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INTRODUCTION

Schizophrenia is a chronic, debilitating mental disorder that 
poses a severe health care burden1 and is characterized by hal-
lucination, delusion, and disorganized behavior. While much 
research has been conducted on schizophrenia, the patho-
physiology of the disease remains unclear, particularly due to 
the heterogeneity and complexity of the disease itself. Al-
though the possibility of structural alterations in the brain with 
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schizophrenia had already been suggested,2 it was difficult to 
investigate these alterations due to the limitation of non-inva-
sive in vivo investigation method until the rise of various neu-
roimaging techniques.

In this regard, diffusion tensor imaging (DTI)3-5 has en-
abled the investigation of neuronal microstructures in vivo by 
quantifying the diffusion of water molecules. According to 
the Brownian motion theory, the diffusion of water molecules 
is isotropic. However, in the brain, the motion of water mole-
cules is anisotropic due to cellular microstructures and may 
also be altered following microstructural changes. As a result, 
subtle neuronal changes can be estimated by deriving tensors 
from diffusion-weighted images, the so-called DTI technique.

Since DTI allows delicate in vivo investigation of the brain, 
it has been extensively applied to study schizophrenia,6-8 in-
cluding the recent international multisite collaboration called 
ENIGMA project.9 A large number of studies have demon-
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strated altered diffusivity in the brain with schizophrenia, 
suggesting subtle damage to neuronal microstructures. Frac-
tional anisotropy (FA) has been widely used in a number of 
studies ever since its introduction,10,11 and so is the mean dif-
fusivity (MD),12,13 which is often referred to as the trace (TR; 
λ1+λ2+λ3;3*MD). In addition, a few studies have also sepa-
rately estimated the diffusivity perpendicular to and along 
the principal diffusion direction, namely, radial diffusivity 
(RD) and axial diffusivity (AD).9

By measuring these diffusion indices, white matter abnor-
malities in the brain with schizophrenia have widely been re-
ported across a large number of DTI studies. Multiple brain 
regions have been found to show abnormal diffusion proper-
ties, including the internal capsule,14 corpus callosum,15-17 cin-
gulum,18-20 cerebellar peduncle,21 left inferior longitudinal fas-
ciculi,22 and left superior temporal gyrus.23 Although most 
DTI studies have investigated white matter abnormalities in 
the brain with schizophrenia, there has also been a consider-
able amount of research reporting abnormalities in the grey 
matter of the brain with schizophrenia. The entorhinal cor-
tex,24 superior temporal gyrus,23 parahippocampal gyrus, in-
sula, and the right anterior cingulate gyrus25 show significant 
diffusion abnormalities.

As mentioned above, previous studies have identified alter-
ations in a few anatomical structures of the brain with schizo-
phrenia. However, investigating in parts of the brain, or in ei-
ther white matter or gray matter can be insufficient to com 
prehensively describe the pathophysiology of schizophrenia. 
This perspective has given rise to hypotheses like the dysfunc-
tional connectivity hypothesis,26-28 which suggests that the 
pathophysiology of schizophrenia involves dysfunctional 
connections between discrete brain regions, not abnormali-
ties confined to a single anatomical region.

Therefore, in this study, we tried to simultaneously focus on 
multiple regions by counting how many anatomical regions 
in a single brain were identified as abnormal. Information re-
garding the number of abnormal brain regions can indicate 
the total burden of abnormal diffusivity in the brain. In other 
words, this study did not consider the severity of abnormali-
ties in a single anatomical brain region, but it instead assessed 
the number of brain regions with abnormalities over a thresh-
old, even modest. Also, since there have also been a few re-
ports of altered diffusivities in grey matter of the brain with 
schizophrenia,23-25 we investigated both white matter and grey 
matter to comprehensively investigate the whole brain abnor-
malities of patients with schizophrenia. In fact, there have 
even been some studies even reporting the correlation be-
tween grey matter alterations and clinical symptoms in 
schizophrenia patients,29,30 indicating the importance of con-
currently investigating both white and grey matter. To the 

best of our knowledge, there has been no previous brain im-
aging study based on this concept, although some studies 
have concurrently investigated multiple brain regions using 
voxel-based morphometry (VBM) or tract-based spatial sta-
tistics (TBSS).

Considering the evidence showing diffusion abnormalities 
in many different brain regions of patients with schizophre-
nia,6,7,11,31 it is a plausible assumption that multiple brain re-
gions, not a single region, are more likely linked to the patho-
physiology of schizophrenia. Subtle microstructural alterations 
in each brain region may together lead to the disease, as the 
genetic liability model32 or the polygenic model33 in genome-
wide association studies (GWAS). Thus, investigation of both 
white and grey matter of the brain with schizophrenia and de-
termination of the number of regions affected by the disease 
can be an innovative approach in the field of DTI studies.

In this study, we hypothesized that the additive burden of 
altered neuronal microstructures, represented by the number 
of abnormal regions of interest (ROIs) with altered diffusivi-
ty, would be significantly different between patients with 
schizophrenia and healthy participants. Altered diffusivity 
was measured by each diffusion measure (FA, AD, RD, and 
TR). Furthermore, the correlation between abnormal num-
ber of ROIs and clinical symptoms or cognitive function was 
also investigated.

METHODS

Study population
In this study, we used public neuroimaging data from Schiz-

Connect (http://schizconnect.org). In SchizConnect, we ob-
tained publicly available datasets from the Center for Biomedi-
cal Research Excellence (COBRE)34 project. This project 
obtained data in accordance with the Declaration of Helsinki 
and was approved by local Institutional Review Board com-
mittee. Written informed consent was obtained from all par-
ticipants after verifying each participant’s intellectual capacity 
to provide informed consent through completion of a ques-
tionnaire related to the study procedures. Since this study ana-
lyzed anonymized public data, it was exempted from approval 
by the Institutional Review Board of Asan Medical Center 
(2019-0088). All data had been already anonymized before ac-
cess to protect participant privacy. Study subjects not eligible 
for further analyses were excluded by visually inspecting T1-
weighted and diffusion-weighted images of all study subjects. 
Then, patients with schizoaffective disorder were again ex-
cluded to achieve diagnostic homogeneity in the patient group. 
The final studied dataset consisted of 57 patients with schizo-
phrenia and 71 healthy participants.
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Image acquisition
All images were acquired using a Siemens 3-Tesla MR scan-

ner (Trio, Siemens Healthcare, Erlangen, Germany). High-res-
olution T1-weighted images were collected with a multi-echo 
MPRAGE sequence, according to the following parameters: 
echo time (TE)=1.64, 3.5, 5.36, 7.22, and 9.09 ms; repetition 
time (TR)=2.53 s; inversion time (TI)=1.2 s; flip angle=7°; 
number of excitations=1; slice thickness=1 mm; field of 
view=265 mm; and resolution=256×256; Diffusion images 
were collected by a multiple-channel radiofrequency coil with 
GRAPPA(X2) and 30 gradient directions with b=800 s/mm2 
according to the following parameters: TE=84 ms; TR=9000 
ms; number of excitations=1; 72 slices with slice thickness=2 
mm; field of view=256×256 mm; and matrix=128×128; The 
scan parameters are described in detail on the following link: 
(http://schizconnect.org/uploads/data_instruction/pdffile/2/
COBRE_Scan_Information.pdf).

