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Psychiatry is, and should be forever, a science dunked in the milk
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Movement abnormalities (MAs) are intrinsically linked to psychiatric disorders2-5. 
Already in the beginning of clinical neurology and psychiatry in the early 19th 
century, MAs were recognized as a central symptom of psychiatric diagnoses2, 

6. Two broad diagnostic categories in which disturbed motor behavior are often 
prominently featured, however not exclusively, are psychotic disorders and au-
tism spectrum disorders (ASD).

The first systematic descriptions of what is currently known as schizophrenia 
have mentioned MAs7-9. Kraepelin dedicated several chapters to movement 
phenomena in his influential book ‘Dementia praecox and paraphrenia’ (1919)7. 
He gives, for instance, a lively description of the movement disorder we would 
now call orofacial dyskinesia: ‘The spasmodic phenomena in the musculature of 
the face and of speech, which often appear, are extremely peculiar disorders. 
Some of them resemble movements of expression, wrinkling of the forehead, 
distortion of the corners of the mouth, irregular movements of the tongue and 
lips, twisting of the eyes, opening them wide, and shutting them tight, in short, 
those movements which we bring together under the name of making faces or 
grimacing.’

Also, for autism, from the earliest reports on, MAs have been noted. In the first 
publication of a case series of eleven children with ‘early infantile autism’, Kan-
ner (1943, p. 248) observed that ‘Several of the children were somewhat clumsy 
in gait and gross motor performances’10.

The recognition of movement disorders in psychiatric disorders is important 
from both a clinical and research perspective. Movement disorders (MDs) occur 
frequently in patients with psychotic disorders11, 12. In patients at long-stay wards 
using antipsychotics, in whom MDs are most pronounced, up to 74% display at 
least one MD12-14. MDs can hinder patients in their daily activities15, may cause 
feelings of shame16 and can diminish patients’ quality of life17, 18. In psychotic 
disorders, parkinsonism has been associated with less physical activity and more 
sedentary behavior19, and parkinsonism and dyskinesia with a poorer psychiatric 
prognosis11, cognitive deterioration20, 21, worse global and social functioning11, 

22-25, and a shortened life expectancy26, 27. Furthermore, MDs occurring as side ef-
fect of antipsychotic medication may cause diminished treatment adherence28,29.

MAs are highly prevalent in children with autism spectrum disorders (ASD), with 
33%- 100% showing some form of motor delay in comparison with neurotypical 
children30, 31. Motor stereotypies are also common, in particular in children with 
greater severity of ASD and lower IQ32, 33. Motor abilities, social-communicative 
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and linguistic skills, and physical activity have been demonstrated to mutually 
influence each other in the development of children with ASD34-37. Thus, includ-
ing motor skills in treatment may ameliorate various ASD-related and physical 
health outcomes38. Indeed, trials into exercise-based interventions such as sport 
and active play39, creative yoga40 and therapeutic horseback riding41 show prom-
ising results.

Psychiatric disorders in general are complex, heterogeneous in etiology and pre-
sentation, and not well understood. Especially in psychotic disorders and ASD, 
more insight into movement disorders and their interactive connection with 
other symptoms and domains of functioning might improve our understanding35, 

42. Knowledge of underlying networks has great potential for discovering new 
targets for pharmacological intervention and non-invasive brain stimulation2, 43. 
In the context of psychotic disorders, other promising clinical applications of MD 
measurement include predicting clinical outcomes and providing opportunities 
for personalized medicine11, 43-45. Furthermore, emerging evidence shows that 
some forms of motor disturbances may serve as a direct target for novel inter-
ventions46.

Movement disorders

A broad range of motor phenomena has been recognized in psychiatric disorders 
with different paradigms using their own terminology and interpretations31, 47. 
For example, in the schizophrenia literature, extrapyramidal syndromes, move-
ment disorders, motor deficits, abnormal involuntary movements, neurological 
soft signs, psychomotor slowing and catatonia are referring to partly distinct and 
partly overlapping concepts. In research into motor behavior in ASD yet another 
terminology is generally used, like sensorimotor deficits, motor coordination, 
motor proficiency, motor skills, motor abilities, movement problems, and motor 
abnormalities31.

Despite this wide variety of motor phenomena, the scope of this thesis encom-
passes three MDs most commonly referred to in the schizophrenia literature: 
dyskinesia, parkinsonism, and akathisia. The definitions given below are based 
on Van Harten (1998)48. Because dystonia is mentioned several times in the Gen-
eral Introduction and in the General Discussion, a definition of dystonia is also 
included. The term ‘movement disorders’ (MDs) in this thesis is used to refer to 
these phenomena.
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Dyskinesia is a hyperkinetic movement disorder characterized by involuntary, 
writhing, irregular movements which are often fluid and choreatic but may occur 
as rapid jerking or slow and extended muscle spasms. The core sign is orofacial 
dyskinesia consisting of involuntary movements of the tongue, jaw, lips or face 
which manifest as twisting curling of protrusion of the tongue, chewing or lateral 
jaw movements, pursing, sucking, pouting or puckering of the lips, facial tics, and 
frequent eye blinking. Choreiform purposeless movement may also be present 
in the trunk and/or limbs, such as writhing movements of the fingers (‘piano-
playing fingers’), irregular toe movements, rotation of wrists, arms, ankles, and 
legs, head nodding, trunk movements, and pelvic thrusting. The respiratory 
system may also be included leading to symptoms of irregularity in the rate and/
or rhythm of respiration, gasping, sighing and/or grunting, forceful breathing, 
and shortness of breath.48

Parkinsonism is a hypokinetic movement disorder consisting of bradykinesia, 
rigidity, tremor at rest and postural instability.

Bradykinesia (slowness of movement) and hypokinesia (reduced movement) or 
akinesia (lack of movement) are the most frequent and can be the only signs of 
parkinsonism. They result in monotonous speech, a reduction in facial expression 
and the rate of eye blinking, muscle fatigue or weakness, stooped posture, and 
slow walking with short steps and decreased arm swing. Sialorrhea may appear 
when saliva is not swallowed as fast as it is produced. Furthermore, dysarthria 
(difficulty with speaking) and dysphagia (swallowing difficulties) may be present.

Rigidity is characterized by a persistent increased tone of the muscles, which 
renders the muscles continuously or intermittently firm and tense and seems to 
be most prominent in the large flexor muscle groups.

Tremor at rest is a rhythmic tremor with a frequency of 3 – 5 Hz. The movement 
is a pronation and supination of the hands sometimes referred to as a pill-rolling 
tremor. Most often, it is localized in both hands but it can also be in one hand. 
Jaw, lips, head and limbs can be affected too. When the jaw is affected, it is called 
‘Rabbit syndrome’.

Akathisia is characterized by subjective feelings of inner restlessness, often ac-
companied by mental distress, and objective motor movement. The subjective 
sensation of restlessness is usually most prominent in the legs although some 
patients may experience a general feeling of unease in their body. The objec-
tive signs typically involve movement of the legs such as pacing when standing, 



Chapter 1

16

rocking from foot to foot, shuffling of the legs, or swinging of one leg while 
sitting. These movements are described as a response to an irresistible urge to 
move, but the movement alleviates the urge and distress only temporarily. The 
restlessness can preoccupy the patient’s thinking and may be very difficult to 
endure.

Dystonia is a syndrome defined by sustained involuntary muscle contractions, 
frequently causing twisting and repetitive movements or abnormal postures. 
Usually, muscles of the upper part of the body are involved, the eyes (e.g., ble-
farospasm), neck (e.g., torticollis), face, jaw and or tongue (e.g., oromandibular 
dystonia), trunk, arms or hands. Sometimes legs, feet or pelvic muscles are also 
involved49.

Movement disorders as symptom, as side effect and as prognostic and 
risk factor
A complicating factor in the study of MDs is that MDs can occur as a symptom of 
a psychiatric disorder, as a side effect of antipsychotic medication50, or as a result 
of MDs that have arisen as symptoms and have been modified by antipsychotics4, 

51. Indeed, research has shown that antipsychotic medication can induce MDs, or 
improve, worsen, or left unchanged pre-existing MDs51.

Movement disorders as symptom in the psychosis spectrum and in ASD

Evidence that MDs can be a symptom of psychotic disorders comes from the pres-
ence of MDs in I) antipsychotic naïve patients with schizophrenia. As mentioned 
above, MDs were described in the classic schizophrenia literature predating the 
neuroleptic era7-9, and the occurrence of MDs in antipsychotic-naïve patients has 
been confirmed in more recent publications52-54. II) antipsychotic- naïve adoles-
cents at clinical high risk of psychosis55-57 and III) non-affected siblings of patients 
with schizophrenia58. MDs in the latter two groups tend to be more subtle in 
nature than in patients with schizophrenia and may only be detectable with 
instrumental measurements44, 58.

A growing body of evidence suggests that psychosis may be conceptualized as 
a continuum with psychotic-like experiences in the absence of a psychiatric dis-
order on one end, and full-blown schizophrenia on the other end59-63. However, 
debate is ongoing to what extent this paradigm holds true and how psychotic-like 
experiences are related to diagnosable disorders64-67. Paramount in this context 
is research into auditory verbal hallucinations (AVH) in healthy individuals64, 68, 69. 
Knowledge about MDs in individuals with AVH can be another piece of the puzzle 
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in characterizing this population and can be informative on the broader question 
into the scope of the continuum paradigm70.

In ASD, a broad spectrum of spontaneous MAs has been described including 
neurological soft signs, abnormal involuntary movements, catatonia, repeti-
tive and/or stereotyped patterns of behavior, clumsy gait, poor muscle tone, 
imbalance, and impairment of motor skills2, 71. The prevalence of neurological 
soft signs, abnormal involuntary movements, and catatonia are estimated at 
74%-100%, 18%-25% and 4%-7% respectively.2 However the estimates about 
abnormal involuntary movements, which included parkinsonism, were based on 
only two studies33, 72. Moreover, there is a paucity of research into parkinsonism 
and dyskinesia in ASD in general, i.e., studies on prevalence, course, correlates 
with other symptoms, neurobiological substrates etc. are lacking2.

Movement disorders as side effect of antipsychotic medication

Well-functioning motor control is dependent on extensive brain circuitry includ-
ing cortico-striatal-thalamic-cortico loops moderated by dopamine73. Therefore, 
any dopamine-blocking drug can potentially induce MDs. The antiemetic meto-
clopramide for example, can cause MDs, irrespective of whether a patient has a 
psychiatric disorder or not74-77. As all currently licensed antipsychotic drugs block 
striatal D2 receptors78, it is not surprising that they can cause or perpetuate 
MDs. Indeed, since the introduction of the first antipsychotic drug in 1952, MDs 
have been noted as side effect79, 80 and the propensity of antipsychotic drugs to 
induce MDs has been demonstrated by numerous studies ever since12, 50, 81-84. In 
the decades following the advent of antipsychotic agents, the focus on MDs as 
a side effect grew stronger, even to the extent that interest in MDs as symptom 
almost disappeared47.

This is exemplified by Diagnostic and Statistical Manual for Mental disorders 
(DSM) IV and 5, where parkinsonism, acute and tardive akathisia and dystonia, 
and tardive dyskinesia are defined as MDs caused by antipsychotic treatment85, 86.

In the context of side effects, a distinction is made between acute and tardive 
(late onset) MDs. Acute MDs appear in the first few days or weeks of treatment 
or following an increase in the dose of an antipsychotic. They can be subdivided 
into acute akathisia, parkinsonism and dystonia. Tardive MDs develop after 
months or years of antipsychotic use and consist of tardive dyskinesia, tardive 
akathisia, and tardive dystonia48.
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For both acute and tardive MDs, important medication-related risk factors in-
clude type and dose of the antipsychotic. Antipsychotics with a higher affinity 
for the dopamine D2 receptor (high potency) and higher doses carry a greater 
risk87-90. For tardive dyskinesia, duration of antipsychotic treatment 89-91 and 
the number of interruptions are additional risk factors92. In general, second 
generation antipsychotics (SGAs) have a lower affinity for the D2 receptor than 
first generation antipsychotics (FGAs)93 and many of the SGAs have antagonistic 
effects on the serotonin 5HT2 receptor94 and anticholinergic properties95. Due to 
these characteristics, SGAs have a lower likelihood of inducing MDs than FGAs96. 
However, even in patients primarily treated with SGAs, the incidence of MDs 
remains substantial97-99. A recent overview of reviews and meta-analyses about 
fifteen SGAs and two FGAs compared the prevalence rates of acute MDs in ran-
domized controlled trials. SGAs were associated with rates ranging from 3%-16% 
for akathisia, 1%-15% for dystonia, 2%- 29% for parkinsonism, and 0.2%-28% for 
tremor, depending on the type of SGA. The prevalence for these MDs associated 
with the two FGAs were 16%-25%, 11%-17%, 21%-23% and 19%-22% respec-
tively100. A meta-analysis on the prevalence of tardive dyskinesia associated with 
antipsychotics reported rates of 30% for current FGA treatment versus 21% for 
current SGA treatment, and 7% for FGA-naïve patients treated with SGAs98 . The 
7% prevalence of tardive dyskinesia for FGA-naïve patients who are prescribed 
SGAs may be explained by the lower propensity of SGAs compared to FGAs to in-
duce tardive dyskinesia101. Furthermore, the prevalence of 7% is at the lower end 
of the prevalence rates for spontaneous dyskinesia, which have been estimated 
to range from 4%-40% dependent on age102. This observation may point at an 
ameliorating effect of SGAs on pre-existing dyskinesia in some cases51.

Patients with schizophrenia are often prescribed two or more antipsychotic drugs 
simultaneously with prevalences varying from 13%-70%, depending on treatment 
setting and country103-105. With exposure to two or more antipsychotics, patients 
are at a higher risk of multiple side effects including MDs105, 106. Antipsychotic 
polypharmacy is associated with prescription of high total doses104, 107-110 which 
may be a mediating factor in increasing the risk of treatment emergent MDs111.

In addition to the use in the treatment of psychotic disorders, antipsychotics 
are also increasingly prescribed for other indications including off-label for bor-
derline personality disorder (BPD)112, 113. However, systematic reviews or meta-
analyses on antipsychotic-related MDs in BPD have been lacking.

As mentioned above, it is important to note that in the context of antipsychotic 
medication, MDs in patients with psychiatric illnesses likely represent a com-
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bination of spontaneous and drug-induced MDs. A conceptualization that has 
recently become more popular is that antipsychotic medication act upon and 
may modify (a vulnerability for) MDs which may have arisen as a result of the 
underlying pathophysiology4, 51. Thus, although we refer in part II. of this thesis 
to MDs as side effects for reasons of readability, the reality is more complex. 
Unfortunately, it is in most cases impossible to differentiate primary from drug-
induced MDs in patients using antipsychotic medication.

Movement disorders as prognostic factor and risk factor for mortality in psychotic 
disorders

MAs have been shown to be predictive of clinical and functional outcome over 
time across the psychosis spectrum19, 22. A recent systematic review of 68 studies 
found that neurological soft signs, parkinsonism and dyskinesia were related to 
a worse outcome in terms of symptomatic course and global and social function-
ing11. These findings pertained to subjects with clinical high risk of developing 
a psychotic disorder, patients with first episode psychosis, and patients with 
schizophrenia, although the predictive value of the specific MAs varied over the 
different populations.

Another important outcome in individuals with psychotic disorders and specifi-
cally those with a chronic course and functional impairment classifying as severe 
mental illness (SMI), is mortality. Patients with SMI have a shortened life expec-
tancy of 9-25114-117 years, thus the identification of risk factors is of utmost impor-
tance. Some studies suggest that MDs may be a risk factor but not much research 
into this topic has been conducted, and results have been inconclusive27, 118-120.

Measurement of movement disorders
For the assessment of MDs, three approaches can be used: clinical examination, 
rating scales, and instrumental measurement. Traditionally, the former two have 
been applied most often in both clinical practice and research121. Rating scales 
are observation-based, ordinal scales with defined anchor points for severity 
classification. Although rating scales are frequently used, they have several dis-
advantages including substantial interrater variability, lack of linearity (a score 
twice as high may not correspond to an MD twice as severe), and limited sen-
sitivity which may hamper the detection of subclinical MDs49, 121. Furthermore, 
adequate use requires time-consuming training.

Because MDs are directly observable – in contrast to other psychiatric symp-
toms–they are suitable for instrumental measurement techniques. In the past 
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decades, several instruments for the measurement of MDs and movement have 
been developed such as instruments which measure variation in exerted pres-
sure49, 122-125, techniques for the assessment of handwriting kinematics126, 127, apps 
measuring tremor128, and actigraphy19, 129. With instrumental measurements, the 
shortcomings of ratings scales are overcome, i.e., instrumental measurements 
are highly reliable, linearly related to severity, and they are very sensitive and 
able to detect subclinical MDs58, 121, 122, 130. However, an advantage of rating scales 
over most instrumental measurement technique is that with rating scales, all 
relevant body parts are assessed whereas instruments typically measure only 
one body part.

Since an instrument measuring finger dyskinesia, tremor, and bradykinesia has 
been used in two of the studies in this thesis, this instrument will be introduced 
further.

Mechanical measurement of dyskinesia, tremor, and bradykinesia

In the studies described in chapter 2 and 3 a mechanical instrument was used 
designed by Koning (2011)49 based on the same principles as an earlier instru-
ment developed by Caligiuri and Lohr (1990, 1992)122, 125.

Dyskinesia of the fingers and tremor were assessed by measuring force variabil-
ity (FV) with a task in which the participant attempts to exert a constant pressure 
on a button attached to a load cell (Fig 1.). The load cell is connected to a monitor 
showing a real-time graph indicating the target force and actual force applied 
(Fig 2.). The target force was set to an equivalent of 3 Newton131. FV in the 0-3 
frequency range was used to measure dyskinesia as this is thought to reflect 

Figure 1. Mechanical instrument for measuring force variability and velocity scaling
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dyskinesia123 and is unaffected by resting tremor58, 132. This approach has been 
validated for finger dyskinesia in subjects with psychotic disorders122, 130, 131, 133, 134. 
For the measurement of tremor, FV in the 4-6 frequency ranged was used58, 132.

Bradykinesia was determined by quantifying the ability to adjust the velocity of 
movement to changing distances58, 125-127. When the distance between two fixed 
targets is increased, healthy individuals (i.e., those without parkinsonism) typi-
cally increase their movement speed. Individuals with bradykinesia, on the other 
hand, have difficulty adjusting their movement speed and require more time to 
cover longer distances. The task measuring velocity scaling (VS) consisted of flex-
ing a handle with the wrist as fast and as accurately as possible in order to move a 
flexible cursor presented on the monitor to a target cursor located at 25 degrees 
and 45 degrees from the midline of the wrist flexion125 (Fig 3.). The handle is con-

Figure 2. Test for force variability, as seen on the computer screen
Example subject's force variability when trying to match the target pressure of 3N.

Figure 3. Test for velocity scaling
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nected to a potentiometer attached to a monitor showing in real-time the target 
and the cursor. VS is measured in degree per second per degree (deg/s/deg). This 
technique has been validated for antipsychotic-induced bradykinesia125, 126.

Outline of this thesis

Part I. Movement disorders as symptom
In chapter 2, we studied spontaneous dyskinesia in individuals with auditory 
verbal hallucinations (AVH) in the absence of a psychotic disorder. MDs are an 
intrinsic part of psychotic disorders43, 48, 50, 135. However, little is known about the 
occurrence of MDs in subjects with psychotic-like experiences who are not under 
psychiatric care70. If (subclinical) MDs are related to psychotic-like symptoms 
in otherwise healthy individuals, this would lend further evidence for the link 
between psychosis and spontaneous MDs. Furthermore, such a finding would 
support the concept of psychosis as a continuous phenomenon. As dyskinesia 
in healthy individuals with AVH may be more subtle in nature than in patients 
with psychotic disorders, we used the instrument described above to provide 
sensitive measurements of dyskinesia.

The study described in chapter 3 aimed to investigate if parkinsonism and 
dyskinesia are present in children and adolescents with ASD. Various MAs and 
developmental delays in motor milestones have been described in ASD but 
few studies assessed parkinsonism and dyskinesia2. Given the genetic overlap 
between schizophrenia and ASD136, 137, similar MDs might occur in both popula-
tions. We studied subjects with ASD aged 6-26 years and compared them with 
age, sex and IQ matched healthy children and adolescents. Both rating scales 
and instrumental measurements of parkinsonism and dyskinesia were used to 
establish if these MDs were more prevalent in ASD than in typically developing 
subjects.

Part II. Movement disorders as side effect
Chapter 4 aims to estimate the risk of acute antipsychotic-induced MDs in BPD. 
A large proportion of BPD patients receive off-label antipsychotic medication, 
predominantly SGAs. Since the 1990’s up until around 2010 prescriptions of 
antipsychotics for BPD have been rising and they seem to have been more or 
less stable since then112. The most recent figures show that around one third of 
BPD outpatients and around 69% of BPD inpatients in Europe are prescribed an 
antipsychotic drug112, 113.
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We performed a meta-analysis on data of MDs from randomized controlled trials 
on efficacy and side effects of SGAs in BPD.

Chapter 5 comprises the first report of a trial into the effects of switching a 
combination of FGA(s) and SGA(s) to one antipsychotic in long-stay patients with 
SMI. Antipsychotic polypharmacy is common in schizophrenia, particularly in 
patients at long stay wards138. However, most guidelines advise against antipsy-
chotic polypharmacy139, 140 and evidence of its effectiveness is inconsistent141-144. 
Furthermore, patients who are prescribed antipsychotic polypharmacy are at 
increased risk of multiple side effects including MDs105, 106. We conducted a ran-
domized controlled trial to study the effects of switching to one antipsychotic 
on relapse, psychotic symptoms, quality of life and side effects. In chapter 5, the 
first article of this study which focused on relapse and psychotic symptoms is 
delineated.

Part III. Movement disorders as risk factor for mortality
The study described in Chapter 6 aims to shed light on the association of par-
kinsonism, akathisia, and dyskinesia with mortality in patients with SMI. As men-
tioned above, the lifespan of SMI patients is 9-25 years shorter than in the gen-
eral population. Several factors are known to contribute to this huge difference, 
such as smoking, an unhealthy life style145 and access to and quality of physical 
healthcare146. Some studies have suggested that MDs may be an additional risk 
factor26, 120. Tardive dyskinesia has received the most research attention in this 
respect, but results have been inconclusive26, 119, 120, 147. Furthermore, studies 
into the association between parkinsonism and akathisia and mortality are very 
scarce27, 119, 120. To investigate the potential role of MDs in mortality, we used data 
from the Curacao Extrapyramidal Syndromes Study. In this study, patients with 
SMI from the only psychiatric hospital on the island of Curacao were followed for 
a period of eighteen years. At baseline and seven follow-ups, tardive dyskinesia, 
parkinsonism and akathisia were assessed with validated rating scales. Because 
of the long follow-up period and multiple measurements of MDs, these data 
offered a unique opportunity to determine the association between MDs and 
mortality.
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Abstract

Spontaneous dyskinesia is associated with non-affective psychosis. Few studies 
investigated dyskinesia in individuals with subclinical psychotic experiences. We 
examined dyskinesia using instrumental measurements of force variability in 34 
individuals with frequent auditory verbal hallucinations but without a clinical 
psychotic disorder and 31 matched healthy controls. Schizotypy was assessed 
using the Schizotypal Personality Questionnaire. We found a positive correlation 
between dyskinesia and schizotypy in the total group. In addition, when using a 
cut-off point based on the 95th percentile of force variability in the control group, 
we found a greater proportion of subjects with dyskinesia in the group with audi-
tory verbal hallucinations than in the control subjects. Current findings are in 
agreement with the concept of psychosis as a continuous phenomenon and with 
movement disorders being an integral part of psychosis.
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1. Introduction

Psychotic symptoms occur along a continuum, ranging from mild and subclinical 
to severe and associated with dysfunction. Furthermore, the continuum theory 
implies that psychotic symptoms can occur in the absence of a psychotic disorder, 
and are more prevalent than psychotic disorders themselves1-3. One way to study 
the validity of the continuum concept is to investigate if similar correlations 
between symptom dimensions are present for the subclinical manifestation as 
are known to exist in psychotic disorders1, 2. Indeed, correlations between the 
positive dimension and negative and affective dimensions have been found2, 4.

Movement disorders are also known to be part of the clinical picture of psy-
chosis5, however, not much research has been done on movement disorders in 
relation to subclinical psychotic experiences.

The relationship between movement disorders and schizophrenia has been 
well established5. Movement abnormalities are prevalent in antipsychotic naive 
patients with schizophrenia6, adolescents with schizotypal personality disorder7 
and non-affected siblings of schizophrenia patients, who have a heightened 
genetic risk to develop a psychotic disorder6, 8, 9. Movement disorders have even 
been suggested as a core symptom of schizophrenia5. One of these motor symp-
toms is dyskinesia, which is a hyperkinetic movement disorder characterized by 
involuntary writhing and purposeless, irregular choreatiform movements10. In 
schizophrenia, these movements frequently occur in the orofacial region and 
the distal extremities11. Research suggests that dyskinesia is related to aberrant 
striatopallidal activity giving rise to reduced output in the globus pallidus interna 
and disinhibition of thalamocortical pathways12. It has been hypothesized that 
both dyskinesia and psychotic symptoms depend on dysfunction in striatal do-
paminergic transmission13-15. Dyskinesia ranges in severity from subtle to severe 
and more subtle forms can only be measured mechanically8.

Persons who experience auditory verbal hallucinations in the absence of a clini-
cally relevant psychotic disorder can be considered a population with (at least 
one) non-clinical psychotic symptom. A sample of these persons has been brought 
together by Sommer et al.16. Sommer and colleagues found more schizotypy, a 
heightened delusional tendency, more disorganized speech17 and a lower global 
level of functioning in individuals with auditory verbal hallucinations compared 
to matched healthy controls16. They suggested that the hallucinations in these 
individuals are part of a general vulnerability to psychosis16. Following this line 
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of reasoning, we regard these individuals as a group with a generally heightened 
expression of the psychosis phenotype.

In the present study we examined instrumentally measured dyskinesia as a sign 
of non-affective psychosis in a subset of these subjects with auditory verbal hal-
lucinations and a healthy control group. We hypothesized that:

1. in the group with auditory verbal hallucinations and the control group together, 
dyskinesia and schizotypy are positively correlated. 2. individuals with auditory 
verbal hallucinations show more dyskinesia than healthy controls.

2. Methods

2.1 Participants
The current study was part of a larger study on subjects experiencing auditory 
verbal hallucinations without a diagnosis of a psychotic disorder16. Subjects with 
auditory verbal hallucinations and healthy controls were recruited using a web-
site with information about hearing voices.

Inclusion criteria for subjects with auditory verbal hallucinations were: 1) voices 
were distinct from thoughts with a ‘hearing’ quality, 2) voices were experienced 
at least once a month, 3) no diagnosis or treatment for psychiatric disorders 
other than depressive or anxiety disorders in remission, 4) no alcohol or drug 
abuse for at least 3 months, 5) no chronic somatic disorder, 6) 18 years of age or 
older, 7) 4 Dutch-born grandparents 8) no current use of psychotropic medica-
tion. Healthy control subjects had to fulfill criteria 3-8. The procedure of selec-
tion of nonpsychotic individuals with auditory verbal hallucinations and healthy 
controls is described in more detail elsewhere16.

2.2 Demographic and psychiatric assessments
Relevant demographic variables for all participants for the present study were 
gender, age, total years of education. DSM IV axis I disorders were assessed in 
all subjects by independent psychiatrist using the Comprehensive Assessment 
of Symptoms and History (CASH) interview18. The subjects with auditory verbal 
hallucinations were additionally assessed for personality disorders with the 
Structured Clinical Interview for Personality Disorder (SCID II)19. Urine samples 
were taken to screen for use of cannabis, amphetamine, cocaine, heroin and 
methadone. A positive screen of one or more of these substances would lead to 
exclusion.
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2.3 Measurement of dyskinesia and schizotypy
Mean force variability was taken as a proxy for upper extremity dyskinesia and 
measured with a mechanical instrument designed by Koning et al.8 based on a 
similar instrument developed by Caligiuri20.

The task for subjects consisted of pressing a button with constant pressure, first 
with the index finger of their dominant hand and then with the index finger of 
their non-dominant hand. The button was connected to a load cell attached to a 
monitor showing a graph indicating the pressure exerted, providing participants 
with immediate feedback. The target force was set at an equivalent of 3 Newton. 
The force generated was measured continuously (12 bit sampling at 2.5 kHz, 
digital low pass filtering, storage, and further analysis at 100 Hz). The task was 
performed 3 times per hand for a duration of 20 seconds each, separated by 
5-second rest periods. The first trial was used to accustom subjects to the test. 
Data of the two subsequent tests for both hands, regardless of handedness, were 
used for analysis. The average pressure was calculated for each 20-second test 
period. This mean was subtracted from the signal and then Fourier transformed. 
Total power in the 0 to 3 Hz range was determined and converted to calculate 
the standard deviation for the 0 to 3 Hz signal components. The standard devia-
tion was presented as the percentage of error (standard deviation divided by 
mean force). Force in the 0 – 3 Hz frequency range was used as this measures 
dyskinesia best and is unaffected by resting tremor which manifests itself in the 
4 – 6 Hz frequency band8. This procedure has been used and validated earlier8, 21. 
Dyskinesia was defined as a force variability score higher than the 95th percentile 
of the control group8, 22.

Schizotypal tendency was assessed by means of the Schizotypal Personality 
Questionnaire23, a self-report questionnaire containing 74 questions.

