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Background

Negative symptoms and social dysfunction are core features of the 22q11.2 deletion syndrome (22q11DS). Negative symptoms have been conceptualized as pathology of goal-directed-behaviors. Moreover, goal-directed-behaviors also appear to be a crucial step of social interactions. However, in 22q11DS, the extent to which goal-directed-behavior could be linked to social functioning difficulties and negative symptoms has never been examined.



Method

Verbal and nonverbal initiation was measured using the verbal fluency and figural fluency tasks in 93 individuals with 22q11DS and 57 healthy controls aged between 8 and 30 years in order to assess goal-directed-behavior ability. The associations between initiation scores and social functioning/negative symptoms were investigated. In addition, the effect of COMT Val/Met polymorphism on initiation competences was examined.



Results

Results revealed diminished verbal and nonverbal initiation ability in 22q11DS individuals compared to controls. A positive correlation between verbal initiation and social functioning was found as well as between verbal initiation and negative symptoms, in particular social anhedonia. No differences in terms of initiation scores were found between individuals with 22q11DS carrying Met and Val polymorphism.



Conclusion

Results indicate impaired goal-directed-behavior in the 22q11DS population. These deficits seem to support social functioning impairments frequently observed in the 22q11DS and to a lesser extent the expression of negative symptoms.
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Introduction

Negative symptoms constitute a hallmark of the 22q11.2 deletion syndrome (22q11DS), one of the most frequent microdeletion encountered in a human being (1, 2). As in schizophrenia, research predominantly focused on positive symptoms. Henceforth, positive symptoms can be greatly reduced with medication, while negative symptoms appear to be more persistent and more difficult to treat (3, 4). Given their association with poor socio-occupational functioning (5–7) as their role in predicting transition to psychosis (8, 9), a new interest in understanding the mechanisms underlying negative symptoms emerged.

Negative symptoms encompass a motivational dimension, referring to avolition, anhedonia, and asociality as an expressive dimension consisting of diminished affect and alogia (10). As the motivational dimension is thought to be a more severe aspect of psychopathology (11), numerous studies examined the components of motivation along with their association with negative symptoms [see for a review (12)].

According to Kring and Bach (12), motivation encompasses two distinct key components: value computation (computing the value of a reward) and effort computation (computing how much effort it will take to get the reward); both support a third process called goal-directed-behavior (the actions required to achieve a goal) (12). Up to now, motivational impairments reported in schizophrenia have been argued to reflect issues in translating computations of value and effort into goal-directed-behavior (12). Goal-directed-behavior has thus mainly been studied in the context of the motivational approach, and the ability to initiate actions per se has rarely been examined. Only one study has investigated the ability to initiate actions in schizophrenia (13). Through a verbal fluency task, authors demonstrated that individuals with higher negative symptom severity tended to have more pronounced initiation impairments (13).

Yet, some authors proposed that schizophrenia could be considered as a pathology of action (14, 15). In particular, Frith proposed that impaired initiation of willed actions could explain the negative symptoms of schizophrenia (e.g., apathy, anhedonia) (14, 16) Negative symptoms have later been conceptualized as a pathology of goal-directed-behaviors (17).

As most of our actions are directed toward specific goals, it is likely that difficulties in goal setting and achievement might lead to a variety of negative symptoms such as amotivation/apathy and social withdrawal. In addition, goal-directed-behaviors appear to be a crucial step of social interactions (18). Impaired goal-directed-behaviors may also lead to social dysfunction, an additional core aspect of the 22q11DS endophenotype (19, 20). However, the putative association between goal-directed-behavior and negative symptoms or/and social functioning has never been examined in this population.

Moreover, the ability to initiate goal-directed-behavior belongs to a broader set of higher order skills called executive function. In 22q11DS, executive impairments have been extensively demonstrated (21–27). Nevertheless, only one study has examined the ability to initiate actions in 22q11DS (28). Maeder et al. (28) highlighted a different trajectory of verbal initiation with age in individuals with 22q11DS compared to healthy controls as well as a different trajectory of verbal inhibition in participants with negative symptoms (28). Moreover, some genes within the 22q11.2 locus, such as the Catechol-O-Methyltransferase (COMT) gene, are involved in prefrontal functioning, which sustains executive function (29). Thus, haploinsufficiency of some genes could explain the divergent EF competences observed in 22q11DS.

This study aimed to investigate the putative contribution of initiation impairments on social functioning deficits and negative symptom severity in 22q11DS. First, we examined performance on verbal and nonverbal fluency tasks to fit the concept of goal-directed-behavior in 22q11DS and healthy individuals. Indeed, fluency tasks have been well demonstrated to reflect executive control ability (30), which is defined as the set of functions directing behavior toward goals. For this reason fluency tasks can be considered as a proxy for goal-directed behaviors. We expected that 22q11DS individuals would show impaired verbal and nonverbal initiation compared to controls. Based on previous findings, we also hypothesized that initiation deficits would be associated with social dysfunction and negative symptom severity. Secondly, the influence of COMT Val/Met polymorphism on initiation competence was examined. Met polymorphism being associated with accumulation of dopamine, we hypothesized that Met carriers will have lower initiation scores compared to Val carriers.



