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A B S T R A C T   

Background: Up to 50% of patients with schizophrenia are suffering from motor abnormalities, which may 
contribute to decreased quality of life, impaired work capacity, and a reduced life expectancy by 10–20 years. 
However, the effect of motor abnormalities on social and global functioning, as well as, functional capacity is not 
clear. We hypothesized, that the presence of motor abnormalities is associated with poorer functional outcomes 
in patients with schizophrenia. 
Methods: We collected data on 5 different motor abnormalities in 156 patients suffering from schizophrenia 
spectrum disorders: parkinsonism, catatonia, dyskinesia, neurological soft signs and psychomotor slowing (PS). 
Additionally, we used three different scales to evaluate the functional outcomes in these patients: the Global 
Assessment of Functioning (GAF) and the Social and Occupational Functioning Assessment Scale (SOFAS) which 
use clinicians' judgment; and one using a performance-based measure of functional capacity, the brief version of 
the UCSD Performance-based Skills Assessment (UPSA-B). 
Results: Our analysis demonstrated that patients with catatonia (all F > 4.5; p < 0.035) and parkinsonism (all F >
4.9; p < 0.027) scored lower on GAF and SOFAS compared to patients without catatonia and parkinsonism. In 
contrast, no significant difference on functional outcomes between patients with dyskinesia versus without 
dyskinesia exist in our study. Furthermore, there are statistically significant negative correlations for parkin-
sonism and PS with GAF, SOFAS and UPSA-B (all tau are at least − 0.152, p-value <0.036). We also found sig-
nificant negative correlations between catatonia and both GAF & SOFAS (all tau are at least − 0.203, p- 
value<0.001) and between NES and SOFAS (tau = − 0.137, p-value = 0.033). 
Conclusion: Here, we showed that four of the most common motor abnormalities observed in schizophrenia were 
associated with at least one of the patients' functional outcomes. The stronger the motor impairment was the 
worse the global and social functioning. Future studies need to test, whether amelioration of motor abnormalities 
is linked to improved community functioning.   

1. Introduction 

Common features of schizophrenia are positive symptoms, such as 
hallucinations and delusions, negative symptoms, such as avolition and 
affective flattening, formal thought disorder, impaired motor behavior, 
mood disturbances, cognitive abnormalities, anxiety, and lack of insight 
[1]. Researchers observed that patients with schizophrenia have a 
reduced quality of life, an impaired capacity to work, and a reduced life 
expectancy which is decreased by 10–20 years [2]. 

Psychiatric disorders critically impact social functioning as mental 

health problems may compromise the interactions of individuals with 
their environments including work, social activities, and relationships 
with partners and family. However, severe mental illnesses including 
schizophrenia research demonstrated considerable variance in social 
functioning [3]. Indeed, symptom domains may differentially contribute 
to poor functioning [4–6]. For example, motor abnormalities, such as 
peculiar gait, bizarre posture or abnormal involuntary movements of the 
face [7], may exert problems in global functioning in patients with 
schizophrenia, including all domains of everyday life. For some decades, 
motor abnormalities were mainly attributed to side effects of 
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antipsychotic medication. However, newer reports indicate that motor 
disturbances are present across all stages of schizophrenia spectrum 
disorders including clinical high-risk individuals (CHR-individuals) and 
medication- naïve patients [8–14]. 66% of antipsychotic-naïve first- 
episode patients showed at least one motor symptom [15]. These 
motor abnormalities in both medicated and non-medicated patients are 
suggested to be related to dysfunctional motor cortical inhibition and 
altered connectivity in the motor circuitry [16–21]. 

Patients with schizophrenia exhibit different types of motor abnor-
malities, and clinicians have identified six categories [7,22]. First, 
abnormal involuntary movements, also known as dyskinesia, are rapid 
repetitive involuntary contractions of muscles in the face, trunk, and 
extremities. Second, parkinsonism, which includes akinesia, rigor, and 
tremor. Third, akathisia, characterized by inner restlessness and the urge 
to move. Fourth, neurological soft signs (NSS) are distortions in motor 
sequencing and motor coordination [14]. Fifth, catatonia, a complex 
psychomotor syndrome that includes hyperkinetic and hypokinetic 
symptoms in addition to autonomic instability [23]. Lastly, psychomo-
tor slowing, which is observed in fine motor behavior (e.g. writing) as 
well as in gross motor behavior (e.g. walking) [24]. All these motor 
abnormalities are quantifiable with reliable motor rating scales or 
objective instrumentation. 

