
How often and for how long should children with ADHD take
part in physical activities to receive an optimal level of their symp-
tomatic behavior (i.e., fidgetiness in school). Third, interactions of
medication with MPH or Atomoxetine and PA are understudied
as well.
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Plaisante justice, qu’une rivière borne!
Vérité au-deçà des Pyrénées, erreur
au-delà.

Funny justice that is marked by a river!
What is truth on this side of the Pyre-
nees is a mistake on the other side.
(Translation by DMD)

From the book “Pensées” by Blaise
Pascal (1623–1662)
French mathematician, physicist,
inventor, writer, and philosopher.

This article is an unabashed drumroll for
increased recognition and treatment of
catatonia in autism spectrum disorders
(ASD). This new diagnostic and treat-
ment paradigm has emerged during the last
decade (1, 2) and is supported by changes
in catatonia classification in DSM-5 (3)
purporting to boost recognition of pedi-
atric catatonia and catatonia in ASD (4).
Findings are summarized, a vignette is pre-
sented, and a Decalogue (or“10 command-
ments”) is offered covering rules for assess-
ment, diagnosis, treatment, and research
in the field of catatonia in ASD. Unlike
the biblical Decalogue handed to Moses on
Mount Sinai, these rules are hardly divine,
do not mark universal truths, are mainly
based on clinical experience, and need to be
calibrated further as knowledge increases.
They do represent the best available rec-
ommendations, at least in my opinion, for
future research and in order to achieve pos-
itive outcomes that are equally rewarding
for the patients and their families, and for
their physicians.

PREVALENCE, ASSESSMENT, AND
TREATMENT OF CATATONIA IN ASD
Catatonia is a severe but treatable syn-
drome that warrants prompt diagnosis

and treatment with benzodiazepines and
electroconvulsive therapy (ECT) and that
occurs in patients of all ages, including chil-
dren and adolescents (5–7). The syndrome
becomes critical and life threatening in its
malignant form when aggravated by fever
and autonomic dysfunction. Advances in
catatonia research have segued into the field
of autism over the last 10 years. Catatonia
in ASD has been increasingly recognized at
a rate of 4–17% in adolescents and adults
with ASD (Table 1). No systematic studies
have been done in preadolescent and older
(>60 years old) patients. The vignette of
a 10-year-old boy with catatonia and ASD
that is presented below shows its occur-
rence in preadolescence. There are no cases
in the literature, to my knowledge, describ-
ing catatonia in patients with ASD older
than 60.

Symptoms that should alert the clin-
ician for catatonia in adolescents and
young adults with ASD are markedly
increased psychomotor slowness, which
may alternate with excessive motor activ-
ity, apparently purposeless, and not influ-
enced by external stimuli, extreme nega-
tivism or muteness, stereotypy, peculiari-
ties of voluntary movement, echolalia, or
echopraxia. The diagnosis of catatonia in
ASD is made applying known clinical signs
of catatonia and using standardized cata-
tonia rating scales to assess the scope and
the severity of the symptoms. In addition,
the diagnosis may be supported by a ben-
zodiazepine (most commonly lorazepam)
challenge test, which is known to result in
a marked, albeit temporary, improvement.

Stressful life events, the loss of rou-
tine, experiences of loss, interpersonal con-
flicts, and discrepancies between the ability
in the patient and parental expectations,
especially in higher functioning autistic

youth, may precipitate catatonia, which
may present in conjunction with other
major psychiatric or medical disorders (13,
14). A medical work-up and comprehen-
sive drug screening is necessary to uncover
medical or toxic conditions.

Benzodiazepines and bilateral ECT,
including maintenance ECT, should be
considered as safe and effective med-
ical treatments for pediatric catatonia and
catatonia in ASD based on case-reports
and case-series (2, 15). Milder cases have
improved with psychological–behavioral
interventions (16). Benzodiazepines, most
commonly lorazepam, are the first-line
treatment, followed by ECT if benzodi-
azepines are not or insufficiently effective.
The duration and intensity of ECT varies
in each case. Although there are reports
of a small number of cases that show
the effective use of right unilateral ECT
in catatonia (17), none of these patients
were diagnosed with ASD. In almost all
cases with ASD, bilateral ECT has been
used (18) and should be considered as the
preferred method until further studies or
experience shows advantages when using
or starting with unilateral ECT. So far con-
cerns of cognitive impairment with bilat-
eral ECT have not emerged. There are now
a few reported cases that have continued
to receive bilateral ECT for several years
to maintain improvement and to prevent
relapse without any indication of cognitive
or neuropsychological worsening (19, 20).

DeJong et al. (18) have recently reviewed
the literature on the efficacy of various
treatments for catatonia in ASD. They
found 22 pertinent articles describing the
treatment of 28 pediatric and adult patients
supporting the use of ECT, high-dose
lorazepam, and behavioral therapy. They
deplore the scarcity of papers and in-depth
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Table 1 | Prevalence studies of catatonia in autism spectrum disorders.

Reference N Design sample population (age, range, and/or mean) % With catatonia (age, range, and/or mean)

Wing and Shah (8) 506 Cross-sectional referred sample with autism (NA) 17 (Age range 15–50 years, mean age = 24.6)

Billstedt et al. (9) 120 Longitudinal population sample with autism (age range 17–40 years,

mean age = 25.5)

12 (NA)

Ohta et al. (10) 69 Cross-sectional referred sample with autism (NA) 12 (Age range 21–40 years, mean age = 28 SD = 5.5)

Hutton et al. (11) 135 Longitudinal referred sample with autism (age range 21–57 years,

mean age = 35)

4 (NA)

Ghaziuddin et al. (12) 81 Cross-sectional referred sample with autism (mean age = 14, SD = 2) 16 (NA)

NA, not available.

analyses. They conclude that controlled
multi-centers studies are warranted to
compare treatments and to determine the
optimal treatment for catatonia in ASD.

VIGNETTE
This vignette of a 10-year-old boy diag-
nosed at age 4 with high-functioning ASD,
type “Asperger,” who developed full-blown
catatonia over the course of a few months,
is the synopsis of a case-report that is in
press (21).

At 4 years of age, A was diagnosed
with ASD due to restrictive interests, vocal
and motor tics, specific phobias, atten-
tion deficits, severe aggression, obsessive–
compulsive tendencies, and abnormal
movements in mouth, and repetitive move-
ments. Testing showed an IQ of 80. At
the age of 10, 1 year prior to admission
for catatonia, A became extremely upset
about an incident on school when his best
friend spit on his thermos. Over the next
few days, he became increasingly and exces-
sively fearful that people were deliberately
spitting on him. He stated that the spit
could find its way into his mouth and
then brain where it would ruin his iden-
tity. He refused to leave his room and go to
school and went into violent rages. Over the
next 6 months, several interventions and
medications, including SSRI’s and antipsy-
chotics, were tried to no avail. A medical
work-up included blood work, compre-
hensive drug testing, brain imaging and
lumbar puncture, autoimmune antibod-
ies [lupus serology, pediatric autoimmune
neuropsychiatric disorders associated with
streptococcal infections (PANDAS) serol-
ogy, anti-N -methyl-d-aspartate (NMDA)
receptor antibodies] and was completely
negative.

Six months after onset of symptoms, A
started to have episodes lasting several days
where he would stop speaking, refusing to
eat, and sitting in the same spot in the
hallway. He was diagnosed with catatonia
and was started on lorazepam with positive
effects but the patient took the medication
inconsistently. His condition worsened. A
trial of high-dose-lorazepam given intra-
muscularly was done, with maximum dose
of 24 mg (8 mg IM three times per day),
with only partial response yet no sedation.
Ten months after onset of symptoms, ECT
was started with consent of the parents.
Bilateral ECT was started three times per
week. After three ECT treatments, A started
to speak a few words occasionally, mostly
echoing the words (and body movements)
of others. After six treatments, he started
to allow others to touch him and was spit-
ting less but continued to need help in
all areas of daily function. Over the next
2 weeks ECT was continued and aripipra-
zole was started as an antipsychotic adjunct
and titrated to 20 mg/day.

A continued to make slow progress until
he became fully verbal on day 31 of admis-
sion after the 12th ECT. He carried out
a long conversation with his teacher. He
knew that he was in the hospital, and was
oriented to season but not the month or
day. A stated that he was still concerned
that he would die if someone spit on
him. During the next week, he improved
rapidly and returned to premorbid func-
tioning. He was discharged after two more
ECT treatments. Throughout the course
of ECT, no side effects were noted except
an occasional headache in the afternoon
on the day of ECT. His memory and cog-
nitive function seemed greatly improved
over the course of admission and ECT. At

2-year follow-up, A has had no relapses
of catatonia. Maintenance therapy consists
of lorazepam (4 mg/day) and aripiprazole
(15 mg/day). A has been able to resume
school in special education classes. The par-
ents report that he has been back to baseline
since more than 1 year.

DECALOGUE OF CATATONIA IN AUTISM
SPECTRUM DISORDERS

1. Catatonia is a diagnosable syndrome in
ASD (2).

2. Patients with ASD are prone to develop
catatonia due to concurrent med-
ical and psychological impairments
(13, 22).

3. The treatment of catatonia in ASD is
very specific and consists of benzodi-
azepines and ECT (23).

4. Some severe forms of repetitive self-
injurious behavior (SIB) are best con-
ceptualized as catatonic stereotypy
(with bodily injury) for which ben-
zodiazepines, ECT, and maintenance
ECT are indicated (24, 25).

5. Do not use antipsychotics in the active
phase of catatonia before benzodi-
azepines or ECT is started, in order
to avoid malignant catatonia and neu-
roleptic malignant syndrome (23).

6. A lorazepam (initial administration of
1 or 2 mg po or parentally followed
by increased doses up to 20–30 mg/day
depending on the level of response and
side effects or sedation) or zolpidem (5
or 10 mg po) challenge test verifies the
catatonia diagnosis (23).

7. High dosages of lorazepam, up to 20–
30 mg daily, may be necessary for full
symptom resolution (23) and, sur-
prisingly, are well tolerated without
sedation by some patients.
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8. Bilateral ECT is the definitive treat-
ment for catatonia in ASD when
lorazepam does not bring about swift
or sufficient relief or when fever and
autonomic dysfunction arise. Concur-
rent and synergistic use of lorazepam
and ECT is possible when using
flumazenil to temporarily suspend
the anticonvulsant effects of benzodi-
azepines during ECT (23).

9. Maintenance ECT is a safe treatment
option that is sometimes crucial to
avoid relapse (19, 20).

10. Catatonia provides a window into the
mechanism of autism, and vice versa
(26, 27).

ROSETTA STONE
Catatonia is characterized by repetitive
movements, mutism, posturing, and fran-
tic agitation. These signs are also frequent
in autism yet usually do not amount to
a diagnosis of catatonia unless there is
a sharp and sustained increase of these
symptoms lasting days or weeks. Catato-
nia and autism have widely different his-
torical roots (28). Much can be learned
from the study of catatonia in ASD. The
Rosetta stone was a small stone tablet
containing the same message written in
Greek and two different Egyptian scripts.
The stone was essential for deciphering
Egyptian hieroglyphics. Can the group
of patients who are diagnosed with both
autism and catatonia be like the Rosetta
stone, providing the complete sentences
required for deciphering the mechanisms
of autism and catatonia? Do the syn-
dromes have a common pathophysiology?
Can the successful treatment of catatonia
be applied to all patients that meet cri-
teria for autism and catatonia? Can early
application of treatments for catatonia stop
autistic regression? These questions beg
answers sorely needed by patients and their
families.

Blaise Pascal lamented in the seven-
teenth century over the vagaries of justice.
He observed that blasphemy in one place
(or time) is truth in another place (or time).
The situation is not different in medicine
and also seems to apply to catatonia in
ASD. Detractors interpret catatonia as an
aspecific and undefined epiphenomenon
of another “more valid” disorder such as
a medical disorder, schizophrenia, bipolar
disorder, or obsessive–compulsive disorder,

requiring no specific treatment. For exam-
ple, in the follow-up study of Hutton et al.
(11) of 135 individuals with ASD to at
least the age of 21 years, five individuals
had a relatively sudden onset of catatonia
and obsessive–compulsive disorder. In two
cases, the disorders resolved with treatment
but in the other three there was only a par-
tial recovery. None of these patients was
treated with benzodiazepines or ECT. The
authors ask themselves whether benzodi-
azepines or ECT should have been used in
these cases but then demur: “If the impres-
sion that catatonia develops as a result of
obsessive-compulsive phenomena is correct,
this would not seem a strong indication. It
should be added that catatonia lacks a clear
definition and there would be a danger of
moving too readily to heroic interventions
of unproven value.” Instead, they recom-
mend the pharmacological and psycholog-
ical approaches for obsessive–compulsive
disorders unassociated with autism (or
catatonia). However, the vignette and sim-
ilar cases support the use of ECT in cases
of ASD with catatonia, also with concur-
rent onset or increase of obsessions and
compulsions. Of course, unfounded ethical
objections to pediatric ECT, legal restric-
tions on pediatric ECT, lack of access to
ECT in general, and stigma remain salient
obstacles to effective treatment of catatonia
in these challenging patients (29, 30).
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Schizophrenia is frequently associated with abnormal motor behavior, particularly hypoki-
nesia. The course of the illness tends to deteriorate in the first years. We aimed to assess
gross motor activity in patients with a first episode (n=33) and multiple episodes (n=115)
of schizophrenia spectrum disorders using wrist actigraphy. First episode patients were
younger, had higher motor activity and reduced negative symptom severity. Covarying
for age, chlorpromazine equivalents, and negative symptoms, first episode patients still
had higher motor activity. This was also true after excluding patients with schizophreni-
form disorder from the analyses. In first episode patients, but not in patients with multiple
episodes, motor activity was correlated with antipsychotic dosage. In conclusion, after
controlling for variables related to disorder chronicity, patients with first episodes were still
more active than patients with multiple episodes.Thus, reduced motor activity is a marker
of deterioration in the course of schizophrenia spectrum disorders.

Keywords: actigraphy, antipsychotic, negative symptoms, hypokinesia, psychosis

INTRODUCTION
The first episode is of particular interest to schizophrenia research
because it allows assessing the clinical presentation in the absence
of factors related to illness chronicity. Longitudinal studies have
demonstrated a strong decline in function and quality of life dur-
ing the first 2–5 years. Despite vast heterogeneity in illness course,
the condition during initial episode has some predictive value (1).

Motor abnormalities are intrinsic to schizophrenia and have
been reported throughout the whole course of the disorder irre-
spective of medication status (2–6). Particularly, psychomotor
slowing impacts cognitive performance and outcome (7). Objec-
tive measures acquired with actigraphy have established hypoki-
nesia in schizophrenia, which is correlated with negative symptom
severity (8–10). However, objectively assessed gross motor activity
has not been tested in first episode patients. Even though 67% of
unmedicated first episode patients present with at least one motor
sign (11), first episode patients tend to present with less or compa-
rably severe negative symptoms as patients with multiple episodes
(12, 13). Thus, the current study aimed to test whether physical
activity as measured by wrist actigraphy would differ between first
episode and multiple episode patients with schizophrenia spec-
trum disorders. Furthermore, we aimed to explore the association
of physical activity with antipsychotic dosage and negative syn-
drome severity in both groups. We hypothesized that physical
activity was higher in first episode patients compared to multi-
ple episode patients, as functional decline often occurs within the
early course of the disorder (1).

MATERIALS AND METHODS
PATIENTS
To explore differences between patients with a first vs. multiple
episodes on physical activity, we pooled data from previous and
ongoing studies applying actigraphy in schizophrenia spectrum

disorders (9, 14–19). A total of 148 patients with schizophrenia
spectrum disorders were included (first episode n= 33, multiple
episodes n= 115). The patients with multiple episodes had on
average 7.9 episodes (SD= 6.2). Diagnoses were given according
to DSM-IV criteria after thorough clinical examination and review
of all case files by board certified psychiatrists. The local mental
health care system ensures that most of the patients are admitted
to our clinic in every psychotic episode requiring inpatient treat-
ment, allowing the collection of reliable diagnostic information.
In a proportion of studies that contributed data to this analysis,
the diagnoses were ascertained by structured clinical interviews
such as SCID and MINI (27% of cases). Diagnoses given included
paranoid schizophrenia (33% of first episode vs. 55% of multiple
episode patients), catatonic schizophrenia (12 vs. 11%), disorga-
nized schizophrenia (0 vs. 16%), schizoaffective disorder (6 vs.
5%), and schizophreniform disorder (49 vs. 13%) with significant
differences between groups (χ2

= 21.7, df= 1, p < 0.001). Patients
were excluded in case of substance abuse other than nicotine,
medical conditions affecting physical activity, and epilepsy. Phys-
ical activity was recorded approximately 2 weeks after admission
to the psychiatric department. At the same time, psychopathol-
ogy was assessed using the positive and negative syndrome scale
(PANSS) (20). Most patients were medicated (71% received atyp-
ical antipsychotics, 18% received mixed medication of typical and
atypical antipsychotics, 6% received only typical antipsychotics,
and 5% were medication-free at the time of our assessments).
Chlorpromazine equivalents (CPZ) of the current antipsychotic
pharmacotherapy were calculated according to Woods (21). In
addition, diazepam equivalents (DE) were calculated according to
Ashton (22). The protocols of the studies applying wrist actig-
raphy in schizophrenia spectrum disorders had been approved
by the local ethics committee and participants provided written
informed consent prior to study inclusion.
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ACTIGRAPHY
Participants wore an actigraph (Actiwatch, Cambridge Neurotech-
nology, Inc., Cambridge, UK) for 24 consecutive hours at the wrist
of the non-dominant arm. The piezoelectric sensor converts accel-
eration into movement counts. Data were sampled in 2 s intervals.
Participants provided sleep log information and information on
recording pauses (due to showering or bathing). Only the data
collected during wakeful periods of the 24 h recording time were
analyzed. Activity counts were averaged to provide the activity level
(AL) in counts/h.

STATISTICAL ANALYSES
Demographic and clinical parameters were compared between
groups by one-way ANOVAs and χ2-tests. Since groups differed
in the PANSS negative syndrome subscale score, age, and CPZ
dosage, these variables were entered as covariates in an ANCOVA
of AL. Furthermore, as the group of first episode patients included
a large proportion of patients with schizophreniform disorder,
we recalculated the ANCOVA excluding all patients with schizo-
phreniform disorder. In order to test the additional effects of illness
duration and benzodiazepine administration, we recalculated the
ANCOVA first including duration of illness, negative symptoms,
and CPZ as covariate and second including duration of illness,
negative symptoms, CPZ, and DE as covariates. Furthermore, we
compared AL in patients with different medication types (typical
antipsychotics, atypical antipsychotics, and mixed medication).
Next, clinical and demographic variables were correlated with AL
for both groups separately. Because of the divergent results, we
also calculated the interaction of CPZ and group on AL using
an ANCOVA in the whole sample. Besides the classical PANSS
subscores, we also tested the five PANSS factors according to van
der Gaag and colleagues (23) (positive, negative, disorganization,
excitement, and emotional distress), and the avolition score (sum
of items N2+N4) according to Bervoets et al. (24). All tests were
performed with SPSS 21.

RESULTS
Gender distribution was not different between groups (first
episode patients 61% male, multiple episode patients 57% male,
χ2
= 0.175, df= 1, p= 0.696).
First episode patients had increased AL, were younger, received

lower doses of antipsychotics and had a trend to reduced PANSS
negative scores (see Table 1). Furthermore, first episode patients
had reduced scores in the PANSS factors negative, disorganization,
and excitement (23), as well as the PANSS avolition score (24).

The difference in AL between groups remained when adding the
PANSS negative syndrome subscale score, age, and CPZ as covari-
ates (F = 6.2, df= 4, p < 0.001, η2

=0.15). Furthermore, including
duration of illness, negative symptoms, and CPZ as covariate
did not substantially alter the results (F = 4.53; df= 4; p= 0.002;
η= 0.12). Moreover, differences in AL between groups remained
stable with the inclusion of duration of illness, negative symptoms,
CPZ, and DE as covariates (F = 4.23; df= 5; p= 0.001; η= 0.13).
Likewise, the difference in AL between groups remained when all
subjects with schizophreniform disorder were excluded from the
ANCOVA (F = 4.2, df= 4, p= 0.003, η2

= 0.13) with the PANSS
negative syndrome subscale score, age, and CPZ as covariates.

Table 1 | Clinical and demographic characteristics.

First

episode

patients

(n = 33)

Multiple

episode

patients

(n = 115)

F -value p-Value

Activity level (counts/h) 18057 (9194) 13551 (7047) 9.7 0.002

Age (years) 31.9 (12.5) 39.6 (11.2) 15.4 <0.001

Duration of

illness (years)

1.7 (3.2) 12.7 (10.2) 30.9 <0.001

CPZ (mg) 360.2 (341.2) 530.5 (399.9) 3.9 0.049

DE (mg) 6.3 (10.5) 5.0 (10.1) 0.6 0.547

PANSS positive

subscale

13.4 (4.6) 15.7 (5.6) 1.5 0.226

PANSS negative

subscale

15.9 (6.5) 18.1 (6.2) 3.2 0.078

PANSS total score 61.1 (15.8) 68.7 (16.2) 5.5 0.020

PANSS avolition 4.0 (2.2) 5.0 (2.2) 5.3 0.022

PANSS factor positive 16.1 (7.1) 17.7 (6.6) 1.4 0.239

PANSS factor negative 15.2 (7.8) 18.3 (7.0) 4.6 0.033

PANSS factor

disorganization

20.9 (5.7) 24.2 (6.6) 6.6 0.011

PANSS factor

excitement

13.2 (3.9) 15.4 (5.3) 5.1 0.026

PANSS factor emotional

distress

14.7 (6.1) 16.0 (5.5) 1.4 0.242

Numbers are given as mean (SD).

Finally, AL did not differ between groups with distinct antipsy-
chotic medication (typical, atypical antipsychotics, and mixed
medication) (F = 0.96; df= 2; p= 0.386; η= 0.01).

Correlations between AL and clinical parameters are given in
Table 2. Associations with measures of the negative syndrome were
more dominant in the patients with multiple episodes. Groups
differed in the correlation of CPZ and AL, with significant effects
in first episode patients and no effects in patients with multiple
episodes (ANCOVA of AL with intercept between CPZ and group
F = 11.3, df= 1, p < 0.001, η2

= 0.07).

DISCUSSION
In the present study, we were able to demonstrate that patients in
a first episode of schizophrenia spectrum disorders have higher
physical activity than patients with multiple episodes. This result
held true after controlling for negative symptoms, age, dosage of
antipsychotics, and administration of benzodiazepines. Further-
more, it was still evident after excluding patients with schizo-
phreniform disorder. Thus, we are confident that there is a true
difference in physical activity between the groups beyond other
major differences that are related to illness duration. Of course,
the magnitude of the effect was small to medium in size as there
are also other factors contributing to physical activity besides age,
chronicity, and negative symptoms, such as lifestyle habits and
physical constitution. Still, the mean AL value of the first episode
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Table 2 | Correlation between activity level and clinical parameters.

First

episode

patients

Multiple

episode

patients

r p r p

Age −0.21 0.251 −0.19 0.038

CPZ −0.46 0.008 0.08 0.411

DE −0.03 0.893 −0.29 0.002

PANSS positive syndrome score 0.07 0.698 0.13 0.163

PANSS negative syndrome score −0.02 0.910 −0.29 0.001

PANSS total score −0.07 0.708 −0.17 0.070

PANSS avolition factor −0.38 0.031 −0.29 0.002

PANSS positive factor −0.05 0.784 −0.01 0.897

PANSS negative factor −0.33 0.064 −0.32 <0.001

PANSS disorganization factor 0.32 0.073 −0.08 0.399

PANSS excitement factor −0.04 0.835 −0.08 0.418

PANSS emotional distress factor −0.05 0.800 −0.13 0.183

patients is close to the mean of AL reported in different samples
of healthy controls, e.g., 18000–21000 counts/h (8, 15, 25). Fur-
thermore, subjects at ultra high risk for psychosis were shown to
have reduced ALs at trend level compared to matched controls
(26). Thus, even though the AL of first episode patients might
still be slightly reduced compared to age matched controls, AL
appear comparable to those of healthy control groups with wider
age ranges. Our finding is in line with the observation that motor
abnormalities are present from the first episode of schizophrenia
spectrum disorders but tend to deteriorate with the progression
of the disorder (2, 5). Likewise, neurocognitive measures of fine
motor performance have indicated impairments in first episode
patients and even more in chronic patients (27). However, it
remains unknown, which factors drive the reduction of physical
activity in patients with multiple episodes. Clearly, negative symp-
toms are related to reduced physical activity (8–10). In addition,
the use of catatonia rating scales such as the modified Rogers scale
(28) indicated that the frequency of the item “marked underactiv-
ity” was increased in a mixed sample of schizophrenia spectrum
disorder patients as compared to first episode patients (28 vs. 9%)
(11, 29). In general, motor abnormalities are prevalent in the early
course but increase in frequency with multiple episodes. In many
instances, it is hard to disentangle the multiple causes of hypoki-
nesia, such as catatonia, parkinsonism, or reduced volition, i.e.,
negative symptoms (2). If reduction of physical activity was an
indicator of deterioration, it would well fit in the observation of
clinical deterioration within the first 2–5 years after the onset of
schizophrenia spectrum disorders (1). First evidence suggests that
hypokinesia due to parkinsonism in first episode patients was pre-
dictive of poor cognitive function after 6 months (30). However,
schizophrenia presents with a heterogeneous longitudinal course
and deterioration of symptoms is not everyone’s fate (31).

Another important finding of the present study is the inter-
action of antipsychotic dosage and group on AL. Whereas, in
multiple episode patients, we were unable to find a correlation
of AL and CPZ, increased antipsychotic dosage was related to

lower AL in first episode patients. Here, we may speculate that
in first episode patients in the absence of marked negative symp-
toms, parkinsonism, or catatonia, antipsychotic agents may exert
more impact on the overall motor activity. However, this view is
partly challenged by the fact that antipsychotic agents ameliorate
most psychomotor impairments in previously naïve first episode
patients, including hypokinesia, parkinsonism, and catatonia (11).
Still, the various antipsychotic agents currently used may exert
differential effects on physical activity or spontaneous, i.e., preex-
isting motor symptoms. So far, only few reports exist investigating
the effect of different antipsychotic agents on motor behavior in
previously unmedicated subjects (32). However, we found no dif-
ferences of AL in patients with different medication types (typical,
atypical antipsychotics, and mixed medication).

In line with previous reports, reduced motor activity was asso-
ciated with negative symptoms in both first episode and chronic
schizophrenia spectrum disorders (8, 9). Also, reduced tongue
movements were demonstrated to correlate with negative symp-
toms in first episode patients (33). Likewise, hypokinesia was
associated with negative symptoms in first episode patients (11).
In chronic schizophrenia, various measures of hypokinesia have
demonstrated correlations with negative symptom severity, par-
ticularly the initiation of movements seems affected (2, 24, 29, 34,
35). As in one previous report, the avolition component of the
negative syndrome displayed strongest correlations with sponta-
neous motor activity (8). Thus, our data support the assumption
that actigraphy may particularly well suited to assess motivational
aspects of the negative syndrome. Finally, exercise interventions
have regained interest in schizophrenia targeting various problems
of these patients, such as metabolic, cognitive, and social problems
(36). First controlled studies reported positive effects of exer-
cise interventions on negative symptoms and working memory
in schizophrenia (37).

This study has some limitations requiring discussion. We have
used data from a database to answer the research question. The
methods of actigraphy and PANSS assessment were the com-
mon ground. If we had to conduct a new study on this topic,
we would include more standardized measures of motor function
focusing on parkinsonism and catatonia. Parkinsonism and cata-
tonia may have influenced AL (2, 38). However, both symptoms
are frequently present in patients with a first psychotic episode
and in patients with multiple episodes (11). Still, these symptoms
might be more frequent in patients with a chronic course of the
disease (14). However, treatment with antipsychotics shows a het-
erogeneous effect on parkinsonism and catatonia in previously
antipsychotic naïve patients: in some patients, these symptoms
are ameliorated by treatment, in others they tend to emerge or
deteriorate during pharmacotherapy, while in a third group symp-
toms remain unchanged with antipsychotic medication (32). In
addition, there are better scales to assess negative symptoms (39).
Still, the PANSS is a commonly used instrument, which aids data
interpretation. Finally, we did not measure depressive symptoms,
even though, depression might affect ALs. Patients with major
depression move less than healthy controls (40). Still, in a pre-
vious investigation, we found only weak associations in major
depressed patients between depression severity as assessed by the
Hamilton depression rating scale (HAMD) and AL (41). However,
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taking the emotional dysregulation factor according to van der
Gaag (23) as a substitute parameter for depression, we failed to
identify correlations with AL in any of the two groups.