Methods

Ninety-tree participants with 22q11DS and 77 healthy individuals aged between 8 and 30 years were included in the study. Healthy controls were screened for the presence of any neurological problems, psychological or learning difficulties, and medication that could influence their performance prior to their inclusion in the study. Some patients met formal diagnostic criteria for a psychiatric condition or were receiving medication at the time of the evaluation (see Table 1).


Table 1 | Demographic data of the participants.



Patients were recruited through French-speaking parent associations and were tested during an ongoing longitudinal study. Written informed consent was obtained from participants and their parents under protocols approved by the Geneva cantonal ethics commission of research.

The presence of psychiatric disorders was evaluated using the Diagnostic Interview for Children and Adolescent—Revised and the mood and psychosis supplement of the Kiddie-Schedule for Affective Disorders and Schizophrenia Present and Lifetime version [K-SADS-PL (31)] in adolescents below 18 years and the Structured Clinical Interview for DSM-IV axis disorders [SCID-I (32)] for adults. The presence of positive and negative symptoms of schizophrenia was assessed using the Structured Interview for Prodromal Syndromes [SIPS (33)]. Based on a previous study exploring the factor structure of the SIPS in 22q11DS (34), only the SIPS scores of the item loading on the negative factor (N1 to N4 and D4) were used in this study.

Polymorphism of the COMT gene was determined by polymerase chain reaction restriction fragment length polymorphism analysis for 63 participants with 22q11DS (35). Thirty-five participants were Met 158 homozygous and 28 were Val 108. The two groups did not differ in age [F (1,62) = 3.803, p= 0.056] or gender distribution [X2 (1,57) = 0.204, p= 0.651].

Full-scale IQ was measured for all participants using the Wechsler Intelligence Scale for children 3rd or 4th edition [WISC-III-R (36) or IV (37)], or the Wechsler adult Intelligence Scale 3rd or 4th edition [WAIS-III (38) or IV (39)] to obtain an evaluation of global intellectual functioning.

Verbal initiation was assessed using a verbal fluency task (40, 41). The version encompasses a phonemic fluency task (using the letters FAS) and a semantic part (animal and food category). We used the number of words produced, which reflects the efficiency in initiating a verbal content. A total score including all subcategories and representing a global measure of verbal initiation was calculated. The number of repetitions and rule violations of all subcategories was also calculated and used for statistical analyses. To assess a nonverbal counterpart to verbal initiation, we used an adaptation of the 5-point task (42, 43). Participants were asked to draw as many drawings as possible on a 5-point structure during 3 min, without repeating the same drawing twice. We used the total number of different drawings (as a measure of nonverbal initiation), repetitions, and rule violation scores for statistical analyses.

Social functioning was assessed by administrating the 2nd edition of the Social Responsiveness Scale [SRS-2; (44)] to parents of 87 participants with 22q11DS and 69 controls to identify the presence and severity of social impairments. Data were missing for 14 individuals. The SRS-2 includes five domains: social awareness, social cognition, social communication, social motivation, and restricted interests as well as repetitive behavior. Raw scores for each scale are converted to a gender-specific T score representing the individual’s social behavior impairment. The five scales are summed and converted into a T score, resulting in an overall composite score. Higher scores suggested greater social impairment.

All analyses were conducted in SPSS version 22 (IBM Corp., USA). Differences in terms of initiation were examined using ANCOVAs with age as covariate, given its significant differences between groups (F = 5.07, p = 0.026). We examined in each group how initiation performances are associated with age by conducting partial correlation with full-scale IQ as covariate. Moreover, in view of our large age range and to better understand the effect of age distribution on our results, our sample size was divided according to the median split of our sample (median split = 17). Thus, 43 individuals with 22q11DS and 45 healthy controls were included in the group below 16 years old, and 50 individuals with 22q11DS and 32 healthy controls were included in the group above 16 years old. As both groups did not differ in terms of age and gender distribution (all p < 0.05), we used ANOVAs to compare verbal and nonverbal initiation scores between controls and 22q11DS individuals in each age group. Then, we compared the strength of the correlation between groups using Fisher r-to-z-transformation. To ensure that the differences in verbal and nonverbal initiation between 22q11DS individuals and healthy controls truly reflected impairment in goal-directed behavior and were not related to potential confounds, we examined the influence of processing speed, using the processing speed index of the Wechsler scale, the visuoconstructive ability, using the block design subtest of the Wechsler scale, as well as the influence of working memory, using the working memory subtest of the Wechsler scale on both verbal and nonverbal initiation tasks. The influence of lexical knowledge and lexical use, using the vocabulary subtest of the Wechsler scale, on verbal initiation performance was also examined. First, we compared differences in processing speed, block design, working memory, and vocabulary scores between groups using ANCOVA with age as covariate. We then conducted once again the analyses (ANCOVAs) with processing speed index (for both verbal and nonverbal initiation), block design (for nonverbal initiation only), working memory (for both verbal and nonverbal initiation), and the vocabulary index (for verbal initiation only) as covariates.

