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ABSTRACT 

Background: Compulsive behaviors, one of the core symptoms of Obsessive-Compulsive Disorder (OCD), are 

defined as repetitive behaviors performed through rigid rituals. The lack of behavioral flexibility has been as being 

one of the primary causes of compulsions, but studies exploring this dimension have shown inconsistencies in 

different tasks performed in human and animal models of compulsive behavior. The aim of this study was so to 

assess the involvement of behavioral flexibility in compulsion, with a similar approach across different species 

sharing a common symptom of compulsivity. 

Methods: 40 OCD patients, 40 healthy individually matched control subjects, 26 C57BL/6J Sapap3 KO mice and 

26 matched wildtype littermates were included in this study. A similar reversal learning task was designed to 

assess behavioral flexibility in parallel in these two species.  

Results: When considered as homogeneous groups, OCD patients and KO mice expressing compulsive behaviors 

did not significantly differ from their controls regarding behavioral flexibility. When clinical subtypes were 

considered, only patients exhibiting checking compulsions were impaired with more trials needed to reach the 

reversal criterion. In KO mice, a similarly impaired subgroup was identified. For both species, this impairment did 

not result in a greater perseveration after reversal, but in a greater lability in their responses in the reversal 

condition. Moreover, this impairment did not correlate with the severity of compulsive behaviors. 

Conclusions: In our cross-species study, we found no consistent link between compulsive behaviors and a lack 

of behavioral flexibility. However, we showed in both species that the compulsive group was heterogeneous in 

term of performance in our reversal learning task. Among the compulsive subjects, we identified a subgroup 

with impaired performance not due to perseverative and rigid behaviors as commonly hypothesized, but rather 

to an increase in response lability.  
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INTRODUCTION 

A full understanding of the underlying neural and cognitive bases of obsessive-compulsive disorder (OCD) 

remains a major challenge. The disorder affects 2-3% of the general population (1) and is characterized by 

obsessions (intrusive and unwanted thoughts) often associated with compulsions (repetitive and ritualized 

behaviors or mental acts). From a neurobiological perspective, OCD is characterized by a prefronto-striatal 

circuits dysfunction (2). However, the link between these dysfunctions and both the clinical expression of OCD 

and its genetic basis is poorly understood; especially since the latter remains unclear (3). It may therefore be 

more appropriate, and feasible,  to look at other mammalian species which could share the neural and genetic 

bases of the disorder (4).  

Behavioral flexibility is a cognitive function which can be studied in detail in other species. It refers to the ability 

to flexibly adjust behavior to a changing environment (5), with its impairment echoing the rigid compulsive 

behaviors in OCD patients who are resistant to change. However, there is no consensus that such a deficit exists 

in OCD with inconsistencies between studies (6) using reversal learning (7, 8), task switching (9, 10), or 

intra/extra-dimensional set shifting (11, 12) paradigms. Beyond methodological considerations like small sample 

sizes (13, 14), the clinical heterogeneity of OCD patients may have contributed to these discrepant results (15–

19). In contrast, activation of OCD patients’ prefrontal regions has been more consistently reported as 

dysfunctional while performing flexibility tasks, in particular the orbitofrontal cortex (OFC) (20, 21). These 

prefrontal areas are parts of the limbic and associative cortico-basal ganglia circuits where abnormalities have 

been well characterized in OCD patients, either in the resting state or during symptom provocation (2, 22). Similar 

observations have been recently made in the Sapap3 KO mice, the current predominant animal model of 

compulsive behavior (23). These mice have been genetically engineered and lack the SAP90/PSD95-associated 

protein 3 (Sapap3), a postsynaptic scaffolding protein mainly expressed in the striatum (24). This mutation results 

in expression of compulsive grooming behaviors underpinned by neurophysiological impairments of the 

prefronto-striatal circuits (23, 25), including the OFC (26). Additionally, their excessive grooming behaviors can 

be significantly reduced after chronic administration of fluoxetine as observed in OCD patients (23). These 

observations emphasize the relevance of the excessive grooming behaviors observed in Sapap3 KO mice as 

analogous to compulsions observed in OCD patients. Regarding behavioral flexibility, two recent studies (27, 28) 

have studied these mice in a spatial reversal learning task. The results suggest some deficits, although of different 
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nature in the two studies, but comparison is difficult since the experimental paradigm is different from that used 

in humans. 

To improve the comparison of human and animal results, similar procedures need to be developed across species 

to ensure similar task parameters and psychometric properties (29, 30), and to reinforce the comparative value 

of the results (31). Concerning behavioral flexibility, assessments rely in most cases on spatial discrimination 

tasks in animal models (27, 28, 32–35), but on visual discrimination in human tasks, which hinders the proper 

data transposition from animal models to humans and vice versa (36, 37). For example, it has been demonstrated 

that the neurobiological processes at work in a reversal learning task differ according to the type of stimuli used 

with cross-species inconsistencies due to  the use of different types of stimuli (38).  

Therefore, in order to study the involvement of behavioral flexibility in compulsive behaviors, we propose to 

assess this cognitive function through a comparative approach in both OCD patients and the Sapap3 KO mouse 

model. For this purpose, we have developed an innovative high throughput behavioral setup for mice that allows 

us to reliably test multiple times the performance of individual subjects in a non-spatial visual reversal learning 

task, as it is commonly performed in human studies. Finally, we ensured the correct interpretation of our results 

by recruiting large samples of well characterized and selected subjects in both species, thereby enabling us to 

look at intra-species variability in our analyses. 
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METHODS AND MATERIALS 

Participants and animal subjects 

Forty patients diagnosed with OCD according to the DSM-V criteria and with a score greater than or equal to 16 

on the Yale-Brown Obsessive-Compulsive Scale (YBOCS) were included in this study (see Supplement for details). 

Additionally, the current pharmacological treatment was converted to dose-equivalent fluoxetine for each 

patient (39). Forty healthy control subjects were matched individually according to age, sex, handedness, school 

education as well as for IQ (estimated by the French National Adult Reading Test, fNART (40)). The protocol for 

human participants was approved by the Medical Ethical Review Committee of the Pitié-Salpêtrière Hospital (ID 

RCB n° 2012-A01460-43).  

Fifty-two C57BL/6J male mice (26 Sapap3-null (KO) and 26 age matched wildtype (WT) littermates), 6-7 months 

old, were used. Each animal experiment was approved by the Ethics committee Darwin/N°05 (Ministère de 

l’Enseignement Supérieur et de la Recherche, France) and conducted in agreement with institutional guidelines, 

in compliance with national and European laws and policies (Project no 00659.01). 

The detailed characteristics of the samples for both species are summarized in Table 1 (see Supplement for 

details). 

 

Mouse automatized experimental chamber 

It has been shown that daily manipulation of these genetically-modified anxious animals in experimental 

procedures can increase stress and negatively impacts on behavioral results, including the assessment of 

behavioral flexibility (41). To avoid this bias, especially in Sapap3 KO mice which express an anxious phenotype, 

we designed and used in our study an automated experimental chamber (Figure 1A) where mice were exposed 

to the task 24h a day. The mouse lived in the experimental chamber for several weeks where water was provided 

ad libitum, and each trial could be self-initiated to get food. Therefore, these in-house experimental chambers 

allow a more ecological assessment of behavioral performance by avoiding any daily manipulation and 

methodological constraints (such as food deprivation) that could affect animals normal behavior (42–44). 

