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ABSTRACT

Background: Inhibitory control, comprising response inhibition and cognitive inhibition, showed consistent deficits among several major psychiatric disorders. We aim to identify the trans-diagnostic convergence of neuroimaging abnormalities underlying inhibitory control across psychiatric disorders.

Methods: Inhibitory control tasks neuroimaging, including functional magnetic resonance imaging, single-photon emission computed tomography, and positron emission tomography articles published in PubMed and Web of Science before April 2020 comparing healthy controls with patients with several psychiatric disorders were searched. 

Results: 146 experiments on 2,653 patients with different disorders and 2,764 control participants were included. Coordinates of case-control differences coded by diagnosis and inhibitory control components were analyzed using activation likelihood estimation. A robust trans-diagnostic pattern of aberrant brain activation in the bilateral cingulate gyri extending to medial frontal gyri, right insula, bilateral lentiform nuclei, right inferior frontal gyrus, right precuneus extending to inferior parietal lobule, and right supplementary motor area were detected. Frontostriatal pathways are the commonly disrupted neural circuits in the inhibitory control across psychiatric disorders. Furthermore, Patients showed aberrant activation in the dorsal frontal inhibitory system in cognitive inhibition, while in the frontostriatal system in response inhibition across disorders. 

Conclusion: Consistent with the Research Domain Criteria initiative, current findings show that psychiatric disorders may be productively formulated as a phenotype of trans-diagnostic neurocircuit disruption. Our results provide new insights for future research into mental disorders with inhibition-related dysfunctions.
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1.  Introduction
Inhibitory control (IC) is a central component of executive functions (EFs), referring to the voluntary control or suppression of goal-irrelevant stimuli, mental processes, and behavioral responses 
 ADDIN EN.CITE 
(Aron, 2007; Cristofori et al., 2019; Jones et al., 2018; Nigg, 2000)
. It is noteworthy that IC only slows down a processor reducing its probability of happening rather than entirely preventing it from occurring (MacLeod, 2007). IC can be subcategorized into different components/processes such as cognitive/response inhibition during task paradigms, and proactive/reactive phases of inhibition during temporal processes of inhibition  
 ADDIN EN.CITE 
(Braver, 2012; Gavazzi et al., 2021; Hung et al., 2018; Vuillier et al., 2016)
. For instance, cognitive inhibition (or interference suppression) refers to the cognitive process of resisting interference from distracting stimuli, which is predominantly required during psychological tasks such as the Flanker task and Stroop task. Response inhibition (or behavioral inhibition), on the other hand, refers to the process of revoking a prepotent behavioral response and is commonly required during Go/Nogo, Stop Signal, or anti-saccade tasks 
 ADDIN EN.CITE 
(Hung et al., 2018; Vuillier et al., 2016)
. The neural mechanisms of these cognitive processes are different. Cognitive inhibition mainly activates the dorsal frontal inhibitory system, whereas response inhibition activates the frontostriatal system 
 ADDIN EN.CITE 
(Hung et al., 2018; Wessel & Aron, 2017)
. More recently, one of the biggest focuses in inhibition studies is on the temporal processes of inhibition that include the proactive and reactive phases of inhibition. The proactive process adopts a top-down approach that intervenes in an event before it happens to achieve a more accurate and efficient outcome (Aron 2011; Braver 2012). In contrast, reactive inhibition adopts a bottom-up approach that inhibits an already initiated motor response (Braver 2012; Gavazzi et al., 2021). Since most psychiatric manifestations involve cognitive and/or behavioral inhibition deficits, the current study focuses on the investigation of these two subcomponents of IC. 
IC contributes to various types of EFs, e.g., working memory updating and shifting 
 ADDIN EN.CITE 
(Friedman & Miyake, 2017; Friedman et al., 2011)
. In line with this, neuroimaging studies also demonstrated shared neural correlates between IC and common EFs (McKenna et al., 2017). Recently, studies suggested that IC is an underlying mechanism implicated in different skills and cognitive achievements, including attention, working memory span, reading comprehension, problem-solving, general cognitive ability, and emotion regulation 
 ADDIN EN.CITE 
(Baggetta & Alexander, 2016; Johann et al., 2019; Johann et al., 2020)
. These findings indicate the importance of IC in maintaining cognitive performance and mental health status. 
Notably, IC deficits are closely associated with different psychiatric symptoms. They are considered a common characteristic of different major psychiatric disorders, including substance-related disorder (SRD) 
 ADDIN EN.CITE 
(Feil et al., 2010; Meade et al., 2019)
, schizophrenia 
 ADDIN EN.CITE 
(Overbeek et al., 2019)
, bipolar disorder (BD) 
 ADDIN EN.CITE 
(Metcalfe et al., 2016)
, depression
 ADDIN EN.CITE 
(Jenkins et al., 2018)
, obsessive-compulsive disorder (OCD) 
 ADDIN EN.CITE 
(Theiss et al., 2019)
, anxiety disorder 
 ADDIN EN.CITE 
(Zhai et al., 2019)
, and post-traumatic stress disorder (PTSD) 
 ADDIN EN.CITE 
(Aupperle et al., 2016)
. Evidence for common IC deficits in psychiatric disorders prompts the question of whether there are accompanying structural and/or functional anomalies seated within the neurocircuitry subserving IC across the boundaries between putatively distinct psychiatric disorders (Barch, 2020). The studies on this topic accord with the Research Domain Criteria (RDoC) aim of mapping trans-diagnostic (i.e., across disorder) dimensions of psychopathology to neurocircuitry 
 ADDIN EN.CITE 
(Insel et al., 2010)
.
A recent meta-analysis study, including different subcomponents of EFs (such as IC, working memory, and so on) across Axis I psychiatric disorders compared with healthy controls, reported a trans-diagnostically abnormal activation in the left prefrontal cortex, anterior insula, right ventrolateral prefrontal cortex, right intraparietal sulcus, and mid-cingulate/pre-supplementary motor area 
 ADDIN EN.CITE 
(McTeague et al., 2017)
. Most of these regions are critical in the frontostriatal system 
 ADDIN EN.CITE 
(Chudasama & Robbins, 2006; Wessel & Aron, 2017)
. Furthermore, disruption was also observed in the dorsal cingulate cortex, which overlapped with a network of structural perturbation in a trans-diagnostic meta-analysis of gray matter volume 
 ADDIN EN.CITE 
(Goodkind et al., 2015; McTeague et al., 2017)
. These findings suggested a coordinated trans-diagnostic functional and structural perturbation associated with trans-diagnostic deficits in EFs, including IC 
 ADDIN EN.CITE 
(Friedman & Miyake, 2017; Friedman et al., 2011; McTeague et al., 2016)
. Given that IC is one of the common cores of EFs, it is important to understand the neural correlates of IC and its subcomponents across psychiatric disorders, which could offer a unique platform for identifying and clinically addressing the neural markers of dysfunctional response inhibition.
Clinical observations suggest there might be a common trans-diagnostic pattern of neural circuitry disruption across IC components. However, this pattern has yet to be tested. We aimed to identify this pattern in the current meta-analysis. We hypothesized that the pattern would mainly manifest in the frontoparietal network, according to regions previously reported as trans-diagnostically perturbed 
 ADDIN EN.CITE 
(Goodkind et al., 2015; McTeague et al., 2017)
. Additionally, we aimed to investigate the common and distinct neural circuits between the cognitive inhibition and the response inhibition across Axis I psychiatric disorders. We hypothesized that aberrant activation in the dorsal frontal inhibitory system was associated with cognitive inhibition, while in the frontostriatal system linking to response inhibition across disorders.
2.  Methods  
2.1.  Literature search and selection 
Following the Preferred Reporting Items for Systematic Reviews and Meta-analyses protocol(Moher et al., 2009), English-language articles, published from December 1997 to April 2020 that used whole-brain analyses on IC task-related neuroimaging comparing healthy controls with patients with several major mental disorders (including schizophrenia spectrum disorders, BD, unipolar depressive disorder, anxiety disorder, OCD, PTSD, and SRD) based on the DSM or ICD criteria were included. Neurodevelopmental disorders (e.g., attention deficit hyperactivity disorder and autism spectrum disorders) are a group of early-onset conditions suffering from delaying brain function/structure development 
 ADDIN EN.CITE 
(Antshel & Russo, 2019; Visser et al., 2016)
, in which dysfunction in IC is commonly observed. The clinical features of neurodevelopmental disorders are very different from other mental disorders suggesting distinct pathological mechanisms. To eliminate the plausible confounding features from the abnormally developed/developing brain, neurodevelopmental disorders were excluded from the current meta-analysis. The studies, after removed duplicates, were assessed against the inclusion and exclusion criteria by two independent reviewers (HY and RZ). The searching and selection procedures are shown in Figure 1. The retrieval strategies and the detailed demographic data are included in the Supplement (Tables ST 1, ST 2). 
Insert Figure 1 here
2.2.  Data extraction 
The following information was extracted from each study: authors, year of publication, sample size, age, sex, medication state, duration of illness, experimental design, paradigms and task contrasts, behavioral performance, and cluster coordinates in the MNI or Talairach space (Table ST 2). 
2.3.  Activation Likelihood Estimation (ALE) Meta-analysis 
There are a growing number of transdiagnostic meta-analyses of neuroimaging findings that offer a distinct advantage of being able to compare diagnoses that were not included in the same empirical studies 
 ADDIN EN.CITE 
(Khodadadifar et al., 2022; Müller et al., 2018)
. Coordinate-based ALE meta-analyses were used in this study. This method estimates the convergence of significant effects in terms of foci across different neuroimaging studies 
 ADDIN EN.CITE 
(Lau et al., 2016)
. Previous studies have successfully adopted this method to identify the transdiagnostic neural signature of disturbed reappraisal and anhedonia in patients with psychiatric disorders 
 ADDIN EN.CITE 
(Khodadadifar et al., 2022; Zhang et al., 2016)
. In addition, the ALE method could also help determine the target regions for neural stimulation to improve the performance of human decision-making 
 ADDIN EN.CITE 
(Krain et al., 2006; Xiong et al., 2021)
. In the current study, GingerALE (version 3.0.2, http://brainmap.org) was used to derive the whole-brain coordinates of case-control differences across disorders converged into above-chance clusters. The statistical parameters were set as a cluster-level family-wise-error-corrected threshold of p< .05 and the cluster-forming threshold at voxel-level p< .005 against a null-distribution generated by 5000 random permutation tests 
 ADDIN EN.CITE 
(McTeague et al., 2017; Yu et al., 2019)
. The resulting nonparametric p values were transformed into Z scores for display. For studies that reported Talairach space, we used the Convert Foci function embedded within GingerALE to transform the coordinates reported in Talairach space into MNI space. We also performed conjunction analyses and contrast analyses in GingerALE to compare the results of a pairwise meta-analysis. The parameters of contrast analyses were set as an uncorrected p< .05 with 10 000 permutations 
 ADDIN EN.CITE 
(Goodkind et al., 2015)
.
To test whether there were robust trans-diagnostic patterns and whether these patterns were in agreement with similar studies, and to investigate the common and distinct neural circuits between cognitive inhibition and response inhibition, we performed pooling and separating of the coordinates of hypo- and hyper-activation in patients relative to controls in different IC components. We performed conjunction analyses with the findings from Zhang et al. and Goodkind et al. as well 
 ADDIN EN.CITE 
(Goodkind et al., 2015; Zhang et al., 2017)
.
 2.4. The data analysis pipeline
The data analysis pipeline was listed as follows. 