Despite the traditional neglect of the motor abnormalities evaluation 
in both clinical practice and research, the presence of motor abnor-
malities seems to be associated with an increased risk of developing 
schizophrenia as well as with the course of the disorder [13,25]. 
Moreover, some motor abnormalities are correlated with poorer cogni-
tion [26], decreased global functioning [27–29], and poor quality of life 
[30] in patients with schizophrenia. For example, Sambataro and col-
leagues (2020) reported that NSS were associated with more negative 
symptoms and poorer neurocognitive functioning, while catatonia and 
akathisia predicted reduced cross-sectional global functioning. 
Furthermore, Ascher-Svanum and colleagues [31] also found that 
dyskinesia decreased global functioning. In addition, studies in first- 
episode psychosis (FEP) even suggest that NSS may predict global 
functioning after 10 years [29], as did catatonia and dyskinesia [27]. 
Moreover, NSS, akathisia, and parkinsonism at 6 months were linked to 
global and social functioning at 10 years [27]. In addition, studies with 
CHR populations point in the same direction. Higher levels of dyskinesia 
predicted poorer social functioning after one year [32], while higher 
levels of NSS were associated with lower levels of global functioning at 
2-year follow-up [33]. 

Although previous reports show strong associations between single 
movement abnormalities and global as well as social functioning, we 
still struggle to understand the contribution of various motor domains. 
Thus, the field would benefit from comprehensive analyses covering 
multiple motor and functional domains. Furthermore, besides their 
impact on real-world functioning, the association between motor ab-
normalities and functional capacity needs to be tested. Functional ca-
pacity refers to the ability to perform daily tasks, such as counting 
money, understanding a bill, or rescheduling a doctor's appointment 
[34]. Accordingly, in the current report, we hypothesized, that the 
presence of motor abnormalities, measured with diverse motor rating 
scales as well as a manual dexterity task, is associated with poorer 
functional outcomes, including global, social, and occupational func-
tioning as well as, poorer functional capacity in patients with schizo-
phrenia spectrum disorders. To test this hypothesis, we pooled the 
baseline data of three longitudinal studies and conducted correlational 
analyses between the severity of distinct motor abnormalities and three 
functional outcome/capacity measures. We expect patients with severe 
motor impairments to exhibit poorer social functioning and limited 
functional capacity. 

2. Material and methods 

2.1. Participants 

In the current report, we included 156 patients diagnosed with 
schizophrenia spectrum disorders according to DSM-5 (Table 1A). Based 
on the definition of remitted schizophrenia suggested by Andreasen and 
collaborators in 2005, our sample was divided into remitted (n = 25, 
including 6 first episodes) and non-remitted (n = 131, including 18 first 
episodes) patients [35]. We included patient data from three studies on 
motor abnormalities or gesture in schizophrenia spectrum disorders 
[OCoPS-P (Overcoming Psychomotor Slowing in Psychosis) ClinicalT 
rials.gov Identifier: NCT03921450; GNI (Neural correlates of gesture 
deficits in schizophrenia) [36,37]; The Brain Stimulation And Group 
Therapy to Improve Gesture and Social Skills in Psychosis trial (BrAGG- 
SoS, NCT04106427)]. Recruitment was conducted at the in- and out- 
patient departments of the University Hospital of Psychiatry and Psy-
chotherapy, Bern, Switzerland. All participants provided written 
informed consent. The study protocols adhered to the declaration of 
Helsinki and were approved by the local ethics committee. General 
exclusion criteria were active substance dependence other than nicotine, 
neurological disorders, which had an impact on motor abilities, and 
severe brain injury with consecutive loss of consciousness. 

We assessed the severity of psychopathology using the Positive And 
Negative Syndrome Scale (PANSS) [38]. All patients were on antipsy-
chotic medication at the time of testing and mean olanzapine equiva-
lents (OLZ eq.) were calculated according to Leucht [39] (Table 1B–D). 

2.2. Measures 

2.2.1. Diagnosis assessment 
The diagnosis of the recruited patients was ascertained with the Mini 

International Neuropsychiatric Interview [40] and Comprehensive 
Assessment of Symptoms and History [41], or The Structured Clinical 
Interview for DSM-5® (SCID-5). 

2.2.2. Coin rotation 
We used the coin rotation task (CR) to assess manual dexterity as a 

measure of fine motor function. The CR instructions were to rotate a 
Swiss 50-Rappen coin, comparable to the size of a US dime, between 
thumb, index, and middle finger of their dominant hand as fast as 
possible. The participants performed 3 trials of 10s. We videotaped the 
patients' performance for subsequent blinded scoring. The first trial was 
considered as a practice. We calculated the CR score for each trial using 
the following validated formula: CR score = half turns − [(coin drops ×
0.10) × half turns] [42,43]. We averaged the CR score of the two last 
trials to obtain the total CR score. 

