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Objective: The aim of this study is comparing gray matter alterations in SCZ pediatric patients with those suffering from obsessive-compulsive disorder (OCD) based on a systematic review and an activation likelihood estimation (ALE) meta-analysis.

Methods: A systematic literature search was performed in PubMed, Elsevier, and China National Knowledge Infrastructure (CNKI). A systematic review and an ALE meta-analysis were performed to quantitatively examine brain gray matter alterations.

Results: Children and adolescents with schizophrenia had decreased gray matter volume (GMV) mainly in the prefrontal cortex (PFC), temporal cortex (such as the middle temporal gyrus and transverse temporal gyrus), and insula, while children and adolescents with OCD mainly had increased GMV in the PFC and the striatum (including the lentiform nucleus and caudate nucleus), and decreased GMV in the parietal cortex.

Conclusions: Our results suggest that gray matter abnormalities in the PFC may indicate homogeneity between the two diseases. In children and adolescents, structural alterations in schizophrenia mainly involve the fronto-temporal and cortico-insula circuits, whereas those in OCD mainly involve the prefrontal-parietal and the prefrontal-striatal circuits.
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INTRODUCTION

Schizophrenia (SCZ), a severe psychiatric disorder characterized by symptoms such as hallucinations, delusions, disorganized thinking, amotivation, and cognitive dysfunction, has an onset in childhood and adolescence (1). Another serious psychiatric disorder that also often onsets in childhood and adolescence is obsessive-compulsive disorder (OCD), which is characterized by intrusive thoughts and repetitive and ritualistic behaviors (2). High comorbidity of OCD has been reported among patients with schizophrenia (3). A prior diagnosis of OCD and age of <20 years at OCD onset are associated with higher rates of subsequently diagnosed schizophrenia (4, 5). Some studies have found that SCZ and OCD share some demographic and clinical characteristics (6). These findings suggest that SCZ and OCD share common neuropathology. Therefore, many studies have compared SCZ and OCD to investigate their multidimensional heterogeneity.

Both SCZ and OCD have been recognized as neurodevelopmental disorders (7). Brain structural and functional abnormalities have been observed in SCZ and OCD at the early stages of life (8, 9). Indeed, some neuroimaging studies have compared brain structural abnormalities in adults with SCZ and OCD; however, the results of these studies are largely inconsistent. For example, Zhang et al. found that patients with SCZ and those with OCD lost similar gray matter (GM) volume in the right anterior cingulate (10). However, another study suggests that compared with patients with OCD, those with SCZ had reduced GM volume mainly in the prefrontal gyrus (including the left precuneus, left superior frontal gyrus, right middle frontal gyrus, etc.) (11). The above studies indicate that further investigations are warranted to compare gray matter volume differences between SCZ and OCD.

Notably, a meta-analysis of imaging studies (i.e., activation likelihood estimation [ALE] analysis) might serve as an important tool to confirm the structural and functional abnormalities in SCZ and OCD. Previously, to investigate the differences between SCZ and OCD, Goodkind et al. (12) performed a voxel-based morphometry (VBM)-based meta-analysis of 193 studies. They reported GM loss in the dorsal anterior cingulate cortex (dACC) and bilateral insula, brain areas that relate to executive functions. A secondary analysis of mega- and meta-analytical findings revealed that regions such as the hippocampus and fusiform gyrus exhibited high conformity to the shared morphometric signature of SCZ and OCD (13). Nevertheless, since existing research is limited to comparisons of adult populations, the similarities and differences in GM alterations among children and adolescents with either SCZ or OCD remain largely unknown. Indeed, previous studies found widespread structural brain changes in both pediatric OCD and adult OCD, but different age stages might indicate different structural alterations (14, 15). For example, by assessing cortical thickness and surface area, Boedhoe et al. (16) found that the parietal cortex was consistently implicated in both adults and children with OCD, but the temporal and frontal cortex changes were different during different stages of development and illness.

It should be noted that few studies have compared brain structural abnormalities in children and adolescents with SCZ and those with OCD. To the best of our knowledge, only one comparative study reported that children and adolescents with SCZ have more widespread white matter abnormalities than those with OCD (17). Children and adolescents with SCZ generally have decreased cortical GM, particularly in the frontotemporal cortical areas (18, 19). On the other hand, GM alterations present not only in the classical fronto–striatal–thalamic circuit but also in the parietal and occipital cortices have been found in pediatric OCD (14, 16, 20). However, further meta-analytical research into GM alterations in children and adolescents with SCZ and those with OCD is required.

Currently, there is no comparison between the two patient groups (SCZ and OCD) is performed in children and adolescents. The aim of this study is comparing gray matter alterations in SCZ patients with those suffering from OCD. First, a systematic review was performed to summarize the gray matter alterations in both SCZ and OCD. Second, an ALE meta-analysis was performed to quantitatively examine brain gray matter alterations. We hypothesized that shared GM alterations between SCZ and OCD should be within GM loss in the fronto–striatal–thalamic circuit. Thus, we intend to provide some neural indicators for children and adolescents with SCZ and those with OCD.



MATERIALS AND METHODS


Literature Search

Literature searches were performed in online databases, including PubMed, Web of Science and China National Knowledge Infrastructure (CNKI). We used the keywords and combinations of the following search terms with the following search expressions: (“schizophrenia” OR “obsessive-compulsive disorder”) AND “structural” AND “MRI” AND “gray matter.” Additionally, the reference lists of relevant articles were obtained and screened for any additional studies missed by the database search. Next, the titles and abstracts of the articles identified were screened according to the inclusion criteria. After this screening stage, the full journal articles were checked to determine whether they met the criteria of the included studies. Studies were independently cross-checked by two researchers to identify relevant articles. Articles published up to 31 August 2021 were included.



Inclusion and Exclusion Criteria

The following inclusion criteria were used to identify relevant studies for our meta-analysis: (1) English or Chinese language studies from peer-reviewed journals, (2) age of patients at diagnosis of SCZ or OCD (age: <18 years), and (3) VBM studies (both the whole brain analyses and ROI analyses were included). The exclusion criteria were as follows: (1) patient sample size <10 and (2) duplicate studies.



Systematic Review and ALE Meta-Analysis

First, a systematic review was performed. The key step of the systematic review is data extraction. The extracted data included the “Sample Size,” “Age,” “Males Percentage,” “Duration of Illness (DOI),” as well as the “Brain regions of Gray matter alterations” (if the gray matter decreased, Patients < Controls, it will be marked A; if Patients> Controls, B was marked).