1) Pooling across coordinates of hypo- and hyper-activation in patients relative to controls to test whether there were trans-diagnostic patterns of “aberrant activation”. 

2) A conjunction with the IC network from our previous meta-analysis on inhibition covering 225 studies was performed to test whether these patterns agree with each other 
 ADDIN EN.CITE 
(Zhang et al., 2017)
. 

3) A conjunction with the regions of gray matter decrease in major mental disorders in the BrainMap database (Laird et al., 2005) searched through the software Sleuth (Version 3.0.4, http://www.brainmap.org/sleuth/) in Dec 2020 was performed to test whether the pattern from step1 included these regions, which had been reported as trans-diagnostically and structurally perturbed 
 ADDIN EN.CITE 
(Goodkind et al., 2015)
. We searched the Voxel-Based Morphometry Database embedded in the Sleuth with the following terms: the contrast of experiments was "Gray Matter" and the diagnosis of subjects including schizophrenia spectrum disorders, bipolar disorder, unipolar depressive disorder, anxiety disorder, obsessive-compulsive disorder, post-traumatic stress disorder, and substance-related disorder. A total of 284 experiments including 8 458 subjects were brought into the current study.

4) Separate ALE analyses on hyper- or hypo-activation coordinates (i.e. patients > controls or controls > patients). 

5) Psychotic disorders including schizophrenia, schizoaffective, schizophreniform, and delusional disorder 
 ADDIN EN.CITE 
(McTeague et al., 2017)
, are regarded as one of the most severe psychiatric illnesses 
 ADDIN EN.CITE 
(Jauhar et al., 2022)
, which are characterized by the presence of hallucinations and delusions. These psychotic symptoms arise from neural systems subserving perception and information processing. Previous studies reveal inconsistent findings on neural mechanisms of impaired IC between psychotic and non-psychotic (neuroses) psychiatric disorders 
 ADDIN EN.CITE 
(Christodoulou et al., 2012; Gotra et al., 2020)
. Subgroup analyses on psychotic versus non-psychotic disorders were, therefore, performed to reveal the shared and distinct neural circuits between psychotic and non-psychotic disorder subgroups, when the number of experiments in both subgroups was equal to or more than 17
 ADDIN EN.CITE 
(Eickhoff et al., 2016)
.
 6) Follow-up analyses on extracted data (probability of voxel-wise activation from the modeled activation maps) for significant clusters to examine the contribution of demographic, disorder, medication, and task-related factors.

Be noticed that, if the number of included experiments was ≥17, above mentioned analysis pipeline was performed both pooling all IC components and differentiating IC components into cognitive inhibition and response inhibition. Beyond that, we also did further additional analyses to test whether the factors, such as imaging modalities (excluding positron emission tomography (PET) and single photon emission computed tomography studies), medication status (patients medicated or medication-free), ages (studies excluding adolescence and older adulthood, excluding adolescence, and excluding older adulthood ), behavior performances (patients poorer than or equal to control) in the scanning, etc., impact the robustness of the results.
3.  Results
3.1.  Characteristics of  Final included experiments 
A total of 125 full articles covering 146 task-based experiments, 1,036 foci, and 5,417 participants (2,653 patients and 2,764 healthy control participants) were included in the meta-analysis (Table ST 2). The mean age of the participants ranged from 13.2 to 60.7 years. There were 34 and 112experiments for psychotic and non-psychotic disorders, respectively. There were 67 cognitive inhibition and 79 response inhibition experiments according to the task paradigms. 
3.2.  Aberrant activation across disorders
3.2.1  Aberrant activation pooling the two IC components across disorders  
By pooling the neural hyper- and hypo-activation including the two IC components at the whole-brain level, we found functional abnormalities in the bilateral cingulate gyri extending to the medial frontal gyri (including the medial prefrontal cortex, mPFC), the right insula (RI) extending to the right lentiform nucleus, and the right inferior frontal gyrus (IFG), the right precuneus extending to the inferior parietal lobule (IPL), the left lentiform nucleus, and the right supplementary motor area (SMA) (Figure 2b, Table 1). The distributions of each disorder, domain, inhibitory process, etc., contributing to each cluster of convergence are listed in Table ST 3 in the Supplement. 
Insert Table 1 here 

Insert Figure 2 here

Conjunction analysis between the trans-diagnostic aberrant activation patterns of the current study and the IC network identified from previous meta-analyses (Figure 2a) was performed 
 ADDIN EN.CITE 
(Zhang et al., 2017)
. The bilateral cingulate gyri extending to the mPFC, the RI extending to the right lentiform nucleus and right IFG, the right precuneus extending to the IPL, and the left lentiform nucleus were identified (Figure 2d, Table ST 4).
To further test whether the aberrant activation patterns of the current study co-exist with structural alterations, a conjunction analysis between the aberrant activation patterns and the regions of gray matter volume decreases reported in previous studies of major mental disorders was performed using the software Sleuth. It is noteworthy to mention that the gray matter decreases were not extracted from the same pool of studies included in the current study (Figure 2c). We found that aberrant activation overlapped with gray matter loss in the bilateral cingulate gyri extending to the mPFC and in the RI extending to the right IFG (Figure 2e, Table ST 5).

