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Lay summary  

Autism spectrum disorder (ASD) and schizophrenia (SCZ) are neurodevelopmental disorders 

with partly overlapping and partly distinct clinical symptoms. Sensorimotor impairments rank 

among these symptoms, but it is less clear whether they are shared or distinct. In this study, we 
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showed using a grip force task that sensorimotor impairments related to motor inhibition are 

common to ASD and SCZ, but more severe in ASD. Impaired motor anticipation may represent 

a further specific impairment in ASD. 

 

Abstract (250 words max) 

Autism spectrum disorder (ASD) and schizophrenia (SCZ) are neurodevelopmental disorders 

with partly overlapping clinical phenotypes including sensorimotor impairments. However, 

direct comparative studies on sensorimotor control across these two disorders are lacking. We 

set out to compare visuomotor upper limb impairment, quantitatively, in ASD and SCZ. 

Patients with ASD (N=24) were compared to previously published data from healthy control 

participants (N=24) and patients with SCZ (N=24). All participants performed a visuomotor 

grip force-tracking task in single and dual-task conditions. The dual-task (high cognitive load) 

presented either visual distractors or required mental addition during grip force-tracking. Motor 

inhibition was measured by duration of force release and from principal component analysis 

(PCA) of the participant’s force-trajectory. Common impairments in patients with ASD and 

SCZ included increased force-tracking error in single-task condition compared to controls, a 

further increase in error in dual-task conditions, and prolonged duration of force release. These 

three sensorimotor impairments were found in both patient groups. In contrast, distinct 

impairments in patients with ASD included greater error under high cognitive load, and delayed 

onset of force release compared to SCZ. The PCA inhibition component was higher in ASD 

than SCZ and controls, correlated to duration of force release, and explained group differences 

in tracking error. In conclusion, sensorimotor impairments related to motor inhibition are 

common to ASD and SCZ, but more severe in ASD, consistent with enhanced 

neurodevelopmental load in ASD. Furthermore, impaired motor anticipation may represent a 

further specific impairment in ASD. 

 

Keywords: neurodevelopmental disorder; schizophrenia; autism spectrum disorder; inhibitory 

dysfunction; sensorimotor control.  
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Introduction 

Sensorimotor symptoms, clinically operationalized through neurological soft signs (NSS), have 

been considered as behavioural markers of neurodevelopmental load in schizophrenia (Biswas, 

Malhotra, Malhotra, & Gupta, 2007), as well as in autism spectrum disorder (Goldman et al., 

2009; Jansiewicz et al., 2006). The common presence of NSS and shared multifactorial 

etiologies (characterized by an interaction between biological/genetic and environmental 

factors; Geschwind & Levitt, 2007; Insel, 2010; Millan et al., 2016) are therefore consistent 

with a neuropathological continuum between these two disorders (Hirjak et al., 2014). 

However, there are also symptomatic differences: ASD is characterized by a core deficit in 

communication and social interactions, restricted interests and stereotyped behaviours 

(American Psychiatric Association, 2013), not found in SCZ. Conversely, specific deficits in 

SCZ concern delusions, hallucinations, disorganized behaviour and negative symptoms 

(American Psychiatric Association, 2013). Furthermore, ASD symptoms usually emerge in 

early childhood (Baumer & Spence, 2018), those in SCZ typically during adolescence/early 

adulthood. Nonetheless, the hypothesis of a pathological neurodevelopmental continuum 

between autism and schizophrenia has been recently put forward, in part owing to the 

observation that many children with ASD develop psychosis later in life, and that schizophrenia 

patients often present atypical developmental histories (Martinez et al., 2017, 2019). 

The presence of common NSS and other sensorimotor impairments, probed behaviourally 

(Gourion, Goldberger, Olie, Lôo, & Krebs, 2004; Halayem et al., 2010; Krebs, Gut-Fayand, 

Bourdel, Dischamp, & Olié, 2000; Mosconi & Sweeney, 2015; Travers et al., 2015; Walther & 

Mittal, 2016; Whyatt & Craig, 2013) and neurophysiologically (Gomez-Pilar et al., 2017; Kana, 

Keller, Minshew, & Just, 2007), have been extensively assessed, though usually not in a strictly 

comparative manner. These sensorimotor impairments seem to be central features in ASD 

(Mosconi & Sweeney, 2015) and in SCZ (Walther & Mittal, 2016; Walther & Strik, 2012), and 

they potentially reflect a common underlying neurodevelopmental burden. Studying 

sensorimotor impairments in both disorders remains relevant for several reasons: these 

impairments (i) seem to be prevalent (up to 80% in autism (Mosconi & Sweeney, 2015) and 

schizophrenia (Walther & Strik, 2012)); (ii) they have a direct impact on daily 

functioning/quality of life (Bowie, Reichenberg, Patterson, Heaton, & Harvey, 2006; Travers 

et al., 2017); (iii) they are of potential interest for (early) screening, since they may detect 

objective, prodromal signs (Caldani et al., 2017; Millan et al., 2016; Mosconi & Sweeney, 2015; 
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Térémetz et al., 2017); and (iv) they may promote better understanding of the underlying 

neuropathological mechanisms. 

