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A B S T R A C T   

Risk genes and abnormal brain structural indices of psychiatric disorders have been extensively studied. How
ever, whether genetic risk influences brain structure in the general population has been rarely studied. The 
current study enrolled 483 young Chinese adults, calculated their polygenic risk scores (PRS) for psychiatric 
disorders based on Psychiatric Genomics Consortium GWAS results, and examined the association between PRSs 
and brain volume. We found that PRSs were associated with the volume of many brain regions, with differences 
between PRS for different disorder, calculated at different threshold, and calculated using European or East Asian 
ancestry. Of them, the PRS for Major Depressive Disorder based on European ancestry was positively associated 
with right temporal gyrus; the PRS for schizophrenia based on East Asian ancestry was negatively associated with 
right precentral and postcentral gyrus; the PRS for schizophrenia based on European ancestry was positively 
associated with right superior temporal gyrus. All these brain regions are critical for corresponding disorders. 
However, no significant associations were found between PRS for Autism Spectrum Disorder / Bipolar Disorder 
and brain volume; and the association between PRS for Attention Deficit Hyperactivity Disorder at different 
thresholds and brain volume was inconsistent. These findings suggest distinct brain mechanisms underlying 
different psychiatric disorders.   

1. Introduction 

According to World Health Organization (WHO), psychiatric disor
ders are characterized by “a combination of abnormal thoughts, per
ceptions, emotions, behaviors and relationships with others” (WHO, 
2017), which have long been recognized as the leading cause of global 
disability in children and adults (Erskine et al., 2015). Without inter
vention, people with psychiatric disorders are most likely to have severe 
emotional, behavioral and physical health problems throughout life
span. Considering the urgency of preventing further increases in psy
chiatric disorders, it is crucial to understand the etiologies, including 
genetic architecture and brain structure, underlying psychiatric 
disorders. 

The genetic and neural basis of psychiatric disorders have been 
extensively studied. Regarding the genetic influences, the Psychiatric 

Genomics Consortium have assembled published genome-wide associ
ation studies (GWAS) results for a large-scale meta-analysis on 12 dis
orders. Five major psychiatric disorders, including Bipolar Disorder, 
Major Depressive Disorder, Autism Spectrum Disorder, Attention Deficit 
Hyperactivity Disorder, Schizophrenia, have been frequently examined 
in the literature for shared and distinct genetic effects (Consortium, 
2013; Leppert et al., 2020; Schlag et al., 2022; Wang et al., 2017). 
Meta-analysis based on large European ancestry population of Bipolar 
Disorder(Mullins et al., 2021), Major Depressive Disorder (Howard 
et al., 2019), Autism Spectrum Disorder (Grove et al., 2019) and 
Attention Deficit Hyperactivity Disorder (Demontis et al., 2019) had 
identified 64, 101, 5, and 12 risk loci, respectively. A meta-analysis 
combining European and East Asian populations on Schizophrenia has 
reported 255 risk loci (Trubetskoy et al., 2022). A meta-analysis of a 
large East Asian sample on Major Depressive Disorder reporting 1 novel 
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risk loci is also available on the PGC website (Giannakopoulou et al., 
2021). 

Similarly, psychiatric disorders have been linked to brain dysfunc
tion or abnormal structures (Alfredo, 2018). The ENIGMA Consortium 
(http://enigma.ini.usc.edu/) has conducted large-scale meta-analysis to 
explore brain indices associated with these disorders, and found 
abnormal cortical and subcortical thickness/volume associated with 
Bipolar Disorder (Hibar et al., 2018), Schizophrenia (Van Erp et al., 
2018), Major Depressive Disorder (Schmaal et al., 2016), Autism Spec
trum Disorder (Postema et al., 2019), and Attention Deficit Hyperac
tivity Disorder (Hoogman et al., 2019). In addition, previous reviews on 
the neural basis of psychiatry have also confirmed structural changes in 
the brain associated with these disorders (Qiu & Li, 2018; Rubia et al., 
2014). 