In conclusion, we demonstrated that first episode patients have
higher physical activity than patients with multiple episodes. The
finding underlines that functional deterioration including reduced
motor activity frequently occurs beyond the first episode. Thus,
future studies should evaluate whether this reduction may be tar-
geted by pharmacotherapy or specialized programs to promote
physical exercise in schizophrenia (36, 42).
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Schizophrenia is associated with heterogeneous course of positive and negative symp-
toms. In addition, reduced motor activity as measured by wrist actigraphy has been
reported. However, longitudinal studies of spontaneous motor activity are missing. We
aimed to explore whether activity levels were stable within and between psychotic
episodes. Furthermore, we investigated the association with the course of negative symp-
toms. In 45 medicated patients, we investigated motor behavior within a psychotic episode.
In addition, we followed 18 medicated patients across 2 episodes. Wrist actigraphy and
psychopathological ratings were applied. Within an episode symptoms changed but activ-
ity levels did not vary systematically. Activity at baseline predicted the course of negative
symptoms. Between two episodes activity recordings were much more stable. Again,
activity at the index episode predicted the outcome of negative symptoms. In sum, spon-
taneous motor activity shares trait and state characteristics, the latter are associated with
negative symptom course. Actigraphy may therefore become an important ambulatory
instrument to monitor negative symptoms and treatment outcome in schizophrenia.

Keywords: actigraphy, psychosis, negative symptoms, PANSS, avolition

INTRODUCTION
Schizophrenia is characterized by positive symptoms, nega-
tive symptoms, and disorganization. Furthermore, cognitive and
motor symptoms have been identified as relevant symptom clus-
ters of schizophrenia. In fact, the current DSM5 concept of
psychoses proposed eight dimensions of psychopathology to be
assessed in subjects with schizophrenia, including motor symp-
toms (1). Schizophrenia is further associated with particular het-
erogeneity in course and outcome (2, 3). Generally, symptoms
ameliorate during the course of a psychotic episode; however, neg-
ative symptoms do not respond as well to treatment as positive
symptoms and disorganization too (4, 5). In longitudinal stud-
ies over years, negative symptoms generally tend to be stable (5,
6). However, findings of a recent meta-analysis suggest that neg-
ative symptoms may improve to a greater extent than what has
previously been assumed (7).

Motor signs in schizophrenia include catatonia, neurological
soft signs, psychomotor slowing, and extrapyramidal symptoms,
i.e., abnormal involuntary movements, akathisia, and parkinson-
ism (8, 9). These motor symptoms are prevalent throughout the
course of the disorder and may be affected by antipsychotic treat-
ment. Particularly, gross motor behavior is important in schizo-
phrenia; it is linked with medication, symptom dimensions, and
relevant for physical health (10, 11). Spontaneous motor activ-
ity may be objectively assessed with continuous wrist actigraphy
(12). A number of parameters can be calculated from actigraphy
data, such as the activity level (AL; activity counts per hour), the
movement index (MI; percentage of active periods), or the aver-
age duration of immobility periods (12). However, it was the AL

that was associated with negative syndrome severity (13–15) and
neuroimaging markers (16–18). In general, schizophrenia patients
have reduced levels of daytime activity compared to healthy con-
trol subjects (15, 17, 19, 20). One study performed actigraphic
recordings for seven consecutive days (19). Their graphs indicate
rather stable measurements throughout a week, even though no
statistical test had been applied to explore temporal fluctuations.
Actigraphy has been used for cross-sectional comparisons of spon-
taneous motor behavior in schizophrenia; however, no study has
addressed the longitudinal course within or even between psy-
chotic episodes. Studies on motor abnormalities in first episode
and chronic schizophrenia indicate that most motor symptoms
including hypokinesia are attenuated by antipsychotic treatment
within 4 weeks (21, 22). Therefore, we could assume that sponta-
neous motor activity is subject to changes within an episode. The
longitudinal course of motor signs over more than a few weeks
has only rarely been addressed. Few longitudinal studies included
finger tapping and found no changes over time (23). Docx et al.
report amelioration of catatonia and neurological soft signs in sta-
ble patients over 1 year (24). Likewise, neurological soft signs tend
to decrease within the first year in schizophrenia (25).

The current study aimed at testing whether spontaneous motor
activity would change during the course of a psychotic episode as
well as during the course between two psychotic episodes. Fur-
thermore, we wanted to investigate whether spontaneous motor
activity at baseline would predict the course of symptoms in schiz-
ophrenia. The literature suggests wide distribution of activity levels
between subjects with schizophrenia (15, 17). We hypothesized
that a considerable proportion of the variance was stable over
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time (trait motor activity) and that some of the variable motor
activity was state dependent and linked to negative symptoms of
schizophrenia.

MATERIALS AND METHODS
PARTICIPANTS
Participants were recruited from the inpatient and outpatient
department of the University Hospital of Psychiatry, Bern, Switzer-
land. This investigation includes data from three different studies
that all used the same actigraphy procedures. Diagnoses were given
after thorough clinical examination and review of all case files by
board certified psychiatrists. The local mental health care system
ensures that most of the patients are admitted to our clinic in
every psychotic episode requiring inpatient treatment, allowing
the collection of reliable diagnostic information. In a proportion
of studies that contributed data to this analysis, the diagnoses
were ascertained by structured clinical interviews (both SCID and
MINI; 27% of cases). Patients were excluded in case of substance
abuse other than nicotine, medical conditions affecting physical
activity (e.g., injuries such as fractures or ligament ruptures and
conditions such as idiopathic parkinsonism, arthrosis, or rheuma-
tism) and epilepsy. Physical activity was recorded approximately
2 weeks after admission to the psychiatric department (24 h at each
assessment time point). At the same time, psychopathology was
assessed using the positive and negative syndrome scale (PANSS)
(20). In the within-episode sample, actigraphy and PANSS assess-
ments were repeated after the acute symptoms had been allevi-
ated. In the between episodes sample, assessments were repeated
within the first 2 weeks of the subsequent inpatient treatment due
to a psychotic episode. Episode and inter-episode interval have
been defined according the practice guidelines developed by the
American Psychiatric Association codified a three-phase model
of schizophrenia disease course, with the recognition that these
phases“merge into one another without absolute, clear boundaries
between them” (26). According to this model, the “acute phase,”
characterized by florid psychosis and severe positive and/or nega-
tive symptoms, which is followed by a “stabilization phase,” during
which symptoms recede and decrease in severity, and a subsequent
“stable phase” with reduced symptom severity and relative symp-
tom stability. In detail, the stable phase reflects the inter-episode
interval while the acute phase including the stabilization phase
has been defined as episode and within-episode interval (26, 27).
Chlorpromazine equivalents (CPZ) of the current antipsychotic
pharmacotherapy were calculated according to Woods (21). The
protocols of the studies applying wrist actigraphy in schizophrenia
spectrum disorders had been approved by the local ethics commit-
tee and participants provided written informed consent prior to
study inclusion.

Within-episodes sample
In total, 45 patients (28 men and 15 women) were included with
an average period between measurements of 42 days. Mean age
was 36.9± 9.5 years, mean duration of illness 11.1± 10.7 years.
Patients experienced 6.8± 6.6 episodes. The majority was treated
with antipsychotics (94%; aripiprazole, clozapine, quetiapine,
risperidone, olanzapine, haloperidol, amisulpride, zuclopenthixol,
and flupenthixol), most of them atypical (91%).

Between episodes sample
In total, 18 patients (13 men and 5 women) were included with
an average period between episodes of 639 days (4 subjects of the
within-episode sample were also included in the between episode
sample). Mean age was 34.7± 10.5 years, mean duration of ill-
ness 8.7± 8.0 years. Patients experienced 6.9± 7.2 episodes. All
patients received antipsychotic treatment (aripiprazole, clozapine,
quetiapine, risperidone,olanzapine,haloperidol, and amisulpride)
with predominantly atypical antipsychotics (index episode 83%,
later episode 94%).

ACTIGRAPHY
Participants wore an actigraph (Actiwatch, Cambridge Neurotech-
nology, Inc., Cambridge, UK) for 24 consecutive hours at the wrist
of the non-dominant arm. The piezoelectronic sensor converts
acceleration into movement counts. Data were sampled in 2 s
intervals. Participants provided sleep log information and infor-
mation on recording pauses (due to showering or bathing). Only
the data collected during wakeful periods of the 24 h recording
time were analyzed. Activity counts were averaged to provide the
AL in counts/h.

STATISTICAL ANALYSES
Positive and negative syndrome scale scores were used to calcu-
late two factors of negative symptoms as in previous studies (15,
28, 29): the expressivity factor including items N1 (blunted affect)
and N6 (lack of spontaneity and flow of conversation) and the
avolition factor including items N2 (emotional withdrawal) and
N4 (passive/apathetic social withdrawal). Longitudinal compar-
isons of clinical and actigraphic parameters were calculated using
paired T -tests. To test the explained variance, we entered AL base-
line as predictor of a linear regression model of AL post. In both
cohorts, we detected wide variability of AL changes. Using Pear-
son correlations, we explored associations between AL at baseline
and clinical parameters at baseline and in the longitudinal course.
Next, we aimed at testing groups according to their baseline AL
values. In order to test the longitudinal course of PANSS scores
according to baseline motor activity, we defined groups applying
the 33rd and 66th percentile of the baseline AL in both cohorts.
Group comparisons (low, medium, and high AL) were conducted
using repeated measures ANOVAs. Post hoc analyses were Sidak
corrected for multiple comparisons. All analyses were conducted
with SPSS22.

RESULTS
WITHIN EPISODES
Within psychotic episodes longitudinal AL changes were wide-
ranged. Paired T -tests of AL baseline and AL post indicated no
change (see Table 1). However, only 28% of the patients had stable
AL, i.e., AL changed by <20%. AL post ranged 35–272% of the
AL at baseline. In contrast, PANSS positive and PANSS total scores
were attenuated, a trend for improvement was detected in PANSS
negative scores (see Table 1). Interestingly, baseline AL inversely
correlated at trend level with% of change of activity (r =−0.286;
p= 0.063), indicating that the less patients move at baseline the
more likely AL changes within episodes. However, the magnitude
of change from baseline AL was not predictive of the longitudinal
course of PANSS scores (r-range:−0.17–0.10).
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Table 1 | PairedT -tests within episode.

Baseline Post T df p r

AL (counts/h) 13735±7274 13544±8128 0.2 42 0.870 0.52

PANSS positive 17.1±5.8 13.1±4.8 4.3 42 <0.001 0.34

PANSS negative 18.4±6.8 16.4±6.2 1.7 42 0.099 0.30

PANSS avolition 5.3±2.2 4.9±2.4 0.8 42 0.406 0.10

PANSS expressivity 5.5±3.0 5.0±2.3 1.4 42 0.181 0.56

PANSS total 69.5±16.6 59.0±15.9 3.4 42 0.001 0.24

CPZ (mg) 543±401 531±435 0.2 42 0.807 0.69

Table 2 | Repeated measures ANOVAs within episode.

AL baseline group Time Group Time×group

Low Medium High F p F p F p

AL Baseline 7742±1178 11077±1469 22577±6016 0.3 0.863 47.2 <0.001 0.8 0.455

Post 9096±4684 11329±4174 20366±9781

PANSS positive Baseline 14.5±4.9 19.5±6.1 17.3±5.7 17.7 <0.001 5.1 0.011 0.03 0.967

Post 10.8±3.6 15.3±5.0 13.0±4.8

PANSS negative Baseline 21.9±6.9 19.3±5.6 13.9±5.7 3.3 0.078 4.1 0.025 3.5 0.039

Post 15.8±5.7 18.5±7.4 14.8±5.2

PANSS avolition Baseline 6.2±2.6 5.6±1.9 4.1±1.6 0.9 0.357 1.5 0.230 4.5 0.017

Post 4.0±2.3 5.7±2.4 5.0±2.3

PANSS expressivity Baseline 7.5±3.0 5.3±2.8 3.7±2.0 2.3 0.134 5.2 0.010 4.8 0.014

Post 5.4±2.2 5.5±2.7 3.9±1.9

PANSS total Baseline 69.8±12.9 76.9±20.5 61.4±11.7 11.9 0.001 4.6 0.016 1.1 0.339

Post 53.6±15.4 66.2±16.0 56.6±14.3

AL: high > low (p < 0.001) and high > medium (p < 0.001) post hoc Sidak tests.

Activity level at baseline predicted AL post (R2
= 0.26, F = 15.0,

p < 0.001). AL baseline correlated with PANSS negative base-
line (r =−0.53, p < 0.001). Furthermore, AL post correlated with
PANSS negative at both time points (PANSS negative baseline:
r =−0.39, p= 0.011; PANSS negative post: r =−0.35, p= 0.021).
Therefore, we explored whether AL baseline would indicate lon-
gitudinal changes in psychopathology. AL baseline was used to
define three groups based on percentile rankings (33rd and 66th
percentiles), i.e., low, medium, and high AL baseline. The three
patient groups did not differ in terms of age (F = 1.3, df= 2,
p= 0.294), duration of illness (F = 1.4, df= 2, p= 0.258), num-
ber of episodes (F = 1.2, df= 2, p= 0.311), CPZ (F = 0.01, df= 2,
p= 0.992), and the time between measurements (F = 0.5, df= 2,
p= 0.609). Time effects were strong for PANSS positive and total
scores, indicating attenuation of symptoms during the episode
(see Table 2; Figure 1). Significant group× time interactions were
detected only for the measures of the negative syndrome: PANSS
negative scores, avolition, and expressivity scores decreased sig-
nificantly only in the group with low AL at baseline (T = 3.4,
p= 0.005; T = 2.7, p= 0.019; T = 3.2, p= 0.006), while in the
other groups negative syndrome scores remained stable.

BETWEEN EPISODES
Between episodes, AL was more stable than within episodes. In
fact, 50% of the patients had AL changes of ±20%. AL at the

later episode ranged 40–167% of AL at the index episode. Like-
wise, PANSS scores were similar between episodes (see Table 3),
except a trend for deterioration in the PANSS avolition score.
AL at index episode predicted AL at the later episode (R2

= 0.65,
F = 30.0, p < 0.001). Neither AL at index episode nor AL at a later
episode correlated significantly with PANSS scores. Still, when the
group was divided according to AL at index episode (low, medium,
high AL), we detected a significant group effect on PANSS nega-
tive scores, as well as a trend to a time× group interaction (see
Table 4; Figure 2). Negative syndrome scores increased between
episodes in patients with high AL at index episode (T =−2.6,
p= 0.047) and at trend level also in patients with low AL at index
episode (T =−2.1, p= 0.095). Likewise, avolition scores increased
at trend level in the group with high AL at index episode (T =−2.7,
p= 0.052). In the group with low AL at index episode, we found
single PANSS negative items to increase over time at trend level:
N1 (blunted affect, p= 0.076) and N3 (poor rapport, p= 0.076).
In the group with high AL at index episode, we found trends for
changes of the items N2 (emotional withdrawal, p= 0.070) and
N6 (lack of spontaneity, p= 0.070).

DISCUSSION
The present study explored the longitudinal course of spontaneous
motor activity in schizophrenia. Results indicate considerable vari-
ance within psychotic episodes and stability of activity levels
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FIGURE 1 | Within-episode course of activity and psychopathology (n=45) lines indicate mean±SE.

Table 3 | PairedT -tests between episodes.

Index episode Later episode T df p r

AL (counts/h) 15472±10152 13591±7474 1.3 17 0.203 0.81

PANSS positive 13.3±5.1 14.6±6.0 −1.4 17 0.183 0.77

PANSS negative 17.7±7.6 19.6±7.7 −1.1 17 0.274 0.67

PANSS avolition 4.1±2.0 5.5±3.2 −2.1 17 0.051 0.53

PANSS expressivity 5.5±3.1 6.1±2.9 −1.0 17 0.351 0.69

PANSS total 60.0±16.1 65.4±16.1 −1.2 17 0.253 0.29

CPZ (mg) 440±305 608±387 −1.8 17 0.092 0.36

Table 4 | Repeated measures ANOVA between episodes (n=18).

AL index group Time Group Time×group

Low Medium High F p F p F p

AL Index 6870±1669 13241±2623 26305±10256 2.4 0.143 13.0 0.001 4.1 0.038

Later 7263±3211 14016±4016 19495±8567

PANSS positive Index 15.5±7.3 11.8±3.8 12.7±3.6 1.9 0.189 0.7 0.522 0.86 0.442

Later 15.8±5.4 12.3±6.4 15.7±6.7

PANSS negative Index 17.7±7.9 17.2±7.4 18.2±8.9 1.6 0.231 4.1 0.025 2.9 0.088

Later 22.0±9.3 14.3±2.3 21.7±8.1

PANSS avolition Index 4.7±2.7 4.0±2.0 3.4±0.9 4.8 0.047 0.6 0.539 1.7 0.217

Later 6.3±4.1 3.8±2.0 6.2±2.7

PANSS expressivity Index 5.5±2.9 5.8±3.0 5.2±3.8 0.8 0.396 0.1 0.880 1.4 0.273

Later 7.0±3.6 5.0±1.2 6.0±3.4

PANSS total Index 62.3±17.9 55.3±17.5 62.3±15.3 1.3 0.275 1.5 0.264 0.3 0.751

Later 69.5±15.4 55.7±13.7 71.0±16.9

AL: high > low (p < 0.001) and high > medium (p=0.028) post hoc Sidak tests.

between episodes. Furthermore, within-episodes baseline activity
predicted the outcome of negative symptom severity. Therefore,
our hypotheses were confirmed: spontaneous motor activity in
schizophrenia has trait and state characteristics; the latter are
associated with the negative syndrome.

WITHIN-EPISODE VARIANCE
Activity levels for the whole group demonstrated considerable
variance, only 26% of the variance of AL post were predicted
by AL at baseline. When we split the sample into three similar
sized groups according to the baseline AL, we found no changes
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FIGURE 2 | Between episode course of activity and psychopathology (n=18) lines indicate mean±SE.

over time; instead, group differences remained throughout the
episode. This stability of motor activity is congruent with the
observations over 1 week (19). However, other motor signs in
schizophrenia are attenuated by antipsychotic treatment. This is
true for abnormal involuntary movements and neurological soft
signs but also for hypokinesia, parkinsonism, and catatonia (21,
22, 25). Particularly, when hypokinetic movement disorders were
ameliorated, we could expect an increase in AL within an episode.
Our findings fail to support this notion. As noted above, there
was considerable variance in the longitudinal course of AL within
an episode. Peralta and Cuesta reported in their sample of 100
unmedicated first episode patients that 21% had parkinsonism
and 18% catatonia at baseline (30). The two hypokinetic move-
ment disorders demonstrated distinct courses with antipsychotic
treatment; parkinsonism increased and catatonia declined within
4 weeks. Interestingly, for both syndromes, cases were identified
who had drug emergent, drug responsive, and drug irresponsive
courses (30). Therefore, patients can present with very different
courses of movement disorders, which may explain our finding of
stable AL in the paired T -test and only 26% of explained variance
between assessments.

Activity level at baseline separated the groups according to
negative syndrome severity. As in previous studies, lower AL was
associated with increased negative syndrome scores (13–15). Fur-
thermore, the groups differed in the course of negative syndrome.
Patients in the low AL group experienced a pronounced decrease
of negative syndrome scores within the episode, while the other
groups did not. This finding was true for both, the avolition
and the expressivity component of the PANSS negative syndrome
score. Baseline AL may therefore predict who will have a higher
probability of reduced negative symptoms with treatment. In
line with the literature, within episodes in general PANSS pos-
itive and total scores decreased more than negative scores with
antipsychotic treatment (4, 5, 31). In contrast, the avolition score
remained stable (5, 32). Therefore, avolition may represent the
invariant component of negative symptoms while other negative
symptoms tend to improve (32). Interestingly, specifically deficits
of “action-orientation” (slowing of the initiation of fine motor

movements) have been associated with avolition (29). Likewise,
problems of initiation of goal directed behavior might have led to
psychomotor slowing in our study. Avolition is a critical com-
ponent of the negative syndrome in schizophrenia, linked to
impaired motivation and poor functional outcome (33). Mea-
sures of avolition are correlated with reduced AL in schizophrenia
(15, 34). Because actigraphy is a well-accepted, ambulatory, and
non-invasive way of obtaining objective data on spontaneous
movement, it should be applied in larger pharmaceutical trials
on negative symptoms in schizophrenia. At the very least, it could
help to identify subjects at baseline with increased likelihood of
responding to treatments for negative symptoms.

BETWEEN EPISODES STABILITY
Between two psychotic episodes AL was much more stable (65%
explained variance) than within an episode. The time× group
interaction indicated regression to the mean for AL in the lon-
gitudinal course. Our results argue for a trait component in AL
in schizophrenia. Data on the long-term course of other motor
phenomena are scarce and produced mixed results. Studies on
neurological soft signs found subjects with increasing and subjects
with decreasing symptoms (24, 25). The patients with increas-
ing soft signs had poorer overall outcome (25). Catatonia was
found to be reduced within 1 year even in chronic schizophrenia,
but parkinsonism and motor retardation were unchanged (24). In
contrast, cross-sectional reports of motor function in schizophre-
nia (chronic vs. first episode) noted generalized deterioration with
ongoing course (35). Still, longitudinal studies of motor behavior
during multiple episodes are missing.

Long-term studies starting in the first psychotic episodes indi-
cate that considerable proportions of negative symptoms remain
unchanged over several years (5, 6, 32). Again, avolition was most
stable among the negative symptoms (5, 32). In our study, both
positive and negative symptom scores displayed no time effect
in the whole group, which may be accounted for by the small
sample size. Still, correlations between index and later episode
were strong for both syndromes. However, the avolition score
indicated overall deterioration of this component of negative
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symptoms. In patients with high AL at baseline, single PANSS
negative items emotional withdrawal (N2) and lack of spontane-
ity (N6) indicated deterioration at trend level in this group. Again,
we noted an effect of AL on negative syndrome scores with a
significant group effect and a group× time interaction at trend
level. Here, patients with higher AL at index episode increased
their negative syndrome scores between episodes. This is particu-
larly interesting as the negative syndrome scores at baseline were
similar between groups. Thus, only our measure of spontaneous
motor activity had predictive value for negative syndrome scores.
Again, results must be interpreted with caution due to the small
groups.

LIMITATIONS
This was a truly naturalistic study design, which is not able to
detect longitudinal changes associated with specific drug effects.
There are various effects that may have contributed to the observed
changes. Medication may have heterogeneous effects on motor
activity (36). The observation period could not be standardized.
In addition, the sample sizes were small, particularly for the inter-
episode comparison. Thus, we may have missed effects due to
type-II errors. In addition, diagnoses were given after thorough
clinical psychiatric examination and chart review; however, struc-
tured clinical interviews (both SCID and MINI) were only applied
in a proportion of (27% of cases) patients. We assessed negative
symptoms with the PANSS negative syndrome scale and PANSS
factors for avolition and expressivity. Additional negative scales
such as the scale for the assessment of negative symptoms (SANS)
(37) or the clinical assessment interview for negative symptoms
(CAINS) (38) were not applied. Finally, future studies could
include measures of motor syndromes such as catatonia, neurolog-
ical soft signs, and parkinsonism to account for differential effects
of medication on motor signs (30). In sum, we think our results
are encouraging for large randomized controlled trials focusing
on negative symptoms in schizophrenia.

CONCLUSION
Spontaneous gross motor behavior in schizophrenia shares trait
and state characteristics. Within-episodes motor activity varies
with negative syndrome scores, while between psychotic episodes
motor activity remains stable. Wrist actigraphy should be consid-
ered as objective ambulatory non-invasive instrument to monitor
the effects of treatment on negative symptoms.
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Objective: Speed of processing, one of the main cognitive deficits in schizophrenia is most
frequently measured with a digit–symbol-coding test. Performance on this test is addition-
ally affected by writing speed and the rate at which symbol–digit relationships are learned,
two factors that may be impaired in schizophrenia.This study aims to investigate the effects
of sensorimotor speed, short-term learning, and long-term learning on task performance in
schizophrenia. In addition, the study aims to explore differences in learning effects between
patients with schizophrenia and elderly individuals.

Methods: Patients with schizophrenia (N = 30) were compared with age-matched healthy
controls (N =30) and healthy elderly volunteers (N =30) during the Symbol–Digit Sub-
stitution Test (SDST). The task was administered on a digitizing tablet, allowing precise
measurements of the time taken to write each digit (writing time) and the time to decode
symbols into their corresponding digits (matching time). The SDST was administered on
three separate days (day 1, day 2, day 7). Symbol–digit repetitions during the task repre-
sented short-term learning and repeating the task on different days represented long-term
learning.

Results: The repetition of the same symbol–digit combinations within one test and
the repetition of the test over days resulted in significant decreases in matching time.
Interestingly, these short-term and long-term learning effects were about equal among
the three groups. Individual participants showed a large variation in the rate of short-term
learning. In general, patients with schizophrenia had the longest matching time whereas
the elderly had the longest writing time. Writing time remained the same over repeated
testing.

Conclusion:The rate of learning and sensorimotor speed was found to have a substantial
influence on the SDST score. However, a large individual variation in learning rate should
be taken into account in the interpretation of task scores for processing speed. Equal learn-
ing rates among the three groups suggest that unintentional learning in schizophrenia and
in the elderly is preserved. These findings are important for the design of rehabilitation
programs for schizophrenia.

Keywords: symbol–digit substitution test, coding task, processing speed, implicit learning, schizophrenia

INTRODUCTION
Schizophrenia is a psychiatric disorder, characterized by positive
symptoms (e.g., hallucinations and delusions), negative symp-
toms (e.g., avolition and reduced emotional expressivity), and
severe cognitive disabilities. Since cognitive deficits in schizophre-
nia are significantly correlated to poor functional outcomes (1)
and quality of life (2), the development of pharmacological and

remediation techniques addressing these impairments could be
highly beneficial to the clinical outcome.

Cognition is not a single entity but can be divided into several
domains. In schizophrenia research, the areas of primary inter-
est are: processing speed, attention/vigilance, working memory,
verbal learning, visual learning, executive functioning and social
cognition (3). The combination of these domains may contribute
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differently to the overall clinical picture of cognitive decline in
schizophrenia. Experimental tasks that focus on isolating the rel-
ative influence of these specific cognitive domains are needed to
specify which deficits are most pronounced in order to provide a
targeted treatment.

Processing speed has been shown to be a very distinguishing and
reliable factor to characterize cognitive deficits in schizophrenia
(4). This parameter reflects the speed with which different cogni-
tive and sensorimotor functions are executed (5). Viewed from a
traditional experimental psychology perspective, processing speed
can be conceived as the total sum of three different stages of infor-
mation processing, namely perceptual analysis, response selection,
and response execution (6, 7).

Although there are several neuropsychological tests for mea-
suring reduced processing speed, a recent meta-analysis (8) has
demonstrated that a digit–symbol-coding task is the most sensitive
test to apply to patients with schizophrenia. Moreover, this meta-
analysis identified processing speed impairment as the largest
single deficit in the cognitive abilities of schizophrenia (8, 9).

Digit–symbol-coding tasks have been carried out in two dif-
ferent ways. In one version, the Digit–Symbol Substitution Test
(DSST), symbols have to be drawn under their corresponding dig-
its according to a key of digit–symbol combinations, provided at
the top of the sheet. The second version is the symbol-coding
subtest of the Brief Assessment of Cognition in Schizophrenia
included in the MATRICS Final Battery (7, 10). This task does
not require the drawing of symbols but rather the numerals (1–9)
have to be written as quickly as possible under the correspond-
ing symbols, which are presented in rows on the response sheet.
This version of the coding task has been called the Symbol–Digit
Substitution Test (SDST). In the present study, as in our previous
studies (5, 11), we have used the SDST in order to avoid draw-
ing unfamiliar graphic symbols, which requires a time consuming
process of motor planning.

In the measurement of processing speed using a digit–symbol-
coding task, at least two factors might play a considerable role.
First, digit–symbol-coding tasks have a strong sensorimotor com-
ponent (i.e., fine motor writing skills of the symbols or the digits).
A reduction in sensorimotor speed, characterized by a longer ini-
tiation and/or execution of graphic movements, might indeed
contribute substantially to low coding task performance. Previous
research by Morrens et al. has demonstrated that schizophrenia
patients display both sensorimotor and cognitive slowing and that
these two processes are unrelated to each other (11).

In addition to a possible sensorimotor component, a second
possible factor, which may influence the measurement of pro-
cessing speed is het effect of (implicit) learning of the specific
symbol–digit combinations. Learning is a well-known impairment
in schizophrenia (9, 12–14) in addition to processing speed. Once
the symbol–digit relationships are learned, it is no longer necessary
to rely on visual scanning of the key on top of the administration
sheet, rather working or episodic memory can be used instead for
the right response. This strategy might reduce the time in finding
the right response, resulting in an increased score on the test. There
may be large individual differences in the speed of learning these
symbol–digit relations and in their memory capacity. Similarly,
Bachman et al. (15) and Joy et al. (16) proposed that a reduced

cognitive processing speed in schizophrenia might be partially due
to a mnemonic deficit. Other studies on this topic concluded that
the contribution of memory to symbol–digit coding performance
might be relatively small but relevant (16).