Separate studies in ASD and SCZ indicate impaired fine sensorimotor control (Neely et al., 

2019; Walther & Strik, 2012; Whyatt & Craig, 2013), presence of NSS (Bachmann, Degen, 

Geider, & Schröder, 2014; Halayem et al., 2010), and deficits in inhibitory cortical activity 

(Brandt et al., 2015; Kana et al., 2007; Noda et al., 2017; Oberman et al., 2010; Sapey-

Triomphe, Lamberton, Sonié, Mattout, & Schmitz, 2019), with GABAergic dysfunction in 

ASD (Oberman et al., 2014) and SCZ (Radhu et al., 2013). Other symptoms are more 

specifically linked to ASD, such as presence of motor stereotypies (Goldman et al., 2009) and 

lack of motor anticipation (Fabbri-Destro, Cattaneo, Boria, & Rizzolatti, 2008; Martineau, 

Schmitz, Assaiante, Blanc, & Barthélémy, 2004; Schmitz, Martineau, Barthélémy, & 

Assaiante, 2003). However, despite a growing literature comparing cognitive deficits between 

ASD and SCZ (Bölte, Rudolf, & Poustka, 2002; Clark & Lum, 2017; Martinez et al., 2017) 

comparative data on sensorimotor impairments are scarce (Martinez et al., 2019).  

This study aimed at assessing patients with ASD through a visuomotor force-tracking paradigm 

previously used in patients with SCZ and healthy control participants (HC) (Teremetz et al., 

2014). Tracking performance was assessed by measures of tracking error, force onset, release 

onset, and release duration, allowing for a direct comparison of potentially shared vs. distinct 

deficits in a grip force-tracking paradigm (Carment et al., 2019). In addition, we investigated 

the effect of cognitive load on visuomotor performance in ASD vs. SCZ (Carment et al., 2019). 

Based on the presumed continuum between ASD and SCZ (Hirjak et al., 2014) and given earlier 

onset and more severe neurodevelopmental impact in ASD (St Pourcain et al., 2017), we 

hypothesized that both groups would show common impairments in sensorimotor control but 

superposed with disorder-specific deficits (following the gradient ASD>SCZ>HC). Since ASD 

and SCZ have similar deficits in cognitive functions (Geschwind & Levitt, 2007; Millan et al., 

2016), we predicted that tracking performance in both groups would decrease with increasing 

cognitive load over that seen in control participants. We also predicted that both patient groups 

would show tracking deficits related to impaired motor inhibition, but that patients with ASD 

would show more severe sensorimotor impairments than those with SCZ (Biswas et al., 2007; 

Jansiewicz et al., 2006; Martinez et al., 2017), according to the gradient (ASD>SCZ>HC). In a 

previous study we have shown that principal component analysis (PCA) of force recordings 

during tracking results in a motor inhibition component that is significantly reduced in patients 

with SCZ (Térémetz et al., 2014). In this study, we predict that this PCA inhibitory component 

would also follow the gradient (ASD>SCZ>HC). Finally, since anticipation is considered to be 
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deficient in ASD (Brisson, Warreyn, Serres, Foussier, & Adrien, 2012; Schmitz et al., 2003; 

Wang et al., 2015), but less so or not in SCZ (Sailer, Eggert, Strassnig, Riedel, & Straube, 

2007), we expected temporal parameters to be affected in ASD, but not in SCZ. 

 

Materials and methods 

Participants 

Twenty-four patients (6 females, 18 males, mean age±SD: 29±7y), fulfilling DSM-V criteria 

for ASD (American Psychiatric Association, 2013), were recruited in the University department 

(SHU) at Sainte-Anne Hospital, Paris, France. For patients with SCZ (6 females, 18 males, 

age±SD: 31±9y) and healthy controls (6 females, 18 males, age±SD: 30±7y), clinical and 

experimental data were obtained from a previous study (Carment et al., 2019). All patients were 

clinically stabilized, with or without a constant dose of atypical antipsychotics for at least one 

month (medicated: SCZ, n=24; ASD, n=6). An approximated intelligent quotient (aIQ) was 

obtained using the Wechsler Adult Intelligence Scale (WAIS-IV; Grégoire & Wierzbicki, 2009) 

for SCZ and HC. Participants with an aIQ<80 were excluded. ASD patients with intellectual 

disability according to Autism Diagnostic Interview (ADI; Lord, Rutter, & Le Couteur, 1994) 

and/or a diagnosed dyscalculia were excluded. The study received ethical approval (CPP n° 

AM7519-1-3364, Ile-de-France VIII) and all participants provided written informed consent. 

 

Clinical measures 

Clinical symptomatology (Table 1) was assessed using the Brief Psychiatric Rating Scale in all 

patients (Overall & Gorham, 1962), the Positive and Negative Syndrome Scale (PANSS; Kay, 

Fiszbein, & Opler, 1987) for SCZ, and ADI (Lord et al., 1994) for ASD. The global assessment 

of functioning (GAF; Jones, Thornicroft, Coffey, & Dunn, 1995) was evaluated in both patient 

groups. Neurological soft signs (NSS; Krebs et al., 2000), extra-pyramidal symptoms (Simpson 

& Angus, 1970), abnormal involuntary movements (Munetz & Benjamin, 1988), selective 

attention (Stroop, 1935), and executive processing (WAIS-IV sub-scores ‘similarities’ and 

‘matrices’) were assessed in all groups. 