Despite of these findings on specific risk genes and abnormal brain 
structure for each psychiatric disorder, there is also evidence of shared 
pleiotropic loci and high levels of shared heritability (Lee et al., 2019), 
as well as common brain functional activation patterns (Sprooten et al., 
2017) and brain structural abnormalities (Opel et al., 2020) among the 
disorders. These results are consistent with the fact of high comorbidity 
rates among different psychiatric disorders, and raise the questions 
about the specificity of psychiatric disorders and underlying etiologies 
among different psychiatric disorders (Prata et al., 2019). 

Exploring and comparing effect of risk gene(s) on brain among dis
orders helps understand the common and specific etiologies underlying 
different psychiatric disorders. Previous work suggests that the brain 
structure serve as an important endophenotype connecting genes and 
psychiatric disorders (Meyer-Lindenberg & Weinberger, 2006). Some 
studies had focused on general subjects at risk (i.e., people with risk 
genotypes, or relatives of patients), which offers the opportunity to 
study risk and resilience underlying psychiatric disorders, and help 
inform early diagnosis and intervention (Cattarinussi et al., 2021). This 
approach eliminates confounding factors such as comorbidity, medica
tions and illness duration and has been validated by previous work. For 
example, PRS for Alzheimer’s Disorder have been associated with the 
volume of hippocampus in children (Axelrud et al., 2018) and young 
adults (Foley et al., 2017), such that children and young adults with 
higher PRS showed smaller volume of hippocampus; PRS for schizo
phrenia has been associated with hippocampus activation during 
memory task in healthy adults (Chen et al., 2018). These studies 
demonstrate the feasibility of examining the influence of PRS for psy
chiatric disorders on the brain using general subjects. PRS for multiple 
disorders have also been associated with brain functional connectivity 
(Wang et al., 2017), white matter microstructure (Jansen et al., 2019), 
volume of whole brain or subcortical regions (Alemany et al., 2019), or 
pattern of whole brain grey matter (Ranlund et al., 2018), although 
results are not consistent across studies. However most of these studies 
focuses on participants of European ancestry. 

Building upon the latest GWAS data of five psychiatric disorders, 
including Autism Spectrum Disorder, Attention Deficit Hyperactivity 
Disorder, Bipolar Disorder, Major Depressive Disorder and schizo
phrenia, in the Psychiatric Genomics Consortium, the current study aims 
to examine the associations between PRS for five psychiatric disorders 
and brain structure volume in healthy Chinese subjects (N = 483). 
Specifically, we investigate: (a) whether PRS for five distinct psychiatric 
disorders are associated with brain structure volume in general subjects, 
(b) whether PRS for five distinct psychiatric disorders are associated 
with the volume of shared or distinct brain regions among five psychi
atric disorders, and (c) whether PRS calculated based on different 
ancestry for the same disorder are associated with volume of the same or 
different brain regions. 

2. Method 

2.1. Subjects 

This study enrolled 483 undergraduate and graduate students (237 
men, mean age=21.41 +2.24, range=16.58–29.17). All subjects were 
Han Chinese self-reported not having a neurological or psychiatric his
tory, and capable of attending MRI scan. This study was approved by the 
Institutional Review Board (IRB) of the State Key Laboratory of Cogni
tive Neuroscience and Learning at Beijing Normal University, and was 
performed in accordance with relevant guidelines and regulations. All 
subjects signed written informed consent and were paid for 
participation. 

2.2. Structural MRI acquisition and preprocessing 

MR images were acquired using a Siemens Trio 3 T scanner in the 
Brain Imaging Center of Beijing Normal University. Foam pads were 
used to minimize head motion. Structural MRI images were acquired 
using a T1-weighted, three-dimensional, gradient-echo pulse sequence. 
Parameters for this sequence were as follows: repetition time/echo 
time/flip angle = 2530 ms/3.39 ms/7◦, field of view = 256 × 256 mm, 
matrix = 256 × 256, slice thickness = 1.33 mm. One hundred and forty- 
four sagittal slices were acquired to provide a high-resolution structural 
image of the whole brain. 