2.4 Analyses
Depending on the type and distribution of the data, t-tests, Mann Whitney U, 
Chi-square and Fisher’s exact tests were used to test for differences between 
groups. Spearman’s rho was calculated to assess the correlation between force 
variability and schizotypy.
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3. Results

3.1 Demographic and psychiatric characteristics
Data were collected for 34 individuals with auditory verbal hallucinations and 
31 healthy control subjects. Participants with auditory verbal hallucinations and 
healthy controls did not differ with regard to gender, age or total years of educa-
tion which was to be expected because both groups were matched on these vari-
ables (table 1). There were no personality disorders in the hallucinating group. 
In the control group, one subject had a diagnosis of a single depressive episode, 
partially in remission, 3 had a recurrent depressive disorder in complete remis-
sion and 1 a depressive disorder NAO. In the hallucinating group was 1 person 
with a single depressive episode, 1 with a single depressive episode partially in 
remission, 5 with a single depressive episode in complete remission and 2 with 
a recurrent depressive disorder in complete remission. There were no positive 
screens for cannabis, amphetamine, cocaine, heroin or methadone.

Table 1. Demographic characteristics

Control group
(n= 31)

AVH group
(n= 34)

Statistic P Value

Gender % man 48.4 38.2 Chi square(1) = 0.68 0.41

Age in years mean (sd) 45.9 (15.0) 45.4 (11.9) t(63) = 0.137 0.89

Total years of education 
mean (sd)

13.0 (2.6) 13.8 (1.9) t(53)= -1.45 0.15

AVH: auditory verbal hallucinations

3.2 Force variability and schizotypy
Data for force variability in both groups were skewed to the left and not nor-
mally distributed. In addition, In the group with auditory verbal hallucinations 
the kurtosis was relatively high (table 2.). The cut-off score for force variability 
derived from the 95th percentile in the control group was 3.11. Based on this 
criterion, 1 individual (3,2 %) in the control group and 8 (23,5%) in the group with 
hallucinations showed dyskinesia. These percentages were significantly differ-
ent (Fisher’s Exact Test 1-sided p=0,019)
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Table 2. Characteristics of the data for force variability and schizotypy

Force Variability Schizotypy

Control group
n = 31

AVH group
N = 34

Control group
n = 31

AVH group
n = 34

Mean (SD) 1.89 (0.61) 2.49 (1.38) 10.2 (5.7) 27.4 (11.3)

Median 1.79 2.06 10.0 24.5

Skewness (SE) 0.85 (0.43) 1.56 (0.40) 0.29 (0.43) 0.13 (0.40)

Kurtosis (SE) -0.16 (0.83) 1.97 (0.79) -0.83 (0.83) -0.34 (0.79)

AVH: auditory verbal hallucinations

Data for schizotypy were normally distributed in the group with hallucinations 
but did not have a normal appearance in the control group. There was a signifi-
cant difference between the groups (Mann Whitney U = 940.00 p=.000 see table 
2 for means and medians per group).

The correlation between force variability and schizotypy measured with Spear-
man’s rho was .32 (p= 0.005) in the total group.

4. Discussion

The present findings show that spontaneous dyskinesia in the upper extremi-
ties and schizotypy are positively related in a combined sample of non-clinical 
individuals with auditory verbal hallucinations and healthy controls. Secondly, 
we found that spontaneous dyskinesia occurs in a greater proportion of subjects 
with auditory verbal hallucinations compared to a matched control group.

Our findings concur with results of Mittal et al. (2011), who found significant 
differences in instrumentally measured finger dyskinesia between groups of the 
normal population that scored high versus low on non clinical psychosis (NCP)13, 

24, 25. Results are also in line with the study of Koning et al. (2011a) showing differ-
ences in instrumentally measured dyskinesia between siblings of patients with 
schizophrenia and healthy controls.

Mittal et al. reported positive correlations between force variability and 
psychotic-like symptoms in two studies in students with high and low(er) NCP 
with magnitudes ranging from .16 (force variability– prodromal questionnaire 
brief total)24 to .26 (force variability – Community Assessment of Psychic Experi-
ences (CAPE) positive symptoms) and .48 (force variability – CAPE negative symp-
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toms)25. In addition, Koning et al.9 found a correlation in nonpsychotic siblings of 
patients with schizophrenia of .51 between positive schizotypy and spontaneous 
dyskinesia. In this study by Koning et al., traditional rating scales were used and 
the correlation was found in siblings who showed at least a minimal sign of a 
movement disorder9.

Interestingly, positive correlations between spontaneous dyskinesia and 
psychotic-like symptoms are found in studies using different designs and popula-
tions. At this point it is difficult to assess to what extent differences in strength 
between correlations are attributable to methods of sample selection or choice 
of questionnaires measuring psychotic-like phenomena although both probably 
have some influence.

The underlying neurobiological mechanism of the relation between hallucina-
tions and dyskinesia should be found in the overlap of the pathophysiology of 
each symptom. For auditory verbal hallucinations, a wealth of findings have 
been published but for dyskinesia (modern) neuroimaging studies are scarce. 
One study investigated neural correlates of spontaneous dyskinesia in subjects 
with non-clinical psychosis and showed smaller bilateral putamen compared to a 
healthy control group. Furthermore, a correlation between force variability and 
striatal abnormalities was reported 25. Other neuroimaging studies on dyskinesia 
focused on tardive dyskinesia (TD) in patients with schizophrenia. Inconsistent 
results were found in abnormalities in the basal ganglia11, 26. In addition, reduced 
gray matter in cortical areas 27 and microstructural abnormalities in white mat-
ter28 have been observed.

With regard to the neurobiology of auditory verbal hallucinations several brain 
areas have suggested including the superior temporal gyrus, middle temporal 
gyrus, prefrontal, premotor, cingulate, cerebellar, and subcortical regions29. In 
addition, microstructural changes in the arcuate fasciculus, which connects 
frontotemporal language production and perception areas, have been reported 
30. In a recent structural imaging study, Van Lutterveld and colleagues examined 
cortical thickness in non-clinical subjects with auditory verbal hallucinations 
which came from the same project as the present investigation, patients with 
a psychotic disorder and auditory verbal hallucinations, and healthy controls31. 
They found that in the left paracentral lobule, left pars orbitalis, right fusiform 
gyrus and right inferior temporal gyrus, patients had the lowest thickness, con-
trols had the highest thickness, and the non-clinical subjects with auditory verbal 
hallucinations were in between. Patients and non-clinical individuals with audi-
tory verbal hallucinations showed less cortical thickness compared to controls 
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in the right insula. Moreover, with the use of rank order analysis, the authors 
demonstrated that the order of mean cortical thickness for the three groups 
was for 88% of the areas such that the thickness was highest in the controls, fol-
lowed by the non-clinical subjects with auditory verbal hallucinations and finally 
the patients with a psychotic disorder and auditory verbal hallucinations. These 
areas included the right superior frontal gyrus and bilateral pars orbitalis (which 
is part of the inferior frontal gyrus).

In summary, largely different brain regions seem to be involved in dyskinesia and 
auditory verbal hallucinations although reduced gray matter in the right superior 
frontal gyrus and bilateral inferior frontal gyrus have been reported for both 
symptoms27, 31.

A limitation of the present study was the selection procedure of subjects by 
means of a website as individuals with strong paranoid tendency may be unlikely 
to engage. It is unclear if this has affected the results. However, the way in which 
our results concur with findings in other studies suggests that they were not 
caused by our method of subject selection. Another limitation was that nicotine 
use was not measured, while this may influence dyskinesia32.

In the present study, results of Mittal et al. and Koning et al. are replicated in a 
different population, which, in contrast to their samples, was selected on the 
presence of one clear non-clinical psychotic symptom. Furthermore, in contrast 
to the studies of Mittal, participants in our study were extensively examined with 
regard to the absence of Axis I and II disorders by a psychiatrist. Results can be 
explained by regarding auditory verbal hallucinations, schizotypy and spontane-
ous dyskinesia all as part of a psychosis vulnerability implying that they are all 
in part mediated by the same underlying neurobiological mechanism, although 
the exact nature of this mechanism remains elusive. Our results supports the 
earlier conclusion of Sommer et al.16 that auditory verbal hallucinations in this 
population, are part of a general vulnerability for psychosis.

Present findings of a correlation between spontaneous dyskinesia and schizotypy 
in our total sample, and a higher proportion of dyskinesia in persons with audi-
tory verbal hallucinations in comparison to healthy controls are in accordance 
with psychosis as a continuous phenomenon.
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Abstract

Data supporting theoretical models linking autism spectrum disorders (ASD) to 
motor disturbance are inconclusive. In the present study, children and adoles-
cents with ASD (n=44) were compared with a matched group of typically devel-
oping individuals (n=49) on both instrumental and observational assessments of 
motor abnormalities. No group differences were found in the instrumental data. 
However, more bradykinetic motor behavior was found using an observational 
scale in the ASD groups. More rigid motor behavior was found in the adolescents 
with ASD but not in the children. Individuals with ASD show significantly more 
hypokinetic behavior, which may not be strictly dopaminergic in origin, but may 
reflect a weak central coherency in neuronal networks related to the motor 
system in which developmental changes are present. 

Key words: autism spectrum disorder, motor disturbance, parkinsonism, dyski-
nesia
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Introduction

Motor difficulties are highly prevalent in autism spectrum disorder (ASD)1, yet 
they are not considered to be part of the core symptoms of ASD. These include 
persistent deficits in social communication and interaction, and repetitive pat-
terns of behavior2. However, social and motor skills are strongly related. Social 
interactions change as young children learn to walk3, and through children’s play 
in which motor behavior is essential, social connections are build. Poor motor 
skills limit these interactions.

The interactive relationship between motor skills, social impairment4, 5, receptive 
and expressive language skills6 has been demonstrated in children with an ASD. 
Hilton et al. (2012)7 describe motor impairment in individuals with ASD. Motor 
skills in unaffected siblings were normal, indicating that motor impairment is a 
core characteristic of the disorder and not an ASD endophenotype. The ques-
tion arises whether motor difficulties are indeed part of a symptom cluster in 
ASD. Dyspraxia is more prevalent in adults with ASD than in controls. Also, in the 
general population, dyspraxia is associated with higher autistic traits and lower 
empathy, which could suggest that motor coordination skills are important in 
empathy and effective social interaction8. Several studies have reported benefits 
of physical exercise on motor skills and social interaction in children with ASD9, 

10. Sensory-motor therapy is a promising intervention, since improvement on per-
ceptual and social functioning in children with ASD has been found11. Altogether, 
identifying motor problems in individuals with ASD is of great importance, since 
it enables clinicians to integrate interventions that facilitate motor behavior in 
care planning. It also contributes to the understanding of the complex nature of 
this developmental disorder.

Abnormal functioning of the basal ganglia might be a link between movement 
abnormalities and other symptom clusters in ASD. The basal ganglia are connect-
ed with the cortex through several segregated but parallel loops, the so-called 
cortico-basal-ganglia-thalamocortical circuits. However, besides motor loops, the 
basal ganglia also contain associative (cognitive), and limbic (emotional) loops. 
They deal, with the control of behaviour and cognition, together with reward and 
emotions12. Therefore, motor dysfunctions, which are often seen in autism, may 
directly be related to dysfunctions of behaviour and cognition. Indeed, striatal 
volume changes in ASD have been observed previously13.

Motor difficulties in ASD encompass a large range of abnormalities, like prob-
lems in coordination and balance, fine and gross motor delays1. Because of the 
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resemblance of some characteristics in both disorders, a potential link between 
ASD and Parkinson’s disorder (PD) has been proposed before14-16. Rigid behav-
ior patterns and difficulties in starting and stopping movements are amongst 
them. However, age at onset is different in both disorders. PD is an age-related 
progressive neurodegenerative disorder with onset of illness generally between 
ages of 60-65 and young onset ages <5017. ASD is a neurodevelopmental disorder 
in which, for most children, declines in social interaction are observed during 
the first years of life18. PD is characterized with selective loss of dopaminergic 
neurons in the substantia nigra19. Dysregulation of the dopamine system is also 
associated with both ASD20, 21 and motor function12, 22. And interesting, the SNP 
rs167771 of the dopamine-3-receptor gene (DRD3) has recently been found to 
be associated with repetitive and stereotyped behavior in ASD21, while the same 
SNP was earlier reported to be linked to acute risperidone-induced extrapyrami-
dal symptoms in patients with mainly psychotic disorders23.

Another neuropsychiatric disorder in which movement disorders are an integral 
part, is schizophrenia24 and studies indicate that also autism and schizophrenia 
share genetic factors25. These authors suggest that both neuropsychiatric disor-
ders might share pathogenic mechanisms involving altered brain development. 
Stone and Iguchi26 (2011) state that ASD and schizophrenia share similarities in 
genetic components and phenotypes, however, they remain distinct entities with 
important differences in for example age of onset. Results presented by Koning, 
et al.27 could imply that movement disorders are core symptoms of psychotic 
disorders, since they are strongly associated with dyskinesia and parkinsonism 
in antipsychotic medication naïve patients. In conclusion, it might then also be 
possible that movement abnormalities are symptoms of the autism spectrum.

Dyskinesia is a hyperkinetic movement disorder characterized by involuntary 
writhing and purposeless, irregular movements that may or may not be con-
tinuous28. Dyskinesia is suggested to arise from aberrant striatopallidal activity, 
which results in, reduced output in the globus pallidus interna and disinhibition 
of the thalamocortical pathway12. Dyskinesia had also been associated with 
smaller volumes of the putamen29, 30. Parkinsonism is an akinetic rigid syndrome 
with the following features: rigidity, bradykinesia, resting tremor and postural 
instability12. Parkinsonism is thought to arise from hypodopaminergia in the ex-
trapyramidal motor system, which induces inhibition of thalamocortical projec-
tions12. Both dyskinesia and parkinsonism can be measured with observational 
rating scales as well as with mechanical instruments.
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The purpose of the present study is to investigate whether movement disorders, 
as measured with both observational and instrumental assessments, are more 
prevalent in children and young adults with ASD than in typically developing indi-
viduals. We use both observational and instrumental assessments as both pres-
ent certain advantages. The observational rating scales we choose are widely 
used in both clinical practice and research. Therefore results are can be easily 
understood and compared with other research. With observational rating scales 
dyskinesia or parkinsonism in all body parts are taken into account. Mechanical 
instruments on the other hand only focus on certain parts of the body and are 
less widely used, but they are more sensitive and reliable than observational 
rating scales28, 31, 32. Another reason why it is interesting especially for the study 
of individuals with ASD to use both methods, is that it has been observed before 
that they perform different on measurements assessing a particular construct, 
depending on the amount of social interaction needed during testing33.

It is expected that individuals with ASD experience more movement difficulties 
than control individuals. We hypothesize to find these difficulties especially in 
both observational and instrumental assessment of parkinsonism, based on the 
clinical features often described in this ASD. We do not expect differences in 
instrumental measurements assessing dyskinesia between the ASD group and 
controls, since involuntary and purposeless, irregular movements are not typi-
cally described for this clinical group. However, since ASD and psychotic disorders 
share genetic factors, we choose to investigate dyskinesia also.

Method

Participants
High functioning children and young adults (age 6-26) with ASD (n  =  44) were 
recruited from the department of child and adolescent psychiatry at the Uni-
versity Medical Centre Utrecht, the Netherlands. Controls (n=49) were recruited 
through local schools. Inclusion criteria for both groups were age (between 6 
and 26 years). All participants had an full scale intelligence quotient (FSIQ) >70, 
determined by the short form of the Wechsler scales (four subtests: vocabulary, 
similarities, block design, object assembly).34, 35 To prevent the inclusion of indi-
viduals with possible other causes of movement disorders, the exclusion criteria 
for both groups were a history of neurological disease, the use of anti-psychotic 
medication, and substance abuse. Controls with a first- or second-degree relative 
with developmental disorder were also excluded. The groups were matched for 
sex, age and FSIQ.
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Individuals in the ASD group were diagnosed by a child and adolescent psy-
chiatrist. The ADI-R36, or the ADOS37, and in most cases both instruments were 
available. Ethical approval for the study was obtained and all participants or their 
parents, if appropriate, gave written informed consent.

Measures and Materials

Data Collection Procedure
Participants were invited to the UMC Utrecht for an appointment that took ap-
proximately 75-90 minutes of their time. The Wechsler scales were administered 
and the individuals were evaluated with the Abnormal Involuntary Movement 
Scale (AIMS)38 for clinical dyskinesia, and the Unified Parkinson Disease Rating 
Scale (UPDRS)39 for clinical parkinsonism. Manual dexterity was assessed by ob-
serving and questioning participants and/or parents. After that, the mechanical 
measurements were administered. A research assistant together with a neu-
ropsychologist, both trained by an expert in the field of movement disorders 
(JK), assessed all scales and tasks. Only one tester was present in the room, 
the second tester was placed behind a one-way screen. Both testers scored the 
observational measurement independently. Afterwards, scores were evaluated. 
Inter rater agreement was 96%. In case both tests had different scores, the lower 
score was used in the analysis.

Clinical Assessment of Dyskinesia and Parkinsonism

Clinical dyskinesia
The AIMS divides the body into seven different areas (face, tongue, lips, jaw, 
upper limbs, lower limbs and neck, shoulders and hips). Each item is scored from 
0 to 4 to indicate disorder severity (0 = absent, 1 = questionable, 2 = mild, 3 
= moderate, and 4 = severe). Clinical dyskinesia was defined as a score of 2 or 
greater on any of the seven items of the AIMS, based on the research criteria for 
dyskinesia40.

Clinical Parkinsonism
The motor examination part of the UPDRS was used to assess speech, facial 
mobility, resting tremor (face and each limb), rigidity (neck and each limb), rapid 
hand and foot movements, rising from chair, posture, gait, postural stability and 
body bradykinesia. Each item is scored from 0 to 4 to indicate disorder severity 
(0 = absent, 1 = questionable, 2 = mild, 3 = moderate, and 4 = severe). Clinical 
parkinsonism was considered a case when any item was scored at least “mild” (a 
score of 2 or greater) on the UPDRS39.
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Mechanical Assessment of Dyskinesia and Parkinsonism (Resting 
tremor and Bradykinesia)

Dyskinesia using mechanical measurement
Dyskinesia is a hyperkinetic movement disorder characterized by involuntary 
writhing and purposeless, irregular movements that may or may not be continu-
ous28. When present in the hands, this leads to instability in tasks requiring the 
exertion of a constant pressure. Variability in exerted force [force variability (FV)] 
in the lower (< 3Hz) frequency range can therefore be used as a quantification of 
dyskinesia31. An instrument based on this principle was used to assess dyskinesia 
mechanically by measuring the FV, as indicated by the individual’s attempt to 
exert constant pressure on a load cell and measuring the variations in the force 
applied over time. Participants were asked to exert constant target pressure, 
first by pushing a button with the index finger of their dominant hand, then of 
their non-dominant hand27. The button was connected to a cell attached to a 
monitor showing a real-time graph indicating target and actual force applied. 
The strength required to achieve the target height on the graph was set to an 
equivalent of 3 N for the index finger41. All participants performed each exercise 
three times for duration of 20 s each, separated by 5-s rest periods. The first trial 
was used to accustom the test taker to the procedure. Mean data of the two 
subsequent measurement trials were used for analysis. The force generated was 
measured continuously and presented graphically to the subject with virtually no 
delay. The average force was calculated for each 20-s test period. After subtract-
ing this mean from the signal, it was Fourier transformed. Total power in the 0 to 
3 Hz range was calculated and converted to find the standard deviation for the 
0 to 3  Hz signal components. This standard deviation is technically equivalent 
to the one found after a very sharp 3 Hz low-pass filtering of the force signal. 
The standard deviation was presented as the percentage of error, or coefficient 
of variation (CV, standard deviation divided by mean force). For dyskinesia, only 
force measured in the 0 to 3 Hz frequency range was used as this reflects dyski-
nesia best32 and is unaffected by resting tremor (which is measured at the 4 to 
6 Hz frequency band)42. This technique has been extensively validated for finger 
dyskinesia32. For a more detailed explanation of the procedure/apparatus, we 
refer to “Appendix”. Examples of force variability/force variation are presented 
in Illustration 1, 2 and 3.

Parkinsonism (Resting Tremor and Bradykinesia) Using Mechanical Measurement
The data generated in the preceding procedure were also used to mechanically 
evaluate resting tremor, by calculating the amount of variability in the force ap-
plied, with the difference that now only total force in the 4 to 6 Hz frequency 
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range was used, as this frequency reflects resting tremor best42 and movements 
in this range are unaffected by dyskinesia.

Bradykinesia can be mechanically quantified by measuring the ability to adjust 
movement velocity to changing distances43, 44. Participants with bradykinesia 
(Parkinson’s disease or drug induced parkinsonism) are less able to scale their 
movement velocity and require more time as distances increase. Velocity scaling 
(VS) scores are expressed as degrees per second per degree (⁰/s/⁰). Participants 
were instructed to flex a handle with their wrist as fast but as accurately as pos-
sible in order to move a flexible cursor presented on the computer screen to 
a target cursor located at 25⁰ and 45⁰ from the midline of the wrist flexion43. 
The handle was connected to a potentiometer attached to a monitor showing in 
real-time the target and flexible cursor. Participants started with the dominant 
hand and then switched to the non-dominant hand and performed 32 movement 
measurements, consisting of 16 measurements for each of the two randomly 
presented target locations, for each hand, for a total of 64 movements43.

Illustration 1. Subject: no dyskinesia, no tremor. This is an example of force variability. The 
bluish/green line indicates the actual force applied over time in the 0-3 Hz frequency range. 
In the box you can see the frequency distributions of the variations. There have been norm 
scores for normal healthy subjects, and they resemble this line, so here there is “no dyski-
nesia” and “no tremor”
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Data Analysis
Statistical analyses were performed using SPSS-24®. A p-value <.05 was deemed 
significant. A chi square analysis was conducted to test whether the two groups 
differed relative to gender and manual dexterity. Age and FSIQ were analyzed 
using a t-test for independent groups. A series of analyses of variance were 
performed to test for differences between the ASD and the control group in the 
mechanical assessments of parkinsonism (tremor, bradykinesia) and dyskinesia 
separately. Although this resulted in smaller groups, we choose two different 
age groups i.e. children (age 6–12 years, n=44) and adolescents/young adults (age 
13–26 years, n=49) since developmental effects on motor behavior are expected 
to be high. Outliers were identified by using bivariate scatterplots for each group 
and was scored an outlier with Z-score > 3.29 (p<.001, two tailed). Evaluation of 
the data led to the conclusion that present extreme scores were proper part of 
our sample, and were therefore not removed. Data were transformed using log 
transformation in order to pull outliers closer to the center of the distribution.

Illustration 2. Subject: with dyskinesia, but no tremor. As depicted in the blue line (low 
frequency) and bars, a person with dyskinesia shows more variation around the green tar-
get line. If we look at the frequency distributions of the force variation, you will see a little 
(blue) peak emerging in the 0–3 Hz frequency range
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Differences between groups on the clinical assessments are calculated with Mann 
Whitney U tests.
For the mechanical measurements, power was adequate (0.80) for the detection 
of medium effect sizes f=.029. For the rating scales we were able to detect large 
effect sizes. In the children group, a power of 0,8 was reached at effect size d = 
0,87 and for the adolescents at effect size d = 0,84.

Illustration 3. Subject: with resting tremor, but no dyskinesia. If we look at the same graph 
of a person with resting tremor, but no dyskinesia, it looks like this. As you can see, red 
line shows oscillations in the 4–6 Hz frequency range. The blue line shows some variation 
around the target line, but less extensive compared to the former person with dyskinesia. 
So you can see that this method can differentiate between resting tremor and dyskinesia. 
If we look at the frequency distributions of the force variation, you will see a little peak 
emerging in the 4–6 Hz frequency range, and a very little one in the 0–3 Hz frequency range
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Results

Descriptive statistics
Demographic characteristics of the participants are presented in Table I. In both 
the child and adolescent/young adult group, the individuals with ASD and con-
trols did not differ relative to age, gender, FSIQ and handedness. 

Table I: demographic characteristics 

6-12 13-26

ASD Controls p ASD controls p

(n=22) (n=22) (n=23) (n=26)

Age in years (M/sd) 10,4 (1,7) 10,3 (1,8) .84 18,7 (4,6) 20,2 (4,1) .25

Sex (n male) 17 17 .99 17 20 .81

FSIQ (M/sd) 113,7(17,0) 114,6 (15,0) .87 107,7 (19,8) 113,5 (14,6) .26

Handedness (n right) 21 21 .99 19 25 .23

Clinical assessment of dyskinesia and Parkinsonism
Results are presented in Table 2. Non-parametric analysis showed no significant 
differences in dyskinesia between the ASD and control group. However, signifi-
cantly more bradykinetic motor behavior using the observation scales (UPDRS) 
for parkinsonism (p<0.0001) was present in children and adolescents with an 
ASD. More rigid motor behavior was found in the adolescent group, as compared 
to controls. This was not present in the younger age group.

Table II A: Cases of dyskinesia and parkinsonism based on clinical assessment

6-12 13-26

ASD
(n = 22)
Cases n (%)

Controls
(n = 22)
Cases n (%)

*p ASD
(n = 23)
Cases n (%)

Controls
(n = 26)
Cases n (%)

*p

Dyskinesia 4 (18.2) 1 (4.5) .546 4 (17.4) 0 .093

Parkinsonism 12 (54.5) 1 (4.5) .000 17 (73.9) 3 (11.5) .000

 Bradykinesia 11 (50.0) 1 (4.5) .000 15 (65.2) 2 (7.7) .000

 Rigidity 1 (4.5) 0 .325 7 (30.4) 0 .000

 Tremor 2 (9.1) 0 .144 4 (17.4) 1 (3.8) .439

Cases are defined as a score of 2 or higher on any item on the AIMS for dyskinesia and the UPDRS 
for parkinsonism. For bradykinesia, rigidity and tremor, a score of 2 or higher on one or more items 
pertaining to the relevant domain was used for case definition.
* p-values from Mann Whitney U tests
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Mechanical Assessment of Dyskinesia and Parkinsonism (Resting Tremor and 
Bradykinesia)
The results are presented in Table 3. A series of analyses of variance revealed 
no significant main effects of group membership (ASD versus controls), on me-
chanical tests for parkinsonism and dyskinesia. There were main effects for age 
for dyskinesia and resting tremor in both hands, the adolescents/young adults 
showed less dyskinesia and tremor than the children. Bradykinesia did not show 
a main effect for age. There was no significant effects for group x age. These 
results indicate there was no difference between the ASD group and controls on 
mechanical measurements for dyskinesia, resting tremor and bradykinesia.

Table III: mechanical assessment of dyskinesia and parkinsonism; ANOVA results

Group Age Group x Age

F p η2p F p η2p F p η2p

Dyskinesia

 Right hand 0.668 .416 .008 30.181 .000 .276 0.133 .717 .002

 Left hand 0.321 .573 .004 34.816 .000 .306 0.044 .834 .001

Parkinsonism

 Tremor right hand 0.227 .635 .003 21.530 .000 .214 0.103 .749 .001

 Tremor left hand 0.292 .591 .004 15.715 .000 .166 0.121 .729 .002

 Bradykinesia right hand 0.033 .857 .000 1.229 .271 .015 0.327 .569 .004

 Bradykinesia left hand 0.357 .552 .005 0.960 .330 .012 0.035 .852 .000

 Bradykinesia towards 0.025 .876 .000 0.003 .953 .000 0.051 .822 .001

 Bradykinesia reverse 0.079 .78 .001 0.188 .666 .002 0.582 .448 .007

Correlations between observational and mechanical measurements
Considering the discrepant findings of the observational rating scales versus the 
mechanical measurements, we calculated Pearson’s correlations between their 
corresponding items/results. For dyskinesia, the correlation between item 5 of 
the AIMS (5 (dyskinesia of the upper extremities: arms, wrists, hands, fingers) 
and FV was .17 (p=0.132) for the ASD group and .42 (p=0.002) for the control 
group. For bradykinesia of the arms/hands UPDRS item 24 (hand movements: 
patient opens and closes hands in rapid succession) and 25 (Rapid alternating 
movements of the hands: Pronation-supination movements of hands, vertically 
and horizontally, with as large an amplitude as possible) were combined and cor-
related with VS. R was .06 (p=0.362) and for the ASD group and -.07 (p=0.331) for 
the control group.
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Discussion

We found differences between the ASD group and controls with a rating scale 
assessing parkinsonism, but not with a mechanical instrument measuring force 
variability and movement velocity. With the rating scale, we observed more 
bradykinesia in both age groups with ASD compared to the typically developing 
control groups. In the adolescents/young adults with ASD, but not in the children, 
more rigidity was found than in the control group. Resting and action tremors 
were not observed using the mechanical instrument and the rating scales. For 
dyskinetic movements, the difference between the ASD group and the control 
group did not reach significance in the children but was significant at trend level 
in the adolescent/young adult group.