 

Visuomotor grip force-tracking task 

All participants performed a visuomotor grip force-tracking task with their right hand according 

to our previously published protocol (see Figure 1; Carment et al., 2019). Participants had to 

match a right-to-left scrolling line (target force) as accurately as possible with their grip force 
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using a vertically moving cursor (instantaneous user force feedback). Tracking-force was 

measured using the Power Grip Manipulandum (www.sensix.fr) and sampled at 1kHz using a 

CED Power1401 and Spike2V6 (www.ced.co.uk). The target force followed a ramp-hold-and-

release paradigm in each trial (pause=3s; ramp=2s; hold=3s; release=instantaneous drop to 

baseline) at a target force level of 5N or 10% maximum voluntary contraction (Lindberg et al., 

2012). A block of six trials at each of the two force levels was repeated three times (for a total 

of 36 trials, duration: 5’30’’). While participants performed the grip-force tracking task, 

cognitive load was experimentally varied with either (i) a single-task condition (Single; lowest 

level of cognitive load), corresponding to the basic force-tracking paradigm (36 successive 

trials) or (ii) a dual-task condition (36x2 trials). In the dual-task condition, two types of visual 

cues were displayed in pseudo-randomized order. (i) Distractors, consisting of white-filled 

shapes and displayed for 500ms. Timing and position of appearance was unpredictable. They 

appeared in each of the four periods, i.e.  during REST, before RAMP-onset, during HOLD, 

and  before RELEASE. A maximum of two distractors appeared per trial. Participants had to 

focus on the tracking task and inhibit saccades toward distractors. (ii) Numbers (from 1 to 9) 

were displayed (Dual-ADD trials;) for 500ms in pseudo-random positions and with onset-times 

identical to Dual-DIST trials. Participants had to make a saccade toward the stimulus, mentally 

sum the numbers of successive trials, and report the sum (after six Dual-task trials) following 

an auditory cue. Therefore, the Dual-task condition contained trials shared a discrimination 

component (distractor vs. number), as well as a memory retention component (summed score), 

imposing a higher cognitive load than the single-task condition. Furthermore, since the addition 

occurs during Dual-ADD trials only, while memory retention was required in both Dual-task 

trials, Dual-DIST trials represent intermediate and Dual-ADD trials the highest cognitive load. 

Trial order: a first batch of 36 successive Single-task trials (5’30’’), followed by 72 pseudo-

randomly intermingled Dual-DIST and Dual-ADD trials (2x 5’30’’). For familiarisation, all 

participants performed a series of 6 consecutive Single-task trials at 10% Maximal Voluntary 

Contraction (MVC) before data recording. MVC was assessed using a power grip 

dynamometer. Participants were instructed prior to the task: to accurately match their grip force 

to the target force at all times, to ignore (inhibit saccades to) distractors, but to make saccades 

to relevant visual stimuli (numbers), to mentally sum the successively appearing numbers, and 

to verbally report the sum after the auditory cue. Thus, peripheral visual on-line information 

was required to either inhibit (Dual-DIST trial) or to make a saccade (Dual-ADD trial) to a 

unpredictable and extrafoveal visual stimulus. 

 

http://www.sensix.fr/
http://www.ced.co.uk/
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Data analysis 

Visuomotor force-tracking performance was analyzed using MatlabV9.1 (The MathWorks, 

Inc., Natick, MA, USA). Grip force of all participants was down-sampled to 100Hz and 

smoothed (20ms sliding window using ‘root mean square’ method; Challis & Kitney, 1990; 

Carment et al., 2019). Several performance measures were extracted trial-by-trial and grouped 

for trial type (36 trials x 3 trial-types) to study the effect of cognitive load on tracking 

performance (Single-task, Dual-DIST, Dual-ADD) for each participant: precision of tracking 

error (quantified as the root mean square error [RMSe] between the target and the tracking-

force during the ramp and hold periods); timing of force control (quantified by the onset of 

force production and of force release relative to the respective target, i.e., the time of the positive 

(production) or negative (release) peak value of the derivative of the tracking force in the 

interval of ±500ms around ramp and release onset); release duration (time taken to abruptly 

reduce the force from 75% to 25% of the target force). A Principal Component Analysis (PCA) 

was applied to the averaged Single-task force trajectory of each participant, i.e., the averaged 

grip-force profile across the 36 single-task trials (Teremetz et al., 2014), resulting in a 900x72 

data matrix (100 time points/s*N participants).  