Second, based on the inclusion and exclusion criteria for the included studies, an ALE analysis was performed. The last BrainMap application, the Java-based version of Ginger ALE, is used for performing activation likelihood estimation (ALE) meta-analyses on sets of coordinates extracted from the database in Talairach or MNI space. In the present study, Ginger ALE version 3.0.2 was adopted in the present meta-analysis of the included VBM studies that reported the foci of GM changes (21). ALE analyses were conducted in Montreal Neurological Institute (MNI) space; however, if coordinates were originally reported in Talairach space, they were converted into MNI space with the Lancaster transform using the icbm2tal transformation function implemented within GingerALE (22). The resulting statistical maps were corrected for a threshold at p < 0.001 (False Discovery Rate correction, FDR) with a cluster extent threshold of 50 voxels. For visualization, whole-brain maps of threshold ALE maps were imported into multi-image analysis Mango (http://ric.uthscsa.edu/mango) and overlaid onto a standardized anatomical template (the ICBM-152 brain template) (22).




RESULTS


Identification of Included Studies

The identification procedure of the studies can be found in Figure 1. Initially, we identified 21 English language studies and 1 Chinese language study according to the criteria. We list the exclusion information in Supplementary Table 1.


[image: Figure 1]
FIGURE 1. Flowchart of the selection criteria.




Systematic Review of Included Studies

The VBM datasets were obtained from 11 SCZ studies and 11 OCD studies. The baseline characteristics of all participants and the brain regions of gray matter alterations are summarized in Table 1. Two SCZ studies found GM volume changes without reporting the foci (23, 29). Four studies did not find any significant differences in GM volume between patients and healthy controls (26, 33, 36, 38). It seems that children and adolescents with schizophrenia had decreased gray matter volume (GMV), mainly in the prefrontal cortex (PFC), temporal cortex and insula, while children and adolescents with OCD mainly had increased GMV in the PFC and the striatum, but decreased GMV in the parietal cortex.


Table 1. Demographic and clinical characteristics of the 22 voxel-based morphometry studies.
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ALE Analysis in Children and Adolescents With SCZ and OCD

For the ALE analysis, there were 7 SCZ studies (including 199 patients with SCZ and 225 control subjects) and nine OCD studies (including 195 patients with OCD and 189 control subjects). ALE analysis in children and adolescents with SCZ revealed that GM volume was significantly reduced in the bilateral medial frontal gyrus, right middle frontal gyrus (MFG), bilateral inferior frontal gyrus (IFG), bilateral superior frontal gyrus (SFG), bilateral temporal sub-gyrus, and so on (for more details, see Table 2; Figure 2).


Table 2. Results of ALE analyses on gray matter reduction in SCZ.
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FIGURE 2. The gray matter reduction (red) in SCZ based on ALE analysis.


For children and adolescents with OCD, GM volume was significantly reduced in the left supramarginal gyrus, left cuneus, left middle occipital gyrus, right IFG, right SFG, bilateral MFG, right precentral gyrus, right paracentral lobule, right precuneus, bilateral cingulate, and right culmen. Simultaneously, GM volume was significantly increased in the left medial frontal gyrus, right MFG, right IFG, left SFG, striatum and so on (for more details, see Tables 3, 4; Figure 3).


Table 3. Results of ALE analyses on gray matter reduction in OCD.
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Table 4. Results of ALE analyses on gray matter increase in OCD.
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FIGURE 3. The gray matter reduction (red) and increase (green) in OCD based on ALE analysis.





DISCUSSION

The current systematic review and ALE meta-analysis revealed that children and adolescents with either SCZ or OCD have significant GMV abnormalities in multiple brain regions. However, despite being relatively consistent with the existing literature, our findings showed heterogeneous results. First, both children and adolescents with SCZ and those with OCD showed GMV alterations in the prefrontal cortex (PFC), which included the medial frontal gyrus and MFG (BA9, BA10). Notably, in this area, GMV was decreased in children and adolescents with SCZ and increased in those with OCD. Second, children and adolescents with SCZ showed decreased GMV in the temporal cortex (especially in the MTG and the transverse temporal gyrus) and insula. However, for children and adolescents with OCD, loss of GM was found in the parietal cortex, mainly in the supramarginal gyrus. Third, children and adolescents with OCD had a greater striatal GM volume, including the lentiform nucleus and caudate nucleus, than control subjects. Overall, we found that children and adolescents with SCZ and those with OCD have significant GMV abnormalities in multiple brain regions. For the cortical cortex, a decrease in GMV was observed mainly in the areas of the PFC (medial frontal gyrus and MFG), temporal cortex (especially in the MTG and transverse temporal gyrus), and insula in children and adolescents with SCZ. In children and adolescents with OCD, an increase in GMV was observed in the PFC, while a decrease in GMV was observed in the parietal cortex (supramarginal gyrus). For subcortical regions, we found that children and adolescents with OCD had a greater striatal volume, including the lentiform nucleus and caudate nucleus.

Gray matter loss in the PFC has been previously reported in children and adolescents with SCZ. In addition to the VBM studies in our meta-analysis, studies using the “region of interest” (ROI) approach suggested that children and adolescents with SCZ had a deficit in GM volume in the PFC (45–47). In addition, longitudinal magnetic resonance imaging studies have reported that children and adolescents with SCZ showed greater progressive frontal GM loss over years after illness onset than healthy individuals (48, 49). Recently, a large-scale study concluded that individuals with schizophrenia have a widespread thinner cortex and smaller surface area in frontal lobe regions (50). Supplementing previous research, the results of this study indicate that GM loss in the PFC might occur at an earlier course of SCZ.

We found an increase, rather than a decrease, in GMV of the PFC in children and adolescents with OCD, in contrast to that reported in a previous meta-analysis (20). These discrepancies can be explained by the differences in the OCD studies included. We excluded a study reporting a lower PFC volume because of the small sample size (51) and two studies reporting a greater PFC volume (34, 40). Recently, a large-scale graph analysis of brain structural covariance networks found that the PFC exhibited OCD-related alterations in the trajectories of brain development and maturation (52). Similar to SCZ, the results of the present study also indicated that GM alterations might occur at an earlier course of OCD.

The PFC plays an essential role in the organization and control of goal-directed thoughts and behaviors (53). Furthermore, the PFC orchestrates a wide range of cognitive and affective neuronal functions thanks to its extensive reciprocal connections to nearly all cortical and subcortical structures (53). The PFC dysconnectivity pattern in patients with SCZ is associated with the severity of cognitive impairments (such as impaired working memory) (54). Disruption of executive functions that are PFC-regulated may lead to the generation of obsessions and compulsions in patients with OCD (55). Several functional imaging studies have consistently highlighted abnormal activity patterns in PFC regions and connected circuits in SCZ and OCD during both symptom provocation and performance of neurocognitive tasks (54, 55). Our results hint at GM alterations in the PFC shared by children and adolescents with SCZ and those with OCD, which might account for comorbid cognitive deficits in both disorders.

