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Low physical activity (PA) and sedentary behavior (SB) 
are major contributors to mental health burden and in-
creased somatic comorbidity and mortality in people with 
schizophrenia and related psychoses. Movement disorders 
are highly prevalent in schizophrenia populations and are 
related to impaired functioning and poor clinical outcome. 
However, the relationship between movement disorders and 
PA and SB has remained largely unexplored. Therefore, we 
aimed to examine the relationship between movement dis-
orders (akathisia, dyskinesia, dystonia, and parkinsonism) 
and PA and SB in 216 patients with schizophrenia and re-
lated psychoses. Actigraphy, the St. Hans Rating Scale for 
extrapyramidal syndromes, and psychopathological ratings 
(PANSS-r) were applied. Data were analyzed using mul-
tiple linear regression, adjusting for sex, age, negative symp-
toms, and defined daily dose of prescribed antipsychotics. 
Parkinsonism was significantly associated with decreased 
PA (β = −0.21, P < .01) and increased SB (β = 0.26, P < 
.001). For dystonia, only the relationship with SB was sig-
nificant (β = 0.15, P < .05). Akathisia was associated with 
more PA (β = 0.14, P < .05) and less SB (β = −0.15, P < 
.05). For dyskinesia, the relationships were non-significant. 
In a prediction model, akathisia, dystonia, parkinsonism 
and age significantly predicted PA (F(5,209) = 16.6, P < 
.001, R2

Adjusted = 0.27) and SB (F(4,210) = 13.4, P < .001, 
R2

Adjusted  =  0.19). These findings suggest that movement 
disorders, in particular parkinsonism, are associated with 
reduced PA and increased SB in patients with psychotic 
disorders. Future studies should take movement disorders 
into account when examining PA and SB, to establish the 
clinical value of movement disorders in activating people 
with psychotic disorders to improve their mental and so-
matic health.

Key words:  psychosis/extrapyramidal symptoms/parkins
onism/sedentary/behavior/somatic health

Introduction

There is an urgent need to improve low physical activity 
(PA) and sedentary behavior (SB) in people with schiz-
ophrenia and related psychoses, as these are major con-
tributors to poor health outcomes and increased mortality 
rate. People with schizophrenia have a 2- to 3-fold higher 
mortality rate compared to the general population, cor-
responding to a 15-year reduced life expectancy,1,2 which 
is primarily due to the increased prevalence of physical 
health problems, such as obesity, diabetes, metabolic syn-
drome, cardiovascular disease, and cancer.3,4 Reduced PA 
and SB, defined as any waking behavior characterized 
by an energy expenditure ≤1.5 times the basal metabolic 
rate while in a sitting or reclining posture,5 are prevalent 
in people with schizophrenia and independently associ-
ated with cardiometabolic comorbidity and increased 
mortality.6–8 In turn, the efficacy of PA interventions for 
cardiometabolic health, psychiatric symptoms, quality of 
life, global and cognitive functioning, and physical health 
have been demonstrated in recent meta-reviews.9–11

Patients with schizophrenia that are residents of a hos-
pital or sheltered living environment demonstrate low PA 
and high SB,12–15 which can be explained by a multitude 
of interacting factors. First of all, the inpatient psychi-
atric setting itself  has been considered “obesogenic,” 
due to regulated inactivity and increased energy intake.16 
Furthermore, long-term exposure to antipsychotics 
is common in patients with schizophrenia, increasing 
the risk of cardiovascular and metabolic side-effects, 
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which are considered as major contributors to increased 
physical morbidity and mortality.17–19 Moreover, anti-
psychotics are known to induce movement disorders, 
common and debilitating side-effects that severely impact 
quality of life.20–22 The occurrence of drug-induced move-
ment disorders is high in long-term hospitalized patients 
with schizophrenia; around two-thirds of these patients 
are suffering from at least one drug-induced movement 
disorder, such as akathisia, dyskinesia, dystonia, tremor, 
and parkinsonism.23–25 Movement disorders have been 
related to psychiatric symptom severity, negative symp-
toms, cognitive dysfunction, and poor psychosocial func-
tioning in antipsychotic-naïve psychotic and high-risk 
populations,26–31 suggesting a relationship between move-
ment disorders and an unfavorable clinical outcome in 
people with schizophrenia and related psychoses.32–35

Although the clinical relevance of movement disorders 
in people with schizophrenia and related psychoses has 
been clearly established, the role of movement disorders 
in PA and SB has remained largely unexplored. Systematic 
reviews and mediation analyses identified various clin-
ical (eg, illness duration, negative symptoms, depression, 
cognition), intrapersonal (eg, low self-efficacy, lack of 
knowledge of cardiovascular risk factors, no belief  in 
health benefits of PA), biological (eg, cardiometabolic 
comorbidity, side-effects of antipsychotics), social 
and demographic factors (eg, male sex) that can be re-
lated to impaired PA in people with schizophrenia, sug-
gesting that PA is a complex behavior caused by multiple 
interacting factors.36,37 A  deeper understanding of clin-
ical correlates of PA may contribute to better treatment 
strategies to improve PA and the poor somatic health 
status in people with schizophrenia and related psych-
oses. Movement disorders may be one of these multiple 
interacting factors leading to impaired physical activity, 
as movement disorders are related to clinical correlates 
(ie, negative symptoms, cognitive deficits, and psychoso-
cial functioning)26–31 that are related to reduced PA.36,37 
Also, movement disorders may lead to reduced PA be-
cause of their nature to hamper or reduce movements, 
this accounts for the hypokinetic movement disorders in 
particular. Conversely, engaging in less PA might amelio-
rate movement disorders in psychiatric patients. In this 
study, we aimed to investigate the association of move-
ment disorders with physical activity and SB in patients 
with chronic schizophrenia and related psychoses, taking 
other clinical correlates, such as antipsychotic medication 
and negative symptoms, into account.