Image processing
For image processing and analysis, the tools from the FM-

RIB Software Library (FSL)35 were applied. Diffusion-weight-
ed images were corrected for motion and eddy current distor-
tions with the affine transformation of all gradient volumes, 
with the first b=0 volume through the FMRIB’s Linear Image 
Registration Tool (FLIRT).36,37 All brain images were again vi-
sually inspected to exclude inappropriate images that were 
not eligible for further analyses. Then, T1-weighted images 
were parcellated into discrete anatomical regions according to 
the Desikan-Killiany Atlas of FreeSurfer Version 6.0.38 These 
T1-weighted images were then registered into baseline diffu-
sion-weighted images with a b-value of zero by using the non-
linear registration method from the Advanced Normalization 
Tools.39,40 Anatomical ROIs on diffusion-weighted images 
were derived according to the parcellated labels by using Free-
Surfer. Each ROI was considered as a separate region regard-
less of whether it was from white matter or from grey matter. 
The diffusion-weighted map for each diffusion measure was 
generated using Diffusion Tensor Fitting (DTIFit) from the 
FMRIB diffusion toolbox.41

“Abnormal” regions of interest
After verifying 161 ROIs on the diffusion-weighted map, the 

mean and standard deviation of each diffusion measure, 
namely, FA, AD, RD, and TR, were estimated in every single 
ROI in all study participants. Then, all mean values in every 
single ROI from each participant were normalized into Z-
scores. To categorize ROIs as “abnormal,” we used a cutoff Z-
score of 1.96 converted from a p-value of 0.05. Using this cut-
off Z-score, we separately estimated the number of ROIs with 
Z-scores above +1.96 and the number of ROIs with Z-scores 

below -1.96 for each participant. All 161 ROIs are listed in the 
Supplementary Table 1 (in the online-only Data Supplement), 
and the mean and standard deviation of each diffusion mea-
sure in every ROI before normalization are listed in the Sup-
plementary Table 2 (in the online-only Data Supplement).

Neurocognitive function and clinical symptoms
An extensive neurocognitive evaluation was performed for 

all participants in COBRE. Among numerous tests, we chose 
tests representing each specific domain of neurocognitive 
function. The Wechsler Abbreviated Scale of Intelligence 
(WASI),42 which was linked to the well-known Wechsler Adult 
Intelligence Scale-Third Edition (WAIS-III),43 was chosen as a 
standardized scale to briefly measure general intelligence. The 
Symbol Search subtest from WAIS-III was additionally chosen 
to specifically measure the processing speed. The FAS test, also 
known as the letter fluency test, in the Multilingual Aphasia 
Examination, 3rd Edition (MAE)44 was selected to assess ver-
bal fluency as well as cognitive productivity.

Meanwhile, the Mazes Test from the Neuropsychological 
Assessment Battery (NAB)45 was selected as a sensitive mea-
sure of frontal lobe dysfunction, reflecting executive function, 
planning, and foresight through maze-tracing tasks. The Con-
tinuous Performance Test, Identical Pairs version (CPT-IP)46 
was applied to reliably measure attentional skills. Lastly, the 
Mayer-Salovey-Caruso Emotional Intelligence Test (MS-
CEIT),47 a test designed to evaluate the ability to perceive, use, 
understand, and regulate emotions, was chosen to measure al-
terations of emotion and affect as well as social cognition. For 
all neurocognitive tests, t-scores were obtained from COBRE 
to adjust the effects of age and education level.

In addition, clinical symptoms were also widely evaluated 
for all participants. In this study, we chose the Positive and 
Negative Syndrome Scale (PANSS)48 score to measure gener-
al psychiatric symptoms related to schizophrenia.

Statistical analysis
The demographic and baseline clinical characteristics were 

compared between patients and healthy participants. For con-
tinuous variables, an independent t-test was applied for vari-
ables with equal variances whereas Welch’s t-test was applied 
for variables with unequal variances. For categorical variables, 
the chi-squared test was applied.

The number of abnormal ROIs (Z-score>+1.96 or <-1.96, 
separately) was compared between patients and healthy par-
ticipants by an independent t-test or Welch’s t-test. This was 
performed repeatedly for each diffusion measure. Further-
more, for specific diffusion measures that showed significant-
ly different mean abnormal ROI number between the patient 
group and healthy participants, the associations between the 
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number of abnormal ROIs and the measures of clinical symp-
toms and neurocognitive function were estimated by Spear-
man’s rho analysis in the patient group. To correct multiple 
testing problems, the False Discovery Rate (FDR) method 
was applied. In addition, for those diffusion measures, the to-
tal frequency of each ROI counted as abnormal among the 
patient group was estimated and visualized to figure out 
whether there were major ROIs contributing to the patho-
physiology of schizophrenia.

All statistical analyses were performed using SPSS Version 
21.0 (IBM Corp., Armonk, NY, USA). p-values <0.05 were 
considered statistically significant.

RESULTS

Demographics and clinical characteristics
The mean age of the patients was 39.12 years (SD=13.01), 

whereas the mean age of healthy participants was 37.63 years 
(SD=11.91). However, the difference was not significant  
[t (126)=0.675, p=0.501]. The male-to-female ratio was not 
significantly different between the patient group and healthy 
participants, χ2 (1, n=128)=0.023, p=0.880. The mean duration 
of illness in the patient group was 18.00 years (SD=13.20). For 
clinical symptoms, the mean PANSS positive symptom score 
was 15.65 (SD=5.34) and the mean PANSS negative symptom 
score was 14.93 (SD=5.56).

Meanwhile, patients showed significantly lower neurocogni-
tive function on all neurocognitive tests except the FAS test. 
The mean IQ measured by WASI was 96.74 (SD=17.88) in the 
patient group and 111.82 (SD=12.08) in healthy participants [t 
(94.426)=-5.446, p<0.001]. The Symbol Search test t-score was 
7.23 (SD=2.86) in patients and 10.55 (SD=2.75) in healthy 
participants [t (126)=-6.670, p<0.001]. The verbal fluency 
measured by the FAS test was also impaired in the patient 
group (M=38.60, SD=8.84) in comparison with the healthy 
participants (M=51.24, SD=8.78). However, the difference did 
not reach statistical significance [t (126)=-1.876, p=0.063).

In the Mazes Test from NAB, patients achieved a lower 
mean t-score of 44.52 (SD=10.79) in comparison with 54.32 
(SD=8.36) in healthy participants [t (97.650)=-5.505, p<0.001]. 
Moreover, the patient group showed a lower mean t-score  
of 34.95 (SD=14.37) in CPT-IP in comparison with 50.24 
(SD=9.85) in healthy participants [t (94.855)=-6.736, p<0.001]. 
The patients also achieved a lower MSCEIT t-score (M=41.42, 
SD=12.57) in comparison with healthy participants (M=52.30, 
SD=9.95), [t (126)=-5.466, p<0.001]. Table 1 shows the demo-
graphic and clinical characteristics in detail.

Number of abnormal regions of interest
After counting the number of abnormal ROIs for each sub-

Table 1. Demographics and clinical characteristics

Schizophrenia  
(N=57)

Healthy  
(N=71)

p-value

Demographics
Age (year) 39.12 [13.01]  37.63 [11.91]    0.501*
Male/female (%)     44 (77.2)/ 

  13 (22.8)
     54 (76.1)/ 
   17 (23.9)

   0.880‡ 

Clinical symptom
PANSS

Positive     15.65 [5.34]
Negative     14.93 [5.56]

Neurocognitive function (t-score)
WASI (IQ) 96.74 [17.88] 111.82 [12.08] <0.001†

Symbol search 7.23 [2.86] 10.55 [2.75] <0.001*
FAS     38.60 [8.84] 41.38 [7.93]    0.063*
NAB-Mazes  44.52 [10.79]a  54.32 [8.36]d <0.001†

CPT-IP  34.95 [14.37]b  50.24 [9.85]c <0.001†

MSCEIT 41.42 [12.57]  52.30 [9.95]e <0.001*
The sample numbers were different due to missing data: a: 54, b: 56, 
c: 66, d: 69, e: 71. Continuous variables are presented as mean [stan-
dard deviation]. *independent t-test, †Welch’s t-test, ‡chi-squared 
test; Statistically significant p<0.05. PANSS: Positive and Negative 
Syndrome Scale, WASI: Wechsler Abbreviated Scale of Intelligence, 
NAB-Mazes: Neuropsychological Assessment Battery Mazes Test, 
CPT-IP: Continuous Performance Test, Identical Pairs version, MS-
CEIT: Mayer-Salovey-Caruso Emotional Intelligence Test

ject, we compared the abnormal ROI numbers between the pa-
tient group and healthy participants. The number of ROIs with 
Z-score>+1.96, and <-1.96 were compared separately, and the 
comparison was repeated with each diffusion measure.

The number of ROIs with increased RD was 11.16 (SD= 
13.65) in the patient group and 5.44 (SD=8.97) in healthy par-
ticipants [t (126)=2.848, p=0.005]. The number of ROIs with 
increased TR in the patient group was 10.26 (SD=11.87) and 
5.49 (SD=8.35) in healthy participants [t (126)=2.664, p=0.009]. 
Both p-values were unadjusted, but still survived the FDR 
threshold.