 

Statistical analysis 

Statistical analysis was performed using Statistica10 (StatSoft, Inc., USA), involving Mann-

Whitney U tests for assessing group differences in demographic and clinical outcomes. To 

assess task-related group differences a general linear model repeated measures ANOVA with 

one GROUP factor (SCZ/ASD/HC) and one within-group factor CONDITION (Single-

task/Dual-DIST/Dual-ADD) was used, including Fisher LSD post-hoc test (level of 

significance: p<0.05). For the PCA, PC factor scores were obtained for PCs explaining > 5% 

of the variability and compared using an ANOVA with one GROUP factor and one within-

group factor of the first three PCs (PC1/PC2/PC3) to identify underlying control strategies 

between groups. To probe the relation between PC1 and other behavioural and physiological 

markers of inhibition, Pearson’s correlations were used including previously acquired data on 

short-latency intracortical inhibition (SICI; Kujirai et al., 1993) in HC and patients with SCZ 

(detailed in Supplementary data). For the ASD group, Spearman’s rank-order correlation was 

used to independently assess relations between the force-tracking error and the following 

clinical measures: GAF, neurological soft signs (total score, sensori-integration, motor 

integration and motor coordination subscores), Stroop (interference subscore), WAIS-IV 
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(‘similarities’ and ‘matrices’ sub-scores) and chlorpromazine equivalent (respective 

correlations for the SCZ group have been previously published, see details in Table 2.; Carment 

et al., 2019). The level of significance for correlation coefficients was corrected for multiple 

comparisons (N=9; Benjamini & Hochberg, 1995). 

 

Results 

Mental addition (Dual-ADD trials) 

There was no difference in performing mental addition between SCZ (81%±24 correct) and 

ASD groups (71%±27), and between SCZ and HC groups (88%±12) (t-test, SCZ vs. ASD: 

t(46)=1.41, p=0.17; SCZ vs. HC: t(46)=1.23, p=0.22). However, reporting correct sums in ASD 

(71%±27) was significantly lower compared to HC (88%±12, t-test, t(46)=2.83, p=0.007). 

 

Precision of force control – force-tracking error 

The ANOVA of force-tracking error (Table 2) showed a significant GROUP effect 

(F(2,68)=8.26, p<0.001), but post-hoc tests revealed that ASD and SCZ groups were not 

significantly different (p=0.09), unlike the predicted performance gradient (ASD>SCZ>CH). 

However, relative to HC performance, the SCZ group showed a 40% increase (p=0.002) and 

the ASD group a 78% increase (p<0.001) in tracking error across conditions.  

 

Concerning modulation of sensorimotor performance by cognitive load, we hypothesized to 

find group differences according to the (ASD>SCZ>CH) gradient. We found a significant 

effect of CONDITION (F(2,68)=34.4, p<0.001), resulting in increased tracking error in Dual-

DIST compared to Single-task trials (p<0.001), and a further increase of tracking error in Dual-

ADD trials (p<0.001). Moreover, a CONDITION*GROUP interaction was found 

(F(4,136)=2.51, p=0.04). Between group comparisons (Fig. 2) showed that ASD had increased 

tracking error compared to SCZ only in Dual-ADD trials (Single: p=0.30; Dual-DIST: p=0.21; 

Dual-ADD: p=0.02). Both patient groups had increased tracking error across conditions 

compared to control participants (SCZ vs. HC, Single: p=0.03; Dual-DIST: p=0.003; Dual-

ADD: p<0.001; ASD vs. HC, Single: p=0.01; Dual-DIST: p<0.001; Dual-ADD: p<0.001). 

Within group comparison showed that Dual-DIST led to increased tracking error compared to 

Single-task only in the two patient groups (SCZ: p=0.003; ASD: p=0.02, HC: p=0.17), whereas 

Dual-ADD led to increased tracking error compared to Single-task in all three groups (SCZ: 

p<0.001; ASD: p<0.001; HC: p=0.002). 
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Timing of force control – force onset and release onset 

The latency of force onset (Table 2) did not differ between groups (ANOVA, F(2,68)=1.84, 

p=0.17) and no interaction effects were found. However, the latency of release onset (Table 2) 

showed a significant GROUP effect (F(2,68)=3.92, p=0.03), with significantly longer onset of 

force release in the ASD-group from that in the SCZ-group (post-hoc, p=0.01) and HC-group 

(post-hoc, p=0.03), following the partial gradient (ASD>SCZ=HC). SCZ and HC groups had 

similar latency of release onset (p=0.74). No other interaction effects were found.  

 

Behavioral measure of motor inhibition – release duration 

Duration of force release was used as an index of motor inhibition. Release duration (Table 2) 

showed a significant GROUP effect (ANOVA, F(2,68)=3.52, p=0.04), but post-hoc tests 

revealed that performance in ASD and SCZ groups did not differ (p=0.69), contrary to our 

hypothesized gradient (ASD>SCZ>CH). Both patient groups showed longer release duration 

compared to control participants (SCZ vs. HC, p=0.04; ASD vs. HC, p=0.02). No other 

interaction effects were found.  

 

PCA results 

The PCA on force trajectories (Fig. 3A) identified different strategies of online visuomotor 

control. PCA revealed 35 PCs (99.96% of variation explained) and the first three PCs explained 

89% of the variation (PC1=47%; PC2=34% and PC3=8%). The PC1 loading trajectory (Fig. 