2.2.3. Motor rating scales 
We assessed i) Parkinsonism using the Unified Parkinson's Disease 

Rating Scale (UPDRS) part III [44] with a total score ranging from 0 to 
108; ii) catatonia using the Bush Francis Catatonia Rating Scale 
(BFCRS), ranging from 0 to 69 [45]; iii) dyskinesia using the Abnormal 
Involuntary Movement Scale (AIMS), ranging from 0 to 28 [46]; iv) NSS 
using the Neurological Evaluation Scale (NES) ranging from 0 to 52 
[47]. We assessed psychomotor slowing using the Salpêtrière Retarda-
tion Rating Scale (SRRS), ranging from 0 to 60 [48]. The SRRS scale also 
includes items that explore general depressive symptoms. Therefore, we 
focused the analyses on a modified SRRS (mSRRS) score using the sum of 
the first five psychomotor items (i.e., slowing of gate/walking, slowing 
of movements of the trunk/limbs, reduction in facial movement/ 
expression, speech, and voice modulation) and the global rating of the 
inhibition (item 15) which results in a total score ranging from 0 to 20 
[49]. For all the motor rating scales, a higher score indicates more severe 
motor symptoms. In one of the three involved cohorts, we did not ac-
quire the SRRS scale, resulting in a subset of 104 patients with an mSRRS 
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Table 1 
Demographic table.  

1.A Whole group demographic  

Whole group 

N 156 
Age (years) 37.9 ± 12.1 
Gender 88 M 
Duration of illness (years) 12.5 ± 11.7 
PANSS Total 72.8 ± 20.5 
PANSS Positive 16.07 ± 6.3 
PANSS Negative 20.2 ± 7.4 
OLZ eq. 16.2 ± 11.8 
AIMS 1.5 ± 3.7 
BFCRS 3.6 ± 4.7 
UPDRS III 13.9 ± 11.8 
NES 13.5 ± 10.1 
CR 11.5 ± 3.5 
**mSRRS (N = 104) 8.4 ± 4.7 
GAF 49.2 ± 15.9 
SOFAS 48.6 ± 16.1 
**UPSA-B (N = 130) 74.9 ± 18.1   

1.B. Catatonia classification  

With Catatonia Without Catatonia Stats value P value FDR corrected (for 48 comparisons) 

N 61 95 / / / 
Age (years) 37.7 ± 11.3 38.3 ± 13.3 W = 2890 0.98 1 
Gender 35 M 53 M χ2=0.0009 0.97 1 
PANSS Total 84.1 ± 20.7 65.6 ± 16.9 W = 5.82 6E-08 3.375E-07*** 
PANSS Positive 17.7 ± 6.5 15.4 ± 6.0 W = 2514 0.16 0.225 
PANSS Negative 24.8 ± 7.1 17.2 ± 5.9 W = 1198 6.4E-10 5.76E-09*** 
OLZ eq. 16.9 ± 9.8 15.7 ± 12.7 W = 2499 0.17 0.232 
AIMS 2.3 ± 4.7 1.1 ± 2.8 W = 2527 0.11 0.177 
BFCRS 7.7 ± 4.8 1.1 ± 2.1 W = 341 2.2E-16 3.3E-15*** 
UPDRS III 22.7 ± 11.9 8.4 ± 7.2 W = 782 1.4E-14 1.575E-13*** 
NES 14.4 ± 11.9 13.3 ± 9.8 W = 3125 0.31 0.45 
CR 10.6 ± 3.8 11.9 ± 3.3 W = 3267 0.02 0.04* 
N 50 54    
mSRRS 11.0 ± 3.6 5.9 ± 4.3 W = 519 5.9E-08 3.375E-07*** 
GAF 40.7 ± 12.4 54.7 ± 15.6 W = 4141 6E.-06 2.7E-05*** 
SOFAS 41.2 ± 13.6 53.4 ± 15.8 W = 5.11 1.00E-06 5.0E-06*** 
N 52 78    
UPSA-B 70.23 ± 17.5 78.0 ± 16.2 W = 2684 0.002 0.006*   

1.C. Dyskinesia classification  

With Dyskinesia Without Dyskinesia Stats value P value FDR corrected (for 48 comparisons) 

N 21 135 / / / 
Age (years) 42.2 ± 13.9 37.7 ± 11.3 W = 1136 0.14 0.203 
Gender 16 M 72 M χ2=2.98 0.09 0.162 
PANSS Total 79.0 ± 17.4 71.9 ± 20.9 W = 1056 0.06 0.117 
PANSS Positive 16.2 ± 6.3 16.1 ± 6.3 W = 1398 0.92 0.986 
PANSS Negative 22.4 ± 7.4 19.9 ± 7.3 W = 1124 0.13 0.195 
OLZ eq. 18.2 ± 11.3 15.9 ± 11.4 W = 0.85 0.39 0.450 
AIMS 8.4 ± 6.4 0.5 ± 1.1 W = 34 2.2E-16 3.3E-15*** 
BFCRS 6.7 ± 5.6 3.2 ± 4.4 W = 833 0.001 0.003* 
UPDRS III 18.2 ± 13.2 13.3 ± 11.5 W = 1068 0.07 0.131 
NES 19.5 ± 10.9 18.5 ± 11.9 W = 1321 0.65 0.80 
CR 10.2 ± 3.3 11.6 ± 3.5 W = 1406 0.10 0.173 
N 9 95    
mSRRS 10.6 ± 4.9 8.2 ± 4.6 W = 295 0.13 0.195 
GAF 44.6 ± 14.7 49.9 ± 16.06 W = 1724 0.11 0.177 
SOFAS 44.9 ± 15.2 49.17 W = 1662 0.20 0.250 
N 16 114    
UPSA-B 67.7 ± 27.6 75.9 ± 14.9 W = 1662 0.20 0.25   