Meanwhile, the number of ROIs with increased AD was 
8.35 (SD=9.29) in the patient group and 5.38 (SD=7.31) in 
healthy participants. The number of ROIs with decreased FA 
was 5.98 (SD=8.57) in the patient group and 3.25 (SD=7.36) in 
the healthy participants. Both results showed expected trends, 
but the differences did not reach statistical significance [AD:  
t (104.788)=1.974, p=0.051; FA: t (110.834)=1.906, p=0.059]. 
No other statistically significant difference was observed. All 
comparisons are shown in Figure 1.

Clinical correlation
For clinical symptoms, there was no statistically significant 
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correlation between PANSS positive symptom scores and the 
number of ROIs with increased RD or TR [RD: r (57)=0.068, 
p=0.617; TR: r (57)=-0.021, p=0.875]. PANSS negative symp-
tom scores also did not show a significant correlation to the 
number of ROIs with increased RD or TR [RD: r (57)=0.167, 
p=0.215; TR: r (57)=0.093, p=0.490]. For general intelligence, 
the IQ score measured by WASI showed no significant corre-
lation with the number of ROIs with increased RD or TR [RD: 
r (57)=-0.105, p=0.438; TR: r (57)=-0.152, p=0.260]. However, 
few significant associations were found between neurocog-
nitive functions and the number of ROIs with increased RD 
or TR.

In the Symbol Search test, the numbers of ROIs with in-
creased RD and TR were inversely correlated with t-scores 
[RD: r (57)=-0.320, p=0.015; TR: r (57)=-0.321, p=0.015]. For 
verbal fluency, the FAS test t-scores were also inversely associ-
ated with the numbers of ROIs with increased RD and TR. 
However, only the number of ROIs with increased TR 
reached statistical significance [RD: r (57)=-0.255, p=0.056; 
TR: r (57)=-0.321, p=0.015]. All p-values were unadjusted, 
and failed to survive the FDR threshold. For the Mazes Test, 
CPT-IP, and the MSCEIT, there was no significant correlation 
between t-scores and the number of abnormal ROIs with in-
creased RD or TR. Detailed correlations are shown in Table 2.

Figure 1. Number of abnormal regions of interest (ROIs). A: Number of ROIs with Z-score>+1.96. B: Number of ROIs with Z-score<-1.96. 
Upper margin of each bar represents the mean value and each error bar represents one standard deviation. *statistically significant p<0.05 
(unadjusted), but still survived the FDR threshold. FA: fractional anisotropy, AD: axial diffusivity, RD: radial diffusivity, TR: trace.

Table 2. Clinical correlations in the patient group

RD+† TR+†

r p-value r p-value
Clinical symptom

PANSS
Positive 0.068 0.617 -0.021 0.875
Negative 0.167 0.215 0.093 0.490

Neurocognitive function (t-score)
WASI (IQ) -0.105 0.438 -0.152 0.260
Symbol search -0.320 0.015* -0.321 0.015*
FAS -0.255 0.056 -0.289 0.029*
NAB-Mazes -0.174 0.209 -0.235 0.087
CPT-IP -0.108 0.428 -0.080 0.558
MSCEIT -0.131 0.332 -0.138 0.307

*statistically significant p<0.05 (unadjusted), but none of the fac-
tors survived the FDR threshold, †Z-score>+1.96. PANSS: Positive 
and Negative Syndrome Scale, WASI: Wechsler Abbreviated Scale 
of Intelligence, NAB-Mazes: Neuropsychological Assessment Bat-
tery Mazes Test, CPT-IP: Continuous Performance Test, Identical 
Pairs version, MSCEIT: Mayer-Salovey-Caruso Emotional Intelli-
gence Test, AD: axial diffusivity, RD: radial diffusivity, TR: trace

Frequency of each ROI
In addition, the total frequency of each ROI counted as 

having increased RD and TR among the whole patient group 
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was estimated. Almost all ROIs, except 2 for increased RD 
and except 6 for increased TR, were counted more than at 
least one time as “abnormal” among the patient group. The 
mean counts were 3.95 (SD=2.49) for increased RD and 3.63 
(SD=2.63) for increased TR. Furthermore, we tried to figure 
out whether there were major ROIs contributing to the patho-
physiology of schizophrenia. However, there was no signifi-
cant pattern of abnormal count for each ROI. Figure 2 shows 
the frequency by gradient colors.

DISCUSSION

In this study, we investigated 161 ROIs, including both 
white and grey matter, in the brain of each study participant 
and counted the number of abnormal ROIs with structural 
alterations represented by altered diffusivities. Then, we tried 
to compare the counted numbers between patients with 
schizophrenia and healthy participants. To our knowledge, 
this approach has not been tried previously. We believe that 
this could be an innovative method to evaluate the additive 

burden of neuronal microstructural alterations throughout 
the brain of patients with schizophrenia.

Comparison of the numbers of abnormal ROIs with Z-
score>+1.96 or Z-score<-1.96 with each diffusion measure (FA, 
AD, RD, and TR) revealed that the numbers of ROIs with in-
creased (Z-score>+1.96) RD and increased TR were significant-
ly larger in the patient group than in the healthy participants. 
Since increased RD and TR indicate naturally unfavorable 
movement of water molecules due to the destruction of cellular 
microstructures such as myelin sheath49,50 and decreased mem-
brane density due to alterations of cellularity caused by edema 
or necrosis,51 respectively, it was anticipated that patients with 
schizophrenia possess larger numbers of abnormal ROIs with 
increased RD and TR as shown in our study.

Meanwhile, the numbers of ROIs with decreased FA and in-
creased AD were also larger in patients with schizophrenia. 
Since FA represents well-established connectivity between 
neurons52 and increased AD indicates disintegration of axons 
due to axonal damage by inflammation,53 the brain with 
schizophrenia was expected to show decreased FA and in-
creased AD. However, we only found trends without statistical 
significance, contrary to the findings obtained with RD and 
TR. This might be due to the physiological sensitivity of RD 
and TR in this study since we investigated both white and grey 
matter of the brain.

Since only the numbers of ROIs with increased RD and TR 
seemed to be significantly larger in the patient group in com-
parison with healthy participants, the associations between 
these two numbers and measures of clinical symptoms and 
neurocognitive function were estimated by Spearman’s rho 
analysis in the patient group. However, the number of abnor-
mal ROIs by any diffusion measure showed no significant 
correlation to symptom severities measured by PANSS scores. 
This result was not consistent with current literature, which 
reported correlations between symptom severity and in-
creased RD54 or TR55 in patients with schizophrenia. Howev-
er, considering the hypothesis that the number of abnormal 
ROIs represents comprehensive brain structural abnormality, 
this number might not be directly related to psychiatric 
symptoms, which are generally determined by few specific 
anatomical regions. For instance, one of the most common 
psychiatric symptoms, auditory hallucination, was previously 
known to be related to few specific ROIs.56

In terms of neurocognitive function, few significant associa-
tions with the numbers of abnormal ROIs were still found. The 
numbers of ROIs with increased RD and TR were inversely 
associated with the t-scores in the Symbol Search test, and the 
number of ROIs with increased TR was also inversely associat-
ed with the FAS test t-score. This result was in accordance with 
previous studies showing that patients with schizophrenia 

Figure 2. Total frequency of each ROI counted as abnormal. The 
total frequency of each ROI counted as abnormal among the 
whole patient group was presented with gradient colors. The 
brighter the color, the more frequently each ROI was counted as 
abnormal. The images were overlaid with T1-weighted brain im-
ages to show the relative anatomical position of each colored 
ROI. A: Increased RD. B: Increased TR.

A  

B  
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generally have impaired processing speed.57 Furthermore, ver-
bal fluency measured by the FAS test deteriorated as the num-
ber of ROIs with increased TR became larger. Schizophrenia 
patients are known to show impaired verbal fluency due to the 
fronto-striatal dysfunction.58 In fact, numerous studies18,23,59,60 
have already reported the correlation between altered diffusiv-
ity and cognitive dysfunction.