3.2.2  Differentiated aberrant activation under different IC components across disorders
In the subgroup analysis between cognitive inhibition and response inhibition, we found that, for cognitive inhibition, patients showed aberrant activation in the bilateral cingulate gyri extending to the mPFC, and the right precuneus (Figure 3a, Table 2). In response inhibition, patients showed aberrant activation in the bilateral cingulate gyri extending to the mPFC and the right lentiform nucleus (Figure 3b, Table 2). Furthermore, aberrant activation of these two components overlapped at the anterior cingulate gyrus and the right mPFC (Figure 3c and Table 2). The distributions of each disorder, domain, inhibitory process, etc., contributing to each cluster of convergence are listed in Table ST 6 in the Supplement.
Insert Table 2 here 

Insert Figure 3 here

3.3.  Hyper/hypoactivation across disorders
3.3. 1  Hyper/hypoactivation pooling the two IC components across disorders
By pooling the hyper-activated foci of the two IC components across disorders, we found that, compared with controls, patients showed enhanced activation in the bilateral cingulate gyri extending to the mPFC and the right SMA extending to the right precentral gyrus (Figure 2f, Table 1). However, patients showed hypo-activation in the bilateral cingulate gyri extending to the mPFC, the RI extending to the right lentiform nucleus (including right IFG), the bilateral caudate nucleuses, the right precuneus, the right IPL, the left lentiform nucleus, and the left IFG (Figure 2g, Table  1).
3.3. 2  Differentiated hyper/hypoactivation under different IC components across disorders
In cognitive inhibition, patients showed hypo-activation in the bilateral cingulate gyri extending to the mPFC, the RI, and the right precuneus (Figure 3d, Table 2), but no convergent clusters of hyper-activation. Regarding response inhibition, patients showed hypo-activation in the bilateral cingulate gyri extending to the mPFC, and the bilateral lentiform nucleus (Figure 3e, Table 2), hyper-activation in the right SMA extending to the right precentral gyrus, and the left cingulate gyrus (Figure 3f, Table 2).
3.4.  Accounting for Psychotic and Non-psychotic Disorders
In the diagnostic subgroup analysis, psychotic patients showed aberrant activation in the bilateral cingulate gyri extending to the mPFC and the right dorsolateral prefrontal cortex (dlPFC) (Figure SF 1a, Table ST 7 and ST 8). Non-psychotic patients showed aberrant activation in the bilateral cingulate gyri extending to the mPFC, the right precuneus extending to the inferior parietal lobule, the left lentiform nucleus extending to the caudate, and the right insula extending to the right lentiform nucleus (Figure SF 1b, Table ST 7 and ST 8). Findings from the conjunction analysis revealed a common aberrant activation in the right anterior cingulate (Figure SF 1c, Table ST 7 and ST 8). The results of pooling and separating hypo- and hyper-activation patterns for these two disorder classes in different IC components are shown in the Supplement (Figures SF 2; Tables ST 9–11). 
3.5.  Factors impacting disorder related activation 
The role of the factors, including imaging modalities, medication status, ages, and behavior performances in the scanning, was evaluated by additional analysis. 
3.5. 1  Imaging Modality  
There were only 4 PET experiments and the others used functional MRI (n=142). When the PET studies were excluded, findings revealed functional abnormalities in the bilateral cingulate gyri extending to the medial frontal gyri, the right insula extending to the right lentiform nucleus, the right precuneus extending to the inferior parietal lobule, and the left lentiform nucleus (Figure 4a, Table ST 12). 
3.5. 2  Medication status 

Ninety experiments included medicated patients, and medicated patients showed aberrant activation specific to the bilateral cingulate gyri extending to the medial frontal gyri, the right insula extending to the right inferior frontal gyrus, the bilateral lentiform nucleus, the right thalamus extending to the left caudate (Figure 4c, Table ST 13). Fifty-two experiments enrolling medication-free patients only showed aberrant activation at the bilateral cingulate gyri extending to the medial frontal gyri (Figure 4d, Table ST 13). The conjunction analysis showed aberrant activation for both groups emerged in the right cingulate gyrus extending to the right middle frontal gyrus, and the left cingulate gyrus (Figure 4g, Table ST 13). A few experiments (n=4) did not describe the medication status of the participants.  
3.5. 3  Age effects 
Most of the included experiments were conducted in adulthood (n=123; 18-55 years), while a few experiments were conducted in childhood/adolescence (n=20; <18 years) or older adulthood (n=3; >55 years). It is noteworthy to mention that contrast analyses between age-matched patients and controls were conducted in all included studies. To further evaluate the effect of age on the main findings, subgroup analyses were conducted by excluding studies from childhood/adolescence samples, older adulthood samples, or both. After excluding studies from childhood/adolescence and older adulthood samples, our findings revealed aberrant activation in the bilateral cingulate gyri extending to the medial frontal gyri, bilateral lentiform nucleus, the right precuneus extending to the inferior parietal lobule, and the right precentral gyrus extending to SMA (Figure 4b, Table ST 14). Minor changes in the result were observed by either excluding studies from adolescence (<18 years) or older adulthood samples (>55 years), which is shown in the supplementary materials (Table ST 15-16). In addition, a subgroup ALE analysis was performed in childhood/adolescence samples (n=20 studies), however, no significant clusters were found. Subgroup analyses in the older adulthood subsamples were not conducted due to an insufficient number of studies (e.g. n<17) 
 ADDIN EN.CITE 
(Eickhoff et al., 2016)
. 

3.5. 4  Behavior performance 
Patients with poorer behavioral performance than controls (n=51) showed aberrantly activated regions in the bilateral cingulate gyri extending to the medial frontal gyri, and the right inferior parietal lobule (Figure 4e, Table ST 17). Patients having no performance differences with controls (n= 93) showed activation at the bilateral cingulate gyri extending to the medial frontal gyri, the bilateral lentiform nucleuses, the right caudate, and the right inferior parietal lobule (Figure 4f, Table ST 17). Two studies did not report the behavioral performance.  The conjunction analysis showed aberrant activation for both groups emerged in the right anterior cingulate extending to the right middle frontal lobe, and right inferior parietal lobule (Figure 4h, Table ST 17).

Please refer to the Supplement for the detailed results of these factors impacting the hyper- and hypo-activation pattern (Tables ST 18–21).

Insert Figure 4 here
4.  Discussion
The current meta-analyses pooling 146 task-based neuroimaging experiments across several major psychiatric disorders revealed a statistically robust trans-diagnostic pattern of aberrant brain activation in the medial prefrontal cortex (bilateral medial frontal gyri, bilateral anterior cingulate), right ventrolateral prefrontal cortex, right SMA, parietal cortex and basal ganglia. The moderators, including imaging modalities, medication status, ages, and behavior performances in the scanning, had little impact on this pattern. Patients showed aberrant activation in the dorsal frontal (the bilateral cingulate gyri extending to mPFC) and parietal cortex in cognitive inhibition, and in the frontostriatal system, including the bilateral cingulate gyri extending to mPFC and right lentiform nucleus in response inhibition.  These results suggest that psychiatric disorders may be productively formulated as a phenotype of trans-diagnostic neurocircuit disruption.
4.1.   The trans-diagnostic pattern across IC components
The trans-diagnostic pattern was found to be a part of the IC network identified in healthy individuals by conjunction analysis with the study of Zhang et al. (Figure 2a) 
 ADDIN EN.CITE 
(Zhang et al., 2017)
. It is confirmed that these regions of the pattern are essential to IC. The anterior cingulate, the SMA, and the basal ganglia are crucial to the frontostriatal system supporting complex EFs, including IC (Chudasama & Robbins, 2006). It is worthy to note that the right IFC- preSMA (front part of SMA)-subthalamic nucleus circuit is suggested to be a global suppressive network serving cognitive and response inhibition 