Methods

Participants

To explore the relationship of movement disorders to 
PA and SB, we pooled data on actigraphy data from pre-
vious15 and ongoing studies patients with severe mental 
illness. Patients were included if  they were ≥18 years old 

and lived at the wards for long-term mental healthcare 
(ie, ≥1 year hospitalization) or sheltered housing facilities 
of a mental health care institution (GGz Centraal, the 
Netherlands). The studies were approved by the Central 
Committee on Research Involving Human Subjects 
(CCMO). Informed consent was provided prior to study 
inclusion. For the current study, we included subjects 
with a diagnosis of schizophrenia or related psychotic 
disorder (ie, schizoaffective disorder, schizophreniform 
disorder, and psychotic disorder Not Otherwise Specified 
[NOS]), sufficient actigraphy data, and available data on 
movement disorders.

Demographic and Clinical Characteristics

Demographic and clinical characteristics (eg, gender, 
age, years of hospitalization, diagnosis, and medication) 
were derived retrospectively from the clinical records. 
Diagnosis was established by a board-certified psychia-
trist according to the DSM-IV-TR. Antipsychotic medi-
cation use was converted into defined daily dose (DDD) 
according to the Anatomical Therapeutic Chemical 
(ATC) Classification System.38 Antipsychotics were di-
vided into first-generation and second-generation anti-
psychotics. Psychotic symptoms were screened by the 
Dutch version of the Positive and Negative Syndrome 
Scale Remission tool (PANSS-r) within a semi-structured 
interview. This instrument is validated for both in- and 
outpatients with schizophrenia and includes 8 core symp-
toms of the diagnosis schizophrenia (two general psycho-
pathology items and 3 items of both positive and negative 
symptoms), scored from 1 (absent) to 7 (extreme).39–42

Movement Disorders

Movement disorders were assessed on the St. Hans 
Rating Scale (SHRS), a validated combined rating scale 
for the evaluation of drug-induced akathisia, dyski-
nesia, dystonia and parkinsonism with good inter- and 
intrarater reliability.43 The rating scale was translated 
into Dutch with some minor adaptations: (1) the global 
dystonia scale was replaced with 4 dystonia items (neck, 
eyes, fingers, and swallowing) to differentiate between 
the types of dystonia, and (2) the dyskinesia “active” 
(patient is active: talking, writing, or performing a vol-
untary movement) and “passive” (patient is sitting unoc-
cupied and undisturbed) scale were merged into one scale 
to score the most severe dyskinesia that was observed 
during the examination. Raters were trained and super-
vised by an expert clinician (PvH and/or DT). The items 
of each movement disorder were rated on a 7 point scale 
between 0 (“absent”) and 6 (“severe”) and the scores of 
the different items were added up to calculate the sum 
score for each movement disorder. Also, cutoff  values 
were used for case-definition of movement disorders: for 
akathisia, a score of at least “mild” on the motor and 
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psychic akathisia subscales43; for dyskinesia, a rating of 
at least (1) “mild-moderate” on one item, or (2) “mild” 
on two items, in accordance with the Schooler and Kane 
criteria for tardive dyskinesia44; for dystonia, a rating of 
at least “mild” on one item43; and for parkinsonism, case-
definition was defined as a rating of at least (1) “mild” on 
the tremor or rigidity item, (2) “mild” on two items, or (3) 
“mild-moderate” on one item.25

Actigraphy

SB and PA were measured by the ActiGraph GT3X+ 
(ActiGraph, Pensacola, Florida, VS), a triaxial accel-
erometer worn on the right hip. Participants were in-
structed to wear the GT3X during wakeful periods 
from Wednesday until Sunday, in order to include both 
weekdays and weekend days. A wear time of more than 
6 hours/day for at least 3 days was used as the criterion 
for a valid measurement. Data were analyzed using the 
ActiGraph software ActiLife 6.8.0 and calculated into 
average total activity counts per hour (TAC/h) as a con-
tinuous and detailed outcome variable of PA, where more 
counts indicate a higher level of PA. SB, light-intensity 
physical activity (LPA), and moderate to vigorous activity 
(MVPA) were reported as a percentage of valid wear 
time, using predefined TAC/h cutoffs. A detailed descrip-
tion of used settings and criteria is described elsewhere.15 
The GT3X+ is a valid instrument with high inter- and 
intra-instrumental reliability.45–47

Statistical Analyses

All statistical tests were conducted using R version 3.6.1.48 
First, a descriptive analysis was performed to explore pa-
tient clinical and demographic characteristics, including 
data on movement disorders, antipsychotic use, and 
actigraphy data. Continuous variables were examined for 
normality and homogeneity by comparing means with 
medians and standard deviations and by analyzing fre-
quency histograms and normality plots.

To investigate the relationship between movement 
disorders (akathisia, dyskinesia, dystonia, and parkin-
sonism) and actigraphy data we performed multiple 
linear regression analysis. Linearity between independent 
and dependent variables were examined by scatterplots. 
We built separate models for each movement disorder, 
with the SHRS sum score of the movement disorder as 
the independent variable and total activity counts per 
hour as the dependent variable. Furthermore, we ex-
plored the associations between each movement dis-
order and proportions of time spent sedentary and in 
LPA and MVPA. The possible confounding effect of age, 
sex, antipsychotic dosage (total DDD of first and/or sec-
ond-generation antipsychotics), and negative symptoms 
(PANSS-r) was assessed by using stepwise forward se-
lection. Confounding was defined as a change of ≥10% 

in the regression coefficient of the independent variable 
of interest (eg, parkinsonism). The strongest confounder 
was added to the model to control for, until there were no 
variables left causing ≥10% change in the regression coef-
ficient. Associations were considered significant at a .05 
two-tailed significance level. We inspected plots of resid-
uals against predicted values and the distributions of re-
siduals by histograms and normality plots for all models, 
to check the assumption of homogeneity of variance of 
residuals.

After building separate regression models for each 
movement disorder, we combined akathisia, dyski-
nesia, dystonia, and parkinsonism to build a prediction 
model for PA. The 4 movement disorders and potential 
confounders were added as independent variables and 
total activity counts and SB were added as dependent 
variables, respectively. Stepwise backward elimination 
using Akaike’s Information Criterion (AIC) was used 
to determine predictors with the stepAIC function from 
the MASS package in R.49 To assess for multicollinearity, 
changes in models were observed, and correlations be-
tween movement disorders and the variance inflation 
factor (VIF) were inspected, where VIF > 10 indicated a 
potential problem for multicollinearity.