However, there was no significant correlation between the 
numbers of abnormal ROIs with increased RD or TR and t-
scores in the Mazes Test, the CPT-IP, and the MSCEIT, al-
though patients with schizophrenia have been known to show 
impaired visuospatial function,61 impaired attention,62 and so-
cial cognition.63 This finding could be attributed to the gener-
ally small number of abnormal ROIs achieved with each diffu-
sion measure. Since we arbitrarily set the cutoff Z-score from 
the p-value of 0.05 (95%) without a physiological or statistical 
standard, the number of abnormal ROIs might be too small. 
Considering the different physiological characteristics in each 
anatomical region, the cutoff for each ROI should have been 
different. Further research considering the physiological char-
acteristics of each anatomical region is recommended.

In addition, by estimating the total frequency of each ROI 
counted as having increased RD and TR among the whole pa-
tient group, we found that there was no significant pattern of 
abnormal count for each ROI. In other words, it was suggested 
that not only few major ROIs, but a number of different ROIs 
contributed to the pathophysiology of schizophrenia. This also 
suggested that schizophrenia is attributable to the additive 
burden of structural alterations within multiple brain regions. 
In fact, previous studies also reported widespread white matter 
pathology in schizophrenia.9,64 However, in this study, we ad-
ditionally used more diffusion measures other than FA and 
found that this widespread pathology might also involve both 
white and even grey matter.

Notably, the study had some limitations. First, the group dif-
ferences in diffusion measures might be attributable to head 
motion, not physiological differences.65 However, we did adjust 
the head motion by affine transformation to minimize the ar-
tifacts. In addition, previous studies had no consensus on 
whether schizophrenia patients show increased head motion 
due to the psychiatric symptoms.66-68 Second, although we in-
vestigated diffusivities of both white and grey matter to com-
prehensively understand the abnormalities of the brain with 
schizophrenia, the physiological difference between white and 
grey matter should be taken into account. Thus, as mentioned 
before, we used additional diffusion measures other than FA 
which are less affected by lower anisotropy of grey matter 
comparing to white matter. In fact, RD and TR were revealed 
as significant in this study. Third, we did not include antipsy-
chotic medication for analyses due to the limited data. Since it 

has been suggested that antipsychotic medications can alter 
diffusion measures,21,69 further research with medication data 
is strongly recommended. Moreover, the duration of illness 
was also excluded in analyses. Since a number of studies have 
reported gradual deterioration of the brain with schizophre-
nia,70,71 further investigation with information regarding the 
illness duration is also suggested.

Despite these limitations, we found a few remarkable differ-
ences in the number of abnormal ROIs between patients with 
schizophrenia and healthy participants. Although there have 
been numerous studies on the alterations in diffusion mea-
sures in the brain with schizophrenia72 since the introduction 
of DTI in schizophrenia research,14 most of them focused only 
on white matter of the brain and often single anatomical ROI. 
Previous studies usually compared the mean value of diffusion 
measures between patients and healthy participants. Although 
these studies reported a few noticeable findings, there was no 
consensus regarding the pathognomonic anatomical region 
related to schizophrenia. Thus, we hypothesized that instead of 
a single anatomical region, multiple regions concurrently 
cause schizophrenia. In other words, a number of small physi-
ological alterations in each brain region may concurrently re-
sult in disease development, similar to the polygenic model. 
By counting and comparing the number of abnormal ROIs by 
each diffusion measure, we could determine the additive bur-
den of altered diffusivity in the brain.

In conclusion, we identified not only a significant increase 
in number of abnormal ROIs in patients with schizophrenia, 
but also the fact that these abnormal ROIs were widespread 
over the whole brain, including both white and grey matter. 
Furthermore, there were even clinical correlations with the 
number of abnormal ROIs. This strongly suggested that 
schizophrenia is not caused by the pathology of a single brain 
region, but is instead attributable to the additive burden of 
structural alterations within multiple brain regions. Further-
more, the findings also suggested that assessments of the ad-
ditive burden of all regions instead of a single anatomical re-
gion could be an innovative approach for DTI studies in 
schizophrenia. Future research with other neuroimaging 
data is required for generalizing and verifying the results 
from this study.
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Supplementary Table 1. List of regions of interest (ROIs)

Left-Cerebral-White-Matter
Left-Thalamus-Proper
Left-Caudate
Left-Putamen
Left-Pallidum
Left-Hippocampus
Left-Amygdala
Left-Accumbens-area
Left-VentralDC
Right-Cerebral-White-Matter
Right-Thalamus-Proper
Right-Caudate
Right-Putamen
Right-Pallidum
Right-Hippocampus
Right-Amygdala
Right-Accumbens-area
Right-VentralDC
CC_Posterior
CC_Mid_Posterior
CC_Central
CC_Mid_Anterior
CC_Anterior
ctx-lh-bankssts
ctx-lh-caudalanteriorcingulate
ctx-lh-caudalmiddlefrontal
ctx-lh-cuneus
ctx-lh-entorhinal
ctx-lh-fusiform
ctx-lh-inferiorparietal
ctx-lh-inferiortemporal
ctx-lh-isthmuscingulate
ctx-lh-lateraloccipital
ctx-lh-lateralorbitofrontal
ctx-lh-lingual
ctx-lh-medialorbitofrontal
ctx-lh-middletemporal
ctx-lh-parahippocampal
ctx-lh-paracentral
ctx-lh-parsopercularis
ctx-lh-parsorbitalis
ctx-lh-parstriangularis
ctx-lh-pericalcarine
ctx-lh-postcentral
ctx-lh-posteriorcingulate
ctx-lh-precentral
ctx-lh-precuneus
ctx-lh-rostralanteriorcingulate
ctx-lh-rostralmiddlefrontal
ctx-lh-superiorfrontal
ctx-lh-superiorparietal
ctx-lh-superiortemporal
ctx-lh-supramarginal
ctx-lh-frontalpole

ctx-lh-temporalpole
ctx-lh-transversetemporal
ctx-lh-insula
ctx-rh-bankssts
ctx-rh-caudalanteriorcingulate
ctx-rh-caudalmiddlefrontal
ctx-rh-cuneus
ctx-rh-entorhinal
ctx-rh-fusiform
ctx-rh-inferiorparietal
ctx-rh-inferiortemporal
ctx-rh-isthmuscingulate
ctx-rh-lateraloccipital
ctx-rh-lateralorbitofrontal
ctx-rh-lingual
ctx-rh-medialorbitofrontal
ctx-rh-middletemporal
ctx-rh-parahippocampal
ctx-rh-paracentral
ctx-rh-parsopercularis
ctx-rh-parsorbitalis
ctx-rh-parstriangularis
ctx-rh-pericalcarine
ctx-rh-postcentral
ctx-rh-posteriorcingulate
ctx-rh-precentral
ctx-rh-precuneus
ctx-rh-rostralanteriorcingulate
ctx-rh-rostralmiddlefrontal
ctx-rh-superiorfrontal
ctx-rh-superiorparietal
ctx-rh-superiortemporal
ctx-rh-supramarginal
ctx-rh-frontalpole
ctx-rh-temporalpole
ctx-rh-transversetemporal
ctx-rh-insula
wm-lh-bankssts
wm-lh-caudalanteriorcingulate
wm-lh-caudalmiddlefrontal
wm-lh-cuneus
wm-lh-entorhinal
wm-lh-fusiform
wm-lh-inferiorparietal
wm-lh-inferiortemporal
wm-lh-isthmuscingulate
wm-lh-lateraloccipital
wm-lh-lateralorbitofrontal
wm-lh-lingual
wm-lh-medialorbitofrontal
wm-lh-middletemporal
wm-lh-parahippocampal
wm-lh-paracentral
wm-lh-parsopercularis