(Wessel & Aron, 2017) ADDIN EN.CITE . Dysfunction in these regions of the trans-diagnostic pattern might be a common mechanistic basis of IC impairment across mental disorders.
Interestingly, this trans-diagnostic pattern is similar to the 'pain matrix'
 ADDIN EN.CITE 
(De Ridder et al., 2022; Legrain et al., 2011)
, which may be explained by 1.) high comorbidity rate of pain and psychiatric symptoms, 2.) cognitive dysfunctions that are commonly observed in patients suffering from pain and mental illness, and 3.) a descending inhibitory neural pathway that modulates pain. The participants enrolled in pain studies and those studies included in the current meta-analysis have common features in mental status and cognition. According to the Triple Network Model, the similarity between the trans-diagnostic pattern and the 'pain matrix' could get a clear resolution. The model hypothesized that functional disorganization of the salience network, frontoparietal 'central-executive' network, and default mode network and their interactions underlie a wide range of psychopathologies, including pain and IC 
 ADDIN EN.CITE 
(De Ridder et al., 2022; Menon, 2011, 2020)
. The Triple Network Model proposed a common core of psychopathologies. However, to enrich the application of this model, more studies should be done to test out this model in different mental disorders or symptoms e.g. IC-related symptoms.    
The bilateral cingulate gyri extending to the mPFC and the RI extending to the right IFG were revealed in the conjunction analysis with gray matter loss in major mental disorders identified by the software Sleuth (Figure 2e). It is suggested that these aberrantly activated regions in IC co-existed with structural alterations and are susceptible to structural injury. These regions should be paid more attention to in future research and might be a possible therapeutic target for inhibition-related symptoms in mental disorders.
4.1. 1  The dorsomedial prefrontal cortex (dmPFC) abnormalities 
The dmPFC, extending to the bilateral dorsal anterior cingulate cortex (dACC), was shown convergent trans-diagnostic aberrant activity. Furthermore, the conjunction analyses with previous voxel-based morphometry and IC trans-diagnostic meta-analyses revealed that disruptions of IC showed the most correspondence in this region. These brain regions play a crucial role in goal-oriented behavior, motor control, and decision-making via extensive connectivity 
 ADDIN EN.CITE 
(Heilbronner & Hayden, 2016; Ridderinkhof et al., 2004)
. It is suggested that the dACC serves as a monitor and a controller in cognition, motor, and emotion processes 
 ADDIN EN.CITE 
(Heilbronner & Hayden, 2016)
. For example, when detecting any salient event, such as response conflict or errors, the dACC (the portion linked with dmPFC, such as BA9) signals the need for behavioral adaptation through direct connections to the motor cortex, the subcortical areas, and other coordinating regions 
 ADDIN EN.CITE 
(Biber et al., 1978; Fries, 1984; Holroyd et al., 2004)
. Hypo activities of the dmPFC and dACC were found to be trans-diagnosis and to span different inhibition tasks as well. Insufficient activation of the dACC can impair the monitoring function and cognitive control ability in patients with mental disorders 
 ADDIN EN.CITE 
(Kerns et al., 2005)
. Noteworthy, the dmPFC and dACC were persistently aberrant and hypo-activated regardless of the patients' age, medication status, and behavioral performance in the current study (Figure 4, Tables ST 12-19). The impairment of these regions might contribute to certain kinds of inhibition-related symptoms of mental disorders, such as dysfunction in goal-directed behaviors regardless of the patients' status.
4.1. 2  Right ventrolateral prefrontal cortex (vlPFC) abnormalities
Convergent aberrant activation was observed in the right vlPFC (including right IFG and RI). Lesions to the right IFG, or a temporary "virtual lesion" caused by transcranial magnetic stimulation in healthy participants, could impair IC performance (Chambers et al., 2009). Additionally, the right IFG was shown in the overlap between the patterns from the current meta-analyses and the gray matter volume loss across psychiatric disorders. These functional and structural findings support the idea that the right IFG modulates a generalized inhibitory mechanism (Jalalvandi et al., 2020). The aberrant activation of the right IFG contributes to dysfunction in different inhibition-related symptoms across mental disorders. 
The RI, another unique region of the right vlPFC, was also detected as being trans-diagnostically aberrantly activated and in the conjunction analysis between the aberrant patterns from the current study and the gray matter volume loss across psychiatric disorders. The insula was found to structurally connect with extensive areas of the brain, such as the frontal cortex, cingulate cortex, parietal lobe, temporal lobe, and somatosensory cortices in macaques 
 ADDIN EN.CITE 
(Mufson & Mesulam, 1982; Showers & Lauer, 1961)
. The insula detects salient stimuli by receiving internal and external sensory input 
 ADDIN EN.CITE 
(Averbeck & Seo, 2008; Menon, 2015; Vogt & Pandya, 1987)
, coordinating the anterior cingulate and other regions, and initiating switches between the default mode network and the central executive network (Uddin, 2015). Our findings suggest that RI might participate in aberrant salience processing, including IC, in psychiatry disorders.
4.1. 3  The motor area abnormalities
Convergent aberrant activity in the right SMA, a crucial part of the superior frontal cortex, was detected. It was suggested that the preSMA participates in motor planning and plays a critical role in action switching (Kennerley et al., 2004), organizing action sequences (Shima et al., 1996), and resolving competition between motor plans (Nachev et al., 2007). Right preSMA injury can lead to a selective deficit in inhibiting competition of motor plans in conflict situations (Nachev et al., 2007). The SMA was found to be hyper-activated across mental disorders in the current study, a factor that may contribute to the inhibition deficit in goal-directed behavior in mental disorders.
4.1. 4  Parietal cortex abnormalities
Convergent aberrant activity was found in the lateral parietal cortex (LPC). The LPC is regarded as a temporary buffer of active information in different situations 
 ADDIN EN.CITE 
(Humphreys & Lambon Ralph, 2017)
. The ventral LPC buffers the internal (e.g., self-reflection, episodic memory) or salient information through extensive connections to the temporal and ventral regions 
 ADDIN EN.CITE 
(Cavanna & Trimble, 2006; Humphreys & Lambon Ralph, 2015; Jung et al., 2017; Seghier, 2013)
, while the dorsal LPC has strong connectivity to the executive-related prefrontal areas 
 ADDIN EN.CITE 
(Jung et al., 2017; Seghier, 2013)
. The dorsal LPC is activated in a task-related state to buffer information and plays an important role in numerous cognitive domains, including top-down attention, working memory, stereotaxic space, and IC 
 ADDIN EN.CITE 
(Caspers et al., 2008; Curtis & D'Esposito, 2003; Fedorenko et al., 2013; Owen et al., 2005)
. The dorsal LPC is involved in goal-directed tasks and forms part of the frontoparietal executive control network 
 ADDIN EN.CITE 
(Humphreys & Lambon Ralph, 2015)
. Our findings support the view that the aberrant activation of the LPC contributes to the deficit in buffering information related to inhibition tasks in patients with mental disorders. 
4.1. 5   Basal ganglia abnormalities
Convergent aberrant activity was found in the striatum. The striatum is comprised of the lentiform nucleus and caudate, part of the basal ganglia involved in the control of motor function. The striatum is critical to response control; it is a key structure in the frontal–basal ganglia network, and it may be directly involved in IC 
 ADDIN EN.CITE 
(Aron, 2007; Aron et al., 2014)
. The aberrant activation of the striatum suggests that the deficit in the frontostriatal circuit might be related to the IC dysfunctions in psychiatric patients. 
These findings are following McTeague et al.’s study, except for the striatum 
 ADDIN EN.CITE 
(McTeague et al., 2017)
. It might have relations with the wider range of executive function tasks (rather than just IC tasks), and lest response inhibition experiments were included in their research (42 vs.79) 
 ADDIN EN.CITE 
(McTeague et al., 2017)
. These situations might reduce the statistical power of the striatum. The high similarity between the neural circuit disruptions detected in these two studies suggests that the IC deficit might be the common core of EFs dysfunction in mental disorders 
 ADDIN EN.CITE 
(Friedman & Miyake, 2017; Friedman et al., 2011; McTeague et al., 2017)
. 
4.2  Aberrant Activation under Different IC Components