Moreover, our device allowed, as in humans, to repeat the measurement of interest through the collection of 

thousands of trials per mouse (Figure 1B; see Supplement for details). To control for any environmental influence, 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 6 

the mice underwent the task in pairs, a KO and its WT littermate starting at the same time. Prior to the beginning 

of the task itself, the mice were acclimatized to the experimental chamber for 24 hours with a pellet delivered 

each time they poked their nose into the food hopper. After this acclimatization phase, the master program 

automatically triggered two successive pre-training instrumental phases where the animal learned to activate a 

display and to respond to visual stimuli. Finally, when the animal reached pre-defined criteria of completion of 

these pre-training phases, the reversal learning task could proceed (Supplementary Figure S1). 

 

Reversal learning paradigm 

The human version of the reversal learning task (Figure 1C left) was administered in a computerized version 

adapted from Valerius et al. (45) and coded in MatLab R2013b (MathWorks) and the Psychophysics Toolbox v3 

module. As classically done in human behavioral studies (46), to make reversal events less obvious, probabilistic 

errors were interspersed so that there was a 20% chance of receiving misleading feedback. The task ended after 

the completion of 20 reversals. The mouse version of the task (Figure 1C right) was the same as the human 

version, with the feedback being deterministic as the main difference (i.e. there were no probabilistic error). As 

in the human task, the rewarded side was contingent to the stimuli presented on the screens to exclude any 

simple spatially-guided or even cue-guided strategy. The task ended after completion of 5 reversals, representing 

around 2000 of trials performed over approximately 3 weeks (Figure 1B and Supplementary Figure S2). 

For both species, the main behavioral measures to assess the subjects’ performance were the number of trials 

needed to reach the reversal criterion and the number of perseverative errors following a reversal (reversal 

errors). For mice, this last measure was estimated as a proportion of errors in the perseverative phase (47, 48) 

which was defined as a block of trials above a 60% error rate following a reversal event. These perseverative 

trials were determined according to a change point analysis adapted from Gallistel et al. (49). Other parameters 

of interest were the probability of a spontaneous strategy change (SSC, i.e. switching to the alternative 

unrewarded stimulus despite positive feedback), also defined as response lability; and the number of 

perseverative errors following a SSC (SSC errors) (see Supplement for details).  

 

Statistical analysis 
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Bayesian statistics were used to overcome the multiple shortcomings of null hypothesis significance testing  (50). 

This approach allows us to assess not only the strength of the evidence against the null hypothesis but also the 

one in favor of it by computing the Bayes Factor (51), a ratio that contrasts, given the data, the likelihood of the 

alternative hypothesis (H1) with the likelihood of the null hypothesis (H0), hence noted BF10. BF values have a 

natural and straightforward interpretation as indicative of “substantial” (3<BF<10), “strong” (10<BF<30), “very 

strong” (30<BF<100) and “decisive” (BF>100) evidence in favor of H1 (and conversely for H0 for BF values below 

1/3, 1/10, 1/30 and 1/100 respectively). All the analyses were performed in JASP v0.9.2 (52). For group comparisons, 

two-tailed (or one-tailed when justified, indicated by BF±0) Jeffreys–Zellner–Siow (JZS) paired t-tests (53) were 

carried out to analyze differences in continuous variables with an uninformed Cauchy prior (µ = 0, σ = 1/√2), and 

two-tailed Gunel-Dickey (GD) contingency tables tests (54) for independent multinomial sampling were carried 

out to analyze differences in categorical variables with a default prior concentration of 1. For multiple-group 

comparisons, we used JZS ANOVA (55) with an uninformed multivariate Cauchy prior (µ = 0, σ = 1/2) followed by 

post-hoc two or one-tailed JZS t-tests and two-tailed GD contingency tables tests for joint multinomial sampling. 

When appropriate, effect sizes were reported, i.e. Cohen’s d with its 95% Credible Interval (95CI) for JZS t-tests 

and the η2 for JZS ANOVA.  

To assess the inter-dependence between compulsive behavior severity and behavioral flexibility performance, 

we carried out  correlation analyses between the severity score of the disorder and the behavioral parameters 

extracted from our task, as performed in previous studies in both species (35, 45). In humans, as the different 

OCD clinical subtypes can have a distinct impact on behavioral flexibility (19), we analyzed separately the 

relationship between these subtypes, measured by the OCI-R subscores, and behavioral flexibility. Likewise, we 

additionally explored the influence of depressive and anxious symptoms as well as antidepressant dose on task 

parameters. These analyses relied on two-tailed JZS Pearson correlation tests (56) with an uninformed stretched 

β prior (width 1). The correlation coefficient r is reported along with its 95CI. The categorical variables are 

expressed as percentages and the continuous variables are expressed as means ± standard deviation. All values 

are rounded to two decimal places.  

 

Cluster analysis 
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To search for a potential sub-group of WT or KO mice which might behave differently in our task, we performed 

a two-step cluster analysis (57) using the four behavioral parameters extracted from our task (number of trials 

to reversal, reversal errors, SSC probability and SSC errors). This algorithm has the advantage of relying on the 

Bayes Information Criterion (BIC) to automatically choose the number of clusters to retain; avoiding any 

subjective and biased selection. Two-step clustering also offers an overall goodness-of-fit measure called the 

silhouette measure of cohesion and separation. A silhouette measure of less than 0.20 indicates a poor solution 

quality, a measure between 0.20 and 0.50 a fair solution, whereas values of more than 0.50 indicate a good 

solution. Furthermore, the procedure indicates each variable’s importance for the construction of a specific 

cluster with a value ranging from 0 (least important) to 1 (most important). Our clustering used log-likelihood as 

a measure of distance and the BIC for automatic determination of the number of clusters. It was followed by a 

stepwise discriminant analysis as a confirmatory procedure and included all mice (KO and WT). The analysis used 

the Wilks' lambda for variable selection and prior probabilities computed from group sizes along with the within-

groups covariance matrix for classification. These analyses were performed in SPSS v25 (IBM) (See Supplement 

for more details). 

 

RESULTS 

Compulsiveness is unrelated to behavioral flexibility as assessed by the reversal learning paradigm 

In both species, the performance profile after a reversal event was similar between the compulsive subjects and 

their controls (two-way mixed ANOVA, BFInclusion < 1 for group factor, Figure 2A and Supplementary tables S1 and 

S2). Considering the number of trials needed to reach the reversal criterion (Figure 2B up), no group differences 

were found for both humans (BF10 = 0.64, d = 0.27 [0.04 0.77]) and mice (BF10 = 0.7, d = 0.33 [-0.1 0.92]). Similarly, 

no significant group differences were found considering the number of reversal errors (Figure 2B down) for both 

humans (BF10 = 1.5, d = 0.35 [0.07 0.88]) and mice (BF10 = 0.44, d = 0.25 [-0.2 0.83]). The comparison of other 

behavioral parameters, such as SSC and SSC errors, support this lack of difference between groups for both 

species (Table 2). 
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In OCD patients, correlation analysis showed that disease severity and task performance were not related 

(Figure 2C up and table 3). The same observation was made for mice with no correlation found between 

grooming level and the main behavioral parameters (Figure 2C down and Table 3). 