In terms of other cortical abnormalities, GMV in the temporal cortex was decreased in children and adolescents with SCZ, whereas GMV in the parietal cortex was decreased in children and adolescents with OCD. Previous studies have reported a decreased GMV in the temporal cortex as well as in the PFC (47, 48). Regions in the temporal lobe are associated with auditory hallucinations, thought disorder, and memory dysfunction and are key characteristics of schizophrenia (28). In a previous study, loss of GM in the temporal cortex was negatively correlated with positive symptoms in SCZ (28). Several studies have verified the relationship between frontotemporal functional dysconnectivity and auditory hallucinations during different tasks, suggesting a source-monitoring impairment (56). The parietal cortex has been continuously implicated in the pathophysiology of both adult and pediatric OCD (16, 57). It has been hypothesized that the repetitive behaviors in OCD reflect the problems in set-shifting (58), in which the supramarginal gyrus plays a key role (59). Moreover, the supramarginal gyrus is part of the inferior parietal lobule (IPL). As an important node in both the fronto-parietal network and the default mode network, the IPL is considered to underlie OCD symptoms, such as the inability to eliminate persistent intrusive thoughts (60). In general, GM deficits in the temporal cortex in SCZ patients are associated with positive symptoms, whereas GM deficits in the parietal cortex in OCD patients may be the basis of compulsive behavior. These results tap into the heterogeneity of the two diseases.

Another key observation in this meta-analysis is that GM volume is reduced in the insula among children and adolescents with SCZ. A decrease in GM volume in the insula was found in adults with early-onset schizophrenia (61). A meta-analysis of ROI studies reported medium-sized bilateral GM volume reduction in the insular cortex in schizophrenia, which showed no progression with illness stage (62). Volume reduction in the insular cortex may constitute an important neuropathology in schizophrenia. Significant and widespread dysconnectivity of insula subregions is observed in schizophrenia, which correlates with cognitive function (63). Individuals with schizophrenia have impaired anterior insula-related large-scale brain networks, especially the central executive and default mode networks (64). The disrupted processing in the insula or a network involving the region could contribute to many sensory deficits found in schizophrenia. Failure of this process may lead to internally generated sensory information being attributed to an external source, which in turn contributes to hallucinations (65).

For subcortical regions, we found that the striatal volume was greater in pediatric OCD, consistent with findings of a previous meta-analysis (20). The aforementioned GM alterations in the PFC combined with our findings support theories of prefrontal–striatal circuit abnormalities in pediatric OCD (66). The prefrontal–striatal circuit, the main part of inhibitory control networks, includes several brain regions, such as the ventrolateral prefrontal cortex, anterior insula, supplementary motor area, dACC, and the striatal, thalamic, and dorsolateral prefrontal cortex (67). In OCD, deficits in inhibitory control were thought to underlie the poor control over obsessions and compulsions (68, 69). The prefrontal–striatal circuit is also part of the cortico-striatal-thalamo-cortical (CSTC) pathway. Hyperactivity in the CSTC pathway is thought to underlie the manifestation of OCD (70). Moreover, a meta-analysis of executive function in OCD showed that OCD is associated with broad impairments in executive function (71). Indeed, the impaired executive function in OCD also showed an association with the prefrontal–striatal circuit (55). Meanwhile, GMV in the striatum was greater in OCD than in attention-deficit hyperactivity disorder and autism spectrum disorder (72, 73). In addition, no alterations in striatal volume were found in children and adolescents with SCZ. The results suggest that greater striatal volume may be a disorder-specific neural structural biomarker of pediatric OCD relative to other psychiatric disorders.

Several limitations were noted in the current study. First, the number of studies in our ALE meta-analysis was small. Based on a recent simulation study (74), a recommendation was made to include at least 17–20 experiments in ALE meta-analyses to have sufficient power. However, the present schizophrenia meta-analysis is based on only seven studies, and the meta-analysis on OCD patients contains only nine studies. Therefore, the power can be assumed to be very weak, and the results can only be regarded as indicators for future studies. Second, Müller et al. (75) reported 10 simple rules for neuroimaging meta-analysis. One of the rules is that a cluster-level Family Wise Error (FWE) correction is recommended for ALE meta-analyses, but in the present study, a loose correction (FRD correction, p < 0.001) was used to obtain more results, which made our results preliminary and highly heterogeneous. Third, in line with most voxelwise meta-analyses, our study was based on brain coordinates extracted from published studies rather than raw statistical brain maps. This may also lead to less accurate results (76). Fourth, due to the limited sample size, we did not consider the influencing factors (e.g., treatment, age, and duration of illness). For example, it was consistently reported that both anatomical and functional brain components, including the frontal and temporal lobes, basal ganglia, limbic system and several key components within the default mode network, changed in patients with SCZ after antipsychotic treatment (77). The influence of antidepressants was also reported in OCD (78). However, the influence of medicines on the brains of patients with mental disorders might be an important direction for future studies.



CONCLUSIONS

In children and adolescents with SCZ, GM alterations are observed in the PFC, the temporal cortex, and the insula. In children and adolescents with OCD, GM alterations are exhibited in the PFC and striatum. These results suggest that GM abnormalities in the PFC may be a good indicator of the homogeneity between these two disorders. It is suggested that the majority of children and adolescents with SCZ have core defects in the prefrontal-temporal and cortico-insula circuits, whereas those with OCD have core defects in the prefrontal-parietal and the prefrontal-striatal circuits.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



AUTHOR CONTRIBUTIONS

YC and YiL took the initiative. FWe, JY, LY, FWa, DW, JZ, CY, JC, and YaL finished the study search and data extraction. YiL performed the data analysis. JL finished the draft. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Natural Science Foundation of China (NSFC) under (Grant Nos. 82001445 and 82171538) and the Beijing Natural Science Foundation under (Grant No. 7212035).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.785547/full#supplementary-material



REFERENCES

 1. Kahn RS, Sommer IE, Murray RM, Meyer-Lindenberg A, Weinberger DR, Cannon TD. Schizophrenia. Nat Rev Dis Primers. (2015) 1:15067. doi: 10.1038/nrdp.2015.67

 2. Stein DJ, Costa DLC, Lochner C, Miguel EC, Reddy YCJ, Shavitt RG. Obsessive-compulsive disorder. Nat Rev Dis Primers. (2019) 5:52. doi: 10.1038/s41572-019-0102-3

 3. Grover S, Dua D, Chakrabarti S, Avasthi A. Obsessive compulsive symptoms/disorder in patients with schizophrenia: prevalence, relationship with other symptom dimensions and impact on functioning. Psychiatry Res. (2017) 250:277–84. doi: 10.1016/j.psychres.2017.01.067

 4. Meier SM, Petersen L, Pedersen MG, Arendt MC, Nielsen PR, Mattheisen M, et al. Obsessive-compulsive disorder as a risk factor for schizophrenia: a nationwide study. JAMA Psychiatry. (2014) 71:1215–21. doi: 10.1001/jamapsychiatry.2014.1011

 5. Cheng YF, Chen VC, Yang YH, Chen KJ, Lee YC, Lu ML. Risk of schizophrenia among people with obsessive-compulsive disorder: a nationwide population-based cohort study. Schizophr Res. (2019) 209:58–63. doi: 10.1016/j.schres.2019.05.024