Surprisingly, our groups performed similar on the mechanical measurements 
assessing movement velocity, a quantification of bradykinesia. Effect sizes for 
the effect of group and the group x age were very small (partial η2 ≤ 0.008 for all 
measurements) indicating that results could not be explained by a lack of power 
in our analyses. These findings are unexpected, since we found higher rates of 
bradykinesia in children and young adults with ASD, compared to controls, using 
the observational instrument. Individuals in the ASD group showed rapid fatigu-
ing, slowness in performed movements, speaking in soft monotone voices and 
little facial expression. These symptoms were scored in the mild range. Notably, 
slowness and rapid fatiguing were also seen in hand movement, whereas ASD 
groups performed normally on the instrumental task requiring rapid hand move-
ments. We also found higher rates of rigidity in the ASD group compared to the 
control group in the adolescents/young adults. In the children, there was some-
what more rigidity as well with the difference between the groups showing a 
small to intermediate effect size, which probably may have reached significance 
if we had had larger groups. Higher rates of parkinsonism in individuals with ASD, 
and thus partly in line with our results, were found by Starkstein, et al. (2015)45. 
Also using the UPDRS, higher rates of tremor, rigidity, bradykinesia and postural 
instability were found in older adults (age > 39 years) with an ASD. The partici-
pants in that study were older, had lower IQ’s and several were on neuroleptic 
medication. These factors, especially the use of neuroleptics46, influence motor 
performance. Human perception of movement is highly complex and mechanical 
measurements as used might not (yet) be able to identify certain attributes of 
movement. Still, these results are important in the understanding of the clinical 
presentation of motor disturbance and underlying pathology in ASD and offer 
material for future research.



62

Chapter 3

Our results are in contrast with a study in siblings of patients with non-affective 
psychosis, in which parkinsonism and dyskinesia were observed with instrumental 
measurements, but were not observed with rating scales. The authors concluded 
that the mechanical instrument provided more sensitive measures of dyskinesia 
and parkinsonism47. It is therefore remarkable that in a disorder in which dopa-
minergic involvement is assumed13, 20, no differences in task performance could 
be detected on instrumental measurements. An explanation for these contrast-
ing findings might be that the movement disorders seen in ASD are different in 
nature than those seen in the psychosis spectrum. Where movement disorders in 
the latter are thought to stem from abnormalities in dopaminergic transmission 
in the striatum, in ASD they may be caused by other neurobiological mechanisms.

We did not find an increase in instrumentally measured dyskinetic movements 
in individuals with ASD compared to healthy control participants. With the AIMS 
we observed slightly more dyskinesia in the ASD groups. In the children group, 
the difference had a small effect size and was not significant. However, in the 
adolescent/young adult group, the difference had a medium effect size and was 
significant at trend level. To the best of our knowledge, there a no other publica-
tions on spontaneous dyskinesia in patients with ASD.

The fact that significant differences in bradykinesia, and on a trend level dys-
kinesia, were found with the UPDRS and AIMS respectively, but not with the 
mechanical instrument, was unexpected. To gain more insight into this finding, 
correlations between the instrumental measurements and items from the ob-
servational ratings scales thought to measure bradykinesia and dyskinesia were 
determined. We were surprised by the absence of a correlation between the 
items of the UPDRS determining bradykinesia of the hands, and VS in the ASD 
and control group. An explanation might be that different constructs are being 
measured. Caligiuri et al. (1998) argue that FV measures predominantly neu-
romotor retardation, while with observational ratings, both psychomotor and 
neuromotor slowing are being taken into account43. For dyskinesia, a significant 
intermediate to strong correlation between dyskinesia of the upper extremi-
ties on the AIMS and FV was found for the control group while the correlation 
in the ASD group was weak to intermediate and not significant. This might be 
understood by looking at research suggesting that individuals with ASD perform 
better under conditions in which social interaction is minimized. Computerized 
versions of cognitive tasks will be discussed in more depth later in our discussion.

Taken together, our findings may reflect movement abnormalities caused by 
other neurobiological processes than those seen in psychotic disorders. Rather 
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than disturbed dopaminergic transmission, an alternative, more appealing expla-
nation for the movement abnormalities observed in ASD may be provided when 
linking the results to the vast literature on impaired functional and structural 
connectivity. Due to under48 or over connectivity of brain regions, among which 
are fronto-striatal connections and the basal ganglia49, problems in coordina-
tion of motor, cognitive and social activities occur in ASD. In a computational 
approach, abnormalities were found in two areas in motor behavior; poor inte-
gration of information for efficient motor planning and increased variability in 
basis sensory input and motor outputs. Motor learning was relatively intact50. 
Mounting evidence suggests that brain connectivity might be altered in ASD. 
Most findings show a decrease in long range connectivity whereas findings on 
proposed local over-connectivity have been inconsistent 51, 52. Evidence also 
suggests that connectivity is related to symptom severity in ASD53. Recent work 
shows an anti-correlation, or under connectivity between anterior and posterior 
brain regions in individuals with ASD54. Functional connectivity has also been 
linked to behavior in ASD; higher scores on the ADI-R were correlated with 
weaker functional connectivity.55, 56

Regarding networks related to motor behavior, hyperconnectivity between stria-
tal and cortical regions57 and in thalamocortical networks58 have been reported in 
studies using resting state fMRI paradigms. In school aged children with ASD, Di 
Martino, et al (2011)57 found excessive connectivity between striatal subregions 
and associative and limbic cortex. Woodward, et al (2017)58 using data from the 
Autism Brain Imaging Data Exchange (ABIDE) database found hyperconnectivity 
between the thalamus and cortical regions including motor, somatosensory and 
prefrontal cortex in ASD. In males with autism a different functional organization 
of the primary motor cortex, characterized by a lack of differentiation between 
lower limb/trunk and upper limb/hand parcels has been found59.

Few studies relating aberrant connectivity directly to motor taks in ASD have 
been published and studies focused on various different aspects of motor net-
work and used different tasks. Mostofsky, et al. (2007)60 observed that in children 
with ASD, increased white matter volume in the primary motor and premotor 
cortex in the left hemisphere was associated with poorer motor skills, whereas 
in the control group, increased white matter volume in the primary motor cortex 
in both hemispheres was associated with better motor performance. In another 
study, children with ASD showed a slightly different activation pattern and a gen-
eral decrease in connectivity across the motor network during a finger tapping 
task compared to typically developing control children61. Furthermore, atypical 
lateralization of motor network connectivity has been reported in children with 
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ASD, which correlated with motor skill impairment measured with a finger tap-
ping test62.

Connectivity and developmental trajectory hypotheses could shed light on our 
findings. Due to under and or over connectivity, the coordination of motor, cog-
nitive and social activity is hypothesized to be problematic. The developmental 
trajectory hypothesis states that hyperconnectivity is more characteristic in 
young children with ASD, while hypo- connectivity is more prominent in adoles-
cence and adulthood63, 64. In line with this is the suggestion that ASD could be a 
disorder of aberrant white matter growth patterns at young age and reduced 
white matter integrity at older age65. However, Woodward et al (2017)58 found 
that hyperconnectivity between thalamus and motor and temporal cortex was 
more pronounced in older adolescents than in children/young adolescents 
and adults. Rigidity, or the resistance to passive movement, has been related 
to dysfunctional brain connectivity and motor performance in individuals with 
PD66. Hypothetically, it could be possible that the higher degree in rigidity in the 
adolescent/young adult group in the present study and in the Starkstein, et al. 
(2015) work45, might stem from underconnectivity in the brain, which is not yet 
present in younger children. An important finding in relation to motor impair-
ment is an age-dependent relationship between social adaptability and motor 
coordination in high functioning children with an ASD67. Thus, developmental 
changes are important to account for.

In their study, Marko, et al. (2015)68 found that children with an ASD outperformed 
controls when learning from errors trough proprioception, but underperformed 
controls when learning form errors through vision. Altered connectivity might 
play a role in this difference. In our study, motor performance during rating 
scale observation might be more demanding to individuals with ASD, because 
there is a high amount of social interaction during assessment. Individuals have 
to observe the test taker, process this visual, social and motor information and 
react with motor performance in relation to the test taker. High demands are 
placed on motor and social networks, and they might interact differently in ASD 
as they do in healthy controls. Individuals with ASD suffer under more complex 
circumstances69. We argue that the demands on these networks are lower during 
the mechanical assessment. All individuals receive a training session in which the 
test instructor shows the computer task. Individuals are asked to follow instruc-
tion on the computer screen, lowering the amount of social interaction. After the 
instruction is given, all individuals perform a solo flight were social information 
processing is low. This difference has been demonstrated before on set-shifting 
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tasks. Individuals with an ASD performed better on computerized versions of 
cognitive tasks in which social interaction is minimized33.

Of course the new hypothesis that altered connectivity is responsible for our 
findings is preliminary and must be examined in (RS)-fMRI or EEG studies. How-
ever, the use of observational rating scales might mimic expectations of daily live 
more than a mechanical measurement would in this population. Understanding 
the role of movement abnormalities in ASD, especially in developing children, 
is important as it can help to gain insight into the underlying neurobiological 
processes and the interrelationship of symptom clusters including movement 
abnormalities. As stated before, a relationship between motor skills and social 
interaction problems has been demonstrated in ASD, and benefits of physical 
exercise on motor skills and social interaction in children with ASD have been 
shown. Another clue that motor problems might be part of a symptom cluster is 
that dyspraxia is more prevalent in adults with ASD than in controls. In the general 
population, dyspraxia is associated with higher autistic traits and lower empathy, 
which could suggest that motor coordination skills are important in empathy and 
effective social interaction8. Identifying motor problems in individuals with ASD 
might be of great importance in care planning and the effect of interventions.

The current study has several limitations. Test takers were not blinded to group 
membership. We think it is difficult to prevent raters from knowing whether a 
participant is in the ASD or control group. In future study, one could keep the 
raters blind to study hypothesis. In this study however, inter rater agreement 
was high (96%) and raters were trained by a professional (JK) in the field of mo-
tor disorder in psychiatric populations. Second, we used rating scales, which are 
not typically developed for the use in pediatric populations. However, we used 
an age and IQ matched control group, and understanding of the instructions 
and collaboration were excellent with all participants. Third, we had a relatively 
small sample size and therefore a reduced chance of detecting true effects. It 
is also possible that false positive results occur. Looking at other studies in this 
field, number of participants range, with exception by the study of Green, et 
al (2009)70 from 11 to 51. Still, future research should focus on larger groups. 
Fourth, data distribution forced us to use Mann-Whitney tests in the rating scale 
analysis, with all of its shortcomings. We could not control for age and IQ, factors 
that are known to influence motor performance. Nevertheless, we used an age 
and IQ matched control groups. Another important shortcoming could be that 
the method and analysis used in the instrumental measurement are not specific 
enough to capture impairments in movement in ASD. Using time series analysis 
in future research could give us more information.
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Despite the shortcomings, this study has important methodological advantages. 
Participants with ASD were carefully diagnosed; ADI and ADOS, the ‘gold stan-
dard’ for diagnosing ASD, were used in the procedure. None of the participants 
were on antipsychotic or antiepileptic drugs, thus our results cannot be explained 
by medication effects. As mentioned before; ASD, PD and psychotic disorders 
share similarities in phenotypes, but also seem distinct entities with important 
differences in for example age of onset. Although our pilot study creates valu-
able insights, it also raises many new questions. Future research should therefore 
focus on the differences between (older) individuals with ASD, Parkinson’s dis-
ease and psychotic disorders on instrumental and observational measurements 
of movement disorder. Additional indexes may then be used in the analysis such 
as approximate entropy, sample entropy and signal-to-noise ratio71-73.

Conclusion

The results of this pilot study should only be interpreted within the context 
of its limitations. In this study, individuals with ASD show significantly more 
hypokinetic behavior compared to healthy controls, which may not be strictly 
dopaminergic in origin, but may rather reflect a weak central coherence of neu-
ronal networks related to the motor system in which developmental changes are 
present. However, many questions remain. Our data encourage explanation of 
motor disturbance in ASD by future research. 
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Appendix: details of the procedure and apparatus

Mechanical instruments for measuring force variability and velocity 
scaling

●	 Measurement of dyskinesia and resting tremor using Force Variability (FV)
Dyskinesia can be assessed mechanically by measuring FV, as indicated by the 
subject’s attempt to exert constant pressure on a load cell (see Figure 1) and 
measuring the variations in the force applied over time1-4 (see Figure 4).

Procedure
Participants are instructed to exert constant target pressure, first by pushing 
a button with the index finger of their hand to measure hand dyskinesia5 The 
button and spatula are connected to a load cell attached to a monitor showing a 
real-time graph indicating target and actual force applied (Figures 1 and 2). The 
strength required to achieve the target height on the graph is set to an equiva-
lent of 3 Newton for the index finger4, 5. Participants perform each exercise 3 
times for a duration of 20 seconds each, separated by 5-second rest periods. 
The first trial is used to accustom the patient to the test. Mean data of the two 
subsequent measurements are used for analysis. For dyskinesia, only force varia-
tion measured in the 0 to 3 Hz frequency range is used as this reflects dyskinesia 
best6 and is unaffected by resting tremor (which is measured at the 4 to 6 Hz 
frequency band)7. This technique has been validated for finger dyskinesia1-4, 8, 9

Fig 1. Mechanical instrument for measuring force variability and velocity scaling
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Figure 2. Test for force variability, as seen on the computer screen. Example subject's force 
variability when trying to match the target height of 3N. N Newton

Technical specifications Force Variability measurement

Force measurement
Force measurement finger
Button				    plastic, directly connected to the loadcell
Load cell 			   load sensor for 3 kg nominal
Intended power 		  3.0 N (approx. 300 grams)
Pressure point height		  approx. 25 cm above table top
Force measurement direction 	 vertical, downward

Force measurement general
Measuring range		  > 2 times intended force
Overload capability		   safe up to 1.5x nominal power of the sensor
Deviation 			   <0.4 mm at nominal force of the sensor
Inaccuracy			   according to specs sensor: <0.3% at the intended 
				    force
Analog filtering 		  1st order Low Pass, -3dB at 200 Hz
Sampling 			   12 bit, 2.5 kHz
Digital filtering 		  Low Pass, -10% at 10 Hz, -3 dB at 18 Hz
Software			   MS Windows, MatLAb
Hardware Laptop		  Dell Inspiron 1525, 
Processor			   Intel Pentium duo core T2370
LCD display			   15.4" widescreen with a 1280 × 800 resolution
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●	 Measurement of bradykinesia using Velocity Scaling (VS)
Bradykinesia can be mechanically quantified by measuring the ability to adjust 
movement velocity to changing distances10, 11. For example, normal individuals, 
when moving from one fixed target to another, perform different movements in 
roughly equal time. Thus, moving from one object to another 20 cm away takes 
approximately the same time as moving to an object 40 cm away when instructed 
to move as quickly as possible. To do this, the average velocity of the arm move-
ment must increase to compensate for the longer target distance. Participants 
with bradykinesia (e.g. with Parkinson’s’ disease or drug-induced parkinsonism) 
are less able to scale their movement velocity and require more time as distances 
increase (Figures 3 and 4)10, 12, 13.

Procedure 
Participants are instructed to flex a handle (Figure 1) with their wrist as fast 
but as accurately as possible in order to move a flexible cursor presented on 
the computer screen to a target cursor located at 25 degrees and 45 degrees 
from the midline of the wrist flexion (Figure 3)10. The handle is connected to a 
potentiometer (Figure 1) attached to monitor showing in real-time the target 
and flexible cursor (Figure 3). Participants perform 32 movement measurements 
consisting of 16 measurements for each of the two randomly presented target 
locations, for each hand, for a total of 64 movements 10. VS scores are expressed 
as degrees per second per degree (deg/s/deg). The VS measure is a valid and 
reliable measure of antipsychotic-induced bradykinesia 10, 11.
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Technical specifications Velocity Scaling
Measuring range	 measured with a potentiometer with a range of> 

= 18  degrees. The range is limited by working 
end stops.

Inaccuracy	 angle between end stops (120 degrees) within +/- 
1% degree Position measurement potentiometer 
within +/- 2 degrees (according to specs 
potentiometer). 

Handle Plate 	 with rubber handle, dimensions approx. 90 x 45 
mm2.

Rest position handle 	 vertical (rest = middle between end stops). This 
position is not visible or tangibly indicated on the 
mechanical arrangement. 

Direction axis of rotation 	 horizontal, approximately straight away from 
the person. Turns to the left (viewed counter-
clockwise from the test subject) are measured as 
positive.

Handle rotary	 Friction smooth running, mounted
Potentiometer	 Rotary
Data acquisition instrument	 Hardware: National Instruments (NI) USB-6008 
Sampling frequency: 	 12-Bit, 10 kS/s
Movements 	 self-paced

Fig 3. Test for velocity scaling
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Figure 4. Example of subject with bradykinesia (unable to increase peak velocity when dis-
tance increases)
Y-axis: maximum speed (peak velocity) of flexing wrist
X-axis: targeted distance located at 25 degrees and 45 degrees from the midline of the wrist 
flexion

Figure 5. Example of subject without bradykinesia (able to increase peak velocity when dis-
tance increases)
Y-axis: maximum speed (peak velocity) of flexing wrist
X-axis: targeted distance located at 25 degrees and 45 degrees from the midline of the wrist 
flexion
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Antipsychotic drugs are used off-label in about one third1 of the patients with 
borderline personality disorder (BPD) for specific symptom domains2 and the 
number of prescriptions seem to be increasing3. However, side effects have been 
given only limited attention. In the present study a meta-analysis was carried 
out on acute movement disorders in BPD patients receiving a second generation 
antipsychotic drug.

Movement disorders are well-known side effects of antipsychotics and, although 
more profound in first generation antipsychotics, they have also been associ-
ated with the use of second generation antipsychotics4, 5. Susceptibility for 
antipsychotic-related movement disorders may not be the same for different 
psychiatric disorders6, thus results from studies in patients with schizophrenia 
cannot be generalized to other disorders including BPD.

Although most of the placebo controlled randomized controlled trials (PC-RCT’s) 
in BPD published in the past decade measured movement disorders in contrast 
to earlier research, power in these studies might have been too low to detect 
significant differences in movement disorders. Therefore a meta-analysis on the 
occurrence of movement disorders in BPD patients treated with an antipsychotic 
was conducted. Because most of the PC-RCT’s had a duration of twelve weeks 
or shorter only the prevalence of acute movement disorders was investigated. 
For meta-analytic purpose PC-RCT’s were included that studied the effects of 
antipsychotics in patients with a diagnosis of BPD according to the Diagnostic 
and Statistical Manual of Mental Disorders, DSM III, DSM III-R or DSM IV, and that 
had measured movement disorders using validated structured rating scales.

The presence of parkinsonism and akathisia were defined by the following crite-
ria: Parkinsonism: a total mean score of at least 0.3 on the Simpson Angus Scale 
(SAS). Akathisia: a score of 1 or greater on both the objective and subjective 
symptoms on the Barnes Akathisia Rating Scale (BARS) or a score of 1 or greater 
on item 6 of the Udvalg for Kliniske Undersøgelser (UKU).

EMBASE, PUBMED and clinicaltrials.gov were searched for relevant literature. In 
addition we searched for cross references. Our search revealed 14 PC-RCT’s on 
efficacy of antipsychotic medication in BPD published between 1980 and August 
2013. In 7 of these studies, movement disorders were assessed with structured 
rating scales but no data about movement disorders were reported. Therefore, 
authors were asked for this information.
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We received data from three olanzapine studies7-9 and one ziprasidone study10. 
In the olanzapine study by Soler et al. (2005; N= 30/30), the mean dose was 8.8 
mg (sd 3.8) and the SAS and BARS were used to measure movement disorders. 
The olanzapine study by Zanarini et al. (2011) examined two treatment groups, 
one receiving a daily dose of 2.5 mg (N=150), and the other 5-10 mg, mean 
6.7 (sd not retrievable; N=148), and the SAS, BARS and Abnormal Involuntary 
Movement Scale (AIMS), measuring dyskinesia, were used as rating scales for 
movement disorders. These same scales were used in the olanzapine study by 
Schulz et al. (2008; N= 155/159) in which the mean dose was 7.1mg (sd 5.1). In the 
ziprasidone study (N= 30/30) the mean dose was 84.1 (sd 54.8) and the modified 
UKU was used for the assessment of movement disorders. Two of the olanzapine 
studies7, 8 had used a slightly different criterion for the presence of akathisia 
then we did (they used a score of 2 or greater on item 4, global score, as cut 
off point). Effects were pooled using a random effects model as described by 
DerSimonian & Laird11, with the estimate of heterogeneity being taken from the 
Mantel-Haenszel model to calculate odds ratios using STATA 12. Heterogeneity 
was quantified using the I-squared measure12. Our analyses showed odds ratios 
that were elevated in the medication groups; 1.57 (95% CI 0.66 – 3.77) for par-
kinsonism, and 1.47 (95% CI 0.64 – 3.41) for akathisia. Odds ratios did not reach 
statistical significance (figure 1.)

DISCUSSION

This first meta-analysis regarding the risks on antipsychotic-related movement 
disorders in BPD shows that the risk on acute parkinsonism and akathisia for 
patients on low dosages of olanzapine is not significantly increased compared to 
placebo. Therefore, the use of low dosages of olanzapine seems to be relatively 
safe with regard to acute movement disorders.

In psychotic patients who develop antipsychotic-related parkinsonism and/or 
akathisia, this emerges for 90% within days till 12 weeks13. Therefore the length 
of studies in our meta-analyses should have been sufficient for determining the 
rates of these acute movement disorders. Also, the power of our analyses should 
have been adequate to detect a clinically relevant effect.

The most plausible explanation for our findings lies in the drugs and dosages 
used in the studies in our meta-analyses. Parkinsonism and akathisia are more 
likely to occur with higher dosages of antipsychotic drugs. For parkinsonism, 
this can be explained by the level of striatal dopamine D2 receptor occupancy 
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Figure 1. Odds ratios for medication versus control groups for parkinsonism and akathisia
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as parkinsonism emerges at occupancies of 78%14. Low doses of olanzapine, in 
the range of 5 – 10 mg usually do not induce striatal D2 occupancy percentages 
above this threshold15. Yet, the neurobiology of akathisia is not well known, and 
various hypotheses including different neurotransmitter systems have been 
proposed4. The association of akathisia with dopamine blocking drugs however 
still points to some role of dopaminergic transmission in its pathophysiology and 
the relation between akathisia and dosage is well established.

Besides the low dosages used, the fact that most of the data in our meta-anal-
yses were on olanzapine was probably another major reason for our findings. 
Olanzapine has been found to have some of the lowest risks of acute movement 
disorders among the second generation antipsychotics5 which can partly be ex-
plained by its anticholinergic properties16. As a consequence of the differences 
between second generation antipsychotics with regard to risk of movement 
disorders4, 5, our results can not be generalised beyond olanzapine.

Although per definition, the length of the studies was too short to develop tardive 
movement disorders, three of them did assess symptoms of tardive dyskinesia7, 

8, 10. Using the same analysis as described above we did not find a significant dif-
ference between the medication and control groups. This is probably due to the 
short duration of the studies as tardive movement disorders normally develop 
after months or even years of antipsychotic treatment. While this meta-analysis 
shows a low risk on acute movement disorders, it is important to emphasize that 
olanzapine is related to weight gain and metabolic syndrome. This should be 
weighed in the choice of the antipsychotic in BPD.

A limitation of our study is that we could retrieve data from only four studies on 
two drugs which is limited for a meta-analysis. However, a substantial number of 
events could be analyzed. Another limitation is that only PC-RCT’s were included, 
which has the obvious advantage with regard to the internal validity of the results, 
but may limit generalizability to the patients treated in daily practice. Patients 
in PC-RCT’s are a highly selected group that may differ in relevant parameters 
from ordinary patients regarding susceptibility for movement disorders. One 
may think of factors like substance abuse, intermittent use of medication, poly-
pharmacy and comorbid conditions.

Nevertheless, we tentatively conclude that the use of low dose olanzapine in 
BPD might be safe with regard to acute movement disorders. Long-term studies 
are needed to evaluate the occurrence of tardive movement disorders in BPD.
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ABSTRACT

Background
There is little evidence to support the use of antipsychotic polypharmacy, and 
there are concerns about safety and side effects. Nonetheless, it is commonly 
used in the treatment of long-term inpatients with schizophrenia. This study 
investigated the effects of switching from a combination of first- and second-
generation antipsychotics (FGA and SGA) to monotherapy (FGA or SGA) on 
relapse rates and psychiatric symptomatology.

Methods
Institutionalized patients with chronic psychotic disorders using a combination of 
SGA and FGA (n=136) participated in a randomized open-label trial. The SWITCH 
group discontinued either FGA or SGA, the STAY group continued combination 
treatment. Relapse and psychotic symptoms were measured at baseline and dur-
ing follow up at 3, 6 and 9 months. Psychiatric symptomatology was measured 
using the Brief Psychiatric Rating Scale (BPRS). Relapse was defined as (i) an 
increase in BPRS score of at least 2 points on any item, or (ii) an increase of at 
least 4 points in total BPRS score and an adjustment of antipsychotics.

Results 
A logistic regression model, corrected for sex, showed that the probability of 
relapse was significantly lower in the SWITCH group: 0.29 (95% CI 0.13–0.62). 
The protective effect of switching to monotherapy was probably attributable to 
patients continuing clozapine as monotherapy. For patients who did not experi-
ence a relapse nor dropped out, BPRS total scores decreased significantly more 
in the SWITCH (p = 0.0001).

Conclusion
Switching from a combination of FGA and SGA to monotherapy in long-term 
inpatients does not increase the relapse rate and may even reduce it. 

Keywords:
Schizophrenia, antipsychotics, polypharmacy, relapse, switching
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1. Introduction

Antipsychotic medication plays a central role in the pharmacotherapy of schizo-
phrenia. In the long-term treatment of inpatients with schizophrenia, a combi-
nation of antipsychotics is commonly prescribed. Indeed, several studies have 
shown that the prevalence of antipsychotic polypharmacy in the treatment of 
schizophrenia ranges from 23% to 60% worldwide 1-3. This polypharmacy often 
involves a combination of first and second-generation antipsychotics (FGA and 
SGA) 4.

However, results on the efficacy of this combined use are inconsistent 5-8. Even 
more problematically, a combination of FGA and SGA appears to induce more 
side effects than monotherapy 9-12. Thus, most treatment guidelines discourage 
the use of a combination of antipsychotics for the treatment of schizophrenia 
13, 14.

Several studies have compared continued antipsychotic polypharmacy with 
switching from polypharmacy to monotherapy 15-20. One of these studies showed 
that switching from polypharmacy to monotherapy was successful in 69% of 
outpatients with decreased metabolic parameters without leading to increased 
hospitalization 15. In another study, switching to monotherapy in outpatients 
with schizophrenia resulted in improvements in attention, skills of daily living 
and working skills 17. A meta-analysis of six RCTs found more all-cause discon-
tinuation in patients who switched to monotherapy compared to patient who 
stayed of polypharmacy. Nonetheless, no differences were found in relapse, 
psychopathology, efficacy or side effects. However, the authors concluded that 
the quality of existing evidence was low 21. Moreover, only two small RCTs in-
cluded inpatients 16, 18, and only one included inpatients exclusively 16. None of 
the aforementioned studies investigated the switch from a combination of an 
FGA and an SGA to either FGA or SGA specifically.

In the present study we therefore investigated the effect of switching from 
antipsychotic polypharmacy (two or more antipsychotics including FGA and SGA) 
to monotherapy (either FGA or SGA) on the relapse rate and psychiatric symp-
tomatology of institutionalized patients with chronic psychotic disorders who 
were being treated with antipsychotic polypharmacy. Our study takes the form 
of a pragmatic randomized controlled trial, allowing us to closely mimic clinical 
practice and reach a sensitive patient population22 .
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2. Methods

2.1 Study design and study participants
A nine-month randomized pragmatic open-label trial was conducted to study the 
effect of switching from antipsychotic polypharmacy to monotherapy in institu-
tionalized patients with chronic psychotic disorders who were using two or more 
antipsychotics consisting of a combination of FGA and SGA. The primary outcome 
measure was relapse rate and a secondary outcome measure was psychiatric 
symptomatology. Patients were randomized to a STAY group where the current 
polypharmacy was continued, or a SWTICH group, where the antipsychotic poly-
pharmacy was switched to monotherapy.

The study was conducted from 2010 to 2017. Participants were recruited at two 
psychiatric hospitals in the Netherlands: five long-stay wards at GGz Centraal 
and three at GGZ Altrecht. In the Netherlands, the mental healthcare and health 
insurance system is organized in such a way that, for a patient to receive care 
at these long-stay wards, patients have to be continually admitted for at least a 
year and may not be eligible for sheltered living because of their level of func-
tioning. For the recruitment ,the study design was presented to the clinical staff, 
the patients and their families. Then the eligible patients were asked by their 
own psychiatrists whether they would be interested in participating. Patients 
were asked to participate and interviewed in person by the researchers with 
their families present and written informed consent was obtained. Before the 
trial, the DSM-IV diagnosis of schizophrenia or another psychotic disorder was 
obtained by interviewing the patients and reviewing their medical records. The 
study and recruitment procedures were approved by the Dutch Medical Ethical 
Committee for mental health care institutions. The study was registered with the 
European Union Drug Regulating Authorities Clinical Trials Database (EudraCT), 
number 2009-013708-30.

