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1 | INTRODUCTION

Differences in genetics, culture, and environmental exposures may lead
to brain structure and function differences between various popula-
tions. There is extensive evidence suggesting that culture and sustained
experiences could affect brain and behavior. East Asian and Western

cultures have different biases for information processing due to

Abstract

Numerous behavioral observations and brain function studies have demonstrated that neu-
rological differences exist between East Asians and Westerners. However, the extent to
which these factors relate to differences in brain structure is still not clear. As the basis of
brain functions, the anatomical differences in brain structure play a primary and critical role
in the origination of functional and behavior differences. To investigate the underlying dif-
ferences in brain structure between the two cultural/ethnic groups, we conducted a
comparative study on education-matched right-handed young male adults (age = 22-29
years) from two cohorts, Han Chinese (n=45) and Caucasians (n=45), using high-
dimensional structural magnetic resonance imaging (MRI) data. Using two well-validated
imaging analysis techniques, surface-based morphometry (SBM) and voxel-based morphom-
etry (VBM), we performed a comprehensive vertex-wise morphometric analysis of the brain
structures between Chinese and Caucasian cohorts. We identified consistent significant
between-group differences in cortical thickness, volume, and surface area in the frontal,
temporal, parietal, occipital, and insular lobes as well as the cingulate cortices. The SBM
analyses revealed that compared with Caucasians, the Chinese population showed larger
cortical structures in the temporal and cingulate regions, and smaller structural measures
in the frontal and parietal cortices. The VBM data of the same sample was well-aligned
with the SBM findings. Our findings systematically revealed comprehensive brain struc-
tural differences between young male Chinese and Caucasians, and provided new
neuroanatomical insights to the behavioral and functional distinctions in the two cultural/

ethnic populations.
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different experiences and cultural values (Nisbett & Masuda, 2003;
Nisbett & Miyamoto, 2005; Nisbett, Peng, Choi, & Norenzayan, 2001;
Peng & Nisbett, 2000). In general, East Asians tend to consider them-
selves as part of a whole based on their collectivist culture, so that
have a holistic information-processing bias, that is, they encode infor-
mation of context and objects together and prioritize relational infor-
mation over categorical information. Whereas, Westerners trend to use
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rules and categories to process central objects and organize informa-
tion, because of the individualistic nature of their culture.

Recent neuroimaging studies have revealed cultural differences in
neural correlation of cognition and behavior (Ames & Fiske, 2010;
Chiao, Cheon, Pornpattanangkul, Mrazek, & Blizinsky, 2013; Han &
Northoff, 2008; Han et al., 2013). These studies, comparing functional
magnetic resonance imaging (fMRI) results of East Asians and Western-
ers, found stable differences in attention, categorization, and contex-
tual processing between the two groups. Compared with Westerners,
East Asians were found more likely to detect changes in contextual
information in a scene (Masuda & Nisbett, 2006). In addition, people’s
perception of the visual world may be affected by culture. East Asians,
compared with Westerners, process visual information in a more holis-
tic way considering the relationship between objects and context,
whereas Westerners focus on salient objects independent of the con-
text in an analytical style (Goh et al., 2010; Ji, Peng, & Nisbett, 2000;
Kitayama, Duffy, Kawamura, & Larsen, 2003; Masuda, Gonzalez, Kwan,
& Nisbett, 2008; Nisbett & Masuda, 2003; Nisbett & Miyamoto, 2005;
Nisbett et al., 2001). Cultural differences have also been linked to varia-
tions in processing facial stimuli (Blais, Jack, Scheepers, Fiset, & Caldara,
2008; Jack, Blais, Scheepers, Schyns, & Caldara, 2009; Tardif et al.,
2017).

Cultural differences have been shown to influence linguistic func-
tions of the brain (Xu, Baldauf, Chang, Desimone, & Tan, 2017). Tan
et al. (Siok, Perfetti, Jin, & Tan, 2004; Siok, Niu, Jin, Perfetti, & Tan,
2008) explored the structural-functional basis of development dyslexia
in Chinese readers using functional MRI, and found that the biological
basis of impaired reading was dependent on culture. For readers of
alphabetic writing systems (e.g., English), dyslexia was associated with
dysfunction of the left temporoparietal and occipitotemporal regions
(Aylward et al., 2003; Horwitz, Rumsey, & Donohue, 1998; Johansson,
2006; Shaywitz et al., 1998; Sun, Lee, & Kirby, 2010; Temple et al.,
2003). For readers of logographic writing systems (e.g., Chinese),
impaired reading was associated with structural and functional abnor-
malities of the left middle frontal gyrus.