MRI data were analyzed with the Oxford Centre for Functional MRI 
of the Brain (FMRIB) Software Library voxel-based morphometry (FSL- 
VBM), a VBM style analysis toolbox (Good et al., 2001) implemented in 
FSL. Brains from the structural images were extracted, tissue-type 
segmented, and then aligned to the gray-matter template in the 
MNI152 standard space. The spatially normalized images were then 
averaged to create a study-specific template, to which the native gray 
matter images were registered again using both linear and nonlinear 
algorithms. The registered partial volume images were then modulated 
by dividing them with the Jacobian of the warp field to correct for local 
expansion or contraction. The modulated segmented images, which 
represented the gray matter volume, were then smoothed with an 
isotropic Gaussian kernel with 3 mm standard deviation. Visual in
spection was taken after each step and all had good quality. 

2.3. Genotyping 

The genotype of this dataset was reported with details previously 
(Chen et al., 2020). Briefly, DNA were extracted from blood using 
Axypre Blood Genomic DNA Kit (Corning Life Sciences cat. 
no.11313KC3) and genotyped using Infinium Human Omni-Zhonghua-8 
chips or Infinium Human Omni2.5–8 exome chips or Infinium 
OminiExpress-12 chips (Illumina, San Diego, CA, USA), all according to 
the manufacturer’s specifications, all with call rate larger than 98%. 
Autosome genotype data were first cleaned with PLINK2 then imputed 
using Michigan Imputation Server (https://imputationserer.sph.umich. 
edu/index.html) following their protocol using 1000 G Phase 3 EAS 
population as reference. Imputed data were cleaned again to keep only 
SNPs with imputation quality r2 > 0.8, MAF> 0.05, HWE> 1E-6, 
retaining 4856,474 SNPs. No duplicated or related subjects were iden
tified (maximum PI_HAT=0.0537, calculated with PLINK2). No clear 
population stratification problem or outlier subjects were found by 
principal component analysis (Chen et al., 2020), since this study only 
enrolled Han Chinese subjects. 

2.4. Statistical Analysis 

GWAS summary statistics of the five psychiatric disorders based on 
European ancestry (Demontis et al., 2019; Grove et al., 2019; Howard 
et al., 2019; Mullins et al., 2021; Trubetskoy et al., 2022), Major 
Depressive Disorder (Giannakopoulou et al., 2021) and Schizophrenia 
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(Trubetskoy et al., 2022) on East Asian ancestry were downloaded from 
Psychiatric Genomics Consortium website on November 21, 2022 
(https://pgc.unc.edu/for-researchers/download-results/). Details can 
be found in supplementary table S1. PRS for each disorder was calcu
lated with PRSice-2 software (Choi & O’Reilly, 2019; Euesden et al., 
2015), following this protocol (https://choishingwan.github.io/PR
S-Tutorial/) (Choi et al., 2020). Briefly, these GWAS summary statistics 
were used as base file, standardized by removing SNPs with imputation 
information < 0.8 or MAF< 0.01 when the information available, de
leting duplicated SNPs or Ambiguous SNPs. Imputed genotype data of 
the current sample was the target data, quality controlled as described 
above, used to estimate LD pattern and calculate PRS score at threshold 
of 5E-2,5E-3,5E-4,5E-5,5E-6,5E-7,5E-8. The correlation among PRSs 
were calculated using Matlab (version R2018b). 

Association of each PRS with brain structure was calculated using 
FSL randomise (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Randomise/User
Guide), with 4D brain image data as input, PRS as predictor, and age, sex 
and 10 principal components of genetic ancestry as covariates. Resulting 
maps were corrected with Gaussian Random Field (GRF) correction, 
with voxel-level threshold of p < 0.001 and cluster-level threshold of p 
< 0.05 (Eklund et al., 2016). Volume of the significant clusters were 
extracted, and regressed on corresponding PRS while controlling those 
covariates to estimate effect size of PRS. 