Missing data was inspected by comparing groups of 
missing and non-missing data on antipsychotics using 
Chi-squared or independent t-tests. Because detailed 
data on antipsychotic dosage was missing in a consider-
able proportion (30%; 65/216), multivariate imputation 
by chained equations of missing data was performed 
using the MICE package from R.50 The Little’s MCAR 
test was performed to test the null hypothesis that data is 
Missing Completely At Random (MCAR)51 and missing 
values were replaced by creating a set of 50 independent 
values using predictive mean matching, the preferred ap-
proach for multiple imputation that produces the least bi-
ased estimates.52 Pooled parameter estimates were used to 
examine the confounding effect of antipsychotic dosage 
in the above-mentioned regression models for the com-
plete (n = 216) dataset. Furthermore, we performed the 
above-mentioned regression models within the datasets 
with complete (n = 151) and incomplete (n = 65) data on 
antipsychotic medication and compared the results.

Results

Sample

A total of 216 subjects with schizophrenia or related 
psychoses were included for analysis, as presented in 
table  1. The majority of patients were male (62%) and 
had a diagnosis of schizophrenia (82%). Mean age was 
55.2  years (range 24–89  years). Almost all (99%) pa-
tients used antipsychotics, either first generation (20%), 
second generation (60%) or both (19%). Median DDD 
of antipsychotics was 1.6 (IQR 1.0–2.2). Patients spent 
the vast majority of their waking time sedentary (82%) 
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and showed MVPA in 5.8% of total awake wear time. 
Prevalence rates of movement disorders, based on SHRS 
cutoff values, were 20% for akathisia, 46% for dyskinesia, 
23% for dystonia, and 85% for parkinsonism.

Movement Disorders in Relation to PA

Results of multiple regression models for the association 
of akathisia, dyskinesia, dystonia, and parkinsonism with 
PA correlates are presented in table  2. All associations 
were controlled for confounding by age and the par-
kinsonism models were also controlled for confounding 
by negative symptoms (PANSS-r), which were the re-
maining confounders after stepwise forward selection 

for the regression models. Parkinsonism was significantly 
associated with all actigraphy correlates. Increased par-
kinsonism scores were negatively related to total activity 
counts (β = −0.21, P < .01), and to proportions of MVPA 
(β= −0.22, P < .001) and LPA (β  =  −0.20, P < .01). 
Inversely, parkinsonism was positively related to time 
spent in SB (β = 0.26, P < .001). For dystonia, the same 
pattern was observed, with only the associations between 
dystonia scores and proportions of LPA (β = −0.15, P < 
.05) and SB (β = 0.15, P < .05) being significant. For ak-
athisia, the directions of the regression coefficients with 
actigraphy data were reverse, with higher akathisia scores 
being related to higher total activity counts (β = 0.14, P 
< .05), increased LPA (β = 0.14, P < .05), and decreased 
SB (β= −0.15, P < .05). Associations between dyski-
nesia and physical activity correlates were nonsignificant. 
Antipsychotic dosage (DDD) did not have a significant 
confounding effect in the regression models (P > 0.10 
and <10% change in the regression coefficient of the in-
dependent variable), neither after multiple imputation of 
missing data on antipsychotics (n = 65, 30% of cases).

Prediction Model

Table 3 shows the results of the multiple regression model 
for the prediction of total activity counts and SB, respec-
tively. Akathisia, dystonia, parkinsonism and age signifi-
cantly predicted total activity counts per hour (F = 16.6, 
df = 5, and 209, P < .001, adjusted R2 = 0.27) and SB 
(F = 13.4, df = 4, and 210, P < .001, adjusted R2 = 0.19). 
In accordance with previous associations, age, dystonia, 
and parkinsonism predicted lower levels of activity and 
higher levels of SB, whereas akathisia predicted the 
opposite.

Discussion

Main Findings

To our knowledge, this is the first study that investi-
gates the association between movement disorders and 
actigraphy data of PA and SB in patients with chronic 
schizophrenia and related psychoses. Our main finding 
was that parkinsonism was significantly associated with 
reduced PA and increased SB. For dystonia, this as-
sociation was weaker and only significant with SB and 
proportions of LPA. Akathisia was inversely related to 
actigraphy data, ie, increased akathisia ratings were sig-
nificantly related to increased PA and to decreased SB. 
Associations between dyskinesia and actigraphy data 
were not significant. In a prediction model combining 
all movement disorders with clinical characteristics, par-
kinsonism, akathisia, dystonia, and age significantly pre-
dicted PA and SB.

A secondary finding was the high prevalence of 
movement disorders (akathisia, 20%; dyskinesia, 46%; 
dystonia, 23%; parkinsonism, 85%) in patients with 

Table 1. Demographic and Clinical Characteristics

Cases (n = 216)

Age, mean (SD) 55.2 (13.0)
Sex (male), n (%) 133 (61.6%)
DSM-IV Diagnosis, n (%)
 Schizophrenia 177 (81.9%)
 Other psychotic disordera 39 (18.1%)
Positive PANSS-r, median (IQR) 3.00 (3.00–12.00)
Negative PANSS-r, mean (SD) 7.44 (4.97)
Antipsychotic treatmentb

 None, n (%) 2 (1.3%)
 First generation only, n (%) 30 (19.9%)
 Second generation only, n (%) 90 (59.9%)
 Both, n (%) 29 (19.2%)
DDD antipsychotic treatment, median (IQR) 1.62 (1.00–2.22)
Movement disorders
Akathisiac 
 Frequency, n (%) 43 (20.0%)
 SHRS score (range 0–12), mean (SD) 4.9 (2.6)
Dyskinesia
 Frequency, n (%) 100 (46.3%)
 SHRS score (range 0–48), median (IQR) 6.0 (2.0–9.0)
Dystonia
 Frequency, n (%) 49 (22.7%)
 SHRS score (range 0–24), mean (SD) 4.1 (2.4)
Parkinsonism 
 Frequency, n (%) 183 (84.7%)
 SHRS score (range 0–48), mean (SD) 12.1 (8.1)
Accelerometer-measured physical activity
Total activity counts per hour, mean (SD) 28,340 (16,984)
Sedentary behavior (%), mean (SD) 81.7 (8.7)
LPA (%), mean (SD) 11.5 (6.0)
MVPA (%), median (IQR) 5.8 (3.2–9.3)