However, many of these previous studies have used regression-
based approaches in which coding performance was correlated
with additional neuropsychological tests (15). In an older version
of the Wechsler Adult Intelligence Scale (WAIS-III), the Digit–
Symbol-coding test was even followed by an implicit learning test
to assess the recall of the symbol–digit relations (17). Bachman
et al. rightly argued for a complementary experimental approach
in which the symbol-coding task is manipulated to determine the
role that several sub-processes might play in coding tasks. How-
ever, a disadvantage of this latter approach is that changing the
task might have consequences for the relative contribution of these
sub-processes.

In this experimental study, the subjects’ pen movements were
recorded on a writing tablet under the test sheet in order to pre-
cisely measure the time taken to write each digit (writing time) as
well as the preceding time necessary to decode a symbol into its
corresponding digit (matching time). The task requires to write
the digits as quickly as possible; therefore, the writing time pro-
vides an estimate of sensorimotor speed whereas matching time
reflects the duration of the cognitive processes that are needed to
find or recall the digit that corresponds to the stimulus symbol.

Because matching time and writing time were registered for
every single digit, the decrease per symbol–digit combination
offers an estimate of both the rate and the amount of learning
within one (90 s) test administration. In addition, by administer-
ing the same test on three separate days, we were able to assess the
amount of long-term learning of the symbol–digit relations.

Schizophrenia has been previously hypothesized as a gen-
eralized syndrome of accelerated aging (18). Since the earliest
descriptions by Emil Kraepelin, schizophrenia has been referred
to as “dementia praecox,” literally meaning “a cognitive decline
in young age.” A number of studies have shown that process-
ing speed as measured by the SDST is a fundamental mediator
of age-related cognitive decline (19, 20). Therefore, comparing the
performance of schizophrenia patients to elderly individuals could
offer secondary, but valuable information as to what extent and in
which domains the cognitive decline in schizophrenia resembles
age-related cognitive impairment, referred to as “mild cognitive
impairment.” To our knowledge, a direct comparison of perfor-
mance on the SDST between schizophrenic and elderly individuals
has never been conducted.

In summary, the present study was set up to investigate the rela-
tive contribution of learning and sensorimotor speed during SDST
performance. Patients with schizophrenia, age-matched healthy
controls, and elderly volunteers were tested in order to assess dif-
ferent effects of these factors in the different groups. The first
hypothesis was that overall test performance would be lower in
schizophrenia patients compared with age-matched healthy con-
trols. In addition, it was expected that this study would replicate the
well-known findings of reduced writing speed in schizophrenia.
As visual and verbal learning and memory have been frequently
found to be impaired in patients with schizophrenia (7), it was
further hypothesized that the rate and amount of the learning of
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the symbol–digit relations would be reduced in the schizophrenia
patients. The comparison of schizophrenic and elderly individuals
was exploratory.

MATERIALS AND METHODS
STUDY DESIGN
Our study group consisted of 30 patients with stable schizophrenia,
30 age- and sex-matched control participants, and 30 sex-matched
elderly volunteers (aged 65–85 years). The SDST was adminis-
tered three times on three separate assessment days. The test
was conducted in accordance with the ethical principles that have
their origin in the Declaration of Helsinki and that are consistent
with Good Clinical Practices, applicable regulatory requirements,
and in compliance with the study protocol. This study was held
at the University Psychiatric Hospital Duffel, Belgium, and the
study protocol was reviewed and approved by the institute’s Ethics
Committee.

PARTICIPANTS
The previously mentioned test subjects were recruited from the
local community. Prior to the start of the study, they all provided
a written informed consent and their eligibility for this study was
assessed according to some inclusion and exclusion criteria. The
inclusion criteria for patients were: (1) being an in- or outpa-
tient with schizophrenia or schizoaffective disorder (DSM-IV), (2)
having a known history of schizophrenia for at least 12 months,
confirmed by the treating psychiatrist, and (3) receiving stable
antipsychotic drug therapy (maximally 2) for at least 6 weeks prior
to screening. The inclusion criteria for all participants were: (1)
being a man or woman between 18 and 55 years old (schizophre-
nia patients and young controls) or between 65 and 85 years old
(elderly volunteers) and (2) being medically stable.

The exclusion criteria applicable to all participants were (1)
having a DSM-IV diagnosis of substance dependence or abuse
within 3 months prior to screening evaluation (only caffeine
dependence was not exclusionary), (2) use of benzodiazepines, tri-
cyclic antidepressants, or anticholinergic medication, (3) having a
positive urine screen for drug abuse or a positive alcohol breath
test at screening on one of the test days, (4) having a clinically sig-
nificant acute illness within 7 days prior to screening. Since the use
of alcohol and drugs could potentially influence the study data, an
alcohol breath test and a urine drug screen were performed before
the start of each assessment day.

SYMBOL–DIGIT SUBSTITUTION TEST
The task was performed on two subsequent sessions (day 1 and
day 2) and a third time (day 7). The SDST was the first task to be
performed on every assessment day in a larger series of cognitive
tests, which will be published elsewhere. In order to avoid influ-
ences of the circadian rhythm, also the time on which the test was
administered was comparable for each subject.

The coding task required to translate 9 different symbols into
the digits 1–9 on five rows each consisting of 25 symbols, accord-
ing to a key of symbol–digit pairs, which was presented on top of
the task sheet. The same symbol–digit combinations were repeated
over the three session days. In line with our previous studies (5,
11, 21), we used the reversed version of the classical DSST where
the digits had to be written under the symbols, denoted by SDST.

We chose for this design in order to exclude the complication of
processes of motor planning by the drawing of complex graphic
symbols on SDST performance. The nine different symbols were
presented in blocks. The sequence in which they were presented
within each block was randomized.

A quiet environment was chosen to perform this task. The par-
ticipants were asked to decode the list of symbols one by one as fast
as possible within a preset 90s limit, based on the key above, writ-
ing the correct digit under the corresponding symbol on a sheet of
paper placed on a digitizing tablet (WACOM1218RE) with a spe-
cial pressure-sensitive normal-looking ballpoint pen. Pen position
was recorded at 200 Hz and with 0.2 mm spatial accuracy, and
stored on a standard personal computer. The signals were subse-
quently filtered by means of a fast-Fourier analysis. These digitized
recordings allowed the computation of separate matching- and
writing times.

Identical instructions were repeated each day, before the start
of the task. Feedback was not provided at the end of the session.
All subjects had to undergo a practice trial on the first assessment
day, consisting of filling in the last 10 symbol–digit pairs, allowing
them to get familiar with the experiment.

STATISTICAL ANALYSIS
All data were analyzed using a general linear model (GLM)
repeated measures in IBM®SPSS® Version 22. First, we analyzed
the Session effect (long-term learning) with Group (three lev-
els) as the between-subjects variable and Session (or days, with
three levels) as the within-subjects variable. A second analysis used
Block (five levels; short-term learning) and Session (three levels)
as the within-subject variables and Group (three levels) as the
between-subject variable. We performed separate analyses for (1)
the number of correct digits, (2) the mean matching time per digit,
and (3) the mean writing time per digit. Wilk’s Lambda was used
in the tests of the within-variable effects. A p-value of <0.05 was
considered significant.

The number of blocks that could be analyzed depended on
the lowest test score (number correct) obtained by the partici-
pants. Matching and writing time were analyzed over five blocks
(i.e., number correct is 45 or higher). This score was gained in all
three sessions by 25 patients with schizophrenia, 28 elderly volun-
teers, and 28 controls. Including more participants in the analysis
would result in too many missing values in the fourth and fifth
block whereas analyzing more than five blocks would result in
an unrepresentative low number of participants. Per block, the
median matching time and median writing time were calculated.
Only correct digits were analyzed and the first digit of a row was
eliminated from analysis because the transport distance to this
location was more than 20 cm instead of the normal 0.8 cm. In
session 3, the data of one patient were missing.

RESULTS
The main objective of the present study was to evaluate the role of
learning processes during SDST performance. Firstly, demograph-
ics will be prescribed (see Demographics) followed by their general
test scores on the SDST [see Test score (Number of correct dig-
its)]. Matching time and writing time of test scores were separately
calculated (see Long-Term Learning Matching and Writing Time
and Short-Term Learning Matching and Writing Time Over Blocks
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Per session), and the added effects of long-term learning (section
Long-Term Learning Matching and Writing Time) and short-term
learning (see Short-Term Learning Matching and Writing Time
Over Blocks Per session) were assessed. In a final section (see Esti-
mating the Effect of Short-Term Learning on the SDST Score), the
relative contribution of short-term learning on the overall SDST
score was calculated.

DEMOGRAPHICS
The demographic features of the three study groups are shown
in Table 1. All patients used antipsychotic medication at the time

Table 1 | Demographics.

Schizophrenia Elderly Control

N 30 30 30

Age Mean (SD) 36.43 (7.83) 69.33 (3.89) 36.77 (8.55)

Range 23–53 65–79 18–52

IQ (ART) Mean (SD) 101.3 (10.30) 111.7 (6.43) 110.1 (6.39)

Range 66–115 100–124 98–130

Sex male: female 2:1 2:1 2:1

Race Asian 0 0 1

Maghreb 1 0 0

White 29 30 29

of testing. Sixteen schizophrenia patients were using more than
one antipsychotic drug. The distribution of the different antipsy-
chotic drugs and range of daily doses are summarized elsewhere
(22). Seven young controls, two schizophrenia patients, and no
elderly individuals were left-handed. A GLM repeated measures
analysis was conducted on the performance of the SDST (number
correct) for the young control group with “Session” as within-
subject variable and “Handedness” as between-subject variable.
“Handedness” did not have a significant influence on the over-
all test score. The schizophrenia group had a lower mean IQ, as
measured by the Adult Reading Test/ART (Dutch version: Neder-
landse Leestekst voor Volwassenen/NLV), than the control group
(t = 3.96, p= 0.0002) and the elderly group (t = 4.71, p < 0.0001).

TEST SCORE (NUMBER OF CORRECT DIGITS)
The mean number of correct digits per session is displayed in
Figure 1 for each group. This figure clearly shows an increase
in task performance (long-term learning effect) over the three
sessions, which was significant [F(2,85)= 36.21, p < 0.001]. This
learning effect was about equal in the three groups (Session*Group
interaction p= 0.119).

On average, the three groups differed significantly in their over-
all score [F(2,86)= 21.69, p < 0.001]. Both schizophrenia patients
and the elderly volunteers achieved a lower test score than the
controls (p < 0.001). Figure 1 gives the impression that the schiz-
ophrenia group performed even worse than the elderly, but the
difference between these groups was not significant (p= 0.07) but

FIGURE 1 | Means and SE of the number of correct digits per session for schizophrenia patients, elderly volunteers, and young controls.
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this was only true during the first session (p= 0.028). After incor-
porating IQ as a covariate in the analysis, the group difference
between schizophrenia patients and controls remained signifi-
cant [F(1,56)= 23.61, p < 0.0001], but the difference between
schizophrenia and the elderly on session 1 was reduced to
non-significance [F(1,57)= 0.60, p= 0.443].

LONG-TERM LEARNING MATCHING AND WRITING TIME
Mean matching time per digit and mean writing time per digit are
presented in Figure 2 for each session and each group.

Mean matching time per session
Figure 2 demonstrates that the matching times mirror the SDST
performance of Figure 1. A clear learning effect over sessions was
found [F(2,85)= 32.46, p < 0.0001], which was equal for the three
groups [Group*Session interaction: F(2,85)= 1.49, p= 0.206].
Averaged over all sessions, the matching times in each group dif-
fered significantly from each other [F(2,86)= 13.39, p < 0.001].
Planned contrasts show a significant difference between patients
and controls (p < 0.0001), between patients and elderly (p= 0.002
after Bonferroni correction), but not between the elderly and
the controls (p= 0.167). IQ (ART) as a covariate was signifi-
cant [F(1,85)= 14.50, p= 0.0003]. IQ did not influence the dif-
ference between patients and controls (p= 0.001) but reduced
the difference between elderly and schizophrenic participants to
non-significance (p= 0.282).

Mean writing time per session
The writing times as displayed in Figure 2 do not show much
variation over the test sessions, and the session effect was not
significant [F(2,85)= 1.36, p= 0.262]. Therefore, we may con-
clude that there was no evident learning in the writing of the

digits. Neither was the Group*Session interaction significant
[F(4,170)= 0.45, p= 0.771]. On the other hand, the differ-
ences between the groups were relatively large and significant
[F(2,86)= 26.37, p < 0.0001]. The elderly wrote significantly
slower than the patients (p= 0.0003) and the patients wrote
significantly slower than the controls (p= 0.001).

SHORT-TERM LEARNING MATCHING AND WRITING TIME OVER
BLOCKS PER SESSION
Within-session learning effects are shown in Figure 3, which dis-
plays mean matching and writing times per digit for each of the
five blocks in the three sessions.

Mean matching time per block
Figure 3 illustrates a decrease in matching time over the
blocks and over sessions. A GLM repeated measures analy-
sis confirmed that matching time decreased significantly over
blocks [short-term learning; F(4,75)= 21.66, p < 0.0001] and
over sessions [long-term learning; F(4,75)= 21.66, p < 0.0001].
The decrease over blocks was about equal in the three sessions
[F(8,71)= 1.74, p= 0.105] and seemed to be similar in the three
groups [F(8,150)= 1.709, p= 0.101], but the highest order inter-
action (session*block*group) was significant [F(16,142)= 1.79,
p= 0.038]. Therefore, separate analyses were run per session.
In these analyses, only the linear block effect was tested (i.e., a
linear decrement of matching time over blocks; see the dashed
lines in Figure 3). In session 1, this linear block effect was
significant [F(1,78)= 31.04, p < 0.0001], denoting a significant
short-term learning effect (decrement over blocks), but this learn-
ing effect was similar for the three groups [block*group Lin-
ear: F(2,78)= 0.03, p= 0.597]. In the second and third ses-
sions, more participants reached the minimum criterion of 45

FIGURE 2 | Means and SE for matching and writing time per session for schizophrenia patients, elderly volunteers, and young controls.
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FIGURE 3 | Means and SE for writing and matching time per block and per session for schizophrenia patients, elderly volunteers, and young controls.

correct digits, but the analyses of the Linear trends yielded
similar results [session 2: block: F(1,83)= 29.08, p < 0.0001;
block*group Linear: F(2,83)= 2.75, p= 0.070; session 3: block:
F(1,83)= 25.20, p < 0.0001; block*group Linear: F(2,83)= 1.95,
p= 0.148]. Therefore, these results suggest that the rate and
amount of short-term learning (repetition over blocks) was similar
in the three sessions and about equal among the three groups.

Mean writing time per block
Writing time in Figure 3 shows that there is not much varia-
tion over blocks and sessions. The only noteworthy result is the
relatively long writing time of the elderly participants.

An analysis of writing time with session and block as the
within-subject variables and group as the between-subject variable
showed that the effect of session was not significant but the block
effect was [F(4,75)= 5.60, p= 0.0003]. None of the interactions
were significant either. In the first session, the linear block effect
was not significant (p= 0.216), but the linear block*group inter-
action was significant [F(2,78)= 3.55, p= 0.033]. This is probably
due to a slight decrement of writing time by the elderly but not
by the other two groups. In the second and third session, the lin-
ear block effect and the linear block*group interactions were not
significant, indicating that writing time remained stable in these
sessions.

ESTIMATING THE EFFECT OF SHORT-TERM LEARNING ON THE SDST
SCORE
To estimate the contribution of the linear decrease in matching
time to the SDST score, we estimated the score that would have
been obtained if the matching time (mt) and writing time (wt)
of the first block (i.e., mt1 and wt1) had been maintained

over all blocks in the 90 s of the test [i.e., estimated score=
90/(mt1+wt1)]. We did the same for block five. The result of
this estimation for session 1, i.e., for the standard test admin-
istration, was that the score of all participants had improved,
more specifically from 50 to 56 for patients with schizophrenia,
from 52 to 64 for the elderly and from 66 to 72 for the controls.
These are increases of 12, 23, and 9%, respectively. It should, how-
ever, be stipulated that not all participants showed a decrease in
matching time over blocks. Slopes ranged considerably, with the
largest range found in the group of schizophrenia patients (from
+78 ms/block to −301 ms/block; mean=−37 ms/block) com-
pared to the ranges of the young controls (from+ 50 ms/block to
−284 ms/block; mean=−39 ms/block) and the elderly volunteers
(from+ 38 ms/block to−236 ms/block; mean=−55 ms/block).

DISCUSSION
SUMMARY OF RESULTS
The main purpose of this study was to assess to what extent dif-
ferences in symbol–digit learning influence the performance on
the SDST. The present findings demonstrate that the repetition
of symbol–digit pairs during one test administration (short-term
learning), and the repetition of the same test over several days
(long-term learning), resulted in significant decreases of matching
time. Interestingly, these learning effects on matching time were
about equal for patients, age-matched controls, and elderly par-
ticipants, while the overall test score differed among the groups.
In contrast, writing time, reflecting sensorimotor speed, remained
about equal over symbol–digit repetitions. Patients had the lowest
overall score and the longest matching time; however, the dif-
ference between patients with schizophrenia and elderly was no
longer significant after controlling for the lower IQ of the patients.
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Sensorimotor speed had a smaller impact on the overall test per-
formance, but there were significant differences between the three
groups with the elderly clearly being the slowest writers.

RATIONALE FOR THE CHOSEN METHODOLOGICAL APPROACH
In an experimental approach of the coding task, like the one
adopted by Bachman et al. (15), single symbol–digit pairs are pre-
sented trial by trial and on each trial the participant has to quickly
decide whether the presented combination is identical to one of
the digit–symbol pairs in the reference code that is simultaneously
presented on the PC screen. In the more common paper-and-
pencil version of the task, the participant can work at his own pace
and might (learn to) combine the activities of both writing a digit
and searching for the next digit that matches the next symbol in
parallel. We opted to incorporate an experimental approach into
the continuous paper-and-pencil version, because recording of
the pen movements enables the separate measurement of reaction
time (now denoted by “matching” time) and response execution
time (“writing” time).

In addition, to allow an unbiased estimate of learning we
adapted the presentation of the symbols that had to be coded.
In standard symbol-coding tests, not all nine symbols are already
shown in the first block but they are introduced gradually to pro-
mote the learning of the symbol–digit relations. For our SDST
version, however, we preferred to present all nine symbols with
the same frequency right from the start. As a result, a repetition of
the same symbol–digit pair was separated by an average of eight
other pairs. Yet, considerable learning did occur as evidenced by
the linear decrease in matching time over nine-symbol blocks.

INFLUENCE OF LEARNING PROCESSES ON THE SDST TEST SCORE
Comparing the size of the learning effects with the SDST scores
showed that the influence of learning processes on the SDST score
in schizophrenia, the elderly and younger controls varies greatly
from person to person. The average learning effects found in the
present study of about 12% in the schizophrenia group and 23%
in the elderly can be classified as rather substantial. This is in line
with the conclusions drawn by Bachman et al. (15) and Joy (16).
It deviates from Salthouse’s (23) interpretation in which memory
factors are assigned only “a very small role in contributing to the
age decline in digit–symbol performance.”

IDENTIFICATION OF LEARNING PROCESSES
Repetition of the same task results in learning. Therefore, the
decrease in matching time over blocks within one session as well
as over more sessions must be the result of a learning process.
But what exactly is learned during the repetitions of symbol–
digit pairs is less clear. Two critical processes are known to be
involved in the search for the matching digit: visual scanning
(24) and relational memory (16). First, visual scanning, refers
to the early detection and identification of visual stimuli, either
alone or in the presence of competing stimuli. The role of visual
scanning is emphasized when participants consult the code key
frequently during test administration. Possibly, visual scanning
might improve by learning the position of the symbols in the
key. Second, relational memory, refers in this context to the mem-
ory for associations in the SDST (10, 12). Learning the relations

between symbols and digits will reduce the necessity for searching,
which automatically results in a decreased matching time. A third
process that might be involved in the reduction of matching time
over repetitions is a change in the strategy to perform the task.
An impairment in response selection (25, 26), i.e., the process of
mapping stimuli to specific responses and decision making could
possibly cause a considerable amount of the lower performance
observed in schizophrenia. Most participants will start with per-
forming matching and writing strictly after each other, while some
participants might learn to do part of the writing and scanning
in parallel. In that case, the search for the next digit has already
started during the more or less automatic writing of the current
number. Overall, various learning processes might contribute to a
decreased matching time, but their relative contribution could not
be deduced from the present study. To find more detailed answers,
experimental changes of the task, like the manipulations tested by
Bachman et al., are needed. For now, we can only conclude that
these learning processes occurred unintentionally, and therefore,
should be denoted by the term “implicit learning.” An important
outcome of this study is that the rate of this implicit learning was
not significantly different among the three groups.

SENSORIMOTOR SPEED
The second aim of our investigation was to evaluate the effect
of differences in writing speed on the SDST score. Group differ-
ences in writing speed were highly significant but smaller than
the group differences in matching time. Schizophrenia patients
wrote significantly slower than same-aged controls and the elderly
had the lowest writing speed. The effects of reduced writing
speed in schizophrenia and the elderly on the total test score
were smaller than the estimated effects of learning (for schiz-
ophrenia, learning+ 12%, writing speed+ 4%; for the elderly,
learning+ 23%,writing speed+ 13%). This leads us to the conclu-
sion that the usual determination of the symbol-coding test score
results in underestimation of the speed of information processing,
particularly for the elderly.

SCHIZOPHRENIA AND THE ELDERLY COMPARED
Healthy elderly persons were included in this study in order to
compare the reduction in the speed of information processing
of the schizophrenia patients with normal, age-related cognitive
decline. By correcting for sensorimotor speed and only taking
the matching time as an index of processing speed, patients
performed worse compared to the elderly volunteers (aged 65–
85 years). However, when an estimate of premorbid intelligence
(the Adult Reading Test) was taken into account, the differences
in matching time were no longer statistically significant, while the
difference between patients and same-aged controls still remained
significant. Although the similarity between the elderly and the
patients with schizophrenia on matching time is striking, we can-
not deduce from these data whether schizophrenia should be seen
as“dementia praecox.”In addition, it should be acknowledged that
the elderly had a small but significantly lower sensorimotor speed.
Only sensorimotor speed differentiated all three groups.

STUDY LIMITATIONS
Due to patient selection, a bias might exist since only patients who
were able to complete the test batteries were included in this study.
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The neurocognitive abilities of the selected patients may therefore
be higher than the group of schizophrenia at large. Thus, the results
of this study may not be generalized to the whole population of
patients with schizophrenia. However, the mean SANS score for
schizophrenia patients of 25.7 (SD 17.39) that was measured on
screening visit is comparable with the mean SANS score of 23.0
(SD 14.6) found in a large heterogeneous sample of schizophre-
nia patients (27). Additionally, only 4.2% of our study sample was
excluded after screening visit, suggesting that the internal validity
of our study is high.

IMPLICATIONS FOR FUTURE RESEARCH AND CLINICAL PRACTICE
There is a wide variation in the administration of symbol–digit
coding tasks ranging from a classical pen-and-paper writing task to
a purely computerized test, which simply requires pressing a but-
ton when the correct symbol–digit combination appears. These
different methods may ask for different cognitive sub-processes
in the total test score. As an example of this, the present study
clearly showed that the time taken by the motor part of the test
must be taken into account in interpreting symbol–digit coding
test scores as measures of the speed of information processing.
The large variation between individual participants in the rate of
short-term learning could argue for the need of additional mem-
ory test information to assess to what extent the (possibly) low
SDST score has been the result of a learning failure. Some healthy
volunteers mentioned spontaneously at the end of a session that
they had remembered the symbol–digit combinations but we did
not give a questionnaire to draw further conclusions toward aware-
ness differences among the groups. Therefore, we suggest that the
addition of a self-rater or observer-rater questionnaire might be
valuable to address the possibility of different explicit and implicit
learning strategies.

Although schizophrenia is often characterized by a reduced
speed of information processing, the present study showed a sim-
ilarity with the control group and the elderly as far as the rate and
amount of both short-term and long-term implicit learning was
involved. This was found despite the general finding of impaired
working memory and a lower rate of explicit verbal and visual
learning in schizophrenia. Because we speculate that improving
processing speed may be predictive for the functional outcome, we
recommend that more attention should be paid to implicit learn-
ing in future schizophrenia research and in the design of specific
rehabilitation programs.

CONCLUSION
We can conclude that the two factors that were studied both had an
effect on the estimation of processing speed with the Symbol–Digit
Substitution Test. The average effect of learning the symbol–digit
relation on the SDST score was substantial and the large individ-
ual differences in the amount of learning deserves more attention.
The effects of sensorimotor speed on the total test score were
shown to be smaller than the learning effects, but cannot be
neglected because they lead to an underestimation of the speed
of information processing, particularly for the elderly.

The finding of equal unintentional learning effects in patients,
their age-matched controls and elderly participants lead us to
the conclusion that implicit learning might be preserved in

schizophrenia. This finding has important consequences for
the design of specific rehabilitation programs for schizophrenia
patients.
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Stable schizophrenia patients learn equally well as
age-matched controls and better than elderly controls
in two sensorimotor rotary pursuit tasks
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Objective: To compare sensorimotor performance and learning in stable schizophrenia
patients, healthy age- and sex-matched controls and elderly controls on two variations
of the rotary pursuit: circle pursuit (true motor learning) and figure pursuit (motor and
sequence learning).

Method: In the circle pursuit, a target circle, rotating with increasing speed along a pre-
dictable circular path on the computer screen, must be followed by a cursor controlled by
a pen on a writing tablet. In the eight-trial figure pursuit, subjects learn to draw a complex
figure by pursuing the target circle that moves along an invisible trajectory between and
around several goals. Tasks were administered thrice (day 1, day 2, day 7) to 30 patients
with stable schizophrenia (S), 30 healthy age- and sex-matched controls (C), and 30 elderly
participants (>65 years; E) and recorded with a digitizing tablet and pressure-sensitive pen.
The outcome measure accuracy (% of time that cursor is within the target) was used to
assess performance.

Results: We observed significant group differences in accuracy, both in circle and figure
pursuit tasks (E < S < C, p < 0.01). Strong learning effects were found in each group. Learn-
ing curves were similar in circle pursuit but differed between groups in figure pursuit.When
corrected for group differences in starting level, the learning gains over the three sessions
of schizophrenia patients and age-matched controls were equal and both were larger than
those of the elderly controls.

Conclusion: Despite the reduced sensorimotor performance that was found in the schiz-
ophrenia patients, their sensorimotor learning seems to be preserved. The relevance of
this finding for the evaluation of procedural learning in schizophrenia is discussed.The bet-
ter performance and learning rate of the patients compared to the elderly controls was
unexpected and deserves further study.

Keywords: rotor pursuit, schizophrenia, motor skills, learning curve, aging and cognitive function, procedural
learning, motor learning

INTRODUCTION
The functional outcome of schizophrenia patients is highly
impacted by the severity of their cognitive symptoms and their
capacity to learn new skills (1). Two variants of learning are gener-
ally distinguished: declarative and procedural learning, the latter
referring to skill, habit, or knowledge acquisition that occurs in

Abbreviations: CPR, circle pursuit rotor; E group, elderly participants; FPR, figure
pursuit rotor; GLM, general linear model; LCT, line-copying task; MT, movement
time; NLV, Nederlandse Leestest voor Volwassenen; PR, pursuit rotor/rotary pursuit;
RPM, rotations per minute; S group, schizophrenia patients; WCST, Wisconsin card
sorting test; Y group, young controls.

an implicit manner, i.e., automatically and outside of conscious
awareness (2). Sensorimotor learning, the incremental spatial
and temporal accuracy of movements with repetition, represents
a form of procedural learning involving different corticostri-
atal circuits from those in other forms, such as probabilistic
classification (3).

Designed as a tool to evaluate motor learning, the rotor pursuit
task has been first used in 1947 (4). It measures the ability to keep a
stylus on a rotating target, requiring motor control over the prox-
imal upper limb (including shoulder–elbow control and postural
control), as well as the ability to continuously process and adapt
to sensory (visual and proprioceptive) feedback. Rotor pursuit

www.frontiersin.org November 2014 | Volume 5 | Article 165 | 95

http://www.frontiersin.org/Psychiatry
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/about
http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00165/abstract
http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00165/abstract
http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00165/abstract
http://www.frontiersin.org/people/u/186782
http://www.frontiersin.org/people/u/186030
http://www.frontiersin.org/people/u/157430
http://www.frontiersin.org/people/u/194294
http://www.frontiersin.org/people/u/116859
http://community.frontiersin.org/people/u/192259
http://www.frontiersin.org/people/u/130880
http://community.frontiersin.org/people/u/14017
mailto:livia.depicker@uantwerp.be
http://www.frontiersin.org
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

De Picker et al. Preserved sensorimotor learning in schizophrenia

performance is known to be altered in several pathologies involv-
ing the basal ganglia; impaired performance has been demon-
strated in Huntington’s and Parkinson’s disease and enhanced
performance in the early trials of the task is seen in patients with
obsessive–compulsive disorder (5). The key substrate of the basal
ganglia’s involvement in sensorimotor performance and learning
is represented by their extensive reciprocal connections to motor
and premotor areas of the frontal lobe, implicated in planning
and execution of movements (6). Besides the role of the striatal–
cortical circuitry, which is considered particularly important in
learning operated through the implicit mode, tracts involving the
(pre)motor cortex, the supplementary motor area, and the cere-
bellum are also implicated in the generation of precise forces and
spatial knowledge required for learning new motor skills (7).