To test the influence of the COMT polymorphism on initiation scores, ANOVAs comparing verbal and nonverbal initiation scores between Met and Val carriers were conducted. The impact of initiation on social functioning in 22q11DS was investigated by conducting hierarchical stepwise regression analyses. To examine the relationship between negative symptoms (SIPS subscales) and initiation scores in 22q11DS, we conducted partial correlations with full-scale IQ, age, and gender as covariates.



Results


Initiation Competences

Group comparisons (Figure 1) revealed that patients with 22q11DS had significantly lower verbal (F(1,167) = 61.8, p < 0.001) and nonverbal (F(1,167) = 65.5, p < 0.001) initiation performance compared to healthy controls. Regarding repetitions, results revealed that 22q11DS individuals and healthy controls produced similar number of repetitions for both verbal [F (1,164) = 0.033, p = 0.855] and nonverbal initiation tasks [F (1, 149) = 1.84, p= 0.177]. Patients with 22q11DS made equivalent number of rule violations for the verbal initiation task [F (1,164) = 0.64, p= 0.426] compared to healthy controls, while for the nonverbal initiation task a higher number of rule violations were observed in the 22q11DS group [F (1,148) = 4.54, p = 0.035].




Figure 1 | Group comparison of verbal (left) and nonverbal initiation (right). Raw scores are displayed on the vertical axis. *p < 0.05.





Association Between Age and Initiation Performances

By investigating how initiation performance is associated with age, we observed strong associations between age and verbal initiation (r = 0.620, p < 0.001) as nonverbal initiation (r = 0.834, p < 0.007) in healthy controls. In individuals with 22q11DS, significant associations between age and verbal initiation (r = 0.400, p < 0.001) and nonverbal initiation (r = 0.278, p = 0.007) were also found. Nevertheless, comparison of the strength of the correlation between groups revealed that individuals with 22q11DS exhibited weaker association between age and verbal and nonverbal initiation compared to healthy controls (respectively, z = 1.92, p = 0.027 and z = 5.83, p < 0.001). When comparing initiation performances in the group below 16 years old, results revealed that 22q11DS individuals had significantly lower verbal [F (1,85) = 14.14, p < 0.001] and nonverbal [F (1,85) =21.46, p < 0.001] initiation performance. In the group above 16 years old similar results were found {verbal initiation [F (1,79) = 63.76, p < 0.001], nonverbal initiation [F (1,79) = 56.64, p < 0.001]}.



Relationship Between Initiation Performances and Potential Confounds

Comparison of processing speed, block design, digit span, and vocabulary scores index between groups revealed that participants with 22q11DS exhibit lower scores on the processing speed [F (1, 161) = 87.33, p < 0.001], block design [F (1, 168) = 224.19, p < 0.001], digit span [F (1, 168) = 47.85, p < 0.001] and vocabulary subtests [F (1, 158) = 213.88, p < 0.001] compared to healthy controls.

We compared once again group differences in terms of initiation performances by taking into account differences in processing speed, visuoconstructive ability (i.e. block design subtest), working memory (i.e. digit span subtest), and lexical knowledge and use (i.e. vocabulary subtest). Results demonstrated that performance in verbal [F (1,164) = 24.95, p < 0.001] and nonverbal initiation [F (1,152) = 8.71, p = 0.004] remained significantly different between groups.



Influence of COMT Polymorphism on Initiation Competences

Results revealed that individuals with 22q11DS carrying Met and Val polymorphism did not differ in terms of verbal [F (1,62) = 0.318, p = 0.575) and nonverbal initiation scores [F (1,62) = 0.182, p = 0.671].



Association Between Initiation and Social Functioning

In individuals with 22q11DS, hierarchical regressions revealed a significant association between verbal initiation scores and the SRS-2 total, SRS-2 communication, SRS-2 awareness, and the SRS-2 cognition subscales (Table 2). No significant association between nonverbal initiation and the SRS-2 subdomains was observed. After Benjamini–Hochberg correction, only the association between verbal initiation and the SRS-2 awareness, SRS-2 communication, and SRS-2 cognition remained significant.


Table 2 | Hierarchical regression models examining the association verbal and non-verbal initiation and social functioning in patients with 22q11DS.





Influence of Initiation Performance on Negative Symptoms

Information about negative symptoms (SIPS) was available for 81 participants.

By examining the putative association between initiation scores and negative items, we found a significant negative correlation between negative total score and verbal initiation scores in participants with 22q11DS (r = −0.228, p = 0.044). Particularly, a strong negative association between verbal initiation and N1 ‘social anhedonia’ was observed (r = −0.307, p = 0.007). Regarding nonverbal initiation, none of the tested correlation reached a significant threshold (all p > 0.05).




Discussion

This study aimed to bring out the contribution of initiation impairments on social dysfunction and negative symptoms in 22q11DS. Findings revealed deficits in both verbal and nonverbal initiation in 22q11DS compared to healthy individuals. Initiation impairments were predictive of social functioning level in 22q11DS individuals. Moreover, verbal initiation impairment was associated with the severity of negative symptoms in 22q11DS individuals.