3. Result 

3.1. Correlations among PRS 

Correlations of the PRSs on our sample were shown in Fig. 1 (lower 
triangle), p values significant after Bonferoni correction (p < 0.05/ 
1176) were shown in upper triangle. PRSs for the same disease calcu
lated at different thresholds were highly correlated; PRSs for different 
disease were less correlated. PRSs for each disease at 7 threshold were 

then averaged, and the correlations of mean PRSs only significant be
tween Schizophrenia on East Asian and European ancestry (r(483) =
0.202, p < .001), and between Schizophrenia and Bipolar Disorder on 
European ancestry (r(483) = 0.268, p < .001). One thing needs to point 
out is, PRS for Schizophrenia based on East Asian and European ancestry 
significantly correlated, but that for Major Depressive Disorder did not, 
suggesting that ancestry influence differs among diseases. Controlling 
age, gender and 10 genomic principal components did not change the 
pattern (supplementary Fig. S1). 

3.2. Association between PRSs and brain structure 

Next, we examined the associations between the PRSs for the five 
psychiatric disorders and the brain volume controlling age, gender and 
10 principal components of genetic ancestry. After the multiple com
parison corrections, the results indicated that PRSs for the five psychi
atric disorders were associated with the volume of distinct brain regions, 
and the results also changed among PRSs for the same disorder calcu
lated at different threshold (Table 1). Specifically, the PRS for Attention 
Deficit Hyperactivity Disorder were positively associated with the vol
ume of left inferior temporal gyrus and negatively correlated with left 
caudate, left fusiform and cerebellum, such that people with higher PRS 
showed larger brain volumes in left inferior temporal gyrus but smaller 
left caudate, left fusiform and cerebellum. Effect size of PRS were pre
sented in Table 1, with the standardized regression coefficient (Beta) 
represents change of brain volume per unit increase in PRS, ΔR2 and p 
represents the unique contribution of PRS on brain volume variance 
after controlling those covariant. The PRS for Major Depressive Disorder 
based on East Asian were positively correlated with left middle 
cingulum and negatively correlated with right lingual, such that people 
with higher PRS showed larger volume of left middle cingulum but 
smaller right lingual. The PRS for Major Depressive Disorder base on 
European ancestry were positively correlated with brain regions of right 
inferior and middle temporal gyrus, such that people with higher PRS 
showed larger volume of this region. The PRS for Schizophrenia base on 
East Asian were negatively correlated with right precentral and post
central gyrus and positively correlated with bilateral cerebellum, such 
that people with higher PRS showed smaller volume of right precentral 
and postcentral gyrus and larger volume of cerebellum. The PRS for 
Schizophrenia base on European ancestry were positively correlated 
with right superior temporal gyrus, right inferior temporal gyrus, and 
left middle cingulum, such that people with higher PRS showed larger 
volume of these brain regions. The PRS for Autism Spectrum Disorder 
and Bipolar Disorder did not show any significant correlation with brain 
volume. As shown in Table 1, effects of all PRS on brain volume were 
3–6% and very significant. 

PRSs calculated at different threshold associated with diverse brain 
regions (Table 1). There might be two possible reasons. First, these re
sults may be false positive. Second, PRS calculated at different threshold 
captured distinct genetic effect thus associated with different brain re
gions. Still, the association between PRS for Major Depressive Disorder 
base on European ancestry and right inferior and middle temporal gyrus, 
between PRS for Schizophrenia base on East Asian and right precentral 
and postcentral gyrus, between PRS for Schizophrenia base on European 
ancestry and right Superior temporal gyrus are consistent across PRSs 
calculated at different thresholds (Table 1 and Fig. 2). These results were 
robust thus deserved more investigation in future studies. 