1.D. Parkinsonism classification  

With Parkinsonism Without Parkinsonism Stats value P-value FDR corrected (for 48 comparisons) 

N 88 68 / / / 
Age (years) 39.2 ± 13.1 36.2 ± 10.4 W = 2636 0.20 0.250 
Gender 50 M 38 M χ2=0 1 1 

(continued on next page) 
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score. 
In this study, we also provide a categorization of the sample for the 

presence and absence of parkinsonism, catatonia, and dyskinesia using 
the following cut-off criteria. To be classified into the subgroup with 
parkinsonism the patients either had to score at least 2 on the items “rest 
tremor” or “rigidity”, or at least 3 on one of the remaining 12 items, or at 
least 2 on two of the remaining 12 items of the UPDRS III [50]. To be 
classified into the subgroup with catatonia, the patients had to score at 
least 1 on two of the 14 items of the BFCRS [45]. (Please refer to Sup-
plement 1 for a stricter and refine “catatonia with psychomotor slowing” 
classification). To be classified into the subgroup with dyskinesia the 
patients had to score at least 2 on two items or 3 on one item of the first 7 
items of AIMS using the Schooler and Kane criteria [51]. 

2.2.4. Social and functional outcome measures 
We employed three different instruments to measure social and 

functional outcomes. First, we applied the Global Assessment of Func-
tioning (GAF) [52]. Second, we used the Social and Occupational 
Functioning Assessment Scale (SOFAS), ranging from 0 to 100 as the 
GAF [53]. Lastly, we measured the patients' capacity to fulfill tasks 
encountered in everyday life using the brief version of the UCSD 
Performance-based Skills Assessment (UPSA-B) [34]. This test includes 
tasks assessing financial skills, like counting money and understanding a 
utility bill, and communication skills, such as how to use a phone to call 
the emergency services, to ask for a phone number at the call informa-
tion, and to postpone a doctor's appointment. The total score ranges 
from 0 to 100. Due to some patients having trouble performing the tasks, 
we successfully acquired the UPSA-B scale in a subset of 130 patients. 

All the assessments were done by trained psychiatrists (KS, DA, LM, 
DB) during the baseline session of the studies. All raters were extensively 
trained to achieve high inter-rater reliability (kappa>0.8). 

2.3. Analysis 

We classified the patients into subgroups based on the presence or 
absence of parkinsonism, catatonia, and dyskinesia as measured by the 
UPDRS, BFCRS, and AIMS scales respectively. As the data are not nor-
mally distributed, we ran a Wilcoxon rank-sum test with continuity 
correction to compare the demographics information in the classified 
subgroups and a chi-square test for gender. 

We calculated the mean scores for each functional outcome (GAF, 
SOFAS, and UPSA-B) separately for each of these subgroups using scripts 
written in R (version 4.0.2) and used ANCOVAs to calculate the differ-
ences in means between patients with and without parkinsonism, 

catatonia, and dyskinesia for each functional outcome. In addition, we 
measured the dimensional associations between motor assessments and 
functional outcomes using partial correlation with the Kendall Tau 
method. All analyses were co-varied for age, gender, medication (OLZ 
eq.), and PANSS total score (See supplement 2 for the classification 
analyses without covariates). All reported p-values were corrected for 
multiple comparisons using false discovery rate (fdr). 

3. Results 

3.1. Clinical and demographic information 

The 156 patients included in this analysis presented moderate to 
severe symptoms and relevant functional impairment. We classified 
twenty-one patients with dyskinesia, eighty-eight patients with parkin-
sonism, and sixty-one with catatonia and summarized the score for each 
motor and functional outcome according to this classification in 
Table 1B–D. Global symptom severity as measured by PANSS total score 
was associated with poorer functioning (PANSS total GAF (tau = − 0.35, 
p < 0.001), SOFAS (tau = − 0.36, p < 0.001), and UPSA-B (tau = − 0.29, 
p < 0.001), therefore, we included PANSS total as covariate to all further 
analyses. 