In contrast to declarative tasks, in which schizophrenia patients
have consistently shown impaired performance and learning com-
pared to healthy controls, procedural learning has been less well
studied. Both corticofrontal and striatal involvement are presumed
in the pathophysiology of schizophrenia, and abnormal dopamine
regulation within the basal ganglia is thought to contribute to the
psychotic symptoms of the disease. However, studies examining
patients with schizophrenia on the pursuit rotor motor-skill learn-
ing task have so far produced mixed results when comparing both
general performance and learning rate of patients to healthy con-
trols (see Table 1) (8–15). Reasons for the conflicting results may
reflect methodological differences including in instrumentation,
in equating for initial performance, in number of trials admin-
istered, or influences of intrinsic moderating variables, such as

Table 1 | Summary of sensorimotor skill studies with Pursuit rotor task in schizophrenia patients.

Author (year) Huston and

Shakow

(1949)(8)

Goldberg

et al.

(1993)(9)

Granholm

et al.

(1993)(10)

Clare

et al.

(1993)(11)

Schwartz

et al.

(1996)(12)

Kern

et al.

(1997)(13)

Weickert

et al.

(2002)(14)

Gomar

et al.

(2011)(15)

Version Contact Contact Photoelectric Not specified Contact Photoelectric Not specified Digital

Design 2 blocks×5

trials×10 s

3 blocks×5

trials×20 s

6 blocks×4

trials×20 s

5 blocks×6

trials×20 s

6 blocks×4

trials×20 s

6 blocks×4

trials×20 s

6 blocks 6 blocks×4

trials×20 s

Days d1 d1 d1 d1–d8 d1 d1 d1 d1–d8

N SZ 122,

C 60

24 discordant

and 7 normal

MZ twin pairs

SZ 11,

C 11

SZ 11,

C 12

SZ 40,

C 40 (each 20

elderly, 20

young)

SZ 18,

C 15

SZ 35,

C 35

SZ 43,

C 22

SZ age; mean

(range)

31

(17–44)

38.4 42.7

(21–70)

YSZ 33.1

(26–40), ESZ

63.2 (55–70)

36.7 Not specified 46.9 (24–64)

SZ sex M:F 14:10 11:0 7:5 38:2 18:0 Not specified 34:9

RPM 60 30 and 60 45 30 ESZ 40.50, EC

48.75, YSZ

47.25,YC 56.25

SZ 37.2,

C 62.7

Not specified Not specified

Trial 1

matched?

No No No No Yes Yes Not specified Yes

IQ matched? No No No No No No Yes

(subsample

n=14)

Yes

(subsample

n=22)

Absolute

performance

difference

SZ < C SZ=C SZ=C SZ < C SZ < C SZ=C SZ < C; IQ

matched

SZ=C

SZ < C; IQ

matched

SZ=C

Learning rate

difference

Not specified Not specified SZ=C SZ=C SZ < C SZ=C SZ=C SZ=C

SZ, schizophrenia patients; C, controls; ESZ, elderly schizophrenia patients; EC, elderly controls;YSZ, young schizophrenia patients;YC, young controls; RPM, rotations

per minute.
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De Picker et al. Preserved sensorimotor learning in schizophrenia

general intellectual capacity and declarative memory, as well as
the effect of psychotropic drugs. It is also debated whether any
impaired performance on the rotor pursuit may be related more
to underlying psychomotor deficits or to general cognitive decline,
both features of schizophrenia (16).

Considering the outcomes of previous studies using the rotor
pursuit task in schizophrenia, we hypothesized that true senso-
rimotor learning would be preserved in schizophrenia patients
(10, 11, 13–15). However, many tasks that measure procedural
learning also include a cognitive aspect, e.g., in the form of an
implicit sequence to be learned. It has been postulated that motor
and cognitive aspects of procedural tasks are governed by dif-
ferent brain processes; motor or skill learning aspects have been
associated with a corticostriatal motor circuit involving the puta-
men, whereas aspects of cognitive or habit learning are suggested
to operate the dorsolateral prefrontal cortex circuit involving
the caudate (14). Previous studies that have tried to compare
performance on these two aspects have been using combina-
tions of methodologically distinct tasks (e.g., rotor pursuit and
a probabilistic classification task, such as the weather predic-
tion task), complicating the direct comparison of their relative
outcomes (14).

In this study, we aim to assess the cognitive and motor aspects
involved in sensorimotor skill learning in the same pursuit task
set up, by using two separate task variations, one of which
incorporates also a sequence component.

Furthermore, a longitudinal set up with repeated sessions over
several days offers the added value of distinguishing between early
(encoding and acquisition) and late (retention/consolidation)
phases of sensorimotor learning, as distinguished in literature (7).

An age-related decline in sensorimotor performance and learn-
ing on the rotor pursuit has been described (17). Besides the
schizophrenia patients and age-matched controls, we, therefore,
also included a group of elderly healthy participants to investigate
whether the sensorimotor deficits in schizophrenia patients are
comparable to those associated with advanced age. We expected
both schizophrenia subjects and elderly participants to perform
poorer than young control subjects in the sensorimotor rotary
pursuit tasks.

MATERIALS AND METHODS
STUDY DESIGN
For all subjects enrolled, the study consisted of an eligibility screen-
ing examination (up to 21 days prior) and three cognitive assess-
ment days. The screening examination included baseline assess-
ments of executive functioning (Wisconsin Card Sorting Test;
WCST), premorbid IQ (Dutch Adult Reading Test/Nederlandse
Leestest voor Volwassenen; NLV), and psychomotor speed (mea-
sured with a line-copying task on a digitizing tablet; LCT).

Cognitive assessments were made in two subsequent sessions
(days 1 and 2), which were separated by overnight sleep. An addi-
tional third session was performed on day 7. The pursuit task was
part of a cognitive test battery of approximately 90 min that was
administered to all subjects in the same way and will be reported
elsewhere. The time of day for completion of the cognitive test
batteries was comparable on all test days for each subject, but not
identical for all subjects.

The study was conducted in accordance with the ethical prin-
ciples that have their origin in the Declaration of Helsinki and
that are consistent with Good Clinical Practices, applicable regu-
latory requirements, and in compliance with the study protocol.
The study protocol was reviewed and approved by the Institutional
Ethics Committee.

PARTICIPANTS
After giving written informed consent, subjects were screened to
ascertain their eligibility for the study according to the in- and
exclusion criteria specific for the population enrolled. The patient
sample consisted of 30 outpatients aged 18–55 with a known
history of schizophrenia or schizo-affective disorder (based on
DSM-IV criteria) of at least 12 months, as confirmed by the refer-
ring psychiatrist. Exclusion criteria were current use of drugs
with anticholinergic properties (including tricyclic antidepres-
sants) and benzodiazepines, or comorbid DSM-IV diagnosis of
substance dependence within 3 months prior to screening evalua-
tion (except for caffeine and nicotine dependence); patients with a
positive drug screen at screening could be included provided they
did not meet DSM-IV diagnosis of substance dependence and con-
sented to abstain from illegal drugs at any time during the study.
An alcohol breath test and urine drug screening were performed
at each of the cognitive assay days. All patients were stably treated
with antipsychotic medication for at least 6 weeks, with no more
than two different antipsychotic drugs used concurrently. Patients
were judged to be in stable clinical condition at the time of testing
through subject interview and medical history review by a trained
clinician. Symptom severity of patients was rated at screening by a
trained psychology assistant using the scale for the assessment of
negative symptoms and positive symptoms (SANS-SAPS) (18, 19).

Thirty age- and gender-matched control participants, as well
as 30 gender-matched elderly participants (>65 years of age) were
recruited from the local community. They met the same exclusion
criteria as the patients. They were also interviewed by a clinician
to verify that they had no personal history of psychiatric disorders
nor first-degree relatives with psychotic disorders and that they
were not using any psychotropic medication.

PURSUIT TASK SET UP
Based on the classical rotary pursuit task (20), our pursuit rotor
(PR) continuous sensorimotor tasks required subjects to follow
the movements of a target circle (12 mm in diameter) on the
computer screen with a cursor they could control by manip-
ulating a pressure-sensitive pen on a digitizing writing tablet
(WACOM1218RE), recording at 200 Hz frequency and 0.2 mm
spatial accuracy.

In the circle pursuit (CPR) task, the target circle rotates along
a predictable circular path with a radius of 7.5 cm (see Figure 1).
This task consisted of two trials of 30 s duration with six rotations
each. The speed of the target was gradually increased from 10 s per
360° rotation (6 RPM) to 3 s per full rotation (20 RPM).

The CPR was directly followed by the figure pursuit (FPR) task
in which subjects had to follow a trajectory between and around
several on-screen goals (see Figure 2). This task can be perceived
as learning to draw a complex figure in a so-called “pursuit” con-
dition in which a person is asked to keep the pen cursor on a target
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De Picker et al. Preserved sensorimotor learning in schizophrenia

FIGURE 1 | Circle pursuit task on-screen, gray line indicating pursuit trajectory, not seen by participants. On the right-hand side, performance bars
appeared as feedback after each trial.

circle that moves along the (invisible) trajectory that has to be
learned. The start and end positions of the sequence are marked
by white and black circles, signaling with a high and low beep,
respectively, when the cursor reaches them. This task consisted of
eight identical trials of 10 s duration.

Both during circle and figure pursuit, subjects were able to fol-
low their level of performance throughout the task, with vertical
score bars appearing on the right side of the screen after each trial,
indicating their relative level of target contact (see Figures 1 and 2).

The dependent variable in both task variations was accuracy (%
of time that the cursor is within the target circle, higher numbers
indicating better performance). The total time of the PR tasks was
approximately 3 min.

STATISTICAL ANALYSIS
We performed all statistical analyses in IBM SPSS Statistics for
Windows, Version 22.0 (Armonk, NY, USA). Demographic fea-
tures and baseline assessment results were analyzed using inde-
pendent samples T -tests to evaluate significant group differences.
There were some missing data for the Y group on the LCT (n= 3)
and for the E group on the WCST (n= 2) and the LNS (n= 1).
WCST outcome was defined as the number of categories com-
pleted. The movement time (MT) on the LCT was chosen as the
relevant outcome measure for psychomotor speed.

The PR performance was quantified by the variable accuracy,
and measured in three groups (schizophrenia patients= S, young

controls=C, elderly participants= E). We tested each individual
repeatedly in three sessions (day 1, day 2, day 7). Within each ses-
sion, several identical trials were performed (two trials in CPR,
eight trials in FPR). There were no missing data on the PR tasks.
To provide a measure for the amount of learning over sessions,
we computed two learning measures for each session: the mean
and the cumulative learning gain, the latter correcting for the par-
ticipant’s starting level (performance on the first trial in the first
session). In the figure pursuit, the cumulative learning gain was
calculated as (T1+T2+T3+T4+T5+T6+T7+T8)/8-S1T1.
In circle pursuit, this was (T1+T2)/2-S1T1.

We analyzed the PR data using a general linear model (GLM)
with repeated measures. Because the time variable is accounted for
by two separate variables in our study design, we first conducted an
overall analysis with two within-subjects factors (SessionNumber,
TrialNumber) and one between-subjects factor (Group, three lev-
els). A post hoc analysis was used to contrast the three study groups,
using Bonferroni correction to adjust for multiple comparisons
(Analyses 1 and 2).

In the second step, we applied separate GLM repeated measures
analyses to compare the learning over trials of groups Y–S and Y–E
within the first session, which we expected to express the greatest
learning effect. Subsequently, we compared the between-subjects
effects of group in this analysis to the effects of group in a second
analysis accounting for a covariate variable that was expected to
influence the between-group differences (Analyses 3 and 4).
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De Picker et al. Preserved sensorimotor learning in schizophrenia

FIGURE 2 | Figure pursuit task on-screen, gray line indicating pursuit trajectory, not seen by participants. On the right-hand side, performance bars
appeared as feedback after each trial.

Table 2 | Demographic and baseline assessment results.

Schizophrenia

patients (S)

Young

controls (Y)

Elderly

participants (E)

T -test

S–Y

T -test

E–Y

N 30 30 30 Matched Matched

Age; mean (range) 36.4 (23–53) 37.3 (18–52) 69.2 (65–79) t (58)=0.16; p=0.875 t (58)=18.99; p < 0.001**

Sex M:F 20:10 20:10 20:10 Matched Matched

Education years; mean (SD) 12.2 (±2.4) 15.1 (±2.6) 14.5 (±3.4) t (58)=4.50; p < 0.001** t (58)=0.74; p=0.465

NLV Premorbid IQ; mean (SD) 101.30 (±10.29) 110.07 (±6.39) 111.73 (±6.43) t (58)=3.96; p < 0.001** t (58)=1.01; p=0.318

LCT movement time; mean (SD) 0.36 (±0.15) 0.27 (±0.12) 0.40 (±0.13) t (55)=2.40; p=0.020* t (55)=3.65; p=0.001**

WCST categories completed;

median (range)

3 (0–5) 5 (0–5) 3 (0–6) t (58)=2.60; p=0.012* t (56)=3.35; p=0.001**

NLV, Dutch adult reading test/Nederlandse Leestest voor Volwassenen; LCT, line-copying task); WCST, Wisconsin card sorting test.

T-test differences are reported as t(df) and p-values (*significant at the 0.05 level; **significant at the 0.01 level).

This procedure was repeated for three different covariates:
LCT movement time (LCT_MT, an estimate of motor speed),
WCST categories completed (WCST_cat, a measure of executive
functioning), and education years.

In the third step, we used the computed learning measures
(mean and cumulative learning gain) in separate GLM repeated
measures analyses to evaluate the learning across sessions between
groups Y–S and Y–E (Analyses 5 and 6).

RESULTS
DEMOGRAPHICS AND BASELINE ASSESSMENTS
Demographic features, baseline assessment results and group dif-
ferences are summarized in Table 2. Schizophrenia patients (S)
had a significantly lower level of education and premorbid IQ
compared to the young controls (Y), whereas the young controls
and elderly participants (E) did not differ significantly for this
parameter. The Y group significantly outperformed both E and S
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De Picker et al. Preserved sensorimotor learning in schizophrenia

Table 3 | Antipsychotic drug prescriptions in schizophrenia patients.

Antipsychotic drug

name

Number of

prescriptions

Dose range

Clozapine 8 50–700 mg/day

Amisulpiride 7 200–800 mg/day

Haloperidol decanoate 7 75–200 mg/month

Quetiapine 6 50–600 mg/day

Olanzapine 3 5–20 mg/day

Paliperidone 3 3–6 mg/day

Paliperidone depot 3 75–200 mg/month

Aripiprazole 2 10–30 mg/day

Olanzapine depot 2 210–405 mg/month

Risperidone depot 2 50 mg/month

Clotiapine 1 40 mg/day

Flupentixol 1 1 mg/day

Bromperidol decanoate 1 125 mg/month

Zuclopentixol depot 1 200 mg/month

Risperidone 1 4 mg/day

groups on the LCT and WCST measures (see Table 2). Composite
symptom scores for schizophrenia patients were 25.67± 17.39 on
the SANS scale and 14.24± 19.68 on the SAPS scale. A summary of
the use of antipsychotic drugs in schizophrenia patients included
in the study is provided in Table 3.

ANALYSES OF CIRCLE AND FIGURE PURSUIT
Learning the PR tasks over all trials and sessions
In Analysis 1, independent of groups, learning effects were
demonstrated by significant main effects of TrialNumber and
SessionNumber and a significant interaction TrialNumber*
SessionNumber both in the CPR task and the FPR task, indicating
that the learning curves over trials for each session were different
[see Table 4A].

Upon addition of Group as between-subjects factor in analy-
sis 2, in both PR tasks, a significant main effect of Group was
found [see Table 4A]. Post hoc analysis with Bonferroni correction
demonstrated that the performance of schizophrenia patients and
elderly participants was significantly poorer than the young con-
trol subjects at all stages of the task (p < 0.001), and that the elderly
participants were the worst performing group (E-S CPR mean
difference −13.62, SE 3.11, p < 0.001; E-S FPR mean difference
−14.42, SE 2.97, p < 0.001).

In contrast, the interaction of TrialNumber*SessionNumber*
Group was only significant in FPR, indicating that the learning
curves of the groups also followed different slopes (with signifi-
cant linear, quadratic, and cubic components). In CPR, the slopes
were similar for the three groups [see Table 4A; Figures 3 and 4].

Learning the PR tasks over trials within session 1
In Analysis 3, comparisons of groups Y–S and Y–E on the FPR
session 1 showed both a difference in performance, indicated by
the significant between-subjects effect of the Group variable, as
well as a different learning slope over trials, indicated by the sig-
nificant TrialNumber*Group interaction. However, the significant
Y–S group effect was reduced to a non-significant value when

accounting for significant covariates: LCT_MT, WCST_cat, and
education years in Analysis 4 [see Table 4B]. Combination of two
individually significant covariates (LCT_MT plus WCST_cat and
LCT_MT plus education years) further reduced the FPR Group
effect.

In CPR session 1, again there was only a significant between-
subjects effect of Group without TrialNumber*Group interaction.
Furthermore, only the WCST_cat covariate reached a level of sig-
nificance in the between-groups effect in this task, reducing also
the Group difference between Y and S to a non-significant level
[see Table 4B].

Interestingly, when these same covariates were added to the Y–E
comparison, in both PR tasks the between-subjects Group effect
remained significant [see Table 4B].

None of the analyses with covariates demonstrated a significant
TrialNumber*Covariate or Group*Covariate interaction, suggest-
ing the main effects of the covariates on the Accuracy variable can
be interpreted independently of Group or Trialnumber.

Learning the PR tasks over sessions
The mean accuracy over trials was compared across sessions 1–
3 in Analysis 5. In both PR tasks, a difference in performance
between Y–S and Y–E groups was observed (i.e., significant main
between-subjects effect of Group), but the SessionNumber*Group
interaction was only significant for Y–E comparison, suggesting
that schizophrenia patients showed a similar learning pattern
across sessions as did young controls, but elderly participants did
not [see Table 4C; Figures 5 and 6].

In Analysis 6, the same analyses were repeated with the learning
measure cumulative learning gain, which corrects the mean for the
participant’s starting level performance on the first trial in session
1. Here, when Y and S groups were compared, neither the Ses-
sionNumber*Group interaction nor the between-subjects effect
of Group was significant in either of the PR tasks. In the compar-
ison of Y and E groups, a significant interaction of SessionNum-
ber*Group was maintained for both PR tasks,but the main effect of
Group was only significant for FPR [see Table 4C; Figures 3 and 4].

DISCUSSION
KEY RESULTS
General performance
Our results demonstrate poorer performance both in schizophre-
nia patients and in elderly participants compared to young con-
trols, thereby matching findings of previous rotary pursuit studies
(8, 11, 12, 14, 15, 17). This finding was observed in both pursuit
tasks, and both on a within- and across-session level.

In FPR session 1, the poorer performance in patients was found
to be attributable to differences in other functional parameters,
such as psychomotor speed (LCT_MT), executive functioning
(WCST categories completed), and years of education, with an
additive effect. This implies that patients performing worse than
healthy controls on the FPR task also perform worse on one or sev-
eral of these baseline measures. One could thus hypothesize that
the impaired FPR performance of patients is caused by reduced
psychomotor speed and/or executive functioning or a lower level
of education. Alternatively, it could also point out the existence of
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De Picker et al. Preserved sensorimotor learning in schizophrenia

Table 4 | Results of the GLM repeated measures analyses.

Figure pursuit Circle pursuit

F (hypothesis df,

error df)a
p F (hypothesis df,

error df)a
p

(A)Y, S, AND E GROUPS

SessionNumberb 285.76 (2, 88) <0.001** 173.36 (2, 88) <0.001**

TrialNumberb 179.77 (7, 83) <0.001** 140.82 (1, 89) <0.001**

SessionNumber*TrialNumberb 4.17 (14, 76) <0.001** 13.34 (2, 88) <0.001**

Groupc 31.59 <0.001** 30.80 <0.001**

SessionNumber*TrialNumber*Groupc 1.97 (28, 148) 0.005** 0.54 (4, 172) 0.710

(B) SESSION 1,Y GROUP – S GROUP

TrialNumber*Groupd 2.80 (7, 52) 0.015* 0.07 (1, 58) 0.799

Groupd 7.80 0.007** 6.51 0.013*

WITH COVARIATE

WCST_cat Covariatee 19.42 <0.001** 9.35 0.003**

Groupe 4.57 0.114 2.54 0.117

LCT_MT Covariatee 7.32 0.009** 3.15 0.082

Groupe 2.98 0.090 3.03 0.087

Education years Covariatee 4.97 0.030* 2.18 0.146

Groupe 1.82 0.183 1.84 0.181

WCST(1)+LCT_MT(2) Covariate1e 16.33 <0.001**

Covariate2e 5.84 0.010**

Groupe 0.67 0.418

Education years (1)+LCT_MT(2) Covariate1e 5.48 0.023*

Covariate2e 8.86 0.004**

Groupe 0.17 0.685

SESSION 1,Y GROUP – E GROUP

TrialNumber*Groupd 3.42 (7, 52) 0.004** 0.08 (1, 58) 0.775

Groupd 85.77 <0.001** 43.63 <0.001**

WITH COVARIATE

WCST_cat Covariatee 9.01 0.004** 6.84 0.011*

Groupe 61.35 <0.001** 27.38 <0.001**

LCT_MT Covariatee 5.24 0.024* 0.61 0.439

Groupe 52.51 <0.001** 27.55 <0.001**

(C) LEARNING MEASURE OVER SESSIONS

Mean Y, S, and E groups

SessionNumber*Groupf 2.51 (4, 172) 0.043* 1.59 (4, 172) 0.179

Groupf 31.59 <0.001** 30.80 <0.001**

Y group – S group

SessionNumber*Groupf 0.10 (2, 57) 0.905 0.87 (2, 57) 0.424

Groupf 9.16 0.004** 11.74 0.001**

Y group – E group

SessionNumber*Groupf 3.42 (2, 57) 0.039* 3.19 (2, 57) 0.049*

Groupf 83.78 <0.001** 70.26 <0.001**

(Continued)
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De Picker et al. Preserved sensorimotor learning in schizophrenia

Table 4 | Continued

Figure pursuit Circle pursuit

F (hypothesis df,

error df)a
p F (hypothesis df,

error df)a
p

Cumulative learning gain Y, S, and E groups

SessionNumber*Groupg 2.51 (4, 172) 0.043* 1.59 (4, 172) 0.179

Groupg 7.81 0.001** 1.54 0.220

Y group – S group

SessionNumber*Groupg 0.10 (2, 57) 0.905 0.87 (2, 57) 0.424

Groupg 1.04 0.312 1.50 0.225

Y group – E group

SessionNumber*Groupg 3.42 (2, 57) 0.039* 3.19 (2, 57) 0.049*

Groupg 16.23 <0.001** 0.269 0.107

aWilk’s Lambda F for multivariate analysis results.
bAnalysis 1: within-subjects factors SessionNumber(3) and TrialNumber (8 FPR; 2 CPR).
cAnalysis 2: within-subjects factors SessionNumber(3) and TrialNumber (8 FPR; 2 CPR) and between-subjects factor Group (3).
dAnalysis 3: within-subjects factor TrialNumber (8 FPR; 2 CPR) and between-subjects factor Group (2).
eAnalysis 4: within-subjects factor TrialNumber (8 FPR; 2 CPR), between-subjects factor Group (2) and covariate.
fAnalysis 5: within-subjects factor SessionNumber(3), between-subjects factor Group (3 or 2), variable mean.
gAnalysis 6: within-subjects factor SessionNumber(3), between-subjects factor Group (3 or 2), variable cumulative learning gain.

*Significant at the 0.05 level; **significant at the 0.01 level.

FIGURE 3 | Figure pursuit accuracy over three sessions and eight trials.

a separate subgroup of schizophrenia patients exhibiting impair-
ments on all of these domains. In contrast, the difference in
FPR performance between elderly participants and young con-
trols could not be accounted for by differences in psychomotor
speed nor executive functioning, indicating a performance gap
between these groups that is independent of other functional
parameters.

In CPR, contrasting to what was expected, psychomotor speed
did not have a significant effect on the performance in session 1.

Only executive functioning level appeared to account significantly
for the difference between schizophrenia patients and controls in
this task.

After the mean performance per session was corrected for the
initial starting level, there was no longer a significant difference in
performance across sessions between patients and controls. This
finding suggests that the lower mean performance of patients is
caused by a significantly lower starting level, which is not recovered
by additional practice. However, in two other recent PR studies,
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De Picker et al. Preserved sensorimotor learning in schizophrenia

an individual equation of the target speed was applied to account
for participants’ starting level performance; yet, the general per-
formance in schizophrenia patients was found to be impaired
nonetheless (12, 15). Thus, adjusting the difficulty of the task does
not seem to solve the performance gap. Further study is needed to
understand these seemingly contradictory findings. Regarding the
elderly participants, their poorer mean level of performance was
amended in the CPR, but remained in the FPR after correction for
their significantly lower starting level by the cumulative learning
gain measure.

FIGURE 4 | Circle pursuit accuracy over three sessions and two trials.

Skill learning rate
We have established that all groups learned the new FPR and CPR
sensorimotor skills over trials and sessions, but whereas the overall
learning rate of schizophrenia patients and elderly participants was
preserved in CPR, it differed between the three groups in FPR.

The early phase of learning the FPR skill was characterized by a
significantly different learning curve of the schizophrenia patients
and the elderly participants compared to young controls, who
reached their peak performance earlier, as illustrated in Figure 3.
The CPR consisted of only two trials in the first session, and there-
fore by definition the learning rate was marked by a linear increase,
of which the slopes did not differ between the three groups (see
Figure 4). In the later phase of learning of both PR tasks, schizo-
phrenia patients and control subjects showed comparable learning
gains over sessions, but elderly participants learned significantly
less.

STUDY LIMITATIONS
By using two variations of the PR task, we have attempted to dis-
tinguish motor and sequence learning components, yet it remains
difficult to single out and evaluate separately the processes involved
in sensorimotor learning and performance. We cannot rule out
the impact of declarative and spatial memory, attention capac-
ity, and motor coordination on our PR skill performance and
learning results. Also, while our CPR task was similar to the
classical rotary pursuit task, we used a different methodology
regarding the number of trials and rotation speed (see Table 1),
which complicates the comparison of our results in the CPR to

FIGURE 5 | Figure pursuit mean accuracy and cumulative learning gain over three sessions.

FIGURE 6 | Circle pursuit mean accuracy and cumulative learning gain over three sessions.
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those of previous PR studies. It is possible that the number of
trials per session in our CPR was too limited to establish within-
session learning differences, which were found in FPR but not in
CPR.

This study included only schizophrenia outpatients who were
able to complete the test batteries and results can, therefore, not
necessarily be generalized to the whole population of patients
with schizophrenia. However, the mean SAPS and SANS com-
posite scores in our sample concurred with scores found by van
Erp et al. in a sample of 205 schizophrenia patients: mean com-
posite SAPS 16.8± 14.2 compared to 14.2± 19.7 in our sample,
and mean composite SANS 23.0± 14.6 compared to 25.7± 17.4
in our sample (21). Our patient population can, therefore, not be
presumed to differ significantly in terms of symptom severity from
other schizophrenia patient samples.

A large within-group heterogeneity in performance existed,
particularly in the starting performance level of schizophre-
nia patients and the final performance level of elderly subjects.
The relatively higher performance heterogeneity of the patients
and elderly participants compared to the young controls may
imply performance on the PR tasks in these groups was influ-
enced by other variables than those accounted for in our study
design. Problems with the evaluation of cognition of schizophre-
nia patients include lack of motivation and attention problems
caused by negative symptomatology. Patients were instructed to
complete the tasks to the best of their ability and our experi-
ence during test procedures was that being able to follow the
feedback of their performance live on-screen provided an addi-
tional stimulus for performance optimization to subjects in all
groups.