4. Discussion 

The aim of this study was to investigate and compare the brain 
structure volume associated with PRSs for five distinct psychiatric dis
orders in the general population. We found that the PRSs for each psy
chiatric disorder were associated with the volume of distinct brain 
regions: the PRS for Major Depressive Disorder based on European 
ancestry was positively associated with right temporal gyrus; the PRS for 

Fig. 1. Correlation between PRSs for each disease at each threshold (in the 
order of E-2, E-3, E-4, E-5, E-6, E-7, E-8 within each block for a disorder) were 
shown in the lower triangle, corresponding p value were presented at the upper 
triangle, with only p values significant after Bonferoni correction were shown. 
Correlation of mean PRS among disorders only significant between SCZeu and 
SCZea/BP (marked with asterisk). Note: ADHD=Attention Deficit Hyperactivity 
Disorder, ASD=Autism Spectrum Disorder, BP=Bipolar Disorder, 
MDDea=Major Depressive Disorder on East Asian, MDDeu=Major Depressive 
Disorder on European ancestry, SCZea=Schizophrenia on East Asian, 
SCZeu=Schizophrenia on European ancestry. 
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schizophrenia based on East Asian ancestry was negatively associated 
with right pre- and post-central gyrus; the PRS for schizophrenia based 
on European ancestry was positively associated with right superior 
temporal gyrus. Some other brain regions were also identified based on 
PRSs calculated at different thresholds. However, no significant associ
ations were found between the PRS for Autism Spectrum Disorder / 
Bipolar Disorder and brain volume. The identified brain regions play a 
critical role in each corresponding disorder as discussed below. 
Considering the high genetic correlation of disorders in previous 
research, these results suggest that although psychiatric disorders may 
share a common genetic basis, the brain regions associated with each 
psychiatric disorder can still differ. 

The current study found that the PRS for Major Depressive Disorder 
was positively associated with the volume of right inferior and middle 
temporal gyrus. This finding is supported by previous research, such as a 
meta-analysis by the ENIGMA Major Depressive Disorder Working 
Group, which found the thinner cortical gray matter in many brain re
gions including the inferior and middle temporal gyrus in adult patients 
with Major Depressive Disorder compare to controls (Schmaal et al., 
2017). A meta-analysis of functional brain activity during emotion 
processing also found hyperactivation in middle temporal gyrus in 
Major Depressive Disorder patients compare to controls (Li & Wang, 
2021). Moreover, we found that the PRS for schizophrenia based on East 
Asian ancestry was negatively associated with the right Precentral/ 
Postcentral Gyrus, while that based on European ancestry was positively 
associated with Right Superior Temporal Gyrus. A recent meta-analysis 
of resting state regional homogeneity in schizophrenia revealed reduced 
homogeneity in precentral and postcentral regions in schizophrenia 
patients (Cai et al., 2022). Another recent meta-analysis by ENIGMA 
found that the severity of positive symptoms of schizophrenia was 
negatively associated with bilateral superior temporal gyrus thickness 
(Walton et al., 2017). All these previous findings are consistent with the 
findings of the current study. 

One thing to note, previous research has typically found decreased 
brain volume in patients compare to controls. However, the current 
study found that some PRSs for Attention Deficit Hyperactivity Disorder, 
Major Depressive Disorder, and Schizophrenia showed positive 

correlations with brain volume, meaning that higher genetic risks were 
associated with increased volume. This inconsistency was also found in 
previous work. There are two possible explanations. One is inflamma
tion and the release of inflammatory cytokines, which were often found 
in mental disorders (Felger, 2018), can stimulate astrocytes to facilitate 
neurogenesis, thus increasing cortex volume (Jones et al., 2019). The 
other is illness resilience (Perry et al., 2019), such that individuals with 
higher genetic risk have increased the volume of critical brain regions to 
maintain good health. 

It is important to emphasize that our samples were healthy Chinese 
individuals. The current study provides additional support for previous 
work that found genetic influences on the brain in the general popula
tion and contributed to the understanding of the pathology of disorders 
(e.g. Cattarinussi et al., 2019; Raum et al., 2015). However, previous 
work has mainly focused on healthy European individuals. Ancestral 
difference is a fundamental concern in genetic research that should be 
carefully dealt with from the data processing to results explanation. The 
current study found that the PRS for Major Depressive Disorder calcu
lated based on East Asian and European sample GWAS were not 
significantly correlated, but that for Schizophrenia were. However, the 
brain regions were not consistently identified across PRSs based on 
different ancestry for both diseases. Thus, the picture of ancestral dif
ferences is complex and varies depending on the phenotype being 
studied. 