Culture has also been shown to impact nonlinguistic neural func-
tioning. Social cognition studies found that people from East Asian cul-
tural contexts performed better on tasks with interdependent demands
than on those with independent demands, whereas Westerners dis-
played an opposite pattern (Hedden, Ketay, Aron, Markus, & Gabrieli,
2008; Kitayama et al., 2003). In a recent quantitative meta-analysis,
Han and Ma (2014) classified 35 functional MRI studies that compared
participants from East Asian (Chinese, Japanese, and Korean) and
Western (American and European) societies into three domains of
social cognitive, social affective, and nonsocial cognitive tasks. They
investigated cultural differences in brain activity underlying social and
nonsocial processes and found that cultural differences in the two
processes were mediated by distinct neural networks. East Asians
showed increased neural activity in the brain regions related to mental-
izing and emotion regulation, whereas Western culture were associated
with increased neural activity in the brain areas related to self-

reflection and emotional responses (Han & Ma, 2014).

Although a great number of behavioral observations and fMRI
studies suggested neural differences between cultures, possible corre-
sponding differences in brain structure have not been adequately
investigated (Park & Huang, 2010). To date, only a few structural imag-
ing studies have explored the brain structural differences between East
Asians and Westerners. Zilles, Kawashima, Dabringhaus, Fukuda, and
Schormann (2001) examined differences in brain hemispheric shape
across Japanese and European subjects using MRI and three-
dimensional reconstruction, and reported shorter and wider hemi-
spheres in Japanese subjects compared with Europeans. Kochunov
et al. used deformation field morphometry to detect differences in
brain shape between English-speaking Caucasians and Chinese-
speaking Asians. They attributed the differences in the gyri of the fron-
tal, temporal, and parietal lobes to the learned cognitive strategy of
native language, which altered systems-level organization of linguistic
functions, ultimately affecting anatomical plasticity (Kochunov et al.,
2003). A voxel-based morphometry (VBM) analysis of monolingual and
multilingual speakers showed greater gray matter density in the left
superior and middle temporal gyri, as well as the right superior tempo-
ral and left inferior frontal gyri in Chinese-language speakers, regardless
of whether they were Chinese or European (Green, Crinion, & Price,
2007). In one of our previous works (Tang et al., 2010), we performed
a morphometric comparison study using structural MRI data and found
that anatomical brain measurements including whole brain shape, size,
and regional brain structure volumes were significantly different
between Chinese and Caucasian populations. In order to assess
whether cognitive differences between Asians and Westerners were
accompanied by differences in brain structure, Chee, Zheng, Goh, Park,
and Sutton (2011) conducted a comparative study of structural volume
and cortical thickness on cognitively matched young and older Chinese
Singaporean and non-Asian American adults. The results showed that
non-Asian American young adults had higher cortical thickness in fron-
tal, parietal, and medial-temporal polymodal association areas in both
hemispheres.

Structural MRI is an integral part of assessing functional and
behavioral differences. Morphometry is a valuable tool for studying
human brain plasticity in vivo, and anatomical brain differences play a
primary and critical role in the origination of functional and behavioral
differences. Although the above structural imaging studies have exam-
ined differences in brain structure between East Asians and Western-
ers, the locations and extent of the differences between these two
cohorts are still poorly understood. The contradictory findings among
these structural and functional imaging studies may be caused by reli-
ance on a single brain morphological measurement (Green et al., 2007;
Tang et al., 2010; Zilles et al., 2001), or by the narrow focus of the
brain areas (Green et al., 2007; Kochunov et al., 2003), brain features
(Chee et al., 2011; Green et al., 2007; Kochunov et al., 2003; Tang
et al., 2010; Zilles et al., 2001), and subjects examined (Chee et al.,
2011). In the present study, we explored the cultural/ethnicity-based
brain differences with high quality structural MRI data from compara-
tively large samples of education-matched right-handed young Chinese
and Caucasian cohorts. Comprehensive surface-based morphometry
analyses were conducted across the brain for multiple structural
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TABLE 1 Demographic details of the subjects used in this study

Group details Chinese Caucasian

Number of subjects 45 45

Gender Male Male

Handedness Right-handed Right-handed

Age (years) 23.51 (1.14) 25.87 (2.20)

Education (years) 15.84 (0.37) 15.53 (1.06)
Mean (SD) Mean (SD)

measurements: cortical thickness, cortical volumes, and surface area.
Furthermore, the VBM analysis was used to investigate differences in
gray matter intensity and volume features. Our findings will provide
new neuroanatomical insights to the behavioral and functional distinc-

tions in the two populations.