 6. Poyurovsky M, Zohar J, Glick I, Koran LM, Weizman R, Tandon R, et al. Obsessive-compulsive symptoms in schizophrenia: implications for future psychiatric classifications. Compr Psychiatry. (2012) 53:480–3. doi: 10.1016/j.comppsych.2011.08.009

 7. Zarrei M, Burton CL, Engchuan W, Young EJ, Higginbotham EJ, MacDonald J. A large data resource of genomic copy number variation across neurodevelopmental disorders. NPJ Genom Med. (2019) 4:26. doi: 10.1038/s41525-019-0098-3

 8. Gogtay N, Rapoport JL. Childhood-onset schizophrenia: insights from neuroimaging studies. J Am Acad Child Adolesc Psychiatry. (2008) 47:1120–4. doi: 10.1097/CHI.0b013e31817eed7a

 9. MacMaster FP, O'Neill J, Rosenberg DR. Brain imaging in pediatric obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2008) 47:1262–72. doi: 10.1097/CHI.0b013e318185d2be

 10. Zhang XX, Jing LI, Liao JM, Jiang SS, Yan J, Yan H, et al. Abnormal gray matter volume and regional homogeneity of resting fMRI in patients with schizophrenia and obsessive-compulsive disorder. Chin Mental Health J. (2017) 31:768–74. doi: 10.3969/j.issn.1000-6729.2017.10.004 

 11. Wang YM, Zou LQ, Xie WL, Yang ZY, Zhu XZ, Cheung EFC, et al. Altered grey matter volume and cortical thickness in patients with schizo-obsessive comorbidity. Psychiatry Res Neuroimaging. (2018) 276:65-72. doi: 10.1016/j.pscychresns.2018.03.009

 12. Goodkind M, Eickhoff SB, Oathes DJ, Jiang Y, Chang A, Jones-Hagata LB, et al. Identification of a common neurobiological substrate for mental illness. JAMA Psychiatry. (2015) 72:305–15. doi: 10.1001/jamapsychiatry.2014.2206

 13. Opel N, Goltermann J, Hermesdorf M, Berger K, Baune BT, Dannlowski U. Cross-disorder analysis of brain structural abnormalities in six major psychiatric disorders: a secondary analysis of mega- and meta-analytical findings from the ENIGMA Consortium. Biol Psychiatry. (2020) 88:678–86. doi: 10.1016/j.biopsych.2020.04.027

 14. Piras F, Chiapponi C, Girardi P, Caltagirone C, Spalletta G. Widespread structural brain changes in OCD: a systematic review of voxel-based morphometry studies. Cortex. (2015) 62:89–108 doi: 10.1016/j.cortex.2013.01.016

 15. Boedhoe PSW, Heymans MW, Schmaal L, Abe Y, Alonso P, Ameis SH, et al. An empirical comparison of meta- and mega-analysis with data from the ENIGMA Obsessive-Compulsive Disorder Working Group. Front Neuroinform. (2018) 12:102. doi: 10.3389/fninf.2018.00102

 16. Boedhoe PSW, Schmaal L, Abe Y, Alonso P, Ameis SH, Anticevic A, et al. Cortical abnormalities associated with pediatric and adult obsessive-compulsive disorder: findings from the ENIGMA Obsessive-Compulsive Disorder Working Group. Am J Psychiatry. (2018) 175:453–62. doi: 10.1176/appi.ajp.2017.17050485

 17. White T, Langen C, Schmidt M, Hough M, James A. Comparative neuropsychiatry: white matter abnormalities in children and adolescents with schizophrenia, bipolar affective disorder, and obsessive-compulsive disorder. Eur Psychiatry. (2015) 30:205–13. doi: 10.1016/j.eurpsy.2014.10.003

 18. Brent BK, Thermenos HW, Keshavan MS, Seidman LJ. Gray matter alterations in schizophrenia high-risk youth and early-onset schizophrenia. Child Adolesc Psychiatr Clin N Am. (2013) 22:689–714. doi: 10.1016/j.chc.2013.06.003

 19. Ordonez AE, Sastry NV, Gogtay N. Functional and clinical insights from neuroimaging studies in childhood-onset schizophrenia. CNS Spectr. (2015) 20:442–50. doi: 10.1017/S1092852915000437

 20. Hu X, Du M, Chen L, Li L, Zhou M, Zhang L, et al. Meta-analytic investigations of common and distinct grey matter alterations in youths and adults with obsessive-compulsive disorder. Neurosci Biobehav Rev. (2017) 78:91–103. doi: 10.1016/j.neubiorev.2017.04.012

 21. Eickhoff SB, Laird AR, Grefkes C, Wang LE, Zilles K, Fox PT. Coordinate-based activation likelihood estimation meta-analysis of neuroimaging data: a random-effects approach based on empirical estimates of spatial uncertainty. Hum Brain Map. (2009) 30:2907–26. doi: 10.1002/hbm.20718

 22. Lancaster JL, Tordesillas-Gutierrez D, Martinez M, Salinas F, Evans A, Zilles K, et al. Bias between MNI and Talairach coordinates analyzed using the ICBM-152 brain template. Hum Brain Mapp. (2007) 28:1194–205. doi: 10.1002/hbm.20345

 23. Wen D, Wang J, Yao G, Liu S, Li X, Li J, et al. Abnormality of subcortical volume and resting functional connectivity in adolescents with early-onset and prodromal schizophrenia. J Psychiatr Res. (2021) 140:282–8. doi: 10.1016/j.jpsychires.2021.05.052

 24. Gao ZT, Li YL, Guo SQ, Xia YH. [Brain gray matter volume alterations and cognitive function in first-episode childhood-and adolescence-onset schizophrenia]. Zhonghua Yi Xue Za Zhi. (2019) 99:3581–86. doi: 10.3760/cma.j.issn.0376-2491.2019.45.010

 25. Zhang C, Wang Q, Ni P, Deng W, Li Y, Zhao L, et al. Differential cortical gray matter deficits in adolescent- and adult-onset first-episode treatment-naive patients with schizophrenia. Sci Rep. (2017) 7:10267. doi: 10.1038/s41598-017-10688-1

 26. Castro-Fornieles J, Bargalló N, Calvo A, Arango C, Baeza I, Gonzalez-Pinto A, et al. Gray matter changes and cognitive predictors of 2-year follow-up abnormalities in early-onset first-episode psychosis. Eur Child Adolesc Psychiatry. (2017) 27:113–26. doi: 10.1007/s00787-017-1013-z

 27. Zhang Y, Zheng J, Fan X, Guo X, Guo W, Yang G, et al. Dysfunctional resting-state connectivities of brain regions with structural deficits in drug-naive first-episode schizophrenia adolescents. Schizophr Res. (2015) 168:353–9. doi: 10.1016/j.schres.2015.07.031