The following limitations should be considered when interpreting 
the results of this study. First, the findings regarding the morphological 
changes in brain regions of individuals with high genetic risk require 
further examination through replications and longitudinal studies. 
Second, we did not find brain regions significantly associated with PRS 
for Attention Deficit Hyperactivity Disorder, Autism Spectrum Disorder, 
Bipolar Disorder, suggesting that the effect of PRS on brain may not be 
strong in the general population, or that the sample size was not large 
enough to detect all PRS effect on brain. Future studies with larger 
sample size may reveal more associated brain regions with stronger ef
fects. Third, the identified brain regions differed for PRS calculated at 
different thresholds. This is because PRS calculated at looser threshold 
may capture more genetic effects. Usually, PRS was calculated at 

Table 1 
Details of brain regions associated with PRS for each psychiatric disorder and the effect size of corresponding PRS.  

Psychiatric 
disorder 

Threshold for 
PRS 

Regional correspondence of the 
maximum 

Maximum t value within 
cluster 

MNI Coordinates at 
maximum 

Number of 
voxels 

Beta ΔR2 p 

ADHD 5E-2 Left inferior temporal gyrus  4.10 -64 –26 –18  264  0.18  0.03 < .001  
5E-3 Left caudate  4.03 -16 14 6  579  -0.18  0.03 < .001   

Left fusiform, cerebellum  4.13 -28 –40 –20  428  -0.21  0.04 < .001 
MDDea 5 E-5 Left middle Cingulum  4.41 -8 –6 36  217  0.18  0.03 < .001  

5 E-6 Right Lingual  4.75 6 –36 2  208  -0.21  0.04 < .001 
MDDeu 5 E-4 Right inferior and middle temporal 

gyrus  
5.54 52 –46 –16  687  0.26  0.06 < .001  

5 E-5 Right inferior and middle 
temporal gyrus  

4.43 62 –58 –6  464  0.21  0.04 < .001  

5 E-6 Right inferior and middle 
temporal gyrus  

4.45 60 –50 –4  382  0.20  0.04 < .001 

SCZea 5 E-3 Right Precentral Gyrus  4.19 20 –24 62  218  -0.20  0.04 < .001  
5 E-4 Right Cerebellum  4.06 36 –64 –22  846  0.18  0.03 < .001   

Left Cerebellum  4.04 -36 –60 –50  467  0.23  0.05 < .001  
5 E-5 Right Precentral/ Postcentral 

Gyrus  
4.46 32 –28 72  223  -0.21  0.04 < .001  

5 E-6 Right Precentral/ Postcentral 
Gyrus  

4.57 34 –24 64  291  -0.21  0.04 < .001  

5 E-8 Right Precentral/ Postcentral 
Gyrus  

4.29 36 –14 38  220  0.18  0.03 < .001 

SCZeu 5 E-2 Right Superior Temporal Gyrus  4.39 70 –20 –2  454  0.21  0.04 < .001  
5 E-3 Right Superior Temporal Gyrus  4.40 70 –20 –2  245  0.20  0.04 < .001  
5 E-6 Right inferior temporal gyrus  4.83 62 –62 –8  230  0.21  0.04 < .001  
5 E-8 Left middle Cingulum  3.96 -8 14 40  195  0.21  0.04 < .001 