Note: DDD, Defined Daily Dose; DSM-IV, Diagnostic and Statis-
tical Manual of Mental Disorders, 4th edition; IQR, interquartile 
range; LPA, light physical activity; MVPA, moderate to vigorous 
physical activity; PANSS-r, Positive and Negative Syndrome Scale 
Remission tool; SD, standard deviation; SHRS, St. Hans Rating 
Scale. Median and IQR were reported instead of mean and SD 
when data was non-normally distributed.
aOther diagnoses were schizoaffective disorder, schizophreniform 
disorder, and psychotic disorder Not Otherwise Specified.
bTotal number of observations 151, due to 65 (30%) missing 
values.
cTotal number of observations 215, due to 1 missing value.
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schizophrenia and related psychoses, which can be ex-
plained by chronicity of illness. The sample existed of 
long-stay psychiatric patients with relatively high age 
(mean ± SD; 55 ± 13 years) staying at a long-term ward 
or a sheltered housing facility of a mental health care in-
stitution. Previous studies found comparable ratings of 
movement disorders in long-term hospitalized patients 
with schizophrenia or related psychoses.23–25

Thirdly, our analyses showed that first- and/or sec-
ond-generation antipsychotic dosage did not affect the 
relationship between movement disorders and PA. These 
results are in line with previous studies, that suggested 
that the type of antipsychotic and antipsychotic dosage 
dose did not contribute to the variance of activity data in 
actigraphy.53–56

Although side-effects of  antipsychotic medication in 
general (eg, motor, sedative, or metabolic side-effects) 
are often reported barriers to PA,57–59 only limited evi-
dence is available on the relationship between move-
ment disorders and PA in psychiatric populations. 
A systematic review on correlates of  PA in people with 
schizophrenia identified one study examining the rela-
tionship between movement disorders and physical ac-
tivity.36 In this study, extrapyramidal symptoms rated 
on the Psychosis Evaluation tool for Common use by 
Caregivers (PECC) were significantly related to psycho-
motor slowing (worsened plate-tapping scores) and lower 
PA on the International Physical Activity Questionnaire 
(IPAQ) in 100 patients with schizophrenia.60 A more re-
cent study form Lee and colleagues61 examined PA in 
50 outpatients with chronic schizophrenia and its re-
lated clinical factors, also measured on the IPAQ. The 
physically inactive group showed significantly higher ex-
trapyramidal symptom scores, measured on the Drug-
Induced Extrapyramidal Symptom Scale (DIEPSS). 
Furthermore, linear regression analysis showed that the 
DIEPSS score independently explained the amount of PA 
(B = −264.88, t = −3.60, P = .001) and SB time (B = 0.35, 
t = 2.27, P =  .028). A limitation of these studies is the 
use of  questionnaires for the assessment of PA, as these 
have shown limited validity in psychiatric populations 
and tend to overestimate physical activity and underes-
timate SB.62,63 In the current study, we used actigraphy 
to measure PA patterns to overcome these problems. 
While most actigraphy studies in schizophrenia popula-
tions used wrist-worn actigraphy devices, some studies 
have used actigraphy devices worn on the chest, hip, or 
limbs.64 In the current study, the ActiGraph GT3X+ was 
worn at the right hip. The GT3X+ is validated at hip, 
wrist, and ankle sites during activities of  daily living, 
showing high intraclass correlations (0.857–0.994) be-
tween these sites.65

The relationship between movement disorders and 
PA could be partially explained by negative symp-
toms and/or neurocognitive functioning. Given that 

(1) movement disorders are correlated with negative 
symptoms and neurocognitive impairment,26,28,29,31,32 (2) 
negative symptoms and neurocognitive impairment are 
associated with reduced PA,36,37 and (3) PA is linked to 
movement disorders,60,61 there seems to be a close and 
complex relationship between movement disorders, neg-
ative symptoms, neurocognitive functioning and PA. 
This is supported by our data, where negative symptoms 
are identified as a confounder on the relationship be-
tween parkinsonism and actigraphy data. Importantly, 
this relationship remained significant after correcting 
for negative symptoms. Neurocognitive functioning has, 
unfortunately, not been assessed, but similar relation-
ships may be assumed.

Other explanations for our findings may be more di-
rect relationships between movement disorders and PA. 
Movement disorders may hamper or reduce movement 
and thereby lead to reduced PA, except for akathisia 
which might increase physical activity. Conversely, en-
gaging in less physical activity might ameliorate move-
ment disorders (except for akathisia). However, the 
findings should be interpreted carefully, since the current 
study is cross-sectional by design and can therefore not 
establish cause and effect.

Clinical Relevance

These findings suggest that movement disorders, in par-
ticular parkinsonism, are related to reduced PA in people 
with schizophrenia and related psychoses. This empha-
sizes the need for the identification and management of 
movement disorders, not only because they pose a sig-
nificant burden on patients, but also because they can 
be related to PA. Despite their high prevalence and se-
vere impact on patients’ lives, movement disorders re-
main often unrecognized and inappropriately managed 
in patients with schizophrenia and related psychoses.66 
Movement disorders induced by antipsychotics can 
be managed either by dose reduction (or cessation), by 
switching to a drug with a lower affinity to D2 receptors 
(eg, quetiapine, olanzapine, ariprazole, or clozapine) or 
by symptomatic treatment, such as anticholinergics (eg, 
biperiden).66,67 Antipsychotic dose reduction is endorsed 
by the newest guidelines and treatment algorithms as it 
can reduce dose-dependent side-effects as movement dis-
orders, cardiovascular disturbances and neurocognitive 
impairment, without worsening, or even with improve-
ment, of psychiatric symptom severity.68 Apart from 
pharmacological management of movement disorders, 
PA interventions may be adapted for those patients with 
movement disorders, eg, by offering individualized PA 
programs, or supervision of a physiotherapist or quali-
fied exercise professional, which are recommended treat-
ment strategies for PA interventions in patients with 
severe mental illness in general.10
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Strengths and Limitations

The major strength of the current study is the large 
amount of objectively measured activity data in 216 pa-
tients with chronic schizophrenia and related psychoses. 
In that way, detailed information on movement disorders 
and PA of a large representative sample of patients with 
chronic psychotic illness was obtained. Some limitations, 
however, should be noted.