 28. Tang J, Liao Y, Zhou B, Tan C, Liu W, Wang D, et al. Decrease in temporal gyrus gray matter volume in first-episode, early onset schizophrenia: an MRI study. PLoS ONE. (2012) 7:e40247. doi: 10.1371/journal.pone.0040247

 29. James A, Hough M, James S, Winmill L, Burge L, Nijhawan S, et al. Greater white and grey matter changes associated with early cannabis use in adolescent-onset schizophrenia (AOS). Schizophr Res. (2011) 128:91–7. doi: 10.1016/j.schres.2011.02.014

 30. Yoshihara Y, Sugihara G, Matsumoto H, Suckling J, Nishimura K, Toyoda T, et al. Voxel-based structural magnetic resonance imaging (MRI) study of patients with early onset schizophrenia. Ann Gen Psychiatry. (2008) 7:25. doi: 10.1186/1744-859X-7-25

 31. Janssen J, Reig S, Parellada M, Moreno D, Graell M, Fraguas D, et al. Regional gray matter volume deficits in adolescents with first-episode psychosis. J Am Acad Child Adolesc Psychiatry. (2008) 47:1311–20. doi: 10.1097/CHI.0b013e318184ff48

 32. Douaud G, Smith S, Jenkinson M, Behrens T, Johansen-Berg H, Vickers J, et al. Anatomically related grey and white matter abnormalities in adolescent-onset schizophrenia. Brain. (2007) 130:2375–86. doi: 10.1093/brain/awm184

 33. Pagsberg AK, Baaré WF, Raabjerg Christensen AM, Fagerlund B, Hansen MB, Labianca J, et al. Structural brain abnormalities in early onset first-episode psychosis. J Neural Transm. (2007) 114:489–98. doi: 10.1007/s00702-006-0573-8

 34. Cheng B, Cai W, Wang X, Lei D, Guo Y, Yang X, et al. Brain gray matter abnormalities in first-episode, treatment-naive children with obsessive-compulsive disorder. Front Behav Neurosci. (2016) 10:141. doi: 10.3389/fnbeh.2016.00141

 35. Jayarajan RN, Agarwal SM, Viswanath B, Kalmady SV, Venkatasubramanian G, Srinath S, et al. A voxel based morphometry study of brain gray matter volumes in juvenile obsessive compulsive disorder. J Can Acad Child Adolesc Psychiatry. (2015) 24:84–91.

 36. Lázaro L, Ortiz AG, Calvo A, Ortiz AE, Moreno E, Morer A, et al. (2014). White matter structural alterations in pediatric obsessive–compulsive disorder: relation to symptom dimensions. Prog Neuropsychopharmacol Biol Psychiatry. (2014) 54:249–58. doi: 10.1016/j.pnpbp.2014.06.009

 37. Huyser C, van den Heuvel OA, Wolters LH, de Haan E, Boer F, Veltman DJ. Increased orbital frontal gray matter volume after cognitive behavioural therapy in paediatric obsessive compulsive disorder. World J Biol Psychiatry. (2013) 14:319–31. doi: 10.3109/15622975.2012.674215

 38. Lázaro L, Castro-Fornieles J, Cullell C, Andrés S, Falcón C, Calvo R, et al. A voxel-based morphometric MRI study of stabilized obsessive-compulsive adolescent patients. Prog Neuropsychopharmacol Biol Psychiatry. (2011) 35:1863–9. doi: 10.1016/j.pnpbp.07,016.

 39. Zarei M, Mataix-Cols D, Heyman I, Hough M, Doherty J, Burge L et al. Changes in gray matter volume and white matter microstructure in adolescents with obsessive-compulsive disorder. Biol Psychiatry. (2011) 70:1083–90. doi: 10.1016/j.biopsych.2011.06.032

 40. Britton JC, Rauch SL, Rosso IM, Killgore WD, Price LM, Ragan J, et al. Cognitive inflexibility and frontal-cortical activation in pediatric obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2010) 49:944–53. doi: 10.1016/j.jaac.2010.05.006

 41. Lázaro L, Bargalló N, Castro-Fornieles J, Falcón C, Andrés S, Calvo R, et al. Brain changes in children and adolescents with obsessive-compulsive disorder before and after treatment: a voxel-based morphometric MRI study. Psychiatry Res. (2009) 172:140–6. doi: 10.1016/j.pscychresns.2008.12.007

 42. Szeszko PR, Christian C, Macmaster F, Lencz T, Mirza Y, Taormina SP, et al. Gray matter structural alterations in psychotropic drug-naive pediatric obsessive-compulsive disorder: an optimized voxel-based morphometry study. Am J Psychiatry. (2008) 165:1299–307. doi: 10.1176/appi.ajp.2008.08010033

 43. Gilbert AR, Keshavan MS, Diwadkar V, Nutche J, Macmaster F, Easter PC et al. Gray matter differences between pediatric obsessive-compulsive disorder patients and high-risk siblings: a preliminary voxel-based morphometry study. Neurosci Lett. (2008) 435:45–50. doi: 10.1016/j.neulet.2008.02.011

 44. Carmona S, Bassas N, Rovira M, Gispert JD, Soliva JC, Prado M, et al. Pediatric OCD structural brain deficits in conflict monitoring circuits: a voxel-based morphometry study. Neurosci Lett. (2007) 421:218–23. doi: 10.1016/j.neulet.2007.05.047

 45. El-Sayed M, Steen RG, Poe MD, Bethea TC, Gerig G, Lieberman J, et al. Brain volumes in psychotic youth with schizophrenia and mood disorders. J Psychiatry Neurosci. (2010) 35:229–36. doi: 10.1503/jpn.090051

 46. Reig S, Parellada M, Castro-Fornieles J, Janssen J, Moreno D, Baeza I, et al. Multicenter study of brain volume abnormalities in children and adolescent-onset psychosis. Schizophr Bull. (2011) 37:1270–80. doi: 10.1093/schbul/sbq044

 47. Gogtay N, Weisinger B, Bakalar JL, Stidd R, Fernandez de la Vega O, Miller R, et al. Psychotic symptoms and gray matter deficits in clinical pediatric populations. Schizophr Res. (2012) 140:149–54. doi: 10.1016/j.schres.07,006.