3B) visually resembled the inverse of the average force trajectory and was therefore qualified 

as an ‘inhibition’ component. PC2 (Fig. 3C) matched the average force trajectory and was 

considered a ‘production’ component, and PC3 (Fig. 3D) resembled the inverse of the first 

derivative of force and was considered a ‘transition’ component. The PC factor score for each 

participant reflects the distance of each participant's data to the origin of each PC (Fig. 3E). The 

ANOVA of PC factor scores showed no significant GROUP effect (F(2,68)=0.07, p=0.94) and 

PC-type effect (F(2,136)=1.51, p=0.23), but a significant interaction between PC-type and 

GROUP (F(4,136)=7.97, p<0.001). ASD and SCZ groups had higher PC1 scores compared to 

the HC-group (post-hoc p<0.001 and p=0.005, respectively). Moreover, the ASD-group had 

higher PC1 scores compared to the SCZ-group (p=0.02). Therefore, PC1 findings corresponded 

to the expected impairment gradient pattern (ASD>SCZ>HC). Inversely, we found lower PC2 

scores for ASD and SCZ groups compared to HC (SCZ vs. HC, p=0.007; ASD vs. HC, 
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p<0.001), but no difference between patient groups (p=0.16). No significant group difference 

was found for PC3 scores (all p>0.35). 

 

Inhibition component (PC1) and motor inhibition measures  

Several findings related PC1 to inhibitory mechanisms: First, we found a positive correlation 

between PC1 loading scores and release duration (r=0.36, p=0.002) across all participants (Fig. 

3F). Second, previously collected neurophysiological data in SCZ and HC showed a negative 

correlation between short-latency intracortical inhibition (SICI) at rest and PC1 across HC and 

patients with SCZ (Pearson’s correlation, r=-0.59, p<0.001; Supplementary Fig. 1) and this 

correlation remained significant when performed for each group separately (SCZ: r=-0.54, 

p=0.006; HC: r=-0.44, p=0.03).  

 

Inhibition component (PC1) and sensorimotor impairments 

To investigate to what degree PC1 could explain tracking performance we performed the 

ANOVA of force-tracking error using PC1 (inhibition) as a covariate. This explained the 

GROUP differences in sensorimotor performance (F(2,68)=0.76, p=0.47), as well as the 

CONDITION*GROUP interaction (F(4,136)=0.46, p=0.77), as expressed by the no longer 

significant p-values. 

Finally, a multiple linear regression analysis of force-tracking performance between patients 

with ASD and those with SCZ using the first three PCs as regressors, showed that PC1 and PC3 

remained significant predictors of tracking error, but not PC2 (PC1 score: F(1,46)=29.79, 

p<0.001; PC2 score: F(1,46)=3.14, p=0.08; and PC3 score: F(1,46)=20.95, p<0.001). This 

multiple regression model explained a total of 61% of force-tracking error in SCZ- and ASD- 

groups (F(3,46)=22.63, p<0.001, R2=0.61), and PC1 alone explained 40% (F(1,46)=29.79, 

p<0.001).  

 

Tracking performance and clinical scores in ASD  

Force-tracking error correlated negatively with the GAF scale (r=-0.71, p=0.001). No other 

significant correlation was found with clinical scores, including medication (no outliers found 

in ASD medicated patients using Hoaglin’s method (Hoaglin, Iglewicz, & Tukey, 1986) for 

visuomotor performance).  

 

Clinical assessment of sensorimotor performance (NSS) 



 11 

We hypothesized that NSS would also follow the (ASD>SCZ>HC) gradient. This was not the 

case for the total score (Fig. 4; higher scores for SCZ vs. HC: p<0.001; and for ASD vs. HC: 

p<0.001, but not between patient groups: ASD vs. SCZ: p=0.19). However, group differences 

in three sub-scores (sensori-integration, motor-integration and motor-coordination) showed 

higher sub-scores (greater impairment) in ASD vs. SCZ (all p-values <0.04) and higher sub-

scores in SCZ vs. HC (all p-values <0.05). The fourth sub-score (involuntary-movement) was 

higher in ASD compared to SCZ (p=0.003) and HC (p=0.002), but showed no difference 

between SCZ and HC (p=0.69). 

 

Discussion 

In this comparative study between two neurodevelopmental disorders, we provide a first 

detailed comparison of sensorimotor impairments as probed by a visuomotor grip force task 

including different levels of cognitive load. The rationale was to identify and differentiate 

common and/or disorder-specific impairments in patients with autism spectrum disorder and in 

patients with schizophrenia. Their sensorimotor performance was also assessed relative to that 

of healthy control participants.  

Common impairments were found at lower levels of cognitive load (single-task and Dual-Dist) 

with ASD and SCZ patients showing similar tracking error and with performance impaired 

compared to controls, coherent with previous report showing impaired sensorimotor control in 

ASD (Neely et al., 2019) and in SCZ (Térémetz et al., 2017). Furthermore, release duration, a 

behavioural marker of motor inhibition, was prolonged in both patient groups compared to 

controls. These results are coherent with altered sensorimotor control of hand movements in 

SCZ (Walther & Mittal, 2016) and in ASD (Whyatt & Craig, 2013) and they provide indirect 

evidence for a common inhibitory dysfunction. 