Our results confirmed deficits in initiation processes in 22q11DS. These results are in agreement with previous studies demonstrating divergent verbal initiation in individuals with 22q11DS compared to healthy controls (28). For the first time, nonverbal initiation was investigated in 22q11DS and was demonstrated as impaired. As mentioned previously, initiation competences belong to a broader set of processes called executive function. In 22q11DS, the variability in EF has been linked to allelic variation in genes related to dopamine metabolism and regulation (45). For this reason, we tested whether the Met/Val polymorphism of the Cathechol-O-Methyltransferase (COMT), a gene critically involved in the dopamine pathway and located in the 22q11.2,may explain divergent EF competences observed in 22q11DS. Contrary to our expectation, we observed that patients with Met and Val polymorphism did not differ in terms of verbal and nonverbal initiation competences. Nevertheless, in view of the small sample size of the COMT genotype subgroups, further studies examining this association are required. Moreover, EF capacities mainly rely on the prefrontal cortex (PFC) (46). In healthy individuals, refinement of the PFC (synaptic pruning and/or myelination) is thought to be related to increase EF competencies in early adulthood (47). In 22q11DS, a delayed prefrontal maturation has been shown and may explain the observed EF impairments (48–50).

Our results support the hypothesis that impaired ability to initiate actions contributes to the emergence of clinical manifestations in 22q11DS. Indeed, we reported that verbal initiation impairment particularly predicts lower social functioning in 22q11DS individuals. In other population marked by social deficits, such as Autism Spectrum Disorders (ASD) or schizophrenia (SZ), the link between impaired executive function and social deficits has been clearly identified. Moreover, the role of initiation in social deficits has been particularly emphasized (51–53). Indeed, significant associations between impaired initiation and reduced social functioning and skills (51, 52, 54, 55) have been observed in individuals with ASD. A strong association between verbal fluency and social competence has also been observed in SZ (53). To our knowledge, the present study is the first to clearly distinguish between verbal and nonverbal initiation. Indeed, in previous studies on ASD, initiation scores extracted from a parent-reported questionnaire included items evaluating both verbal and nonverbal initiation. In SZ, only verbal initiation and its association with social functioning have been examined. Thus, the contribution of each component separately on social functioning remains unclear.

Finally, our findings are also in line with our hypothesis suggesting that initiation could represent a key aspect in negative symptoms’ emergence. Indeed, a significant correlation between verbal initiation and negative symptoms, especially with social anhedonia, has been observed in 22q11DS participants. This finding is coherent with previous work showing a link between some EF domains, including verbal initiation, and negative symptoms in 22q11DS (28). The authors found that compared to individuals without negative symptoms, those with negative symptoms did not exhibit an improvement of verbal initiation with age (28). This result suggests that initiation impairment could precede the onset of negative symptoms. Taken together, the current results and previous work support the conceptualization of negative symptoms as a ‘pathology of goal-directed-behavior’ and suggest that initiation processes might underlie the emergence of negative symptoms in 22q11DS. As negative symptoms represent one of the main consequence of poor daily-life functioning and vocational outcome in this population (56), intervention techniques targeting initiation processes should be considered. Nevertheless, given the preliminary nature of this study, the results should be interpreted carefully and future studies examining the association between goal-directed behavior and negative symptoms in the field of psychosis are required.

There are several limitations in this study. First, we used fluency tasks, which reflect executive control ability, as a proxy of goal-directed-behavior. Nevertheless, additional processes such as decision making and cognitive control, which cannot be accessed through fluency tasks, may play a considerable role in goal-directed-behavior achievement. Thus, further studies examining the implication of decision making and cognitive control should be conducted. Secondly, we did not observe a significant association between N2 ‘Avolition’ and initiation performances in our results, However, as the avolition domain of negative symptoms has high validity with initiation, this raises a question regarding the use of fluency tasks as proxy of goal-directed-behavior. Further studies using more ecological tasks are therefore required to confirm those findings. Thirdly, some patients where under medication at the time of the testing. Some drugs having an influence on the dopamine system, the effect on the current results should be investigated. Nevertheless, in view of the variability of molecules and dosage across participants, it was not possible to examine the effect of types of medication in this study.

Fourthly, individuals with 22q11DS were marked by high rates of comorbid symptoms, which might impact our results. Indeed, in ADHD individuals lower scores in verbal fluency have been previously observed compared to typical developing controls [e.g. (57)]. It is also likely that anxiety or depressive symptoms have an impact on the motivation of patients to engage in goal-directed behavior. Nevertheless, as a majority of patients with 22q11DS presented several comorbid symptoms simultaneously or through lifespan, it was impossible to study the effect of comorbidity in this study.

Finally, although autism appears to be very common in this population (58), we did not perform a formal diagnosis of autism in this study and could therefore not examine the impact of autism comorbidity on our results.

The current study pointed out impairment in verbal and nonverbal initiation in the 22q11DS population. It appears that initiation deficits are associated with social dysfunction of 22q11DS individuals. Findings also suggest that initiation impairment is associated with negative symptoms emergence severity in this population.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation, to any qualified researcher.