Firstly, it should be noted that the sample in this study 
consists of patients with high chronicity of illness, there-
fore results may not be applicable to early psychosis 
populations. Patients in the early stage of psychoses gen-
erally display higher levels of PA69 and lower prevalence 
rates of movement disorders,70 and relationships between 
movement disorders and PA may be different. Future 
studies should determine whether present results are also 
applicable to patients with early psychosis.

Secondly, data on antipsychotic dosage was missing 
in a considerable proportion of patients. This may have 
distorted the results of our regression models. By using 
different approaches, ie, comparing regression models for 
complete and incomplete datasets and using multiple im-
putation of missing data, we have tried to reduce bias in 
the estimation of parameters.

Thirdly, we did not include extensive measurement 
of negative symptoms or assessment of neurocognitive 
functioning. Negative symptoms were assessed on 3 items 
of the PANSS-r. Although these items have been identi-
fied as clinically valid symptomatic remission criteria in 
schizophrenia populations,42 more extensive tools for the 
assessment of negative symptoms have been proposed. 
Also, neurocognitive/psychomotor test batteries could 
have led to a more comprehensive understanding of clin-
ical correlates of PA in psychotic disorders.

Fourthly, catatonia ratings were not performed in this 
study. Catatonia is a psychomotor syndrome consisting 
of hyper- and hypokinetic motor phenomena, affective 
symptoms and behavioral symptoms, which has been 
related to negative symptoms and other movement dis-
orders in patients with schizophrenia.71 It could have 
been another important motor abnormality to account 
for in our study. Over the recent years, research interest in 
(sensori)motor abnormalities as an intrinsic component 
of the psychotic illness has grown steadily, as stated in 
this consensus paper.72 Preferably, assessments of as many 
different domains of motor abnormalities as possible, in-
cluding parkinsonism, dyskinesia, akathisia, dystonia, 
neurological soft signs and catatonia, is recommended to 
further examine motor functioning in people with schizo-
phrenia and related psychoses.

Lastly, because of the cross-sectional design or 
this study, causal relationships cannot be implied. 
Longitudinal prospective and intervention studies are 
needed to examine the causal relationship between move-
ment disorders, PA, and other clinical correlates.

Conclusions and Future Directions

In a large group of  patients with chronic schizophrenia 
and related psychoses, movement disorders were re-
lated to PA patterns. Parkinsonism and, to a lesser 
extent, dystonia were associated with reduced PA and 
increased SB, whereas akathisia was related to in-
creased PA and reduced SB. These findings highlight 
the clinical relevance of  movement disorders in people 
with schizophrenia and related psychoses in studying 
the complex behavior of PA.

Future studies should further examine the role of 
(psycho)motor, cognitive and other clinical factors in PA 
and SB in order to provide effective treatment strategies 
for patients with schizophrenia. Also, future research 
should focus on developing and implementing PA inter-
ventions that take patient related factors into account. In 
that way, people with schizophrenia and related psych-
oses could benefit from effective and personalized inter-
ventions to improve PA, and their somatic and mental 
health.

Acknowledgments

The authors have declared that there are no conflicts of 
interest in relation to the subject of this study.

References

 1. Hjorthøj C, Stürup AE, McGrath JJ, Nordentoft M. Years 
of potential life lost and life expectancy in schizophrenia: 
a systematic review and meta-analysis. Lancet Psychiatry. 
2017;4(4):295–301.

 2. Oakley P, Kisely S, Baxter A, et al. Increased mortality among 
people with schizophrenia and other non-affective psychotic 
disorders in the community: a systematic review and meta-
analysis. J Psychiatr Res. 2018;102:245–253.

 3. Laursen  TM, Plana-Ripoll  O, Andersen  PK, et  al. Cause-
specific life years lost among persons diagnosed with 
schizophrenia: is it getting better or worse? Schizophr Res. 
2019;206:284–290.

 4. Plana-Ripoll  O, Weye  N, Momen  NC, et  al. Changes over 
time in the differential mortality gap in individuals with 
mental disorders. JAMA Psychiatry. 2020;77(6):648–650.

 5. Sedentary Behaviour Research Network. Letter to the editor: 
standardized use of the terms “sedentary” and “sedentary be-
haviours”. Appl Physiol Nutr Metab. 2012;37(3):540–542.

 6. Vancampfort D, Firth J, Schuch FB, et al. Sedentary behavior 
and physical activity levels in people with schizophrenia, 
bipolar disorder and major depressive disorder: a global 
systematic review and meta-analysis. World Psychiatry. 
2017;16(3):308–315.

 7. Brocklebank LA, Falconer CL, Page AS, Perry R, Cooper AR. 
Accelerometer-measured sedentary time and cardiometabolic 
biomarkers: a systematic review. Prev Med. 2015;76:92–102.

 8. Biswas A, Oh PI, Faulkner GE, et al. Sedentary time and its 
association with risk for disease incidence, mortality, and hos-
pitalization in adults: a systematic review and meta-analysis. 
Ann Intern Med. 2015;162(2):123–132.



913

Movement Disorders in Relation to Physical Activity

Conclusions and Future Directions

In a large group of  patients with chronic schizophrenia 
and related psychoses, movement disorders were re-
lated to PA patterns. Parkinsonism and, to a lesser 
extent, dystonia were associated with reduced PA and 
increased SB, whereas akathisia was related to in-
creased PA and reduced SB. These findings highlight 
the clinical relevance of  movement disorders in people 
with schizophrenia and related psychoses in studying 
the complex behavior of PA.