3.2. Categorical differences in functional outcomes across motor 
abnormalities 

We calculated the differences in means between patients with and 
without parkinsonism, catatonia, and dyskinesia separately for GAF, 
SOFAS, and UPSA-B to evaluate the effect of motor impairment severity 
on social and functional outcome (Fig. 1A-C, Table 2), always co-varied 
for age, gender, medication, and PANSS total score. Patients with 
parkinsonism (all F > 4.5; p < 0.035) and catatonia (all F > 4.9; p <
0.027) scored significantly lower across GAF and SOFAS compared with 
patients without parkinsonism or catatonia. In contrast, we observed no 
significant differences in scores between patients with dyskinesia versus 
patients without dyskinesia (all F < 0.4; p > 0.51) although, patients 
without dyskinesia numerically outperformed the ones with dyskinesia 
in all three functional outcome measures. Similarly, we observed no 
significant difference in the UPSA-B outcome, due to a strong impact of 
age on this scale, which is not observed in the other outcomes (Table 2). 
As demonstrated in the supplement material (Supplement 2) without 
any covariates or without the PANSS total score both patients with 
catatonia and parkinsonism scored significantly lower also in UPSA-B. 

Table 1 (continued ) 

1.D. Parkinsonism classification  

With Parkinsonism Without Parkinsonism Stats value P-value FDR corrected (for 48 comparisons) 

PANSS Total 75.9 ± 22.1 68.9 ± 17.7 W = 2760 0.028 0.06 
PANSS Positive 15.9 ± 5.9 16.2 ± 6.6 W = 3024 0.91 0.98 
PANSS Negative 21.9 ± 7.65 17.9 ± 6.29 W = 2004 4.10E-04 0.001** 
OLZ eq. 16.4 ± 10.7 15.9 ± 13.1 W = 2760 0.47 0.52 
AIMS 1.7 ± 3.4 1.3 ± 3.8 W = 2713 0.24 0.29 
BFCRS 5.3 ± 5.3 1.5 ± 2.6 W = 1469 2.3E-08 1.725E-07*** 
UPDRS III 20.8 ± 11.2 5.13 ± 4.3 W = 343 2.2E-16 3.3E-15*** 
NES 18.2 ± 11.3 19.2 ± 12.6 W = 2283 0.01 0.023* 
CR 10.6 ± 3.7 12.6 ± 3.0 W = 3738 2.90E-04 0.001** 
N 70 37    
mSRRS 9.7 ± 4.5 5.7 ± 3.9 W = 596 2.5E-05 1.0E-04*** 
GAF 45.2 ± 14.6 54.4 ± 16.2 W = 4012 2.00E-04 7.5E-04*** 
SOFAS 45.2 ± 15.5 53.0 ± 15.8 W = 3806 3.50E-03 0.009** 
N 77 53    
UPSA-B 71.8 ± 18.1 79.5 ± 14.3 W = 2598 8.17E-03 0.02* 

For each measure the mean and standard deviation is indicated. PANSS: Positive And Negative Syndrome Scale; OLZ eq.: olanzapine-equivalent (mg/day); M: male; 
AIMS: Abnormal Involuntary Movement Scale; BFCRS: Bush Francis Catatonia Rating Scale; UPDRS: Unified Parkinson's Disease Rating Scale; GAF: Global Assessment 
of Functioning; SOFAS: Social and Occupational Functioning Assessment Scale; UPSA-B: University of California San Diego Performance-Based Assessment; NES: 
Neurological Evaluation Scale; CR: Coin Rotation; SRRS: Salpêtrière Retardation Rating Scale: mSRRS: Modified SRRS. χ2=chi-square, W=Wilcoxon test. 
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3.3. Dimensional associations between motor abnormalities and 
functional outcomes 

We found positive correlations between CR score and GAF and 
SOFAS (all tau>0.13, p-value<0.05), suggesting that patients with 
better CR performance have better functional outcomes. In addition, we 
observed negative correlations for BFCRS with both GAF (tau = − 0.203, 
p-value<0.001) and SOFAS (tau = − 0.204, p-value<0.001) but not with 
the UPSA-B (tau = − 0.054, p-value = 0.443) (Table 3). We also detected 
a negative correlation between NES and SOFAS (tau = − 0.137, p-value 
= 0.033; Table 3). Moreover, both UPDRS and mSRRS correlated 
negatively with the 3 functional outcomes: GAF, SOFAS and UPSA (all 
tau<− 0.152, p-value<0.036; Table 3). In contrast, no correlations 
emerged between AIMS and functional outcomes (all tau<0.044, p- 
value>0.47; Table 3). Taken together, we show that patients with motor 
abnormalities (higher score in motor evaluation scales) have poorer 
functional outcomes. 