Ethics Statement

This study was carried out in accordance with the recommendations of ’name of guidelines, name of committee’ with written informed consent from all subjects. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the cantonal ethics commission of research.



Author Contributions

LD and JM designed the study. LD, JM, VP, MS, and SE administered the tools. LD carried out the data analysis and wrote the manuscript. All authors read and approved the final manuscript.



Funding

This work was supported by research grants from the Swiss National Science Foundation (grant no. 324730_121996) for SE, (grant no. PZ00P1_174206) for MS, and The National Center of Competence in Research “Synapsy - The Synaptic Bases of Mental Diseases” to SE (grant no. 51NF40-185897).



Acknowledgments

We thank the families and family associations (Génération 22, Connect 22, Relais 22, and Creaf 22) for their support. Special thanks go to the Developmental Imaging and Psychopathology Laboratory members for their implication in the project in Geneva.



References

1. Grati FR, Molina Gomes D, Ferreira JCP, Dupont C, Alesi V, Gouas L, et al. Prevalence of recurrent pathogenic microdeletions and microduplications in over 9500 pregnancies. Prenat Diagn (2015) 35:801–9. doi: 10.1002/pd.4613

2. Shprintzen RJ. Velo-cardio-facial syndrome: 30 Years of study. Dev Disabil Res Rev (2008) 14:3–10. doi: 10.1002/ddrr.2

3. Boonstra N, Klaassen R, Sytema S, Marshall M, De Haan L, Wunderink L, et al. Duration of untreated psychosis and negative symptoms–a systematic review and meta-analysis of individual patient data. Schizophr Res (2012) 142:12–9. doi: 10.1016/j.schres.2012.08.017

4. Chang WC, Hui CLM, Tang JYM, Wong GHY, Lam MML, Chan SKM, et al. Persistent negative symptoms in first-episode schizophrenia: a prospective three-year follow-up study. Schizophr Res (2011) 133:22–8. doi: 10.1016/j.schres.2011.09.006

5. Rabinowitz J, Levine SZ, Garibaldi G, Bugarski-Kirola D, Berardo CG, Kapur S. Negative symptoms have greater impact on functioning than positive symptoms in schizophrenia: analysis of CATIE data. Schizophr Res (2012) 137:147–50. doi: 10.1016/j.schres.2012.01.015

6. Kurtz MM, Wexler BE, Fujimoto M, Dana S, Shagan Selter JC. Symptoms Versus Neurocognition as Predictors of Change in Life Skills in Schizophrenia after Outpatient Rehabilitation. Schizophr Res (2008) 102:303–11. doi: 10.1016/j.schres.2008.03.023

7. Milev P, Ho B-C, Arndt S, Andreasen NC. Predictive values of neurocognition and negative symptoms on functional outcome in schizophrenia: a longitudinal first-episode study with 7-year follow-up. Am J Psychiatry (2005) 162:495–506. doi: 10.1176/appi.ajp.162.3.495

8. Valmaggia LR, Stahl D, Yung AR, Nelson B, Fusar-Poli P, McGorry PD, et al. Negative psychotic symptoms and impaired role functioning predict transition outcomes in the at-risk mental state: a latent class cluster analysis study. Psychol Med (2013) 43:2311–25. doi: 10.1017/S0033291713000251

9. Fusar-Poli P, Borgwardt S, Bechdolf A, Addington J, Riecher-Rössler A, Schultze-Lutter F, et al. The psychosis high-risk state: a comprehensive state-of-the-art review. JAMA Psychiatry (2013) 70:107–20. doi: 10.1001/jamapsychiatry.2013.269

10. Liemburg E, Castelein S, Stewart R, van der Gaag M, Aleman A, Knegtering H, et al. Two subdomains of negative symptoms in psychotic disorders: established and confirmed in two large cohorts. J Psychiatr Res (2013) 47:718–25. doi: 10.1016/j.jpsychires.2013.01.024

11. Strauss GP, Horan WP, Kirkpatrick B, Fischer BA, Keller WR, Miski P, et al. Deconstructing Negative Symptoms of Schizophrenia: Avolition-Apathy and Diminished Expression Clusters Predict Clinical Presentation and Functional Outcome. J Psychiatr Res (2013) 47:783–90. doi: 10.1016/j.jpsychires2013.01.015

12. Kring AM, Barch DM. The motivation and pleasure dimension of negative symptoms: neural substrates and behavioral outputs. Eur Neuropsychopharmacol (2014) 24:725–36. doi: 10.1016/j.euroneuro.2013.06.007

13. Rinaldi R, Lefebvre L. Cued fluency protocol reveals dynamic symptomatic-dependent processes of goal-directed behaviours in schizophrenia. Cogn Neuropsychiatry (2015) 20:382–97. doi: 10.1080/13546805.2015.1047013

14. Frith C. The Cognitive Neuropsychology of Schizophrenia. Lawrence Erlbaum, Hove UK: Lawrence Erlbaum (1992).


15. Hardy-Baylé M-C, Sarfati Y, Passerieux C. The Cognitive Basis of Disorganization Symptomatology in Schizophrenia and Its Clinical Correlates: Toward a Pathogenetic Approach to Disorganization. Schizophr Bull (2003) 29:459–71. doi: 10.1093/oxfordjournals.schbul.a007019

16. Frith CD. The positive and negative symptoms of schizophrenia reflect impairments in the perception and initiation of action. psychol Med (1987) 17:631. doi: 10.1017/S0033291700025873

17. Brown RG, Pluck G. Negative symptoms: the ‘pathology’ of motivation and goal-directed behaviour. Trends Neurosci (2000) 23:412–7. doi: 10.1016/S0166-2236(00)01626-X

18. Tajfel H, Fraser C, Jaspars JMF. The Social Dimension: Volume 1: European Developments in Social Psychology. Cambridge University Press (1984).