Other variables that may affect task performance include gen-
eral cognitive functioning and medication use. We did not evaluate
the study groups for their current IQ scores, and the schizophrenia
patients had a significantly lower premorbid IQ score compared
to young and elderly controls. In previous studies, comparing IQ-
matched subgroups reduced or abolished differences in the overall
level of performance between schizophrenic patients and control
subjects on the rotor pursuit and other tasks of procedural learn-
ing (14, 15). However, IQ matching may also introduce a bias,
considering research of general intelligence in schizophrenia has
shown that only about a quarter of schizophrenia patients have a
preserved IQ compared to the general population (22). Moreover,
correlations between motor and cognitive functioning in schizo-
phrenia patients have been repeatedly demonstrated (23, 24), and
matching for cognitive parameters in studies of motor learning
may, therefore, greatly influence the primary outcome measure. It
is often argued that cognitive impairments in schizophrenia, and
specifically psychomotor ones, are caused by psychotropic sub-
stances in general and antipsychotic medication in particular. All
patients in our study had been stably treated with antipsychotic
medication at the time of testing, and 16 patients were using
more than one antipsychotic drug concomitantly (see Table 3).
The reduced performance on PR tasks combined with a nor-
mal learning rate in patients may be hypothesized to be due
to the use of antipsychotic drugs, known to affect psychomotor
functioning (25).

IMPLICATIONS FOR FUTURE RESEARCH AND CLINICAL PERSPECTIVES
Our study provides important caveats toward future research on
procedural learning in schizophrenia. Researchers should be aware
that motor tasks including a sequence component should be dis-
tinguished from true motor learning tasks. As shown in this study,
small variations applied to commonly used procedural tasks may
allow to distinguish between operationally different components
that may be important to further elucidate the nature of the deficits
in schizophrenia. Particularly, the combination of different senso-
rimotor learning tasks with imaging techniques can be valuable to
evaluate structural and functional brain alterations in the motor
system. Furthermore, a longitudinal design should be a key feature
of any study design interested in aspects of learning and memory,
with differentiation of early and late learning phases.

Cognitive functioning, and specifically also executive function-
ing as measured with the Wisconsin card sorting test, has been
shown to be a major predictor of functional outcome in schizo-
phrenia (1). Motor learning in schizophrenia has been less studied,
and its relation to functional outcome is currently unknown.
However, evidence that motor performance is not only related
to cognitive and executive functioning but also a predictor of cog-
nitive deficits in schizophrenia patients at 1-year follow-up (23)
suggests an association between motor performance or learning
capacity, and functional outcome may exist that merits further
investigation.

An age-related decline in sensorimotor learning has been pre-
viously recognized (17, 26), and in our study indeed the elderly
participants demonstrated both poorer performance and lower
learning gains in both PR tasks. Unexpectedly, the schizophre-
nia patients even outperformed the elderly healthy participants.
Although this finding needs to be confirmed, it governs a more
optimistic message about the functioning of patients than has hith-
erto been assumed. However, it is uncertain whether this pattern is
maintained throughout different cognitive domains. Findings of
our research group, as reported elsewhere in this journal (Cor-
nelis et al., in press), suggest that in other cognitive domains,
elderly participants may outperform schizophrenia patients. It
might be interesting for future studies to include both elderly and
non-elderly schizophrenia and control participants to differentiate
between the mechanisms of cognitive impairment related to aging
and schizophrenia.

A generally lower level of performance in schizophrenia (start-
ing and ending the learning phase at a lower level than control
subjects) has been a frequent finding in PR studies (11, 12, 14).
Some authors have interpreted this phenomenon as reflecting
impaired procedural learning in schizophrenia patients. How-
ever, since this reduced overall level of performance is usually
accompanied with a normal learning rate, the mechanisms that
underlie these two aspects of task performance are likely to differ
to some extent. Because of this difficulty to differentiate between
y-intercept (absolute performance) and slope (learning rate), and
because of the high degree of within-group heterogeneity on per-
formance level, many studies have not been able to conclude as
to the actual capacity for sensorimotor skill learning of schizo-
phrenia patients. Based on our results, it seems that schizophrenia
patients have a mostly preserved capacity to learn sensorimotor
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skills, with any deficit related more to the early learning phase
of sequence-holding skills and depending largely on the starting
level performance of patients. This knowledge may prove impor-
tant to the development and evaluation of therapies to improve
such deficits in schizophrenia, in which the rotary pursuit, a well-
established, easy and quick to administer task, may be used for
the initial and follow-up evaluation of motor learning capacity
and performance in patients. Because the late-phase learning of
patients was preserved, it can be suspected that with an extended
number of trials, the patients could eventually reach the same
performance level as the final level in young controls. Thus, schiz-
ophrenia patients maintain the ability to acquire new skills, of
vital importance to everyday functioning, given extra room for
rehearsal. On the other hand, since more complex skills often also
require additional cognitive components related to planning and
organization, it is unclear whether this finding may be translated
to all real-life skills.

CONCLUSION
Both in circle pursuit (motor task) and figure pursuit (motor
plus sequence task), learning was evident in all groups, with equal
learning gains of schizophrenia patients compared to age-matched
controls, but reduced learning in elderly participants. In terms
of general performance, the schizophrenia patients fell between
the young controls and the elderly participants, differing signifi-
cantly from both. Our results suggest that the lower performance
of schizophrenia patients compared to age-matched controls can
be accounted for by impaired speed of movement and executive
functioning.
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Motor abnormalities in individuals with schizophrenia and those at-risk for psychosis are
well documented. An accumulating body of work has also highlighted motor abnormalities
related to cerebellar dysfunction in schizophrenia including eye-blink conditioning, timing,
postural control, and motor learning. We have also recently found evidence for motor dys-
function in individuals at ultra high-risk for psychosis (1–3). This is particularly relevant as
the cerebellum is thought to be central to the cognitive dysmetria model of schizophre-
nia, and these overt motor signs may point to more general cerebellar dysfunction in the
etiology of psychotic disorders. While studies have provided evidence indicative of motor
cerebellar dysfunction in at-risk populations and in schizophrenia, findings with respect
to the cerebellum have been mixed. One factor potentially contributing to these mixed
results is the whole-structure approach taken when investigating the cerebellum. In non-
human primates, there are distinct closed-loop circuits between the cerebellum, thalamus,
and brain with motor and non-motor cortical regions. Recent human neuroimaging has sup-
ported this finding and indicates that there is a cerebellar functional topography (4), and this
information is being missed with whole-structure approaches. Here, we review cerebellar-
motor dysfunction in individuals with schizophrenia and those at-risk for psychosis. We
also discuss cerebellar abnormalities in psychosis, and the cerebellar functional topogra-
phy. Because of the segregated functional regions of the cerebellum, we propose that
it is important to look at the structure regionally in order to better understand its role in
motor dysfunction in these populations. This is analogous to approaches taken with the
basal ganglia, where each region is considered separately. Such an approach is necessary
to better understand cerebellar pathophysiology on a macro-structural level with respect
to the pathogenesis of psychosis.

Keywords: cerebellum, schizophrenia, psychosis-risk, motor abnormalities, balance, timing, morphology, motor
learning

INTRODUCTION
Schizophrenia is a devastating mental illness marked by a variety
of symptoms, including positive symptoms (hallucinations and
delusions) and negative symptoms (anhedonia and social with-
drawal) (5). In addition to the classic symptoms, these patients
also exhibit movement abnormalities as well as cognitive and affec-
tive dysfunction. These movement abnormalities are in a variety of
domains and include dyskinesias (6), as well as psychomotor slow-
ing, catatonia, neurological soft signs, extrapyramidal signs, and
motor learning deficits (7–10). Psychosis has been studied as a
spectrum disorder, with investigations of different patient groups
that show some symptoms that are associated with risk. In this
review, we focus on several specific groups in addition to schizo-
phrenia, including those at psychosis-risk, a category that can refer
to genetic risk, as those with a first-degree relative with the disease
are at greater risk for development of schizophrenia. In this cate-
gory, there are also individuals referred to as ultra high-risk (UHR),
where there are recent onset or escalating range of moderate (i.e.,

partially formed/occurring occasionally without full conviction
or related functional impairment) positive attenuated symptoms
(e.g., unusual thoughts, suspiciousness, grandiosity, perceptual
anomalies, and disorganized communication) associated with
decreased functionality in social relationships or day-to-day life.
After a diagnosis of schizophrenia, this period of attenuated symp-
toms is referred to as the prodromal period. However, not all those
that experience these symptoms will go on to develop schizophre-
nia or another psychotic disorder. Finally, there are individuals
diagnosed with schizotypal personality disorder, who show trait
level unusual behaviors, suspiciousness, and ideas of reference.
This group is also at greater than average risk for schizophrenia.
Interestingly, movement abnormalities are present in these at-risk
populations as well [e.g., (1, 2, 6)].

Movement abnormalities are present as early as infancy in indi-
viduals that go on to develop schizophrenia later in life [e.g., (5)],
indicating that such movement abnormalities maybe associated
with the disease or disease process, as opposed to being a side-effect
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of medication (11). Indeed, prior to the onset of schizophre-
nia, and certainly during infancy, individuals are less likely to be
impacted by many of the confounding factors that could also fur-
ther impact movement abnormalities associated with schizophre-
nia (e.g., anti-psychotic medications,drug,and alcohol use/abuse).
These movement abnormalities are typically dyskinetic move-
ments, and are thought to be related to the dopaminergic dysfunc-
tion in the basal ganglia (12), and have been previously reviewed
elsewhere (6). Importantly, these motor abnormalities are present
prior to disease onset, and continue across the disease course. Fur-
ther supporting this, many movement abnormalities are seen in
drug-naïve adults with schizophrenia as well (10).

In addition to the striatally mediated dyskinesias seen in schiz-
ophrenia and psychosis-risk groups (3, 6, 13–22) and the psy-
chomotor slowing, catatonia, and parkinsonism (7–10), there is
also evidence of cerebellar dysfunction in both schizophrenia,
and psychosis-risk populations [e.g., Ref. (1–3, 17–21)]. The most
prominent evidence of cerebellar dysfunction is with respect to
its role in cognitive dysmetria (23–25). Andreasen and colleagues
have demonstrated that there is abnormal functional activation in
the cerebellum, thalamus, and cortex in patients with schizophre-
nia (23, 24), and more recently, there has been increased interest
in the study of the cerebellum in these patients, particularly with
respect to cerebello-thalamic connections (26). Cerebellar activa-
tion deficits exists across functional domains (27), and we refer
readers to the review by Picard and colleagues for a detailed dis-
cussion of the cerebellum in schizophrenia, as it is beyond the
scope of our review here (25).

The cerebellum is classically thought of as a brain structure
that is important for motor control; however, there is a robust
literature to indicate that the structure is also heavily involved in
cognitive and affective processing (4, 28–33). As such, though the
cerebellum and cerebello-thalamo-cortical circuit were first dis-
cussed in schizophrenia with respect to cognitive dysmetria, there
is also a great deal of evidence to indicate that there are motor cere-
bellar deficits in schizophrenia in addition to the aforementioned
dyskinesias, psychomotor slowing, catatonia, and parkinsonism.
Indeed, there is also an emerging literature indicating that as with
dyskinesias, cerebellar-motor abnormalities are also present in
psychosis-risk populations [e.g., (1, 2)]. Thus, it may be that more
overt cerebellar-motor dysfunction may also serve as a marker of
disease and disease progression, such as has been proposed for
striatal-mediated dyskinesias (6). This is particularly exciting, as
the cerebellar–thalamic network represents a distinct mechanism,
and may hold the potential to explain/predict heretofore poorly
understood processes across the psychosis spectrum. Here, our
goal is twofold. First, we provide a review of cerebellar–motor dys-
function in patients with schizophrenia as well as in psychosis-risk
groups including genetic risk, UHR populations, and schizotypal
individuals. Second, we provide a detailed overview of the cere-
bellar functional topography and weigh evidence in support of a
targeted regional approach for cerebellar investigations. We sug-
gest that more specific topographically informed approaches to
investigating the cerebellum (particularly with respect to cere-
bellar morphology and cerebello-cortical networks) across the
psychosis spectrum will yield informative results with respect to
the involvement of the cerebellum in psychosis.

MOTOR CEREBELLAR DYSFUNCTION IN SCHIZOPHRENIA
AND PSYCHOSIS-RISK
The cerebellum is important for motor function generally in that
it is important for online monitoring of movements (34, 35). Eye-
blink conditioning and postural control are both especially reliant
upon the cerebellum, but it is also strongly engaged during motor
learning, and it has been suggested that one of the primary func-
tions of the cerebellum is in the precise timing of movements (36,
37). While the cerebellum is likely to be involved in many motor
behaviors, several domains have been studied in greater depth in
patients across the psychosis spectrum. We will discuss in turn eye-
blink conditioning, postural control, timing, and motor learning.
For each motor task paradigm, we will review the existing evidence
indicating impairments across the psychosis spectrum, as well as
any evidence that directly links these behaviors to the cerebellum
[either structure or function as measured using functional mag-
netic resonance imaging (fMRI)] in these populations. A summary
of performance for each task domain for both patients with schizo-
phrenia and at-risk/psychosis spectrum populations is provided in
Table 1. Finally, future directions for research in each domain will
be discussed, particularly with respect to the study of psychosis.

EYE-BLINK CONDITIONING
Eye-blink conditioning is one of the simplest learning paradigms,
and performance of this task is dependent upon the cerebellum
(38–40). The circuits involved in eye-blink conditioning have been
carefully mapped using animal models, but have also been exten-
sively investigated in humans primarily in lesion studies, and both
the deep cerebellar nuclei (particularly the interposed nuclei) and
cerebellar cortex seemed to be important for task performance
(38–40). In these paradigms, a puff of air is delivered to the eye,
resulting in a blink response. During the conditioning phases, a
tone precedes and typically co-terminates with the air-puff, result-
ing in conditioned responses (CRs). That is, individuals that learn
the association between the tone and the air-puff that follows it
blink their eyes at the sound of the tone. Because this is so heavily
dependent upon the cerebellum, it is often used as an indicator of
cerebellar function. In schizophrenia, there is a growing literature
investigating performance on this task in patients.

Across the literature investigating patients with schizophrenia,
the general finding is that patients are impaired in eye-blink con-
ditioning, and show fewer CRs to the tone alone when compared
with controls (40–47). During the paradigm, the percentage of
CRs is significantly lower than that in controls. However, though
this seems to be a relatively robust finding, there have been several
studies that provide evidence to the contrary (48–51). Reasons for
the mixed findings are unclear, but may be due to the heterogeneity
of the patients included in these samples particularly with respect
to medication, as well as differences in task design. Importantly, a
recent investigation of neuroleptic naïve patients or patients that
have been off medication for 3 weeks demonstrated eye-blink con-
ditioning deficits suggesting that this impairment is not solely a
function of medication status (46).

In addition to the lower percentage of CRs, there is also evi-
dence in patients with schizophrenia to indicate that the timing
of these responses is negatively impacted (41, 42, 45) (timing will
also be discussed in further detail below). During the conditioning
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Bernard and Mittal Cerebellar-motor function in psychosis

Table 1 | Summary of findings across the reviewed motor domains for both patients with schizophrenia and high-risk groups.

Task domain Schizophrenia deficits High-risk deficits

Eye-blink

conditioning

Poor conditioning: fewer conditioned responses to the presentation

of a tone, which is followed by an aversive puff of air to the eye

Fewer and earlier conditioned responses in SPD

Altered timing of responses so that eye does not close in time with

the air-puff

Genetic risk populations also show fewer conditioned

responses

Postural

control

Greater postural sway indicative of poor postural control, associated

with symptom severity

Increased postural sway in UHR individuals that is

specifically associated with negative symptom severity

Presence of the Romberg sign more common in patients

Timing Impairments in temporal bisection (time perception) No evidence indicating sub-second cerebellar timing deficits

Increased variability during temporal production

(synchronization–continuation tasks)

Sub-second timing correlated with dimensions of schizotypy

Motor learning Implicit and explicit sequence learning deficits such that patients

learn, but to a lesser degree than controls

Deficits in pursuit rotor performance in UHR

Relationships also seen with the cerebellum No deficits on sequence learning in SPD

SPD, schizotypal personality disorder; UHR, ultra high-risk.

paradigms, the tone typically co-terminates with the onset of
the air-puff to the eye. The optimal response is such that the
anticipatory eye-blink that occurs as a result of the tone (CR)
is timed so that the eye is closed upon the delivery of the air-puff.
Brown and colleagues found that the timing of the CRs was more
variable in patients with schizophrenia (42) while Bolbecker and
colleagues reported less adaptive CRs as they occurred significantly
earlier in patients when compared to controls (41). A similar trend
level finding of earlier CRs in patients was found by Forsyth and
colleagues (45).

Across the psychosis spectrum, there is also evidence to indicate
impairments in eye-blink conditioning. Individuals with schizo-
typal personality disorder have deficits similar to patients with
schizophrenia in that they show fewer CRs, and there is also a trend
indicating altered (earlier) CR timing in this population (45). Most
recently, Bolbecker and colleagues investigated eye-blink condi-
tioning in a group of patients with schizophrenia, those at genetic
risk, and healthy controls (52). Both the patient and genetic risk
groups showed impaired associative learning as measured with
CRs. The authors suggest that cerebellar abnormalities may be a
marker of risk for schizophrenia (52). Furthermore, this provides
additional support to indicate that these deficits are not an artifact
of medication, as they are present in genetic risk groups.

Finally, it is of note that there have been several investigations
of the cerebellum more directly with respect to eye-blink condi-
tioning. First, Edwards and colleagues measured the volume of the
anterior and posterior aspects of the cerebellum and investigated
these volumes with respect to conditioning (43) in patients with
schizophrenia and controls. Volume of the anterior cerebellum
in patients was smaller than that of controls and the patients also
showed impaired conditioning. However, there were no significant
correlations between cerebellar volume and conditioning perfor-
mance in patients with schizophrenia. In fact, the non-significant
relationship in the patient group was in the opposite direction as
that seen in the controls (43). The authors suggest that there are

perhaps altered structure–function relationships in the cerebellum
in patients with schizophrenia (43). However, further confirma-
tion of these findings is necessary, particularly as only very large
regions of the cerebellum were investigated.

Using positron emission tomography (PET), medication free
patients with schizophrenia and controls were scanned during the
eye-blink conditioning paradigm (46). Not only did the patient
group show impaired associative learning, but they also showed
decreased blood flow in the cerebellum and the thalamus. This
indicates cerebellar dysfunction in the patient group along with
the behavioral impairments (46). While this investigation and that
of Edwards and colleagues are important first steps in linking cere-
bellar morphology and function to this overt motor impairment,
it is also clear that more work is needed.

There are several key future directions for eye-blink-
conditioning research. Most interestingly is the use of functional
neuroimaging. While Parker and colleagues took advantage of PET
imaging (46), recent advances in the technology used to deliver the
air-puff and monitor the eye-blinks have allowed for investiga-
tions of this task using fMRI (53, 54). This approach has provided
important insights into the cerebellum and eye-blink conditioning
in normative development (54). Linking eye-blink conditioning
to additional cognitive measures as well as symptomatology in
disease populations is important. Several groups have started to
investigate eye-blink conditioning with respect to cognition with
mixed results (41, 45), and to our knowledge there have not yet
been any investigations linking CRs with symptom severity. Such
future work is important for our understanding of cerebellar con-
tributions to disease and cognition, and will help us to better
understand whether or not this motor measure is a reasonable
marker of disease state. Lastly, investigations in UHR populations
would also be especially informative. The work by Bolbecker and
colleagues in genetic risk is an important first step (52), and the
field would benefit from a replication and extension of this work
in UHR individuals.
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POSTURAL CONTROL
Postural control relies upon sensorimotor integration and vestibu-
lar function. The cerebellum has long been implicated in postural
control (55). Patient studies in those with ataxia or cerebellar
lesions show increased postural sway (poor postural control) (56),
and the measurement of regional cerebral blood flow using PET
imaging has also shown increases in blood flow in the cerebellum
(57). Much like eye-blink conditioning, postural control can also
be used as a potential indicator of cerebellar function. Indeed in
healthy adults, balance has been linked to regional cerebellar vol-
ume (58), and similar associations between cerebellar volume and
balance have been seen in alcoholism where cerebellar volume is
negatively effected by the disease (59, 60).

Investigations of postural control in schizophrenia were initi-
ated as far back as the 1940s. Using vestibular stimulation Angyl
and Sherman (61) found deficits related to postural control in
patients with schizophrenia. Though the methods to investigate
postural control vary greatly in their sensitivity, the general finding
is that patients with schizophrenia have impaired postural control.
Earlier work in this domain relied primarily upon behavioral mea-
sures and assessments of balance such as judgment of the presence
of the Romberg sign (loss of balance when the eyes are closed, arms
are outstretched, and feet are in a heel-to-toe tandem position), or
assessing the ability to stand heel-to-toe, or on one foot (62, 63).
Presence of the Romberg sign is significantly more common in
patients with schizophrenia as compared to healthy controls (62)
and patients are also impaired at standing on one foot, and heel-to-
toe standing, though this is further compounded in patients with
schizophrenia that also have a history of alcoholism (63). Thus, in
schizophrenia, these postural control deficits are present, and can
increase in severity in cases of alcohol abuse.

More recent investigations have used instrumental measures
of balance and quantify body sway. Such measures have a much
higher degree of sensitivity in their ability to detect postural
abnormalities. Postural sway is quantified, and a greater degree of
sway is indicative of poorer postural control. Furthermore, these
instrumental measures also allow researchers to manipulate the
placement of the feet, and whether or not participants complete
the task with their eyes opened or closed. Marvel and colleagues
(64) were the first to use such a measure of balance to investigate
postural control in patients with schizophrenia. This investiga-
tion demonstrated that patients with schizophrenia have deficits
in postural control such that they sway more than controls, though
they did not see any further effects of alcohol use (64). These find-
ings were recently replicated by Kent and colleagues (65), and they
demonstrated that in patients, greater postural sway was associ-
ated with worse general psychopathology symptoms. There was a
similar trend with respect to negative symptoms (such as anhe-
donia). Importantly, in both of these investigations anti-psychotic
medications do not seem to be impacting the findings (64, 65).
The findings of increased sway were also replicated across a het-
erogeneous group of patients with psychosis, including those with
schizophrenia, acute psychosis, and undefined psychotic disorder
(66). It is of note, however, that an additional recent study is not
consistent with these findings (67).

To our knowledge, there has been only one study investigating
postural control in UHR individuals. We recently investigated

whether or not adolescents and young adults at UHR for psy-
chosis show impaired postural control as measured by increased
sway area (1). We found that postural control deficits are indeed
present in UHR individuals. Furthermore, greater sway area was
associated with increased negative symptoms. Finally, we investi-
gated cerebello-cortical networks using resting state connectivity
MRI. Not only were cerebello-cortical networks weaker in the
UHR group relative to the controls, but they were also correlated
with postural sway, providing a link between cerebellar networks
and behavior in this population (1).

Future directions regarding postural control across the psy-
chosis spectrum fall into several key domains. First is the use of
instrumental measures to quantify postural sway. Since Marvel
and colleagues first used this method in patients with schizo-
phrenia (64) there have been several replications. Using such
methods whenever possible provides a more sensitive measure
of postural control, and also allows for better comparison across
investigations. Relatedly, such methods also lend themselves to
more complex statistical analysis techniques, which may yield
additional important information regarding postural control and
schizophrenia, as demonstrated by Kent and colleagues (65). Sec-
ond, additional investigations and replications of our recent find-
ings regarding postural control deficits in UHR populations (1)
are warranted. Follow-ups across disease progression in longi-
tudinal investigations will also be especially informative. Finally,
more direct links with cerebellar structure and function in patient
groups are needed. While there is strong evidence in healthy indi-
viduals and in other clinical populations linking the cerebellum
more directly to cerebellar structure and function (57, 58, 63),
such work is lacking across the psychosis spectrum.

TIMING
The cerebellum has been implicated in timing function across
multiple research domains. Assessments in cerebellar patients
have indicated that these individuals are impaired in both timing
production and perception (68), and more recently, these impair-
ments have been linked more specifically to discontinuous timing
tasks, such as discrete finger tapping (69). Furthermore, functional
neuroimaging methods have also implicated the cerebellum in
timing perception (70, 71). Overall, the cerebellum is thought to
be generally very important in timing, particularly with respect to
precise event timing (72). It has been suggested that the cerebel-
lum is particularly important in timing on the sub-second scale,
and that longer timing intervals (supra-second) are more cogni-
tively mediated, and may be related to the basal ganglia (72). On
the whole the cerebellum is certainly implicated in timing and this
is important for a wide array of motor tasks such as finger tap-
ping and sequence learning. With respect to schizophrenia, there is
evidence to indicate that timing functions, particularly those that
are purported to be cerebellar-dependent are impaired. Here, we
will focus primarily on sub-second timing, as this is most closely
linked to the cerebellum.

Before discussing the timing deficits seen in patients with
schizophrenia, it is important to understand the more common
methods to investigate timing. Broadly speaking, these paradigms
fall into two categories – time perception and production. The
most typical way of assessing time perception is with a temporal
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bisection task. During a temporal bisection task, participants are
presented with anchor durations that are either long or short.
Then, test durations are presented and participants are asked
to determine if the test duration is closer to the long or short
anchor, and timing variability and temporal precision can be
quantified [e.g., (48)]. Production tasks typically involved fin-
ger tapping using a synchronization–continuation type paradigm.
Participants synchronize their tapping to a tone, and the tone is
then taken away while tapping continues. Tap variability, often
measured as the coefficient of variation, is used to quantify timing
in these paradigms [e.g., (49)]. In both cases, the intervals used
can vary to include both sub- and supra-second timing.

While investigations of timing in schizophrenia are certainly
nothing new, earlier work largely focused on intervals of several
seconds [e.g., Ref. (50–52)], which are thought to be more cogni-
tively demanding, and are less likely to involve the cerebellum.
More recent work, however, has investigated these sub-second
durations in schizophrenia. The first of these investigations was
by Elvevåg and colleagues (73). This study included two tasks, a
temporal bisection task, as well as a temporal generalization task
where participants had to recognize a standard duration. Across
both domains, patients with schizophrenia were impaired with
respect to controls, and importantly, performance was not corre-
lated with working memory abilities, nor was it strongly associated
with general intelligence (73). Davalos and colleagues replicated
these findings even when the time between the anchor and test
durations was varied (74), and similar results are seen with stimuli
in both the auditory and visual domains (75). The patient group
was impaired in both domains, but the impairment was greatest
for the auditory presentation of stimuli. Interestingly, deficits have
also been seen in patients with schizophrenia that have first-rank
symptoms (76). These individuals experience hallucinations and
thoughts that they believe to be under the control of another agent.
The authors suggest that these patients may have a slowed internal
pacemaker such that they experience time differently. However, it
is crucial to note that these differences were not present in patients
without first-rank symptoms (76), though it is possible that such
sub-groups may be driving the effects in other investigations.

As noted above, sub-second intervals are thought to be more
reliant upon the cerebellum, while supra-second intervals rely
upon other neural systems, perhaps the basal ganglia, and are
postulated to be more cognitively demanding (72). While the pri-
mary focus here is on cerebellar-mediated motor behaviors, work
by Carroll and colleagues comparing temporal bisection perfor-
mance on sub- and supra-second durations is worth noting (77).
In this investigation, the patients were impaired in both timing
ranges and the authors suggest that this may be indicative of a
more general timing deficit in schizophrenia (77). There were also
no associations with time deficits and symptomatology. However,
it is worth noting that the sub-second findings not only support
the cerebellar deficits in schizophrenia, the basal ganglia, and pre-
frontal cortex, which are important for more cognitively mediated
tasks, have long since been implicated in schizophrenia (78). Thus,
the longer supra-second durations may be tapping into additional
neural systems that are impacted by the disease.

The majority of timing work has been done using time
perception. In the one study, we know of using a synchronization–

continuation time production task, there are also deficits in
patients with schizophrenia as compared to controls during both
the synchronization and continuation phases (79). During this
task, tapping variability was increased in patients during both task
phases. Furthermore, models of timing indicated that in patients
with schizophrenia the deficit was due to actual deficits in tim-
ing as opposed to task performance or implementation (79). The
motor production aspects of timing production may also come
into play in motor learning tasks that involve timed, sequential
finger movements (please see below).

Across the psychosis spectrum and in UHR individuals there
has been very little work to date on timing. In those at genetic
risk, a timing deficit was found, but this study was limited to
supra-second durations, and similar supra-second deficits are seen
in those with high schizotypy based on the Schizotypal Person-
ality Questionnaire (80, 81). Thus, investigations of sub-second
cerebellar-mediated timing tasks are necessary in UHR popula-
tions. However, sub- and supra-second performance was corre-
lated with schizotypy dimensions (81). Overall, it is clear that
further work is needed in these populations to better understand
cerebellar-mediated timing deficits.

Future directions with respect to timing deficits fall into sev-
eral domains. Most importantly is the need for additional work
using temporal production tasks at the sub-second level in patients
with schizophrenia. Relatedly, there is a general lack of research
on this domain in at-risk populations and across the psychosis
spectrum. Understanding whether or not such sub-second timing
deficits exist prior to the onset of formal psychosis will provide
us important insight as to the range of cerebellar-motor dysfunc-
tion prior to disease. Next, translation of such tasks to the scanner
environment using functional neuroimaging is warranted, as are
investigations looking at associations with regional cerebellar vol-
ume. While studies in individuals with cerebellar damage (69) and
those using functional neuroimaging (70, 71) have implicated the
cerebellum, such measures in schizophrenia and across the psy-
chosis spectrum will further our understanding of the nature of
this timing deficit in patients. Similarly, insightful relationships
with regional cerebellar volume may be gleaned, and indeed Ivry
and Spencer have suggested that there may be regional contribu-
tions of the cerebellum to timing (72). Finally, more work looking
at timing with respect to symptom severity is needed.