 48. Thompson PM, Vidal C, Giedd JN, Gochman P, Blumenthal J, Nicolson R, et al. Mapping adolescent brain change reveals dynamic wave of accelerated gray matter loss in very early-onset schizophrenia. Proc Natl Acad Sci USA. (2001) 98:11650–5. doi: 10.1073/pnas.201243998

 49. Fraguas D, Diaz-Caneja CM, Pina-Camacho L, Janssen J, Arango C. Progressive brain changes in children and adolescents with early-onset psychosis: a meta-analysis of longitudinal MRI studies. Schizophr Res. (2016) 173:132–9. doi: 10.1016/j.schres.2014.12.022

 50. van Erp TGM, Walton E, Hibar DP, Schmaal L, Jiang W, Glahn DC, et al. Cortical brain abnormalities in 4474 individuals with schizophrenia and 5098 control subjects via the Enhancing Neuro Imaging Genetics Through Meta Analysis (ENIGMA) Consortium. Biol Psychiatry. (2018) 84:644–54. doi: 10.1016/j.biopsych.2018.04.023

 51. Chen J, Silk T, Seal M, Dally K, Vance A. Widespread decreased grey and white matter in paediatric obsessive-compulsive disorder (OCD): a voxel-based morphometric MRI study. Psychiatry Res. (2013) 213:11–7. doi: 10.1016/j.pscychresns.2013.02.003

 52. Yun JY, Boedhoe PSW, Vriend C, Jahanshad N, Abe Y, Ameis SH, et al. Brain structural covariance networks in obsessive-compulsive disorder: a graph analysis from the ENIGMA Consortium. Brain. (2020) 143:684–700. doi: 10.1093/brain/awaa001

 53. Szczepanski SM, Knight RT. (2014). Insights into human behavior from lesions to the prefrontal cortex. Neuron. (2014) 83:1002–18. doi: 10.1016/j.neuron.2014.08.011

 54. Zhou Y, Fan L, Qiu C, Jiang T. Prefrontal cortex and the dysconnectivity hypothesis of schizophrenia. Neurosci Bull. (2015) 31:207–19. doi: 10.1007/s12264-014-1502-8

 55. Ahmari SE, Rauch SL. The prefrontal cortex and OCD. Neuropsychopharmacology. (2021) 47:211–224. doi: 10.1038/s41386-021-01130-2

 56. Hoffman RE, Hampson M. Functional connectivity studies of patients with auditory verbal hallucinations. Front Hum Neurosci. (2011) 6:6. doi: 10.3389/fnhum.2012.00006

 57. Fallucca E, MacMaster FP, Haddad J, Easter P, Dick R, May G, et al. Distinguishing between major depressive disorder and obsessive-compulsive disorder in children by measuring regional cortical thickness. Arch Gen Psychiatry. (2011) 68:527–33. doi: 10.1001/archgenpsychiatry.2011.36

 58. Benzina N, Mallet L, Burguiere E, N'Diaye K, Pelissolo A. Cognitive dysfunction in obsessive-compulsive disorder. Curr Psychiatry Rep. (2016) 18:80. doi: 10.1007/s11920-016-0720-3

 59. Perianez JA, Maestu F, Barcelo F, Fernandez A, Amo C, Ortiz Alonso T. Spatiotemporal brain dynamics during preparatory set shifting: MEG evidence. Neuroimage. (2004) 21:687–95. doi: 10.1016/j.neuroimage.2003.10.008

 60. Stern ER, Fitzgerald KD, Welsh RC, Abelson JL, Taylor SF. Resting-state functional connectivity between fronto-parietal and default mode networks in obsessive-compulsive disorder. PLoS ONE. (2012) 7:e36356. doi: 10.1371/journal.pone.0036356

 61. Egashira K, Matsuo K, Mihara T, Nakano M, Nakashima M, Watanuki T, et al. Different and shared brain volume abnormalities in late- and early-onset schizophrenia. Neuropsychobiology. (2014) 70:142–51. doi: 10.1159/000364827

 62. Shepherd AM, Matheson SL, Laurens KR, Carr VJ, Green MJ. (2012). Systematic meta-analysis of insula volume in schizophrenia. Biol Psychiatry. (2012) 72:775–84. doi: 10.1016/j.biopsych.2012.04.020

 63. Sheffield JM, Rogers BP, Blackford JU, Heckers S, Woodward ND. Insula functional connectivity in schizophrenia. Schizophr Res. (2020) 220:69–77. doi: 10.1016/j.schres.2020.03.068

 64. Moran LV, Tagamets MA, Sampath H, O'Donnell A, Stein EA, Kochunov P, et al. Disruption of anterior insula modulation of large-scale brain networks in schizophrenia. Biol Psychiatry. (2013) 74:467–74. doi: 10.1016/j.biopsych.2013.02.029

 65. Wylie KP, Tregellas JR. The role of the insula in schizophrenia. Schizophr Res. (2010) 123:93–104. doi: 10.1016/j.schres.2010.08.027

 66. Bernstein GA, Mueller BA, Schreiner MW, Campbell SM, Regan EK, Nelson PM, et al. Abnormal striatal resting-state functional connectivity in adolescents with obsessive-compulsive disorder. Psychiatry Res Neuroimaging. (2016) 247:49–56. doi: 10.1016/j.pscychresns.2015.11.002

 67. Cai W, Ryali S, Chen T, Li CS, Menon V. Dissociable roles of right inferior frontal cortex and anterior insula in inhibitory control: evidence from intrinsic and task-related functional parcellation, connectivity, and response profile analyses across multiple datasets. J Neurosci. (2014) 34:14652–67. doi: 10.1523/JNEUROSCI.3048-14.2014

 68. Fineberg NA, Chamberlain SR, Goudriaan AE, Stein DJ, Vanderschuren LJ, Gillan CM, et al. New developments in human neurocognition: clinical, genetic, and brain imaging correlates of impulsivity and compulsivity. CNS Spectr. (2014) 19:69–89. doi: 10.1017/S1092852913000801

 69. van Velzen LS, Vriend C, de Wit SJ, van den Heuvel OA. Response inhibition and interference control in obsessive-compulsive spectrum disorders. Front Hum Neurosci. (2014) 8:419. doi: 10.3389/fnhum.2014.00419

 70. Radulescu A, Herron J, Kennedy C, Scimemi A. Global and local excitation and inhibition shape the dynamics of the cortico-striatal-thalamo-cortical pathway. Sci Rep. (2017) 7:7608. doi: 10.1038/s41598-017-07527-8

 71. Snyder HR, Kaiser RH, Warren SL, Heller W. Obsessive-compulsive disorder is associated with broad impairments in executive function: a meta-analysis. Clin Psychol Sci. (2015) 3:301–30. doi: 10.1177/2167702614534210

 72. Norman LJ, Carlisi C, Lukito S, Hart H, Mataix-Cols D, Radua J, et al. Structural and functional brain abnormalities in attention-deficit/hyperactivity disorder and obsessive-compulsive disorder. JAMA Psychiatry. (2016) 73:815–25. doi: 10.1001/jamapsychiatry.2016.0700

 73. Carlisi CO, Norman LJ, Lukito SS, Radua J, Mataix-Cols D, Rubia KJBP. Comparative multimodal meta-analysis of structural and functional brain abnormalities in autism spectrum disorder and obsessive-compulsive disorder. Biol Psychiatry. (2017) 82:83–102. doi: 10.1016/j.biopsych.2016.10.006