Disorder-specific impairments: We hypothesized that the degree of sensorimotor impairment 

would be disorder-specific, following the gradient (ASD>SCZ>HC). This was generally the 

case. First, patients with ASD had increased tracking error under condition of highest cognitive 

load compared to patients with SCZ. Such a dual-task effect has already been reported 

independently in autistic children during a postural control task (Bucci, Doyen, Contenjean, & 

Kaye, 2013) and in patients with schizophrenia (Lin et al., 2015). Here we provide first evidence 

for a greater dual-task effect in ASD in terms of decreased visuomotor task performance 

compared to SCZ. Second, the onset of force release was delayed in ASD compared to SCZ 

and HC. This is likely due to a failure of anticipatory motor control (Wang et al., 2015). Third, 



 12 

PCA over the force trajectories revealed PC1, whose temporal shape was supposed to reflect 

motor inhibition. These PC1 component loadings followed our group difference hypothesis 

and, when taken as a covariate in the ANOVA, explained group differences in force-tracking 

error. This is in support of a deficient control of motor inhibition in SCZ (Lindberg et al., 2016) 

but also, and to a greater extent, in ASD (Schmitt, White, Cook, Sweeney, & Mosconi, 2018). 

Finally, at the clinical level, among the NSS scores, three sub-scores followed the gradient, and 

one sub-score (Involuntary movement) was specifically affected in the ASD-, but not in the 

SCZ-group. This latter deficit is thought to reflect stereotypical motor behaviour, a core 

symptom of ASD (Goldman et al., 2009). Furthermore, we found that the degree of 

sensorimotor impairment, i.e., error in grip-force tracking, was strongly related to the GAF 

score, which is consistent with several reports indicating an impact on daily functioning related 

to impaired sensorimotor control in ASD (Jasmin et al., 2009; Travers et al., 2017). Together, 

these behavioural findings are consistent with sensorimotor impairments in ASD and in SCZ 

having a common grounding in inhibitory mechanisms, although motor inhibition seems more 

strongly affected in ASD.  

 

Altered inhibitory component through the neurodevelopmental continuum 

The shape of PC1, resembling the inverse of the force trajectory, was interpreted as reflecting 

an inhibitory sensorimotor component. Several behavioural and neurophysiological 

observations are consistent with such an interpretation: (i) release duration, a behavioural 

marker of inhibitory mechanisms (Lindberg et al., 2012; Teremetz et al., 2014), was correlated 

to PC1 across participants. (ii) the PC1 loading was negatively correlated to the strength of SICI 

assessed by TMS in healthy controls and in SCZ patients (Kujirai et al., 1993; see 

supplementary figure 1). (iii) it has been previously reported that SICI was largely related to 

GABAA mechanisms (Di Lazzaro et al., 2006; Reis et al., 2008) through the recruitment of 

intracortical inhibitory synapses using a conditioning stimulus (Roshan, Paradiso, & Chen, 

2003; Rothwell, Day, Thompson, & Kujirai, 2009). This cumulative evidence suggests that 

PC1 reflects altered inhibition in SCZ and in ASD. It also predicts that patients with ASD 

should have weaker SICI compared to patients with SCZ. However, no study has to our 

knowledge directly compared SICI between ASD and SCZ. Studies assessing SICI in ASD are 

scarce and report heterogenous results (Masuda et al., 2019), no difference (Enticott et al., 2013) 

or lower SICI (Oberman et al., 2010). Nonetheless, altered cortico-cortical inhibitory 

mechanisms are supported by functional imaging studies showing atypical activation of 

inhibition circuitry in ASD (Kana et al., 2007) and in SCZ (Brandt et al., 2015), by magnetic 
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resonance spectroscopy indicating that adults with ASD had decreased GABAergic 

concentration in the sensorimotor cortex (Sapey-Triomphe et al., 2019), and by a recent review 

reporting that ASD and SCZ shared abnormalities in gene coding for GABAergic receptors 

(Canitano & Pallagrosi, 2017). Furthermore, altered pre-pulse inhibition has been linked to 

GABAergic dysfunction in ASD (Inui, Takeuchi, Sugiyama, Motomura, & Nishihara, 2018). 

Thus, while our findings provide supporting evidence for disturbed inhibition as a common 

factor of impaired online sensorimotor control in both neurodevelopmental disorders, there is 

so far little physiological evidence for our prediction of more severely affected cortical 

inhibition in ASD. 

 

Altered anticipatory component in sensorimotor control  

Two temporal measures in the force-tracking task allowed assessment of online anticipatory 

timing: the onset of force production and of force release. The onset of force release (but not 

the onset of force production) was delayed in ASD patients compared to SCZ patients and to 

control participants. This suggests that patients with ASD had a decreased ability to anticipate 

an abrupt release of force, consistent with previous studies reporting deficient motor 

anticipation in ASD, whether in infancy (Brisson et al., 2012) , childhood (Schmitz et al., 2003) 

or early adolescence (Schmitt et al., 2018), although this remains uncharacterized in adulthood. 