MOTOR LEARNING
Motor learning is the process by which individuals learn to use new
tools or devices, and turn novel and perhaps disjointed movements
into fluid performance. Examples include learning to use a new
computer mouse, or putting together a sequence of movements to
shoot a basketball. The process of motor learning recruits a vari-
ety of cortical and subcortical brain regions (82–87), including
the cerebellum. While it is certainly not the case that the cere-
bellum is engaged alone in motor learning, it does seem to be a
key contributor, and investigating motor learning in patients with
schizophrenia and those at UHR may be especially informative for
our understanding of cerebellar–motor dysfunction in psychosis.

There are several different motor learning paradigms that are
most typically used, and they seem to engage slightly different
regions of the cerebellum (88). Motor sequence learning typically
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requires participants to learn a new sequence of finger move-
ments, and both accuracy and reaction time are compared to a
random sequence of button presses. This can be done explic-
itly where the participant knows they are learning a sequence,
or implicitly when a sequence is learned while the participant is
unaware. Mirror-drawing is a form of implicit motor learning
that requires participants to update their movements based on a
mirror-reflection of their movements. Over multiple trials, partic-
ipants are able to accurately trace complex shapes. Pursuit rotor
tasks, which are also implicit, ask participants to track a target
across a track pad using a mouse or joystick. The target is titrated
so that the target moves with varying speed in order to ensure a
standard minimum level of accuracy and time on target is calcu-
lated. Over several trials, the time on target increases, indicative of
learning.

Early work investigating motor learning in schizophrenia was
behavioral in nature. Deficits on a pursuit rotor task were demon-
strated by Schwartz and colleagues (89). Patients with schizophre-
nia spent less time on the target and deficits were exacerbated
by advanced age. Furthermore, these findings were not associ-
ated with medication or other movement abnormalities in the
patient group, though they were weakly related to cognitive abili-
ties. Using an implicit sequence learning task (serial reaction time
task), Green and colleagues investigated motor learning in patients
with schizophrenia (90). While both patients with schizophre-
nia and healthy controls showed overall improvement in reaction
time over the course of the task, the patient group showed less
learning. The authors suggested that this may be due to possi-
ble cerebellar deficits (90). Looking at both implicit and explicit
sequence learning, Pederesen and colleagues found deficits in both
domains relative to controls in those with first-episode schiz-
ophrenia (91). Using mirror-drawing paradigms, patients with
schizophrenia have been shown to have implicit learning adap-
tation deficits (92–94). However, these deficits are often linked to
medications in these patients.

These initial behavioral findings were soon followed up by
neuroimaging investigations using functional, anatomical, struc-
tural, and connectivity methods (95–100). Though the measures
of motor learning varied to some degree, with one exception (100),
the behavioral findings were consistent with prior work indi-
cating deficits in motor learning in patients with schizophrenia.
In addition, these neuroimaging investigations also provide fur-
ther information about what underlying brain differences may be
contributing to these deficits.

Kumari and colleagues (95) showed that there are differential
brain activations when comparing patients to controls, and this
included both the cerebellum and regions in the basal ganglia.
The patients with schizophrenia did not activate these regions,
though they were activated by controls (95). The implication of
the cerebellum is perhaps not surprising, and interesting given
the proposed role of the cerebellum in schizophrenia. Implicit
sequence learning has also been investigated in patients with schiz-
ophrenia using PET (96). The patients showed less learning over
time when compared to the control participants. In the patient
group, the pre-frontal cortex and cerebellum showed differential
correlations with sequence learning, highlighting the importance
of the cerebellum, but also the importance of investigating the

interactions between the cerebellum and pre-frontal cortex. Null
findings with regards to learning and the cerebellum in schizophre-
nia have also been reported (100). Recently, using meta-analysis,
we investigated cerebellar functional activation across a variety
of task domains including motor function (27). The majority
of included motor studies related to finger tapping and motor
sequence learning. While we cannot speak to performance in our
analyses, across these studies we did find that in patients with
schizophrenia cerebellar functional activation was altered relative
to controls during motor tasks, indicating that perhaps patients
with schizophrenia rely upon less efficient cerebellar networks and
processing (27).

As noted above with respect to the findings of Marvel and
colleagues (96) investigating the interactions between the cere-
bellum and cortex is potentially of great interest. One way to do
so is with functional connectivity analyses. These analyses mea-
sure the correlations between the brain signal in different brain
regions. Recently, Kasparek and colleagues (97) investigated motor
sequencing abnormalities with respect to functional connectiv-
ity between the cerebellum and cortex assessed while subjects
were making finger movements (finger-to-thumb opposition).
Motor sequencing was indexed based on the Neurological Eval-
uation Scale (NES). Both patients and controls were assessed
and then divided into those with sequencing abnormalities and
those without, regardless of diagnosis. However, motor sequenc-
ing deficits were more common in the patient group. There were
no differences between patients with schizophrenia and controls
with respect to functional connectivity; but, those with motor
sequencing deficits had lower functional connectivity between
the cerebellum and the motor cortex (101). Though the differ-
ences were not related to diagnosis, given that motor sequencing
deficits were more common in the patient group, this find-
ing is potentially important for understanding motor learning
deficits in schizophrenia, and further highlights the role of the
cerebellum.

Also relying upon the NES measure of sequencing, Hüttlova
and colleagues recently looked at structural connectivity of the
cerebellum using diffusion tensor imaging (DTI) (98). In the
patients with motor sequencing deficits, there was decreased white
matter structural integrity relative to controls in the superior
cerebellar peduncle, which is the primary cerebellar efferent to
the thalamus, whereas in the patients without deficits, differences
relative to controls were seen in the corticospinal tract. This sug-
gests potential sub-groups within schizophrenia related to motor
sequencing, but also further highlights the cerebellum in motor
deficits in this patient population.

Finally, structural MRI has been used with respect to sequence
learning in patients with schizophrenia (99). Volumes of the cere-
bellum and pre-supplementary motor area (SMA) were investi-
gated. First, the only group differences in volume were seen in the
pre-SMA, and in patients volume in this region was correlated with
implicit learning. While it is notable that there were no group dif-
ferences in total cerebellar volume, nor were there any cerebellar-
behavior relationships, the measurement of the entire structure
may be a contributing factor. In sum, across multiple studies, there
seem to be relatively robust deficits in motor sequence learning
and in procedural learning in patients with schizophrenia, and
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this is supported by meta-analysis (102). Furthermore, there is
at this point at least some evidence linking these deficits to the
cerebellum, along with other liable neural substrates.

Though there has been a good deal of investigation related to
motor learning in patients with schizophrenia, across the psychosis
spectrum this has been investigated less extensively. In schizo-
typal individuals relative to controls, there do not appear to be any
deficits in motor sequence learning, as measured using the implicit
serial reaction time task (103, 104). However, more recently, we
demonstrated procedural learning deficits in UHR patients relative
to controls using a pursuit rotor task (2). Furthermore, learning
was associated with volume of Crus I of the cerebellum. Given
the cognitive functions of this region (4), and its associations with
the pre-frontal cortex (105), this is an especially interesting find-
ing, and may perhaps be related to the differing relationships with
learning seen in the pre-frontal cortex and cerebellum (96). This
may be due in part to the overall difficulty of this task as more
complex motor tasks recruit this region of the cerebellum (106),
though we may also be tapping into cognitive deficits as well.

Future directions in motor learning research across the psy-
chosis spectrum include the further investigation of motor learn-
ing in psychosis spectrum populations. While there have been
some inroads in this domain, further research is clearly warranted.
Additionally, interesting investigations using non-invasive brain
stimulation to the cerebellum have been completed in healthy indi-
viduals (107, 108). This stimulation can influence motor learning
in these healthy individuals, and the impact on motor learning
in patients with schizophrenia or across the psychosis spectrum
may be especially informative. Finally, while there has been a great
deal of work looking at the functional MRI correlates of motor
learning in patients with schizophrenia, inclusion of anatomical
and structural connectivity measures will be especially informa-
tive, both with respect to cerebellar pathology, but also to other
brain regions implicated in motor learning.

Importantly, across all of these domains medication and cogni-
tive deficits may be impacting performance. For example, deficits
in mirror-drawing seem to be largely tied to medication (92–
94), and our recent findings with respect to the cerebellum and
pursuit rotor implicate cognitive cerebellar regions (2). Findings
of cerebellar–motor deficits in at-risk populations where anti-
psychotics are less commonly used indicate that many of these
deficits are not an artifact of medications. However, not all stud-
ies of at-risk groups include only anti-psychotic naïve participants,
and in patient groups, medications may be exacerbating these find-
ings. Similarly, cognitive deficits in patients with schizophrenia
may also be confounding these motor findings as motor perfor-
mance is certainly closely linked to cognitive function [e.g., Ref.
(109, 110)].

Finally, as noted throughout, and with the exception of motor
learning, across most domains evidence directly linking these
motor behaviors to the cerebellum are generally lacking. As such,
the implication of cerebellar dysfunction is relatively indirect. By
combining these motor measures with neuroimaging techniques
we can better investigate the cerebellum in psychosis. Impor-
tantly, by combining these behavioral measures with measures of
cerebellar volume or function, we can more effectively establish
whether or not these behaviors may serve as markers of disease,

and in clinical high-risk populations, they may serve as predic-
tive biomarkers, as recently suggested by Bolbecker and colleagues
(52). However, the cerebellum is a relatively large structure that
is involved in both motor and non-motor behaviors (34, 35). An
understanding of the cerebellar functional topography (4, 111) is
important when considering the structure and its role in disease. It
is important to consider the regional and functional organization
within the cerebellum when looking to link the structure to overt
motor deficits seen across the psychosis spectrum.

CEREBELLAR FUNCTIONAL TOPOGRAPHY
Beginning in the mid 1980s, investigators began speculating about
the non-motor role of the cerebellum (28–31, 112). Investiga-
tions in non-human primates provided additional support for this
notion. Using viral tract tracing methods, distinct tracts connect-
ing pre-frontal and primary motor regions of the cortex to the
cerebellum were revealed (113–116). These closed-loop circuits
provide topographically segregated connections with the cerebral
cortex. Specifically, the anterior aspects of the cerebellum (largely
lobule V, but also lobules IV, and VI) along with a region in the
inferior posterior cerebellum (lobules VIIIa and VIIIb) were con-
nected to the primary motor cortex. Conversely, lateral aspects of
the cerebellum (Crus II) were connected to the pre-frontal cor-
tex (113). Similar motor and pre-frontal dissociations were seen
in the dorsal and ventral aspects, respectively, of the cerebellar
dentate nucleus (115).

More recently, using both structural (DTI) and functional con-
nectivity neuroimaging (fcMRI) methods, a parallel topography
of connections has been demonstrated in the human brain as
well. fcMRI has revealed comparable distinct motor and cogni-
tive networks in the cerebellar hemispheres at rest, based on the
correlation between the resting state brain signal in these regions
(117–119), and the dorsal and ventral dentate distinction was
also replicated in humans using this methodology (120). How-
ever, distinct cerebello-cortical networks go beyond just a general
motor/pre-frontal (non-motor) distinction. By investigating the
resting state cerebello-cortical networks of individual cerebellar
lobules, Bernard and colleagues showed that on a lobular level,
the cerebellum is uniquely coupled with distinct cortical regions,
resulting in distinct networks (105). Further support for multiple
distinct motor and non-motor cerebellar networks comes from the
work of Buckner and colleagues (121) (Figure 1A). They created
a cerebellar parcelation based on coupling with multiple cortical
resting state networks of the cortex. Finally, DTI has demonstrated
distinct white matter tracts connecting the cerebellum and the cor-
tex, that nicely parallel non-human primate literature (122). Thus,
the cerebellum has distinct motor and non-motor closed-loop
circuits with the cerebral cortex.

While the dissociable structural and functional motor and non-
motor connections between the cerebellum and the cerebral cortex
provide evidence for a topographically distinct functional organi-
zation in the cerebellum, there is also additional evidence from
lesion studies and functional neuroimaging. The notion of a cog-
nitive affective syndrome due to damage in the posterior lobe of
the cerebellum was initially described by Schmahmann and Sher-
man (31). More recently, several investigations by Stoodley and
colleagues (4, 111, 124) using both meta-analysis and functional
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FIGURE 1 | (A) A lobular summary of resting state connectivity (left: coronal,
right: sagittal) analyses conducted in humans, shown for the right cerebellar
hemisphere, and concatenated across several studies (105, 121). Lobules of
the right hemisphere are labeled, and general connectivity patterns are listed.
The cerebellar vermis, made up of mid-line lobular aspects analogous to the
hemispheres was not included, but distinct connectivity patterns, comparable
to those seen in their hemispheric counterparts, have been reported (105).
(B) A summary of the cerebellar functional topography presented on coronal

slices (left to right, posterior to anterior), as demonstrated in humans using
meta-analysis (4, 123) as well as functional neuroimaging (111) is provided.
Verbal and spatial processing is differentially lateralized, and motor and
non-motor processing patterns are relatively consistent with cerebellar
sub-regions that are associated with motor and non-motor cortical regions,
respectively. Motor activation was largely localized to the right hemisphere,
given that only right handed individuals were included in these investigations.
CRI, Crus I; CRII, Crus II; DMN, default mode network; PFC, pre-frontal cortex.

neuroimaging indicate that in addition to the closed-loop circuitry
of the cerebellum, there is also a distinct topography of func-
tional activation across different task domains (Figure 1B). That
is, tasks such as working memory and motor tapping result in
activations in distinct cerebellar regions. Likewise, language and
spatial processing are lateralized as in the cortex (4, 111), and there
is some evidence of a unique area active when processing emo-
tion (4). Even within the anterior cerebellum, there appear to be
sub-regions associated with distinct types of motor behavior and
learning (88). Finally, in healthy individuals, regional cerebellar
volume is also associated with individual differences in behavioral
performance on motor and cognitive tasks in regionally specific
ways (58). Importantly, there is increasing evidence to indicate
that the cerebellum is processing non-motor information in many
of these higher order cognitive tasks (125), and that cerebellar
contributions are necessary for effective task performance, and
not just an artifact of the structure’s connections with the cerebral
cortex (33). Given the diverse functional contributions of the cere-
bellum and the topographical nature of the activation associated
with these task domains, the potential benefits of more targeted
regional investigations are clear. Distinct cortico-cerebellar circuits
and cerebellar regions may be differentially impacted in the disease
state, and consideration of this putative regional variability may
provide additional clarity for our understanding of the cerebel-
lum in psychosis. Not only might this provide key insights into the
motor deficits seen in schizophrenia and psychosis-risk, but it may
also shed light on the various cognitive deficits that accompany the
disorder.

REGIONAL CEREBELLAR INVESTIGATIONS
Converging evidence indicates that there are distinct functional
sub-regions within the cerebellum making up a functional topog-
raphy within the structure. Furthermore, the sub-regions of the
cerebellum are part of distinct motor and non-motor cortical cir-
cuits. As such, when investigating the cerebellum it is important to
consider the structure regionally. Making up approximately 10%
of the total brain volume, the cerebellum is especially large to
be considered as a whole. Its size, coupled with the known func-
tional sub-regions call for a more fine-grained approach. It may
be that sub-regions of the cerebellum are differentially impacted
in the disease state. Not only would this approach provide impor-
tant insight into the cerebellum across the psychosis spectrum,
but it would also allow for comparisons across psychopathology.
Cerebellar morphological differences with respect to controls have
been observed in both depression and bipolar disorder (126–129).
Understanding whether or not individual sub-regions or lobules
are impacted differently across disease types will increase our
understanding of the cerebellar contributions to psychopathology.

Post-mortem investigations provided some of the first evidence
to indicate that there are cerebellar morphological differences in
patients with schizophrenia with respect to controls. Differences
when compared to controls have indicated reduced gyrification
in the cerebellar vermis in patients (130), decreased neuronal
integrity in patients, also in the cerebellar vermis (131), and there
is a decrease in Purkinje cell (one of the main cerebellar cell
types) density (fewer Purkinje cells) in patients with schizophre-
nia, as compared to controls (132). However, these results have
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been somewhat mixed with some groups showing no differences
in patients relative to controls (133–135). These mixed findings
may be because cerebellar deficits are specific to certain sub-
types of schizophrenia as suggested by Lohr and colleagues (133),
though regional sampling (or lack thereof) may also come into
play in these investigations. Despite the mixed results, this work
has provided important insights into the cerebellum in schizophre-
nia, particularly with respect to the underlying cytoarchitectonic
pathology. That is, any possible volumetric differences seen using
neuroimaging may be due to the decreased neuronal integrity and
smaller number of Purkinje cells revealed in these post-mortem
investigations. However, one weakness in this method is the fact
that in at-risk populations (both genetic and UHR), there is a lack
of post-mortem data as these individuals are typically quite young.
Thus, we can only make inferences regarding cerebellar cytoarchi-
tecture in these populations, and are reliant upon neuroimaging
research.

Thanks to in vivo neuroimaging methods, there is increasing
evidence to indicate that there are morphological differences in the
cerebella of patients with schizophrenia, and there is an emerging
literature indicating this in psychosis-risk as well (both UHR and
genetic). However, the results thus far are relatively mixed [for a
review, see Ref. (28)]. That is, in some cases, patients with schiz-
ophrenia have larger cerebellar volumes than controls, whereas
in other cases, cerebellar volume in patients is decreased with
respect to controls [cf. (28)]. Subsequent to the review of Shenton
and colleagues, additional mixed findings with respect to cerebel-
lar volume in schizophrenia have been revealed (136–142). The
majority of these studies were methodologically similar in that
they looked at the cerebellar hemispheres as a whole, and also
investigated the vermis, which was often further subdivided into
vermal sub-regions. The most consistent differences were found
in the vermis across studies (136, 140), and the more detailed
approach taken to investigating the vermis may be a contribut-
ing factor. The literature on the cerebellum in those at-risk for
psychosis (UHR and genetic risk) is much smaller than that in
schizophrenia, but the mixed findings persist (2, 142–144). How-
ever, they did differ methodologically, largely relying upon whole
brain methods to assess gray matter. While this is not an exhaus-
tive list of investigations of the cerebellum in schizophrenia and
psychosis-risk, it is clear that the results are mixed, and while differ-
ences in study inclusion factors and subject age may contribute, we
suggest that the gross measures of cerebellar volume, particularly
in the hemispheres are a contributing factor.

Assessments of the cerebellum taking regional approaches are
certainly the exception to the rule, and the few cases where these
approaches have been used have provided interesting results. In
a relatively small sample (n = 19), Loeher and colleagues (141)
traced individual cerebellar lobules and found volumetric differ-
ences in the vermis. In childhood-onset schizophrenia, siblings,
and healthy controls, Greenstein and colleagues also investigated
cerebellar sub-regions (142). Though they did not look at individ-
ual lobules, they did subdivide the cerebellar hemispheres based
on anatomical boundaries, providing increased detail relative to
whole hemisphere analyses. In this study, the patients with schiz-
ophrenia (n = 94) had smaller anterior cerebellar volume, as well
as smaller vermis volume when compared to controls, and they
also showed differing developmental volumetric trajectories with

respect to controls. Though the siblings of the patients did not dif-
fer in their regional cerebellar volumes from controls at baseline,
they did show differing regional volumetric trajectories during
longitudinal assessments (142). The detailed approaches taken
here, along with the large sample size provide important insights
with respect to cerebellar volume across the schizophrenia spec-
trum, and indicate that cerebellar sub-regions may be differentially
impacted. As discussed above, Edwards and colleagues (43) inves-
tigated the anterior and posterior cerebellum with respect to eye-
blink conditioning. They found smaller anterior cerebellar volume
in patients with schizophrenia, and though there were no signifi-
cant correlations with behavior in the patient group, the relation-
ships were in the opposite direction as compared to controls. The
authors as a result suggested that there may be altered structure–
function relationships in schizophrenia with respect to the cere-
bellum and eye-blink conditioning (43). Using automatic lobular
segmentation methods (58) we recently demonstrated that there
are regional lobular differences in UHR adolescents and young
adults (2). The anterior cerebellum and Crus I differed between
the patient group and age-matched healthy controls, as did the
vermis, though lobule X did not differ. Though this study was
focused on specific cerebellar lobules, this provides further pre-
liminary evidence that regional cerebellar volumetric differences
may be present prior to the development of psychosis, and as we
continue to longitudinally investigate these individuals, we will be
able to investigate their volumetric trajectories over time. Finally,
an intriguing new study looking at modularity of the cerebellum
using DTI, indicates that the modular organization of the cerebel-
lum is altered in schizophrenia (145). This finding further under-
scores the importance of regional approaches, as the functional
architecture of the cerebellum seems to differ in schizophrenia
(93), and these structural findings may underlie this (145).

It is clear that cerebellar-mediated motor behaviors are
impacted in patients with schizophrenia, and across the psychosis
spectrum. There are also cognitive deficits that may be linked, at
least in part, to the cerebellum. From a morphological or network
perspective, the contributions of the cerebellum are better under-
stood by investigating this structure regionally. This may provide
key insights into both the motor and cognitive deficits experienced
by patients with schizophrenia and psychosis-risk groups. In the
work summarized above, though the cerebellum is implicated in
these motor deficits, direct links between morphology and perfor-
mance are generally lacking. By taking a regional approach, specific
hypotheses with respect to the cerebellum and motor performance
can be defined and tested to better understand cerebellar-motor
deficits across the psychosis spectrum. Applying this approach to
procedural learning in UHR populations, we demonstrated that
volume of Crus I in at-risk individuals was positively correlated
with procedural learning (2). Interestingly, this motor task was
associated with a more cognitive region of the cerebellum, suggest-
ing that cognitive circuits, which are implicated in complex motor
tasks (106) are perhaps also implicated in the cerebellar-motor
deficits seen across the psychosis spectrum. Future investigations
including regional measures of cerebellar volume with respect to
motor deficits are warranted, and will likely provide important
insights into the involvement of this structure in the disease state.

Most importantly, it is now much easier to investigate the cere-
bellum, especially morphology, on a lobular basis. While in the
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past such detailed analyses would require precise hand tracing of
individual cerebellar lobules requiring large amounts of time and
multiple raters, several recent studies have presented automatic
lobular segmentation methods (58, 146, 147). These methods
allow for investigators to easily compute lobular cerebellar vol-
umes, and can be applied to large clinical samples, eliminating
much of the methodological challenge associated with hand trac-
ing. Bernard and Seidler (58) used the lobular delineations and
masks originally created by Diedrichsen and colleagues as part of
the SUIT atlas (148, 149). We successfully applied these methods
in an investigation of adolescents and healthy controls at ultra-
high risk for psychosis (2), demonstrating their utility in clinical
populations, and providing important information about both
regional cerebellar volume as well as motor learning in this pop-
ulation. Similarly, the lobular delineations available in the SUIT
atlas can be used as starting seed regions for resting state con-
nectivity analyses (1, 105, 150), and such analyses have revealed
interesting differences and associations between lobular cerebel-
lar connectivity, postural control, and symptom severity in UHR
individuals (1). Finally, these regions may also serve as useful
starting points for DTI analyses. Salmi and colleagues looked
at cerebello-thalamo-cortical white matter networks in healthy
adults (122), and similar analyses across the psychosis spectrum
would be beneficial to our understanding of the role of the cere-
bellum in motor deficits, as well with respect to the disease state
more generally.

CONCLUSION
A range of cerebellar-mediated motor tasks are impacted across the
psychosis spectrum. Such motor impairments are present prior to
disease onset, and may serve as a marker for pre-morbid cere-
bellar dysfunction. However, to date, direct links between these
motor impairments and cerebellar morphology and/or cerebello-
cortical networks have generally been lacking. In part, this may
be due to standard approaches that treat the cerebellum as a func-
tionally homogenous brain structure, though converging evidence
indicates that there are distinct motor and non-motor functional
regions within the cerebellum [e.g., Ref. (16, 23, 34, 90)]. Thus, we
suggest that more specific topographically informed approaches
to investigating the cerebellum (particularly with respect to cere-
bellar morphology and cerebello-cortical networks) across the
psychosis spectrum will yield informative results with respect to
the involvement of the cerebellum in psychosis. Such analyses will
provide important information with respect to motor dysfunc-
tion, and they also may shed light on mixed findings with respect
to cerebellar morphology. Furthermore, such an approach may
provide additional insights into cognitive deficits experienced by
these patient groups. That is, regional volume or functional dif-
ferences may be limited to sub-regions of the cerebellum, and
investigations of the structure as a whole may have masked these
important findings. A better understanding of regional cerebellar
morphological and functional differences will indicate whether or
not there are more global or local cerebellar deficits in psychosis.
Cerebellar-mediated movement abnormalities may be an overt
manifestation of a more general cerebellar deficit, and regional
analyses will allow this to be tested more directly. However, it is
of note that these insights will be on a macro-structural level and
potential underlying cellular differences and cellular contributions

to pathophysiology are not assessed with these volumetric tech-
niques. Computational models with respect of cerebellar cytoar-
chitectonics may be especially informative in that domain. Finally,
regional approaches to investigating the cerebellum and cerebellar-
motor abnormalities across disorders will allow for important
comparisons resulting in a better understanding of the cerebellum
across disorders.
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Neurological soft signs (NSS) comprise subtle deficits in sensory integration, motor coor-
dination, and sequencing of complex motor acts, which are typically observed in the major-
ity of schizophrenia patients, including chronic cases and neuroleptic-naïve first-episode
patients. However, recent studies clearly demonstrate that NSS are not a static feature of
schizophrenia but vary in the clinical course of the disorder. This effect was investigated
in a meta-analysis based on 17 longitudinal studies published between 1992 and 2012.
Studies included between 10 and 93 patients with schizophrenia spectrum disorders (total
number 787) with follow-up periods between 2 and 208 weeks. Beside the Neurological
Examination Scale, the Cambridge Neurological Inventory and the Heidelberg NSS Scale
were used to assess NSS. All but three studies found NSS to decrease in parallel with
remission of psychopathological symptoms. This effect was more pronounced in patients
with a remitting compared to a non-remitting, chronic course (Cohen’s d 0.81 vs. 0.15) and
was significantly correlated with length of the follow-up period (r =−0.64) but not with
age (r =0.28). NSS scores did not decrease to the level typically observed in healthy con-
trols. From a clinical perspective, NSS may therefore be used to identify subjects at risk to
develop schizophrenia and to monitor disease progression.

Keywords: NSS, schizophrenia, chronicity, course, outcome

INTRODUCTION
Neurological soft signs (NSS) refer to subtle neurological abnor-
malities comprising deficits in sensory integration, motor coor-
dination, and sequencing of complex motor acts (1–3). It is
generally accepted that NSS are more prevalent in schizophre-
nia patients compared to healthy subjects. They have consistently
been demonstrated in neuroleptic-naïve first-episode patients, i.e.,
prior to medication exposure, supporting the assumption that NSS
constitute an intrinsic feature of schizophrenia. This notion is
underlined by increased NSS scores in high-risk subjects, such as
relatives of schizophrenic patients, or in the unaffected co-twins
of monozygotic twin-pairs discordant for schizophrenia (4–6).

Already in 1980, Torrey found NSS to be associated with more
chronic and severe forms of the illness (7). Along these lines, Man-
schreck and Ames (1) reported significant correlations between
NSS and psychopathological symptoms in a cross-sectional study.
These findings led to the hypothesis that NSS are not a static
feature of schizophrenia but vary in the clinical course of the dis-
order, which was investigated in the late 1980s and early 1990s
by the Heidelberg group (3, 8). Patients with an acute exacerba-
tion of schizophrenia were investigated on admission, the seventh
day of treatment, and following remission of acute symptoms,
prior to discharge. Results clearly demonstrated a decrease of NSS
scores with remission of psychopathological symptoms. Similarly,
the parallel decrease of NSS and psychopathological symptoms
during neuroleptic treatment was confirmed in drug-naïve first-
episode (FE) patients (9) and during the long-term course up
to 4 years (10–12). When contrasted with healthy controls, NSS

scores obtained in schizophrenia patients remained significantly
higher during follow-up indicating that NSS comprise both state-
and trait-features.

These findings are pivotal to our concept of NSS and indicate
that cerebral sites important for motor and sensory functions are
directly involved in schizophrenia. From a clinical standpoint, NSS
may be used to monitor the disease process or to identify subjects
with an increased liability toward schizophrenia. However, these
conclusions are based on the above observation of the remission of
NSS with psychopathological symptoms during the clinical course.
In the present study, we therefore analyzed the development of NSS
in the course of schizophrenia as it was described in longitudinal
studies. We hypothesized NSS scores to decrease with remission
of psychopathological symptoms and expected this effect to be
more pronounced in patients with a more favorable compared to
a chronic, non-remitting course of disorder.