Note: Brain regions in bold are those consistent across PRS calcualted at mutiple thresholds. Brain regions in italic were those shown in Fig. 2. ADHD=Attention Deficit 
Hyperactivity Disorder, MDDea=Major Depressive Disorder on East Asian, MDDeu=Major Depressive Disorder on European ancestry, SCZea=Schizophrenia on East 
Asian, SCZeu=Schizophrenia on European ancestry. 
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multiple thresholds and only the one with best prediction was reported. 
We reported results of all PRS calculated at 7 thresholds, some of the 
results could be false positive and should be further examined in other 
studies. Fourth, the study was limited by a self-reported healthy popu
lation of young adults, more stringent screening methods and a wider 
age range should be used in future studies. 
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Nöthen, M. M., O’Donovan, M. C., Oedegaard, K. J., Olsson, T., Owen, M. J., 
Paciga, S. A., Pantelis, C., Pato, C., Pato, M. T., Patrinos, G. P., Perlis, R. H., 
Posthuma, D., Ramos-Quiroga, J. A., Reif, A., Reininghaus, E. Z., Ribasés, M., 
Rietschel, M., Ripke, S., Rouleau, G. A., Saito, T., Schall, U., Schalling, M., 
Schofield, P. R., Schulze, T. G., Scott, L. J., Scott, R. J., Serretti, A., Shannon 
Weickert, C., Smoller, J. W., Stefansson, H., Stefansson, K., Stordal, E., Streit, F., 
Sullivan, P. F., Turecki, G., Vaaler, A. E., Vieta, E., Vincent, J. B., Waldman, I. D., 
Weickert, T. W., Werge, T., Wray, N. R., Zwart, J. A., Biernacka, J. M., 
Nurnberger, J. I., Cichon, S., Edenberg, H. J., Stahl, E. A., McQuillin, A., Di Florio, A., 
Ophoff, R. A., & Andreassen, O. A. (2021). Genome-wide association study of more 
than 40,000 bipolar disorder cases provides new insights into the underlying 
biology. Nat Genet, 53, 817–829. https://doi.org/10.3410/f.740122937.793585895 

Opel, N., Goltermann, J., Hermesdorf, M., Berger, K., Baune, B. T., & Dannlowski, U. 
(2020). 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. Biological Psychiatry, 88, 678–686. https://doi.org/ 
10.1016/j.biopsych.2020.04.027 

Z. Wang et al.                                                                                                                                                                                                                                   

https://doi.org/10.1176/appi.ajp.2017.17050529
https://doi.org/10.1176/appi.ajp.2017.17050529
https://doi.org/10.1038/s41537-022-00311-2
https://doi.org/10.1038/s41537-022-00311-2
https://doi.org/10.1016/j.neubiorev.2021.09.046
https://doi.org/10.1016/j.neubiorev.2021.09.046
https://doi.org/10.1111/bdi.12720
https://doi.org/10.1111/bdi.12720
https://doi.org/10.1186/s12863-020-0819-8
https://doi.org/10.1186/s12863-020-0819-8
https://doi.org/10.1093/brain/awy004
https://doi.org/10.1093/brain/awy004
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1093/gigascience/giz082
https://doi.org/10.1016/s0140-6736(12)62129-1
https://doi.org/10.1016/j.euroneuro.2016.09.379
https://doi.org/10.1016/j.euroneuro.2016.09.379
https://doi.org/10.3389/fnhum.2017.00345
https://doi.org/10.1017/s0033291714002888
https://doi.org/10.1017/s0033291714002888
https://doi.org/10.1093/bioinformatics/btu848
https://doi.org/10.2174/1570159x15666171123201142
https://doi.org/10.2174/1570159x15666171123201142
https://doi.org/10.1016/j.biopsych.2016.02.033
https://doi.org/10.1016/j.biopsych.2016.02.033
https://doi.org/10.3410/f.740894545.793590615
https://doi.org/10.3410/f.740894545.793590615
https://doi.org/10.1006/nimg.2001.0857
https://doi.org/10.3410/f.735152734.793563005
https://doi.org/10.3410/f.735152734.793563005
https://doi.org/10.1038/mp.2017.73
https://doi.org/10.1176/appi.ajp.2019.18091033
https://doi.org/10.1176/appi.ajp.2019.18091033
https://doi.org/10.3410/f.734998436.793562990
https://doi.org/10.3410/f.734998436.793562990
https://doi.org/10.1016/j.bpsc.2018.07.010
https://doi.org/10.1016/j.bpsc.2018.07.010
https://doi.org/10.1016/j.pscychresns.2018.12.011
https://doi.org/10.1016/j.pscychresns.2018.12.011
https://doi.org/10.3410/f.737069796.793580417
https://doi.org/10.1371/journal.pgen.1008185
https://doi.org/10.1371/journal.pgen.1008185
https://doi.org/10.1007/s11682-020-00299-2
https://doi.org/10.1038/nrn1993
https://doi.org/10.3410/f.740122937.793585895
https://doi.org/10.1016/j.biopsych.2020.04.027
https://doi.org/10.1016/j.biopsych.2020.04.027