2.2 Inclusion and exclusion criteria
The inclusion criteria were: (i) a diagnosis of schizophrenia or another psychotic 
disorder, (ii) age between 18-65 years old, (iii) the original medication had to be 
a combination of two or more antipsychotics consisting of FGA and SGA, (iv) pa-
tients had to understand the nature of the study and give their written informed 
consent. Patients were excluded if they were psychiatrically or physically unable 
to participate, for example due to acute psychosis, suicidal ideation, mental 
retardation, aggression or physical health issues such as renal failure, cancer or 
pregnancy.
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2.3 Randomization and procedure for tapering antipsychotics 
Patients were randomized (see supplementary materials p1) to a STAY group or a 
SWITCH group. In the SWITCH group, the treatment regimen consisted of gradu-
ally reducing either FGA or SGA medication during a 90-day tapering-off period, 
after which monotherapy was continued. When three antipsychotics were used, 
two of the original antipsychotics were tapered-off. The protocol required that 
tapering was within 3 months, plus or minus two weeks. Only one patient took 
longer to taper the medication. Each patient’s psychiatrist decided whether to 
switch to either FGA or SGA monotherapy. Protocols advise to tailor dosage and 
choice of specific antipsychotic to the case of individual patients 23. This is espe-
cially important in the case of vulnerable groups, like in the current study. The 
tapering-off period was followed by six months of follow-up. The first (3-month) 
follow-up was conducted immediately after the tapering period. Symptoms were 
assessed at baseline (before tapering-off) and at three, six, and nine months, 
counted from the baseline visit. During the whole course of the study, medication 
was administered by trained nursing staff. Patients always took their medication 
under supervision, thus enhancing treatment adherence.

2.4 Measurements and relapse
During each visit, psychiatric symptomatology was assessed with the 24-item 
Brief Psychiatric Rating Scale with a 1-7 scale for each item (BPRS) 24, 25. We used 
the subscales as defined by Dingemans et al. 26 based on a validated Dutch trans-
lation 27.

Relapse was defined as (i) an absolute increase in BPRS score of at least 2 points 
on any item, or (ii) an absolute increase of at least 4 points in the total BPRS score 
28-30. Such a change in BPRS score was defined as a relapse only if the patient 
required a change in antipsychotic medication. If a relapse was ascertained, a 
final visit (the discontinuation visit) was carried out, and these patients were 
excluded from the study.

To detect a relapse, the nursing staff were instructed to watch for signs of deteri-
oration of psychotic symptoms in participants. If deterioration was observed, the 
nursing staff notified the treating psychiatrist, who then assessed the patient. 
In case of a possible relapse, the researchers performed a psychiatric interview 
with the patient to assess whether the study criteria of relapse were fulfilled.

2.5 Rater training 
Two raters with clinical experience conducted the interviews with the partici-
pants. One rater was a clinical psychologist, the other a resident in training for 
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psychiatrist (MS), who became a psychiatrist during the study. These raters 
were trained by a psychiatrist-epidemiologist (DT) specializing in patients with 
severe mental illness. Raters were not blinded. However, the same patients were 
interviewed by the same raters at every follow-up. This reduces the influence 
of possible rater bias on the results, as it would have been constant rather than 
variable.

2.6 Data analysis
Analyses were carried out in SPSS 25 and R version 3.6.1. To determine the influ-
ence of group (SWITCH or STAY) on relapse rate corrected for other possible 
predictors, we used a logistic regression model. All variables of interest – group, 
sex, age, BPRS total score at baseline and the interactions of group and sex, 
group and age, and sex and age –were hierarchically entered into the model. The 
contribution of each next variable was assessed by comparing the -2 log likeli-
hood of the new model against the previous one. Analyses of model diagnostics 
are described in the supplementary materials.

For the analyses of differences between the two groups regarding change in 
psychotic symptoms over time for the patients who did not experience a relapse, 
assumptions for parametric testing were not met. Therefore, the R package 
nparLD was used 31, which was specifically designed for non-parametric analysis 
of repeated measures data in factorial designs. The between-subjects factor was 
group (SWITCH or STAY), and the within-subjects factor was the BPRS total score 
at the four time points (baseline, after tapering-off, follow-up 1 and follow-up 
2). After the omnibus test, post-hoc tests were used to compare each follow-up 
measurement against baseline. For all tests, the ANOVA-type statistic (ATS) is 
reported.

2.7 Handling of missing BPRS items
Using multiple imputation in SPSS, values of missing items in BPRSs were esti-
mated based on all available BPRS items. This procedure was carried out five 
times. After imputation, BPRSs for which a maximum of 20% (four) items were 
missing were used for analyses 32, and BPRSs with more than four missing items 
were excluded.

The analysis of the group difference in psychotic symptom progression during 
the four visits for patients who did not relapse, was carried out on each imputed 
dataset. Here we have reported the difference with the median p-value. Post-hoc 
tests, tests for the subscales of the BPRS and graphs were based on the same 
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imputed dataset. Details of missing values and BPRSs and results of the imputa-
tion are given in the supplementary materials.

3. Results

3.1 Descriptive results
A total of 136 patients were included, of which 66 were randomized to the 
SWITCH group and 70 to the STAY group (Fig. 1). Nine patients dropped out of 
the study (SWITCH: n=5, 7.6%)

STAY: n=4, 5.7%). Reasons for drop out in the SWITCH group were moving to 
another facility (n=1), death from heart-lung disease (n=1), and requests from 
patients and caregivers to stop participation (n=3). In the STAY group reasons 
for dropping out were requests to stop from the patient (n=1) and from both 
patients and caregivers (n=3).

Demographic and clinical characteristics of both groups are summarized in Table 
1. For antipsychotics, defined daily dose (DDD) was calculated using the website 
of the WHO Collaborating Centre for Drug Statistics Methodology (https://www.
whocc.no/atc_ddd_index/) 33.

In the total sample, 55 unique combinations of antipsychotics were used at 
baseline. The most frequently used combinations were oral flupentixol and clo-
zapine (SWITCH: n=12, STAY: n=12), followed by oral flupentixol and olanzapine 
(SWITCH: n=4, STAY: n=5), oral haloperidol and clozapine (SWITCH: n=5, STAY: 
n=4), and LAI zuclopenthixol and clozapine (SWITCH: n=4, STAY: n=4). All other 
combinations were used by fewer than seven patients. See supplementary Table 
1 for all combinations of antipsychotics prescribed at baseline.

The vast majority of patients in the SWITCH group (n=57, 89.1%) stopped tak-
ing FGA while the remainder (n=7, 10.9%) stopped taking the SGA. Data were 
missing for two patients. Of the of the patients in the SWITCH group who used 
clozapine (n=44, 67.7 %), only 1 (1.5%) discontinued clozapine. Of the 25 patients 
in the SWITCH group who used a LAI antipsychotic, 18 (75%) discontinued the 
LAI, 6 (25%) stayed on a LAI and one patient had died before the discontinuation 
period had started. All patients in the SWITCH group except one stayed on either 
an SGA or a LAI FGA.
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Table 1. Demographic and clinical patient characteristics at baseline

    SWITCH (n = 66) STAY (n = 70) p-valuea

Age, mean (SD) 52.4 (12.7) 54.9 (11.3) 0.650

Male sex, n (%) 38 (57.6) (43) 61.4 0.647

Education, n (%)     0.365

  No education 5 (7.7) 5 (8.8)  

  Elementary school 10 (15.4) 11 (19.3)  

 
Lower secondary/vocational 
education 38 (58.5) 31 (54.4)  

  Higher secondary education 6 (9.2) 9 (15.8)  

 
Higher vocational education/
University 6 (9.2) 1 (1.8)  

Marital status, n (%)     0.301

  Never married 59 (92.2) 55 (85.9)  

  Married/living with spouse 0 1 (1.6)  

  Divorced 4 (6.3) 8 (12.5)  

  Widowed 1 (1.6) 0  

Ethnicity %     0.506

  White 49 (77.8) 55 (83.3)  

  Other 14 (22.2) 11 (16.7)  

Diagnosis %     0.923

  Schizophrenia 56 (86.2) 60 (88.2)  

  Schizoaffective disorder 6 (9.2) 5 (7.5)  

  Schizophreniform disorder 3 (4.6) 3 (4.4)  

BPRS total score at baseline, mean (SD) 50.7 (14.8) 47.5 (11.0) 0.165

BPRS average item score positive 
subscale, mean (SD) 2.6 (0.9) 2.5 (0.8) 0.280

BPRS average item score 
depressive subscale, mean (SD 2.1 (0.7) 2.1 (0.6) 0.844

BPRS average item score negative 
subscale, mean (SD) 1.8 (0.7) 1.7 (0.8) 0.391

BPRS average item score manic 
subscale, mean (SD) 2.0 (1.0) 1.8 (0.7) 0.228

Total duration of treatment at GGz 
Centraal, years, mean (SD)b 17.9 (10.9) 22.1 (6.9) 0.021

Antipsychotic medication

Total DDD antipsychotic, mean (SD) 3.16 (2.10) 2.62 (1.41) 0.080c

DDD FGA, mean (SD) 1.86 (1.98) 1.29 (0.96) 0.040c

DDD SGA, mean (SD) 1.28 (0.64) 1.34 (0.78) 0.658

FGA and Clozapine, % 44 (66.7) 39 (55.7) 0.191

LAI FGA and SGAd 25 (37.9) 21 (30.0) 0.332
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3.2 Relapse
Of the 136 patients that participated, 55 (40.4%) experienced a relapse. Figure 
2 shows the BPRS total scores for continue and discontinue visits. There were 
fewer relapses in the SWITCH group (n=18, 27.3%) than in the STAY group (n=37, 
52.0%). Most of the relapses (n=41, 74.5% of the total number of relapses) oc-
curred in the first three months of the study (Fig. 1.)

Group and sex made a significant contribution to the logistic regression model 
whereas the other variables did not. Group and sex were therefore kept in the 
final model (Table 2). Being treated in the SWITCH group had a protective effect 
with an odds ratio (OR) of 0.29 (95% CI 0.13–0.62) compared to being treated in 
the STAY group. Female sex was associated with a greater risk of relapse with 
an OR of 3.03 (95% CI 1.40–6.56) compared to male sex. Because of the high 
percentage of patients using clozapine and the fact that in the SWITCH group all 

Table 1. Continued

    SWITCH (n = 66) STAY (n = 70) p-valuea

Use of three antipsychotics, % 15 (22.7) 10 (14.3) 0.204

Concomitant pharmacotherapy

Antidepressants, % 17 (26.8) 25 (33.7) 0.209

Lithium, % 5 (7.6) 4 (5.7) 0.739

Mood stabilizers, % 14 (21.2) 12 (17.1) 0.546

Benzodiazepines, % 27 (40.9) 43 (61.4) 0.017

Biperiden, % 25 (37.9) 30 (42.9) 0.554

SWITCH: first generation antipsychotic or second-generation antipsychotic was discontinued; 
STAY: stay on combination treatment with first generation antipsychotic and second-generation 
antipsychotic; BPRS: Brief Psychiatric Rating Scale; DDD = Defined Daily Dose; FGA = First Generation 
Antipsychotic.
Number of participants with missing data: Education: SWITCH: n = 1; STAY: n = 13; Marital status: 
SWITCH: n = 2; STAY: n = 6; Ethnicity: SWITCH: n = 3; STAY: n = 4 Diagnosis: SWITCH: n = 1; STAY: n = 2. 
BPRS total score and subscales: SWITCH: n = 4; STAY: n = 4; Total DDD antipsychotic: SWITCH: n = 2, 
STAY: n = 1; DDD FGA: SWITCH: n=2; STAY: n=1.
a Difference in age, BPRS total scores, average item scores per BPRS subscale, total DDD 
antipsychotic, DDD FGA and DDD SGA were tested using an independent samples t-test. For 
differences in sex, ethnicity, the use of an FGA and clozapine, LAI FGA and SGA, more than 2 
antipsychotics, antidepressants, mood stabilizers, and benzodiazepines, chi-square tests were used. 
As the assumptions of the chi-square test did not hold for differences in education, marital status, 
diagnosis, and the use of lithium, Fisher’s exact tests were carried out.
b Total years of treatment could only be retrieved for patients from GGz Centraal and not from GGz 
Altrecht. 
c The differences in total DDD AP and DDD FGA were mainly driven by one patient in the SWITCH 
group who used a very high dose of long acting injectable (LAI) fluphenazine.
d When the study was conducted, only FGA were available as LAI at the wards where participants were 
treated.
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Figure 1. Flow of patients into SWITCH and STAY conditions during the study. SWITCH: first- 
or second-generation antipsychotic was discontinued; STAY: stay on combination treatment 
with first- and second-generation antipsychotic; Discontinue visit: final visit when a patient 
experienced a relapse, after which the patient stopped participating in the study.
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patients except one who used clozapine at baseline continued to use clozapine 
as monotherapy, post hoc tests were carried out to examine the effect of clo-
zapine use on relapse. Clozapine use at baseline and the interaction of clozapine 
and group were added to the logistic regression model as described above. The 
resulting model (Table 3.) showed a significant interaction between group and 
use of clozapine. Sensitivity analyses using the same logistic regression model 
corrected for sex were performed in clozapine users and non-clozapine users 
separately. The results showed that clozapine users in the SWITCH group had a 
significantly lower probability of relapse than clozapine users in the STAY group 
(OR=0.12, 95% CI 0.04-0.38). There was no significant effect of group in the non-
clozapine users (OR=0.81, 95% CI 0.25-2.70). Details of the models are given in 
the supplementary materials (Supplementary Tables 2 and 3).

Table 2. Logistic regression model of the effect of group and sex on relapse
n=127

  B (SE) Wald χ2 OR (95% CI) p-value

Constant -0.19 (0.29) 0.40   0.526

SWITCH group -1.26 (0.40) 10.05 0.29 (0.13 - 0.62) 0.002

Female sex 1.11 (0.40) 7.88 3.03 (1.40 - 6.56) 0.005

OR = Odds ratio R2 = 0.10 (Hosmer-Lemeshow), 0.13 (Cox-Snell), 0.17 (Nagelkerke). Model χ2 (2) = 
17.53, p=0.000

Table 3. Logistic regression model of the effect of group, sex, use of clozapine and 
group*clozapine interaction on relapse
n=126a

  B (SE) Wald χ2 OR (95% CI) p-value

Constant -0.42 (0.44) 0.92   0.339

SWITCH group -0.21 (0.61) 0.11 0.81 (0.25 – 2.70) 0.737

Female sex 1.26 (0.42) 8.89 3.52 (1.54 – 8.04) 0.003

Use of clozapine 0.32 (0.53) 0.37 1.38 (0.49 – 3.91) 0.543

Group*clozapine -1.94 (0.84) 5.35 0.14 (0.028 – 0.744) 0.021

OR = Odds ratio R2 = 0.15 (Hosmer-Lemeshow), 0.19 (Cox-Snell), 0.25 (Nagelkerke). Model χ2 (4) = 
26.30, p=0.000
aOne patient who was prescribed clozapine in the SWITCH group and discontinued clozapine was 
excluded from the analysis
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3.3 Descriptive results for patients who did not experience a relapse 
and completed the study
Of the 136 patients who were randomized, 72 (52.9%, SWITCH n=43, STAY n=29) 
stayed in the study until the final measurement (follow-up 2). These patients did 
not relapse and did not drop out of the study. Table 4 shows the psychotropic 

Fig. 2. BPRS total scores and medians for Continue and Discontinue Visits. : Median
SWITCH: first generation antipsychotic or second-generation antipsychotic was discontin-
ued; STAY: stay on combination treatment with first generation antipsychotic and second-
generation antipsychotic; BPRS: Brief Psychiatric Rating Scale; DV 1: Discontinue visits for 
patients experiencing a relapse between Baseline and the Post tapering measurement; DV 
2: Discontinue visits for patients experiencing a relapse between the Post tapering mea-
surement and Follow-up 1. DV 3: Discontinue visits for patients experiencing a relapse be-
tween Follow-up 1 and Follow-up 2. *There were no relapses and therefore no discontinue 
visits between follow-up 1 and 2 in the SWITCH group
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medication of these patients at follow-up 2. In the SWITCH group, the discon-
tinuation of one or two antipsychotics was accompanied by a reduction in total 
DDD antipsychotics for most patients (n=38, 92.7%) while there was an increase 
in total DDD for a small minority (n=3, 7.3%; data were missing for 2 patients).

3.4 Course of psychotic symptoms 
For patients who did not relapse and did not drop out of the study, the differ-
ences in psychotic symptom progression as measured by the BPRS over the four 
time points between the SWITCH and STAY group were tested. Fig. 3 shows the 
BPRS total scores of both groups over time. The omnibus test for all four time 
points showed no significant main effect for group (ATS=2.26, p=0.1329). The 
effects for time (ATS=59.67, p<0.0001) and the interaction between group and 
time (ATS, p = 0.0001) were highly significant.

Post-hoc testing for the interaction showed no significant effect when compar-
ing the post tapering measurement against baseline (ATS=0.25, p=0.618). How-
ever, follow-up 1 and follow-up 2 both differed significantly from baseline when 
no correction for multiple testing was used (ATS=5.45, p=0.020 and ATS=16.75, 
p<0.001, respectively). After applying a Bonferroni correction, alpha became 
0.017, and only follow-up 2 compared to baseline remained significant. As shown 
in Figure 3, the decrease in BPRS total score between baseline and follow-up 1 

Table 4. Use of psychotropic medication at follow-up 2 (9 months after baseline) for pa-
tients who did not relapse nor drop out during the study period

SWITCH (n = 43) STAY (n = 29)

Total DDD antipsychotic, mean (SD) 1.26 (0.67) 3.20 (1.48)

FGA and clozapine, n (%) 0 16 (55.2)

FGA only, n (%) 1 (2.3) 0 

SGA only,* n (%) 42 (97.7) 0 

Clozapine only, n (%) 33 (76.7) 0

Use of three antipsychotics, n (%) 0 6 (20.7)

Concomitant pharmacotherapy 

 Antidepressants, n (%) 12 (27.9) 10 (34.5)

 Lithium, n (%) 3 (7.0) 2 (6.9)

 Mood stabilizers, n (%) 13 (30.2) 6 (20.7)

 Benzodiazepines, n (%) 17 (39.5) 17 (58.6)

 Biperiden, n (%) 9 (20.9) 9 (31.0)

DDD: defined daily dose; FGA: first generation antipsychotic; SGA: second generation antipsychotic
*One patient (2.3 %) in the SWITCH group used 2 SGA’s at follow-up 2.
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and between baseline and follow-up 2 was greater in the SWTICH group than in 
the STAY group. In the SWITCH group, the mean BPRS total score decreased with 
15.2 points from baseline (50.2) till follow-up 2 (35.0), while in the STAY group 
the decrease was 7.2 points (49.1 at baseline and 41.8 at follow-up 2).

In exploratory analyses both the omnibus and post-hoc tests as described above 
were carried out on four subscales of the BPRS separately. Results are described 
in the supplementary materials.

4. Discussion

This is the first RCT in which the effect of switching from a combination of 
FGA and SGA polypharmacy to antipsychotic monotherapy in institutionalized 
patients with schizophrenia on relapse and psychotic symptoms has been in-
vestigated. Switching to antipsychotic monotherapy had a protective effect on 
the probability of relapse (OR 0.29, 95% CI 0.13–0.62). Switching to clozapine 

Fig 3. BPRS total scores and medians for patients who completed the study. -: Median; 
SWITCH: cessation group. First generation antipsychotic or second generation antipsychot-
ic was discontinued; STAY: stay on combined treatment with first generation antipsychotic 
and second generation antipsychotic; BPRS: Brief Psychiatric Rating Scale
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monotherapy decreased the probability of relapse compared with staying on clo-
zapine plus an FGA (OR=0.12, 95% CI 0.04-0.38). There was no significant effect 
on relapse for switching to a non-clozapine monotherapy compared with staying 
on non-clozapine SGA plus FGA (OR=0.81, 95% CI 0.25-2.70). This suggest that 
the effect was due to the patients in the SWITCH group who continued clozapine 
as monotherapy. For patients who did not relapse nor drop out and stayed in the 
study until the final measurement, we observed a greater reduction in psychotic 
symptomatology in the SWITCH group than in the STAY group between baseline 
and both follow-ups. In both groups, more relapses occurred in the first three 
months than later in the study, and females had a much greater risk of relapse 
than males.

The current study was designed as a pragmatic RCT with the aims of studying the 
effect of switching to monotherapy in clinical practice. Patients were randomized 
to switch to antipsychotic monotherapy or to remain on antipsychotic polyphar-
macy and a time frame for tapering in the switch group was protocolled. In order 
to stay close to actual clinical practice, an open design was chosen and treatment 
decisions, i.e. which antipsychotic(s) to discontinue, whether to change dose, 
or to change comedication other than antipsychotics, were left to the treating 
psychiatrist. Also, the clinical judgement of the psychiatrist that a change in 
antipsychotic medication because of worsening of symptoms was needed, was 
required to meet the criteria for relapse. While these choices reduce internal va-
lidity, generalizability to normal clinical practice in long stay-wards is optimized.

The study was carried out at long-stay wards of two institutions for specialized 
mental health care in the Netherlands. The Dutch mental health and health 
insurance system are organized in such a way that only patients who have been 
admitted continually for at least a year, can be treated at the respective wards. In 
practice these are patients with severe symptoms which is reflected in duration 
of treatment and BPRS scores in our sample.

Interestingly, although psychiatrists were free to choose which antipsychotic to 
taper in the SWITCH group, the FGA’s were tapered for almost 90% of the pa-
tients. For six out of seven patients who continued an FGA, this comprised a LAI 
formulation. Furthermore, the majority of patients in the study was prescribed 
clozapine and, all but one of these patients continued clozapine as monotherapy. 
Thus, in the SWITCH group, all patients, except one, were switched to either an 
SGA (mostly clozapine) or a LAI FGA, which is important for the interpretation of 
the current results.
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To our knowledge, no other RCTs investigating the switch from a combination 
of FGA and SGA to either FGA or SGA have been published. In most earlier RCTs 
investigating the switch from antipsychotic polypharmacy to monotherapy, all 
antipsychotic agents were allowed 17-19, 34 and one study investigated the switch 
from a combination of clozapine and olanzapine to clozapine monotherapy16. 
Those earlier RCTs did not have relapse defined as an outcome measure. How-
ever, all-cause discontinuation was reported 16-19, 34. A recent meta-analysis found 
more all-cause discontinuation in switch compared to stay patients 21. Nonethe-
less, in all included studies the majority of patients in the switch groups could be 
transitioned to monotherapy. In addition, no group differences in discontinua-
tion due to lack of efficacy or side effects were found. With respect to severity of 
psychopathology no differences were found either. More specifically, four out of 
five RCTs found no or hardly any differences in symptom trajectories between the 
two groups 15, 17, 18. In contrast, Constantine and colleagues reported an increase 
in symptoms over time in the switch compared to the stay group for patients on 
two non-clozapine oral antipsychotics. However, participants who remained on 
clozapine or a long acting injectable (LAI) antipsychotic did not experience an 
increase in symptom severity20.

Besides type of antipsychotic agents used, other main differences with the RCTs 
mentioned above are the inclusion of inpatients only in the current study (except 
16) and the use of three antipsychotics at baseline by a substantial minority of 
patients.

Our study is the first RCT to report a lower probability of relapse for patients 
who switch from a combination of FGA and clozapine to clozapine monotherapy. 
Clozapine was not used in two of the five earlier RCTs on switching antipsychotic 
polypharmacy to monotherapy 15, 17. In two other studies, part of the patients 18 
and all patients 16 received clozapine, and continued to use it as monotherapy. 
Borlido and colleagues did not report results for patients who switched to 
clozapine monotherapy separately. Repo-Tiihonen et al. found no significant 
differences in symptom severity between inpatients switching from the com-
bination of olanzapine and clozapine to clozapine monotherapy compared with 
continuation of combined use. Important differences between their study and 
the current one, are the use of two SGA’s as antipsychotic polypharmacy and 
the smaller sample size (n=15) in the study by Repo-Tiihonen. Furthermore, the 
studies by Borlido et al. and Repo-Tiihonen et al. had a duration of 12 weeks in-
cluding the tapering period, whereas in the present study, the beneficial effects 
of monotherapy on psychotic symptoms were present at three months follow-up 
(three months after the second antipsychotic was tapered off) and became even 
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more pronounced at the follow-up at 6 months. The current results are in line 
with the findings from a nationwide register-based study in Finland in which clo-
zapine monotherapy was more effective in the prevention of rehospitalization 
in patients with schizophrenia than clozapine combined with oral FGA 8. Of note, 
the most effective was a combination of clozapine and aripiprazole.

Clozapine is one of the most effective antipsychotics currently available 21, 35, and 
the only agent that is recommended for treatment-refractory schizophrenia 36. 
Some evidence suggests that clozapine may also ameliorate dopamine super-
sensitivity psychosis 37. It could be that the addition of an FGA, with high affinity 
to the D2 receptor, disturbs the loose binding of clozapine to this receptor, de-
creasing its efficacy. Thus, in chronic patients who are prescribed a combination 
of clozapine and FGA, switching to clozapine monotherapy may enhance efficacy.

An interesting finding from our study was that in both the SWITCH group and the 
STAY group, most relapses occurred in the first three months, while other stud-
ies reported relapses during the entire switching process 38, 39. We hypothesize 
that the early relapses in both the SWITCH and STAY groups may be explained by 
a subgroup of patients with a very high vulnerability for relapse. Those patients 
may have had a higher probability of relapse in general and thus for relapse in 
the first three months as well. As a consequence of the study design by which 
patients who relapsed discontinued the study, the somewhat less vulnerable 
patients had a higher chance of remaining in the study beyond the first three 
months, a process analogue to the epidemiological concept of the survival effect 
40.

An unexpected finding was a higher relapse risk in females compared to males. 
Relapses are generally more common among men than women 41, probably due 
to hormonal differences. Estrogens play a protective role in women with schizo-
phrenia, due to the downregulating effect of estrogens on dopamine receptors 42. 
Indeed, the efficacy of antipsychotics has been shown to decline among women 
in menopause 43. Therefore, an explanation for this higher relapse in females in 
the current study could be that most female patients (82%) were 50 years or 
older, suggesting that many of them were already in the postmenopausal phase.

4.1 Limitations and strengths
Firstly, the open-label design may have led to an observer expectancy effect. 
However, based on the literature, the observers actually expected the patients in 
the SWITCH group to exhibit a higher relapse rate than those in the STAY group. 
Secondly, this study only included patients in the chronic phase of a psychotic 
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disorder. This means our results should not be generalized to patients with acute 
psychotic disorders. Thirdly, only patients who were prescribed a combination 
of FGA’s and SGA’s were included. Subgroups of patients using clozapine and 
non-clozapine antipsychotics were large enough for sensitivity analyses. Conse-
quently, results were based on relatively homogeneous treatment groups, which 
makes them easier to interpret. However, results should not be generalized to 
antipsychotic polypharmacy consisting of either SGA or FGA. Finally, because of 
the open label design and the freedom for treating psychiatrists in treatment 
choices, the study has strong ecological validity 44.

5. Conclusion

In long-term inpatients with schizophrenia, antipsychotic polypharmacy includ-
ing FGA and SGA can be safely switched to either SGA or LAI FGA monotherapy 
with respect to the risk of relapse. For patients who are prescribed clozapine in 
combination with FGA, switching to clozapine monotherapy is superior in relapse 
prevention. 
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Supplementary materials

Determination of the sample size
For determination of the sample size, relapse percentages from a study in 
which maintenance treatment with antipsychotics was compared to gradual 
discontinuation were used 1. (At the time the study was designed, no RCT’s com-
paring switch to antipsychotic monotherapy versus stay on polypharmacy were 
published yet). For a logistic regression with two groups, alpha 0.05, beta 0.80, 
relapse percentages of 20% versus 44% and drop out of 20%, 79 patients per 
group were needed. However, drop out turned out to be much lower (5 patients 
in the SWTICH and 4 patients in the STAY group) and therefore 66 and 70 pa-
tients in SWITCH and STAY groups, respectively, were sufficient to demonstrate 
a significant difference under the above mentioned conditions.

Randomization
For randomization to either SWITCH or STAY group, SPSS 18 was used. Us-
ing the random number function RV.Uniform which returns a random number 
from a uniform distribution between a chosen minimum and maximum value, 
combined with the truncate function Trunc1 which rounds any decimal to zero, 
and setting the limits between zero and two, randomly ordered zero’s and ones 
were generated. The following syntax was used: COMPUTE Group=TRUNC(RV.
UNIFORM(0,2)).

Concealment of allocation
The randomization file was created by a research assistant (RE) and was kept 
by AW. Patients were included by MS and a research assistant ND, who, after a 
patient gave informed consent, contacted AW. AW assigned the patient to the 
next line in the randomization file and told MS/ND in which group the patient 
would participate. AW worked as a research coordinator and did not know any of 
the patients.

Model diagnostics
For the logistic regression models, the following diagnostics were investigated: 
standardized residuals, analogues of Cook’s distances, standardized DFBetas, 
and leverage statistics. Testing for multicollinearity was carried out by fitting a 
linear model on the data and obtaining VIF and tolerance statistics.