 

Distinct subgroups of OCD patients and KO mice exhibit a behavioral flexibility deficit 

In OCD patients, depression/anxiety levels and antidepressant dose does not influence task performance (Table 

3). When we assessed the effect of certain symptom subtypes on task performance, only checking symptom 

severity was related to an increased number of trials needed to reach the reversal criterion (Figure 3A and Table 

3). We thus conducted a subgroup analysis by separating the OCD patients with predominantly checking 

symptoms from the others. Twenty-one OCD “checkers” were separated from the original group. The three 

resulting new groups (OCD “checkers”, OCD “non-checkers” and healthy subjects) were not different in terms of 

demographic characteristics (Table 1). In terms of their clinical characteristics, the OCD “checkers” group showed 

a higher rate of comorbid anxiety disorder compared to the others (Table 1).   

As for OCD patients, we attempted to determine a similar heterogeneity in the KO mice. Indeed, some innovative 

studies have found evidence for inter-individual variability of cognitive traits in animal models (58, 59), pointing 

out it is a necessary consideration for animal studies. To do so, we performed a two-step cluster analysis which 

identified two clusters within the KO mice with a silhouette measure of 0.6, indicating a good solution. The same 

analysis was applied to WT controls but no cluster was found. The SSC probability was the most important 

variable for clusters identification (importance value of 1), followed by the reversal errors proportion (0.79), the 

number of trials needed to reach reversal criterion (0.42) and the SSC perseverative errors (0.19).  Fourteen KO 

mice were similar to WT in terms of performance and constituted the “unimpaired” group and twelve the 

“impaired” group. The two KO subgroups were similar in terms of weight at the beginning of the task and 

grooming level (Table 1), showed similar activity and task engagement (Supplementary Figure S3), and had no 

identified genealogical difference (Supplementary Figure S4). This clustering was confirmed by the stepwise 

discriminant analysis: overall 71.2% of mice were correctly labeled with 83.3% of the “impaired” KO mice 

correctly classified (16.7% were classified as WT) and 50% for the “unimpaired” KO mice (50% classified as WT). 

These results were consistent with those of the two-step cluster analysis since the “unimpaired” KO mice cluster 

was closer to the WT mice cluster (Figure 3C). 
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Considering the number of trials needed to reach the reversal criterion (Table 2), a group effect was found for 

both humans (BF10 = 3.98, η2 = 0.11, Figure 3B) and mice (BF10 > 100, η2 = 0.35, Figure 3D), with an absence of 

comorbid anxiety disorder effect in humans (Supplementary Table S3). Indeed, OCD “checkers” needed more 

trials than both OCD “non-checkers” (BF+0 = 4.66, d = 0.74 [0.08 1.25]) and healthy controls (BF+0 = 9.32, d = 0.67 

[0.14 1.17]); with no difference between the latter two groups (BF10 = 0.28, d = 0.01 [-0.5 0.5]). Similarly, 

“impaired” KO mice needed more trials than WTs (BF10 > 100, d = 1.37 [0.54 2.17]); with no difference between 

“unimpaired” KO mice and WTs (BF10 = 0.43, d = 0.29 [-0.35 0.82]).  

 

Reversal learning deficit is explained by higher response lability rather than perseveration 

Considering that only checking symptoms were associated with a reversal learning impairment in OCD patients, 

we wanted to see if it could be explained by a greater perseveration. We did not find a correlation between 

checking symptoms severity and the number of reversal errors (Table 3). This was confirmed by the subgroup 

analysis with an absence of a group effect on the number of reversal errors (BF10 = 0.72, η2 = 0.06, Figure 4A left). 

In mice, we found a group effect relative to the proportion of reversal errors (BF10 > 100, η2 = 0.34, Figure 4A 

right) but with “impaired” KO mice making fewer reversal errors than WTs (BF10 = 53.84, d = 1.51 [0.35 1.93]) and 

no difference between “unimpaired” KO mice and WTs (BF10 = 0.71, d = -0.48 [-1.02 0.19]). 

On the contrary, we observed that checking symptoms were associated with a higher response lability in OCD 

patients with a positive correlation between checking symptoms severity and spontaneous strategy change 

probability, while no correlation was found with the other parameters (Table 3). The subgroup analysis supported 

this result with differences between human groups found as we considered the SSC probability (BF10 = 1.19, η2 = 

0.08, Figure 4B left); as for mice (BF10 > 100, η2 = 0.41, Figure 4B right). OCD “checkers” were more labile than 

both healthy controls (BF+0 = 3.51, d = 0.53 [0.08 1.02]) and OCD “non-checkers” (BF+0 = 2.22, d = 0.59 [0.06 1.1]). 

The healthy controls and OCD “non-checker” groups did not differ from each other (BF10 = 0.29, d = 0.09 [-0.41 

0.57]) and no comorbid anxiety disorder effect was found (Supplementary Table S4). The same results were 

obtained in mice with “impaired” KO mice more labile than WTs (BF10 = 24.64, d = 1.22 [0.33 1.82]), and 

“unimpaired” KO mice less labile than WTs (BF10 = 5.24, d = 0.91 [0.12 1.45]). In the same line, WTs perseverated 

more after SSC, with more SSC errors than “impaired” KO mice (BF10 > 100, d = 1.61 [0.62 2.24]) (Table 2). 
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Importantly, both OCD “checkers” and “impaired” KO mice show response lability difference only in a reversal 

context and not during the acquisition phase (see Supplement).  

 

DISCUSSION 

This cross-species study assessed the role of behavioral flexibility in compulsive behaviors through a reversal 

learning task conducted in both humans and mice. We showed that in both species compulsive subjects do not 

form a homogeneous group. Taken as a whole, neither the human nor rodent compulsive groups showed 

differences in task performance compared to their controls. Thus, the severity of compulsive behavior per se was 

not a predictor of performance in our reversal learning task. In contrast, when heterogeneity within groups was 

taken into account, we found in both species that we could isolate one subgroup showing strong behavioral 

flexibility deficit in our task, independently of their compulsive behavior severity. In fact, the isolated subgroup 

of OCD patients was predominantly characterized by checking symptoms. Additionally, we found that this deficit 

was not underpinned by excessive perseveration behavior after reversal but rather by a greater response lability, 

again both in humans and mice. Taken together, our results showed from a cross-species perspective that a link 

between compulsion and behavioral flexibility is not supported but rather they suggest that other dimensions 

found in subgroups of compulsive subjects, such as excessive response lability, have an effect on behavioral 

flexibility.  Our study also emphasizes the importance of considering clinical subtypes within OCD patients, as 

encouraged by other recent studies (60, 61).  