wm-lh-parsorbitalis
wm-lh-parstriangularis
wm-lh-pericalcarine
wm-lh-postcentral
wm-lh-posteriorcingulate
wm-lh-precentral
wm-lh-precuneus
wm-lh-rostralanteriorcingulate
wm-lh-rostralmiddlefrontal
wm-lh-superiorfrontal
wm-lh-superiorparietal
wm-lh-superiortemporal
wm-lh-supramarginal
wm-lh-frontalpole
wm-lh-temporalpole
wm-lh-transversetemporal
wm-lh-insula
wm-rh-bankssts
wm-rh-caudalanteriorcingulate
wm-rh-caudalmiddlefrontal
wm-rh-cuneus
wm-rh-entorhinal
wm-rh-fusiform
wm-rh-inferiorparietal
wm-rh-inferiortemporal
wm-rh-isthmuscingulate
wm-rh-lateraloccipital
wm-rh-lateralorbitofrontal
wm-rh-lingual
wm-rh-medialorbitofrontal
wm-rh-middletemporal
wm-rh-parahippocampal
wm-rh-paracentral
wm-rh-parsopercularis
wm-rh-parsorbitalis
wm-rh-parstriangularis
wm-rh-pericalcarine
wm-rh-postcentral
wm-rh-posteriorcingulate
wm-rh-precentral
wm-rh-precuneus
wm-rh-rostralanteriorcingulate
wm-rh-rostralmiddlefrontal
wm-rh-superiorfrontal
wm-rh-superiorparietal
wm-rh-superiortemporal
wm-rh-supramarginal
wm-rh-frontalpole
wm-rh-temporalpole
wm-rh-transversetemporal
wm-rh-insula
Left-UnsegmentedWhiteMatter
Right-UnsegmentedWhiteMatter

ctx: cortex, wh: white matter, lh: left hemisphere, rh: right hemisphere, DC: diencephalon, CC: corpus callosum



Supplementary Table 2. Raw diffusion measures in every region of interest (ROI)