Missing BPRS items
Four hundred twenty four BPRS’s were administered, which comprises 97% of 
all BPRSs due. Of these administered BPRSs, 62 (15%) had missing values on one 
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Supplementary Table 1. Combinations of antipsychotics used in the sample

Combinations of 2 antipsychotics SWITCH (n = 66)
n

STAY (n = 70)
n

Fluphenazine LAI, clozapine 4 0

Fluphenazine LAI, olanzapine 1 1

Haloperidol oral, clozapine 5 4

Haloperidol oral, olanzapine 0 1

Haloperidol oral, quetiapine 0 2

Haloperidol oral, risperidone 1 0

Haloperidol LAI, clozapine 2 2

Haloperidol LAI, olanzapine 0 1

Pipamperon, clozapine 0 2

Pipamperon, sulpiride 0 1

Broomperidol LAI, olanzapine 1 0

Flupentixol oral, clozapine 12 12

Flupentixol oral, olanzapine 4 5

Flupentixol oral, quetiapine 2 3

Flupentixol oral, sulpiride 0 1

Flupentixol oral, aripiprazole 1 0

Flupentixol LAI, clozapine 2 3

Flupentixol LAI, olanzapine 1 3

Flupentixol LAI, risperidone 1 0

Zuclopentixol oral, clozapine 1 3

Zuclopentixol oral, olanzapine 0 1

Zuclopentixol LAI, clozapine 4 4

Zuclopentixol LAI, olanzapine 2 0

Zuclopentixol LAI, quetiapine 1 1

Zuclopentixol LAI, risperidone 0 1

Zuclopentixol LAI, aripiprazole 0 1

Pimozide, clozapine 3 3

Pimozide, olanzapine 0 1

Pimozide, aripiprazole 0 1

Penfloridol, clozapine 1 1

Penfloridol, olanzapine 1 1

Penfloridol, quetiapine 1 1

Combinations of 3 antipsychotics

Fluphenazine LAI, pipamperon, clozapine 1 0

Fluphenazine LAI, olanzapine, quetiapine 1 0

Haloperidol oral, pipamperon, clozapine 0 1
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or more items. Another 11 that should have been administered were completely 
missing due patients who missed one or more visits or refusing parts of the mea-
surements including the BPRS. Of the BPRSs with missing items, 43 BPRS total 
scores and their respective subscale scores could be calculated after imputation 
of missing items. For patients who did not experience a relapse and did not drop 
out, the analyses of the progression of psychotic symptoms required BPRS total 
scores at all four time points per patient. Due to imputation, 19 patients with 
missing values could be included in these analyses.

Model fit Logistic regression model of the effect of group and sex on 
relapse
The standardized residuals showed that the model fitted reasonably well. Only 
4.7% of the values were greater than the absolute value of 1.96 and there were 
no values greater than the absolute value of 2.58. There were no datapoints that 

Supplementary Table 1. Continued

Combinations of 2 antipsychotics SWITCH (n = 66)
n

STAY (n = 70)
n

Haloperidol oral, pipamperon olanzapine 1 0

Haloperidol LAI, flupentixol LAI, quetiapine 1 0

Haloperidol LAI, penfloridol, aripiprazole 0 1

Haloperidol LAI, pipamperon, clozapine 1 0

Haloperidol LAI, clozapine, risperidon 0 1

Haloperidol LAI, clozapine, aripiprazole 1 0

Pipamperon, flupentixol oral, olanzapine 0 2

Pipamperon, flupentixol LAI, sertindol 0 1

Pipamperon, zuclopentixol oral, clozapine 2 0

Pipamperon, zuclopentixol LAI, olanzapine 0 1

Pipamperon, pimozide, aripiprazol 1 0

Pipamperon, clozapine, aripiprazol 0 1

Broomperidol LAI, zuclopentixol oral, olanzapine 1 0

Flupentixol oral clozapine, sulpiride 1 0

Flupentixol oral, clozapine, aripiprazole 0 1

Flupentixol LAI, clozapine, sulpride 1 0

Flupentixol LAI, clozapine, risperidon 0 1

Zuclopentixol oral clozapine, aripiprazole 1 0

Penfloridol, clozapine, risperidon 1 0

Penfloridol, olanzapine, aripiprazole 1 0

LAI: long acting injectable



117

Switching antipsychotic polypharmacy to antipsychotic monotherapy 

5

exerted undue influence on the model. All analogues of Cook’s distances and 
standardized DFBetas were smaller than the absolute value of 1 and there were 
no leverage values greater than two times the average leverage. As there were 
no VIF values greater than 10 or tolerance values smaller than 0.1, there was no 
multicollinearity between the predictors.

Model fit Logistic regression model of the effect of group, sex, use of 
clozapine and group*clozapine interaction on relapse
There were two cases (1.6%) with a standardized residual above the absolute 
value of 2.58. All other values were smaller than the absolute value of 1.96. All 
analogues of Cook’s distances and DFBetas were smaller than the absolute value 
of 1. There were no leverage values greater than two times the average lever-
age. There was evidence for multicollinearity between use of clozapine and the 
interaction term group*clozapine (use of clozapine: tolerance=0.092, VIF=10.83; 
group*use of clozapine: tolerance=0.086, VIF=11.64). The tolerance values for 
group and sex were greater than 0.1 and the corresponding VIF values were less 
than 10.

Supplementary Table 2. Logistic regression model of the effect of group for clozapine  
users corrected for sex 
n=77

  B (SE) Wald χ2 OR (95% CI) p-value

Constant -0.10 (0.38) 0.069   0.793

SWITCH group -2.14 (0.60) 12.92 0.12 (0.37 – 0.38) 0.000

Female sex 1.25 (0.59) 4.48 3.49 (1.10 – 11.12) 0.034

OR=Odds ratio R2=0.22 (Hosmer-Lemeshow), 0.21 (Cox-Snell), 0.29 (Nagelkerke). Model χ2 (2) = 
18.14, p=0.000

Supplementary Table 3. Logistic regression model of the effect of group for non-clozapine 
users corrected for sex 
n=49

  B (SE) Wald χ2 OR (95% CI) p-value

Constant -0.43 (0.49) 0.76   0.383

SWITCH group -0.21 (0.61) 0.11 0.81 (0.46 – 2.70) 0.737

Female sex 1.26 (0.60) 4.41 3.54 (1.09 – 11.52) 0.036

OR=Odds ratio R2=0.07 (Hosmer-Lemeshow), 0.09 (Cox-Snell), 0.12 (Nagelkerke). Model χ2 (2) = 4.76, 
p=0.093
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Model fit Logistic regression model of the effect of group for 
clozapine users corrected for sex
Two cases (2.6%) had standardized residuals above the absolute value of 2.58. 
Those were to men in the SWITCH group using clozapine who had a relapse. All 
other standardized residuals were smaller than the absolute value of 1.96. There 
were no datapoints that exerted undue influence on the model. All analogues 
of Cook’s distances and standardized DFBetas were smaller than the absolute 
value of 1 and there were no leverage values greater than two times the average 
leverage. There was no multicollinearity between the predictors, there were no 
VIF values greater than 10 or tolerance values smaller than 0.1.

Model fit Logistic regression model of the effect of group for non-
clozapine users corrected for sex
All standardized residuals were smaller than the absolute value of 1.96. There 
were no datapoints that exerted undue influence on the model. All analogues 
of Cook’s distances and standardized DFBetas were smaller than the absolute 
value of 1 and there were no leverage values greater than two times the average 
leverage. There was no multicollinearity between the predictors, there were no 
VIF values greater than 10 or tolerance values smaller than 0.1.

Exploratory analysis of BPRS subscales
Exploratory analyses were carried out on the four BPRS subscales (positive, de-
pressive, negative, and mania) to explore on which symptom domains the course 
of psychotic symptoms differed between SWITCH and STAY groups. Supplemen-
tary table 1. shows ANOVA type statistics and uncorrected significance values 
for omnibus and, if applicable, post hoc tests, for the interaction between group 
(SWITCH versus STAY) and average item level BPRS subscale scores at all four 
time points. As these were exploratory analyses, we choose not to correct for 
multiple testing. 

Omnibus tests were significant for positive, depressive, and negative subscales 
but not for the mania subscale. All three subscales with a significant omnibus 
test showed a similar pattern with no significant difference between the post-
tapering versus baseline measurement and increasing significance over fu versus 
baseline and fu 2 versus baseline, where the latter was highly significant for all 
three subscales.
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Supplementary table 2. Omnibus and post hoc test for differences in the course of psychot-
ic symptoms measured by BPRS subscales between SWITCH and STAY groups for patients 
who completed the study

BPRS subscale Omnibus test
ATS (p-value)

Post tapering – 
baseline
ATS (p-value)

FU 1 – baseline
ATS (p-value)

FU 2 – baseline
ATS (p-value)

Positive 5.64 (0.002) 0.02 (0.895) 2.31 (0.128) 11.92 (<0.001)

Depressive 12.24 (<0.001) 0.40 (0.530) 6.07 (0.014) 19.19 (<0.001)

Negative 6.07 (0.001) 3.32 (0.07) 10.46 (0.001) 12.36 (<0.001)

Mania 1.79 (0.160) - - -

BPRS: Brief Psychiatric Rating Scale; ATS: ANOVA type statistic; FU 1: follow-up 1; FU 2: follow-up 2.

Supplementary figures 1-4 illustrate the results. The median of the positive 
subscale (supplementary figure 1.) shows a decrease over the first three mea-
surements for both groups, but keeps decreasing until follow-up 2 in the SWITCH 
group, whereas in the STAY group the decrease has stopped and the median is 
stable between fu 1 and fu 2. 

For the depressive subscale (supplementary figure 2.), the median decreases over 
the first three measurements in both groups but while the decrease continues 
until measurement four in the SWITCH group, an increase from measurement 
three to four is seen in the STAY group. The median for negative symptoms (sup-
plementary figure 3.) decrease over the first three measurements in the SWITCH 
group and stays the same in measurement four, while in the STAY group medians 
on all four time points are equal. For the mania subscale (supplementary figure 
4.) there is a decrease between baseline and the post-tapering measurement 
in both groups, after which the decrease continues in the SWITCH group but 
stays on a similar level in the STAY group. However, as the omnibus test was not 
significant, post hoc tests were not conducted and differences are not regarded 
statistically significant.

1.	 Wunderink L, Nienhuis FJ, Sytema S, Slooff CJ, Knegtering R, Wiersma D. Guided 
discontinuation versus maintenance treatment in remitted first-episode psychosis: 
relapse rates and functional outcome. The Journal of clinical psychiatry. 2007; 
68(5): 654-61.
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Suppl Fig. 1. Average item-level BPRS pos score

Suppl Fig 2. Average item-level BPRS depressive score
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Suppl Fig 3. Average item-level BPRS negative score

Suppl Fig 4. Average item-level BPRS mania score
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Abstract 

Background and Hypothesis
There is a substantial gap in life expectancy between patients with severe mental 
illness (SMI) and the general population and it is important to understand which 
factors contribute to this difference. Research suggests an association between 
tardive dyskinesia (TD) and mortality; however, results are inconclusive. In addi-
tion, studies investigating associations between parkinsonism or akathisia and 
mortality are rare. We hypothesized that TD would be a risk factor for mortality 
in patients with SMI.

Study Design
We studied a cohort of 157 patients diagnosed predominantly with schizo-
phrenia on the former Netherlands Antilles. TD, parkinsonism, and akathisia 
were assessed with rating scales on eight occasions over a period of 18 years. 
Twenty-four years after baseline, survival status and if applicable date of death 
were determined. Associations between movement disorders and survival were 
analyzed using Cox regression. Sex, age, antipsychotics, antidepressants and 
benzodiazepines at each measurement occasion were tested as covariates. 

Study Results
Parkinsonism was a significant risk factor with an HR of 1.02 per point on the 
motor subscale of the Unified Parkinson’s Disease Rating Scale (range 0 – 56). TD 
and akathisia were not significantly associated with mortality. 

Conclusions
Parkinsonism may be an important risk factor for mortality in SMI patients. This 
finding calls for more follow-up and intervention studies to confirm this finding 
and to explore whether treatment or prevention of parkinsonism can reduce 
excess mortality.

Key words
Tardive dyskinesia, parkinsonism, akathisia, schizophrenia, survival, life expec-
tancy
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Introduction

Patients with severe mental illness (SMI) are at an increased risk of early death in 
comparison with the general population1, 2. In schizophrenia and bipolar disorder, 
diagnoses that are highly prevalent in SMI populations, standardized mortality 
rates of 2 – 4.6 have been found3-5, leading to a substantial reduced life expec-
tancy of 9 – 25 years3, 6-8.

Besides major lifestyle related problems such as smoking, little physical activity, 
an unhealthy diet9, and problems with access to and quality of physical health-
care10, movement disorders (MD) may also play a role in shortening the lifespan 
of SMI patients11, 12.

In non-affective psychoses reported MD prevalence ranges from 3% to 70% for 
tardive dyskinesia (TD), from 17% to 72% for parkinsonism and from 9.3% to 
31.3% for akathisia13. MD can be induced by antipsychotics, but also reflect a 
fundamental aspect of neurodevelopmental pathophysiology involving the sen-
sitization of dopaminergic nigrostriatal circuits14.

Several authors studied a possible link between TD and mortality. Some found 
higher mortality rates in SMI patients with TD than in those without TD11, 12, 15-17 
but others reported negative findings18-21. There is a paucity of research on parkin-
sonism and akathisia and MD combined21. Because of the high prevalence of MD 
and the importance of understanding which factors contribute to the shortened 
lifespan of patients with SMI, we used data from the Curacao Extrapyramidal 
Syndromes Study in which we assessed the association between MD and mortal-
ity. The Curacao Extrapyramidal Syndromes Study comprises a 24-year follow-up 
study in which patients with SMI treated at the only psychiatric hospital on the 
island of Curacao (former Netherlands Antilles) were repeatedly assessed for the 
presence and severity of MD since 199222-26. In the present study, we investigate 
if TD, parkinsonism, and akathisia are associated with mortality in a sample of 
157 mainly African Caribbean patients.

Methods

Setting and patients
The present study is part of the Curacao Extrapyramidal Syndromes Study22, 23. 
Patients from the Klinika Capriles (formerly Dr. D. R. Capriles clinic), the only psy-
chiatric hospital of the former Netherlands Antilles (nowadays Curacao), were 
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assessed 8 times over the course of an 18-year period including assessments for 
both MD and medication use. The study protocol was approved by the Curacao 
Institutional Review Board.

Inclusion criteria for the present study were: 1) age of 18 years or older; 2) 
cumulative history of antipsychotic use of at least three months. Current use 
of antipsychotics was not required; 3) absence of organic disorders that could 
cause MD; 4) no diagnosis of dementia 5) no history of lobotomy, and 6) informed 
consent.

Patients were mainly of Afro-Caribbean descent and the majority were inpa-
tients. Characteristics of the study design and the cohort are described in more 
detail in an earlier publication22.

Measurements
Patients were assessed in 1992, 1993, 1994, 1996, 1997, 1998, 2001, and 2009 
for TD, parkinsonism, akathisia, and medication use. All eight assessments were 
carried out by the same two skilled raters (PvH and GM), simultaneously. TD 
was assessed with the Abnormal Involuntary Movement Scale (AIMS)27 and case 
definition was based on Schooler and Kane criteria for probable TD28. The motor 
examination part of the Unified Parkinson’s Disease Rating Scale (UPDRS)29 was 
used to assess parkinsonism. Since rest-tremor and rigidity are core symptoms of 
parkinsonism, cases were assigned to the parkinsonism group when they scored 
‘mild’ on one of those two items. If neither tremor nor rigidity was present, the 
cut-off point was at least one ‘moderate’ or two ‘mild’ scores on the other items22. 
Akathisia was rated with the Barnes Akathisia Rating Scale (BARS)30 and a patient 
was considered a case when a score of 2 or higher on item 4 was given. Cases, i.e. 
patients who could be diagnosed with a movement disorder, were used here for 
illustrative purposes only (table 2). For the Cox analysis, data about movement 
disorders were used in a continuous manner.

At baseline and at each follow-up assessment, a trained physician collected 
current medication use. At baseline, age, sex, DSM III-R diagnosis (schizophrenia 
or other, where schizophrenia included codes 295.1, 295.2, 295.3, 295.4, 295.6, 
296.7 and 295.9), cocaine use, type of treatment (inpatient or day care), age 
at first admission, duration of illness, total years of admission, duration of last 
admission and lifetime intake of anticholinergics were extracted from patients’ 
files.
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Seven years after the final assessment (follow-up seven), on April first, 2016, 
all-cause mortality was obtained using the patient’s charts and the mortality 
register of Curacao. For the deceased patients, date of death was recorded.

Data analysis 
The association between MD and mortality was analyzed using a Cox regression 
with measurement occasion (baseline and 7 follow-ups) (microlevel) clustered in 
subjects (macrolevel), with the (i) STCOX routine of the STATA 13 statistical pro-
gram (StataCorp. 2009); and (ii) SHARED(ID) procedure for shared frailty, where 
the random component enters the hazard multiplicatively. Fitting the Cox model 
with the time-varying covariates was performed with STSPLIT, AT(FAILURES) pro-
cedure. Mortality data of each deceased subject were appended to the dataset. 
Associations were expressed as hazard ratios and proportional-hazard assump-
tions were tested using the PHTEST procedure.

The total score of the AIMS, the motor part of the UPDRS and the score of item 4 
of the BARS at each assessment were included as time-varying variables, as were 
type of antipsychotic (only first generation antipsychotic (FGA), only second 
generation antipsychotic (SGA), both FGA and SGA), dose in defined daily dose 
(DDD)31 of antipsychotics, benzodiazepines, and antidepressants. Age and sex 
were included as time-independent variables. Variables with a p-value greater 
than 0.2 in a univariate analysis were dropped. Extra-linearity was assessed by 
including quadratic effects for all continuous independent variables. In case of 
non-linearity (p<0.05 of the quadratic term), a linear-quadratic term remained in 
the final model as suggested by Cleves (2010)32.

Results

Description of the sample
The original dataset of the Curacao Extrapyramidal Syndromes Study consisted 
of 222 patients. For the current study, patients who had undergone a lobotomy 
(N=23), who had a diagnosis of dementia (N=13) or a primary diagnosis of mental 
retardation (N=3) where excluded as not being representative of current SMI 
populations, leading to a dataset of 183 patients. Twenty-six patients could not 
be analyzed due to missing data. Therefore, data of 157 patients were used for 
the analysis.
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Table 1 shows the demographic and clinical characteristics of the sample at 
baseline.

Table 1. Sample characteristics at baseline 

Characteristics n= 157

Age, mean (SD) 48.8 (15.6

Males, n (%) 115 (73.2)

Ethnicity, n (%)

	 African-Caribbean 109 (74.7)

	 Mixed 29 (19.9)

	 Caucasian 6 (4.1)

	 Other 2 (1.4)

Primary diagnosis schizophrenia, n (%) 130 (82.8)

Cocaine use, n (%) 30 (19.1)

Type of treatment, n (%)

Inpatient treatment 143 (91.1)

Day care treatment 14 (8.9)

Age at first admission, mean (SD) 26.2 (10.1)

Duration of illness in years, mean (SD) 23.6 (14.3)

Total years of admission, mean (SD) 16.8 (14.4)

Duration of last admission in years, mean (SD) 12.8 (13.8)

Lifetime intake of anticholinergics (g benztropine equivalents), mean (SD) 23.6 (23.2)

Number of cases with missing data; Ethnicity: n = 11; : Age at first admission: n = 10; Duration of 
Illness: n=10; Total years of admission: n=11; Duration of last admission in years: n=11; Lifetime intake 
of anticholinergics: n=42.

In Table 2, age, medication use, prevalence and severity of MD at each assess-
ment and the numbers of patients that died in each consecutive time interval 
are presented. Of the 157 included in the Cox regression 84 patients (54%) died 
during follow-up. Mean age of death was 67.4 years (SD 15.6, range 24 – 94).

Movement disorders
MD prevalence fluctuated over time (Table 2). Across all eight measurements, TD 
cases were the most prevalent ranging between 37.6 % and 61.5 %. The preva-
lence of parkinsonism and akathisia ranged from 27.4%–40.0% and 1.3%–12.8%, 
respectively.
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Psychotropic medication
Up until 1992 only FGA were available in Curacao, which is reflected in the per-
centages of patients using FGA and SGA between 1992 and 2009 (Table 2). At 
baseline in 1992/1993, FGA were used by 93.0% of the sample while the remain-
ing 7.0% did not take antipsychotic medication. Most patients continued to use 
an FGA, either alone or in combination with an SGA, which was the case for 74.7 
% of the patients in 2009. Use of SGA, starting from 0% in 1992/1993, increased 
to 44.3% in 2009, either alone or in combination with a FGA. The percentage of 
patients taking no antipsychotics varied between 3.3% and 8.2%. Antidepres-
sants were used by 3.6 % - 11.0% of the patients. The use of benzodiazepines 
gradually increased from 18.5% at baseline to 51.3% at follow-up 7 in 2009.

Cox regression
Table 3 shows the results for the possible predictors of mortality from univari-
ate analyses. Age, sex, parkinsonism, antipsychotic type and DDD antipsychot-
ics were significant predictors and were included in a multivariate model. TD, 
akathisia, DDD benzodiazepines, DDD antidepressants, were not significant as 
univariate predictors and were therefore not included. Extra-linearity was tested 
for parkinsonism, age, and DDD antipsychotics and significance was found for the 
latter two variables. Linear-quadratic terms for age and DDD antipsychotics were 
therefore added to the final model (Cleves 2008). Interactions of age and time, 
and age and parkinsonism were tested of which only the former was significant 

Table 3. Univariate tests for possible predictors of mortality

Variable Hazard
Ratio

95% Confidence interval P value

Age 1.058 1.038 – 1.078 0.000*

Tardive dyskinesia 1.024 0.981 – 1.069 0.276

Parkinsonism 1.029 1.014 - 1.045 0.000*

Akathisia 0.764 0.475 – 1.23 0.267

DDD antipsychotics 0.727 0.600 – 0.879 0.001*

DDD antidepressants 1.239 0.596 – 2.58 0.566

DDD benzodiazepines 0.813 0.594 – 1.117 0.203

Χ2 df

Sex 5.62 1 0.018*

Type of antipsychotica 7.83 3 0.050*

DDD: Defined Daily Dose
aType of antipsychotic was one of the following categories: no antipsychotic; first generation 
antipsychotic(s) (FGA) only; second generation antipsychotic(s)(SGA) only; a combination of FGA and 
SGA
 * p < 0.2
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and thus included in the final model. Hazard ratios (HR) and significance for the 
variables in the final multivariate model are presented in Table 4. Parkinsonism 
was positively associated with mortality (HR =1.020, 95% CI 1.001–1.038, p = 
0.034). Age showed significance as a linear squared predictor (HR =1.002, 95% CI 
1.0004–1.0032, p = 0.015). DDD antipsychotic displayed a significant linear (HR 
=0.972, 95% CI 0.692 – 0.997 p = 0.047) and a trend as a linear-squared relation 
(HR =1.154, 95% CI 0.993–1.340, p = 0.061). The survival function adjusted for 
parkinsonism, age, and DDD antipsychotics is shown in Figure 1. Separate sur-
vival functions adjusted for parkinsonism, age and DDD antipsychotics are given 
in the Supplementary materials.

Table 4. Final Cox proportional hazards model

Variable Hazard
Ratio

95% Confidence interval P value

Female sex 1.267 0.742 - 2.163 0.385

Age 0.995 0.937 – 1.056 0.863

Age*time 1.001 0.995 – 1.007 0.765

Age linear-squared 1.002 1.0004 - 1.0032 0.015*

Age linear-squared*time 1.000 0.99975 - 1.0003 0.117

Parkinsonism 1.020 1.001 - 1.038 0.034*

DDD antipsychotics 0.792 0.629 – 0.997 0.047*

DDD antipsychotics linear-squared 1.154 0.993 - 1.340 0.061

No antipsychotic** 0.965 0.318 - 2.933 0.951

FGA only** 0.984 0.442 - 2.192 0.970

Both FGA and SGA** 1.021 0.254 - 4.104 0.976

DDD: Defined Daily Dose; FGA: first generation antipsychotics; SGA: second generation antipsychotics
* p < 0.05
** Reference category: SGA only
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Discussion

Our findings indicate that parkinsonism is a significant risk factor for mortality in 
patients with SMI whereas TD and akathisia are not.

For parkinsonism, one point increase on the motor examination subscale of the 
UPDRS was associated with a HR of 1.02. The motor part of the UPDRS consists 
of 14 items which can be scored 0-4 leading to a range of possible scores of 0 – 
56. In our sample, the SD for cases with parkinsonism was close to 10 points and 
an increase of 10 points would lead to an increase in the HR of mortality of 21%.

Previous studies on the association between MD and mortality in SMI focused 
on TD2-10 while only two studies also included parkinsonism 19, 29. Modestin and 
colleagues19 reported a higher mortality rate in patients with parkinsonism than 
in those without, when studying 200 psychiatric patients treated with antipsy-
chotic medication after 9 years follow-up. However, after adjustment only age 
remained as a significant risk factor. Important differences with our study are 
that the study by Modestin and colleagues (i) assessed MD only at baseline and 
(ii) had a follow up of 9 years in contrast with the 24 years of follow-up in the 
current study. Given the fluctuating nature of MD, assessing MD only at one 
time might not give enough information to draw conclusions33. Measuring MD 
at multiple time points, as we did in the current study, is probably a more valid 
design to address this research question. A retrospective study by Schoepf and 

Figure 1. Survival function adjusted for parkinsonism, age, and DDD antipsychotics
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colleagues (2014)34 examined deaths in schizophrenia patients in general hos-
pitals in relation to mental and physical comorbidity. Their results showed an 
odds ratio of 5.0 for the association between the presence of parkinsonism and 
hospital mortality, which can be considered a very strong effect. Parkinsonism 
though, was not measured with formal rating scales which may have diminished 
the precision of the effect estimate.

Outside the field of psychiatry, two studies reported an association between 
parkinsonism and mortality in people aged 65 years and over30, 31. Firstly, in a 
community sample the presence of parkinsonism was associated with a twofold 
increase in the risk of death30 and gait disturbance in particular heightened 
the risk. Secondly, in a mixed sample of patients with Alzheimer’s disease and 
subjects without dementia, parkinsonism was a risk factor for mortality in both 
subgroups. Interestingly, the latter study focused on spontaneous parkinsonism 
as subjects receiving parkinsonism-inducing medication were excluded which 
suggest that, along with drug-induced parkinsonism, spontaneous parkinson-
ism may also be a risk factor. Similarly, in Parkinson’s Disease, severity of motor 
symptoms, especially postural imbalance and gait disturbance have been found 
to be associated with mortality35, 36.

Considering all these findings of parkinsonism as a risk factor for mortality in 
different populations with different underlying causes for parkinsonian symp-
toms, it can be hypothesized that parkinsonism is an independent predictor of 
all-cause mortality.

It is not directly clear how parkinsonism increases mortality risk, but parkinson-
ism is related to several other factors associated with mortality such as a higher 
rate of fall incidents and dysphagia which can lead to asphyxia and pneumonia37. 
Also it could be hypothesized that the relationship is indirect and, in patients with 
SMI, might be (partly) based on the association between both spontaneous38, 39 
and drug-induced40 parkinsonism with cognitive impairments. Indeed, cognitive 
deficits may be related to unhealthy lifestyle or less awareness of physical prob-
lems and/or access to physical healthcare. Another explanation may be the that 
parkinsonism reduces physical activity and increases sedentary behavior41, which 
in turn increase the mortality rate.

Given the high prevalence of parkinsonism in SMI patients and several studies 
suggesting that parkinsonism may lead to shorter survival, it is important to 
explore this relationship in more depth, e.g., would reducing parkinsonism also 
increase survival?



136

Chapter 6

TD was not significantly associated with risk of death in the present study. Previ-
ous studies have reported inconsistent results. Four of eleven studies reported 
an association between TD and mortality12, 15-17, two reported a trend42, 43, and five 
no association18-21, 43. In 2000, a meta-analysis by Ballesteros and colleagues con-
sisting of seven studies demonstrated a significant overall OR of 1.411. However, 
some of the included studies suffered from methodological problems, such as 
fewer than five years follow-up3, 4, 6, 8 and no control for known confounders such 
as antipsychotic dose15-17, 19, 42. In 2009, three additional studies on the association 
between TD and mortality were published using the more sophisticated Cox and 
logistic regression analyses, which are better suited to this type of data than the 
Chi-square test12, 20, 21: (i) Dean and Thuras (2009)20 used multiple measurements 
of TD–although they only identified patients with TD at baseline or TD at any 
time instead of entering TD as a time varying covariate–and found a significant 
association between TD and mortality, which disappeared after adjusting for age 
and antipsychotic drug use; (ii) Modestin and colleagues (2009)21 did not find an 
association; and (iii) Chong et al (2009) found an age- and antipsychotic dose-
adjusted association with a HR of 1.38 for mild and 1.90 for definite TD which–
considering the dose response effect, represents relatively strong evidence in 
favor of a real effect of TD on mortality. However, they did not include other MDs 
and had a relatively short study duration. Evidence shows that severity of TD 
is positively correlated with symptom severity in schizophrenia44, 45 which may, 
therefore, be a confounding factor in the association between TD and survival. 
Despite this association, none of the studies up to now including the present 
study, controlled for psychiatric symptom severity which poses a limitation to 
the findings.

Akathisia did not show a significant association with all-cause mortality which is 
consistent with the single previous study21.

We observed a significant effect for DDD antipsychotics as a linear association 
and a trend for a linear-quadratic effect, which combined reflects a partially U-
shaped curve.

Well known metabolic side effects of predominantly second generation antipsy-
chotics, and in turn their association with adverse health outcomes like type 2 
diabetes and cardiovascular disease has let to many studies addressing the ques-
tion how (cumulative) exposure to antipsychotics affects mortality46. A robust 
finding reported by recently published large register-based cohort studies and 
one systematic review and meta-analysis is that any use is associated with a lower 
risk compared to no use in schizophrenia7, 46-49. One cohort study (n=21,492), 
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using nation-wide registers in Sweden, investigated cumulative antipsychotic 
exposure expressed in DDD and mortality. The relation in chronic patients 
showed a U-shaped curve in which patients who did not use an antipsychotic had 
the highest risk, followed by the high dose (>1.5 DDD/day), low dose (<0.5 DDD/
day) and moderate dose(0.5-1.5 DDD/day) categories. The shape of the curve 
we found seems somewhat similar. Nonetheless, above mentioned studies with 
large numbers of patients, are better powered to give a precise estimate of the 
relationship.