The fact that only patients suffering from the checking OCD subtype were impaired in our task is in line with the 

results of a recent meta-analysis demonstrating that the cognitive profile of checking patients is disrupted more 

than for other OCD patients (62). Considering the impaired subgroup of Sapap3 KO mice, this result echoes the 

one of the recent study of Manning et al. (28) which found that only a subgroup of these mice was impaired in a 

spatial reversal learning task although no difference in grooming level was highlighted. However, they also found 

a reduced level of locomotor activity in this subgroup with progressive disengagement from their task. It could 

be, at least partly, a consequence of the higher anxiety level of the Sapap3 KO mice (23) induced by daily 

manipulations which has been shown to skew the behavioral outcomes (41, 44). Despite similar observation 

concerning reversal learning deficit in a subgroup of Sapap3 KO in our study, we did not observe such a decrease 

of activity of these mice in our “ecological” design. It suggests that the behavioral flexibility deficit repeatedly 
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observed in some Sapap3 KO mice across studies (27, 28) may originate from processes other than locomotor 

hypoactivity.  

Indeed, we found that for both species this deficit resulted in excessive response lability. This could be seen as a 

form of perseveration, the subject having difficulties in suppressing the previous association that maintains its 

influence long after the reversal. However, OCD patients have decision making (63) and information sampling 

(64) impairments specific to situations of uncertainty. In that respect, this increased response lability could be 

induced by an increased level of uncertainty provoked by the reversal event. This assumption makes sense when 

considering the isolated subgroup of “checker" patients displaying a higher degree of uncertainty. To confirm 

this assumption, it would be interesting to test in the future if uncertainty monitoring and checking behaviors 

are affected in Sapap3 KO mice. Indeed, the excessive response lability observed after reversal, when uncertainty 

is higher, could be interpreted as if these mice compulsively tested to see if the previously rewarded stimulus 

was still valid. 

These cross-species results are a powerful argument in favor of the heterogeneity of cognitive deficits in 

compulsive disorders and stresses the importance of also considering this heterogeneity in animal models. 

Indeed, even if inbred mouse lines share identical genetic background, this is not necessarily stable over time 

and may result in the emergence of new phenotypic traits due to a genetic drift. However, it has been shown 

that the C57BL/6J strain is one of the strains least susceptible to this effect (65). Furthermore, we could not 

identify any genealogical specificity for the impaired KO mice subgroup. Another hypothesis for the 

heterogeneity we observed in our animal model could be of epigenetic and/or environmental origin. It has been 

shown for example  that phenotypic variability can emerge from variations in epigenetic regulation (59, 66–68). 

Examples include studies on genetically homogeneous WT C57BL/6J mice showing inter-individual variability in 

the expression of flexible behavior underpinned by variability in serotonin levels within the OFC (69). As we could 

not identify any subgroup in our WT mice based on the task performance, such inter-individual variability could 

only be a risk factor whose sole interaction with the Sapap3 KO mutation leads to an impairment. 

In conclusion, we confirm here that OCD is not a homogeneous disorder and therefore the necessity to consider 

the phenotypic heterogeneity in both patients and animal models to study their cognitive profile. Moreover, we 

found that compulsive behavior is not necessarily associated with a deficit in behavioral flexibility. In contrast, 
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this study proposes that a behavioral flexibility deficit, only observed in a subset of compulsive subjects, may 

result from excessive response lability rather than perseveration, both in humans and mice.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 14 

ACKNOWLEDGMENTS AND DISCLOSURES 

This work was supported by Agence Nationale de la Recherche – ANR-13-SAMA-0013-01_HYPSY (NB, LM, EB); 

ANR program ERA-NET NEURON JTC 2013_TYMON (LM, EB); Investissements d'Avenir program (Labex Biopsy) 

managed by ANR-11-IDEX-0004-02 (LM, EB) and Program CARNOT Institute/ICM (EB). The authors thank Profs 

Guoping Feng and Ann Graybiel for generously providing the Sapap3 KO mice. Dr. Luc Mallet reports grants from 

Fondation pour la recherche médicale (FRM), grants from Agence Nationale de la Recherche, grants from 

Fondation Privée des HUG, grants from Fondation ICM, grants from Halphen Foundation, outside the submitted 

work. The other authors report no biomedical financial interests or potential conflicts of interest. 

  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 15 

REFERENCES 

1. Abramowitz JS, Taylor S, McKay D (2009): Obsessive-compulsive disorder. The Lancet. 374: 491–499. 

2. Menzies L, Chamberlain SR, Laird AR, Thelen SM, Sahakian BJ, Bullmore ET (2008): Integrating evidence from 

neuroimaging and neuropsychological studies of obsessive-compulsive disorder: The orbitofronto-

striatal model revisited. Neurosci Biobehav Rev. 32: 525–549. 

3. Bandelow B, Baldwin D, Abelli M, Altamura C, Dell’Osso B, Domschke K, et al. (2016): Biological markers for 

anxiety disorders, OCD and PTSD – a consensus statement. Part I: Neuroimaging and genetics. World J 

Biol Psychiatry. 17: 321–365. 

4. Donaldson ZoeR, Hen R (2015): From psychiatric disorders to animal models: a bidirectional and dimensional 

approach. Biol Psychiatry. 77: 15–21. 

5. Armbruster DJN, Ueltzhöffer K, Basten U, Fiebach CJ (2012): Prefrontal Cortical Mechanisms Underlying 

Individual Differences in Cognitive Flexibility and Stability. J Cogn Neurosci. 24: 2385–2399. 

6. Benzina N, Mallet L, Burguière E, N’Diaye K, Pelissolo A (2016): Cognitive Dysfunction in Obsessive-Compulsive 

Disorder. Curr Psychiatry Rep. 18. doi: 10.1007/s11920-016-0720-3. 

7. Endrass T, Koehne S, Riesel A, Kathmann N (2013): Neural correlates of feedback processing in obsessive–

compulsive disorder. J Abnorm Psychol. 122: 387–396. 

8. Szabó C, Németh A, Kéri S (2013): Ethical sensitivity in obsessive-compulsive disorder and generalized anxiety 

disorder: The role of reversal learning. J Behav Ther Exp Psychiatry. 44: 404–410. 

9. Gu B-M, Park J-Y, Kang D-H, Lee SJ, Yoo SY, Jo HJ, et al. (2008): Neural correlates of cognitive inflexibility during 

task-switching in obsessive-compulsive disorder. Brain. 131: 155–164. 

10. Remijnse PL, van den Heuvel OA, Nielen MMA, Vriend C, Hendriks G-J, Hoogendijk WJG, et al. (2013): 

Cognitive Inflexibility in Obsessive-Compulsive Disorder and Major Depression Is Associated with 

Distinct Neural Correlates. PLoS ONE. 8: e59600. 

11. Chamberlain MA Samuel, Fineberg MBBS Naomi, Menzies BA Lara, Blackwell PhD Andrew, Bullmore MB /B. 

Chir Edward, Robbins PhD Trevor, Sahakian PhD Barbara (2007): Impaired Cognitive Flexibility and 

Motor Inhibition in Unaffected First-Degree Relatives of Patients With Obsessive-Compulsive Disorder. 

Am J Psychiatry. 164: 335–338. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 16 

12. Purcell R, Maruff P, Kyrios M, Pantelis C (1998): Neuropsychological deficits in obsessive-compulsive disorder: 

A comparison with unipolar depression, panic disorder, and normal controls. Arch Gen Psychiatry. 55: 

415–423. 