Aberrant activation in the dorsal frontal inhibitory system, including the bilateral cingulate gyri extending to mPFC, and right precuneus, was founded in cognitive inhibition across disorders. These regions are crucial to the top–down, attentional-driven cognitive processes 
 ADDIN EN.CITE 
(Hung et al., 2018)
. The frontostriatal system, including the bilateral cingulate gyri extending to mPFC, and the right lentiform nucleus that play an important role in sensory-motor and dorsal inhibitory systems, was aberrantly activated in response inhibition 
 ADDIN EN.CITE 
(Chudasama & Robbins, 2006; Hung et al., 2018)
. These findings are consistent with the previous study 
 ADDIN EN.CITE 
(Hung et al., 2018)
. It suggests that the therapeutic targets of these two IC components might be different. Both the sensory-motor and the dorsal inhibitory systems should be taken into consideration when treating response inhibition-related symptoms in mental disorders. Aberrant activation of these two components overlapped at the anterior cingulate gyrus and the right mPFC. These brain regions play an important role in EFs and serve as a source of IC over other brain areas 
 ADDIN EN.CITE 
(Cipolotti et al., 2016; Cristofori et al., 2019; Heilbronner & Hayden, 2016; Ridderinkhof et al., 2004)
. These regions are shown hypo-activation in both IC components. It suggests that enhancing the activation in these regions might be positive to improve IC performances of psychiatric disorders. 
4.3  Aberrant Activation under Different Diagnostic Subgroups
Psychotic disorders (e.g., schizophrenia) are regarded as severe psychiatric illnesses because of the high morbidity rate and poor prognostic outcomes 
 ADDIN EN.CITE 
(Jauhar et al., 2022)
. In the current study, psychotic patients showed aberrant activation in the right dlPFC and the bilateral cingulate gyri extending to the mPFC. These regions are the critical nodes of the anterior cingulate and dorsolateral prefrontal loops in the frontostriatal system (Chudasama & Robbins, 2006). In contrast, the anterior cingulate loop was just detected in non-psychotic disorders  (Chudasama & Robbins, 2006). The dlPFC, crucial for the higher-order cognitive processing, e.g., IC and working memory, plays a major role in the pathophysiology of cognitive symptoms in psychotic disorders 
 ADDIN EN.CITE 
(Smucny et al., 2022)
. Lesions of the dlPFC in psychotic disorders might partly contribute to the more serious cognitive impairment than in non-psychotic patients. To improve the cognitive symptoms of psychotic patients, both the dACC, which showed aberrant activation in the conjunction analysis and the dlPFC should be considered as the therapeutic targets. 
4.4  Clinical Applications
 There is a growing acknowledgment in psychiatric research of common comorbidities 
 ADDIN EN.CITE 
(Caspi et al., 2020)
 as well as symptomatic overlap across conditions (Vanes & Dolan, 2021). This study focused specifically on the disruption of the inhibitory pathway across Axis I disorders. Aberrant activity in the dmPFC, extending to the dACC was persistently observed across the included mental disorders, which was also found in the subgroup analyses. These findings suggest that abnormality in the dmPFC, extending to the dACC could be a common neurobiological feature corresponding to disruption of inhibitory control across Axis I disorders.
Our findings may also provide insight into the development of new treatments for the cognitive deficits across Axis I disorders. Almost all the approved antipsychotic medications, e.g. dopamine receptor 2 blockers, have little effect on cognitive impairment in psychotic patients 
 ADDIN EN.CITE 
(Arnsten et al., 2017)
. According to our findings, the dlPFC was suggested to be a potential therapeutic target for treatments of cognitive symptoms across Axis I disorders. Previous literature revealed pyramidal cell dendritic atrophy in the dlPFC and decreased levels of dopamine metabolites in the cerebrospinal fluid in psychotic patients 
 ADDIN EN.CITE 
(Arnsten et al., 2017)
. Furthermore, optimal levels of dopamine receptor 1 stimulation are essential for the dlPFC-related EFs in primates 
 ADDIN EN.CITE 
(Arnsten et al., 2017)
. Our findings together with the literature suggest that dopamine receptor 1 agonists or neural stimulation techniques (e.g. transcranial direct current stimulation, tDCS) targeting dlPFC would be an option to treat the cognitive symptoms of psychotic disorders 
 ADDIN EN.CITE 
(Arnsten et al., 2017; Li et al., 2022)
. 
5.  Conclusions
Frontalstriatal pathways are the common disrupted neural circuits in the IC process across psychiatric disorders. Moreover, the anterior cingulate gyrus showed common aberrant activation in cognitive inhibition and response inhibition, which might be associated with the goal-directed behavior deficits in psychiatric disorders. Consistent with the RDoC initiative, current findings suggest that psychiatric disorders may be productively formulated as a phenotype of trans-diagnostic neurocircuit disruption. Our findings provide new insights for future research into mental disorders with inhibition-related dysfunctions of mental disorders.
Authors' Contributions

HY and RZ acquired the data. HY and RZ conducted the analysis with contributions from JL, XS and CW. HY, WL and RZ drafted the manuscript with substantial revisions from SBE, XZ. JZ, XF, RH and MW all contributed to the interpretation of the work. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.
Availability of data and materials
The data used in the current study are generated from published original studies which have been listed in the Supplemental Material. The coordinates analyzed during the current study are available from the corresponding author on reasonable request.

Funding
This work was supported by the Nature Science Foundation of China (ref: 31900806). 
Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship and/or publication of this article.
Acknowledgements 
We would like thank Xiaoyu Chen and Ying Zhou for their help during manuscript preparation. 

Supplemental Material 
Supplemental material for this article is available online. 
References
Antshel, K. M., & Russo, N. (2019, Mar 22). Autism Spectrum Disorders and ADHD: Overlapping Phenomenology, Diagnostic Issues, and Treatment Considerations. Curr Psychiatry Rep, 21(5), 34. https://doi.org/10.1007/s11920-019-1020-5 

Arnsten, A. F., Girgis, R. R., Gray, D. L., & Mailman, R. B. (2017, Jan 1). Novel Dopamine Therapeutics for Cognitive Deficits in Schizophrenia. Biol Psychiatry, 81(1), 67-77. https://doi.org/10.1016/j.biopsych.2015.12.028 

Aron, A. R. (2007, Jun). The neural basis of inhibition in cognitive control. Neuroscientist, 13(3), 214-228. https://doi.org/10.1177/1073858407299288 

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2014, Apr). Inhibition and the right inferior frontal cortex: one decade on. Trends Cogn Sci, 18(4), 177-185. https://doi.org/10.1016/j.tics.2013.12.003 

Aupperle, R. L., Stillman, A. N., Simmons, A. N., Flagan, T., Allard, C. B., Thorp, S. R., Norman, S. B., Paulus, M. P., & Stein, M. B. (2016, Feb). Intimate Partner Violence PTSD and Neural Correlates of Inhibition. J Trauma Stress, 29(1), 33-40. https://doi.org/10.1002/jts.22068 

Averbeck, B. B., & Seo, M. (2008, Apr 4). The statistical neuroanatomy of frontal networks in the macaque. PLoS Comput Biol, 4(4), e1000050. https://doi.org/10.1371/journal.pcbi.1000050 

Baggetta, P., & Alexander, P. A. (2016). Conceptualization and Operationalization of Executive Function. Mind Brain and Education, 10(1), 10-33. 