Biological Psychology 178 (2023) 108530

7

Perry, A., Roberts, G., Mitchell, P. B., & Breakspear, M. (2019). Connectomics of bipolar 
disorder: a critical review, and evidence for dynamic instabilities within 
interoceptive networks. Molecular Psychiatry, 24, 1296–1318. https://doi.org/ 
10.1038/s41380-018-0267-2 

Postema, M. C., Van Rooij, D., Anagnostou, E., Arango, C., Auzias, G., Behrmann, M., 
Calderoni, S., Calvo, R., Daly, E., & Deruelle, C. (2019). Altered structural brain 
asymmetry in autism spectrum disorder in a study of 54 datasets. Nature 
Communications, 10, 1–12. https://doi.org/10.1038/s41467-019-13005-8 

Prata, D. P., Costa-Neves, B., Cosme, G., & Vassos, E. (2019). Unravelling the genetic 
basis of schizophrenia and bipolar disorder with GWAS: A systematic review. Journal 
of Psychiatric Research, 114, 178–207. https://doi.org/10.1016/j. 
jpsychires.2019.04.007 

Qiu, H., & Li, J. (2018). Major depressive disorder and magnetic resonance imaging: A 
mini-review of recent progress. Current Pharmaceutical Design, 24, 2524–2529. 
https://doi.org/10.2174/1381612824666180727111651 

Ranlund, S., Rosa, M. J., de Jong, S., Cole, J. H., Kyriakopoulos, M., Fu, C. H. Y., 
Mehta, M. A., & Dima, D. (2018). Associations between polygenic risk scores for four 
psychiatric illnesses and brain structure using multivariate pattern recognition. 
Neuroimage Clinical, 20, 1026–1036. https://doi.org/10.1016/j.nicl.2018.10.008 

Raum, H., Dietsche, B., Nagels, A., Witt, S. H., Rietschel, M., Kircher, T., & Krug, A. 
(2015). A genome-wide supported psychiatric risk variant in NCAN influences brain 
function and cognitive performance in healthy subjects. Human Brain Mapping, 36, 
378–390. https://doi.org/10.1002/hbm.22635 

Rubia, K., Alegría, A. A., & Brinson, H. (2014). Brain abnormalities in attention-deficit 
hyperactivity disorder: A review. Rev Neurol, 58, S3–S16. 

Schlag, F., Allegrini, A. G., Buitelaar, J., Verhoef, E., van Donkelaar, M., Plomin, R., 
Rimfeld, K., Fisher, S. E., St, & Pourcain, B. (2022). Polygenic risk for mental 
disorder reveals distinct association profiles across social behaviour in the general 
population. Molecular Psychiatry, 27, 1588–1598. https://doi.org/10.1038/s41380- 
021-01419-0 
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Gülöksüz, S., Gur, R. E., Gur, R. C., Gutiérrez, B., Hahn, E., Hakonarson, H., 
Haroutunian, V., Hartmann, A. M., Harvey, C., Hayward, C., Henskens, F. A., 
Herms, S., Hoffmann, P., Howrigan, D. P., Ikeda, M., Iyegbe, C., Joa, I., Julià, A., 
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Steen, N. E., Steixner-Kumar, A. A., Stögmann, E., Stone, W. S., Straub, R. E., 
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