13. Samsa G, Samsa L (2018): A Guide to Reproducibility in Preclinical Research: Acad Med. 1. 

14. Abramovitch A, Mittelman A, Tankersley AP, Abramowitz JS, Schweiger A (2015): Neuropsychological 

investigations in obsessive–compulsive disorder: A systematic review of methodological challenges. 

Psychiatry Res. 228: 112–120. 

15. Jang JH, Kim HS, Ha TH, Shin NY, Kang D-H, Choi J-S, et al. (2010): Nonverbal memory and organizational 

dysfunctions are related with distinct symptom dimensions in obsessive-compulsive disorder. Psychiatry 

Res. 180: 93–98. 

16. Nedeljkovic M [b1] (analytic), Kyrios M [b1] (analytic), Moulding R [b2] (analytic), Doron G [b3] (analytic), 

Wainwright K [b4] (analytic), Pantelis C [b5] (analytic), et al. (2009): Differences in neuropsychological 

performance between subtypes of obsessive―compulsive disorder (English). Aust NZ J Psychiatr. 43: 

216–226. 

17. Cha KR, Koo M-S, Kim C-H, Kim JW, Oh W-J, Suh HS, Lee HS (2008): Nonverbal memory dysfunction in 

obsessive-compulsive disorder patients with checking compulsions. Depress Anxiety. 25: E115–E120. 

18. Hashimoto N, Nakaaki S, Omori IM, Fujioi J, Noguchi Y, Murata Y, et al. (2011): Distinct neuropsychological 

profiles of three major symptom dimensions in obsessive–compulsive disorder. Psychiatry Res. 187: 

166–173. 

19. Omori IM, Murata Y, Yamanishi T, Nakaaki S, Akechi T, Mikuni M, Furukawa TA (2007): The differential impact 

of executive attention dysfunction on episodic memory in obsessive-compulsive disorder patients with 

checking symptoms vs. those with washing symptoms. J Psychiatr Res. 41: 776–784. 

20. Chamberlain SR, Menzies L, Hampshire A, Suckling J, Fineberg NA, del Campo N, et al. (2008): Orbitofrontal 

Dysfunction in Patients with Obsessive-Compulsive Disorder and Their Unaffected Relatives. Science. 

321: 421–422. 

21. Remijnse P, Marjan M, Balkom A, et al (2006): REduced orbitofrontal-striatal activity on a reversal learning 

task in obsessive-compulsive disorder. Arch Gen Psychiatry. 63: 1225–1236. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 17 

22. Rotge J-Y, Guehl D, Dilharreguy B, Cuny E, Tignol J, Bioulac B, et al. (2008): Provocation of obsessive–

compulsive symptoms: a quantitative voxel-based meta-analysis of functional neuroimaging studies. J 

Psychiatry Neurosci JPN. 33: 405. 

23. Welch JM, Lu J, Rodriguiz RM, Trotta NC, Peca J, Ding J-D, et al. (2007): Cortico-striatal synaptic defects and 

OCD-like behaviours in Sapap3-mutant mice. Nature. 448: 894–900. 

24. Welch JM, Wang D, Feng G (2004): Differential mRNA expression and protein localization of the SAP90/PSD-

95-associated proteins (SAPAPs) in the nervous system of the mouse. J Comp Neurol. 472: 24–39. 

25. Burguiere E, Monteiro P, Feng G, Graybiel AM (2013): Optogenetic Stimulation of Lateral Orbitofronto-Striatal 

Pathway Suppresses Compulsive Behaviors. Science. 340: 1243–1246. 

26. Lei H, Lai J, Sun X, Xu Q, Feng G (2019): Lateral orbitofrontal dysfunction in the Sapap3 knockout mouse model 

of obsessive–compulsive disorder. J Psychiatry Neurosci JPN. 44: 120–131. 

27. Boom BJG van den, Mooij AH, Misevičiūtė I, Denys D, Willuhn I (2019): Behavioral flexibility in a mouse model 

for obsessive-compulsive disorder: Impaired Pavlovian reversal learning in SAPAP3 mutants. Genes 

Brain Behav. 18: e12557. 

28. Manning EE, Dombrovski AY, Torregrossa MM, Ahmari SE (2018): Impaired instrumental reversal learning is 

associated with increased medial prefrontal cortex activity in Sapap3 knockout mouse model of 

compulsive behavior. Neuropsychopharmacology. doi: 10.1038/s41386-018-0307-2. 

29. Der-Avakian A, Barnes SA, Markou A, Pizzagalli DA (2016): Translational Assessment of Reward and 

Motivational Deficits in Psychiatric Disorders. Curr Top Behav Neurosci. 28: 231–262. 

30. Eilam D (2017): From an animal model to human patients: An example of a translational study on obsessive 

compulsive disorder (OCD). Neurosci Biobehav Rev, Translational Neuroscience & Mental Disorders: 

bridging the gap between animal models and the human condition. 76: 67–76. 

31. Mishra J, Gazzaley A (2016): Cross-species Approaches to Cognitive Neuroplasticity Research. NeuroImage. 

131: 4–12. 

32. Amodeo DA, Jones JH, Sweeney JA, Ragozzino ME (2012): Differences in BTBR T+ tf/J and C57BL/6J mice on 

probabilistic reversal learning and stereotyped behaviors. Behav Brain Res. 227: 64–72. 

33. Andersen SL, Greene-Colozzi EA, Sonntag KC (2010): A Novel, Multiple Symptom Model of Obsessive-

Compulsive-Like Behaviors in Animals. Biol Psychiatry, Positron Emission Tomography Imaging of 

Dopamine and Opiate Receptors in Addiction. 68: 741–747. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 18 

34. Hatalova H, Radostova D, Pistikova A, Vales K, Stuchlik A (2017): Detrimental effect of clomipramine on 

hippocampus-dependent learning in an animal model of obsessive-compulsive disorder induced by 

sensitization with d2/d3 agonist quinpirole. Behav Brain Res. 317: 210–217. 

35. Tanimura Y, Yang MC, Lewis MH (2008): Procedural learning and cognitive flexibility in a mouse model of 

restricted, repetitive behaviour. Behav Brain Res. 189: 250–256. 

36. Hvoslef-Eide M, Mar AC, Nilsson SRO, Alsiö J, Heath CJ, Saksida LM, et al. (2015): The NEWMEDS rodent 

touchscreen test battery for cognition relevant to schizophrenia. Psychopharmacology (Berl). 232: 

3853–3872. 

37. Sarter M (2004): Animal cognition: defining the issues. Neurosci Biobehav Rev, Neurobiology of Cognition in 

Laboratory Animals: Challenges and Opportunites. 28: 645–650. 

38. Logue SF, Gould TJ (2014): The Neural and Genetic Basis of Executive Function: Attention, Cognitive Flexibility, 

and Response Inhibition. Pharmacol Biochem Behav. 0: 45–54. 