4. Discussion 

The current report aimed to test whether motor abnormalities were 
associated with global and social functioning, as well as functional ca-
pacity in patients with schizophrenia. We examined the effects of mul-
tiple motor abnormalities on functional outcomes in 156 patients with 

schizophrenia spectrum disorders. We divided the sample based on the 
severity of dyskinesia, parkinsonism and catatonia. Patients with severe 
parkinsonism and catatonia had poorer social and global functioning. In 

Fig. 1. Severity scores. A) Bar plot represents mean GAF scores for patients that scored high (Yes: grey) vs. low (No: white) in each of the three motor abnormalities 
categories (Catatonia, Dyskinesia and Parkinsonism) as measured by BFCRS, AIMS and UPDRS respectively. *** denotes a significant difference < 0.001. ** denotes a 
significant difference < 0.01. Vertical bars represent the standard error of mean. B) Bar plot represents mean SOFAS scores for patients that scored high (Yes: grey) vs. 
low (No: white) in each of the three motor abnormalities categories (Catatonia, Dyskinesia and Parkinsonism) as measured by BFCRS, AIMS and UPDRS respectively. 
* denotes a significant difference < 0.05. Vertical bars represent the standard error of mean. C) Bar plot represents mean UPSA-B scores for patients that scored high 
(Yes: grey) vs. low (No: white) in each of the three motor abnormalities categories (Catatonia, Dyskinesia and Parkinsonism) as measured by BFCRS, AIMS and 
UPDRS respectively. 

Table 2 
Effect of motor impairment severity on social and functional outcome for each sub-category.    

GAF   SOFAS   UPSA-B     

Pr(>F) p value  Pr(>F) p value  Pr(>F) p value  

Catatonia 

age 0.00 0.97  0.30 0.59  6.38 0.01 * 
gender 0.06 0.80  1.92 0.17  0.41 0.52  
Medication_OLZ 2.33 0.13  2.55 0.11  0.32 0.57  
PANSS_tot 26.33 8.83E-07 *** 37.66 7.26E-09 *** 24.61 2.28E-06 *** 
severity 11.77 7.70E-04 *** 4.96 0.03 * 0.22 6.38E-01 *** 

Parkinsonism 

age 0.06 0.80  0.14 0.71  5.81 0.02 * 
gender 0.01 0.92  1.64 0.20  0.30 0.58  
Medication_OLZ 2.66 0.10  2.80 0.10 . 0.34 0.56  
PANSS_tot 44.27 5.105E-10 *** 54.51 1.01E-11 *** 28.75 3.92E-07 *** 
severity 8.55 0.004 ** 4.51 0.04 * 2.13 0.15  

Dyskinesia 

age 0.00 0.99  0.38 0.54  5.75 0.02 * 
gender 0.00 0.95  1.68 0.20  0.23 0.64  
Medication_OLZ 2.46 0.12  2.72 0.10  0.38 0.54  
PANSS_tot 48.90 8.44E-11 *** 59.72 1.5E-12 *** 30.05 2.28E-07 *** 
severity 0.42 0.52  0.00 0.99  0.40 0.53   

Table 3 
Partial correlations of motor assessments with functional outcomes using age, 
gender, OLZ and PANSS as covariates.  

Motor 
Assessments 

GAF 
(tau; p-value fdr- 
corrected) 

SOFAS 
(tau; p-value fdr- 
corrected) 

UPSA-B 
(tau; p-value fdr- 
corrected) 

CRT 0.134; 0.041* 0.131; 0.041* 0.113; 0.088 
AIMS 0.011; 0.893 0.044; 0.473 0.006; 0.922 
BFCRS − 0.203; <0.001** − 0.204; <0.001** − 0.054; 0.443 
UPDRS − 0.272; 

<0.0001*** 
− 0.232; <0.001** − 0.177; 0.011* 

NES − 0.116; 0.092 − 0.137; 0.033* − 0.059; 0.218 
mSRRS − 0.169; 0.033* − 0.152; 0.036* − 0.159; 0.036* 

GAF: Global Assessment of Functioning; SOFAS: Social and Occupational 
Functioning Assessment Scale; UPSA-B: University of California San Diego 
Performance-Based Assessment; CRT: Coin Rotation Task; AIMS: Abnormal 
Involuntary Movement Scale; BFCRS: Bush Francis Catatonia Rating Scale; 
UPDRS: Unified Parkinson's Disease Rating Scale; NES: Neurological Evaluation 
Scale; mSRRS: modified Salpêtrière Retardation Rating Scale. P-values are false 
discovery rate (fdr) corrected. * Denotes a significant correlation. 
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contrast, patients with severe dyskinesia did not differ in functional 
outcomes from patients without dyskinesia. In line with our hypotheses, 
dimensional ratings of motor abnormalities were broadly linked to 
poorer functional outcomes at a cross-sectional level. 

For example, GAF and SOFAS were negatively correlated UPDRS, 
mSRRS and BFCRS, while SOFAS was further negatively correlated with 
NES. Likewise, functional capacity correlated inversely with UPDRS and 
mSRRS. Finally, the CR score correlated with functional outcome sug-
gesting that better fine motor performance is directly linked to overall 
better functioning. In sum, our study demonstrates that motor abnor-
malities are strongly associated with poor community functioning in 
psychosis. 