An anticipatory dysfunction could be explained by an impaired internal representation or by an 

inability in handling timing parameters during motor action in ASD (Fabbri-Destro et al., 2008; 

Forti et al., 2011; Stoit, van Schie, Slaats-Willemse, & Buitelaar, 2013). Our data suggest that 

the use of visual feedback might be altered in patients with ASD, leading to difficulties in 

temporal prediction of force release (Fabbri-Destro et al., 2008; Forti et al., 2011; Stoit et al., 

2013; Wang et al., 2015). In contrast, we did not detect any deficits in force onset or release 

onset in SCZ (nor did Fabbri-Destro et al., 2008; Forti et al., 2011; Stoit et al., 2013), although 

other studies reported impaired timing/motor prediction using more challenging cues in SCZ 

patients (Carroll, O’Donnell, Shekhar, & Hetrick, 2009; Dupin et al., 2018; Térémetz et al., 

2017; Voss et al., 2010).  

 

Limitations 

Due to lack of TMS data in the ASD-group, the relation between PC1 and the degree of SICI, 

observed in controls and in patients with SCZ (Carment et al., 2019), could not be directly 

established for ASD. However, a recent review also pinpoints altered intra-cortical inhibitory 

mechanisms in ASD (Masuda et al., 2019). This further highlights the need of 



 14 

neurophysiological comparative studies to directly probe a common neurophathological 

underpinning for motor inhibition within the neuro-developmental continuum. Moreover, to 

explicitly probe a link within this continuum a quantitative marker would be needed, such as 

genetic load. Finally, we only investigated adult patients with ASD: replication in children 

would be indicated.  

 

Conclusions 

Using visuomotor control of grip force, we found common and distinct sensorimotor 

impairments in ASD and in SCZ. Both patient groups showed impaired motor inhibition 

(extracted by PCA), which largely explained group differences in force-tracking performance. 

This inhibition component was most severely impaired in ASD (ASD>SCZ>HC), as was 

tracking performance during high cognitive load. These behavioural results point to a common 

impairment in motor inhibition across these two neurodevelopmental disorders, however, 

patients with ASD were more severely affected, in line with early dysregulated maturation of 

neural inhibition. Furthermore, our findings suggest that some motor deficits, such as impaired 

feedback-dependent motor anticipation (prediction) and stereotypical motor behaviour, might 

be specific to ASD and likely pinpoint core symptoms of this disease. This highlights the need 

for further study of sensorimotor impairment through the neurodevelopmental continuum, by 

combining behavioural and neurophysiological techniques.  
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ASD 

group 
(Mean±SD) 

SCZ 

group 
(Mean±SD) 

HC 

group 
(Mean±SD) 

Demographic data 

Age  

(years) 
29±7 31±9 30±7 

Gender  6F/18M 6F/18M 6F/18M 

Clinical data 

Medicated 

(M/NM) 
6M/18NM 24M - 

BPRS 

[24-68]  
36±9 44±6* - 

GAF 

[0-100] 
63±12 57±13 - 

SAS 

[0-44] 
3±4 3±3 1.6±1.1 

AIMS 

[0-40] 
2±4 1±2 0.3±0.4 

Neuropsychological scores  

WAIS  

Similarities [0-19]  
13.2±3.5 12.2±2.9 14.6±2.1 

WAIS  

Matrix [0-19] 
10.5±2.9 11.5±3.1 12.3±2.4 

STROOP  

Interference (s) 
124.5±38.9 112±33.6 91.4±29.6** 

STROOP  

Interference (error) 
1.6±1.8 1.9±1.6 0.8±1.1* 

Neurological soft signs (NSS)  

Total score 

[0-105] 
16.1±5.8 13.4±5.6 7.7±3.5*** 

Sensory integration 

[0-15] 
3.1±2.5 1.8±1.6** 0.9±1.1*** 

Motor coordination 

[0-21] 
7.6±3.6 5.5±2.4 3.7±2.1*** 

Motor integration 

[0-18] 
3.2±2.6 1.1±1.1** 0.5±0.7*** 

Involuntary movement 

[0-6] 
1.1±1.5 0.1±0.3** 0.1±0.3** 

Table 1. Clinical and demographic data.  
Clinical and demographic data (mean±SD) for patients with autism spectrum disorder (ASD), 

patients with schizophrenia (SCZ) and healthy controls (HC). Patients were assessed using the 

brief psychiatric rating scale (BPRS), global assessment of functioning (GAF), Simpson Angus 

Extra-Pyramidal Scale (SAS), Abnormal Involuntary Movements Scale (AIMS), and 

neurological soft signs (NSS). Executive function was assessed by the WAIS scores 

‘Similarities’ and ‘Matrix’. ‘Interference’ is a sub-score of the Stroop color naming test. There 

was no difference in the demographic data between groups. Group differences compared to 
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ASD group for clinical data were tested with Mann-Whitney U tests and are indicated as 

follows: *= p<0.05; **= p<0.01, ***= p<0.001. Note: significant group differences between 

SCZ and HC groups (not indicated) were as follows: Neuropsychological scores – Similarities 

(WAIS), p=0.002; STROOP Interference (s), p=0.02; STROOP Interference (errors), p=0.004; 

Neurological soft signs (NSS) – total score and sensori integration, motor coordination and 

motor integration sub-scores, all p-values<0.05.  