2 | MATERIALS AND METHODS

2.1 | Subjects

About 59 normal right-handed Chinese male volunteers, without a his-
tory of any neurological, psychiatric, or medical iliness, were recruited
from the local community through the research center for sectional
and imaging anatomy at Shandong University Cheeloo College of Medi-
cine. All participants were examined by two experienced neurosur-
geons to exclude prior neurological diseases. Handedness test was
assessed by the Edinburgh handedness inventory (Oldfield, 1971).
Based on the quality of imaging data, 45 subjects (age = 23.51 = 1.14
years, education = 15.84 + 0.37 years) were used in the final analysis.
The local ethics committee at Shandong University Cheeloo College of
Medicine approved the study, and all participants provided written
informed consent before participating.

About 45 gender and education-level (15.53 + 1.06 years)
matched right-handed normal Caucasian (age = 25.87 +2.20 years)
subjects were selected from the Human Connectome Project (HCP)
datasets (Van Essen et al., 2012). The demographic features for the

two groups are presented in Table 1.

2.2 | Data acquisition and preparation

The 45 Caucasian subjects selected from the HCP database were
scanned in a Siemens 3.0T Skyra MRI scanner (Siemens AG, Erlangen,
Germany) using a 32-channel head coil with a customized protocol
(Glasser et al., 2013). For each subject, three-dimensional (3D) T1-
weighted MRI images were acquired using a MP-RAGE sequence with
0.7 mm isotropic resolution. The typical acquisition parameters were
echo time (TE) of 2.14 ms, repetition time (TR) of 2,400 ms, inversion
time (TI) of 1,000 ms, flip angle of 8°, and 224 mm of field of view.
The acquisition matrix was 224 X 224 X 256 in the x-, y-, and
z-dimensions.

For the 45 Chinese volunteers, high resolution MR images were

also acquired on a Siemens 3.0T Skyra MRI scanner using a 32-channel
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head coil. The sequence relevant to this study was a T1-weighted 3D
MP-RAGE optimized for gray-white matter contrast, and the similar
imaging parameters used in this study were as follows: TE = 2.96 mm,
TR =2,300 ms, Tl =900 ms, flip angle = 9° and field of view = 256 X
256. Matrix =256 X 256 and each volume consisted of 192 slices
with voxel sizes of 1 X 1 X 1 mm?.

All data were converted to NIFTI format for analysis using the
MRIcron software, and all brain images were globally aligned to the
ICBM152 brain template using a six-parameter linear transformation to
obtain common coordinates and spatial resolution. A quality control
(QC) procedure was carried out by one rater on all raw T1-weighted
images to ensure no visible motion artefacts or poor resolution of

gray/white matter contrast.

2.3 | Corticometric and morphometric analysis

2.3.1 | Image processing

All the MR images were processed with the FreeSurfer software (ver-
sion5.3.0, https://surfer.nmr.mgh.harvard.edu) to reconstruct and co-
register the cortical surfaces and estimate brain structural features
including cortical thickness, cortical volume, and surface area. The
stream of processing for each MR image included removal of nonbrain
tissue using a hybrid watershed algorithm (Segonne et al., 2004), bias
field correction, automated Talairach transformation, segmentation of
subcortical white matter and deep gray matter structures (Fischl et al.,
2002, 2004), intensity normalization, tessellation of the gray/white
matter boundary, and gray/cerebrospinal fluid (CSF) boundary, auto-
mated topology correction (Fischl, Liu, & Dale, 2001; Segonne et al.,
2007), and surface deformation following intensity gradients to opti-
mally place the gray/white and gray/CSF borders at the location where
the greatest shift in intensity defines the transition to the other tissue
class (Fischl & Dale, 2000). On completion of the cortical models, indi-
vidual cortical folding patterns were then registered to a spherical atlas
in order to match cortical geometry across subjects. Thickness was cal-
culated at each location of the cortex as the distance between the
white matter and pial surface (Fischl & Dale, 2000). Procedures for the
measurement of cortical thickness have been validated against histo-
logical analysis (Rosas et al., 2002) as well as manual measurements
(Kuperberg et al., 2003). All data were smoothed with a 20-mm full
width half maximum (FWHM) Gaussian kernel. The cerebral cortex was
then parcellated based on gyral and sulcal information derived from
manually traced brains (Desikan et al., 2006; Fischl et al., 2004). Mor-
phometric evaluation of each hemisphere was conducted independ-
ently. The pial surface and gray-white matter junction meshes were
carefully reviewed and edited manually as necessary by a single neuro-
anatomist (Tang), and all morphometric results were verified with the

assistance of quality control processes.