39. Hayasaka Y, Purgato M, Magni LR, Ogawa Y, Takeshima N, Cipriani A, et al. (2015): Dose equivalents of 

antidepressants: Evidence-based recommendations from randomized controlled trials. J Affect Disord. 

180: 179–184. 

40. Mackinnon A, Mulligan R (2005): Estimation de l’intelligence prémorbide chez les francophones. L’Encéphale. 

31: 31–43. 

41. Hurtubise JL, Howland JG (2017): Effects of stress on behavioral flexibility in rodents. Neuroscience, Cognitive 

Flexibility: Development, Disease, and Treatment. 345: 176–192. 

42. Sorge RE, Martin LJ, Isbester KA, Sotocinal SG, Rosen S, Tuttle AH, et al. (2014): Olfactory exposure to males, 

including men, causes stress and related analgesia in rodents. Nat Methods. 11: 629–632. 

43. Guarnieri DJ, Brayton CE, Richards SM, Maldonado-Aviles J, Trinko JR, Nelson J, et al. (2012): Gene Profiling 

Reveals a Role for Stress Hormones in the Molecular and Behavioral Response to Food Restriction. Biol 

Psychiatry. 71: 358–365. 

44. Neely C, Lane C, Torres J, Flinn J (2018): The Effect of Gentle Handling on Depressive-Like Behavior in Adult 

Male Mice: Considerations for Human and Rodent Interactions in the Laboratory. Behav Neurol. 2018. 

doi: 10.1155/2018/2976014. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 19 

45. Valerius G, Lumpp A, Kuelz A-K, Freyer T, Voderholzer U (2008): Reversal learning as a neuropsychological 

indicator for the neuropathology of obsessive compulsive disorder? A behavioral study. J 

Neuropsychiatry Clin Neurosci. 20: 210–218. 

46. Cools R, Clark L, Owen AM, Robbins TW (2002): Defining the neural mechanisms of probabilistic reversal 

learning using event-related functional magnetic resonance imaging. J Neurosci. 22: 4563–4567. 

47. Dickson PE, Rogers TD, Mar ND, Martin LA, Heck D, Blaha CD, et al. (2010): Behavioral flexibility in a mouse 

model of developmental cerebellar Purkinje cell loss. Neurobiol Learn Mem. 94: 220–228. 

48. Jones B, Mishkin M (1972): Limbic lesions and the problem of stimulus—Reinforcement associations. Exp 

Neurol. 36: 362–377. 

49. Gallistel CR, Fairhurst S, Balsam P (2004): The learning curve: Implications of a quantitative analysis. Proc Natl 

Acad Sci U S A. 101: 13124–13131. 

50. Wasserstein RL, Lazar NA (2016): The ASA’s Statement on p-Values: Context, Process, and Purpose. Am Stat. 

70: 129–133. 

51. Wagenmakers E-J, Marsman M, Jamil T, Ly A, Verhagen J, Love J, et al. (2018): Bayesian inference for 

psychology. Part I: Theoretical advantages and practical ramifications. Psychon Bull Rev. 25: 35–57. 

52. JASP Team (2018): JASP (Version 0.9) [Computer software]. Retrieved from https://jasp-stats.org/. 

53. Rouder JN, Speckman PL, Sun D, Morey RD, Iverson G (2009): Bayesian t tests for accepting and rejecting the 

null hypothesis. Psychon Bull Rev. 16: 225–237. 

54. Jamil T, Ly A, Morey RD, Love J, Marsman M, Wagenmakers E-J (2017): Default “Gunel and Dickey” Bayes 

factors for contingency tables. Behav Res Methods. 49: 638–652. 

55. Rouder JN, Morey RD, Verhagen J, Swagman AR, Wagenmakers E-J (2017): Bayesian analysis of factorial 

designs. Psychol Methods. 22: 304–321. 

56. Wetzels R, Wagenmakers E-J (2012): A default Bayesian hypothesis test for correlations and partial 

correlations. Psychon Bull Rev. 19: 1057–1064. 

57. Chiu T, Fang D, Chen J, Wang Y, Jeris C (2001): A robust and scalable clustering algorithm for mixed type 

attributes in large database environment. ACM Press, pp 263–268. 

58. Torres-Lista V, De la Fuente M, Giménez-Llort L (2017): Survival Curves and Behavioral Profiles of Female 

3xTg-AD Mice Surviving to 18-Months of Age as Compared to Mice with Normal Aging. J Alzheimers Dis 

Rep. 1: 47–57. 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 20 

59. Torquet N, Marti F, Campart C, Tolu S, Nguyen C, Oberto V, et al. (2018): Social interactions impact on the 

dopaminergic system and drive individuality. Nat Commun. 9: 3081. 

60. Bragdon LB, Gibb BE, Coles ME (2018): Does neuropsychological performance in OCD relate to different 

symptoms? A meta-analysis comparing the symmetry and obsessing dimensions. Depress Anxiety. 35: 

761–774. 

61. Dittrich WH, Johansen T (2013): Cognitive deficits of executive functions and decision-making in obsessive-

compulsive disorder. Scand J Psychol. 54: 393–400. 

62. Leopold R, Backenstrass M (2015): Neuropsychological differences between obsessive-compulsive washers 

and checkers: A systematic review and meta-analysis. J Anxiety Disord. 30: 48–58. 

63. Kim HW, Kang JI, Namkoong K, Jhung K, Ha RY, Kim SJ (2015): Further evidence of a dissociation between 

decision-making under ambiguity and decision-making under risk in obsessive–compulsive disorder. J 

Affect Disord. 176: 118–124. 

64. Banca P, Vestergaard MD, Rankov V, Baek K, Mitchell S, Lapa T, et al. (2014): Evidence Accumulation in 

Obsessive-Compulsive Disorder: the Role of Uncertainty and Monetary Reward on Perceptual Decision-

Making Thresholds. Neuropsychopharmacology. Retrieved March 27, 2015, from 

http://www.nature.com/npp/journal/vaop/ncurrent/full/npp2014303a.html. 

65. Neuro-BSIK Mouse Phenomics Consortium, Loos M, Koopmans B, Aarts E, Maroteaux G, van der Sluis S, et al. 

(2015): Within-strain variation in behavior differs consistently between common inbred strains of mice. 

Mamm Genome. 26: 348–354. 

66. Holmes A, le Guisquet AM, Vogel E, Millstein RA, Leman S, Belzung C (2005): Early life genetic, epigenetic and 

environmental factors shaping emotionality in rodents. Neurosci Biobehav Rev. 29: 1335–1346. 

67. Lathe R (2004): The individuality of mice. Genes Brain Behav. 3: 317–327. 

68. Freund J, Brandmaier AM, Lewejohann L, Kirste I, Kritzler M, Krüger A, et al. (2013): Emergence of Individuality 

in Genetically Identical Mice. Science. 340: 756–759. 

69. Pittaras E, Callebert J, Chennaoui M, Rabat A, Granon S (2016): Individual behavioral and neurochemical 

markers of unadapted decision-making processes in healthy inbred mice. Brain Struct Funct. 221: 4615–

4629. 

  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 21 

 

Figure 1. The reversal learning task. 