ROI
FA AD RD TR

Mean SD Mean SD Mean SD Mean SD
Left-Cerebral-White-Matter 4.181.E-01 6.191.E-02 3.122.E-03 6.063.E-04 7.307.E-05 2.454.E-04 3.269.E-03 3.922.E-04
Left-Thalamus-Proper 3.950.E-01 2.424.E-02 3.209.E-03 6.693.E-04 -3.940.E-04 3.451.E-04 2.422.E-03 1.223.E-04
Left-Caudate 2.648.E-01 2.902.E-02 2.747.E-03 5.012.E-04 -1.956.E-04 3.692.E-04 2.356.E-03 4.078.E-04
Left-Putamen 3.137.E-01 3.030.E-02 3.778.E-03 9.176.E-04 1.520.E-05 1.918.E-04 3.808.E-03 5.476.E-04
Left-Pallidum 4.887.E-01 6.628.E-02 3.476.E-03 7.602.E-04 -1.980.E-05 1.937.E-04 3.436.E-03 4.362.E-04
Left-Hippocampus 2.917.E-01 2.831.E-02 3.092.E-03 6.201.E-04 7.476.E-05 2.525.E-04 3.242.E-03 2.419.E-04
Left-Amygdala 2.571.E-01 2.701.E-02 2.576.E-03 4.512.E-04 2.426.E-04 2.237.E-04 3.061.E-03 2.540.E-04
Left-Accumbens-area 3.582.E-01 6.238.E-02 2.941.E-03 6.148.E-04 -2.418.E-04 3.333.E-04 2.457.E-03 4.487.E-04
Left-VentralDC 5.092.E-01 3.859.E-02 4.326.E-03 9.091.E-04 -4.732.E-04 4.020.E-04 3.379.E-03 2.438.E-04
Right-Cerebral-White-Matter 3.807.E-01 4.606.E-02 3.801.E-03 7.596.E-04 -3.690.E-04 4.346.E-04 3.063.E-03 4.387.E-04
Right-Thalamus-Proper 3.792.E-01 2.082.E-02 4.334.E-03 1.011.E-03 -2.135.E-04 3.066.E-04 3.907.E-03 4.173.E-04
Right-Caudate 2.563.E-01 2.885.E-02 2.877.E-03 5.488.E-04 1.754.E-04 2.605.E-04 3.227.E-03 3.985.E-04
Right-Putamen 3.028.E-01 2.459.E-02 2.744.E-03 5.763.E-04 2.261.E-05 1.978.E-04 2.789.E-03 1.965.E-04
Right-Pallidum 4.172.E-01 4.560.E-02 2.797.E-03 5.491.E-04 -1.418.E-04 2.484.E-04 2.513.E-03 1.396.E-04
Right-Hippocampus 2.753.E-01 2.272.E-02 3.352.E-03 6.786.E-04 1.527.E-04 2.463.E-04 3.657.E-03 2.818.E-04
Right-Amygdala 2.427.E-01 2.053.E-02 2.345.E-03 3.733.E-04 2.573.E-04 2.298.E-04 2.860.E-03 2.741.E-04
Right-Accumbens-area 3.961.E-01 5.980.E-02 3.109.E-03 6.637.E-04 -1.771.E-04 2.551.E-04 2.755.E-03 2.236.E-04
Right-VentralDC 4.818.E-01 2.890.E-02 5.332.E-03 1.214.E-03 -9.176.E-05 2.965.E-04 5.149.E-03 6.569.E-04
CC_Posterior 7.127.E-01 7.036.E-02 4.991.E-03 9.748.E-04 -6.837.E-03 2.387.E-03 -8.684.E-03 3.811.E-03
CC_Mid_Posterior 5.865.E-01 6.306.E-02 5.244.E-03 1.083.E-03 -3.784.E-03 1.473.E-03 -2.325.E-03 1.893.E-03
CC_Central 5.990.E-01 4.766.E-02 3.639.E-03 6.343.E-04 -4.442.E-03 1.665.E-03 -5.245.E-03 2.722.E-03
CC_Mid_Anterior 6.183.E-01 4.950.E-02 3.505.E-03 6.383.E-04 -5.317.E-03 1.909.E-03 -7.128.E-03 3.206.E-03
CC_Anterior 5.912.E-01 6.920.E-02 3.741.E-03 6.184.E-04 -4.191.E-03 1.623.E-03 -4.640.E-03 2.675.E-03
ctx-lh-bankssts 2.103.E-01 2.274.E-02 1.562.E-03 1.857.E-04 1.713.E-04 2.172.E-04 1.939.E-03 3.048.E-04
ctx-lh-caudalanteriorcingulate 2.224.E-01 2.942.E-02 2.348.E-03 4.200.E-04 2.577.E-04 2.020.E-04 2.864.E-03 2.273.E-04
ctx-lh-caudalmiddlefrontal 2.110.E-01 2.282.E-02 1.897.E-03 2.547.E-04 3.824.E-04 1.917.E-04 2.829.E-03 2.480.E-04
ctx-lh-cuneus 2.149.E-01 2.528.E-02 1.768.E-03 2.340.E-04 2.468.E-04 2.077.E-04 2.260.E-03 2.721.E-04
ctx-lh-entorhinal 2.785.E-01 3.521.E-02 3.387.E-03 6.572.E-04 2.317.E-04 3.398.E-04 3.849.E-03 6.527.E-04
ctx-lh-fusiform 2.482.E-01 2.222.E-02 2.151.E-03 3.450.E-04 -2.700.E-05 2.756.E-04 2.122.E-03 2.499.E-04
ctx-lh-inferiorparietal 2.052.E-01 2.063.E-02 1.722.E-03 2.242.E-04 1.064.E-04 2.431.E-04 1.962.E-03 3.276.E-04
ctx-lh-inferiortemporal 2.849.E-01 2.899.E-02 2.442.E-03 4.620.E-04 -2.667.E-04 3.232.E-04 1.915.E-03 2.628.E-04
ctx-lh-isthmuscingulate 2.392.E-01 2.166.E-02 1.831.E-03 2.400.E-04 2.207.E-04 2.091.E-04 2.272.E-03 2.546.E-04
ctx-lh-lateraloccipital 2.019.E-01 2.050.E-02 1.950.E-03 2.974.E-04 1.000.E-04 2.400.E-04 2.382.E-03 2.238.E-04
ctx-lh-lateralorbitofrontal 2.682.E-01 2.662.E-02 2.539.E-03 4.521.E-04 -2.658.E-04 3.586.E-04 2.081.E-03 3.166.E-04
ctx-lh-lingual 2.201.E-01 2.105.E-02 1.875.E-03 2.458.E-04 8.138.E-05 2.701.E-04 2.069.E-03 3.330.E-04
ctx-lh-medialorbitofrontal 2.883.E-01 3.562.E-02 2.532.E-03 4.751.E-04 -2.481.E-05 2.812.E-04 2.683.E-03 3.171.E-04
ctx-lh-middletemporal 2.239.E-01 2.001.E-02 1.696.E-03 2.391.E-04 3.652.E-05 2.360.E-04 2.063.E-03 2.730.E-04
ctx-lh-parahippocampal 2.399.E-01 3.321.E-02 2.763.E-03 4.945.E-04 3.674.E-04 2.759.E-04 3.498.E-03 5.334.E-04
ctx-lh-paracentral 2.311.E-01 2.891.E-02 1.957.E-03 2.833.E-04 3.050.E-04 2.042.E-04 2.567.E-03 2.645.E-04
ctx-lh-parsopercularis 2.147.E-01 2.453.E-02 1.819.E-03 2.184.E-04 4.213.E-04 1.843.E-04 2.737.E-03 2.261.E-04
ctx-lh-parsorbitalis 2.298.E-01 2.742.E-02 2.066.E-03 2.994.E-04 8.120.E-05 2.800.E-04 2.457.E-03 3.013.E-04
ctx-lh-parstriangularis 2.232.E-01 2.557.E-02 1.667.E-03 1.863.E-04 2.181.E-04 2.377.E-04 2.134.E-03 3.579.E-04
ctx-lh-pericalcarine 2.143.E-01 2.294.E-02 1.965.E-03 2.802.E-04 2.987.E-04 2.018.E-04 2.563.E-03 2.258.E-04
ctx-lh-postcentral 2.161.E-01 2.347.E-02 1.858.E-03 2.107.E-04 2.909.E-04 2.440.E-04 2.721.E-03 3.166.E-04
ctx-lh-posteriorcingulate 2.133.E-01 2.532.E-02 2.393.E-03 4.444.E-04 4.547.E-04 1.314.E-04 3.302.E-03 2.647.E-04
ctx-lh-precentral 2.056.E-01 2.415.E-02 1.911.E-03 2.252.E-04 2.717.E-04 2.539.E-04 2.664.E-03 3.110.E-04
ctx-lh-precuneus 2.333.E-01 2.506.E-02 1.749.E-03 2.123.E-04 -1.777.E-04 3.417.E-04 1.393.E-03 5.000.E-04
ctx-lh-rostralanteriorcingulate 2.320.E-01 2.554.E-02 1.656.E-03 1.981.E-04 1.811.E-04 2.429.E-04 2.018.E-03 4.067.E-04
ctx-lh-rostralmiddlefrontal 2.071.E-01 2.226.E-02 1.720.E-03 2.003.E-04 3.395.E-04 2.009.E-04 2.581.E-03 2.575.E-04
ctx-lh-superiorfrontal 2.214.E-01 2.368.E-02 2.262.E-03 3.394.E-04 3.264.E-04 2.253.E-04 2.987.E-03 2.199.E-04
ctx-lh-superiorparietal 2.038.E-01 2.830.E-02 1.829.E-03 1.929.E-04 1.098.E-04 3.190.E-04 2.138.E-03 4.972.E-04
ctx-lh-superiortemporal 2.249.E-01 1.909.E-02 2.001.E-03 2.986.E-04 4.467.E-05 2.619.E-04 2.338.E-03 2.253.E-04
ctx-lh-supramarginal 2.045.E-01 2.092.E-02 1.646.E-03 1.897.E-04 9.485.E-05 2.640.E-04 2.031.E-03 3.575.E-04
ctx-lh-frontalpole 2.863.E-01 1.084.E-01 2.163.E-03 4.841.E-04 -3.853.E-04 4.360.E-04 1.642.E-03 9.063.E-04