2.4 | Surface-based morphometric analysis

Statistical analyses on vertex-wise were implemented using the Surf-
Stat toolbox (http://www.math.mcgill/keith/surfstat/), which is a Mat-
lab toolbox for the statistical analysis of surface data using linear mixed
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Vertex-wise group differences in cortical volume (Chinese-Caucasian)

[]

FIGURE 1 Vertex-wise group differences in cortical volume
removing the effects of age, education-level, and total cortical vol-
ume (T-map, thresholded at FDR corrected p <.05). The Chinese
group had a larger volume in broad cortical regions including the
bilateral middle and inferior temporal gyri, the bilateral middle cin-
gulate and para-cingulate gyri, the bilateral olfactory gyri, the bilat-
eral para-hippocampal gyri, the bilateral middle occipital gyri, the
bilateral gyrus rectus, the right fusiform gyri, and the left angular
gyrus. The Caucasian group had a larger volume in the bilateral
medial prefrontal lobes, the bilateral superior frontal gyri, the bilat-
eral orbitofrontal gyri, the right precentral gyrus, and left paracen-
tral lobule [Color figure can be viewed at wileyonlinelibrary.com]

effects models. Between-group comparisons were conducted between
the Chinese and Caucasian groups with respect to cortical volume,
cortical surface area and cortical thickness using one-way ANOVA,
controlling for age, education-level and the total cortical volume, sur-
face area, and mean cortical thickness across the whole cortex. Signifi-
cance values were corrected by false discovery rate (FDR) with a level
of 0.05.

2.5 | Voxel-based morphometry (VBM) analysis

A long-standing issue with brain morphometry studies is the concern
that results acquired from different methods may be difficult to com-
pare (Chee et al., 2011; Klauschen, Goldman, Barra, Meyer-Lindenberg,
& Lundervold, 2009). To address this concern, we also processed the
same image data with Voxel-based morphometry (VBM) (Ashburner &
Friston, 2000; Good et al., 2001), which has been widely used in both
cross-sectional and longitudinal studies for detecting group anatomical
differences throughout the brain and allowing the production of maps
of density, volume, or other features of the brain tissue on a voxel-by-
voxel basis. In the current study, we performed a VBM analysis using
the VBMS8 toolbox (http://dbm.neuro.uni-jena.de/vbma8/) developed by
Christian Gaser within the Statistical Parametric Mapping 12 software
(SPM12) to confirm the cortical differences between the Chinese and
Caucasian cohorts.

All the brain images from Chinese and Caucasian cohorts were

spatially normalized to the ICBM space template using the high-

dimensional diffeomorphic anatomical registration using exponentiated
Lie algebra (DARTEL) algorithm and segmented into gray matter (GM),
white matter (WM), and Cerebrospinal fluid (CSF). Then a data quality
assessment procedure was used to verify the correction of output files.
In order to compensate for the inexact nature of the anatomical stand-
ardization and render the data more normally distributed, the optimally
standardized GM images were smoothed by convolving with an iso-
tropic Gaussian kernel of 8mm full width at half maximum (FWHM).
Finally, voxel-wise parametric statistical tests, which compare the
smoothed gray matter images from the two groups, were performed.
For statistical map generation, a height threshold of uncorrected p <

.001 was utilized, clusters less than 50 voxels were not reported.

3 | RESULTS

3.1 | Cortical morphometric analysis

The cortical morphometric analysis showed structural differences
between Chinese and Caucasian cohorts in distributed brain regions,
such as the frontal, temporal, parietal, occipital, insular, and cingulate
cortices, which were consistent for the cortical volume, cortical surface

area, and cortical thickness.

3.2 | Between-group differences in cortical volume

Significant vertex-wise differences between Chinese and Caucasian

groups in cortical volume are illustrated in Figure 1. Compared with the

Vertex_wise group differences in surface area (Chinese-Caucasian)

FDR corrected (P<0.05)

-4 -2 0 2

FIGURE 2 Vertex-wise group differences in cortical surface area
removing the effects of age, education-level, and total surface area
(T-map, thresholded at FDR corrected p < .05). The Chinese sub-
jects had an average larger surface area in the cortical regions
including the left middle temporal gyrus, angular gyrus and gyrus
rectus, and the right middle occipital gyrus. The surface area in the
bilateral superior frontal gyri, the bilateral medial prefrontal lobes,
the bilateral orbitofrontal gyri, the bilateral insula lobes, and right
precentral gyrus was larger in the Caucasian group [Color figure
can be viewed at wileyonlinelibrary.com]
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Vertex-wise group differences in cortical thickness (Chinese-Caucasian)