(A) Illustration of the behavioral apparatus. Up to 8 operant conditioning chambers run in parallel with mice 

living and working without any human intervention. Left of each box: capacitive touch-sensitive screens. Front-

right of each box: the pellet dispenser. Rear-right of each box: the water dispenser. Upper right of each box: LED 

illumination. (B) Example of the performance of one mouse across five reversals. The drop in performance after 

each reversal indicates that the mouse has correctly learned the previous stimulus-reward association. Blue line: 

performance within a 40-trial sliding window. (C) Design of the human (left) and the mouse (right) versions of 

the reversal learning task. On each trial, the subject has to make a choice between two different stimuli displayed 

on the screens. Depending on their choice, positive (for correct response) or negative (for incorrect response) 

feedback is provided. When the subject has learned the correct association (see detailed criteria in Supplement), 

the reward contingencies are reversed without warning that the previously positive stimulus become negative 

(and vice versa).  
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Figure 2. Compulsivity is not related to behavioral flexibility. 

(A) Changes in correct response probability around a reversal. Above: for humans with 10 trials around the 

reversal. Red line: OCD patients. Green line: healthy subjects. The Savitzky-Golay smoothing algorithm was 

applied to the data. Below: for mice with 100 trials around the reversal. Red line: Sapap3 KO mice. Green line: 

WT mice. The Savitzky-Golay smoothing algorithm was applied to the data. (B) No difference was found between 

groups when taken as a whole for both humans (left, n = 40 per group) and mice (right, n = 26 per group), neither 

when considering the number of trials needed to reach the reversal criterion (above) or the number of reversal 

errors (below). Triangle: group mean. Dot: individual mean. Ø: BF10 < 1. (C) Above: In OCD patients, the disease 

severity assessed by the Y-BOCS does not predict the number of trials needed to reach the reversal criterion. 

Dark line: linear fit. Gray area: confidence interval. Below: In Sapap3 KO mice, compulsive grooming severity 

assessed by the number of grooming bouts initiated in a 10-minute period does not predict the number of trials 

needed to reach the reversal criterion. Dark line: linear fit. Gray area: confidence interval. 
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Figure 3. Only a subgroup of OCD patients and KO mice is impaired. 

(A) Only the severity of the checking symptoms measured by the OCI-R checking subscore predicts the number 

of trials needed to reach the reversal criterion. The higher the checking symptoms severity, the higher the 

number of trials needed. Dark line: linear fit. Gray area: confidence interval. (B) Based on this result, we 

segregated OCD patients with predominant checking symptoms from the others and found that only these were 

impaired in terms of trials required to reach the reversal criterion. ncOCD: “non-checkers”. cOCD: “checkers”. 

Triangle: group mean. Dot: individual mean. (C) A stepwise discriminant analysis was performed on the whole 

mouse sample on the basis of the four behavioral parameters extracted from our task (number of trials to 

reversal, reversal errors, SSC probability and SSC errors) to confirm the two clusters identified within the KO mice 

by the two-step cluster analysis. The classification showed that overall 71.2% of mice were correctly labeled with 

83.3% of the “impaired” KO mice correctly classified (16.7% were classified as WTs) vs 50% for the “unimpaired” 

KO mice (50% classified as WTs). The intersection point of the lines indicates the group's centroid. (D) Only the 

“impaired” KO mice needed more trials to reach the reversal criterion compared to the other KO and WT mice. 

uKO: “unimpaired” KO mice. iKO: “impaired” KO mice. Triangle: group mean. Dot: individual mean. 

Ø: BF10 < 1. *: BF10 ≥ 3. **: BF10 ≥ 10. ***: BF10 ≥ 30. ****: BF10 ≥ 100.  
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Figure 4. An excessive response lability underlies the reversal learning deficit. 

The impairment found in both OCD patients and KO mouse subgroups is not explained by (A) a greater 

perseveration, with no difference between the human groups in term of reversal errors and with the “impaired” 

KO mice making fewer reversal errors than the other KO and WT mice. In fact, it turns out that (B) a higher 

response lability underlies this impairment with both OCD “checkers” and “impaired” KO mice showing an 

increased SSC probability compared to other groups. ncOCD: “non-checkers”. cOCD: “checkers”. uKO: 

“unimpaired” KO mice. iKO: “impaired” KO mice. Triangle: group mean. Dot: individual mean. 

Ø: BF10 < 1. *: BF10 ≥ 3. **: BF10 ≥ 10. ***: BF10 ≥ 30. ****: BF10 ≥ 100. 
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Table 1. Demographic and clinical characteristics of the samples. 

Mean (SD). A BF10 greater than one is in favor of a difference and vice versa. The further the BF10 is from one, the 

greater the evidence and vice versa. The * indicates a JZS ANOVA BF10 with the results of post hoc tests given 

after the BF10 value; “=” indicating an absence of difference. AAP: atypical antipsychotic. 

 

  

Humans 

  Healthy (H) OCD BF10 Checkers (C) Non-checkers 
(NC) BF10  

Sample size 40 40  21 19  
Gender (M/F) 15/25 15/25 0.26 10/11 5/14 0.44 
Hand (R/L) 35/5 34/6 0.2 16/5 18/1 0.34 
Age in years 40.28 (13.59) 40.15 (13.22) 0.18 41.9 (12.78) 38.21 (13.77) 0.15* 
Education in years 5.43 (2.19) 5.15 (2.69) 0.37 5.1 (3.24) 5.21 (1.99) 0.13* 
fNART IQ 108.18 (6.76) 107.4 (6.87) 0.2 106.81 (7.12) 108.05 (6.71) 0.14* 
BDI 0.8 (1.34) 12.53 (6.56) >100 11.05 (5.09) 14.16 (7.68) >100*: H < C = NC 
BIS-10 45 (9.89) 47.03 (11.75) 0.23 48.57 (12.14) 45.32 (11.38) 0.21* 
STAI-A 40.40 (4.38) 62.60 (13.07) >100 62.81 (10.08) 62.37 (16.04) >100*: H < C = NC 
STAI-B 36.05 (5.97) 65.38 (9.05) >100 64.76 (5.65) 66.05 (11.88) >100*: H < C = NC 
OCI-R:       

Total score 3.88 (4.23) 30.43 (8.86) >100 31.19 (7.85) 29.58 (10) >100*: H < C = NC 
Order subscore 1.45 (1.88) 6.28 (3.06) >100 6.14 (3.14) 6.42 (3.04) >100*: H < C = NC 

Washing subscore 0.53 (1.06) 6.45 (4.59) >100 4.43 (4.23) 8.68 (3.96) >100*: H < C < NC 
Checking subscore 0.35 (0.89) 5.68 (3.87) >100 8.52 (2.23) 2.53 (2.65) >100*: H < NC < C 
Hoarding subscore 1.1 (1.37) 3.85 (2.93) >100 4.29 (2.26) 3.37 (3.53) >100*: H < C = NC 

Obsession subscore 0.38 (0.77) 5.53 (2.97) >100 5.1 (2.41) 6 (3.5) >100*: H < C = NC 
Neutralization subscore 0.18 (0.5) 2.65 (2.86) >100 2.71 (3.02) 2.58 (2.76) >100*: H < C = NC 