An important strength of the study is that it was conducted on the former Neth-
erlands Antilles, which, because they are islands, comprise a well-defined catch-
ment area. Along with the fact that the Klinika Capriles is the only psychiatric 
hospital on the former Netherlands Antilles, and that almost all of the eligible 
patients agreed to participate (99%), selection bias is relatively small. On the 
other hand, at the former Netherlands Antilles, stigma on mental disorders is 
somewhat stronger than in most western countries and patients with mental 
illness are to a greater extent taken care of by family members. Thus, patients 
admitted to the Klinika Capriles consisted generally of those with the most 
severe psychiatric illnesses which is reflected in our sample. Our results can 
therefore be generalized to populations with severe psychiatric disorders re-
ceiving antipsychotic treatment and might not apply to populations with milder 
illnesses. A further strength arising from the fact that the Klinika Capriles was 
the only psychiatric facility on the islands is that our data is close to covering 
the complete treatment history of the participants. Another major strength of 
the current study is the use of multiple measurements of MD as time varying 
covariates. This is especially important given the fluctuating nature of MD in SMI 
patients33. Moreover, the follow-up period of 24 years of the current study is the 
longest up to now.

Some important factors known to influence mortality were not measured, includ-
ing access to and adequate use of physical healthcare and metabolic parameters. 
Indeed one would have to include these variables if the aims were to build a pre-
diction model for mortality. Our aim, however, was to estimate the association 
of MD and mortality and because the variables mentioned above are not directly 
related to MD we think that omitting these variables does not bias our results. 
In contrast, other factors, i.e. symptom severity44, cognitive functioning38-40, 50, 
physical activity41, use of alcohol, illicit drug use51 and smoking52 have been found 
to be related to both MD and mortality and the lack of information on those 
variables puts a limitation to the present findings.
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Nevertheless, given the effect size we found for the association between parkin-
sonism and mortality, combined with other reports of this association, we think 
evidence points towards parkinsonism as a risk factor. This could be confirmed in 
large well controlled studies with multiple measurements over time with regard 
to MD, use of psychotropic medication, symptom severity, cognitive functioning, 
physical activity, smoking, use of alcohol, and illicit drug use. Such studies may 
give more insight how these variables are interrelated and influence mortality.

Conclusion

In conclusion, parkinsonism was a significant risk factor for mortality in a cohort 
of patients with SMI. An increase of 10 points (equals one SD) increased the HR of 
mortality with 21%. TD and akathisia did not show an association with mortality. 
To study the complex interplay between MD and mortality more well controlled 
follow-up studies are needed. With the knowledge that antipsychotics differ in 
their potency to induce parkinsonism, an intervention study is of great clinical 
importance to find out whether treatment or prevention of parkinsonism can 
reduce mortality.
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Suppl. Figure 3. Survival function adjusted for Defined Daily Dose (DDD) antipsychotics
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Movement abnormalities (Mas) occur frequently in psychiatric disorders1-4. Al-
though a broad range of MAs are recognized, in this thesis we focus on three 
movement disorders (MDs): (tardive) dyskinesia, parkinsonism and akathisia. 
We studied MDs in individuals with auditory verbal hallucinations (AVH) in the 
absence of a psychiatric disorder, autism spectrum disorder (ASD), borderline 
personality disorder (BPD), and psychotic disorders. Robust evidence shows that 
MDs can be both a symptom of psychiatric disorders and a side effect of anti-
psychotic medication1, 3, 5-14. In treated patients, MDs are likely drug-emergent 
effects in some cases, and may represent disease-based MDs modified by the 
antipsychotic medication in others15. In addition, research has demonstrated 
that MDs have prognostic value for clinical and functional outcomes in psychotic 
disorders16, 17, and that tardive dyskinesia may be a risk factor for higher mortal-
ity18, 19. Therefore, we have approached MDs from these three perspectives: in 
Part I, we examined MDs as symptom; in Part II, we studied MDs in patients using 
antipsychotic medication; and in Part III, we investigated if MDs may be a risk 
factor for mortality.

Part I. Movement disorders as symptom
We have investigated two MDs as symptom: dyskinesia in individuals experienc-
ing AVH in the absence of a diagnosable psychiatric disorder20, and dyskinesia 
and parkinsonism in children and adolescents with autism spectrum disorders 
(ASD)21. Innovative in both studies was the use of a mechanical instrument to 
measure dyskinesia. In the ASD group tremor and bradykinesia were also mea-
sured mechanically. In the study on ASD, MDs were assessed with traditional rat-
ing scales as well, enabling comparison between the results from the two ways 
of measurement.

Subclinical dyskinesia in healthy individuals with auditory verbal 
hallucinations
For the study on dyskinesia in subjects with AVH in the absence of a diagnosable 
psychiatric disorder, data was used from a larger project investigating various 
aspects of AVH including phenomenology, risk factors, and neurobiology22. Dys-
kinesia was measured in a subset of the included participants20.

We found a positive correlation between schizotypy and dyskinesia in the com-
bined sample of healthy individuals with and without AVH. In addition, we dem-
onstrated that dyskinesia was present in a higher proportion of the participants 
with AVH than the control group. Our results provided further support for the 
continuum view of psychosis and underscored the earlier conclusion of Sommer 
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and colleagues22 that AVH in this population are part of a general heightened 
expression of the psychosis phenotype.

For clinical practice, the most relevant findings in the context of the continuum 
paradigm probably pertain to the predictive validity of subclinical psychotic 
symptoms and subclinical MDs for the development of psychotic disorders. Ac-
curate identification of subjects at the highest risk of psychosis enables early tar-
geted interventions to delay or prevent psychosis, decrease psychotic symptoms, 
improve functional outcomes and potentially reduce long term disability23-26. A 
considerable amount of research in this context has been dedicated to subjects 
aged between 14 and 35-years seeking help for mental health complaints pre-
senting with subclinical psychotic symptoms. Rates for transition to psychosis 
in individuals classified as ‘Clinical High Risk’ (CHR) or ‘Ultra-High Risk’ (UHR) 
are around 25% over three years25, 26. In contrast to CHR/UHR populations, the 
individuals from the study on AVH were not help seeking at the time of inclusion 
and they were carefully screened for the absence of psychiatric disorders. Also, 
the mean age of healthy subjects with AVH was 44 (SD 13) and the majority of 
them had already passed the peak age for psychosis incidence (15-35) at the time 
of inclusion22. Thus, these subjects come from a different population than CHR/
UHR samples. Daalman and colleagues examined transition to psychosis and 
need for mental health care over time in the individuals with AVH in a follow-up 
study five years after the baseline measurements27. Results showed that 6% of 
the participants with AVH had developed psychosis versus none of the control 
participants which was significant at trend level, and higher than the general 
incidence rates of psychosis. Additionally, a significantly higher proportion of 
39% of the individuals with AVH had developed a need for mental healthcare 
compared to 12% of the control group. Depression in remission and distress due 
to AVH were significant risk factors for the development of psychopathology in 
the participants with AVH. The authors proposed that prediction of psychosis 
and psychopathology might be enhanced by the inclusion of biomarkers such as 
decreased language lateralization, cortical thickness, or aberrant connectivity. 
Returning to the findings of the present study, a substantial minority of 24% of 
the individuals with AVH displayed instrumentally measured dyskinesia. Given 
the prognostic value of MAs for poor functional and symptomatic outcome in 
psychotic disorders in general16, 17, and of dyskinesia in CHR/UHR subjects in 
particular17, 28, we suggest that instrumentally measured dyskinesia in subjects 
with AVH may also be a prognostic marker for a heightened risk of developing 
psychosis or need for mental health care in individuals with AVH. Future studies 
into this topic are warranted.
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Discrepancies between results from rating scales and mechanical 
measurements in autism spectrum disorder
In the study on MDs in children and adolescents with ASD, dyskinesia and parkin-
sonism were measured both with traditional rating scales and with a mechanical 
instrument. Using rating scales, we observed a significantly higher occurrence 
of bradykinesia in children and adolescents with ASD in comparison to typically 
developing control groups. Furthermore, in the adolescent group, participants 
with ASD displayed a trend-level higher prevalence of dyskinesia than the con-
trol participants. Surprisingly, the instrumental measurements of bradykinesia 
and dyskinesia did not demonstrate any difference between the ASD and control 
groups. Possible explanations for our findings pertaining to the underlying 
neurobiology and the effect of social interaction on performance in ASD have 
been extensively discussed in chapter 3. Here we will discuss the sensitivity and 
validity of low frequency (range 0-3 Hz) force variability (L-FV) as a measure for 
dyskinesia, and velocity scaling (VS) for bradykinesia in comparison with rating 
scales in more detail. As there were no differences in resting tremor on either 
measurement method, and the prevalence was very low, the current data are 
less suitable for a further discussion of sensitivity and concurrent validity of both 
measurement methods regarding tremor.

In chapter 3, we used non-parametric analyses based on mean rank order to test 
for possible differences between ASD and control groups. Most earlier studies 
used a different approach, in which movement disorders were dichotomized 
(present/not present) using cut-off points derived from the distribution of scores 
from patient and/or control groups, such as the 95th percentile score of healthy 
control particpants20, 29-32. Thus, in order to be able to better compare our results 
with those of previous research, here we have also dichotomized the instrumen-
tal data based on the 95th percentile score of the control groups (unpublished 
data). Table 1. shows the numbers and percentages of cases for both the rating 
scales and instrumental measurements.

Dyskinesia
For dyskinesia, there were few cases on any measurement method, but slightly 
more based on the AIMS than on the instrumental data (table 1.) The difference 
can largely be explained by the AIMS assessing dyskinesia also in other body 
parts than the hands. When only taking item 5 of the AIMS (dyskinesia of the 
upper extremities: arms, wrists, hands, fingers) into account, numbers of cases 
were: children: ASD: n=3 (13.6%); controls: n= 1 (4.5%); adolescents: ASD: n=2 
(9.1%), controls: n=0 (0%). In contrast to the current findings, studies in the 
psychosis spectrum have generally reported more cases defined with L-FV than 
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with rating scales using widely accepted case definitions29-32. Furthermore, to our 
knowledge, findings on L-FV in the psychosis spectrum have been in line with 
hypotheses including the presence of subclinical dyskinesia in populations at the 
healthier end of the spectrum20, 31, 33.

We found a correlation of .17 (p=0.132) between upper extremity dyskinesia 
on the AIMS and L-FV in the ASD group and .42 (p=0.002) in the control group. 
In both groups, the range of scores on the AIMS item 5 was limited; 0-3 in the 
ASD group and 0-2 in the control group. Furthermore, the distribution was right 
skewed with 80% of the participants in the ASD group and 84% of the control 
group scoring a 0. Despite these statistical limitations, the correlation in the con-
trol group was strong and highly significant. It is therefore all the more puzzling 
that there was no significant correlation in the ASD group. Earlier results on the 
concurrent validity of L-FV with (hand) dyskinesia from rating scales have been 
mixed. Caligiuri et al. (1990)29 reported a Spearman correlation of 0.73 (p<0.01) 
between total low frequency spectral power and AIMS item 5 in 17 patients with 
TD. However, in a study in antipsychotic-naïve patients with first episode psycho-
sis, no association was found between the Extrapyramidal Signs Rating Scale- 
Dyskinesia and L-FV30. Similarly, in patients who were prescribed antipsychotic 
medication no agreement was found between cases defined with the AIMS and 
L-FV (kappa 0.15)32, 34. In both studies, the authors explained their findings by 
pointing out that the instrument measures only hand dyskinesia. Correlations or 
agreements between the rating scale items measuring hand dyskinesia with the 
instrumental measurements were not reported.

Table 1. Cases of movement disorders defined with rating scales and instrumental measure-
ments

Children (age 6-12) Adolescents (age 13-25)*

ASD (n=22) Controls (n=22) ASD (n=23) Controls (n=27)

RS IM RS IM RS IM RS IM

Dyskinesia, n (%) 4 (18.2) 2 (9.1) 1 (4.5) 0 (0) 4 (17.4) 2 (9.1) 0 (0) 1 (4.0)

Bradykinesia, n (%) 11 (50) 2 (9.1) 1 (4.5) 1 (4.5) 15 (65.4)  0 (0) 2 (7.7) 1 (4.0)

RS: rating scales; IM: instrumental measurements
Case definitions: Dyskinesia: RS: a score of ≥2 on any item of the AIMS. IM: Children: score >18.99; 
Adolescents: score >8.29. Bradykinesia RS: a score of ≥2 on any of the following items of the UPDRS 
part III: 18, 19, 23-31. IM: Children: score <1.52, Adolescents: score<1.46. 
*Participants with missing values: Adolescents, instrumental measurements: ASD: n=1; Controls, 
instrumental measurements: n=1. 
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Bradykinesia
The difference in percentages of cases between those defined by the UPDRS 
and VS in the ASD groups are striking (table 1.) As discussed above in relation 
to dyskinesia, bradykinesia is also assessed in multiple body parts with rating 
scales, whereas the mechanical instrument only measures bradykinesia in the 
arms/hands. Indeed, part of the differences between numbers of cases defined 
with the UPDRS versus the mechanical measurements are explained by UPDRS 
defined cases with bradykinesia manifesting in other body parts than the hands. 
However, still when only taking bradykinesia in the hands into account, the 
UPDRS showed a higher sensitivity compared to VS in ASD (number of cases: 
children: ASD: n=5 (22.7%), controls: n=1 (4.5%); adolescents: ASD: n=9 (40.9%), 
controls: n=2 (7.4%)).

Caligiuri et al (1998) reported a sensitivity of VS similar to clinical observation 
using a cut-off point of two SD’s below the mean of the control group. In another 
study, using the same instrument and task, velocity instead of VS was used32. Re-
sults showed that velocity was not more sensitive than the Simpson Angus Scale 
(SAS). However, in two other studies, VS displayed a higher sensitivity compared 
with the SAS and UPDRS respectively30, 35.

Inspecting the concurrent validity, we observed no significant correlations be-
tween VS and the summed items of the UPDRS measuring hand bradykinesia 
(Pearson’s r: ASD group: 0.06 (p= 0.362); control group: -0.07 (p=0.331)). Findings 
on concordance with rating scales and clinical observation from the group of 
Caligiuri have been inconclusive. In one study, they reported that of 15 subjects 
with clinical ratings of at least mild bradykinesia, 9 (60%) exhibited abnormal VS. 
Of 18 patients without clinical bradykinesia, 6 (33%) patients were cases based 
on VS36. The authors reported a high sensitivity (84%) and perfect specificity 
(100%) when discriminating patients with Parkinson’s Disease from healthy con-
trols. Furthermore, in antipsychotic-naïve patients with first episode psychosis, 
significant agreement between VS and the SAS was found 32. In the study where 
velocity was used to measure bradykinesia, a significant inverse correlation be-
tween VS and the SAS was reported for the left hand but not for the right hand32.

Concluding remarks
Regarding ‘sensitivity’ in the sense of the number of cases that can be identified 
using either way of measurement, one should keep in mind that, besides the type 
of measurement used, results also depend highly on the cut-off points chosen. 
This is illustrated by Dean and colleagues, showing that prevalence of dyskinesia 
varied from 62% based on IM of the right hand, to 26% with an AIMS score of ≥2 
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in two body areas. AIMS total score ≥4, IM of the left hand, Dyskinesia Identifica-
tion Scale Condensed User Version ≥5 and AIMS ≥3 in any body area, respectively, 
yielded percentages somewhere between these limits. Of note, whereas the IM 
of the right hand was the most sensitive measure, AIMS total score ≥4 was next 
and was more sensitive than IM of the left hand.

Thus, although several authors have concluded that L-FV and VS are valid and 
more sensitive than observational rating scales, we suggest a more nuanced 
view. These IMs are superior with regard to reliability and may be more sensitive 
in detecting abnormalities in the arms and hands in populations in the psychosis 
spectrum. However, based on the current study, L-FV and VS do not seem to be 
valid measures for dyskinesia and bradykinesia respectively in ASD, and are less 
sensitive than the AIMS and UPDRS, albeit that the results should be interpreted 
within the limitation of the low sample size and low numbers of cases.

Generally, with rating scales compared to L-FV and VS, a broader array of move-
ments including the whole body can be taken into account. This is important 
for dyskinesia, as orofacial dyskinesia or the buccal-lingual masticatory triad is 
regarded as the core sign of the disorder37. Also, bradykinesia can become appar-
ent in body parts other than the hands/arms or when carrying out movements 
other than required for VS. Thus, for the development of new instrumental or 
computerized techniques, it is important that the whole body will be covered. 
Lastly, human perception of biological motion is highly sophisticated and should 
not be underestimated. Humans are capable of recognizing animacy, individu-
als, emotional states and intention solely from motion38-40, and, by inference, of 
detecting abnormalities in motion as well.

In general, applying both ways of measurement may be the most informative32. 
In ASD specifically, it may be worthwhile to apply any test both with a human 
test taker, or with social stimuli, and in a digital version with minimal social 
demands41, 42. Possible differences in outcomes can reveal the role of social in-
formation processing for a specific function and clarify whether the deficit is a 
primary component of the disorder or partially due to interference from social 
information processing.

Part II. Movement disorders as side effect of antipsychotic medication
In chapter 4, we conducted a meta-analysis of acute MDs associated with the 
use of second generation antipsychotics (SGAs) in BPD. Data from randomized 
controlled trials (RCTs) on efficacy and safety of SGAs were used in which MDs 
were assessed with rating scales. We found no evidence of a heightened risk 
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of acute MDs associated with the use of low dose SGAs. However, patients in 
RCTs are a highly selected group and results may not be generalizable to all 
patients. Particularly relevant in this respect are exclusion criteria pertaining 
to the absence of comorbid psychiatric disorders and no current use of other 
psychotropic drugs, as the majority of patients in clinical practice do not fulfill 
these criteria43-45. Although valuable information can be retrieved from RCTs, 
they should be complemented with results from observational studies.

Rates of antipsychotic drug prescriptions for BPD are with 35%-69% high and 
prescriptions of SGAs seem to have increased over the last decades43, 44, 46, 47. 
Furthermore, although no psychotropic medication has been officially registered 
for the treatment of BPD, recent studies show that around 90% of patients with 
BPD in Europe are prescribed at least one psychotropic drug and more than 70% 
two or more43, 46, 47. Given the significant side-effect profile of most psychotropic 
drugs and the high rates of polypharmacy, rigorous studies on side effect burden 
are of utmost importance.

In chapter 5 we examined the effect of switching antipsychotic polypharmacy 
to antipsychotic monotherapy in long-stay inpatients with psychotic disorders 
on relapse rate and course of psychotic symptoms. The study focused on pa-
tients who were prescribed a combination of at least one FGA and one SGA. For 
patients randomized to the SWITCH condition, the antipsychotic polypharmacy 
was switched to one antipsychotic whereas the patients in the STAY condition 
continued the combined use.

The majority of the patients from the SWITCH group had continued the use of 
an SGA as monotherapy which was clozapine in most cases, and a minority had 
continued a long acting injectable FGA. A remarkable result was that patients 
who had switched from a combination of clozapine and an FGA to clozapine 
monotherapy, had lower odds of relapse than patients who had continued the 
combined use. The odds of relapse for patients from the SWITCH group continu-
ing with another antipsychotic did not differ significantly from the odds in the 
STAY group. Furthermore, in the participants who did not have a relapse nor 
had dropped out, there was a larger decrease in psychotic symptoms in patients 
in the SWITCH compared to the STAY group. From these patients, 77% in the 
SWITCH group were prescribed clozapine.

A hypothesis that may explain the current results concerns the development of 
supersensitivity for dopamine. The dopamine supersensitivity hypothesis states 
that long-term blockade of D2 receptors by D2 antagonists leads to an upregula-
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tion of D2 receptors and/or the percentage of D2 receptors in high-affinity state 
(D2

High ), which in turn can lead to dopamine supersensitivity psychosis (DSP)48. 
Criteria for clinical identification of supposed DSP are not rigid, but have been 
suggested to include the following clinical features in the context of FGA pre-
scription: 1. Rapid relapse after drug discontinuation/dose reduction/switch of 
antipsychotics, 2. Tolerance to previously observed therapeutic effects, 3. Co-
occurring tardive dyskinesia, and 4. Psychotic exacerbation by life stressors48-51.

The soundest evidence for the existence of DSP comes from animal models. Sev-
eral studies have shown that administration of antipsychotic medication induces 
a heightened D2 receptor density and increased levels of D2

High in the caudate-
putamen and nucleus accumbens in rats and cats48, 52, 53. With regard to humans, 
one in vivo study in patients with schizophrenia found increased D2 receptor 
availability after discontinuation of antipsychotic treatment54. Furthermore, 
laboratory animals have exhibited behavioral supersensitivity to the indirect 
dopamine agonist amphetamine after treatment with antipsychotics55, 56. See 
for more comprehensive reviews of the evidence including putative chemical 
mechanisms leading to DSP Chouinard et al. (2017)48 and Yin et al. (2017)50.

Considering DSP in relation to the current study, several characteristics of the 
included patients increase the likelihood that at least part of them were suf-
fering from DSP; patients were treated on a long-term basis with antipsychotic 
medication including FGAs which have a high affinity for D2 receptors, patients 
were prescribed high total defined daily doses (DDDs) of antipsychotics (median 
DDD=2.5, IQR=1.85), and 87% exhibited tardive dyskinesia. Furthermore, over a 
period of 9 months, 40% of the patients had relapsed, with a higher percentage 
of relapses in the STAY group. This may point to the development of tolerance 
for antipsychotic medication. However, information of a possible more favorable 
response to antipsychotic monotherapy and/or lower DDD earlier in the treat-
ment history was not available, thus an alternative explanation is that these pa-
tients have had treatment resistant schizophrenia from the start of the disease 
on and had never responded well to antipsychotics. Indeed, various mechanisms 
of treatment resistant schizophrenia have been proposed, of which DSP is only 
one potential pathway57.

Nevertheless, the observation that clozapine monotherapy is more efficacious 
than clozapine combined with FGAs may be explained by the removal of the 
putative cause of DSP while continuing an antipsychotic with a relatively low 
affinity for the D2 receptor but superior antipsychotic effects. Our results are 
in line with two case series in which switching to clozapine ameliorated DSP58, 59. 
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Findings that switching to clozapine is an effective treatment of existing tardive 
dyskinesia are also congruent with the DSP hypothesis60. In the subsequent pa-
per with data from the current study, we will examine the effect of switching to 
antipsychotic monotherapy and specifically clozapine, on side effects including 
tardive dyskinesia. Preliminary results show that, as the DSP hypothesis predicts, 
tardive dyskinesia has significantly improved in the SWITCH group (in prepara-
tion). How clozapine exerts its antipsychotic action and may be effective in the 
treatment of DSP is not exactly known, but research has shown that clozapine is 
unique with regard to the ratio of dopamine and serotonin binding in favor of the 
latter, activity on muscarinic and noradrenergic receptors, glycine transporter 
and brain derived neurotrophic factor (BDNF), and fast dissociation from the D2 
receptor61, 62.

Part III. Movement disorders as risk factor for mortality
The aim of chapter 6 was to examine if MDs are related to mortality in patients 
with severe mental illness (SMI). Earlier research suggested that tardive dyski-
nesia may be associated with a heightened mortality19, 63. However, our results 
showed an association between parkinsonism and mortality, and not between 
tardive dyskinesia or akathisia and mortality64. To our knowledge, the current 
publication is only the second one demonstrating a relation between parkinson-
ism and mortality in patients with psychiatric disorders65. Therefore, this finding 
calls for replication. If replicated, the causal mechanisms behind the association 
should be explored; i.e. does parkinsonism itself lead to a heightened mortality 
and, if so, what may be the mechanism behind this? It could be that parkinsonism 
increases the risk of falling and choking. Alternatively, the association may be 
attributable to a third factor, such as higher illness severity and/or more severe 
cognitive impairments, which may be related to both parkinsonism and a shorter 
lifespan. If parkinsonian symptoms themselves are responsible for a heightened 
mortality, this effect should be considered with regard to prevention and treat-
ment of parkinsonism.

With respect to prevention, expert advice consists of frequent monitoring of 
parkinsonian signs in the first three months of antipsychotic treatment. Older 
patients and individuals with a history of parkinsonism are more likely to experi-
ence parkinsonism. In these groups it is therefore advised to start with a low 
dose of the antipsychotic, an antipsychotic with less risk of parkinsonism, or to 
add an anticholinergic66.

Considering treatment of existing antipsychotic-induced parkinsonism, guide-
lines recommend treatment by lowering the antipsychotic dose, short term 
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addition of anticholinergic medication, or switching to an antipsychotic with a 
lower D2 affinity66, 67. Although there is some evidence for the efficacy of treat-
ment of parkinsonism in non-SMI patients68, 69, evidence in SMI is scarce and 
contradictory, and RCTs are lacking70. We observed a small but significant effect 
of switching from antipsychotic polypharmacy to antipsychotic monotherapy on 
the severity of parkinsonism (in preparation). As mentioned earlier, the majority 
of the patients who switched to monotherapy continued an SGA, in most cases 
clozapine71. The finding of a reduction in parkinsonism after switching to clo-
zapine monotherapy concurs with results from another study on the efficacy of 
clozapine in treating MD72. However, a naturalistic study conducted in largely the 
same cohort as the current report on mortality, showed that neither a reduction 
in antipsychotic dose nor a switch to an SGA, nor a switch to an antipsychotic 
with a lower D2 affinity, had a significant effect on the severity of parkinsonism. 
Stopping antipsychotics however did reduce parkinsonism 70. These results are 
partly in line with those from another longitudinal study in which antipsychotic 
dose reduction was not associated with an improvement of parkinsonism. In con-
trast, switching from an FGA to an SGA did reduce parkinsonism in this study73.

In this regard, it is insightful to consider the prevalence of parkinsonism in SMI 
populations, which ranges between 21% and 66%1, 2, 64, 73. Even more important, 
observational cohort studies do not show dramatic decreases in parkinsonism 
rates over time2, 64, 74, suggesting either under recognition, under treatment, 
treatment failure, or some combination of these factors. Similarly, one study 
showed that more than half of SMI patients in clinical practice exhibit persistent 
parkinsonism2. Persistence was defined as the presence of parkinsonism on two 
consecutive assessments over a period of minimally three months (mean =1.1 
years, SD=0.64). Two thirds of the cohort suffered from at least one persistent 
MD. Strikingly, almost no mention of MDs was found in patients’ charts75, a find-
ing which concurred with other reports76. This may suggest little awareness of 
and/or an attitude of acceptance of MDs including parkinsonism as side effects 
of antipsychotics for which treatment is not considered a feasible option.

Thus, it is not clear if the relatively high prevalence rates of (persistent) parkin-
sonism in patients with SMI are the result of under recognition and/or undertreat-
ment, little or no effectiveness of available treatment options, or a combination 
of both. Further research on this topic is highly needed. With insight into the 
causes of the high prevalence and persistence rates of parkinsonism, targeted 
interventions may be designed. Such interventions aimed at state-of-the-art 
recognition and treatment of parkinsonism, should be studied with regard to 
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feasibility and effectiveness, and, ultimately, to reveal if they diminish some of 
the excess mortality in patients with SMI.

Future directions
Several suggestions for future research arising from the individual studies in this 
thesis have already been mentioned above. In this paragraph I will firstly take a 
step back and reflect upon the broader picture of future research directions into 
MAs in psychiatry. Therefore, I expand the scope from MDs comprising dyskine-
sia, parkinsonism, akathisia, and dystonia, to MAs including also neurological soft 
signs and catatonia. To conclude, I will discuss some specific directions for future 
research.

General topics
The first important development and a promising way forward is a renewed inter-
est in MAs across different psychiatric diagnoses and different stages of illness3, 15, 

77, 78. For example, two systematic reviews on MAs across diagnoses have recently 
been published3, 15. Results show that MAs are prevalent in psychotic disorders, 
bipolar disorder, major depressive disorder, obsessive-compulsive disorder, ASD, 
attention deficit hyperactivity disorder (ADHD), Gilles de la Tourette’s syndrome, 
and Alzheimer’s Disease3, 15, 79. Following these developments and recommenda-
tions from influential researchers15, 79, a sensorimotor domain was added to the 
US National Institute for Mental Health (NIMH) research domain criteria (RDoC) 
in 201877. The aim of the formulation of RDoC is to generate knowledge about 
mental health and illness by studying various levels of psychological functioning, 
ranging from basic biological components through cognitive processes to overt 
behavior and subjective experience80. Improved understanding of these topics 
can ultimately inform progress and innovation in mental health care. Within the 
RDoC framework, research from a dimensional perspective and across the lifes-
pan and stages of illness, rather than within diagnostic categories is encouraged. 
The study of MAs within the RDoC may prove fruitful as MAs, in contrast to most 
other symptoms in mental illnesses, are objectively measurable and neurobio-
logical motor pathways are relatively well mapped79. Elucidating which MAs are 
prevalent across different psychiatric illnesses, and which are specific for certain 
diagnoses or correlate with symptom dimensions such as positive, negative, 
depressive, and cognitive symptoms, can provide more insight into shared and 
disorder-specific and/or symptom dimension related underlying processes and 
neural systems15, 79. As there is currently a paucity of research on MAs in diag-
noses other than psychotic disorders, studies in populations with other mental 
illnesses would be of great value.
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A second step which would benefit the field is to overcome the problem of 
overlap and ambiguity in concepts referring to different MAs. As briefly dis-
cussed in the General Introduction, various paradigms use their own definitions 
and terminology, making comparisons between diagnoses and developmental 
stages difficult. Clarity in definitions and clearer boundaries between normal 
and abnormal movement will enhance progress in the field15. Indeed, inclusion 
of the sensorimotor domain in the RDoC may stimulate a more unified conceptu-
alization and methodology.