Barch, D. M. (2020, May 1). What Does It Mean to Be Transdiagnostic and How Would We Know? Am J Psychiatry, 177(5), 370-372. https://doi.org/10.1176/appi.ajp.2020.20030243 

Biber, M. P., Kneisley, L. W., & LaVail, J. H. (1978, May 1). Cortical neurons projecting to the cervical and lumbar enlargements of the spinal cord in young and adult rhesus monkeys. Exp Neurol, 59(3), 492-508. https://doi.org/10.1016/0014-4886(78)90240-6 

Braver, T. S. (2012, Feb). The variable nature of cognitive control: a dual mechanisms framework. Trends Cogn Sci, 16(2), 106-113. https://doi.org/10.1016/j.tics.2011.12.010 

Caspers, S., Eickhoff, S. B., Geyer, S., Scheperjans, F., Mohlberg, H., Zilles, K., & Amunts, K. (2008, Aug). The human inferior parietal lobule in stereotaxic space. Brain Struct Funct, 212(6), 481-495. https://doi.org/10.1007/s00429-008-0195-z 

Caspi, A., Houts, R. M., Ambler, A., Danese, A., Elliott, M. L., Hariri, A., Harrington, H., Hogan, S., Poulton, R., Ramrakha, S., Rasmussen, L. J. H., Reuben, A., Richmond-Rakerd, L., Sugden, K., Wertz, J., Williams, B. S., & Moffitt, T. E. (2020, Apr 1). Longitudinal Assessment of Mental Health Disorders and Comorbidities Across 4 Decades Among Participants in the Dunedin Birth Cohort Study. JAMA Netw Open, 3(4), e203221. https://doi.org/10.1001/jamanetworkopen.2020.3221 

Cavanna, A. E., & Trimble, M. R. (2006, Mar). The precuneus: a review of its functional anatomy and behavioural correlates. Brain, 129(Pt 3), 564-583. https://doi.org/10.1093/brain/awl004 

Chambers, C. D., Garavan, H., & Bellgrove, M. A. (2009, May). Insights into the neural basis of response inhibition from cognitive and clinical neuroscience. Neuroscience and Biobehavioral Reviews, 33(5), 631-646. https://doi.org/10.1016/j.neubiorev.2008.08.016 

Christodoulou, T., Messinis, L., Papathanasopoulos, P., & Frangou, S. (2012, Mar). Dissociable and common deficits in inhibitory control in schizophrenia and bipolar disorder. Eur Arch Psychiatry Clin Neurosci, 262(2), 125-130. https://doi.org/10.1007/s00406-011-0213-7 

Chudasama, Y., & Robbins, T. W. (2006, Jul). Functions of frontostriatal systems in cognition: comparative neuropsychopharmacological studies in rats, monkeys and humans. Biol Psychol, 73(1), 19-38. https://doi.org/10.1016/j.biopsycho.2006.01.005 

Cipolotti, L., Spanò, B., Healy, C., Tudor-Sfetea, C., Chan, E., White, M., Biondo, F., Duncan, J., Shallice, T., & Bozzali, M. (2016, Dec). Inhibition processes are dissociable and lateralized in human prefrontal cortex. Neuropsychologia, 93(Pt A), 1-12. https://doi.org/10.1016/j.neuropsychologia.2016.09.018 

Cristofori, I., Cohen-Zimerman, S., & Grafman, J. (2019). Executive functions. Handb Clin Neurol, 163, 197-219. https://doi.org/10.1016/b978-0-12-804281-6.00011-2 

Curtis, C. E., & D'Esposito, M. (2003, Sep). Persistent activity in the prefrontal cortex during working memory. Trends Cogn Sci, 7(9), 415-423. https://doi.org/10.1016/s1364-6613(03)00197-9 

De Ridder, D., Vanneste, S., Smith, M., & Adhia, D. (2022). Pain and the Triple Network Model. Front Neurol, 13, 757241. https://doi.org/10.3389/fneur.2022.757241 

Eickhoff, S. B., Nichols, T. E., Laird, A. R., Hoffstaedter, F., Amunts, K., Fox, P. T., Bzdok, D., & Eickhoff, C. R. (2016, Aug 15). Behavior, sensitivity, and power of activation likelihood estimation characterized by massive empirical simulation. Neuroimage, 137, 70-85. https://doi.org/10.1016/j.neuroimage.2016.04.072 

Fedorenko, E., Duncan, J., & Kanwisher, N. (2013, Oct 8). Broad domain generality in focal regions of frontal and parietal cortex. Proc Natl Acad Sci U S A, 110(41), 16616-16621. https://doi.org/10.1073/pnas.1315235110 

Feil, J., Sheppard, D., Fitzgerald, P. B., Yucel, M., Lubman, D. I., & Bradshaw, J. L. (2010, Nov). Addiction, compulsive drug seeking, and the role of frontostriatal mechanisms in regulating inhibitory control. Neurosci Biobehav Rev, 35(2), 248-275. https://doi.org/10.1016/j.neubiorev.2010.03.001 

Friedman, N. P., & Miyake, A. (2017, Jan). Unity and diversity of executive functions: Individual differences as a window on cognitive structure. Cortex, 86, 186-204. https://doi.org/10.1016/j.cortex.2016.04.023 

Friedman, N. P., Miyake, A., Robinson, J. L., & Hewitt, J. K. (2011, Sep). Developmental trajectories in toddlers' self-restraint predict individual differences in executive functions 14 years later: a behavioral genetic analysis. Dev Psychol, 47(5), 1410-1430. https://doi.org/10.1037/a0023750 

Fries, W. (1984, Nov 20). Cortical projections to the superior colliculus in the macaque monkey: a retrograde study using horseradish peroxidase. J Comp Neurol, 230(1), 55-76. https://doi.org/10.1002/cne.902300106 

Gavazzi, G., Giovannelli, F., Currò, T., Mascalchi, M., & Viggiano, M. P. (2021, Aug). Contiguity of proactive and reactive inhibitory brain areas: a cognitive model based on ALE meta-analyses. Brain Imaging Behav, 15(4), 2199-2214. https://doi.org/10.1007/s11682-020-00369-5 

Goodkind, M., Eickhoff, S. B., Oathes, D. J., Jiang, Y., Chang, A., Jones-Hagata, L. B., Ortega, B. N., Zaiko, Y. V., Roach, E. L., Korgaonkar, M. S., Grieve, S. M., Galatzer-Levy, I., Fox, P. T., & Etkin, A. (2015, Apr). Identification of a common neurobiological substrate for mental illness. JAMA Psychiatry, 72(4), 305-315. https://doi.org/10.1001/jamapsychiatry.2014.2206 

Gotra, M. Y., Hill, S. K., Gershon, E. S., Tamminga, C. A., Ivleva, E. I., Pearlson, G. D., Keshavan, M. S., Clementz, B. A., McDowell, J. E., Buckley, P. F., Sweeney, J. A., & Keedy, S. K. (2020, Sep). Distinguishing patterns of impairment on inhibitory control and general cognitive ability among bipolar with and without psychosis, schizophrenia, and schizoaffective disorder. Schizophr Res, 223, 148-157. https://doi.org/10.1016/j.schres.2020.06.033 

Heilbronner, S. R., & Hayden, B. Y. (2016, Jul 8). Dorsal Anterior Cingulate Cortex: A Bottom-Up View. Annu Rev Neurosci, 39, 149-170. https://doi.org/10.1146/annurev-neuro-070815-013952 

Holroyd, C. B., Nieuwenhuis, S., Yeung, N., Nystrom, L., Mars, R. B., Coles, M. G. H., & Cohen, J. D. (2004, May). Dorsal anterior cingulate cortex shows fMRI response to internal and external error signals. Nature Neuroscience, 7(5), 497-498. https://doi.org/10.1038/nn1238 

Humphreys, G. F., & Lambon Ralph, M. A. (2015, Oct). Fusion and Fission of Cognitive Functions in the Human Parietal Cortex. Cereb Cortex, 25(10), 3547-3560. https://doi.org/10.1093/cercor/bhu198 

Humphreys, G. F., & Lambon Ralph, M. A. (2017, Aug 1). Mapping Domain-Selective and Counterpointed Domain-General Higher Cognitive Functions in the Lateral Parietal Cortex: Evidence from fMRI Comparisons of Difficulty-Varying Semantic Versus Visuo-Spatial Tasks, and Functional Connectivity Analyses. Cereb Cortex, 27(8), 4199-4212. https://doi.org/10.1093/cercor/bhx107 

Hung, Y., Gaillard, S. L., Yarmak, P., & Arsalidou, M. (2018, Oct). Dissociations of cognitive inhibition, response inhibition, and emotional interference: Voxelwise ALE meta-analyses of fMRI studies. Hum Brain Mapp, 39(10), 4065-4082. https://doi.org/10.1002/hbm.24232 

Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., Sanislow, C., & Wang, P. (2010, Jul). Research domain criteria (RDoC): toward a new classification framework for research on mental disorders. Am J Psychiatry, 167(7), 748-751. https://doi.org/10.1176/appi.ajp.2010.09091379 

Jalalvandi, M., Zahediniya, M., Kargar, J., Karimi, S. A., & Goodarzi, N. (2020). Brain Functional Mechanisms in Attentional Processing Following Modified Conflict Stroop Task. 