 

 

 

 

 ASD group 
(Mean±SD) 

SCZ group 
(Mean±SD) 

HC group 
(Mean±SD) 

Force control 

 Single 

task 
Dual 

DIST 
Dual 

ADD 
Single 

task 
Dual 

DIST 
Dual 

ADD 
Single 

task 
Dual 

DIST 
Dual 

ADD 

Tracking error  

(RMSe) 
0.14     

±0.06 

0.17       

±0.09 

0.22     

±0.14 

0.12     

±0.05 

0.15       

±0.07 

0.17     

±0.09 

0.09    

±0.03 

0.10     

±0.04 

0.13      

±0.05 

Release duration  

(ms) 
158     

±34 

170    

±59 

169     

±60 

166     

±46 

171    

±61 

179     

±89 

148    

±30 

142   

±45 

145     

±44 

Force onset 

latency (ms) 
106     

±93 

89    

±87 

111   

±93 

118     

±22 

119    

±38 

150   

±120 

115    

±29 

120   

±46 

132 

±50 

Force release 

latency (ms) 
127     

±55 

120    

±67 

139    

±65 

165     

±50 

166    

±62 

171    

±59 

161    

±43 

155 

±47  

160    

±46 

PCA 

PC1 loading 7.6±17.5 1.3±12.3 -8.8±7.7 

PC2 loading  -3±10.6 2±11.3 8.6±6.5 

PC3 loading -2.4±12.8 0.4±5.2 1.9±5.3 

Table 2. Visuomotor measures for the three groups: patients with autism spectrum 

disorder (ASD), patients with schizophrenia (SCZ) and healthy control participants 

(HC). 

Force control: main measures (mean±SD) of performance in force control are detailed for all 

groups in (i) the Single-task tracking condition and the two Dual-task conditions with (ii) Dual-

task distraction trials (Dual-DIST) and (iii) Dual-task addition trials (Dual-ADD). Principal 

component analysis (PCA): loading score (mean±SD) of the first three components.  
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Figures legends 

 
Fig 1. Visuomotor grip force-tracking setup and conditions.  

Setup for the visuomotor task: participants were seated in front of a 22” computer screen, set at 

eye level at a distance of 60cm. The screen displayed the visuomotor force-tracking tasks. Grip 

force was displayed as a red cursor moving vertically and in real-time as a function of the 

exerted grip force. The target force was displayed as a right-to-left scrolling coloured line. A 

trial consisted of a single ramp-hold-and-release sequence. Trials with different cognitive load 

were presented pseudo-randomly: (i) Single-task trial (Single): grip force-tracking; (ii) Dual-

task distraction trial (Dual-DIST): during force-tracking, distractors, consisting of white-filled 

shapes (square, star, triangle, 2x2cm), were randomly displayed for 500ms in the four periods 

at specific times (1500ms into REST; 380ms before RAMP onset; 1500ms into hold; and 380ms 

before RELEASE).; (iii) Dual-task addition trial (Dual-ADD): while participants performed the 

force-tracking task, numbers (from 1 to 9, 2x2cm) were displayed for 500ms with onset times 

identical to the Dual-DIST trials. Participants were instructed to focus on the tracking task and 

to inhibit saccades toward irrelevant visual stimuli (distractors), but to make saccades toward 

relevant stimuli (numbers). They were asked to mentally sum the successive numbers, and 

report the sum when given a cue. 
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Fig 2. Force control precision.  

Mean RMS force-tracking error (estimated marginal mean±vertical bars: 95% confidence 

interval) during Single, Dual-DIST and Dual-ADD trials for the three groups: ASD (lighter 

grey), SCZ (white) and HC (darker grey). Significant differences (LSD fisher post-hoc tests for 

between group comparisons are shown as horizontal black brackets with: *=p<0.05; 

**=p<0.01, ***=p<0.001). For sake of clarity, significant differences for within-group 

comparisons are not shown graphically, but detailed as follows: Dual-DIST led to increased 

error compared to Single-task only in patient groups (SCZ: p=0.003; ASD: p=0.02, HC: 

p=0.17). Dual-ADD trials led to increased error compared to Single-task in all groups (SCZ: 

p<0.001; ASD: p<0.001; HC: p=0.002).  
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Fig 3. Principal component analysis of force-tracking.  

A. Averaged force trajectory during the single-task condition across all participants. B-D. The 

first three principal component loading (PC1/PC2/PC3) as a function of time (900 sampled 

points). Note: PC1 loading decreases with increasing force, and is maximal at minimal force. 

E. Mean loading factor (estimated marginal mean±vertical bars: 95% confidence interval) for 

the first three PCs for the three groups: ASD (lighter grey), SCZ (white) and HC (darker grey). 

Significant differences (LSD fisher post-hoc tests for between group comparisons are shown as 

horizontal black brackets with: *=p<0.05; **=p<0.01, ***=p<0.001). F. Positive correlation 

between individual PC1 loading factor score and release duration across the three groups: ASD 

(light grey), SCZ (white) and HC (dark grey). 
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Fig 4. Neurological soft signs (NSS) scores.  

NSS were clinically assessed. One total NSS score and four sub-scores were extracted for each 

group (mean±vertical bars: 95% confidence interval): ASD (lighter grey), SCZ (white) and HC 

(darker grey). Significant differences (Mann-Whitney U tests for between group comparisons) 

are shown as horizontal black brackets with: *=p<0.05; **=p<0.01, ***=p<0.001. 