Future studies should further examine the role of 
(psycho)motor, cognitive and other clinical factors in PA 
and SB in order to provide effective treatment strategies 
for patients with schizophrenia. Also, future research 
should focus on developing and implementing PA inter-
ventions that take patient related factors into account. In 
that way, people with schizophrenia and related psych-
oses could benefit from effective and personalized inter-
ventions to improve PA, and their somatic and mental 
health.

Acknowledgments

The authors have declared that there are no conflicts of 
interest in relation to the subject of this study.

References

 1. Hjorthøj C, Stürup AE, McGrath JJ, Nordentoft M. Years 
of potential life lost and life expectancy in schizophrenia: 
a systematic review and meta-analysis. Lancet Psychiatry. 
2017;4(4):295–301.

 2. Oakley P, Kisely S, Baxter A, et al. Increased mortality among 
people with schizophrenia and other non-affective psychotic 
disorders in the community: a systematic review and meta-
analysis. J Psychiatr Res. 2018;102:245–253.

 3. Laursen  TM, Plana-Ripoll  O, Andersen  PK, et  al. Cause-
specific life years lost among persons diagnosed with 
schizophrenia: is it getting better or worse? Schizophr Res. 
2019;206:284–290.

 4. Plana-Ripoll  O, Weye  N, Momen  NC, et  al. Changes over 
time in the differential mortality gap in individuals with 
mental disorders. JAMA Psychiatry. 2020;77(6):648–650.

 5. Sedentary Behaviour Research Network. Letter to the editor: 
standardized use of the terms “sedentary” and “sedentary be-
haviours”. Appl Physiol Nutr Metab. 2012;37(3):540–542.

 6. Vancampfort D, Firth J, Schuch FB, et al. Sedentary behavior 
and physical activity levels in people with schizophrenia, 
bipolar disorder and major depressive disorder: a global 
systematic review and meta-analysis. World Psychiatry. 
2017;16(3):308–315.

 7. Brocklebank LA, Falconer CL, Page AS, Perry R, Cooper AR. 
Accelerometer-measured sedentary time and cardiometabolic 
biomarkers: a systematic review. Prev Med. 2015;76:92–102.

 8. Biswas A, Oh PI, Faulkner GE, et al. Sedentary time and its 
association with risk for disease incidence, mortality, and hos-
pitalization in adults: a systematic review and meta-analysis. 
Ann Intern Med. 2015;162(2):123–132.

 9. Czosnek  L, Lederman  O, Cormie  P, Zopf  E, Stubbs  B, 
Rosenbaum  S. Health benefits, safety and cost of physical 
activity interventions for mental health conditions: a meta-
review to inform translation efforts. Ment Health Phys Act. 
2019;16:140–151.

 10. Stubbs B, Vancampfort D, Hallgren M, et al. EPA guidance 
on physical activity as a treatment for severe mental illness: a 
meta-review of the evidence and Position Statement from the 
European Psychiatric Association (EPA), supported by the 
International Organization of Physical Therapists in Mental 
Health (IOPTMH). Eur Psychiatry. 2018;54:124–144.

 11. Vancampfort  D, Firth  J, Correll  CU, et  al. The impact of 
pharmacological and non-pharmacological interventions 
to improve physical health outcomes in people with schizo-
phrenia: a meta-review of meta-analyses of randomized con-
trolled trials. World Psychiatry. 2019;18(1):53–66.

 12. Stubbs  B, Chen  LJ, Chung  MS, Ku  PW. Physical activity 
ameliorates the association between sedentary behavior and 
cardiometabolic risk among inpatients with schizophrenia: 
a comparison versus controls using accelerometry. Compr 
Psychiatry. 2017;74:144–150.

 13. Ringen PA, Engh JA, Birkenaes AB, Dieset I, Andreassen OA. 
Increased mortality in schizophrenia due to cardiovascular 
disease - a non-systematic review of epidemiology, possible 
causes, and interventions. Front Psychiatry. 2014;5:137.

 14. Ringen PA, Faerden A, Antonsen B, et al. Cardiometabolic 
risk factors, physical activity and psychiatric status in pa-
tients in long-term psychiatric inpatient departments. Nord J 
Psychiatry. 2018;72(4):296–302.

 15. Kruisdijk  F, Deenik  J, Tenback  D, et  al. Accelerometer-
measured sedentary behaviour and physical activity of 
inpatients with severe mental illness. Psychiatry Res. 
2017;254:67–74.

 16. Faulkner GE, Gorczynski PF, Cohn TA. Psychiatric illness and 
obesity: recognizing the “obesogenic” nature of an inpatient 
psychiatric setting. Psychiatr Serv. 2009;60(4):538–541.

 17. Correll  CU, Solmi  M, Veronese  N, et  al. Prevalence, inci-
dence and mortality from cardiovascular disease in patients 
with pooled and specific severe mental illness: a large-scale 
meta-analysis of 3,211,768 patients and 113,383,368 controls. 
World Psychiatry. 2017;16(2):163–180.

 18. Stubbs  B, Koyanagi  A, Veronese  N, et  al. Physical 
multimorbidity and psychosis: comprehensive cross sectional 
analysis including 242,952 people across 48 low- and middle-
income countries. BMC Med. 2016;14(1):189.

 19. Mitchell AJ, Vancampfort D, Sweers K, van Winkel R, Yu W, 
De  Hert  M. Prevalence of metabolic syndrome and meta-
bolic abnormalities in schizophrenia and related disorders–a 
systematic review and meta-analysis. Schizophr Bull. 
2013;39(2):306–318.

 20. Martino  D, Karnik  V, Osland  S, Barnes  TRE, 
Pringsheim TM. Movement disorders associated with anti-
psychotic medication in people with schizophrenia: an 
overview of  cochrane reviews and meta-analysis. Can J 
Psychiatry. 2018;63(11):730–739.

 21. Adrianzén C, Arango-Dávila C, Araujo DM, et al. Relative 
association of treatment-emergent adverse events with quality 
of life of patients with schizophrenia: post hoc analysis 
from a 3-year observational study. Hum Psychopharmacol. 
2010;25(6):439–447.