Towards feasible instrumental measurements and greater usefulness in clinical 
practice
As discussed in the General Introduction, historically, rating scales have been 
used most frequently for the measurement of MAs in both research and clinical 
practice. However, over the last decades several instrumental devices have been 
developed, such as: the instrument measuring force variability and velocity scal-
ing discussed above, an inkless pen and digitizing tablet for analyses of handwrit-
ing kinematics81, 82, inertial sensors measuring bradykinesia, a glove measuring 
gestures, and actigraphy for the measurement of the amount of movement83. 
Instrumental measurements have important advantages over rating scales: they 
tend to have a higher sensitivity and can detect subclinical MAs, they are highly 
reliable and not prone to observer bias, and the results are linearly related to se-
verity. Yet, drawbacks are that most currently available devices measure only one 
body part and they require specialized expensive equipment. However, devices 
are evolving rapidly and new more feasible tools will probably be developed in 
the near future. For example, accelerometers and gyroscopes integrated into 
smartphones provide opportunities for easy to use and affordable applications 
for the measurement of MAs83, 84. Indeed, several apps measuring tremor have 
already been developed85, 86. With such apps, and wearable devices which can 
measure movement continuously, measurements in daily life are possible allow-
ing precise tracking of change over time. This may yield valuable information on, 
for example worsening of symptoms, or a change in MDs when starting or chang-
ing antipsychotic medication. Furthermore, combining such measurements of 
MAs with the Experience Sampling Method allows for analyses elucidating how 
symptoms including MAs and environmental variables are related to and interact 
with each other78. Lastly, a huge step forward into the measurement of MAs may 
be possible when using motion capture techniques currently used in the game 
and film industries. With motion capture, recordings of movement are translated 
to digital animations. Importantly, movement of the whole body can be taken 
into account with this technique, thus overcoming the drawback of many cur-
rently available instruments which assess only one part of the body. Considering 
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developments in artificial intelligence and machine learning, one could imagine 
that algorithms can learn to analyze such digitized animations and determine the 
presence and severity of MAs.

MA measurements could also be incorporated into clinical risk calculators to 
predict the transition to psychosis in young people with clinical high-risk (CHR) 
or affective syndromes78. Currently, risk calculators making use of clinical and 
neurocognitive variables are becoming increasingly sophisticated with large 
scale research projects where models are being developed and cross-validated 
in various settings87. Also, machine learning approaches have been applied in 
order to reach maximum prognostic accuracy. Given the predictive value of MAs 
for transition in CHR individuals17, 88, 89, current models could benefit from the 
inclusion of MAs78. As stated before, precise prediction of psychosis risk enables 
targeted interventions in order to delay or prevent psychosis and ameliorate 
symptomatic and functional outcomes23-26.

A similar approach might be undertaken regarding patients presenting with a 
first psychotic episode in the sense that a combination of symptoms including 
MAs may be used for prognosis. As far as we know, such a prognostic tool has not 
been developed yet. However, if, analogue to the risk predictors discussed above, 
poor outcome such as treatment resistant schizophrenia could be predicted, this 
may be of benefit in the choice of intervention. One could, for example, think of 
starting with clozapine for patients with a high probability of poor outcome. In 
most guidelines, clozapine is currently indicated after two other antipsychotics 
have been tried without sufficient response. As clozapine has been shown to 
have superior effectiveness90, starting directly with clozapine for these patients 
may accelerate recovery and limit the adverse effects of prolonged psychosis.

Conclusions
In this thesis, we demonstrated the presence of spontaneous MDs in individuals 
with AVH in the absence of a diagnosable psychiatric disorder and in children 
and adolescents with ASD, herewith contributing to a broader knowledge base 
on MDs across the healthy-abnormal spectrum with regard to psychosis, and 
in developmental stages in ASD. MD measurements obtained with an instru-
mental device yielded results in line with earlier findings in psychosis spectrum 
populations in the healthy individuals with AVH. In contrast, in the children and 
adolescents with ASD, results from rating scales were more sensitive than instru-
mental measurement, perhaps pointing at interference from social information 
processing and different underlying pathophysiology of MDs in ASD than in the 
psychosis spectrum.
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In the realm of antipsychotic-associated MDs, we found no evidence of a height-
ened prevalence of MDs in patients with BPD using SGAs compared with placebo. 
As we included only placebo-controlled RCTs in our meta-analysis, results may 
not be generalizable to the majority of patients with BPD in clinical practice. 
Observational studies are therefore highly needed.

In the study on switching a combination of FGAs and SGAs to antipsychotic 
monotherapy in long-stay patients with psychotic disorders, we found beneficial 
effects of the switch to monotherapy on relapse and psychotic symptoms. The 
favorable effects were attributable to patients continuing clozapine as mono-
therapy. Furthermore, yet unpublished work from the same study suggests that 
switching to monotherapy diminishes MDs. Although more research is needed, 
we tentatively conclude that patients currently prescribed a combination of 
FGAs and SGAs can be safely switched to antipsychotic monotherapy consisting 
of an SGA or a long acting injectable FGA, and that continuation of clozapine 
as monotherapy is superior in terms of relapse prevention and reduction of 
psychotic symptoms.

Finally, we showed that parkinsonism may be a risk factor for mortality in patients 
with SMI. Research suggests that currently, parkinsonism in patients with SMI is 
either under-recognized, undertreated or, alternatively, that treatment may not 
be effective. Therefore, effort should be made to clarify this highly important 
topic and to elucidate if effective recognition and treatment of parkinsonism will 
reduce the excess mortality in these patients.
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Summary

General introduction
Movement disorders (MDs) occur often in psychiatric disorders1-3. Although many 
MDs exist, this thesis focuses on the following three MDs:

Dyskinesia is a hyperkinetic MD which present itself in involuntary, writhing, ir-
regular movements which are generally fluid. These movements can happen in 
any body part, but the orofacial area and upper limbs are affected most often.

Parkinsonism is a hypokinetic MD consisting of bradykinesia, rigidity, tremor at 
rest and postural instability.

Akathisia consists of subjective feelings of inner restlessness and objective mo-
tor movements, typically occurring in the legs.

We examined these MDs from three perspectives: in Part I. the focus is on MDs 
as symptom of the underlying psychiatric disorder, in Part II. the focus in on MDs 
as adverse effect of antipsychotic medication, and in Part III we analyzed if MDs 
may be a risk factor for a shorter lifespan.

In clinical practice and in research, MDs are mostly measured with observation-
based rating scales. However, over the last decades, several instruments have 
been developed which can measure MDs4. In the studies described in chapter 
2 and 3, we used a mechanical instrument for the measurement of dyskinesia, 
bradykinesia, and tremor.

Part I. Movement disorders as symptom
In chapter 2 we aimed to shed light on the relation between psychotic-like ex-
periences and dyskinesia5. We studied spontaneous dyskinesia in 34 individuals 
with auditory verbal hallucinations in the absence of a psychotic disorder, and 31 
matched healthy control participants. Dyskinesia was assessed mechanically by 
measuring force variability in the 0-3 Hz range6, 7. Schizotypy was assessed using 
the Schizotypal Personality Questionnaire8. Dyskinesia and schizotypy showed a 
significant positive correlation in the total group (Spearman’s rho=0.32, p=0.005). 
Furthermore, when using a cut-off point based on the 95th percentile score 
of force variability in the control group, a larger proportion of subjects in the 
hallucinating group displayed dyskinesia (n=8, 23.5%) than in the control group 
(n=1, 3.2%; p=0,019). These results underscore the intrinsic relation between 
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MDs and AVH, and they are in line with the concept of psychosis as a continuous 
phenomenon.

The objective of chapter 3 was to assess the presence of MDs in children and 
adolescents/young adults with autism spectrum disorder (ASD)9. Therefore, par-
kinsonism and dyskinesia were measured in 44 subjects with ASD and 49 typically 
developing control individuals who were matched for sex, age, and IQ. MDs were 
measured both with rating scales and a mechanical instrument6, 7, 10, 11. Using the 
Unified Parkinson’s Disease Rating Scale (UPDRS), we found more cases with 
bradykinesia in both age groups with ASD compared to the typically develop-
ing control groups (p<0.0001 for both age groups). The adolescent/young adult 
group with ASD also displayed more rigidity than the control group (p<0.0001). 
No group differences were observed using the instrumental measurements. 
The finding of a higher sensitivity of the UPDRS compared to the mechanical 
instrument was puzzling, since instrumental measurements have generally been 
shown to be more sensitive than rating scales in the psychosis spectrum7, 12. We 
hypothesized that the current findings of an opposite pattern in ASD may point 
at different underlying neuropathology and possibly interference from social 
information processing in the rating scale measurements.

Part II. Movement disorders as side effect
Chapter 4 sought to determine the risk of antipsychotic-induced MDs in border-
line personality disorder (BPD)13. Antipsychotic medication is often prescribed 
off-label for BPD. However, MDs in BPD have received little research attention. 
We conducted meta-analyses on measurements of parkinsonism, akathisia, and 
dyskinesia from placebo-controlled RCTs on efficacy and safety of olanzapine 
(n=3)14-16 and ziprasidone (n=1)17. We found no evidence of a higher risk of MDs in 
patients receiving an antipsychotic drug versus placebo. The current findings are 
in line with observations that low to moderate doses of olanzapine (5-10 mg/day) 
do not seem to occupy more than 78% of striatal dopamine D2 receptors, which 
has shown to be the threshold above which parkinsonism generally arises18, 19. 
Although such a threshold is not as clear for akathisia and (tardive) dyskinesia, 
these MDs are also more likely to develop with higher doses and higher potency 
antipsychotic drugs20-22. Furthermore, olanzapine has some of the lowest risks of 
inducing acute MDs among the SGAs23, which is thought to be at least partly due 
to its anticholinergic properties24. A limitation of the study was that by including 
only RCTs, selection bias may have arisen. Therefore, caution should be taken in 
generalizing the results to all patients with BPD.
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In chapter 5, the first report from an open label RCT on the effects of switch-
ing from a combination of FGA(s) and SGA(s) to antipsychotic monotherapy, is 
presented25. Antipsychotic polypharmacy is commonly used in the treatment 
of inpatients with schizophrenia26, although the evidence for its efficacy and 
effectiveness is inconclusive27, 28. The current study investigated the effects of 
switching a combination of FGA(s) and SGA(s) to antipsychotic monotherapy on 
relapse rate and psychiatric symptoms. Patients with psychotic disorders treated 
at long-stay wards were eligible. Included patients (n=136) were randomized to a 
SWITCH or a STAY group. The SWITCH group discontinued either the FGA(s) or the 
SGA(s) over a period of maximum three months, and the STAY group continued 
the combination treatment. Psychiatric symptoms were measured at baseline 
and at follow-ups at three, six and nine months using the Brief Psychiatric Rating 
Scale (BPRS)29. Relapse was defined as (i) an increase in the BPRS of at least 2 
points in any item, or (ii) an increase of at least 4 points in the total BPRS score 
in combination with the need to adjust the antipsychotic medication. A logistic 
regression model corrected for sex, showed that the odds for relapse was sig-
nificantly lower in the SWITCH group OR=0.29 (95% CI=0.13-0.62). The protec-
tive effect was attributable to patients continuing clozapine as monotherapy. 
For patients who did not experience a relapse nor dropped out, the BPRS total 
scores decreased significantly more in the SWITCH group (p=0.0001). The current 
results show that switching from a combination of FGA(s) and SGA(s) is safe with 
respect to the risk of relapse. Switching to clozapine monotherapy may even 
reduce the risk.

Part III. Movement disorders as risk factor for mortality
Chapter 6 aimed to investigate if MDs are related to mortality in patients with 
severe mental illness (SMI)30. There is a substantial gap in life expectancy be-
tween patients with SMI and the general population31, 32 and it is important to 
understand which factors contribute to this difference. Some research has sug-
gested that MDs are associated with a heightened mortality, but results have 
been inconclusive33-35. We examined if tardive dyskinesia, parkinsonism, and 
akathisia, would be related to mortality in patients with SMI. We studied a co-
hort of 157 Afro-Caribbean inpatients with predominantly schizophrenia on the 
island of Curacao. Tardive dyskinesia, parkinsonism, and akathisia were assessed 
with rating scales on eight occasions over a period of eighteen years. Twenty-
four years after baseline, survival status and if applicable, date of death, were 
determined. Cox regression models were used to calculate hazard ratios (HRs) 
for MDs. Sex, age, use of antipsychotics, antidepressants, and benzodiazepines 
at each measurement occasion were tested as covariates. The results showed 
that parkinsonism was a significant risk factor with a HR of 1.02 per point on the 
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UPDRS (range 0-56). The SD for cases with parkinsonism was around 10 points 
and an increase of 10 points would lead to an increase in the HR for mortality of 
21%. Tardive dyskinesia and akathisia did not show a significant association with 
mortality. The finding that parkinsonism was a significant risk factor is in line 
with results from studies in older individuals36 and in patients with Alzheimer’s 
and Parkinson’s disease37, 38. The present finding in patients with SMI needs to be 
replicated. If it is confirmed in other studies, it may provide a starting point for 
new interventions that ultimately may help to reduce the excess mortality in SMI 
patients.

General Discussion
In the General discussion, the most important results of the studies in this theses 
are summarized, and some notable results are discussed into more depth or in a 
broader context.

We considered the findings of the study on dyskinesia in individuals with AVH 
in light of a possible prognostic value of MDs for a poor outcome. Our find-
ings demonstrated a higher proportion of dyskinesia in the AVH group (24%) 
compared with the healthy control group (3%). A follow-up study on the mental 
health of the individuals with AVH had shown that five years after the baseline 
measurement, a relatively large proportion of these people (39%) had developed 
a need for mental health care and a somewhat larger proportion than would be 
expected had developed psychosis (6%)39. Numerous studies have shown that 
MDs have prognostic value for developing psychosis in individuals at clinical high 
risk (CHR) or ultra-high risk (UHR) for psychosis, and for a poor outcome in first 
episode psychosis and chronic psychosis40, 41. Therefore, we suggest that MDs 
may also help in predicting which individuals with AVH may be the most vulner-
able for developing psychosis or a need for mental health care.

A surprising finding from the study on MDs in children and adolescents with ASD 
was the lack of agreement between the rating scales and the instrumental mea-
surements. These results were discussed into more detail and a mini review was 
conducted on earlier research into the sensitivity and validity of the instrumental 
measurements. These earlier studies focused on MDs in patients with psychotic 
disorders7, 10-12, 42. Taken together, there is some evidence than the instrumental 
measurements are generally more sensitive than rating scales. Results on con-
current validity were mixed. Part of the disagreement between the instrumental 
measurements and the rating scales can be explained by the fact that these 
instrumental measurements only include the arms/hands whereas with rating 
scales, the whole body is included.
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Remarkable in the study on switching antipsychotic polypharmacy to mono-
therapy was the finding that patients who had switched to clozapine mono-
therapy, had significant lower odds of relapse than patients who had continued 
antipsychotic polypharmacy (clozapine in combination with at least one FGA). 
We tried to explain the results using the dopamine supersensitivity hypothesis. 
This hypothesis states that long-term blockade of D2 receptors by D2 antagonists 
leads to an upregulation of D2 receptors and/or the percentage of D2 receptors 

in high-affinity state (D2
High ), which in turn can lead to dopamine supersensitiv-

ity psychosis43. Dopamine super sensitivity might have been present in a large 
proportion of the patients included in the current study. Supported by several 
earlier reports, we suggested that switching to clozapine monotherapy may have 
improved this condition44, 45.

Regarding the finding that parkinsonism may be a risk factor for a heightened 
mortality in patients with SMI, we discussed ways to proceed from here, ulti-
mately aiming at reducing the excess mortality in patients with SMI.

An important question to start with is that of causation: how does parkinsonism 
lead to a shorter lifespan? Future studies should focus on this topic and deter-
mine if the heightened mortality is attributable to parkinsonism itself, or to a 
third factor. If the parkinsonian symptoms are responsible for the association, 
this would stress the need for more awareness of parkinsonism as a serious 
condition in clinical practice. Research suggests that currently, parkinsonism in 
patients with SMI is either under recognized, under treated, or that available 
treatments are not effective in this population. Clarification of what happens 
in clinical practice can provide starting points for improvement in prevention 
and treatment of parkinsonism and may ultimately help in reducing the excess 
mortality in SMI patients.

Future directions
An important development in the field of movement abnormalities (MAs, includ-
ing, but not limited to, the MDs studied in this thesis) in psychiatry is a renewed 
interest into MAs across different diagnoses and stages of illness1, 2. This is 
exemplified by the addition of a sensorimotor domain to the Research Domain 
Criteria (RDoC) of the National Institute for Mental Health (NIMH)46. Elucidating 
which MAs are prevalent across different psychiatric illnesses, and which are 
specific for certain diagnoses or correlate with symptom dimensions such as 
positive, negative, depressive, and cognitive symptoms, can provide more insight 
into shared and disorder-specific and/or symptom dimension related underlying 
processes and neural systems2, 47
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Furthermore, inclusion of the sensorimotor domain in the RDoC may help to 
overcome the problem of overlap and ambiguity in concepts referring to differ-
ent MAs and the distinction between normal and abnormal motor functioning.

Another promising way forward is the development of increasingly sophisticated 
electronical devices and apps for the measurement of MAs4. Important for the 
development of new devices is that they should take the whole body into ac-
count.

Given the prognostic value for unfavorable symptomatic and functional outcomes 
of MAs in psychotic disorders, future studies should determine if risk calculators 
for the development of psychosis in high-risk subjects can be improved by includ-
ing MAs. Also, risk calculators assessing risk of adverse outcomes in first episode 
psychosis may be developed in which MAs may be included. Such risk calculators 
may be helpful in choosing optimal interventions for patients presenting with 
first episode psychosis.
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Algemene inleiding
Bewegingsstoornissen vormen een integraal onderdeel van meerdere psy-
chiatrische aandoeningen1-3. Hoewel er veel verschillende bewegingsstoornissen 
onderscheiden worden, richt dit proefschrift zich op de volgende drie beweg-
ingsstoornissen:

Dyskinesie: een hyperkinetische bewegingsstoornis die tot uiting komt in on-
willekeurige, onregelmatige en veelal vloeiende bewegingen. Deze bewegingen 
kunnen zich in het gehele lichaam voordoen maar het orofaciale gebied en de 
bovenste ledematen zijn het meest frequent aangedaan.

Parkinsonisme: een hypokinetische bewegingsstoornis die wordt gekenmerkt 
door bradykinesie, rusttremor en houdingsinstabiliteit.

Acathisie: een bewegingsstoornis bestaande uit een gevoel van rusteloosheid 
(het subjectieve symptoom) hetgeen veelal leidt tot bewegingen (objectieve 
symptomen). De rusteloosheid wordt vaak ervaren in de benen.

In dit proefschrift hebben we bewegingsstoornissen onderzocht vanuit drie 
perspectieven: in Deel I. bestudeerden we bewegingsstoornissen als symptoom 
van de onderliggende psychiatrische aandoening, in Deel II. bekeken we bewe-
gingsstoornissen als bijwerking van antipsychotische medicatie, en in Deel III. 
onderzochten we of bewegingsstoornissen een risicofactor vormen voor een 
verkorte levensduur.

Zowel in de klinische praktijk als in wetenschappelijk onderzoek worden be-
wegingsstoornissen over het algemeen gemeten met behulp van meetschalen 
die zijn gebaseerd op observatie van de patiënt. In de afgelopen decennia zijn 
echter ook verschillende instrumenten ontwikkeld voor het meten van beweg-
ingsstoornissen4. In de studies beschreven in hoofdstuk 2 en 3 hebben we een 
dergelijk instrument gebruikt voor het meten van dyskinesie, bradykinesie en 
tremor.

Deel I. Bewegingsstoornissen als symptoom
Het doel van hoofdstuk 2 was om inzicht te verkrijgen in de relatie tussen psy-
chotische ervaringen en dyskinesie5. Om deze vraag te beantwoorden hebben 
we dyskinesie gemeten bij 34 mensen die auditieve verbale hallucinaties (AVHs) 
hadden zonder dat zij in aanmerking kwamen voor een psychiatrische diagnose 
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en een controlegroep van 31 gezonde mensen zonder AVHs. Dyskinesie werd 
vastgesteld door het meten van de variatie in uitgeoefende druk in de range van 
0-3 Hz6, 7. De mate van schizotypie werd gemeten met de Schizotypal Personality 
Questionnaire. Dyskinesie en schizotypie lieten een significante positieve cor-
relatie zien in de totale groep (Spearman’s rho=0.32, p=0.005). Daarnaast keken 
we of er een verschil was in het percentage van personen die dyskinesie vertoon-
den in de groep met AVHS versus de controlegroep. Als definitie voor dyskinesie 
gebruikten we een afkappunt gebaseerd op de 95ste percentielscore in drukvaria-
tie in de controlegroep. Een hoger percentage van de mensen in de AVH-groep 
(n=8, 23.5%) dan in de controlegroep (n=1, 3.2%;) had dyskinesie (p=0,019). De 
resultaten onderschrijven de intrinsieke relatie tussen bewegingsstoornissen en 
AVHs en ze zijn in overeenstemming met het concept van psychose als continu 
fenomeen.

In hoofdstuk 3 onderzochten we de aanwezigheid van bewegingsstoornissen bij 
kinderen en adolescenten/jong volwassenen met autismespectrumstoornissen 
(ASS)8. Parkinsonisme en dyskinesie werden gemeten bij 44 individuen met ASS 
en 49 zich ‘normaal’ ontwikkelende kinderen en jongeren die waren gematcht 
voor geslacht, leeftijd en IQ. De bewegingsstoornissen werden zowel met 
meetschalen, als met een mechanisch instrument6, 7, 9, 10 gemeten. De analyses 
werden apart uitgevoerd voor kinderen (leeftijd 6-12 jaar) en adolescenten/jong 
volwassenen (leeftijd 13-26 jaar).

Met de Unified Parkinson’s Disease Rating Scale (UPDRS) vonden we meer cases 
met bradykinesie in beide leeftijdscategorieën in de ASS-groep dan in de con-
trolegroep (p<0.0001 voor beide leeftijdscategorieën). Bij de adolescenten/jong 
volwassenen zagen we meer rigiditeit in de ASS-groep dan in de controlegroep 
(p<0.0001). De instrumentele metingen lieten geen groepsverschillen zien.

De bevinding van een hogere sensitiviteit van de UPDRS vergeleken met het 
mechanische instrument was verrassend aangezien eerder onderzoek liet zien 
dat vergelijkbare instrumentele metingen over het algemeen sensitiever zijn 
dan meetschalen7, 11. Deze studies waren voornamelijk uitgevoerd bij patiënten 
met psychotische stoornissen. Om deze resultaten te verklaren hebben we als 
voorlopige hypothese gesteld dat de bewegingsstoornissen bij ASS veroorzaakt 
worden door andere onderliggende neuropathologie dan bij psychotische 
stoornissen. Bij kinderen en jongeren met ASS kan een verstorend effect van 
sociale informatieverwerking hebben opgetreden bij het uitvoeren van de bewe-
gingen die gevraagd worden bij het afnemen van de meetschalen.
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Deel II. Bewegingsstoornissen als bijwerking
De doelstelling van hoofdstuk 4 was om het risico op antipsychotica-geïn-
duceerde bewegingsstoornissen bij borderline persoonlijkheidsstoornis (BPS) 
te bepalen12. Antipsychotica worden vaak off-label voorgeschreven BPS. Er is 
echter nog nauwelijks onderzoek gedaan naar bewegingsstoornissen bij deze 
patiënten. Wij voerden een meta-analyse uit naar het voorkomen van parkin-
sonisme, acathisie en dyskinesie. Daarbij maakten we gebruik van metingen van 
deze bewegingsstoornissen uit gerandomiseerde, placebogecontroleerde stud-
ies die de effectiviteit en bijwerkingen van antipsychotica bij BPD onderzochten. 
Er werden drie studies naar olanzapine13-15 en één studie naar ziprazidon16 geïn-
cludeerd. De resultaten lieten geen hoger risico op bewegingsstoornissen zien 
bij de patiënten die een antipsychoticum kregen voorgeschreven in vergelijking 
met een placebo. Deze bevindingen komen overeen met observaties dat lage tot 
gemiddelde doseringen van olanzapine (5-10 mg/dag) minder dan 78% van de 
striatale dopamine D2 receptors bezetten, hetgeen de drempelwaarde is waar-
boven parkinsonisme over het algemeen ontstaat17, 18. Hoewel er voor acathisie 
en dyskinesie geen dergelijke duidelijke drempelwaarde is, hebben ook deze be-
wegingsstoornissen een grotere kans om op te treden bij hogere doseringen van 
antipsychotica en middelen met een hogere affiniteit voor de D2 receptor19-21. 
Daarnaast dragen de anticholinerge eigenschappen van olanzapine waarschijn-
lijk bij aan het lage risico op bewegingsstoornissen van dit antipsychoticum22, 

23. Een beperking van de studie was dat door het uitsluitend includeren van 
gerandomiseerde, placebogecontroleerde studies, er waarschijnlijk selectiebias 
is opgetreden. Terughoudendheid is daarom geboden met het generaliseren van 
de resultaten naar alle patiënten met BPS.

In hoofdstuk 5 presenteerden we de eerste publicatie van een open label ge-
randomiseerde studie naar de effecten van het switchen van een combinatie 
van eerste en tweede generatie antipsychotica naar antipsychotische mono-
therapie24. Ondanks dat de evidentie voor de effectiviteit van antipsychotische 
polyfarmacie tegenstrijdig is25, 26, worden combinaties vaak voorgeschreven aan 
langdurig opgenomen patiënten met schizofrenie27. De huidige studie onder-
zocht de effecten van het switchen van een combinatie van eerste en twee gen-
eratie antipsychotica naar één antipsychoticum op de mate van terugval en psy-
chiatrische symptomen. Patiënten met psychotische stoornissen die behandeld 
werden op langdurige opnameafdelingen konden deelnemen aan de studie. De 
geïncludeerde patiënten (n=136) werden gerandomiseerd naar een afbouw- en 
een controlegroep. Bij de patiënten in de afbouwgroep werden ofwel de eerste 
generatie antipsychotica, ofwel de tweede generatie antipsychotica afgebouwd 
over een periode van maximaal drie maanden. Patiënten in de controlegroep 
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zetten de antipsychotische polyfarmacie voort. Psychiatrische symptomen 
werden gemeten met de Brief Psychiatric Rating Scale (BPRS) op baseline en 
bij follow-ups bij drie, zes en negen maanden. Terugval was gedefinieerd als (i) 
een toename van de BPRS van 2 punten of meer in een afzonderlijk item of (ii) 
een toename van 4 punten of meer in de BPRS-totaalscore, in combinatie met 
de noodzaak tot aanpassing van de antipsychotische medicatie. Een logistisch 
regressiemodel gecorrigeerd voor geslacht liet zien dat de odds voor terugval 
significant lager was in de afbouw- dan in de controlegroep, odds ratio=0.29 
(95% betrouwbaarheidsinterval=0.13-0.62). Uit post-hoc analyses bleek dat 
het beschermende effect van afbouwen toe te schrijven was aan de patiënten 
die clozapine behielden als monotherapie. Bij de patiënten die geen terugval 
hadden en niet uitgevallen waren, nam de BPRS-totaalscore sterker af in de af-
bouw- dan in de controlegroep (p=0.0001). De resultaten van de studie laten zien 
dat het afbouwen van een combinatie van eerste en tweede generatie antipsy-
chotica naar één antipsychoticum veilig is wat betreft het risico op terugval. Bij 
patiënten die clozapine in combinatie met een eerste generatie antipsychoticum 
voorgeschreven krijgen kan afbouwen naar clozapine monotherapie dit risico 
zelfs verminderen.

Deel III. Bewegingsstoornissen als risicofactor voor mortaliteit
De studie beschreven in hoofdstuk 6 had als doel om een mogelijk verband tussen 
bewegingsstoornissen en mortaliteit bij patiënten met ernstige psychiatrische 
aandoeningen (EPA) te onderzoeken28. Patiënten met EPA hebben een fors ver-
korte levensverwachting ten opzichte van mensen uit de algemene bevolking29, 

30 en het is van belang te achterhalen welke factoren hierop van invloed zijn. 
Sommige studies lieten zien dat bewegingsstoornissen samenhangen met een 
verhoogde mortaliteit maar andere vonden geen verband31-33. Wij onderzochten 
of tardieve dyskinesie, parkinsonisme en acathisie, samenhangen met mortaliteit 
bij Afro-Caribische opgenomen patiënten met EPA. Daarvoor gebruikten we data 
van een cohort van 157 patiënten met voornamelijk schizofrenie die behandeld 
werden in het enige psychiatrische ziekenhuis van Curaçao. Tardieve dyskinesie, 
parkinsonisme en acathisie waren acht keer gemeten met meetschalen over een 
periode van achttien jaar. Vierentwintig jaar na de baselinemeting werd vast-
gesteld welke patiënten wanneer overleden waren. We gebruikten Cox regressie 
modellen om hazard ratio’s (HRs) te berekenen voor de drie bewegingsstoornis-
sen. Geslacht, leeftijd en het gebruik van antipsychotica, antidepressiva en ben-
zodiazepines op ieder meetmoment werden getest als covariaten. De resultaten 
wezen uit dat parkinsonisme een significante risicofactor was met een HR van 
1.02 per punt op de UPDRS (range 0-56). De standaarddeviatie lag rond de tien 
punten, en een toename van tien punten zou leiden tot een toename in de HR 
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voor mortaliteit van 21%. Tardieve dyskinesie en acathisie vertoonden geen sig-
nificant verband met mortaliteit. De bevinding van parkinsonisme als significante 
risicofactor komt overeen met resultaten bij ouderen34 en bij patiënten met de 
ziekte van Alzheimer en Parksinon35, 36. Deze bevinding bij patiënten met EPA di-
ent gerepliceerd te worden. Bij voldoende evidentie kan zij dienen als aanknop-
ingspunt voor nieuwe interventies. Dergelijke interventies zouden op den duur 
kunnen helpen om de oversterfte bij patiënten met EPA terug te dringen.