ctx-lh-temporalpole 2.771.E-01 3.125.E-02 2.957.E-03 5.771.E-04 -4.602.E-05 2.933.E-04 2.953.E-03 2.054.E-04
ctx-lh-transversetemporal 2.362.E-01 2.983.E-02 1.605.E-03 1.939.E-04 4.102.E-05 2.704.E-04 1.687.E-03 4.346.E-04
ctx-lh-insula 2.232.E-01 2.103.E-02 1.875.E-03 2.162.E-04 7.736.E-05 3.031.E-04 2.030.E-03 4.484.E-04
ctx-rh-bankssts 2.050.E-01 2.279.E-02 1.430.E-03 1.545.E-04 -4.097.E-05 2.757.E-04 1.348.E-03 4.342.E-04
ctx-rh-caudalanteriorcingulate 2.189.E-01 2.194.E-02 1.934.E-03 2.829.E-04 3.666.E-04 1.695.E-04 2.667.E-03 2.030.E-04
ctx-rh-caudalmiddlefrontal 2.083.E-01 2.438.E-02 1.841.E-03 2.304.E-04 1.719.E-04 2.678.E-04 2.418.E-03 3.436.E-04
ctx-rh-cuneus 2.221.E-01 2.920.E-02 2.098.E-03 3.335.E-04 3.884.E-04 1.666.E-04 3.044.E-03 2.042.E-04
ctx-rh-entorhinal 2.714.E-01 3.344.E-02 4.377.E-03 8.591.E-04 1.413.E-04 4.082.E-04 4.666.E-03 5.560.E-04
ctx-rh-fusiform 2.439.E-01 2.360.E-02 2.416.E-03 4.120.E-04 1.436.E-04 2.365.E-04 2.743.E-03 1.654.E-04
ctx-rh-inferiorparietal 1.995.E-01 2.203.E-02 1.776.E-03 2.334.E-04 2.041.E-04 2.254.E-04 2.426.E-03 2.422.E-04
ctx-rh-inferiortemporal 2.658.E-01 2.442.E-02 2.234.E-03 3.791.E-04 -1.384.E-04 2.952.E-04 2.068.E-03 2.479.E-04
ctx-rh-isthmuscingulate 2.400.E-01 2.490.E-02 1.839.E-03 2.367.E-04 3.030.E-04 1.905.E-04 2.445.E-03 2.346.E-04
ctx-rh-lateraloccipital 2.090.E-01 2.045.E-02 2.067.E-03 3.297.E-04 2.740.E-04 1.905.E-04 3.018.E-03 2.073.E-04
ctx-rh-lateralorbitofrontal 2.718.E-01 2.806.E-02 2.582.E-03 4.693.E-04 -3.642.E-04 3.917.E-04 2.080.E-03 3.110.E-04
ctx-rh-lingual 2.239.E-01 2.241.E-02 2.230.E-03 3.398.E-04 1.973.E-04 2.487.E-04 2.686.E-03 2.311.E-04
ctx-rh-medialorbitofrontal 2.675.E-01 3.090.E-02 2.013.E-03 2.945.E-04 1.165.E-05 2.833.E-04 2.378.E-03 3.286.E-04
ctx-rh-middletemporal 2.254.E-01 2.054.E-02 1.946.E-03 2.840.E-04 -1.209.E-04 3.079.E-04 1.851.E-03 3.307.E-04
ctx-rh-parahippocampal 2.196.E-01 2.633.E-02 3.249.E-03 5.959.E-04 3.955.E-04 2.812.E-04 4.038.E-03 4.663.E-04
ctx-rh-paracentral 2.162.E-01 2.393.E-02 2.121.E-03 3.294.E-04 3.808.E-04 1.791.E-04 2.883.E-03 2.037.E-04
ctx-rh-parsopercularis 2.111.E-01 2.178.E-02 1.734.E-03 1.938.E-04 1.586.E-04 2.626.E-04 2.055.E-03 3.872.E-04
ctx-rh-parsorbitalis 2.259.E-01 2.496.E-02 2.282.E-03 3.701.E-04 3.859.E-05 2.884.E-04 2.490.E-03 2.736.E-04
ctx-rh-parstriangularis 2.205.E-01 2.463.E-02 1.777.E-03 2.238.E-04 1.261.E-04 2.597.E-04 2.115.E-03 3.436.E-04
ctx-rh-pericalcarine 2.180.E-01 2.398.E-02 1.830.E-03 2.315.E-04 3.171.E-04 2.017.E-04 2.465.E-03 2.485.E-04
ctx-rh-postcentral 2.072.E-01 2.252.E-02 1.971.E-03 2.282.E-04 2.786.E-04 2.640.E-04 2.653.E-03 3.709.E-04
ctx-rh-posteriorcingulate 2.057.E-01 2.190.E-02 1.874.E-03 2.704.E-04 4.690.E-04 1.308.E-04 2.812.E-03 1.508.E-04
ctx-rh-precentral 1.968.E-01 2.318.E-02 2.037.E-03 2.572.E-04 3.501.E-04 2.394.E-04 2.843.E-03 3.084.E-04
ctx-rh-precuneus 2.286.E-01 2.417.E-02 1.832.E-03 2.247.E-04 5.799.E-05 2.778.E-04 1.951.E-03 3.622.E-04
ctx-rh-rostralanteriorcingulate 2.171.E-01 3.543.E-02 1.690.E-03 2.080.E-04 -2.197.E-06 3.220.E-04 1.685.E-03 5.696.E-04
ctx-rh-rostralmiddlefrontal 2.126.E-01 2.362.E-02 1.834.E-03 2.437.E-04 2.834.E-04 2.059.E-04 2.472.E-03 2.496.E-04
ctx-rh-superiorfrontal 2.183.E-01 2.067.E-02 1.913.E-03 2.297.E-04 1.860.E-04 2.657.E-04 2.382.E-03 3.281.E-04
ctx-rh-superiorparietal 2.045.E-01 2.717.E-02 1.952.E-03 2.205.E-04 -1.085.E-07 3.610.E-04 2.121.E-03 5.220.E-04
ctx-rh-superiortemporal 2.196.E-01 1.921.E-02 2.115.E-03 3.130.E-04 6.344.E-06 2.959.E-04 2.140.E-03 3.266.E-04
ctx-rh-supramarginal 1.950.E-01 2.155.E-02 1.738.E-03 2.011.E-04 3.230.E-04 2.102.E-04 2.531.E-03 2.746.E-04
ctx-rh-frontalpole 2.644.E-01 6.205.E-02 3.748.E-03 9.133.E-04 -4.966.E-04 4.285.E-04 4.262.E-03 9.539.E-04
ctx-rh-temporalpole 2.666.E-01 3.788.E-02 3.109.E-03 6.096.E-04 -3.373.E-04 4.147.E-04 2.411.E-03 4.166.E-04
ctx-rh-transversetemporal 2.281.E-01 2.700.E-02 1.906.E-03 2.672.E-04 3.044.E-04 1.994.E-04 2.515.E-03 2.605.E-04
ctx-rh-insula 2.184.E-01 2.091.E-02 1.890.E-03 2.238.E-04 1.287.E-04 2.778.E-04 2.147.E-03 3.792.E-04
wm-lh-bankssts 4.686.E-01 4.717.E-02 2.028.E-03 2.971.E-04 -6.266.E-04 3.805.E-04 7.750.E-04 4.799.E-04
wm-lh-caudalanteriorcingulate 5.882.E-01 4.979.E-02 3.835.E-03 7.998.E-04 -1.895.E-03 7.842.E-04 4.530.E-05 7.767.E-04
wm-lh-caudalmiddlefrontal 4.502.E-01 2.522.E-02 2.793.E-03 5.385.E-04 -3.388.E-04 2.999.E-04 2.082.E-03 1.133.E-04
wm-lh-cuneus 3.893.E-01 3.330.E-02 1.984.E-03 2.940.E-04 -5.507.E-05 2.162.E-04 1.875.E-03 1.611.E-04
wm-lh-entorhinal 3.272.E-01 4.947.E-02 3.692.E-03 8.200.E-04 -7.177.E-05 2.889.E-04 3.548.E-03 3.347.E-04
wm-lh-fusiform 4.283.E-01 3.669.E-02 2.993.E-03 6.085.E-04 -7.253.E-05 2.213.E-04 2.844.E-03 1.903.E-04
wm-lh-inferiorparietal 4.104.E-01 2.894.E-02 2.733.E-03 5.248.E-04 -1.797.E-04 2.574.E-04 2.349.E-03 1.006.E-04
wm-lh-inferiortemporal 4.037.E-01 3.774.E-02 3.645.E-03 8.188.E-04 -1.929.E-04 2.716.E-04 3.127.E-03 2.617.E-04
wm-lh-isthmuscingulate 6.030.E-01 2.894.E-02 3.201.E-03 5.664.E-04 -1.058.E-03 4.985.E-04 1.085.E-03 4.498.E-04
wm-lh-lateraloccipital 3.545.E-01 2.820.E-02 2.206.E-03 3.728.E-04 7.223.E-05 1.875.E-04 2.378.E-03 7.352.E-05
wm-lh-lateralorbitofrontal 4.206.E-01 3.141.E-02 3.476.E-03 7.512.E-04 -3.873.E-04 3.375.E-04 2.718.E-03 1.323.E-04
wm-lh-lingual 3.916.E-01 2.835.E-02 2.017.E-03 2.897.E-04 -1.239.E-04 2.479.E-04 1.772.E-03 2.188.E-04
wm-lh-medialorbitofrontal 3.832.E-01 5.358.E-02 3.926.E-03 8.803.E-04 -1.142.E-04 2.771.E-04 3.694.E-03 3.769.E-04
wm-lh-middletemporal 3.962.E-01 3.480.E-02 2.103.E-03 3.243.E-04 -3.068.E-04 3.117.E-04 1.504.E-03 3.102.E-04
wm-lh-parahippocampal 3.702.E-01 5.054.E-02 2.640.E-03 5.136.E-04 1.124.E-04 1.786.E-04 2.865.E-03 2.430.E-04
wm-lh-paracentral 4.620.E-01 2.964.E-02 4.053.E-03 9.656.E-04 -2.624.E-05 1.843.E-04 4.001.E-03 6.133.E-04
wm-lh-parsopercularis 4.605.E-01 2.841.E-02 2.064.E-03 2.885.E-04 -1.215.E-03 5.855.E-04 -3.664.E-04 8.879.E-04