 22. Bebbington  PE, Angermeyer  M, Azorin  JM, Marwaha  S, 
Marteau F, Toumi M. Side-effects of antipsychotic medica-
tion and health-related quality of life in schizophrenia. Acta 
Psychiatr Scand Suppl. 2009;(438):22–28.

 23. Bakker PR, de Groot IW, van Os J, van Harten PN. Long-
stay psychiatric patients: a prospective study revealing per-
sistent antipsychotic-induced movement disorder. PLoS One. 
2011;6(10):e25588.

 24. Janno  S, Holi  M, Tuisku  K, Wahlbeck  K. Prevalence of 
neuroleptic-induced movement disorders in chronic schizo-
phrenia inpatients. Am J Psychiatry. 2004;161(1):160–163.

 25. Van  Harten  PN, Matroos  GE, Hoek  HW. The prevalence 
of tardive dystonia, tardive dyskinesia, parkinsonism and 
akathisia. The Curaçao Extrapyramidal Syndromes Study: I. 
Schizophr Res. 1996;19(2):195–203.

 26. Cuesta  MJ, Sánchez-Torres  AM, de  Jalón  EG, et  al. 
Spontaneous parkinsonism is associated with cognitive im-
pairment in antipsychotic-naive patients with first-episode 
psychosis: a 6-month follow-up study. Schizophr Bull. 
2014;40(5):1164–1173.

 27. Cuesta MJ, García de Jalón E, Campos MS, et al. Motor ab-
normalities in first-episode psychosis patients and long-term 
psychosocial functioning. Schizophr Res. 2018;200:97–103.

 28. Peralta  V, Moreno-Izco  L, Sanchez-Torres  A, 
García de Jalón E, Campos MS, Cuesta MJ. Characterization 
of the deficit syndrome in drug-naive schizophrenia patients: 
the role of spontaneous movement disorders and neuro-
logical soft signs. Schizophr Bull. 2014;40(1):214–224.

 29. Peralta  V, Cuesta  MJ. Motor abnormalities: from 
neurodevelopmental to neurodegenerative through “func-
tional” (neuro)psychiatric disorders. Schizophr Bull. 
2017;43(5):956–971.

 30. Mittal  VA, Daley  M, Shiode  MF, Bearden  CE, O’Neill  J, 
Cannon  TD. Striatal volumes and dyskinetic move-
ments in youth at high-risk for psychosis. Schizophr Res. 
2010;123(1):68–70.

 31. Mittal  VA, Dean  DJ, Bernard  JA, et  al. Neurological soft 
signs predict abnormal cerebellar-thalamic tract develop-
ment and negative symptoms in adolescents at high risk 
for psychosis: a longitudinal perspective. Schizophr Bull. 
2014;40(6):1204–1215.

 32. Hirjak D, Kubera KM, Thomann PA, Wolf RC. Motor dys-
function as an intermediate phenotype across schizophrenia 
and other psychotic disorders: Progress and perspectives. 
Schizophr Res. 2018;200:26–34.

 33. van Harten PN, Walther S, Kent JS, Sponheim SR, Mittal VA. 
The clinical and prognostic value of motor abnormalities in 
psychosis, and the importance of instrumental assessment. 
Neurosci Biobehav Rev. 2017;80:476–487.

 34. Walther S. Psychomotor symptoms of schizophrenia map on 
the cerebral motor circuit. Psychiatry Res. 2015;233(3):293–298.

 35. Mittal  VA, Walther  S. As motor system pathophysi-
ology returns to the forefront of psychosis research, clin-
ical implications should hold center stage. Schizophr Bull. 
2019;45(3):495–497.

 36. Vancampfort D, Knapen J, Probst M, Scheewe T, Remans S, 
De Hert M. A systematic review of correlates of physical ac-
tivity in patients with schizophrenia. Acta Psychiatr Scand. 
2012;125(5):352–362.

 37. Stubbs B, Koyanagi A, Schuch F, et al. Physical activity levels 
and psychosis: a mediation analysis of factors influencing 
physical activity target achievement among 204 186 people 
across 46 low- and middle-income countries. Schizophr Bull. 
2017;43(3):536–545.

 38. World Health Organisation. WHO collaborating centre for 
drug statistics methodology. ATC classification index with 
DDDs. WHO Drug Inf. 2017;31(4):629–634.



914

L. E. Pieters et al

 39. Kay  SR, Fiszbein  A, Opler  LA. The positive and negative 
syndrome scale (PANSS) for schizophrenia. Schizophr Bull. 
1987;13(2):261–276.

 40. van  Os  J, Burns  T, Cavallaro  R, et  al. Standardized re-
mission criteria in schizophrenia. Acta Psychiatr Scand. 
2006;113(2):91–95.

 41. Linden  M, Scheel  T, Rettig  K. Validation of the factorial 
structure of the Positive and Negative Syndrome Scale in use 
by untrained psychiatrists in routine care. Int J Psychiatry 
Clin Pract. 2007;11(1):53–60.

 42. van  Os  J, Drukker  M, à  Campo  J, Meijer  J, Bak  M, 
Delespaul  P. Validation of remission criteria for schizo-
phrenia. Am J Psychiatry. 2006;163(11):2000–2002.

 43. Gerlach  J, Korsgaard  S, Clemmesen  P, et  al. The St. Hans 
Rating Scale for extrapyramidal syndromes: reliability and 
validity. Acta Psychiatr Scand. 1993;87(4):244–252.

 44. Schooler NR, Kane JM. Research diagnoses for tardive dys-
kinesia. Arch Gen Psychiatry. 1982;39(4):486–487.

 45. Gatti AA, Stratford PW, Brenneman EC, Maly MR. GT3X+ 
accelerometer placement affects the reliability of step-counts 
measured during running and pedal-revolution counts meas-
ured during bicycling. J Sports Sci. 2016;34(12):1168–1175.

 46. Jarrett  H, Fitzgerald  L, Routen  AC. Interinstrument re-
liability of the ActiGraph GT3X+ ambulatory activity 
monitor during free-living conditions in adults. J Phys Act 
Health. 2015;12(3):382–387.