4.1. Motor abnormalities distinctly impact functioning 

While the main finding is a general link between motor abnormal-
ities and measures of functional outcome, the distinction between motor 
abnormalities requires further elaboration. In addition to GAF and 
SOFAS, our study also tested functional capacity as measured with the 
UPSA-B. Functional capacity captures the skills necessary in community 
function rather than the actual functioning [34,54]. Our data indicate 
that psychomotor slowing and parkinsonism correlate with inferior 
functional capacity in patients, while catatonia, dyskinesia, and NSS are 
unrelated to functional capacity. These findings suggest that hypokinetic 
motor abnormalities impact the skills more than coordination deficits or 
hyperkinesia. Previous studies have emphasized the association between 
neurocognition, negative symptoms, and functional capacity [55–58]. 
Finally, functional capacity at baseline has proven to be the main 
determinant of real-life functioning in longitudinal studies [59]. 

Parkinsonism was linked to poor social and global functioning as 
well as to poor functional capacity. This is in line with work in FEP [27] 
but in contrast to others [28]. The different findings between studies 
may stem from the application of distinct instruments. We applied the 
UPDRS, which is a comprehensive measure of parkinsonism. Similarly, 
psychomotor slowing as measured by the mSRRS was linked to all 
functional outcomes. Psychomotor slowing had been hypothesized to 
contribute to poor community functioning [24], with reaction times and 
fine motor performance predicting outcomes [60,61]. However, previ-
ous studies using the SRRS in psychosis demonstrated an association 
between psychomotor slowing and negative symptom severity, but 
functioning was not tested [62,63]. Still, the current results with the 
mSRRS (gross motor behavior) and CRT (fine motor skills) both support 
the notion that psychomotor slowing is linked to poor community 
functioning [61]. Despite the relevance of fine motor dexterity in psy-
chomotor slowing and by extent in schizophrenia, it is less explored than 
gross motor function. The present link between manual dexterity and 
functional outcomes supports the idea that it might be a useful clinical 
marker [64]. In sum, the hypokinetic motor abnormalities might indi-
cate poor functioning in schizophrenia spectrum disorders. 

Catatonia combines hypokinetic and hyperkinetic features, as well as 
disturbance of volition and autonomous dysregulation [23]. In line with 
previous reports, we found that catatonia severity is associated with 
poor global functioning [27,28]. Furthermore, our data also demon-
strate that poor social functioning is linked to catatonia severity. We 
may speculate that particularly odd movements or disturbances of 
volition, e.g. withdrawal, may contribute to the deficits in social 
functioning. 

Abnormal involuntary movements or dyskinesia have been sug-
gested to be particularly valuable as marker of the risk for psychosis. 
Sharing striatal dopaminergic dysfunction with psychosis as one key 
pathomechanism, dyskinesia points to more severe illness trajectories, 
cognitive impairment, and poor function [27,32,65,66]. However, our 
study failed to detect these associations in line with other studies in 
samples with large ranges of illness duration [28]. The most striking 
positive findings were detected in subjects at risk for psychosis or first- 
episode patients, e.g. when baseline dyskinesia predicted global 

functioning in 10 years [27]. A possible explanation for the lack of an 
association in our report might be due to the patient selection. We 
pooled data from three studies, which were not designed to explore 
dyskinesia, resulting in a low number of patients with severe dyskinesia 
(n = 21) in contrast to the high number of patients without severe 
dyskinesia (n = 135) thus limiting statistical power. 

Finally, NSS have been intensively studied as a marker of the psy-
chotic disease process and always seemed to indicate poor outcomes 
across various stages of psychosis [14]. Supporting this notion, we found 
soft signs to be correlated with poor social functioning whereas its as-
sociation with poor global functioning is at trend level. In contrast soft 
signs were not associated with functional capacity. Indeed, multiple 
studies reported cross-sectional and longitudinal relationships between 
NSS and poor social and global functioning in psychosis [27,28,67–69]. 
Importantly, soft signs were found to predict long-term outcomes in 
first-episode patients [27,29]. Finally, Minichino et al. (2017) reported 
that NSS was one of the key predictors for lower functional outcome at 
two years follow up in CHR-individuals. 

Collectively, the current study mainly corroborates previous work 
and extends towards functional capacity as well as the role of psycho-
motor slowing. We also observed that functional outcomes are strongly 
impacted by the severity of illness however, it is worth mentioning that 
the present results remain the same with and without controlling for the 
severity of illness, suggesting a specific link between motor and social 
functioning. While there is considerable overlap between motor ab-
normalities in both early and chronic psychoses [15], the predictive 
value of distinct motor abnormalities particularly for the long-term 
outcome seems to differ [27–29]. NSS, catatonia, and parkinsonism 
might be particularly suited to identify subjects with poorer functional 
outcomes. 