19. Campbell LE, McCabe KL, Melville JL, Strutt PA, Schall U. Social cognition dysfunction in adolescents with 22q11.2 deletion syndrome (velo-cardio-facial syndrome): relationship with executive functioning and social competence/functioning. J Intellectual Disability Res (2015) 59:845–59. doi: 10.1111/jir.12183

20. Shashi V, Veerapandiyan A, Schoch K, Kwapil T, Keshavan M, Ip E, et al. Social skills and associated psychopathology in children with chromosome 22q11.2 deletion syndrome: implications for interventions. J Intellectual Disability Res (2012) 56:865–78. doi: 10.1111/j.1365-2788.2011.01477.x

21. Chow EWC, Watson M, Young DA, Bassett AS. Neurocognitive profile in 22q11 deletion syndrome and schizophrenia. Schizophr Res (2006) 87:270–8. doi: 10.1016/j.schres.2006.04.007

22. Lewandowski KE, Shashi V, Berry PM, Kwapil TR. Schizophrenic-like neurocognitive deficits in children and adolescents with 22q11 deletion syndrome. Am J Med Genet B Neuropsychiatr Genet (2007) 144B:27–36. doi: 10.1002/ajmg.b.30379

23. Azuma R, Daly EM, Campbell LE, Stevens AF, Deeley Q, Giampietro V, et al. Visuospatial working memory in children and adolescents with 22q11.2 deletion syndrome; an fMRI study. J Neurodev Disord (2009) 1:46–60. doi: 10.1007/s11689-009-9008-9

24. Campbell LE, Azuma R, Amberry F, Stevens A, Smith A, Morris RG, et al. Executive functions and memory abilities in children with 22q11.2 deletion syndrome. Aust N Z J Psychiatry (2010) 44:364–71. doi: 10.3109/00048670903489882

25. Shapiro HM, Wong LM, Simon ,TJ. A Cross-Sectional Analysis of the Development of Response Inhibition in Children with Chromosome 22q11.2 Deletion Syndrome. Front Psychiatry (2013) 4:81. doi: 10.3389/fpsyt.2013.00081

26. McCabe KL, Atkinson RJ, Cooper G, Melville JL, Harris J, Schall U, et al. Pre-pulse inhibition and antisaccade performance indicate impaired attention modulation of cognitive inhibition in 22q11.2 deletion syndrome (22q11DS). J Neurodev Disord (2014) 6(1):38. doi: 10.1186/1866-1955-6-38

27. Shapiro HM, Tassone F, Choudhary NS, Simon TJ. The development of cognitive control in children with chromosome 22q11.2 deletion syndrome. Front Psychol (2014) 5:566. doi: 10.3389/fpsyg.2014.00566

28. Maeder J, Schneider M, Bostelmann M, Debbané M, Glaser B, Menghetti S, et al. Developmental trajectories of executive functions in 22q11.2 deletion syndrome. J Neurodev Disord (2016) 8:10. doi: 10.1186/s11689-016-9141-1

29. Yavich L, Forsberg MM, Karayiorgou M, Gogos JA, Männistö PT. Site-specific role of catechol-O-methyltransferase in dopamine overflow within prefrontal cortex and dorsal striatum. J Neurosci (2007) 27:10196–209. doi: 10.1523/JNEUROSCI.0665-07.2007

30. Shao Z, Janse E, Visser K, Meyer AS. What do verbal fluency tasks measure? Predictors of verbal fluency performance in older adults. Front Psychol (2014) 5:772. doi: 10.3389/fpsyg.2014.00772

31. Kaufman J, Birmaher B, Brent D, Roa U, Flynn C, Moreci P, et al. Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version (K-SADS-PL): initial reliability and validity data. J Am Acad Child Adolesc Psychiatry (1997) 36:980–8. doi: 10.1097/00004583-199707000-00021

32. First M. Structured clinical interview for the DSM-IV-TR axis I disorders (SCID-I). New-York Biometrics Reserch, New-York State Psychiatric Institute (1996).