METHODS
Studies on the longitudinal course of NSS in schizophrenia were
identified by conventional bibliographic search in particular of the
reference list of previous papers (13) and by a pubmed search per-
formed in August 2014 using the keywords:“schizophrenia,”“NSS,”
“course,” “follow-up,” “chronicity.” These procedures yielded 16
relevant publications, which reported the data necessary to calcu-
late effect sizes (Cohen’s d). An additional data set was contributed
on request (14). Studies were published between 1992 and 2012;
they differed with respect to the clinical settings and the rating
instruments used (Table 1). Eleven studies assessed NSS with the
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Table 1 | Overview of studies.

Study Follow-up

(weeks)

Scale N Diagnostic

groups

Mean

age (SD)

Medication NSS t1 NSS t2 Effect

size

Psy.

path t1

Psy.

path t2

Effect

size 2

Bachmann et al. (10) 56 HD, PANSS 39 FE (DSM-IV) 27 (7.7) Clin. Needs 15.7 (7.1) 10.1 (7.9) 0.75 52.4 (25.6) 52 (12.4) 0.02

22 HC 28 (3.8) 4.8 (3.3) 4.6 (3.9) 0.06 * *

18 NR (DSM-IV) * 13.8 (7.2) 13.5 (8.7) 0.04 52.6 (14.9) 63.9 (32.6) −0.48

21 R (DSM-IV) * 17.3 (6.8) 7.2 (5.8) 1.60 51.4 (10) 42.6 (10.8) 0.85

Boks et al. (18) 104 NES, PANSS 29 FE (DSM-IV) 26.9 (6.3) 7.5 (7.1) 8.9 (5.5) −0.22 * * *

Buchanan et al. (19) 10 NES, BPRS 16 CH (DSM-III) 34.1 (6.8) Clozapine 16.2 (5.9) 16.8 (8.2) −0.09 11.4 (5.8) 9.4 (5.2) 0.34

10 15 CH (DSM-III) 34.6 (9.1) Haloperidol 14.5 (6.3) 15.1 (7.5) −0.09 12.6 (5.3) 12.0 (5.1) 0.12

Chen et al. (20) 156 motor CNI 93 FE (DSM-IV) 31.2 (9.6) Haloperidol

imitially

1.87 (2) 1.45 (2.2) 0.2 * * *

68 HC 32 (8.4) * * * * *

Cuesta et al. (21) 26 NES 77 FE (DSM-IV) 30.1 (10) Risperidone or

olanzapine

17.1 (9.4) 9.9 (6.8) 0.89 10.1 (3.5)a 1.6 (2.1) 3.04

SAPS, SANS 30.6 (6.2) * * 8 (5.9)b 4.7 (4.9) 0.61

Emsley et al. (14) 52 NES 15 FE (DSM-IV) 28.1 (8.5) 6.2 (3.57) 5.1 (4.0) 0.3 * * *

Mangot and Sawant (22) 52 NES 40 FE (ICD-10) 35.5 (11.9) 8.5 (7.1) 3.3 (4.1) 0.93 * * *

Mayoral et al. (16) 104 NES 29 FE (DSM-IV) 15.7 (1.6) 23.2 (9.1) 19.2 (9.9) 0.42 * * *

22 HC 15.2 (1.6) 12.2 (6.7) 9.7 (5.2) 0.42 * * *

Mayoral et al. (17) 104 NES, PANSS 69 FE (DSM-IV) 15.5 (1.8) 25.2 (9.6) 19.9 (8.1) 0.6 66.2 (17.9) 58 (23.3) 0.40

80 HC 15.2 (1.9) 11.1 (7.2) 9.2 (5.5) 0.3 * * *

Mittal et al. (23) 6 Quitkin, BPRS 19 SCHIZ (DSM-III-R) 36.3 (5.4) Haloperidol 6.3 (0.9) 5.3 (0.8) 1.18 34.3 (2.1) 22.4 (2.2) 5.53

Prikryl et al. (11) 52 NES, PANSS 92 FE (ICD-10) 25.3 (5.5) * * * *

20 NR * 6.5 (4.1) 4.2 (4.1) 0.56 88.4 (19.9) 84.7 (21.6) 0.18

72 R * 5.3 (5.9) 2.7 (3.4) 0.56 97.6 (22.5) 43.8 (11.1) 3.20

Prikryl et al. (12) 208 NES 68 FE (ICD-10) 22.5 (5) 6.3 (5.1) 6.8 (6.6) −0.09 97 (23.2) 51.5 (19) 2.16

29 NR * 6.6 (4.8) 10.1 (7.6) −0.56 * * *

39 R * 6 (5.4) 4.4 (4.5) 0.32 * * *

Schröder et al. (3) variable HD, BPRS 27 CH (DSM-III) 36 (12.1) Clin. needs 27.8 (9.2) 22.1 (7.1) 0.7 * * *

23 R 28.9 (8.9) 23.5 (8.3) 13 (4.7) 1.61 * * *

Schröder et al. (8) variable HD, BPRS 32 CH and R (DSM-III) 32 (9) Clin. needs 21.3 (8.3) 11.5 (5.7) 1.4 46.1 (7.3) 32.1 (5.7) 2.15

Schröder et al. (9) 4 HD, BPRS 15 FE (DSM-III-R) 29.2 (9.4) Benperidol 16.2 (7.5) 10 (4.7) 1.02 48.1 (6.6) 35.7 (7.7) 1.75

8 R 15.5 (7.2) 9.3 (4.6) 1.05 49.4 (7.8) 32.5 (7.2) 2.25

7 NR 17.0 (8.5) 10.9 (5.0) 0.9 46.7 (5.2) 39.3 (7.4) 1.18

Sevincok and Topaloglu (24) 2 NES, PANSS 10 CH (DSM-IV) 24.5 (*) Olanzapine 19.1 (13.2) 14.7 (12.5) 0.34 78.8 (19.9) 58.0 (13.1) 1.26

Whitty et al. (25) 26 NES, PANSS 79 FE (DSM-IV) 23.4 (*) 15.6 (9.7) 12.5 (7.3) 0.36 83.3 (20.1) 58.4 (15.1) 1.41

HD, Heidelberg NSS Scale; PANSS, Positive and Negative Syndrome Scale; NES, Neurological Evaluation Scale; BPRS, Brief Psychiatric Rating Scale; CNI, Cambridge Neurological Inventory; SAPS, Scale for the

assessment of positive symptoms; SANS, Scale for the assessment of negative symptoms; FE, first-episode psychosis; HC, healthy controls; NR, non-remitters; R, remitters; CH, chronic schizophrenics; SCHIZ,

schizophrenia patients; a, SAPS, b, SANS, *, missing values.
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Neurological Examination Scale (NES) and four with the Hei-
delberg scale (HD). One study used the Cambridge Neurological
Inventory [CNI (15)]. Two studies examined adolescents (16, 17).
The latter results will be discussed separately, since the motor sys-
tem has not entirely maturated at this age. Separate effect sizes
were calculated for NSS and psychopathology before estimating
mean effect sizes for patients with remitting and chronic courses.

RESULTS
Included studies are summarized in Table 1. The number of
patients per study ranged between 10 and 93 (total number 787);
12 studies solely included FE patients, 2 studies focused on ado-
lescents. Patients’ clinical course was characterized as either remit-
ting or non-remitting/chronic in eight studies; in one study only
the diagnosis “schizophrenia” was conveyed. Follow-up periods
ranged between 2 weeks and 4 years. In nine studies, the exami-
nation commenced during the acute psychotic episodes; in four
of those a reexamining after remission of acute symptoms, prior
to discharge, took place. Standardized neuroleptic treatment was
prescribed in five studies, namely high potency butyrophenones
(haloperidol or benperidol), risperidone, or olanzapine.

All but three studies described a decrease of NSS in the clin-
ical course. Eleven studies included an assessment of the clini-
cal course. Patients with remitting symptoms showed a steeper
decrease of NSS scores (mean effect size: Cohen’s d 0.81) than
patients with an unfavorable or chronic course (mean effect size:
Cohen’s d 0.15), who even exhibited an increase in scores. Over-
all, effect sizes (Cohen’s d) ranged between −0.56 (patients with
an unfavorable course) and 1.61 (patients with a remitting course
treated for an acute episode) with an overall mean effect size of
Cohen’s d 0.53. Ratings of psychopathological symptoms paral-
leled the development of NSS scores but were only reported in 11
of the 17 studies. Moreover, data on the distinction between neg-
ative and positive symptom scores were provided by five studies
only (12, 17, 21, 23, 24). In FE patients, as a group, a moder-
ate effect size was present (Cohen’s d 0.42). Similar effect sizes
(Cohen’s d : 0.42–0.60) were reported in adolescent patients with
FE psychosis. Effect sizes were significantly (p < 0.05) correlated
with length of the follow-up period (r =−0.64, p= 0.001) but not
with age (r = 0.28).

DISCUSSION
The present meta-analysis revealed two main findings: (i) a con-
firmation that NSS scores decrease in the clinical course of schizo-
phrenia with remission of psychopathological symptoms; and (ii)
an indication that this effect is more pronounced in patients with a
remitting course than in those with non-remitting schizophrenia.

Despite numerous methodological differences, all but three
studies found decreasing NSS scores during the clinical course
with remission of acute schizophrenia symptoms. Boks et al. (18)
reported NSS to increase in a group of 29 FE patients, who were
investigated 2 years apart (Cohen’s d −0.22). They assigned this
effect to a subgroup of patients with a more severe form of the
disorder or a regression to the mean and stressed the importance
of the relatively small sample size when interpreting their findings.
A marginal increase of NSS scores (Cohen’s d −0.09) in patients
with chronic schizophrenia was also reported by Buchanan and

colleagues (19) in 31 patients who received haloperidol or clozap-
ine for 10 weeks. Jahn et al. (26) identified increasing NSS scores
only in a small subgroup of patients in whom symptoms deteri-
orated. Their study could not be included in our meta-analysis,
because only median values had been documented. Prikryl et al.
(12) systematically followed FE patients for 4 years and found NSS
to marginally increase (Cohen’s d −0.09) when the whole group of
68 patients was considered. This effect, however, was caused by a
subgroup of patients developing chronic schizophrenia (Cohen’s
d −0.56) while NSS in those with a remitting course decreased
(Cohen’s d 0.32). A similar build-up of NSS scores has been
described by Chen et al. (27) in 43 patients with chronic schiz-
ophrenia over the course of 3 years. Their study was not included
here, because total NSS scores had not been provided. Taken
together, effect sizes for the decrease of NSS scores ranged from
Cohen’s d 0.04 to Cohen’s d 1.61 with an average of Cohen’s d 0.64.
The smallest effects were seen in patients with non-remitting schiz-
ophrenia (mean effect size for non-remitting patients: Cohen’s d
0.15) while more pronounced effect sizes were observed in patients
with a remitting course (mean effect size for remitting patients:
Cohen’s d 0.81). However, only eight studies assessed the clini-
cal course while nine just characterized patients as FE or solely
documented DSM diagnoses.

A most interesting question arises from the finding that the
decrease of NSS and the decrease of symptoms parallel each other.
Unfortunately, this relationship could not be analyzed any further
by meta-analytic tools. Both NSS and psychopathology had been
assessed with several different instruments, and symptom scores
were not provided in several publications.

The effect sizes reported in FE studies appeared to be lower
than those found in patients with a remitting and even those with
a chronic course. However, only four of the available FE studies
drew a distinction between remitting and non-remitting patients.
In addition, the exact timing of the first examination after study
intake has to be taken into account. While Prikryl and colleagues
(11, 12) and Schröder et al. (9) examined NSS at or shortly after
admission, i.e., in an acute psychotic state – Bachmann et al. (10)
conducted the first NSS examination after clinical stabilization,
before discharge. This may well have had an impact on the findings
since NSS scores typically show a significant decrease with remis-
sion of the acute symptoms (3, 8). The important meta-analysis of
cross-sectional NSS studies by Chan et al. (28) found effect sizes
of patients vs. controls comparisons to be moderated by duration
of illness. One may hypothesize that NSS continue to improve or
worsen during the course following the first manifestation of the
disease; a hypothesis, which conforms to the above cited studies,
namely the differences, which emerged between patients with a
remitting vs. a non-remitting, chronic course.

The decrease of NSS with clinical stabilization during the course
was more pronounced in patients with a favorable than with a non-
remitting course (3, 9, 10, 11, and 12); therefore, NSS scores could
be identified as course predictors. However, even after remission
of the acute illness, NSS scores remained significantly higher than
in healthy controls. These findings demonstrate that NSS in schiz-
ophrenia are both trait- and state-related. NSS persistence and
deterioration in patients with a chronic course of the disorder
clearly point to a progression of corresponding cerebral changes
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as demonstrated in a recent study from the Heidelberg group (29).
From a clinical perspective, NSS may therefore be used to identify
subjects at risk to develop chronic schizophrenia. It is well known,
that total NSS scores in schizophrenia are mainly due to motor
and sensory subscores. Unfortunately, only 7 of 17 studies (10–
12, 16, 17, 21, 25) reported subscores; therefore, a more detailed
meta-analysis could not be performed.

A decrease of NSS scores with clinical stabilization was also
reported in adolescent patients with FE psychosis (16, 17), i.e.,
during an age in which the motor and sensory systems are still
not entirely maturated. Both studies of the Mayoral group also
found a decrease of NSS in the control group over the 2-year-
study period and a higher score level in patients on comparison.
Authors attributed their findings to an overall developmental delay
caused by rather than a direct consequence of the disease.

Potentially confounding variables include different NSS rat-
ing scales and study designs. Although different, the various NSS
scales are comparable with regard to the majority of subscales
and sensitivity (27); moreover, the potential impact of the respec-
tive psychometric differences is at least partially addressed by the
longitudinal designs of the studies. Neuroleptic treatment was
standardized in 6 of the included 17 studies only. However, the
vast majority of studies discussed here report decreasing NSS in
patients treated with any neuroleptic compound. Furthermore, it
is known that NSS are not caused by neuroleptic medication (30,
31). In our study, a negative correlation between effect sizes and
length of follow-up period was identified. It is plausible that clin-
ical stabilization occurs in the beginning of the follow-up interval
leaving mostly non-remitting patients. As a result, effect sizes of
NSS decrease with length of inspected interval.

Along with this, Buchanan et al. (19) did not find meaningful
or even significant differences in chronic patients receiving either
clozapine or haloperidol while Schröder et al. (9) demonstrated a
decrease of NSS in FE patients who received a conventional neu-
roleptic. As discussed above, the timing of the first examination
may even have great importance, in particular as the exact starting
points were not defined in a number of studies. The decrease of
NSS was correlated with age, although this did not reach statisti-
cal significance. The meta-analysis of cross-sectional studies (28)
did not find NSS difference scores between patients and healthy
controls to be moderated by age when only studies with the NES
were entered into the meta-analysis. Although both findings cor-
respond with respect to the direction of change, the impact of age
and other potential moderators as sex and education, or cognitive
reserve (Urbanowitsch et al., submitted) on NSS needs to be fur-
ther analyzed. Against the background of a relatively small number
of studies included here, the respective methodological questions
call for a large multicenter longitudinal study in FE patients. Such
an endeavor would not only be suitable to dissect the decrease
of NSS in the clinical course confirmed in this meta-analysis but
could also serve to define the state and trait characteristics of NSS
more precisely. The potential impact of motor development could
be addressed in adolescent patients; moreover, neuroimaging stud-
ies could be designed to better understand the role of motor and
sensory cortical sites in schizophrenia.

From a clinical standpoint, the decrease of NSS with clinical
stabilization may be used to monitor disease progression or to
identify subjects with an increased liability toward schizophrenia

in general and more chronic, unfavorable courses in particular.
As a phenomenon, NSS point at the involvement of motor and
sensory cerebral sites in the disorder. Since NSS correspond to
impaired motor and sensory functions like motor coordination,
they can be used to further develop and optimize physical train-
ing programs, which are already part of the routine therapeutic
repertoire.
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Most clinicians relate parkinsonism and
dyskinesia directly to acute and tardive
drug-induced movement disorders. How-
ever, parkinsonism and dyskinesia are
also present in antipsychotic-naïve patients
with psychotic disorders. In this paper,
we want to highlight the clinical value
of these spontaneous movement disor-
ders and want to discuss the concept of
“non-mental signs.”

ACUTE DRUG-INDUCED MOVEMENT
DISORDERS
Acute drug-induced movement disorders,
such as acute dystonia, parkinsonism, and
akathisia, are very common side effects
of dopamine blocking agents. A causal
relationship between these movement
disorders and antipsychotics is beyond
any doubt if (i) antipsychotic-naïve psy-
chotic patients without movement disor-
ders receive antipsychotics and develop
these side effects, (ii) they disappear after
dose reduction or cessation of the antipsy-
chotics, and (iii) this on–off mechanism
can be repeated.

TARDIVE SYNDROMES
The relationship between tardive syn-
dromes and antipsychotics is far more
complex because they start after months
to years of treatment with antipsychotics
and can also be suppressed by antipsy-
chotics. Tardive suggests drug induced, and
also spontaneous hyperkinetic dyskinesias,
such as “grimacing” and “irregular move-
ments of tongue and lips”(and also parkin-
sonism), are prevalent in antipsychotic-
naïve psychotic patients and have been
described by Kraepelin and Bleuler more
than a 100 years ago (1).

In patients with long-term use
of antipsychotics, there is no test to
differentiate between drug-induced tardive
and spontaneous movement disorders. The
prevalence of drug-induced tardive dyski-
nesia is substantial and increases with age,
the same counts for spontaneous move-
ment disorders such as dyskinesia, bradyki-
nesia, and soft neurological signs related to
schizophrenia (2–15). Also, a meta-analysis
showed that in antipsychotic-naïve patients
with schizophrenia the risk of dyskinesia
and parkinsonism are three and five times
higher than in healthy controls, respec-
tively (16). Furthermore, another study
in antipsychotic-naïve patients showed a
prevalence of dyskinesia and parkinsonism
of 13 and 18%, respectively, with the use
of clinical rating scales, which increased to
20 and 28%, respectively, with the use of
instrumental assessment (17).

On the other hand, several findings sug-
gest a direct relationship between antipsy-
chotics and tardive dyskinesia. First, non-
psychiatric patients may also develop tar-
dive dyskinesia after long-term use of
dopamine blocking agents, e.g., long-term
use of metoclopramide to treat nausea,
or antipsychotics for insomnia (18, 19).
Furthermore, in older patients receiving
first-generation antipsychotics for the first
time the yearly incidence of tardive dysk-
inesia is extremely high, over 20%, which
is much higher than the incidence of
spontaneous dyskinetic movement in older
patients (12, 13). Also, tardive dyskinesia
may disappear after cessation of antipsy-
chotics or after a switch to clozapine.
These findings suggest a direct relation-
ship between antipsychotics and tardive
dyskinesia.

Based on the studies mentioned above,
it is clear that the assumption that antipsy-
chotics are responsible for tardive dyskine-
sia is at least incomplete. Indeed, move-
ment disorders can be considered an
intrinsic feature of the disease process
and implicate dysfunction in cortical–basal
ganglia-cortical circuitry (11). The role of
the antipsychotics may be modification of
the disease-based motor disorder and anti-
psychotics can both improve and unmask
primary motor abnormalities (10).

The clinical importance of spontaneous
movement disorders is also emphasized
by the relationship between spontaneous
parkinsonism and cognitive dysfunction.
In a prospective study in antipsychotic-
naïve patients with first-episode psychosis,
spontaneous parkinsonism at baseline
showed high 6-month predictive values for
cognitive impairment (9).

PATHOPHYSIOLOGY
The pathogenesis of tardive dyskinesia
remains unresolved. Several hypotheses
have been proposed such as dopamine
2 (D2)-receptor hypersensitivity, striatal
neurodegeneration, maladaptive synaptic
plasticity, and enhanced serotonin 2 (5-
HT2)-receptor signaling and recently up
regulation of striatal D3 receptors had
been suggested in a primate model (20).
Although none of these models have
been confirmed sufficiently they have in
common the disturbance of the bal-
ance in the motor circuit of the basal
ganglia in which dopamine plays a cen-
tral role. The dopamine (and possibly
also the acetylcholine) dysregulation in the
basal ganglia-thalamo-cortical loops may
result in hyper or hypokinetic movements
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whereas dopamine dysregulation in other
brain areas may result in the development
of psychosis (21).

Another model is based on synap-
tic dysregulations in which the core
hypothesis is that non-functional astro-
cytic receptors may cause an uncon-
strained synaptic information flux, such
that glia lose their modulatory function
in glial–neuronal interaction (tripartite
synapses) (22). Dysregulation of tripar-
tite synapses would occur with dopamine
synapses throughout the brain and may
be related to both motoric and mental
symptoms.

CLINICAL RELEVANCE
The clinical relevance for measuring dyski-
nesia and/or parkinsonism in first-episode
psychotic disorders is based on several
follow-up studies showing that they pre-
dict poor prognosis, increased cognitive
impairment, poorer response to antipsy-
chotics, and an increased risk for drug-
induced movement disorders (9, 11, 23).

Also, in individuals at ultra-high risk
for psychosis (UHR group) the assessment
of spontaneous movement disorders may
be highly relevant. Several studies suggest
that subtle abnormal movements are pre-
dictive for conversion to psychosis later.
The current screening strategy focuses on
mental symptoms and has a limited con-
version rate to psychosis, around 20–40%,
giving to many false positives. It could
be that adding measurement of move-
ment disorders to the screening strategy
will reduce the number of false positives.
Indeed, studies show (i) more abnormal
movements in the UHR group than in the
control group, (ii) a relationship between
the severity of the abnormal movements
and the severity of prodromal signs (posi-
tive, negative, and total) at baseline, (iii) a
relationship between an increase in sever-
ity of the abnormal movements with an
increase of prodromal signs during follow-
up, and (iv) a higher risk to convert to
psychosis at follow-up in the UHR groups
with abnormal movements at baseline than
those without (24, 25).

Detection of those in the UHR group
who will convert to psychosis is rele-
vant as a meta-analysis showed the effec-
tiveness of some interventions to pre-
vent or postpone a first-episode of psy-
chosis (26).

RELATIONSHIP BETWEEN MOVEMENT,
COGNITIVE, AND EMOTIONAL
DISORDERS
Obeso et al. describe that the basal ganglia
are intimately connected with the cortex
through several segregated but parallel
loops. These loops are subdivided into
motor, associative (cognitive), and limbic
(emotional) domains and are related to the
control of movement, behavior and cog-
nition, and reward and emotions, respec-
tively. When one or more of these circuits
become dysfunctional they can generate
movement disorders, behavioral, cognitive
abnormalities, or mood changes. They sug-
gest, for example that the combination of
nigrostriatal denervation and dopaminer-
gic drugs, as seen in Parkinson’s disease,
may induce behavioral disorders such as
impulse control disorders and that this may
be the behavioral counterpart of hyper-
kinetic disorders such as dyskinesia (27).
Similar with this idea is the concept that
dysregulation of dopaminergic activity in
dopaminergic related brain areas lead to
positive and negative symptoms in psy-
chotic disorders and that these symptoms
are the behavioral counterpart of dyski-
nesia and bradykinesia, respectively. It has
been suggested that psychotic patients with
abnormal movements, compared to those
without, have a more severely dysregu-
lated dopamine system (28). This may
explain the clustering of abnormal move-
ments with cognitive and negative symp-
toms and the relationship with poor prog-
nosis. Also, a correlation has been found
between tardive dyskinesia and cognitive
symptoms (29). It could be that drug-
induced movement disorders are related to
a more vulnerable dopamine system and
subsequently to an increased risk for dysk-
inesia and negative and cognitive symp-
toms. In line with the vulnerability con-
cept is the relationship found between early
extrapyramidal symptoms such as parkin-
sonism and an increased risk for develop-
ing tardive dyskinesia in the future (30, 31).
However, the underlying dysfunction(s)
that provoke(s) spontaneous movement
abnormalities, tardive dyskinesia, cogni-
tive impairment, negative symptoms, and
emotional disturbances remains unclear.
It is unlikely that one neurotransmitter,
i.e., dopamine is responsible. Although,
dysfunction of the modulatory activity
of dopamine plays an important role

in the clinical manifestations mentioned
above, also acetylcholine, which is released
across the entire striatal network by stri-
atal cholinergic interneurons, has neuro-
modulatory properties in the basal ganglia.
Furthermore, other neurotransmitters are
involved, such as glutamatergic inputs from
the cerebral cortex and thalamus to striatal
spiny projection neurons (21).

NON-MENTAL SIGNS
Based on the presence of motor, associative
(cognitive), and limbic (emotional) loops
in the basal ganglia, we want to introduce
the concept of non-mental signs (dyski-
nesia and parkinsonism) in psychotic dis-
orders. This concept is the equivalent of
non-motor signs (mood disorders, apa-
thy, anxiety, etc.) in Parkinson’s disease
(32). The severity of non-mental signs may
have a direct relationship with the sever-
ity of dysregulation of the dopamine sys-
tem. An advantage of non-mental signs is
the possibility to measure them objectively
and several research groups have developed
instruments to measure these non-mental
signs instrumentally. Instrumental assess-
ment of movement disorders is sensitive,
valid, and reliable and a motor test battery
that will quantify the main motor func-
tions has been suggested (33–38). In addi-
tion, instrumental measurement can also
detect subclinical movement abnormalities
and these assessments may be used to pre-
dict the course of a (pre)psychotic disor-
der and can be used to develop preventive
strategies.

In conclusion, we suggest classifying
movement disorders in psychotic disorders
or in UHR groups as non-mental signs.
Instrumental measurements of these non-
mental signs are objective and have clin-
ical implications for prognosis, diagnosis,
and treatment of psychotic disorders. In
UHR groups adding non-mental signs to
the screening strategy may reduce the num-
ber of false positives. Non-mental signs
could become one of the first biomarkers
in psychiatric screening programs.
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MOTOR SYMPTOMS OF
SCHIZOPHRENIA
Schizophrenia is typically conceived as
an illness characterized by positive, neg-
ative, and cognitive symptoms. However,
most schizophrenia patients also display
a wide range of symptoms characterized
by aberrant motor functioning. Symptoms
of schizophrenia that fit this description
are catatonic features, the motoric neu-
rological soft signs (NSS), extrapyramidal
symptoms (EPS), psychomotor slowing,
and reduced motor activity.

CATATONIA
Catatonic symptoms form a heterogeneous
group of motor, emotional, and behav-
ioral symptoms. Mostly in line with histor-
ical reports, several recent studies demon-
strate a prevalence of the catatonic fea-
tures in 5–32% of schizophrenia patients
(1, 2). Although the incidence of catatonia
in schizophrenia may have decreased some-
what, the syndrome is still highly prevalent
but often underdiagnosed (2).

NEUROLOGICAL SOFT SIGNS
Neurological soft signs are a heteroge-
neous cluster of subtle neurological signs
that are generally divided into four sub-
categories: sensory integration, primitive
reflexes, motor coordination, and sequenc-
ing of complex motor acts, the latter two
being considered “motoric” NSS (3). NSS
have been demonstrated in up to 97 and
100% of neuroleptic naive and medicated
first-episode patients, respectively (1).

PSYCHOMOTOR SLOWING
Psychomotor slowing refers to the slow-
ing of various motor processes such as

gross (e.g., gait) and fine motor (e.g., writ-
ing) movement, speech, and facial expres-
sion. Our group conducted a series of
studies in which impairments in different
aspects of psychomotor functioning were
slowed, including planning, initiation, and
execution of movements (4, 5).

Several studies assessed the amount
of motor activity by means of actig-
raphy, which consistently demonstrated
reduced motor activity levels in schizo-
phrenia patients (2, 6). This reduction in
spontaneous motor behavior was associ-
ated with negative symptom severity (7, 8).

EXTRAPYRAMIDAL SYMPTOMS
Akathisia, Parkinsonism, dyskinesia, and
dystonia are considered EPS. Although
these clinical features are most persistently
linked to antipsychotic pharmacotherapy,
there is growing consensus that the use of
antipsychotic medication is not the main
cause but a contributing factor to motor
abnormalities in schizophrenia (9). In a
systematic review (10), a median rate of 9%
of spontaneous dyskinesia and a median
rate of 17% of spontaneous Parkinsonism
was reported in antipsychotic-naive first-
episode patients, thus positioning EPS as
highly prevalent intrinsic symptoms of
schizophrenia. Spontaneous Parkinsonism
and abnormal involuntary movements are
also found at increased frequencies in unaf-
fected first degree relatives of schizophrenia
patients (11).

POSITIONING MOTOR SYMPTOMS IN
SCHIZOPHRENIA
When considering all motor symptoms,
recent research demonstrates that 40–80%

of the schizophrenic patients present with
at least one categorically defined motor
syndrome (12, 13). Moreover, these symp-
toms are associated to the patients’ social,
clinical, and functional outcome (14) and
can be differentiated from positive, neg-
ative, and cognitive symptoms (15). As a
result, it can be argued that motor deficits
deserve recognition as a fourth symptom
cluster of schizophrenia.