 74. Eickhoff SB, Nichols TE, Laird AR, Hoffstaedter F, Amunts K, Fox PT, et al. Behavior, sensitivity, and power of activation likelihood estimation characterized by massive empirical simulation. Neuroimage. (2016) 137:70–85. doi: 10.1016/j.neuroimage.2016.04.072

 75. Muller VI, Cieslik EC, Laird AR, Fox PT, Radua J, Mataix-Cols D, et al. Ten simple rules for neuroimaging meta-analysis. Neurosci Biobehav Rev. (2018) 84:151–61. doi: 10.1016/j.neubiorev.2017.11.012

 76. Radua J, Rubia K, Canales-Rodriguez EJ, Pomarol-Clotet E, Fusar-Poli P, Mataix-Cols D. Anisotropic kernels for coordinate-based meta-analyses of neuroimaging studies. Frontiers Psychiatry. (2014) 5:13. doi: 10.3389/fpsyt.2014.00013

 77. Yang C, Tang J, Liu N, Yao L, Xu M, Sun H, et al. The effects of antipsychotic treatment on the brain of patients with first-episode schizophrenia: a selective review of longitudinal MRI studies. Front Psychiatry. (2021) 12:593703. doi: 10.3389/fpsyt.2021.593703

 78. Hoexter MQ, de Souza Duran FL, D'Alcante CC, Dougherty DD, Shavitt RG, Lopes AC, et al. Gray matter volumes in obsessive-compulsive disorder before and after fluoxetine or cognitive-behavior therapy: a randomized clinical trial. Neuropsychopharmacology. (2012) 37:734–45. doi: 10.1038/npp.2011.250

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.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liu, Wen, Yan, Yu, Wang, Wang, Zhang, Yan, Chu, Li, Li and Cui. 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.



OPS/images/fpsyt-13-785547-t001.jpg
References

SCZ studies
Wen etal. (23)
Gao et al. (24)
Zhang etal. (25)

Castro-Fornieles et al.
(28)

Zhang et al. (27)
Tang et al. (28)
James et al. (29)
Yoshihara et al. (30)
Janssen et al. (31)
Dovaud et al. (32)
Pagsberg et al. (33)
OCD studies
Cheng et al. (34)
Jayarajan et al. (35)
Lazaro et al. (36)
Huyser et al. (37)
Lazaro et al. (38)
Zarei et al. (39)
Britton et al. (40)
Lazaro et al. (41)
Szeszko et al. (42)
Gibert et al. (43)
Garmona et al. (44)

Sample size

34

37
29
32
18
25
25
15

26
15
15
37
10
18

Controls
DOl Treatment Samplesize  Age

NR NR 28 1600047
543 0 39 183 £20

361£350 0 26 1681 £0.75
NR NR 70 153+£15
160+144 O 37 153+1.6
93£46 79 29 166 +£08
216=NR 100 28 16.4£1.4
14.4 £10.8 94 18 158+18
35+£22  NR 25 15.4£1.6
16884 100 25 1604 1.7
NR NR 29 1619
NR 0 30 105 +£2.2

168+ 129 86 15 1431 +£2.12
28.29 +24.16 84 46 163421

312+27.6 0 29 1360+273
NR 100 27 164 £1.3
636408 62 26 165£1.4
492240 100 20 136 2.4
2124166 0 15 143+25
432 NR 0 26 130 +£26
NR 0 10 18.4+26

NR 56 18 13.03+£3.04

Patients
Age  Males%
14.93£160 84
135+£23 44
16.87 £105 50
152+£1.7 il
155418 46
165+£09 45
163+12 69
158+13 50
154£18 76
163£13 72
156£18 47
108+21 60
1413+1.79 &3
15.4£2.1 58
13.78£258 28
156£15 56
166£15 54
185+24 60
187£25 53
180£27 38
129427 60
12.86£2.76 72

Brain regions of gray matter alterations.

Males% Patients< Controls Patients> Controls

43
36
50

60

46
55
64
50
69
68
38

60
53
48
28
48
54
65
53
35
60
72

()] ®)

Hippocampus (4)

Rinsula, LIFG, L limbic edge (4)
L parietal postcentral gyrus,

L parahippocampa (A)

No positve results

RSTG, R MTG (4)
LSTG, LMTG (A)

PFC, STG, ITG (A)

L parahippocampal, IFG, STG (A)

L medal frontal gyrus, L MFG (A)
SMA, R ACG, R dorso-lateral PFC (A)
No Positive Results

LIPL(A), Putamen, L OFC (B)

LACC ()

No Positive Results

L superior frontal pole, L insula (8)
No Positive Results

Gaudate, R putamen (B)

Medial frontal gyrus, OFC; R ACC (B)
Parietal lobes(A)

Occipital cortex (A); OFC, STG, parietal lobe (B)
LACC, medial SFG (4)

Frontal lobe, cingulate cortex (A)

SCZ, schizophrenia; OCD, obsessive-compulsive disorder; y, years; m, months; DOI, duration of illness; SD, standard deviation; NR, not recorded; R, right; L, left; IFG, inferior frontal
gyrus; STG, superior temporal gyrus; MTG, middle temporal gyrus; PFC, prefrontal cortex; ITG, inferior temporal gyrus; MFG, middle frontal gyrus; SFG, superior frontal gyrus; SMA,
supplementary motor area; IPL, inferior parietal lobule; OFC, orbitofrontal cortex; ACC, anterior cingulate cortex.





OPS/images/fpsyt-13-785547-t002.jpg
Cluster # Volume (mm?)
1 9%
2 9%
3 %
4 80
5 64
6 56
7 56
8 56
9 56
10 56
11 56
12 56
13 56
14 56
15 56
16 56
17 56
18 56
19 56
20 56
21 56
22 56
23 56
24 56

SCZ, schizophrenia; ALE, activation likelihood estimation; MNI, Montreal Neurological Institute; R, right; L, left; BA, Brodmann area.

Peak ALE value

0.009153046
0.008924574
0.008930734
0.009246408
0.008868549
0.008880154
0.008856174
0.008856174
0.008856174
0.008856174
0008856174
0.008856174
0.008856174
0.008856175
0008856174
0.008858921
0.008856174
0.008856176
0.008856174
0.008856174
0.008856174
0.008856174
0.008856235
0.008929286

-12
50
—48
—46
20
50
-50
20
-38
14
24
20
14
38
60
—40
-22
-10

MNI coordinates (x,y,z)

-10
21
44
18

—22

~16

-90

—22

~18
18

—60

—24

8
44

—16
40

-70
44

8
10

—16

-36
18

-38

~16
3
28
9

—12

—22
6
8
10
12
14
20
20
20
24
30
32
32
34
38
44
46
a8
70

Brain regions

(R) Temporal Sub-Gyral (BA21)
(R) Insula (BA13)

(L) Medial Frontal Gyrus (BA9)

(R) Inferior Frontal Gyrus (BA44)
(L) Middle Temporal Gyrus (BA21)
(L) Temporal Sub-Gyral (BA20)