Algemene discussie
In de Algemene discussie werden de belangrijkste resultaten van de studies in 
dit proefschrift samengevat en sommige opvallende resultaten werden nader en 
in een bredere context besproken.

We beschouwden de bevindingen uit de studie naar dyskinesie bij mensen met 
AVH in het licht van een mogelijke prognostische waarde van bewegingsstoornis-
sen voor een ongunstig beloop. In onze studie troffen we vaker dyskinesie aan 
in de AVH groep (24%) dan in controlegroep (3%). Een follow-up studie naar de 
geestelijke gezondheid van de mensen met AVH had laten zien dat vijf jaar na 
de baseline meting, een relatief hoog percentage (39%) van deze mensen een 
hulpvraag naar geestelijke gezondheidszorg had ontwikkeld37. Ook was bij een 
wat hoger percentage dan verwacht op basis van gegevens uit de algemene 
bevolking een psychose ontstaan (6%). Talrijke studies hebben aangetoond dat 
bewegingsstoornissen een prognostische waarde hebben voor het ontwikkelen 
van een psychose bij jongeren geclassificeerd als clinical high-risk (CHR) of ultra 
high-risk (UHR) voor psychose en voor een ongunstig beloop zowel bij mensen 
met een eerste psychose als chronische psychotische aandoeningen38, 39. Onze 
verwachting is daarom dat bewegingsstoornissen ook bij mensen met AVH een 
prognostische waarde kunnen hebben voor het ontwikkelen van een psychose of 
een hulpvraag naar geestelijke gezondheidszorg.

Een verrassende uitkomst van de studie naar bewegingsstoornissen bij kinderen 
en adolescenten/jong volwassenen met ASS was het gebrek aan overeenkomst 
in de uitkomsten van de meetschalen en het mechanische instrument. Deze 
resultaten zijn nader besproken in een mini review van eerdere studies naar de 
sensitiviteit en validiteit van de gebruikte instrumentele methode. Deze eerdere 
studies waren voornamelijk uitgevoerd bij patiënten met psychotische stoornis-
sen7, 9-11, 40. We concludeerden dat er enige onderbouwing is dat deze instrumen-
tele metingen over het algemeen gevoeliger zijn dan meetschalen. De resultaten 
ten aanzien van de concurrente validiteit waren niet eenduidig. Een deel van het 
gebrek aan overeenkomst tussen beide meetmethoden kan verklaard worden 
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doordat met het instrument alleen de armen/handen gemeten worden terwijl bij 
de meetschalen het hele lichaam in ogenschouw genomen wordt.

Bij de studie naar het switchen van antipsychotische polyfarmacie naar 
monotherapie was een opvallend resultaat dat de patiënten die overgestapt 
waren naar clozapine monotherapie, een lagere kans op terugval hadden dan de 
patiënten die de antipsychotische polyfarmacie voortgezet hadden (clozapine in 
combinatie met ten minste één eerste generatie middel). Deze bevinding hebben 
we geprobeerd te verklaren vanuit de dopamine supersensitiviteitshypothese. 
Deze hypothese luidt dat langdurige blokkade van dopamine D2 receptoren door 
dopamine antagonisten leidt tot een upregulatie van de D2 receptoren en/of het 
percentage van de D2 receptoren in een staat van verhoogde affiniteit (D2

Hoog), 
hetgeen kan leiden tot dopamine supersensitiviteitspsychose41. Mogelijk was 
er bij een groot deel van de patiënten die deelnamen aan onze studie, sprake 
van dopamine supersensitiviteit. Ondersteund door enkele eerdere publicaties 
stelden wij dat de overstap naar clozapine monotherapie vermindering van de 
dopamine supersensitiviteit kan hebben bewerkstelligd en op deze manier tot 
een verminderde kans op terugval heeft geleid42, 43.

De belangrijkste uitkomst van de studie naar bewegingsstoornissen en mortalit-
eit was dat parkinsonisme het risico op vroegtijdig overlijden bij patiënten met 
EPA lijkt te verhogen. We behandelden de vraag welke vervolgstappen genomen 
zouden kunnen worden om uiteindelijk de oversterfte bij mensen met EPA te 
verminderen. Een eerste vraag voor vervolgonderzoek is hoe het oorzakelijk ver-
band in elkaar steekt. Hierbij is het essentieel om te achterhalen of de verhoogde 
mortaliteit is toe te schrijven aan het parkinsonisme zelf, of aan andere factoren. 
Als symptomen van parkinsonisme zelf leiden tot een verhoogde mortaliteit is 
het van belang het bewustzijn dat parkinsonisme een ernstige aandoening is, te 
verhogen in de klinische praktijk. Onderzoek heeft uitgewezen dat parkinson-
isme bij patiënten met EPA onvoldoende herkend en/of onvoldoende behandeld 
wordt, of dat de beschikbare behandelopties slechts een beperkte effectiviteit 
hebben bij deze mensen. Meer duidelijkheid ten aanzien van huidige behandel-
praktijken kan als aanknopingspunt dienen om de situatie te verbeteren en 
uiteindelijk mogelijk de oversterfte bij EPA-patiënten te verminderen.

Suggesties voor toekomstig onderzoek
Een belangrijke ontwikkeling in het onderzoek naar bewegingsafwijkingen in de 
psychiatrie is een vernieuwde interesse in bewegingsafwijkingen bij meerdere 
psychiatrische ziektebeelden en gedurende verschillende ziektestadia1, 2. Een 
uiting hiervan is de toevoeging van een sensorimotor domein aan de Research 
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Domain Criteria (RDoC) van het National Institute for Mental Health (NIMH)44. 
Meer kennis over welke bewegingsafwijkingen voorkomen bij meerdere psychia-
trische aandoeningen en welke specifiek zijn voor bepaalde diagnoses, en welke 
bewegingsafwijkingen samenhangen met andere symptoomdimensies zoals 
positieve, negatieve, depressieve en cognitieve symptomen, kan helpen met het 
verhelderen van onderliggende mentale processen2, 45.

Daarnaast kan de toevoeging van het sensorimotor domein aan de RDoC zorgen 
voor meer duidelijkheid in de definities en afbakeningen van verschillende be-
wegingsafwijkingen en het onderscheid tussen normaal en abnormaal motorisch 
functioneren.

Een andere veelbelovende weg vooruit is de ontwikkeling van steeds geav-
anceerdere elektronische apparaten en apps voor met meten van beweging-
safwijkingen4. Voor een compleet beeld van de bewegingsafwijkingen is het 
van belang dat nieuwe instrumenten het gehele lichaam of in ieder geval meer 
dan een gebied, in ogenschouw nemen. Bewegingsafwijkingen hebben een 
prognostische waarde voor een ongunstig beloop van psychotische stoornissen. 
Recent ontwikkelde algoritmes voor het berekenen van het risico op psychose bij 
risicogroepen46, zouden daarom verbeterd kunnen worden door toevoeging van 
bewegingsmetingen. Ook kunnen vergelijkbare algoritmes ontwikkeld worden 
om een inschatting te maken van de kans op een ongunstig beloop bij patiënten 
met een eerste psychose. Dit zou behulpzaam kunnen zijn voor clinici bij het 
kiezen van optimale interventies voor deze patiënten.
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Patients suffering from psychiatric illnesses often display movement abnormali-
ties1-4. These movement abnormalities can take many forms. This thesis focuses 
on three specific movement disorders (MDs): parkinsonism, akathisia, and (tar-
dive) dyskinesia (definitions can be found in the General Introduction). MDs can 
develop spontaneously, as symptom of the underlying psychiatric disorder3-10. 
Also, antipsychotic medication can cause MDs or may enhance or alleviate exist-
ing MDs3, 11. Additionally, the presence of MDs may be a risk factor for an earlier 
death12-15. This thesis examines MDs from these three perspectives: as symptom, 
as adverse effects of antipsychotic medication, and as risk factor that may con-
tribute to a reduced lifespan.

The study described in chapter 216 aimed to uncover if individuals with auditory 
verbal hallucinations (AVH, or hearing voices without a physical source), but with-
out a psychiatric disorder, would display dyskinesia. A second objective was to 
determine if the severity of dyskinesia is related to the severity of schizoptypy. 
Schizotypy refers to personality traits including unusual perceptual experiences, 
magical beliefs, suspiciousness, disorganized thoughts and speech, eccentric 
behavior, social anxiety, and feeling emotionally flat17, 18. Dyskinesia was mea-
sured with a sensitive instrument, allowing the detection of even subtle forms 
of MDs19-22.

We found a higher proportion of subjects with dyskinesia in the AVH than in the 
control group and a positive association between schizotypy and dyskinesia in 
the combined group of participants with and without AVH. These results have 
scientific relevance in the debate if psychiatric disorders in general, and psy-
chotic disorders in particular, can best be viewed as distinct categories, clearly 
different from a state of mental health, or, alternatively, that there may be a 
continuum ranging from mental health through the presence of mild symptoms 
to severe symptoms associated with suffering and dysfunction23-26. The current 
results show that the correlation between psychotic symptoms and MDs, which 
has long been known to exist in psychotic disorders, is also present in people 
who have just one psychotic symptom but do not have a psychiatric diagnosis23, 

25. Therefore, our results support the continuum view of psychosis.

In chapter 3 we examined the presence of MDs in children and adolescents/
young adults with autism spectrum disorders (ASD)27. We assessed parkinson-
ism and dyskinesia using both a mechanical instrument and observational rating 
scales. Based on the rating scales both the children and adolescent/young adult 
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groups with ASD showed more bradykinesia (slowness of movement) compared 
to their control groups. The adolescent/young adult group with ASD also had 
greater rigidity. Surprisingly, we did not find any differences between ASD and 
control groups on the mechanical measurements. In psychosis spectrum condi-
tions, measurements of MDs with the same instrument used in the current study, 
have been generally more sensitive than rating scales, meaning that more cases 
could be detected using the instrumental approach19-22. We hypothesized that 
the opposite pattern displayed in ASD might be explained by different under-
lying pathophysiology than in psychotic disorders. Furthermore, in the ASD 
groups, interference from social information processing may have influenced 
the outcomes on the rating scales28. During these assessments, the participant 
must pay attention to the test-taker, imitate motor tasks, and be watched while 
performing, which may be very demanding for those with ASD. These findings 
are important for future studies on movement abnormalities in ASD. Indeed, 
future studies can help determine the impact of social information processing 
on movement performance and identify which networks contribute to these 
abnormalities.

The conflicting results from the instrumental measurements and the rating 
scales also called for further investigation of the sensitivity and validity of the 
instrumental measurements. Therefore a mini review was conducted which is 
presented in the General Discussion. The results indicated that the instrumental 
approach was generally more sensitive in detecting cases with MD in patients 
with psychotic disorders, compared to rating scales. The degree to which the 
instrumental measurements seemed to measure the same construct as the rat-
ing scales varied over studies. An important difference between the two ways of 
measurement which explains part of the conflicting results is that the instrument 
only measures MDs in the arms/hands/fingers, whereas with the rating scales, 
the whole body is taken into account. This is relevant for the development of 
future instruments or digital techniques, which should aim to cover movement in 
the whole body as well, thus providing more complete information.

Chapter 4 sought to determine the risk of acute antipsychotic-induced MDs in 
borderline personality disorder (BPD)29. Therefore, we conducted meta-analyses 
on MD measurements obtained from randomized controlled trials (RCTs) that 
were placebo-controlled. We were able to include data from four studies: three 
on olanzapine30-32 and one on ziprasidone33. There was no evidence of a higher risk 
of MDs in the groups receiving an antipsychotic drug versus placebo. However, 
the two largest studies included in the meta-analyses had stringent exclusion 
criteria. Patients with comorbid psychiatric disorders, substance abuse, or those 
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using most other types of psychoactive medication, could not participate31, 32. 
Caution is therefore advised in applying the present results to all patients, as 
they may not be applicable to everyone. However, the findings are consistent 
with the observation that low to moderate doses of olanzapine have a low likeli-
hood of inducing MDs in other populations34, 35.

The results are valuable for patients with BPD and their treating psychiatrist 
when considering the use of olanzapine and weighing possible benefits in terms 
of symptom reduction versus possible adverse effects. Olanzapine has a low 
risk of causing MDs as a side effect when it is the only psychoactive drug used. 
Nonetheless, olanzapine is known to be associated with other side-effects, most 
notably weight gain, which should be discussed with the patient before starting 
the drug.

In chapter 5, we presented the first results from a study about the effect of 
switching from a combination of two different classes of antipsychotics to one an-
tipsychotic36. The two classes of antipsychotic medication were first-generation 
antipsychotics (FGAs) and second-generation antipsychotics (SGAs). FGAs and 
SGAs have different effects on the brain due to their influence on neurotransmit-
ter receptors, particularly dopamine and serotonin37, 38. However, it is important 
to note that there are also significant differences between antipsychotics within 
the same class38, 39.

Participants were inpatients from long-stay wards with psychotic disorders. One 
of the most important findings was that switching to one antipsychotic did not 
lead to a higher risk of relapse. For patients who were prescribed a combination 
of the SGA clozapine and an FGA, switching to clozapine monotherapy even di-
minished the risk of relapse. The clinical value of switching to one antipsychotic 
was supported by the finding of a greater reduction in psychotic symptoms 
compared to the patients who had continued combination therapy.

These findings are relevant for patients using antipsychotic polypharmacy con-
sisting of a combination of FGA(s) and SGA(s), their family members and treating 
psychiatrists, suggesting that it may be worthwhile to try and switch to one 
antipsychotic. Such a switch may be beneficial for the patient in terms of relapse 
prevention if clozapine is continued as monotherapy, and switching may lead to a 
reduction in psychotic symptoms. Preliminary results also show a small improve-
ment of MDs after switching to monotherapy (article in preparation).
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Furthermore, currently, in the case of a partial non-response to clozapine mono-
therapy, there is uncertainty about adding a second antipsychotic in treatment-
resistant schizophrenia. Treatment guidelines for schizophrenia (including the 
Dutch guideline), advise prescribing clozapine monotherapy as the preferred 
option for treatment-resistant schizophrenia. However, in case of a partial non-
response to clozapine monotherapy, the Dutch guideline recommends combin-
ing clozapine with ‘an antipsychotic with a different pharmacological profile’40. 
Which antipsychotic that should be is not further specified. The results of the 
present study may be used to fill in this gap. Although more research is needed, 
our results suggest that clinicians should avoid FGAs when considering adding 
a second antipsychotic to clozapine. Indeed, the new findings can be used in 
systematic reviews on antipsychotic monotherapy in comparison with specific 
combinations of antipsychotic polypharmacy, which in turn can help improve 
treatment guidelines in this respect.

The objective of the study described in chapter 6 was to examine whether MDs 
are related to a shortened lifespan in patients with severe mental illness (SMI)41. 
Patients with SMI have a 9-25 year shorter life expectancy than people from the 
general population42-45, which is a major concern for patients, their relatives, and 
caregivers. Several factors contributing to this huge difference have been known 
from earlier research, including smoking, lack of physical activity, an unhealthy 
diet, and reduced access to and quality of physical healthcare46, 47. Additionally, 
some studies have suggested that MDs may also play a role12, 13.

We conducted the most comprehensive investigation to date on the relationship 
between MDs and mortality, by tracking the same group of people over a period 
of 18 years, during which MDs were measured eight times. Twenty four years af-
ter the first measurement, information about which patients had deceased was 
obtained. The results showed that parkinsonism was a risk factor for a shorter 
lifespan whereas tardive dyskinesia and akathisia were not. Since this study is 
only the second one to demonstrate a relationship between parkinsonism and 
mortality, the results should be replicated in future research to confirm the 
findings. If more studies confirm the link between parkinsonism and mortality, 
researchers should investigate how this connection works. This could lead to 
new interventions for the treatment of parkinsonism. If for example, research 
will show that patients with parkinsonism are at a higher risk of falling, one could 
think of providing similar gait and balance training programs which have been 
developed for individuals with Parkinson’s Disease48-50. Also, research suggest 
that parkinsonism in patients with SMI is currently under-recognized, under-
treated or that attempts at treatment are not effective51. Taken together, efforts 
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at clarifying these issues and adjusting existing practices are highly needed. 
Improvement in prevention and treatment of parkinsonism in individuals with 
SMI can enhance the well-being of these patients and potentially decrease their 
elevated risk of mortality.

In conclusion; MDs are strongly associated with psychiatric disorders. They can 
occur as a symptom, as a side effect of antipsychotic medication, and they can 
be a risk factor for an earlier death. This underscores the importance of careful 
diagnosis of MDs. In practice, they are often missed and/or remain untreated. 
Regular screening for MDs and state of the art treatment can prevent much 
patient suffering.
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Dankwoord

Na vele jaren aan dit proefschrift gewerkt te hebben is het nu dan echt bijna 
af. Wat ben ik daar blij mee! Het is een lange en mooie weg geweest waarin ik 
veel heb mogen leren. Een weg die ik niet had kunnen bewandelen zonder de 
begeleiding, inspiratie, hulp en steun van heel veel mensen. In dit dankwoord wil 
ik daar graag bij stilstaan en mijn waardering en erkenning uitspreken.

Allereerst wil ik mijn promotor Prof. dr. Peter van Harten bedanken. Peter, jij 
hebt enorm veel passie voor en kennis over de psychiatrie in het algemeen en 
bewegingsstoornissen in het bijzonder. Je diepe interesse en het enthousiasme 
waarmee over deze onderwerpen praat zijn voor mij gedurende het hele traject 
een bron van inspiratie geweest. Daarnaast heb je me, zowel als promotor, alsook 
als leidinggevende van de afdeling wetenschappelijk onderzoek van GGz Cen-
traal veel mooie kansen gegeven waardoor ik zowel in mijn werk en als persoon 
kon groeien. Dankjewel daarvoor!

Ook wil ik mijn dank betuigen aan mijn copromotor dr. Diederik Tenback. Die-
derik, jij denkt groot, je bent creatief en zit vol ideeën. Het was ontzettend leuk 
en stimulerend om met je samen te werken. Dankjewel voor je fijne begeleiding 
en niet aflatende enthousiasme!

Peter en Diederik, mijn geweldige begeleidingsteam, ik ben super blij dat onze 
samenwerking nog niet voorbij is en we voor het promotieonderzoek van Mushde 
blijven samenwerken aan de afbouwstudie!

Ik bedank graag de beoordelingscommissie die de tijd heeft genomen om dit 
proefschrift te lezen en te beoordelen: prof. dr. T.A.M.J. van Amelsvoort, prof. 
dr. L. de Haan, prof. dr. O.A. van den Heuvel en prof. dr. R.J. van Oostenbrugge.

Mijn dank gaat ook uit naar alle patiënten en cliënten die mee hebben deel-
genomen aan de studies in dit proefschrift. Met dit type onderzoek proberen 
we psychiatrische aandoeningen en bewegingsstoornissen beter te begrijpen, 
met als uiteindelijk doel om de zorg te verbeteren. Jullie bijdrage is daaraan in 
onmisbaar. Dankjulliewel!

Bij GGz Centraal heb ik met heel veel mensen fijn samengewerkt, te veel om op 
te noemen. Ik ben heel blij en dankbaar voor de positieve sfeer en de omgeving 
waar ruimte was om je te ontwikkelen die met elkaar gecreëerd werd. Eenieder 
die hieraan bijgedragen heeft ben ik zeer erkentelijk.
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Verschillende mensen met wie ik persoonlijk heb samengewerkt wil ik in het bij-
zonder bedanken. Om te beginnen degenen met wie ik nauw heb samengewerkt 
bij de coördinatie van het wetenschappelijk onderzoek bij GGz Centraal: Robbert, 
Laura, Natasia, Willemijn, Leonie, Mare, Niek, Bartie, Jelle, Anouk, Eliza, Elise, 
Jonathan, Samantha, Floris en Yvonne. De gezamenlijke inspanningen het delen 
van ideeën en de constructieve gesprekken hebben mijn perspectief verbreed. 
Ook heb ik genoten van de gezelligheid, de lol die we met elkaar hadden en de 
heerlijke wandelingen over het mooie terrein van Zon &Schild. Het viel niet altijd 
mee om grotendeels in eigen tijd dit proefschrift te schrijven en het heeft me 
enorm geholpen dat de onderzoekscoördinatie me, mede dankzij jullie, zoveel 
positieve energie gaf. 

Mijn dank gaat ook uit naar Katinka, destijds coördinator Innovatie bij GGz Cen-
traal. Katinka, wat was het fijn om jou als kamergenoot en vooral als maatje te 
hebben. Of het nu om werk ging of persoonlijke zaken, jij had altijd een luister-
end ook en waar nodig wijze raad. Ook wij hebben samen heel wat gewandeld en 
genoten van heerlijke lunches bij Appeltje Eitje. Dankjewel voor de fijne tijd en ik 
ben blij dat we nog steeds contact hebben!

De secretaresses en managementassistenten van Peter en van Innova en de 
medewerkers van het Congresbureau wil ik bedanken voor hun hulp met aller-
hande praktische zaken: Toos, Mirjam, Yvonne, Hildegard, Karolien, Ilona en Kris.
Dank daarvoor en ook voor jullie betrokkenheid en gezelligheid.

Ook wil ik mijn waardering uitspreken voor de leden van de Wetenschappelijke 
Onderzoekscommissie van GGz Centraal. Henny, Barbara, Yvette en Jeroen, jul-
lie gedrevenheid in het onderzoek en betrokkenheid bij de cliënten zijn wat mij 
betreft een voorbeeld voor iedere klinisch onderzoeker. Ik ben dankbaar dat ik 
met jullie heb mogen samenwerken en hoop dat jullie nog veel mooie dingen 
gaan bereiken voor de cliënten in de specialistische ggz.

Mijn mede-promovendi bij GGz Centraal ben ik tevens zeer erkentelijk. Degenen 
met wie ik voor kortere of langere tijd een kamer heb gedeeld en daardoor beter 
heb leren kennen wil ik in het bijzonder bedanken: Annete, Charlie, Thierry, Lydia 
en Thomas. Het was fijn om de dingen waar je als promovendus tegenaan loopt 
te kunnen delen en bovendien was het ook erg gezellig met jullie.

Leanne en Natasja, mede-onderzoekers bij het project ‘Therapie op maat’ wil ik 
bedanken voor de fijne samenwerking. We hebben in corona-tijd een mooi maar 
ook lastig project met elkaar tot een goed einde weten te brengen, wat geduld, 
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doorzettingsvermogen en snelle actie vroeg toen het weer mogelijk was. Ieder 
vanuit een andere invalshoek vulden we elkaar heel mooi aan wat ontzettend 
fijn samenwerken was. Lieve Leanne, wat mooi wat wij een vriendschap hebben 
opgebouwd.

Ik wil ook mijn dank uitspreken aan Mushde, die samen met mij eerste auteur 
is van het eerste artikel van de afbouwstudie. Mushde, jouw toewijding en 
persoonlijke betrokkenheid hebben een grote rol gespeeld. Voor mij ben je een 
toonbeeld van doorzettingsvermogen, en daaruit heb ik zelf ook kracht geput. Ik 
ben blij dat we blijven samenwerken aan jouw promotieonderzoek!

Rob wil ik bedanken voor zijn inzet bij de analyses van het mortaliteitsartikel. 
Deze geavanceerde analyses zijn essentieel voor dit belangrijke artikel. Rob, 
ik ben je hiervoor veel dank verschuldigd. Daarnaast was je een betrokken en 
inspirerende collega die niet bang was om tegen geldende conventies in te gaan. 
Ik ben je ook dankbaar voor het fijne persoonlijke contact.

Arno, wij hebben samen data van de routine outcome monitoring geanalyseerd en 
in presentaties teruggekoppeld aan de behandelteams. Dit werd nog niet eerder 
gedaan bij GGz Centraal en was en voor ons een dan ook pionieren: uitproberen, 
bijschaven en blijven kijken hoe we de meeste meerwaarde uit de data konden 
halen en de verworven kennis vervolgens goed konden overbrengen. Ik heb me 
in dit project verder kunnen ontwikkelen en ook veel van jou geleerd. Daarnaast 
vond ik het ontzettend leuk dat je altijd wel iets interessants te vertellen had en 
me deelgenoot maakte van jouw liefde voor kunst. Die liefde voor kunst delen 
Jonathan, jij en ik. Ik kijk uit naar ons volgende museumbezoek!

Harold ben ik dankbaar voor het terughalen van voor onderzoek benodigde data 
uit (soms oude) systemen. Hartelijke dank daarvoor, en ook voor je collegialiteit. 

Diana wil ik bedanken voor het corrigeren van het Engels van de General Intro-
duction, General Discussion, Summary en het Impacthoofstuk. Diana, dankjewel 
voor je zorgvuldigheid, geduld en warme belangstelling. 

Mijn dank gaat ook uit naar Remko. Remko, dankjewel voor je hulp bij de analyses 
in R voor het afbouwartikel en vooral voor je vriendschap. Ik heb genoten van 
alle etentjes, de bezoekjes aan jou toen je in te Worcester woonde, onze buiten-
landse tripjes en alle goede en stimulerende gesprekken.
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Mijn collega’s van het Nivel ben ik dankbaar voor de fijne start die ik daar gehad 
heb. Dat heeft me geholpen met de laatste loodjes van dit proefschrift.

De vriendinnengroep van de studie, Kris, Nicole, Jolanda en Irene wil ik bedanken 
voor hun trouwe vriendschap. Dank ook voor de fijne jaarlijkse weekendjes en 
dagjes weg en alle gezelligheid! Kris en Arnold, jullie staan altijd voor me klaar 
en hebben me door dik en dun gesteund. Daarvoor ben ik jullie ontzettend dank-
baar. Kris, ik ben heel blij en trots dat jij mijn paranimf wil zijn!

Dianne, Rafaëlle, Miriam en Marieke, lieve klimvriendinnen: naast onderzoek is 
(soms spannende) ontspanning van belang. We delen een passie voor klimmen en 
zijn met elkaar tot grote hoogten gekomen. Ik zie ons nog staan in de stromende 
regen voor een loodrechte bergwand bij de outdoor voorklimcursus in de Arden-
nen. Gelukkig is het klimmen meestal meer ontspannen dan toen! Dankjulliewel 
voor alle mooie momenten en ik hoop dat er nog veel mogen volgen.

Erik wil ik bedanken voor de fijne wandelingen langs de Utrechts singels en de 
bossen bij Zeist. Ook dat was heerlijk ontspannend en fijn om samen met jou te 
doen. Erik: dankjewel en ik hoop dat je het goed hebt in Spanje.

Ook wil ik Marc bedanken: lieve Marc, jouw steun bij het volbrengen van dit 
promotieonderzoek is heel belangrijk voor me geweest. Jij kon en kunt me als 
geen ander helpen en opbeuren als ik me ergens onzeker over voel. Talloze keren 
heb je me geholpen met het voorbereiden van een presentatie, waarbij ik kon 
oefenen met jou als publiek en jij altijd waardevolle feedback gaf. Zo kon ik met 
vertrouwen naar een congres of symposium gaan. Dankjewel voor al je support.

Mijn lieve familie en schoonfamilie wil ik bedanken voor hun hartelijkheid en 
belangstelling en de schoonfamilie van mijn zus Sara in Duitsland voor hun gast-
vrijheid bij de bezoekjes aan het Saarland.

Sara en Sophie, mijn lieve zussen: of jullie nu in de buurt woonden/wonen of 
in een al dan niet ver buitenland, jullie zijn gevoelsmatig altijd dichtbij. Ik weet 
dat jullie er altijd voor me zijn. Sara, doordat jij eerder een promotietraject hebt 
doorlopen kon ik goed met praten over het proces en alles wat erbij komt kijken. 
Dat heeft me geholpen. Wat fijn dat ook jij mijn paranimf wilt zijn.

Mijn ouders wil ik bedanken voor de vrijheid en de steun die ze me altijd gegeven 
hebben bij het kiezen van mijn eigen weg. Lieve papa en mama, jullie liefde en 
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vertrouwen hebben mij een stevige basis gegeven in het leven van waaruit ik ook 
dit proefschrift heb kunnen schrijven. Dankjulliewel. 

Tot slot Steven en Thura: lieve schatten, wat is het fijn om mijn leven met jullie te 
delen! Het is altijd heerlijk thuiskomen als jullie er zijn. Bij jullie komt ik tot rust. 
Steven, dankjewel dat je me de ruimte hebt gegeven om dit proefschrift af te 
ronden en voor je steun en relativerende humor. Thura, als ik aan jou denk voel ik 
me gelukkig en komt er een glimlach op mijn gezicht. Dankjewel! 

“There can be no doubt, I thought, pushing aside the newspaper, that our mean 
lives, unsightly as they are, put on splendour and have meaning only under the eyes 
of love”	

- Virginia Woolf, the Waves. 
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