YBOCS   25.25 (5.29)  24 (4.84) 26.63 (5.54) 0.85 
Taking an antidepressant:   28  16 12 0.74 

with an AAP  4  2 2 0.24 
with a benzodiazepine  7  4 3 0.3 

Fluoxetine-equivalent in mg/d  53.73 (57.65)  46.74 (47.88) 61.45 (67.34) 0.4 
Psychiatric comorbidities:       

Anxiety disorder  11  9 2 6.27 
Eating disorder  1  0 1  

Age at onset  15.23 (5.88)  15.05 (5.64) 15.42 (6.28) 0.31 
Duration in years  24.92 (13.95)  26.86 (15.45) 22.79 (12.14) 0.43 

C57BL/6J Mice 

  WT (W) Sapap3 KO BF10 Impaired KO 
(I) 

Unimpaired KO 
(U) BF10 

Sample size 26 26  12 14  
Age in days 200.12 (12.23) 199.35 (12.29) 0.25 199.67 (14.9) 199.07 (10.13) 0.16* 
Weight in g 35.47 (4.99) 29.71 (2.88) >100 29.13 (3.32) 30.21 (2.46) >100*: W > I = U 
Number of grooming bouts 5.38 (3.75) 12.12 (7.05) >100 14.58 (8.55) 10 (4.82) >100*: W < I = U 
Time spent grooming as % 11.76 (19.18) 25 (20.43) 3.11 29.01 (24.2) 21.56 (16.72) 1.71*: W < I = U 
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Table 2. Behavioral parameters. 

Mean (SD). A BF10 greater than one is in favor of a difference and vice versa. The further the BF10 is from one, the 

greater the evidence and vice versa. For JZS ANOVA, the results of post hoc tests are given after the BF10 value 

with “=” indicating an absence of difference. 

Humans 
  Healthy (H) OCD BF10 Checkers (C)  Non-checkers (NC) BF10 ANOVA 
Trials in acquisition phase 19.79 (7.29) 24.09 (9.89) 2.29 28.13 (11.59) 19.62 (4.74) 47.88: C > NC = H 
Trials to reversal 26.09 (6.84) 29.09 (8.43) 0.64 31.87 (10.05) 26.02 (4.8) 3.98: C > NC = H 
Reversal errors 1.64 (0.4) 1.48 (0.27) 1.5 1.46 (0.26) 1.51 (0.28) 0.72 
SSC probability as % 4.1 (3.17) 5.2 (4.68) 0.41 6.47 (5.44) 3.8 (3.27) 1.19: C > NC = H 
SSC errors 0.17 (0.19) 0.17 (0.16) 0.17 0.21 (0.17) 0.12 (0.15) 0.35 
SCAPE probability as % 54.79 (22.53) 61.82 (15.26) 0.6 61.86 (14.78) 61.77 (16.17) 0.33 
SCAPE errors 1.28 (0.16) 1.29 (0.21) 0.19 1.31 (0.25) 1.26 (0.15) 0.16 

C57BL/6J Mice 
  WT (W) Sapap3 KO BF10 Impaired KO (I) Unimpaired KO (U) BF10 ANOVA 
Trials in acquisition phase 464.66 (182.23) 438.39 (248.19) 0.22 560.08 (261.76) 334.07 (187.31) 2.35: U < I = W 
Trials to reversal 437.7 (156.89) 554.39 (290.37) 0.7 746.87 (278.55) 389.4 (181.61) >100: W = U < I 
Reversal errors as % 25.84 (12.8) 22.08 (12.97) 0.44 11.1 (5.17) 31.49 (9.71) >100: I < U = W 
SSC probability as % 44.19 (3.65) 44.4 (4.09) 0.21 48.1 (1.88) 41.22 (2.36) >100: U < W < I 
SSC errors 0.57 (0.11) 0.45 (0.09) 27.74 0.41 (0.08) 0.48 (0.1) >100: I < U < W 

 

 

  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted November 6, 2019. ; https://doi.org/10.1101/542100doi: bioRxiv preprint 

https://doi.org/10.1101/542100


 27 

Table 3. Correlation matrix. 

A BF10 greater than one is in favor of a correlation and vice versa. The further the BF10 is from one, the greater 

the evidence and vice versa. 

OCD patients 
 Trials to reversal Reversal errors 

Trials in acquisition phase    BF10 = 0.28, r = 0.14 [-0.18 0.42]  
Fluoxetine-equivalent dose     BF10 = 0.24, r = -0.105 [-0.39 0.21]    BF10 = 0.31, r = 0.16 [-0.16 0.43] 
YBOCS    BF10 = 0.2, r = 0.03 [-0.28 0.33]    BF10 = 0.2, r = 0.02 [-0.29 0.32] 
BDI    BF10 = 0.34, r = -0.17 [-0.44 0.15]    BF10 = 0.21, r = 0.05 [-0.25 0.35] 
STAI-A    BF10 = 0.22, r = 0.08 [-0.23 0.37]    BF10 = 0.21, r = 0.03 [-0.25 0.35] 
STAI-B    BF10 = 0.22, r = -0.08 [-0.37 0.23]    BF10 = 0.2, r = 0 [-0.3 0.3] 
OCI-R Total score    BF10 = 0.2, r = -0.02 [-0.31 0.29]    BF10 = 0.33, r = 0.17 [-0.15 0.44] 
OCI-R Checking subscore    BF10 = 2.96, r = 0.37 [0.06 0.6]    BF10 = 0.2, r = 0 [-0.3 0.3] 
OCI-R Washing subscore    BF10 = 0.47, r = -0.22 [-0.48 0.1]    BF10 = 0.23, r = 0.1 [-0.21 0.38] 
OCI-R Order subscore    BF10 = 0.27, r = -0.13 [-0.41 0.18]    BF10 = 0.2, r = 0.04 [-0.27 0.33] 
OCI-R Hoarding subscore    BF10 = 0.2, r = 0.04 [-0.27 0.33]    BF10 = 0.24, r = -0.11 [-0.39 0.2] 
OCI-R Obsession subscore    BF10 = 0.2, r = 0.02 [-0.29 0.32]    BF10 = 0.53, r = 0.23 [-0.09 0.49] 
OCI-R Neutralization subscore    BF10 = 0.25, r = -0.12 [-0.4 0.2]    BF10 = 0.42, r = 0.2 [-0.11 0.47] 
 OCI-R Checking 
SSC probability as %                                        BF10 = 4.54, r = 0.4 [0.1 0.62] 
SSC errors                                        BF10 = 0.58, r = 0.24 [-0.08 0.5] 
SCAPE probability as %                                        BF10 = 0.38, r = -0.19 [-0.46 0.13] 
SCAPE errors                                        BF10 = 0.42, r = 0.2 [-0.11 0.47] 

Sapap3 KO mice 
 Trials to reversal Reversal errors as % 

Number of grooming bouts    BF10 = 0.32, r = 0.16 [-0.23 0.49]    BF10 = 0.65, r = -0.29 [-0.59 0.11] 
Time spent grooming as %    BF10 = 0.29, r = -0.12 [-0.46 0.27]    BF10 = 0.49, r = -0.25 [-0.55 0.15] 
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