wm-lh-parsorbitalis 3.735.E-01 4.149.E-02 1.975.E-03 2.754.E-04 -2.062.E-04 2.948.E-04 1.570.E-03 3.322.E-04
wm-lh-parstriangularis 4.430.E-01 2.908.E-02 1.832.E-03 2.266.E-04 -9.041.E-04 4.902.E-04 2.366.E-05 7.632.E-04
wm-lh-pericalcarine 4.309.E-01 3.376.E-02 2.490.E-03 4.104.E-04 -1.535.E-04 2.633.E-04 2.184.E-03 1.779.E-04
wm-lh-postcentral 3.981.E-01 3.624.E-02 1.946.E-03 2.831.E-04 -1.592.E-04 2.569.E-04 1.620.E-03 2.557.E-04
wm-lh-posteriorcingulate 5.996.E-01 3.056.E-02 5.870.E-03 1.446.E-03 -2.289.E-03 8.938.E-04 1.292.E-03 3.668.E-04
wm-lh-precentral 4.501.E-01 2.859.E-02 2.921.E-03 5.819.E-04 -3.574.E-04 3.012.E-04 2.205.E-03 8.605.E-05
wm-lh-precuneus 4.683.E-01 2.467.E-02 3.637.E-03 7.780.E-04 -4.797.E-04 3.425.E-04 2.677.E-03 1.287.E-04
wm-lh-rostralanteriorcingulate 4.252.E-01 4.726.E-02 2.410.E-03 3.712.E-04 -8.145.E-05 2.575.E-04 2.246.E-03 1.922.E-04
wm-lh-rostralmiddlefrontal 4.017.E-01 2.389.E-02 2.408.E-03 4.010.E-04 -3.504.E-04 3.336.E-04 1.699.E-03 2.835.E-04
wm-lh-superiorfrontal 4.460.E-01 2.499.E-02 4.193.E-03 9.764.E-04 1.436.E-04 1.553.E-04 4.409.E-03 6.558.E-04
wm-lh-superiorparietal 3.990.E-01 3.362.E-02 2.549.E-03 4.703.E-04 -3.830.E-06 2.068.E-04 2.517.E-03 1.103.E-04
wm-lh-superiortemporal 4.331.E-01 3.616.E-02 3.187.E-03 6.648.E-04 -5.411.E-04 3.723.E-04 2.108.E-03 1.395.E-04
wm-lh-supramarginal 4.266.E-01 3.113.E-02 2.082.E-03 3.215.E-04 -6.218.E-04 3.941.E-04 8.197.E-04 4.838.E-04
wm-lh-frontalpole 2.345.E-01 8.760.E-02 2.162.E-03 4.267.E-04 6.527.E-05 3.047.E-04 2.674.E-03 6.904.E-04
wm-lh-temporalpole 3.247.E-01 4.968.E-02 2.731.E-03 5.187.E-04 6.256.E-05 2.401.E-04 2.855.E-03 1.816.E-04
wm-lh-transversetemporal 4.781.E-01 5.723.E-02 1.819.E-03 2.531.E-04 -5.780.E-04 3.611.E-04 6.630.E-04 5.148.E-04
wm-lh-insula 4.808.E-01 2.874.E-02 3.913.E-03 8.759.E-04 -2.982.E-04 2.848.E-04 3.316.E-03 3.211.E-04
wm-rh-bankssts 4.951.E-01 3.174.E-02 2.044.E-03 2.798.E-04 -7.691.E-04 4.293.E-04 5.057.E-04 5.871.E-04
wm-rh-caudalanteriorcingulate 5.632.E-01 4.135.E-02 3.470.E-03 6.836.E-04 -1.890.E-03 7.826.E-04 -3.099.E-04 8.938.E-04
wm-rh-caudalmiddlefrontal 4.452.E-01 2.859.E-02 2.965.E-03 5.955.E-04 -7.202.E-05 2.131.E-04 2.785.E-03 1.926.E-04
wm-rh-cuneus 4.010.E-01 3.712.E-02 2.598.E-03 4.933.E-04 9.276.E-06 1.953.E-04 2.672.E-03 1.534.E-04
wm-rh-entorhinal 2.869.E-01 4.090.E-02 3.356.E-03 6.665.E-04 -5.721.E-05 3.303.E-04 3.239.E-03 2.848.E-04
wm-rh-fusiform 4.008.E-01 3.518.E-02 3.275.E-03 6.920.E-04 3.768.E-05 1.967.E-04 3.356.E-03 3.159.E-04
wm-rh-inferiorparietal 4.114.E-01 2.712.E-02 2.542.E-03 4.612.E-04 -4.806.E-04 3.532.E-04 1.580.E-03 2.605.E-04
wm-rh-inferiortemporal 3.958.E-01 3.164.E-02 2.730.E-03 5.167.E-04 -2.596.E-04 2.958.E-04 2.226.E-03 1.127.E-04
wm-rh-isthmuscingulate 5.912.E-01 2.982.E-02 3.378.E-03 6.303.E-04 -1.790.E-03 7.426.E-04 -2.010.E-04 8.619.E-04
wm-rh-lateraloccipital 3.750.E-01 3.050.E-02 2.284.E-03 4.012.E-04 5.766.E-05 1.835.E-04 2.438.E-03 1.005.E-04
wm-rh-lateralorbitofrontal 4.309.E-01 3.399.E-02 3.493.E-03 7.623.E-04 -2.934.E-04 2.940.E-04 2.908.E-03 2.035.E-04
wm-rh-lingual 3.951.E-01 3.477.E-02 2.513.E-03 4.468.E-04 -3.642.E-05 2.191.E-04 2.468.E-03 7.859.E-05
wm-rh-medialorbitofrontal 4.019.E-01 3.391.E-02 2.939.E-03 5.716.E-04 -1.322.E-04 2.605.E-04 2.721.E-03 1.487.E-04
wm-rh-middletemporal 3.849.E-01 2.999.E-02 2.776.E-03 5.366.E-04 -2.561.E-04 2.991.E-04 2.275.E-03 1.025.E-04
wm-rh-parahippocampal 3.559.E-01 4.256.E-02 2.952.E-03 5.864.E-04 1.581.E-04 1.800.E-04 3.270.E-03 2.841.E-04
wm-rh-paracentral 4.686.E-01 2.686.E-02 4.619.E-03 1.120.E-03 -6.398.E-05 2.041.E-04 4.491.E-03 7.212.E-04
wm-rh-parsopercularis 4.588.E-01 2.505.E-02 2.433.E-03 4.068.E-04 -1.281.E-03 6.063.E-04 -1.290.E-04 8.121.E-04
wm-rh-parsorbitalis 3.701.E-01 3.646.E-02 2.307.E-03 4.023.E-04 2.172.E-05 2.102.E-04 2.351.E-03 1.388.E-04
wm-rh-parstriangularis 4.435.E-01 2.814.E-02 2.055.E-03 3.071.E-04 -1.144.E-03 5.598.E-04 -2.328.E-04 8.221.E-04
wm-rh-pericalcarine 4.154.E-01 3.365.E-02 3.313.E-03 6.843.E-04 -1.847.E-05 2.230.E-04 3.256.E-03 2.827.E-04
wm-rh-postcentral 3.931.E-01 3.480.E-02 2.289.E-03 3.861.E-04 -1.012.E-04 2.472.E-04 2.075.E-03 1.553.E-04
wm-rh-posteriorcingulate 5.775.E-01 2.902.E-02 5.039.E-03 1.170.E-03 -2.348.E-03 9.212.E-04 3.426.E-04 6.817.E-04
wm-rh-precentral 4.410.E-01 2.802.E-02 2.745.E-03 5.192.E-04 -1.585.E-04 2.452.E-04 2.425.E-03 9.069.E-05
wm-rh-precuneus 4.657.E-01 2.669.E-02 3.984.E-03 8.841.E-04 -4.204.E-04 3.292.E-04 3.137.E-03 2.386.E-04
wm-rh-rostralanteriorcingulate 3.913.E-01 6.875.E-02 2.368.E-03 3.815.E-04 -1.106.E-04 2.714.E-04 2.147.E-03 1.993.E-04
wm-rh-rostralmiddlefrontal 4.165.E-01 2.903.E-02 3.022.E-03 6.087.E-04 -9.811.E-05 2.393.E-04 2.811.E-03 1.732.E-04
wm-rh-superiorfrontal 4.427.E-01 2.668.E-02 3.220.E-03 6.664.E-04 1.056.E-04 1.653.E-04 3.411.E-03 3.513.E-04
wm-rh-superiorparietal 3.931.E-01 2.946.E-02 2.754.E-03 5.302.E-04 3.177.E-06 2.075.E-04 2.732.E-03 1.399.E-04
wm-rh-superiortemporal 3.972.E-01 3.012.E-02 3.053.E-03 6.162.E-04 -3.050.E-04 3.146.E-04 2.440.E-03 8.587.E-05
wm-rh-supramarginal 4.127.E-01 2.326.E-02 2.529.E-03 4.514.E-04 -6.520.E-04 4.130.E-04 1.224.E-03 3.827.E-04
wm-rh-frontalpole 2.585.E-01 7.260.E-02 1.939.E-03 3.517.E-04 -1.276.E-03 6.640.E-04 6.472.E-04 8.248.E-04
wm-rh-temporalpole 3.035.E-01 4.365.E-02 2.217.E-03 3.296.E-04 -1.726.E-04 3.312.E-04 1.874.E-03 4.065.E-04
wm-rh-transversetemporal 4.804.E-01 5.151.E-02 3.357.E-03 7.044.E-04 -1.928.E-04 2.541.E-04 2.972.E-03 2.301.E-04
wm-rh-insula 4.689.E-01 2.346.E-02 4.040.E-03 9.025.E-04 -2.618.E-04 2.866.E-04 3.517.E-03 3.401.E-04
Left-UnsegmentedWhiteMatter 5.388.E-01 2.167.E-02 3.890.E-03 8.411.E-04 -9.424.E-04 4.803.E-04 2.005.E-03 1.522.E-04
Right-UnsegmentedWhiteMatter 5.278.E-01 2.245.E-02 4.352.E-03 9.877.E-04 -9.433.E-04 4.855.E-04 2.466.E-03 8.732.E-05
SD: standard deviation, ctx: cortex, wh: white matter, lh: left hemisphere, rh: right hemisphere, DC: diencephalon, CC: corpus callosum