Jauhar, S., Johnstone, M., & McKenna, P. J. (2022, Jan 29). Schizophrenia. Lancet, 399(10323), 473-486. https://doi.org/10.1016/s0140-6736(21)01730-x 

Jenkins, L. M., Stange, J. P., Bessette, K. L., Chang, Y. S., Corwin, S. D., Skerrett, K. A., Patron, V. G., Zubieta, J. K., Crane, N. A., Passarotti, A. M., Pine, D. S., & Langenecker, S. A. (2018, Dec 1). Differential engagement of cognitive control regions and subgenual cingulate based upon presence or absence of comorbid anxiety with depression. J Affect Disord, 241, 371-380. https://doi.org/10.1016/j.jad.2018.07.082 

Johann, V., Knen, T., & Karbach, J. (2019). The unique contribution of working memory, inhibition, cognitive flexibility, and intelligence to reading comprehension and reading speed. Child Neuropsychology, 26(3), 1-21. 

Johann, V., Könen, T., & Karbach, J. (2020, Apr). The unique contribution of working memory, inhibition, cognitive flexibility, and intelligence to reading comprehension and reading speed. Child Neuropsychol, 26(3), 324-344. https://doi.org/10.1080/09297049.2019.1649381 

Jones, A., Robinson, E., Duckworth, J., Kersbergen, I., Clarke, N., & Field, M. (2018, Sep 1). The effects of exposure to appetitive cues on inhibitory control: A meta-analytic investigation. Appetite, 128, 271-282. https://doi.org/10.1016/j.appet.2018.06.024 

Jung, J., Cloutman, L. L., Binney, R. J., & Lambon Ralph, M. A. (2017, Dec). The structural connectivity of higher order association cortices reflects human functional brain networks. Cortex, 97, 221-239. https://doi.org/10.1016/j.cortex.2016.08.011 

Kennerley, S. W., Sakai, K., & Rushworth, M. F. (2004, Feb). Organization of action sequences and the role of the pre-SMA. J Neurophysiol, 91(2), 978-993. https://doi.org/10.1152/jn.00651.2003 

Kerns, J. G., Cohen, J. D., MacDonald, A. W., 3rd, Johnson, M. K., Stenger, V. A., Aizenstein, H., & Carter, C. S. (2005, Oct). Decreased conflict- and error-related activity in the anterior cingulate cortex in subjects with schizophrenia. Am J Psychiatry, 162(10), 1833-1839. https://doi.org/10.1176/appi.ajp.162.10.1833 

Khodadadifar, T., Soltaninejad, Z., Ebneabbasi, A., Eickhoff, C. R., Sorg, C., Van Eimeren, T., Vogeley, K., Zarei, M., Eickhoff, S. B., & Tahmasian, M. (2022, Mar). In search of convergent regional brain abnormality in cognitive emotion regulation: A transdiagnostic neuroimaging meta-analysis. Hum Brain Mapp, 43(4), 1309-1325. https://doi.org/10.1002/hbm.25722 

Krain, A. L., Wilson, A. M., Arbuckle, R., Castellanos, F. X., & Milham, M. P. (2006, Aug 1). Distinct neural mechanisms of risk and ambiguity: a meta-analysis of decision-making. Neuroimage, 32(1), 477-484. https://doi.org/10.1016/j.neuroimage.2006.02.047 

Laird, A. R., Lancaster, J. L., & Fox, P. T. (2005). BrainMap: the social evolution of a human brain mapping database. Neuroinformatics, 3(1), 65-78. https://doi.org/10.1385/ni:3:1:065 

Lau, W. K., Leung, M. K., Lee, T. M., & Law, A. C. (2016, Apr 26). Resting-state abnormalities in amnestic mild cognitive impairment: a meta-analysis. Transl Psychiatry, 6(4), e790. https://doi.org/10.1038/tp.2016.55 

Legrain, V., Iannetti, G. D., Plaghki, L., & Mouraux, A. (2011, Jan). The pain matrix reloaded: a salience detection system for the body. Prog Neurobiol, 93(1), 111-124. https://doi.org/10.1016/j.pneurobio.2010.10.005 

Li, Q., Fu, Y., Liu, C., & Meng, Z. (2022). Transcranial Direct Current Stimulation of the Dorsolateral Prefrontal Cortex for Treatment of Neuropsychiatric Disorders. Front Behav Neurosci, 16, 893955. https://doi.org/10.3389/fnbeh.2022.893955 

MacLeod, C. M. (2007). The concept of inhibition in cognition. In Inhibition in cognition. (pp. 3-23). American Psychological Association. https://doi.org/10.1037/11587-001 

McKenna, R., Rushe, T., & Woodcock, K. A. (2017). Informing the Structure of Executive Function in Children: A Meta-Analysis of Functional Neuroimaging Data. Front Hum Neurosci, 11, 154. https://doi.org/10.3389/fnhum.2017.00154 

McTeague, L. M., Goodkind, M. S., & Etkin, A. (2016, Dec). Transdiagnostic impairment of cognitive control in mental illness. J Psychiatr Res, 83, 37-46. https://doi.org/10.1016/j.jpsychires.2016.08.001 

McTeague, L. M., Huemer, J., Carreon, D. M., Jiang, Y., Eickhoff, S. B., & Etkin, A. (2017, Jul 1). Identification of Common Neural Circuit Disruptions in Cognitive Control Across Psychiatric Disorders. Am J Psychiatry, 174(7), 676-685. https://doi.org/10.1176/appi.ajp.2017.16040400 

Meade, C. S., Bell, R. P., Towe, S. L., Chen, N. K., Hobkirk, A. L., & Huettel, S. A. (2019, Nov). Synergistic effects of marijuana abuse and HIV infection on neural activation during a cognitive interference task. Addict Biol, 24(6), 1235-1244. https://doi.org/10.1111/adb.12678 

Menon, V. (2011, Oct). Large-scale brain networks and psychopathology: a unifying triple network model. Trends Cogn Sci, 15(10), 483-506. https://doi.org/10.1016/j.tics.2011.08.003 

Menon, V. (2015). Salience Network. Brain Mapping, 2, 597-611. https://doi.org/10.1016/B978-0-12-397025-1.00052-X 

Menon, V. (2020, Oct). Brain networks and cognitive impairment in psychiatric disorders. World Psychiatry, 19(3), 309-310. https://doi.org/10.1002/wps.20799 

Metcalfe, A. W., MacIntosh, B. J., Scavone, A., Ou, X., Korczak, D., & Goldstein, B. I. (2016, May 17). Effects of acute aerobic exercise on neural correlates of attention and inhibition in adolescents with bipolar disorder. Transl Psychiatry, 6, e814. https://doi.org/10.1038/tp.2016.85 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Group, P. (2009, Jul 21). Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ, 339(jul21 1), b2535. https://doi.org/10.1136/bmj.b2535 

Mufson, E. J., & Mesulam, M. M. (1982, Nov 20). Insula of the old world monkey. II: Afferent cortical input and comments on the claustrum. J Comp Neurol, 212(1), 23-37. https://doi.org/10.1002/cne.902120103 

Müller, V. I., Cieslik, E. C., Laird, A. R., Fox, P. T., Radua, J., Mataix-Cols, D., Tench, C. R., Yarkoni, T., Nichols, T. E., Turkeltaub, P. E., Wager, T. D., & Eickhoff, S. B. (2018, Jan). Ten simple rules for neuroimaging meta-analysis. Neurosci Biobehav Rev, 84, 151-161. https://doi.org/10.1016/j.neubiorev.2017.11.012 