(1) Lingual Gyrus (BA17)

(R) Transverse Temporal Gyrus (BA41)
(L) Transverse Temporal Gyrus (BAA41)
(L) Inferior Frontal Gyrus (BA44)
(R) Posterior Cingulate (BA30)

(R Insula (BA13)

(L) Inferior Frontal Gyrus (BA)
(R) Medial Frontal Gyrus (BA9)

(L) Insula (BA13)

(R) Medial Frontal Gyrus (BAS)

(R) Precuneus (BA31)

(R) Superior Frontal Gyrus (BA9)
(R) Cingulate (BA24)

(R) Medial Frontal Gyrus (BAG)

(R) Posteentral Gyrus (BAG)

(L) Inferior Parietal Lobule (BA40)
(L) Superior Frontal Gyrus (BA6)
(L) Postcentral Gyrus (BAS)





OPS/images/fpsyt-13-785547-g002.gif
0@@@@
edBBD,
Q. ‘ ‘ bw






OPS/images/fpsyt-13-785547-g003.gif
oS D
29829
PODDD|
T L






OPS/images/fpsyt-13-785547-t003.jpg
Cluster # Volume (mm®) Peak ALE value MNI coordinates (x,y,2) Brain regions

1 312 0018117323 —62 -52 38 (1) Supramarginal Gyrus (BA40)
2 % 0008858794 -1 -83 13 (1) Guneus (BA17)

3 % 0008858794 —27 -84 13 (L) Middle Occipital Gyrus (BA18)
4 % 000766531 44 13 35 (R) Precentral Gyrus (BAS)

4 0.007424954 43 13 30 (R) Inferior Frontal Gyrus (BA9)

5 9% 0.00766531 25 29 42 (R) Superior Frontal Gyrus (BA8)
5 0.007424954 27 24 43 (R) Superior Frontal Gyrus (BAS)
6 % 000766531 3 -13 48 (R) Paracentral Lobule (BA31)

6 0.007424954 8 —11 49 (R) Paracentral Lobule (BA31)

7 80 0.009176578 16 -63 -4 (R) Culmen

8 64 0007424954 53 27 21 (R) Middle Frontal Gyrus (BA46)
9 64 0007424954 —45 25 23 (L) Middle Frontal Gyrus (BA46)
10 64 0.007424954 15 -53 41 (R) Precuneus (BA31)

1 64 0007424954 15 -37 43 (R) Cingulate Gyrus (BA31)

12 64 0.007424954 1 -31 a7 (1) Cingulate Gyrus (BA31)

ive-compulsive disorder; ALE, activation likelihood estimation; MNI, Montreal Neurological Institute; R, right; L, left; BA, Brodmann area.





OPS/images/fpsyt-13-785547-t004.jpg
Cluster # Volume (mm®)

1 608
2 304
3 224
4 200
5 112
6 %
7 %
8 80
9 80
10 80
11 80
12 80
13 64
14 64
15 64

Peak ALE value

0.016521817
0.009560066
0.008989162
0.009225059
0.008012949
0.00917098
0.008015263
0.009076225
0.008518396
0.008858794
0.009176578
0.008632486
0.00881567
0.009176578
0.009176578
0.008552016
0.008079925
0.008496986

-26
20
14

—12

-18

—18
-8

-14

-30
13
20
26

-50

8

—12
45

—12
32

MNI coordinates (x,2)

12
20
16
66
58
56
56
38

~19

-52
34
-5

-26

ive-compulsive disorder; ALE, activation likelihood estimation; MNI, Montreal Neurological Institute; R, right; L,

2
-2
-2

-10
-10

10

10
-22

19

63
-23

2
29
58
62

-25

2

45

Brain regions

(L) Lentiform Nucleus (Putamen)
(R) Caudate (Caudate Head)

(R) Caudate (Caudate Head)

(L) Medial Frontal Gyrus (BA10)
(1) Superior Frontal Gyrus (BA10)
(L) Superior Frontal Gyrus (BA10)
(L) Medial Frontal Gyrus (BA10)
(L) Medial Frontal Gyrus (BA11)
(1) Claustrum

(R) Precuneus Gray (BA7)

(R) Inferior Frontal Gyrus (BA47)
(R Lentiform Nucleus (Putamen)
(L) Inferior Parietal Lobule (BA40)
(R) Superior Paristal Lobule (BA7)
(L) Superior Parietal Lobule (BA7)
(R) Superior Temporal Gyrus (BA38)
(L) Caudate (Caudate Head)

(R) Mididle Frontal Gyrus (BAG)

left; BA, Brodmann area.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gray Matter Alterations in Pediatric Schizophrenia and Obsessive-Compulsive Disorder: A Systematic Review and Meta-Analysis of Voxel-Based Morphometry Studies



		Introduction



		Materials and Methods



		Literature Search



		Inclusion and Exclusion Criteria



		Systematic Review and ALE Meta-Analysis







		Results



		Identification of Included Studies



		Systematic Review of Included Studies



		ALE Analysis in Children and Adolescents With SCZ and OCD







		Discussion



		Conclusions



		Data Availability Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

Gray Matter Alterations in Pediatric
Schizophrenia and
Obsessive-Compulsive Disorder: A
Systematic Review and
Meta-Analysis of Voxel-Based
Morphometry Studies





OPS/images/fpsyt-13-785547-g0001.gif
Records identified through ‘Additional articles identified
atabase searching, after removal of] | through reference search
duplicates (n=1321) o=t)

“Total records after duplicates removed
(=135

Records sereencd for titke Ieeclevant records excluded
and abstract (1= 1325) =118

Screening

Fullext artices excluded (n-= 122)
- Not VBM studics (0 = 29

Fullextarices asessd ~Outside age range (n = 69)
forcligivilty  ———>{ - Not SCZ or OCD sample (1 =22)
=140 ~Paticnt sample size lss than 10 = 1)

- No comparison with healthy subjects
@=2

~Data already reportedinincluded st

J @=9

Studis included in review
w=2)

No fociof grey matter reported
)

Included

Studies included in meta meta-analysis
16






OPS/images/fpsyt-13-785547-g001.gif
Records identified through ‘Additional articles identified
atabase searching, after removal of] | through reference search
duplicates (n=1321) o=t)

“Total records after duplicates removed
(=135

Records sereencd for titke Ieeclevant records excluded
and abstract (1= 1325) =118

Screening

Fullext artices excluded (n-= 122)
- Not VBM studics (0 = 29

Fullextarices asessd ~Outside age range (n = 69)
forcligivilty  ———>{ - Not SCZ or OCD sample (1 =22)
=140 ~Paticnt sample size lss than 10 = 1)

- No comparison with healthy subjects
@=2

~Data already reportedinincluded st

J @=9

Studis included in review
w=2)

No fociof grey matter reported
)

Included

Studies included in meta meta-analysis
16










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