33. Miller TJ, McGlashan TH, Rosen JL, Cadenhead K, Cannon T, Ventura J, et al. Prodromal assessment with the structured interview for prodromal syndromes and the scale of prodromal symptoms: predictive validity, interrater reliability, and training to reliability. Schizophr Bull (2003) 29:703–15. doi: 10.1093/oxfordjournals.schbul.a007040

34. Schneider M, Armando M, Schultze-Lutter F, Pontillo M, Vicari S, Debbané M, et al. Prevalence, course and psychosis-predictive value of negative symptoms in 22q11.2 deletion syndrome. Schizophr Res (2018) 206:386–93. doi: 10.1016/j.schres.2018.10.014

35. Lachman HM, Papolos DF, Saito T, Yu YM, Szumlanski CL, Weinshilboum RM. Human catechol-O-methyltransferase pharmacogenetics: description of a functional polymorphism and its potential application to neuropsychiatric disorders. Pharmacogenetics (1996) 6:243–50. doi: 10.1097/00008571-199606000-00007

36. Weschsler D. (1991). Wechsler Intelligence Scale for Children, 3rd edn. Manual. The Psychological Corporation..


37. Weschsler D. Wechsler: WISC-IV: Echelle d"Intelligence de Wechsler. 4e ed. Paris: ECPA (2005). Available at: https://scholar.google.com/scholar_lookup?publication_year=2005&author=D.+Wechsler&title=WISC-IV.+Echelle+d%E2%80%99intelligence+de+Wechsler+pour+enfants. (Accessed: 28th March 2017).


38. Weschsler D. (1997). Wechsler Adult Intelligence Scale, 3rd edn. Administration and scoring manual. The Psychological Association.


39. Weschsler D. Weschsler Adult Intelligence Scale-Fourth Edition (WAIS IV). San Antonio, Texas: Pearson (2008). Available at: https://www.ecpa.fr/psychologie-clinique/test.asp?id=1968. (Accessed: 27th March 2017).


40. Gladsjo JA, Schuman CC, Evans JD, Peavy GM, Miller SW, Heaton RK. Norms for Letter and Category Fluency: Demographic Corrections for Age, Education, and Ethnicity. Assessment (1999) 6:147–78. doi: 10.1177/107319119900600204

41. Sauzéon H, Lestage P, Raboutet C, Bernard N, Claverie B. Verbal fluency output in children aged 7–16 as a function of the production criterion: qualitative analysis of clustering, switching processes, and semantic network exploitation. Brain Lang (2004) 89:192–202. doi: 10.1016/S0093-934X(03)00367-5

42. Sevino O. (1998). Les fonctions exécutives chez l’enfant: développement, structure et évaluation.


43. Tucha L, Aschenbrenner S, Koerts J, Lange KW. The Five-Point Test: Reliability, Validity and Normative Data for Children and Adults. PloS One (2012) 7:e46080. doi: 10.1371/journal.pone.0046080

44. Constantino J. (2012). (SRSTM-2) Social Responsiveness ScaleTM, Second Edition | WPS Western Psychological Services., Available at: https://www.wpspublish.com/store/p/2994/srs-2-social-responsiveness-scale-second-edition. (Accessed: 8th March 2018).


45. Egan MF, Goldberg TE, Kolachana BS, Callicott JH, Mazzani CM, Straub RE, et al. Effect of COMT Val108/158 Met genotype on frontal lobe function and risk for schizophrenia. Proc Natl Acad Sci USA (2001) 98:6917–22. doi: 10.1073/pnas.111134598

46. Funahashi S, Andreau JM. Prefrontal cortex and neural mechanisms of executive function. J Physiology-Paris (2013) 107:471–82. doi: 10.1016/j.jphysparis.2013.05.001

47. Mills KL, Goddings A-L, Clasen LS, Giedd JN, Blakemore S-J. The Developmental Mismatch in Structural Brain Maturation during Adolescence. DNE (2014) 36:147–60. doi: 10.1159/000362328

48. Shashi V, Veerapandiyan A, Keshavan MS, Zapadka M, Schoch K, Kwapil TR, et al. Altered development of the dorsolateral prefrontal cortex in chromosome 22q11.2 deletion syndrome: an in vivo proton spectroscopy study. Biol Psychiatry (2012) 72:684–91. doi: 10.1016/j.biopsych.2012.04.023

49. Schaer M, et al. Deviant trajectories of cortical maturation in 22q11.2 deletion syndrome (22q11DS): a cross-sectional and longitudinal study. Schizophr Res (2009) 115:182–90. doi: 10.1016/j.schres.2009.09.016

50. Kates WR, et al. The neural correlates of non-spatial working memory in velocardiofacial syndrome (22q11.2 deletion syndrome). Neuropsychologia (2007) 45:2863–73. doi: 10.1016/j.neuropsychologia.2007.05.007

51. Leung RC, Vogan VM, Powell TL, Anagnostou E, Taylor MJ. The role of executive functions in social impairment in Autism Spectrum Disorder. Child Neuropsychol (2016) 22:336–44. doi: 10.1080/09297049.2015.1005066

52. Freeman LM, Locke J, Rotheram-Fuller E, Mandell D. Brief Report: Examining Executive and Social Functioning in Elementary-Aged Children with Autism. J Autism Dev Disord (2017) 47:1890–5. doi: 10.1007/s10803-017-3079-3

53. McClure MM, et al. Correlations of functional capacity and neuropsychological performance in older patients with schizophrenia: evidence for specificity of relationships? Schizophr Res (2007) 89:330–8. doi: 10.1016/j.schres.2006.07.024