However,despite the increasing focus on
these motor symptom cluster, the position-
ing of the motor syndrome is hampered by
some important limitations.

First, predefined motor syndromes such
as catatonia, NSS, or EPS typically stem
from different research traditions, and are
typically investigated separately. Hence,
establishing the interrelations of the differ-
ent components of motor functioning as
well as their associations to other symp-
tom groups such as negative and cogni-
tive syndromes is limited by the fact that
studies investigating more than one motor
symptom cluster are scarce.

Second, the different psychomotor
symptom clusters are assessed with differ-
ent techniques. NSS are typically assessed
by use of a neurological evaluation, psy-
chomotor slowing is consistently gauged
by use of instrumental tasks such as a
finger tapping test or computerized writ-
ing tasks, and catatonia and EPS are
commonly appraised using clinical rating
scales. As has been demonstrated, interre-
lations between motor symptoms are con-
founded by the applied assessment tech-
nique (13).

An important artifact of the exis-
tence of parallel research lines and of

www.frontiersin.org October 2014 | Volume 5 | Article 145 | 129

http://www.frontiersin.org/Psychiatry
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/about
http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00145/abstract
http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00145/abstract
http://www.frontiersin.org/people/u/130880
http://www.frontiersin.org/people/u/161914
http://www.frontiersin.org/people/u/100106
mailto:manuel.morrens@uantwerpen.be
http://www.frontiersin.org
http://www.frontiersin.org/Schizophrenia/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Morrens et al. Beyond boundaries

the boundaries imposed by the prede-
fined symptom clusters and their assess-
ment instruments is the conceptual over-
lap between the motor syndromes. For
example, rigidity is a symptom assessed
by EPS, catatonia, and NSS rating scales.
Similarly, psychomotor slowing, clinically
recognized as bradykinesia, can also be
seen as a parkinsonian sign, or as a mild
form of stupor (16). This overlap not only
exists between the different motor syn-
dromes, but also with cognitive and neg-
ative symptomatology. Decreased sponta-
neous movement is one of the features of
the negative syndrome in schizophrenia.
Similarly, several neuropsychological tasks
that are sensitive for higher order cogni-
tive deficits (e.g., symbol digit substitution
test or trail making tasks) are often used to
assess psychomotor slowing (15).

Some may argue these predefined motor
symptom clusters have internal validity,
since several of the symptoms of these
clusters (e.g., catatonic symptoms) co-
occur and these symptom clusters tend
to respond to different treatment strate-
gies: acute catatonia responds to benzo-
diazepines or electroconvulsive treatment;
EPS rather responds to anticholinergics,
although it should be noted akathisia also
responds to benzodiazepines. Neverthe-
less, the delineation between the clus-
ters can be questioned. Much confu-
sion exists on which motor symptoms
constitute catatonia, leading to different
tools that include from only 7 up to 40
signs or symptoms. Moreover, Krüger and
colleagues (17) demonstrated that cata-
tonic presentation may vary depending
on the underlying pathology, thus chal-
lenging catatonia as a homogeneous con-
struct. Besides, as mentioned before, a
strong overlap seems to exist between these
motor syndromes, justifying a reappraisal
of motor functioning in schizophrenia
based on the deconstruction of the bar-
riers between predefined motor symptom
clusters.

Very few studies focused on the neuro-
biological underpinnings of motor deficits
in schizophrenia, although abnormalities
in both cortical (anterior cingulate cortex,
supplementary motor area, premotor cor-
tex) and subcortical (basal ganglia, thala-
mus) regions as well as brain stem and cere-
bellum have been implicated [for review,
see Ref. (2)].

Table 1 | Proposed classification of motor symptomatology in schizophrenia.

Function domain Quantitative deficits Qualitative deficits

Positioning Posturing, rigidity Catalepsy, tremor, tandem walk

deficits

Mobility Reduced gait, diminished

movements, stupor

Manneristic walk

Manipulation Fine motor slowing, reduced facial

expression

Stereotypy, mannerisms, fine motor

sequence deficits, echopraxia

Oral motor functions Reduced speech Orofacial dyskinesia, echolalia

Visual functions Gaze impersistence, staring Blepharospasms

MOTOR AND PSYCHOMOTOR
FUNCTIONS
A much more fruitful and systematic
approach may be to evaluate patients based
on the different domains of motor and
psychomotor functions. Rainforth and col-
leagues (18) classified motor functioning in
five main motor skill domains: positioning,
mobility, manipulation, oral motor func-
tions, and oculomotor control. Positioning
refers to the ability to assume and maintain
a position as well as to maintain pos-
tural control. Mobility encompasses every
action that aims at traveling from one
point to another (walking, climbing, crawl-
ing). Manipulation implies every interac-
tion with your own body (e.g., clapping
hands, scratching face, . . .) or interaction
with objects (e.g., playing tennis, drawing,
writing a phrase, . . .). Oral motor func-
tions include speech and other oral func-
tions such as drinking or eating. Finally,
visual functions mainly encompass blink-
ing and the ability to fix and orient a
gaze.

Some of these domains (e.g., position-
ing) are rather basic motor skills and do
not necessarily need higher order cogni-
tive control and may mostly be executed
unconsciously while other motor domains
(e.g., manipulation of objects) are heavily
impacted by cognitive processes involved
in the planning, initiation, execution, and
monitoring of these motor acts. Conse-
quently, the functions involved in these lat-
ter motor acts are sometimes referred to
as psychomotor functions. Several studies
have aimed at further delineating the sub-
processes involved in psychomotor func-
tioning (4, 13, 19).

These basic motor and psychomotor
functions can be affected both on a

quantitative and a qualitative level; func-
tions can be increased/reduced (quantita-
tive) but there may also be a breach with
normal motor function leading to symp-
toms characterized by behavior not seen
in healthy patients (qualitative). A paral-
lel comparison can be made with cognitive
functioning; patients display quantitative
cognitive deficits (e.g., reduced memory or
attention functioning), but also qualitative
cognitive abnormalities can emerge (e.g.,
perseveration, neologisms and, arguably,
delusional thinking).

This frame of reference allows for repo-
sitioning all motor symptoms, indepen-
dent of whether they are traditionally
recognized as catatonic symptoms, EPS,
NSS, psychomotor slowing, or diminished
motor activity (see Table 1). Note that this
table does not aim to exhaustively list all
motor symptoms.

ASSESSING MOTOR SKILLS AND
PSYCHOMOTOR FUNCTIONS
An atheoretical evaluation of motor func-
tioning in schizophrenia making use of
a more broad assessment methodology
(or combination of assessment techniques)
that address all these motor function
domains may result in a more com-
plete appraisal of motor and psychomo-
tor deficits in schizophrenia, both on the
quantitative and qualitative level. Such an
approach has the advantage of giving a gen-
eral overview of all deficits and may con-
firm or nuance the existing classification
of motor symptomatology. Their relation-
ship with and delineation from negative
and cognitive symptoms can be evaluated
more properly.

Rating scales have been developed [e.g.,
the Rogers Scale (20)] that score symptoms
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from more than one motor syndrome,
although these scales still tend to focus on
qualitative abnormalities and to a much
lesser degree on quantitative abnormalities.
As a result, they do not give a complete
overview of motor functioning. On the
other hand, test batteries evaluating gen-
eral motor functioning can be considered,
e.g., the Bruininks-Oseretsky Test of motor
proficiency (BOT-2) or the movement
assessment battery for children (Move-
ment ABC-2). Typically, these batteries
aim to provide a comprehensive view on
ones motor functioning an even gener-
ate a motor quotient, a motor equivalent
of the intelligence quotient (IQ). Included
tests typically assess fine and gross motor
functions such as (static and dynamic) bal-
ance and precision, walking speed, force,
bilateral coordination, or visuomotor con-
trol (21). Since motor skills traditionally
have been viewed in relation to the normal
motor development of a young child (18),
these batteries have been used to assess
motor deficiencies in children, typically in
children with developmental disorder, or
intellectual disability, but have almost no
use in adults. The Bruininks motor abil-
ity test (BMAT), an adult adaptation of the
BOT-2, has recently been developed, but to
our knowledge has never been investigated
in adult psychiatric patient samples. Nev-
ertheless, such an instrument with a focus
on broad motor functioning is more sensi-
tive to quantitative deficits, but in its turn
lacks the capacity to assess more specific
qualitative deficits.

Therefore, in order to have a more
complete assessment of motor deficits in
schizophrenia patients (as well as patients
with other psychiatric illnesses), a test bat-
tery that encompasses on one hand tests
assessing the different motor functions
quantitatively and on the other assess-
ments addressing qualitative deficits is
needed. A consensus on which qualita-
tive deficits should be included and on
which assessment techniques to use in
such a battery will contribute to a uni-
formed and more complete assessment of
motor functioning in psychiatric illnesses.
A large study in different psychiatric pop-
ulations would consequently be needed
to further validate this new motor test
battery.

Chen and colleagues (22) developed
a comprehensive neurological evaluation

scale, the Cambridge Neurological Inven-
tory, which addresses many of the motor
functions on both a quantitative and qual-
itative level. This interesting tool assesses
different domains of motor function-
ing, and constitutes of three subscales:
(1) Speech, eye movements, and extrem-
ity examinations, (2) Soft signs exami-
nations, and (3) assessments of posture
and movements, including catatonia and
tardive dyskinesia. Sadly, after its intro-
duction, this instrument has mostly been
used for its soft signs subscale (23, 24)
whereas the total scale seems to have sunk
into oblivion. This scale may prove to be
a good starting point to further devel-
opment of the proposed wide-ranging
motor test battery. In addition, the battery
should make use of instrumental assess-
ment techniques.

Given that (psycho)motor deficits have
been observed in neuroleptic-naïve first-
episode patients, in stabilized young
patients and in chronic patients, the use
of this battery would be relevant in all
phases of the illness (1, 9, 13). Such a
battery may be used to further investigate
the neurobiological underpinnings of these
deficits, as well as to differentiate intrin-
sic motor deficits from the antipsychotic-
induced motor side effects.

CONCLUSION
A wide range of motor abnormali-
ties can be observed in schizophrenia
patients and their high prevalence war-
rant recognition of this motor symp-
tom cluster. However, predefined motor
syndromes such as catatonia are ham-
pered by many limitations, and a more
holistic approach may be needed to fur-
ther our understanding of the motor
syndrome. Research focused on assess-
ing a wide range of motor functions
encompassing both basic motor skills and
higher order psychomotor functions is
needed. The development of a motor
test battery that will both quantify the
main motor functions and assess qual-
itative deficits may contribute to new
insights in motor functioning of psychi-
atric patients including those suffering
from schizophrenia.
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Objectives: Neurological soft signs (NSS), i.e., minor motor and sensory changes, are a
common feature in severe psychiatric disorders. We sought to establish the frequency
of NSS in patients with mild cognitive impairment (MCI) and Alzheimer’s disease (AD) on
basis of a large population-based sample and to identify their neuropsychological correlates
including cognitive reserve.

Methods: Neurological soft signs were examined using an abbreviated version of the Hei-
delberg NSS Scale in 221 “old” participants born between 1930 and 1932 (63 with MCI,
15 with AD, 143 healthy old controls) and 256 healthy “young” participants (born between
1950 and 1952) of the population-based interdisciplinary longitudinal study of aging. Sub-
jects received thorough neuropsychological testing; years of school education were used
as a proxy for cognitive reserve.

Results: Neurological soft signs scores were significantly (p < 0.001) higher in the AD
patients (5.6±3.11) than in the healthy old controls (2.8±1.90) and in the MCI patients
(3.0±1.96).This result was confirmed after years of school education, which were inversely
correlated (r =−0.25; p < 0.001) with NSS were entered as a covariate. In the patients, but
not in the controls, NSS were significantly correlated with deficits in executive function-
ing and visuospatial functioning. Comparison of NSS scores between “old” (2.84±1.9)
and “young” (2.46±1.97) controls yielded only minor, non-significant differences after
education (13.86±3.0 vs. 14.61±2.48 years, respectively) was controlled for.

Conclusion: Our results demonstrate that NSS are frequently found in mild AD, but not
in MCI. NSS refer to frontal-executive deficits and visuospatial dysfunction rather than age
per se and can be partly compensated for by cognitive reserve.

Keywords: NSS, MCI, AD, cognitive reserve, ILSE

INTRODUCTION
Recent studies (1, 2) demonstrate that neurological soft signs
(NSS) – i.e., minor motor and sensory deficits – are frequently
found in Alzheimer’s disease (AD) and mild cognitive impair-
ment (MCI) as they were consistently described in other major
psychiatric conditions such as bipolar disorder or especially schiz-
ophrenia (3, 4). Corresponding to the significant association found
between NSS and negative symptoms in schizophrenia (5) and
Seidl et al. (2) reported a significant correlation between NSS
and apathy in a large group of nursing home residents (n= 120)
with mild to severe AD. Similar to earlier reports in schizophre-
nia [reviewed in Ref. (6)], Seidl et al. (2) did not find NSS to be
associated with neuroleptic treatment. However, other important
aspects of NSS known from studies in schizophrenia – in par-
ticular, the associations of NSS with neuropsychological deficits
(7–10) – were not yet tested in AD. This question is of particu-
lar importance as positive effects of physical activity on cognitive
performance are generally accepted (11).

It is generally accepted that high levels of physical activity are
associated with a reduced risk for developing AD potentially by
facilitating the brain and cognitive reserve. Another study of our
group (11) investigated muscular strength as measured by a vig-
orimeter and motor coordination, which was operationalized by
means of the one-foot-standing test, with respect to the risk of
developing MCI or AD in the interdisciplinary longitudinal study
of aging (ILSE). In the framework of this prospective population-
based study, subjects (born 1930–1932) were examined at three
examination waves (t 1:1993/1994; t 2: 1997/1998; t 3: 2005/2007).
The study demonstrated that motor coordination evaluated at t 1

but not muscular strength was a significant predictor of cognitive
impairment at t 3.

Another important question refers to the nature of NSS as signs
of generalized rather than discrete cerebral changes. Along with
this, neuroimaging studies in schizophrenia identified a number of
dispersed cerebral sites associated with NSS (12–15). Hence, one
may expect to find increased NSS scores in manifest AD where
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cerebral changes involve large parts of the brain rather than in
MCI where cerebral changes still remain localized in the medial
temporal lobe. Accordingly, NSS scores should be rather stable in
the process of healthy aging since the latter does not involve major
cerebral changes.

We therefore thought to investigate NSS with respect to neu-
ropsychological deficits and school education, as a proxy of cogni-
tive reserve and to compare NSS scores between patients with MCI
or AD and healthy old controls. In addition, NSS scores obtained in
the latter were compared with scores measured in young controls
to identify age-related changes.

MATERIALS AND METHODS
PARTICIPANTS
The ILSE-study is based on two birth cohorts born during 1930–
1932 and 1950–1952 who were randomly recruited according to
community registers in the urban regions of Leipzig (Saxony) and
Heidelberg/Mannheim (Palatine). The study was approved by the
ethical committee of the University of Heidelberg and written
informed consent after complete description of the study to the
subjects was obtained. The first examinations took place between
December 1993 and January 1996. Data of the present study cor-
respond to the third examination wave, which were performed
between 2005 and 2008, i.e., more than 12 years after the initiation
of the study. At this time, 381 participants of the 1930–1932 cohort
and 408 participants of the 1950–1952 – corresponding to more
than 75 and 80%, respectively, of the original cohorts – could
be reinvestigated. Participants with a current episode of major
depression, substance abuse, anxiety disorder, bipolar disorder,
schizophrenia, or meeting ICD 10 criteria for a cognitive disorder
due to a general medical condition were excluded from the analysis
since these conditions usually course with both neurological signs
and cognitive deficits and may overlap with dementia. Hence, a
sample of 477 participants was available for analyses comprising
256 participants of the 1950–1952 cohort and 221 participants of
the 1930–1932 cohort.

Sixty-three participants out of 221 (28.51%) were diagnosed
with MCI and 15 with AD (6.79%) in the 1930–1932 cohort.
Because we were interested in investigating the effects of age on
NSS performance 256 otherwise healthy participants from the
young cohort were also included. Hence, three groups were con-
stituted: healthy young controls, (n= 256), healthy old controls
(n= 143) old-aged with MCI (MCI; n= 63), and old-aged with
AD (AD; n= 15). All participants selected for the present study
had complete core data sets (socio-demographic variables, diag-
noses, NSS), while the thorough neuropsychological test battery
could be completed in the whole group. The mini-mental state
examination [MMSE, (16)] was not applied in the young cohort.

SURVEY MEASURES
All participants were carefully screened for physical and men-
tal health by extensive clinical interviews, physical examinations,
laboratory tests, and a thorough assessment of neuropsycholog-
ical functioning. Cognitive assessment included the MMSE and
subtests of the Nürnberger-Alters-Inventar [NAI, (17)] and the
Leistungsprüfsystem (18), both of which are well-established and
commonly used test batteries in Germany [for more details, see

Ref. (19)]. Subjective cognitive complaints were assessed by inter-
viewing and applying the respective items of the Nürnberger
Selbsteinschätzungsliste [NSL; (20)].

Neurological soft signs were examined by using the modified
version (2) of the Heidelberg Neurological Soft Signs Scale (4),
which included five items, named – (a) finger-to-nose movement,
(b) diadochokinesia, (c) pronation and supination, (d) finger-
thumb opposition, and (e) mirror movements. The scores of the
items were scaled from 0 (no prevalence) to 3 (marked prevalence),
with a total score of maximum 18. The subtests were selected from
the original scale based upon clinical and research experience col-
lected with demented patients. Examination subtest had to be easy
to understand by AD patients.

PSYCHIATRIC DIAGNOSES
Clinical axis I diagnoses were obtained by using the German ver-
sion of the Structured Clinical Interview for the DSM-III-R [SKID
I, (21)]. MCI was defined by using the aging-associated cognitive
decline (AACD) criteria, which were already applied in the first
two examination waves (19, 22). Diagnostic criteria for AACD
have been proposed by the international psychogeriatric associ-
ation (23) and include (1) subjective impairment: a report by
the individual (or a reliable informant) that cognitive function
has declined and (2) objective impairment in any of the follow-
ing cognitive domains, as indicated by a neuropsychological test
performance of at least 1 SD below normal age and educational
levels: memory and learning, attention and concentration, abstract
thinking (problem solving, abstraction), language, and visuospa-
tial functioning. AD was diagnosed according to the NINCDS–
ADRA (24). All diagnoses were confirmed by both specialists in
old age psychiatry involved.

STATISTICAL ANALYSES
Clinical variables, NSS, and neuropsychological performances
were compared between groups by calculating separate analyses
of covariance (ANCOVA) with group (healthy young controls
vs. healthy old controls vs. MCI vs. AD) as predictor variable
and years of education as covariate. Post hoc comparison analyses
were based on Duncan’s test. The potential relations between NSS,
clinical variables, and neuropsychological findings were addressed
by calculating Pearson product-moment correlation coefficients,
which were controlled for years of education. All computations
were performed by using the 9.2 version of the SAS Software.

RESULTS
The clinical characteristics, neuropsychological performance, and
total NSS scores obtained in the diagnostic groups are summa-
rized in Table 1. Diagnostic groups differed significantly with
respect to age and years of school education but showed no sig-
nificant differences in sex distribution. As expected, AD patients
scored significantly lower than MCI patients, followed by healthy
old controls, on the MMSE. With respect to neuropsychological
test performance, three patterns of group differences arose: per-
formance on verbal memory, digit symbol, D2, and visuospatial
thinking tests conformed to the expected order with the highest
scores achieved by healthy young controls, followed by healthy
old controls and MCI, and the lowest scores obtained by AD.

Frontiers in Psychiatry | Schizophrenia February 2015 | Volume 6 | Article 12 | 134

http://www.frontiersin.org/Schizophrenia
http://www.frontiersin.org/Schizophrenia/archive


Urbanowitsch et al. NSS in aging, MCI, AD

Table 1 | Demographic and neuropsychological characteristics by subgroup with the results of a Duncan test at the 5%-level.

Healthy young

controls

(n=256)

Healthy old

controls

(n=143)

MCI (n=63) AD (n=15) F (df) p Duncan/Chi Square

DEMOGRAPHICS

Age 55.15 (0.97) 73.94 (0.99) 74.21 (1.03) 74.73 (1.03) 14525 (3, 473) <0.001 HY < HO=OMCI=OAD

Sex (women/men) 126/130 75/68 32/31 7/8 n.a. n.s. Chi-Sq: 0.469

Education 14.61 (2.48) 13.86 (2.99) 12.22 (2.41) 11.20 (1.78) 20.07 (3, 473) <0.001 HY=HO > OMCI=OAD

MMSE (n=218) n.a. 28.91 (1.12) 28.07 (1.41) 24.13 (2.39) 90.02 (2, 215) <0.001 HO > OMCI > OAD

NEUROPSYCHOLOGY

Verbal memory: immediate

recall (n=438)

14.59 (3.16) 12.36 (3.47) 10.35 (3.46) 7.5 (3.50) 31.7 (3, 434) <0.001 HY > HO > OMCI > OAD

Verbal memory: delayed

recognition (n=438)

7.93 (2.27) 6.91 (2.35) 5.81 (2.50) 4.0 (2.63) 14.5 (3, 434) <0.001 HY=HO > OMCI > OAD

DST (n=438) 53.94 (9.33) 44.15 (9.51) 36.11 (8.73) 25.8 (8.94) 72.4 (3, 434) <0.001 HY > HO > OMCI > OAD

D2 (n=432) 164.45 (32.06) 136.79 (33.08) 105.67 (33.93) 76.67 (43.37) 50.1 (3, 428) <0.001 HY > HO > OMCI > OAD

Finding similarities (n=439) 26.64 (4.17) 26.77 (4.07) 22.6 (6.27) 16.0 (6.62) 18.1 (3, 435) <0.001 HY=HO > OMCI > OAD

Verbal fluency (n=439) 32.38 (9.36) 32.15 (8.23) 24.47 (8.48) 18.8 (8.9) 11.0 (3, 435) <0.001 HY=HO > OMCI > OAD

Visuospatial thinking (n=437) 25.41 (6.04) 21.79 (5.72) 17.53 (7.41) 11.56 (6.93) 24.2 (3, 433) <0.001 HY > HO > OMCI > OAD

NSS 2.46 (1.97) 2.84 (1.91) 3.0 (1.96) 5.6 (3.11) 8.0 (3, 473) <0.001 HY=HO=OMCI < OAD

MCI, mild cognitive impairment; AD, Alzheimer’s disease; MMSE, mini-mental state examination; DST, digit symbol test; D2, D2-test; NSS, neurological soft signs;

n.a., not applicable; n.s., not significant.

In the subtests, verbal memory recognition, verbal fluency, and
finding similarities, significant group differences were found only
between MCI and AD, while healthy young controls and healthy
old controls showed similar results. AD patients demonstrated
significantly more NSS compared to the other three subgroups.
As demonstrated in Figure 1 across all diagnostic groups, NSS
scores were inversely correlated with years of school education
(r =−0.25; p < 0.001). The ANCOVA with years of school edu-
cation as a covariate [F(4,472)= 15.78, p < 0.0001] yielded a
significant main effect (type III ss) of diagnostic group on NSS
scores [F(3,473)= 7.95, p < 0.0001].

To further analyze the correlations between NSS and neuropsy-
chology deficits, the subgroups of patients with MCI and AD were
collapsed. Within this joint group of cognitively impaired, NSS
scores were significantly inversely correlated with scores on the
MMSE, on the DST, and on the tests for visuospatial function-
ing and verbal fluency, processing speed, and cognitive flexibility,
respectively (Table 2).

DISCUSSION
The main findings of the present study can be summarized as fol-
lows: significantly increased NSS scores (i) were found in patients
with AD but not in patients with MCI or healthy old controls
compared to healthy young controls, (ii) correspond to deficient
executive functioning and visuospatial apraxia and can be par-
tially compensated for by cognitive reserve, and (iii), are not the
sequelae of aging per se.

The present study confirmed increased NSS scores in patients
with mild AD as previously described by a number of studies (2,
25, 26), which also examined patients in more advanced stages of
the disease. This increase was not observed patients with MCI.
In contrast, Li et al. (1) reported significantly increased NSS

FIGURE 1 | NSS and years of education across diagnostic subgroups.
NSS, neurological soft signs; HO, healthy old controls; HY, healthy young
controls; MCI, patients with MCI; AD, patients with Alzheimer’s disease.

scores – which particularly involved motor coordination signs –
in 29 MCI patients who were compared with 28 healthy controls.
This discrepancy might refer to methodological differences, such
as sample size and mode of recruitment, as well as the rela-
tively greater severity of cognitive deficits in their MCI group,
in particular (mean MMSE scores: 26.07± 2.33 vs. 28.07± 1.41,
respectively).

Similar to the study of Chan et al. (27), NSS scores were
significantly correlated with neuropsychological deficits involv-
ing executive functioning (verbal fluency, digit symbol test) and
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Table 2 | Neuropsychological correlates of NSS in patients with MCI or AD.

NP-test MMSE Verbal memory

(immediate recall)

Verbal memory

(delayed recognition)

DST D2-test Finding

similarities

Verbal

fluency

Visuospatial

thinking

NSS

r uncorrected

(corrected)

r =−0.45** r =−0.08

(r =−0.04)

r =−0.03

(r =−0.03)

r =−0.37*

(r =−0.39*)

r =−0.13

(r =−0.15)

r =−0.21

(r =−0.18)

r =−0.37*

(r =−0.37*)

r =−0.41**

(r =−0.36*)

Values corrected for education in brackets. Bold font indicates significant correlations.

NP, neuropsychology; MCI, mild cognitive impairment; AD, Alzheimer’s disease; MMSE, mini-mental state examination; DST, digit symbol test; D2, D2-test;

NSS, neurological soft signs.

*p < 0,005; **p < 0.001.

visuospatial thinking. Verbal memory was not associated with
NSS. In the light of these findings, the significant correlation of
NSS and logical memory reported by Chan et al. (27) may refer to
the fact that the latter also involves some aspects of executive func-
tioning in the sense of mnestic strategies. It is notable that similar
associations between NSS and executive deficits were also reported
in schizophrenia [for review see Ref. (7)] and in HIV associated
neurocognitive disorders (28). That motor performance in AD is
related to executive functioning is further supported by the results
of dual-task studies, which even yielded interactions between fall
risk and executive dysfunctions (29–32).

In all subgroups under investigation, NSS were inversely related
with years of school education as a marker of cognitive reserve.
This association corresponded to a wealth of studies [for review
see Ref. (11)], which identified motor abilities to be a protective
factor for cognitive decline and could be mediated by the benefi-
cial effects of aerobic exercise on the hippocampus (33) and the
frontal cortices (34).

Despite the large sample size, a comparison of NSS scores
between healthy young controls and healthy old controls yielded
only minor, non-significant differences. In contrast, Chan et al.
(27) who examined 180 subjects aged 60–96 suggested that NSS
were very common among the elderly. Their study, however, dif-
fers with respect to a variety of important methodological details
from the present investigation, among them the definition of cog-
nitively intact controls by a MMSE score of >24. This definition
may well have led to the inclusion of patients with mild AD who
often showed MMSE scores up to 26. Along with this, educational
levels were in the range of 6.8± 4.4 years and do not compare
with the respective value found in our sample. Similarly, Kodama
et al. (35) found deficits in diadochokinesis, finger-to-nose test,
and tandem gate to increase with age in 348 subjects aged 60–89.
However, educational level and MMSE scores were considerably
lower than in our birth cohorts rendering a direct comparison
of the results difficult. Therefore, our finding only applies to the
rather “young” old investigated here and needs to be confirmed
in the further course of the ILSE when subjects have reached a
higher age.

Another important methodological limitation of our study
involves the fact that only motor NSS were examined. Motor NSS
are generally considered to be of particular importance (5) and can
be easily applied (2). Likewise, Kodama et al. (35) demonstrated
significant age effects only for the motor NSS cited above and
vibration sense of the lower limbs but not for other sensory NSS.

As hypothesized, our investigation of two large birth cohorts
confirmed increased NSS scores in patients with mild AD but not
patients with MCI. According to our findings, NSS do not appear
to be the sequelae of healthy aging since the two birth cohorts
examined showed only minor, non-significant differences with
respect to NSS. That NSS were found to be significantly associ-
ated with executive dysfunction corresponds to earlier studies in
patients with schizophrenia. However, NSS are not only a marker
of brain damage in AD but also reflect aspects of cognitive reserve.
Longitudinal studies are necessary to establish the stability of NSS
in aging, their prognostic value in MCI and – ultimately – to
determine norm values for NSS. From a clinical standpoint, NSS
should be considered as a reliable and easy to administer tool in
the routine examination of patients with cognitive decline.
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