Studies on longitudinal outcomes in FEP may differ from those with 
mixed or mainly chronic patients. Indeed, trajectories of FEP are very 
heterogeneous [71], while limited variability is expected in subjects 
who have a 5–10 year history of schizophrenia spectrum disorders, 
particularly as those with favorable courses are less represented in these 
studies. Some motor signs at 6 months follow-up predicted outcomes 
while baseline variables failed to correlate [27]. Furthermore, NSS were 
shown to decrease in a proportion of FEP patients when remission of the 
psychotic episode is achieved. Importantly, declining NSS scores indi-
cated favorable clinical outcomes in FEP [72–74]. Thus, mixed samples 
including patients with first and multiple episodes could inform on the 
associations between motor abnormalities and functional outcomes. 

4.2. Potential pathways from motor abnormalities to compromised 
function 

How do motor abnormalities contribute to poor functional out-
comes? First, motor abnormalities are readily observable signs, allowing 
laypersons to perceive subjects with schizophrenia as somebody with 
severe mental illness. Thus, motor abnormalities might lead to stigma-
tization of patients suffering from schizophrenia. Critically, such inter-
nalized stigma has an indirect negative effect on real-life functioning in 
patients with schizophrenia [75]. Second, some evidence suggests motor 
abnormalities to affect the subjective well-being of patients with 
schizophrenia, leading to poor quality of life [30,76]. Third, multiple 
studies indicate that motor abnormalities often co-occur with poorer 
cognition and increased negative symptoms across all stages of schizo-
phrenia [26,28,77–81]. Importantly, both cognitive impairment and 
negative symptoms may contribute to poor functional outcomes [59] 
Poorer functional outcome is also related to negative symptoms, 
including motivational deficits, and poorer social cognition in patients 
with schizophrenia [82–84]. Finally, motor abnormalities directly 
impair nonverbal behavior, such as the use and interpretation of hand 
gestures [37]. Indeed, motor abnormalities can severely hamper the 
performance of hand gestures, which are important for successful social 
interactions, and predict mid-term social functioning. [85]. 
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Our study further found that parkinsonism and psychomotor slowing 
also impair the functional capacity of patients. The performance of 
everyday skills should be unrelated to stigma, but is likely to be influ-
enced by social interaction deficits, amotivation, or cognitive impair-
ment, all of which correlate with severe motor abnormalities. 

First-line treatment for schizophrenia includes antipsychotics, which 
will improve global functioning but also introduce more motor abnor-
malities [86,87]. In addition, cognitive remediation therapy has been 
very effective in improving function in psychosis [88,89]. However, 
given the strong association of motor abnormalities and functional 
outcome, it will be important to identify behavioral domains, which can 
be modulated by further psychiatric treatment efforts. First evidence 
suggests that repetitive transcranial magnetic stimulation (rTMS) on the 
supplementary motor area may ameliorate psychomotor slowing in 
psychosis [90]. However, the effects of this direct mechanistic treatment 
on function have not been established yet. Likewise, single rTMS treat-
ments have improved hand gesture performance in schizophrenia [91]. 
While this study warrants replication, the impact on functional out-
comes needs to be explored as well. The use of non-invasive brain 
stimulation techniques has been advocated to treat motor abnormalities 
in psychosis [22]. We may hope that once these treatments prove to be 
effective, functional outcomes will improve as motor impairments 
decline. 

4.3. Limitations 

First, in the current report, the population combines patients from 3 
different studies (including two clinical trials) with heterogeneous 
samples. Our analysis took medication dosage, age, and psychopathol-
ogy (PANSS total score) into account, to check for possible confounders. 
However, we may still have missed potential contributors to variability 
in the samples. Second, none of the three studies was designed to spe-
cifically explore dyskinesia, parkinsonism, or catatonia. This leads to the 
present small number of patients with dyskinesia. The specific impact of 
dyskinesia on social and global functioning in schizophrenia should be 
explored in future studies with dedicated samples. Third, as most of our 
patients are in psychotic episodes or experience persistent chronic 
symptoms, the current study cannot conclude on the effect of the course 
of the illness on the association between NSS and functional outcomes. 
This question needs to be addressed in studies with a larger group of 
remitted patients. 

Finally, some selection bias might have been introduced as the test of 
functional capacity was hard to perform for subjects with severe motor 
signs. 

5. Conclusion 

Motor abnormalities are associated with poor global and social 
functioning as well as with poorer functional capacity. All motor do-
mains seem to be important predictors of functional outcome, particu-
larly psychomotor slowing, NSS, parkinsonism, and catatonia. Future 
studies need to test, whether amelioration of motor abnormalities may 
improve community functioning. 
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