 47. McMinn D, Acharya R, Rowe D, Gray S, Allan J. Measuring 
activity energy expenditure: accuracy of the GT3X+ and 
actiheart monitors. Int J Exerc Sci. 2013;6(3):217–229.

 48. R Core Team. R: A Language and Evnironment for Statistical 
Computing. 2019. https://www.r-project.org/.

 49. Venables  WN, Ripley  BD. Modern applied  Statistics with 
S. 4th ed. New York, NY: Springer; 2002. http://www.stats.
ox.ac.uk/pub/MASS4. Accessed June 30, 2020.

 50. van Buuren S, Groothuis-Oudshoorn K. Multivariate imput-
ation by chained equations in R. J Stat Soft.  2011;45(3):1–67. 
https://www.jstatsoft.org/v45/i03/. Accessed April 14, 2020.

 51. Little  RJA. A test of missing completely at random for 
multivariate data with missing values. J Am Stat Assoc. 
1988;83(404):1198–1202.

 52. Marshall A, Altman DG, Royston P, Holder RL. Comparison 
of techniques for handling missing covariate data within 
prognostic modelling studies: a simulation study. BMC Med 
Res Methodol. 2010;10:7.

 53. Walther S, Ramseyer F, Horn H, Strik W, Tschacher W. Less 
structured movement patterns predict severity of positive 
syndrome, excitement, and disorganization. Schizophr Bull. 
2014;40(3):585–591.

 54. Kluge  A, Kirschner  M, Hager  OM, et  al. Combining 
actigraphy, ecological momentary assessment and 
neuroimaging to study apathy in patients with schizophrenia. 
Schizophr Res. 2018;195:176–182.

 55. Walther S, Koschorke P, Horn H, Strik W. Objectively meas-
ured motor activity in schizophrenia challenges the validity 
of expert ratings. Psychiatry Res. 2009;169(3):187–190.

 56. Docx  L, Sabbe  B, Provinciael  P, Merckx  N, Morrens  M. 
Quantitative psychomotor dysfunction in schizophrenia: 
a loss of drive, impaired movement execution or both? 
Neuropsychobiology. 2013;68(4):221–227.

 57. Mcdevitt  J, Snyder  M, Miller  A, Wilbur  J. Among out-
patients in psychiatric rehabilitation. J Nurs Scholarsh. 
2006;38(1):50–55.

 58. Johnstone R, Nicol K, Donaghy M, Lawrie S. Barriers to up-
take of physical activity in community-based patients with 
schizophrenia. J Ment Heal. 2009;18(6):523–532.

 59. Carter-Morris P, Faulkner G. A football project for service 
users: the role of football in reducing social exclusion. J Ment 
Heal Promot. 2003;2:24–30.

 60. Vancampfort  D, Probst  M, Scheewe  T, et  al. Relationships 
between physical fitness, physical activity, smoking and meta-
bolic and mental health parameters in people with schizo-
phrenia. Psychiatry Res. 2013;207(1-2):25–32.

 61. Lee  SH, Kim  G, Kim  CE, Ryu  S. Physical activity of pa-
tients with chronic schizophrenia and related clinical factors. 
Psychiatry Investig. 2018;15(8):811–817.

 62. Dyrstad  SM, Hansen  BH, Holme  IM, Anderssen  SA. 
Comparison of self-reported versus accelerometer-measured 
physical activity. Med Sci Sports Exerc. 2014;46(1):99–106.

 63. Soundy A, Roskell C, Stubbs B, Vancampfort D. Selection, 
use and psychometric properties of physical activity measures 
to assess individuals with severe mental illness: a narrative 
synthesis. Arch Psychiatr Nurs. 2014;28(2):135–151.

 64. Wee  ZY, Yong  SWL, Chew  QH, Guan  C, Lee  TS, Sim  K. 
Actigraphy studies and clinical and biobehavioural correl-
ates in schizophrenia: a systematic review. J Neural Transm 
(Vienna). 2019;126(5):531–558.

 65. Ozemek  C, Kirschner  MM, Wilkerson  BS, Byun  W, 
Kaminsky LA. Intermonitor reliability of the GT3X+ accel-
erometer at hip, wrist and ankle sites during activities of daily 
living. Physiol Meas. 2014;35(2):129–138.

 66. Factor  SA, Burkhard  PR, Caroff  S, et  al. Recent develop-
ments in drug-induced movement disorders: a mixed picture. 
Lancet Neurol. 2019;18(9):880–890.

 67. Hasan A, Falkai P, Wobrock T, et al.; WFSBP Task force on 
Treatment Guidelines for Schizophrenia. World Federation 
of Societies of Biological Psychiatry (WFSBP) guidelines for 
biological treatment of schizophrenia, part 2: update 2012 on 
the long-term treatment of schizophrenia and management 
of antipsychotic-induced side effects. World J Biol Psychiatry. 
2013;14(1):2–44.

 68. Shimomura Y, Kikuchi Y, Suzuki T, Uchida H, Mimura M, 
Takeuchi  H. Antipsychotic treatment in the maintenance 
phase of schizophrenia: an updated systematic review of the 
guidelines and algorithms. Schizophr Res. 2020;215:8–16.

 69. Walther  S, Stegmayer  K, Horn  H, Razavi  N, Müller  TJ, 
Strik  W. Physical activity in schizophrenia is higher in the 
first episode than in subsequent ones. Front Psychiatry. 
2014;5:191.

 70. Pappa  S, Dazzan  P. Spontaneous movement disorders in 
antipsychotic-naive patients with first-episode psychoses: a 
systematic review. Psychol Med. 2009;39(7):1065–1076.

 71. Walther  S, Strik  W. Motor symptoms and schizophrenia. 
Neuropsychobiology. 2012;66(2):77–92.

 72. Walther  S, van  Harten  PN, Waddington  JL, et  al. 
Movement disorder and sensorimotor abnormalities in 
schizophrenia and other psychoses - European consensus 
on assessment and perspectives. Eur Neuropsychopharmacol. 
2020;38:25–39.

https://www.r-project.org/
http://www.stats.ox.ac.uk/pub/MASS4
http://www.stats.ox.ac.uk/pub/MASS4
https://www.jstatsoft.org/v45/i03/