Nachev, P., Wydell, H., O'Neill, K., Husain, M., & Kennard, C. (2007). The role of the pre-supplementary motor area in the control of action. Neuroimage, 36 Suppl 2, T155-163. https://doi.org/10.1016/j.neuroimage.2007.03.034 

Nigg, J. T. (2000, Mar). On inhibition/disinhibition in developmental psychopathology: views from cognitive and personality psychology and a working inhibition taxonomy. Psychol Bull, 126(2), 220-246. https://doi.org/10.1037/0033-2909.126.2.220 

Overbeek, G., Gawne, T. J., Reid, M. A., Salibi, N., Kraguljac, N. V., White, D. M., & Lahti, A. C. (2019, Feb). Relationship Between Cortical Excitation and Inhibition and Task-Induced Activation and Deactivation: A Combined Magnetic Resonance Spectroscopy and Functional Magnetic Resonance Imaging Study at 7T in First-Episode Psychosis. Biol Psychiatry Cogn Neurosci Neuroimaging, 4(2), 121-130. https://doi.org/10.1016/j.bpsc.2018.10.002 

Owen, A. M., McMillan, K. M., Laird, A. R., & Bullmore, E. (2005, May). N-back working memory paradigm: a meta-analysis of normative functional neuroimaging studies. Hum Brain Mapp, 25(1), 46-59. https://doi.org/10.1002/hbm.20131 

Ridderinkhof, K. R., van den Wildenberg, W. P., Segalowitz, S. J., & Carter, C. S. (2004, Nov). Neurocognitive mechanisms of cognitive control: the role of prefrontal cortex in action selection, response inhibition, performance monitoring, and reward-based learning. Brain Cogn, 56(2), 129-140. https://doi.org/10.1016/j.bandc.2004.09.016 

Seghier, M. L. (2013, Feb). The angular gyrus: multiple functions and multiple subdivisions. Neuroscientist, 19(1), 43-61. https://doi.org/10.1177/1073858412440596 

Shima, K., Mushiake, H., Saito, N., & Tanji, J. (1996, Aug 6). Role for cells in the presupplementary motor area in updating motor plans. Proc Natl Acad Sci U S A, 93(16), 8694-8698. https://doi.org/10.1073/pnas.93.16.8694 

Showers, M. J., & Lauer, E. W. (1961, Aug). Somatovisceral motor patterns in the insula. J Comp Neurol, 117(1), 107-115. https://doi.org/10.1002/cne.901170109 

Smucny, J., Dienel, S. J., Lewis, D. A., & Carter, C. S. (2022, Jan). Mechanisms underlying dorsolateral prefrontal cortex contributions to cognitive dysfunction in schizophrenia. Neuropsychopharmacology, 47(1), 292-308. https://doi.org/10.1038/s41386-021-01089-0 

Theiss, J. D., McHugo, M., Zhao, M., Zald, D. H., & Olatunji, B. O. (2019, Feb 28). Neural correlates of resolving conflict from emotional and nonemotional distracters in obsessive-compulsive disorder. Psychiatry Res Neuroimaging, 284, 29-36. https://doi.org/10.1016/j.pscychresns.2019.01.001 

Uddin, L. Q. (2015, Jan). Salience processing and insular cortical function and dysfunction. Nat Rev Neurosci, 16(1), 55-61. https://doi.org/10.1038/nrn3857 

Vanes, L. D., & Dolan, R. J. (2021). Transdiagnostic neuroimaging markers of psychiatric risk: A narrative review. Neuroimage Clin, 30, 102634. https://doi.org/10.1016/j.nicl.2021.102634 

Visser, J. C., Rommelse, N. N., Greven, C. U., & Buitelaar, J. K. (2016, Jun). Autism spectrum disorder and attention-deficit/hyperactivity disorder in early childhood: A review of unique and shared characteristics and developmental antecedents. Neurosci Biobehav Rev, 65, 229-263. https://doi.org/10.1016/j.neubiorev.2016.03.019 

Vogt, B. A., & Pandya, D. N. (1987, Aug 8). Cingulate cortex of the rhesus monkey: II. Cortical afferents. J Comp Neurol, 262(2), 271-289. https://doi.org/10.1002/cne.902620208 

Vuillier, L., Bryce, D., Szücs, D., & Whitebread, D. (2016). The Maturation of Interference Suppression and Response Inhibition: ERP Analysis of a Cued Go/Nogo Task. PLoS One, 11(11), e0165697. https://doi.org/10.1371/journal.pone.0165697 

Wessel, J. R., & Aron, A. R. (2017, Jan 18). On the Globality of Motor Suppression: Unexpected Events and Their Influence on Behavior and Cognition. Neuron, 93(2), 259-280. https://doi.org/10.1016/j.neuron.2016.12.013 

Xiong, G., She, Z., Zhao, J., & Zhang, H. (2021, Feb 26). Transcranial direct current stimulation over the right dorsolateral prefrontal cortex has distinct effects on choices involving risk and ambiguity. Behav Brain Res, 400, 113044. https://doi.org/10.1016/j.bbr.2020.113044 

Yu, J., Tao, Q., Zhang, R., Chan, C. C. H., & Lee, T. M. C. (2019, Sep). Can fMRI discriminate between deception and false memory? A meta-analytic comparison between deception and false memory studies. Neurosci Biobehav Rev, 104, 43-55. https://doi.org/10.1016/j.neubiorev.2019.06.027 

Zhai, Z. W., Yip, S. W., Lacadie, C. M., Sinha, R., Mayes, L. C., & Potenza, M. N. (2019, Jan 15). Childhood trauma moderates inhibitory control and anterior cingulate cortex activation during stress. Neuroimage, 185, 111-118. https://doi.org/10.1016/j.neuroimage.2018.10.049 

Zhang, B., Lin, P., Shi, H., Öngür, D., Auerbach, R. P., Wang, X., Yao, S., & Wang, X. (2016, Sep). Mapping anhedonia-specific dysfunction in a transdiagnostic approach: an ALE meta-analysis. Brain Imaging Behav, 10(3), 920-939. https://doi.org/10.1007/s11682-015-9457-6 

Zhang, R., Geng, X., & Lee, T. M. C. (2017, Dec). Large-scale functional neural network correlates of response inhibition: an fMRI meta-analysis. Brain Struct Funct, 222(9), 3973-3990. https://doi.org/10.1007/s00429-017-1443-x 



Figure legends
Figure 1. Flowchart of literature searching and selection process.
Figure 2. Aberrant activation pattern across disorders. (a) The inhibition network identified from the meta-analysis of healthy participants (Zhang, 2017). (b) The regions of aberrant (including hyper and hypo) activation of pooled patients. (c) The regions of gray matter decrease of major mental disorders searched by using the software Sleuth. (d) Common areas between inhibitory control networks identified from the meta-analysis of healthy participants (Zhang, 2017) and pooled aberrant activation. (e) Common areas between the gray matter loss across major disorders and pooled aberrant activation. (f) The regions of hyper-activation across disorders. (g) The regions of hypo-activation across disorders.

Figure 3. Aberrant, hyper-, and hypo-activation of pooled patients in different inhibitory control components. (a) Trans-diagnostic aberrant activation of patients in cognitive inhibition. (b) Trans-diagnostic aberrant activation of patients in response inhibition. (c) Common areas between cognitive inhibition and response inhibition. (d) Trans-diagnostic hypo-activation in cognitive inhibition. (e) Trans-diagnostic hyper-activation in response inhibition. (f) Trans-diagnostic hypo-activation in response inhibition.

Figure 4. Factors impacting disorder-related activation. (a) Trans-diagnostic aberrant activation regions including fMRI studies only. (b) Trans-diagnostic aberrant activation regions including adults (18-55 years) only. (c) Trans-diagnostic aberrant activation of medicated patients. (d) Trans-diagnostic aberrant activation of medication-free patients. (e) Trans-diagnostic aberrant activation of patients with poorer behavioral performance than controls. (f) Trans-diagnostic aberrant activation of patients having no performance differences with controls. (g) Common areas between medicated and medication-free patients. (h) Common areas between patients with different behavioral performance compared with controls.
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