54. Gilotty L, Kenworthy L, Sirian L, Black DO, Wagner AE. Adaptive Skills and Executive Function in Autism Spectrum Disorders. Child Neuropsychol (2002) 8:241–8. doi: 10.1076/chin.8.4.241.13504

55. Pugliese CE, et al. Increasing adaptive behavior skill deficits from childhood to adolescence in autism spectrum disorder: role of executive function. J Autism Dev Disord (2015) 45:1579–87. doi: 10.1007/s10803-014-2309-1

56. Schneider M, Debbané M, Basset AS, Chow EWC, Fung WL, Avan den Bree M, et al. Psychiatric Disorders From Childhood to Adulthood in 22q11.2 Deletion Syndrome: Results From the International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome. Am J Psychiatry (2014) 171:627–39. doi: 10.1176/appi.ajp.2013.13070864

57. Takács Á., Kóbor A, Tárnok Z, Csépe V. Verbal fluency in children with ADHD: strategy using and temporal properties. Child Neuropsychol (2014) 20:415–29. doi: 10.1080/09297049.2013.799645

58. Richards C, Jones C, Groves L, Moss J, Oliver C. Prevalence of autism spectrum disorder phenomenology in genetic disorders: a systematic review and meta-analysis. Lancet Psychiatry (2015) 2:909–16. doi: 10.1016/S2215-0366(15)00376-4



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Dubourg, Maeder, Pouillard, Eliez and Schneider. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt-11-00230-g001.jpg
& & & = o
8 8 § R

501005 Aousnj [eqioA-UON

& & b S b
& R @ ¢°

521008 Aouanyy [equap

a
g
E
S
o

Controls





OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Images/fpsyt.2020.00230_cover.jpg
, frontiers
in Psychiatry

Goal-Directed-Behavior in 22q11.2
Deletion Syndrome: Implication for
Social Dysfunctions and the
Emergence of Negative Symptoms





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Goal-Directed-Behavior in 22q11.2 Deletion Syndrome: Implication for Social Dysfunctions and the Emergence of Negative Symptoms

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        



        		

          Results

        

          		

            Initiation Competences

          



          		

            Association Between Age and Initiation Performances

          



          		

            Relationship Between Initiation Performances and Potential Confounds

          



          		

            Influence of COMT Polymorphism on Initiation Competences

          



          		

            Association Between Initiation and Social Functioning

          



          		

            Influence of Initiation Performance on Negative Symptoms

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
N

Age

Gendr (56 of fomae)

Ful 1Q mean (5D))

SPS negaiie

SPS posive

Verba flency toal score

Figural foency

SRS (mean (SD] SRS awaroness.
SRS cogaiion
SRS communicaion
SRS mothaton
SRS RRB
SRS Totl

Peycriatic dagrosis Speciic phobia

N 66
A0HD
Generaized anity disorder
Major depression dsorder
Social phobia
Obsessive compuisive dsorder
Schizoptrenia
‘Schizoatictive disorder
Oystrymic dsordsr
Panic dsordr
Separaion ety dsorder

Psychotropic medcation Antpsychotes
Anideprossants
Psychostimuants

Diagnostic group.

221108

%
17460
405
721036
225088)
146(089)
95032
2203
620126
652(13)
622(133)
s12027)
640139
660175
1920%)

2001%
14(15%)
12(13%)
20%
2%
56%)
20%
10%
10%
2%
16(017%)
18(19%)
14(15%)

Controls

7
153055
519
1309
i

/
12746
33(102)

4990113
45469
5968
47209
43867)
45765

507
0.104
aora

286

377
1297
854
658
1283
&7

‘Comparison

pvalue

0026

o077
<0001
<0001

<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001

S5, Stuctaed nteriew for Procromel Syncromes: 50, Stenderd Deviaion: SRS, Sockl Rerponsivences Scale: ADHD, Alienton Dellct Fhoerscivity Disorder.





OEBPS/Images/table2.jpg
Dependent variables

Significant independent
variable

SRS-2 total
Nonverbal itation

Vorba iation

SRS-2 motivation
Nonverbal iiation

Vorbal iation

SRS -2communication
Nonverbal ation

Vorba iation

SRS-2 awareness
Nonverbal itation

Verba iation

SRS-2 cognition
Nonverbal ntation

Vorba iation

SRS-2 rostricted intorost
Nonverbal ination

Vorba iation

A T SN K S Tt 5 X (L0 =Sttt S S b CHACIDA

0392

o0a72

03w

0420

0200

Fusn

756

o153

0108

344

0176

0089

o122
-tz

0221
0608

0008
1361

0224
)

0133
135

-oan
-0491

o211
o063

0158
0478

0.6
0505

061
o487

061
o.87

081
0514

Coettiients

]

068
~0257

0159
~oa74

0005
-0z24

o162
-0381

0002

-0072
-o112

-0s77
220

105
1461

0047
2603

1389
X

0825
2760

-0s15.
-0%02

0565
o0z

067

0148

0009

0169

0003
0412

o007

o510
0370