FIGURE 3 Vertex-wise group differences in cortical thickness
removing the effects of age, education-level, and mean cortical
thickness (T-map, thresholded at FDR corrected p < .05). The Chi-
nese group showed a thicker cortex in the bilateral middle and
inferior temporal gyri, the bilateral para-hippocampal gyri, the bilat-
eral fusiform gyri, the bilateral anterior and middle cingulate and
para-cingulate gyri, the bilateral middle occipital gyri, the bilateral
insular lobes, the left precuneus and superior frontal gyrus, the left
cortical region surrounding the calcarine fissure, the left orbitofron-
tal gyrus, and gyrus rectus. The Caucasian group showed a thicker
cortex in the motor speech area (Broca’s area), the precentral and
postcentral gyri, the middle frontal gyri and the orbitofrontal gyri
bilaterally, the right angular gyrus and supra-marginal gyrus, the
right precuneus, and the left paracentral lobule [Color figure can be
viewed at wileyonlinelibrary.com]

Caucasian group, the Chinese group showed a larger volume in the
bilateral middle and inferior temporal gyri, the bilateral middle cingulate
and para-cingulate gyri, the bilateral olfactory gyri, the bilateral para-
hippocampal gyri, the bilateral middle occipital gyri, the bilateral gyrus
rectus, the right fusiform gyri, and the left angular gyrus. The Caucasian
subjects showed a larger volume in the bilateral medial prefrontal lobes,
the bilateral superior frontal gyri, the bilateral orbitofrontal gyri, the
right precentral gyrus, and left paracentral lobule.

3.3 | Between-group differences in cortical surface
area

Significant vertex-wise differences between Chinese and Caucasian
groups in cortical surface area are shown as Figure 2. The Chinese sub-
jects had a larger surface area in the left middle temporal gyrus, angular
gyrus and gyrus rectus, and the right middle occipital gyrus. The surface
area in the bilateral superior frontal gyri, the bilateral medial prefrontal
lobes, the bilateral orbitofrontal gyri, the bilateral insula lobes, and right

precentral gyrus was larger in the Caucasian group.

3.4 | Between-group differences in cortical thickness

Significant differences in cortical thickness between the two groups are
illustrated in Figure 3. The Chinese subjects showed larger cortical
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thickness in the bilateral middle and inferior temporal gyri, the bilateral
para-hippocampal gyri, the bilateral fusiform gyri, the bilateral anterior
and middle cingulate and para-cingulate gyri, the bilateral middle occipi-
tal gyri, the bilateral insular lobes, the left precuneus and superior frontal
gyrus, the left cortical region surrounding the calcarine fissure, the left
orbitofrontal gyrus, and gyrus rectus. The Caucasian subjects showed
larger cortical thickness in the bilateral motor speech area (Broca's area),
the bilateral precentral and postcentral gyri, the bilateral middle frontal
gyri, the bilateral orbitofrontal gyri, the right angular gyrus and supra-
marginal gyrus, the left paracentral lobule, and the right precuneus.

3.5 | VBM analysis

We investigated the gray matter intensity and volume differences

between Chinese and Caucasian groups using an uncorrected p < .001

FIGURE 4 VBM-identified differences in gray matter density
between Chinese and Caucasian cohorts (Chinese-Caucasian). The
Chinese cohort showed greater density and volume in the bilateral
middle and inferior temporal gyri, the bilateral olfactory gyri, the
bilateral para-hippocampal gyri, the bilateral gyrus rectus, the right
fusiform gyri, and the right cuneus. The Caucasian group showed
greater density and volume in the medial prefrontal lobes, the
superior and middle frontal gyri, the motor speech area (Broca’s
area), the precentral and postcentral gyri, the angular gyri and the
orbitofrontal gyri bilaterally, the left inferior occipital gyrus, and the
left paracentral lobule [Color figure can be viewed at wileyonlineli-
brary.com]
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with an extent threshold of 50 voxels in VBM and found that the
results were consistent with the SBM analysis. The Chinese cohort
showed greater regional density and volume in the bilateral middle and
inferior temporal gyri, the bilateral olfactory gyri, the bilateral para-
hippocampal gyri, the bilateral gyrus rectus, the right fusiform gyri, and
the right cuneus. The Caucasian group showed greater density and
volume in the medial prefrontal lobes, the superior and middle frontal
gyri, the motor speech area (Broca's area), the precentral and postcen-
tral gyri, the angular gyri and the orbitofrontal gyri bilaterally, the left

inferior occipital gyrus, and the left paracentral lobule (Figure 4).

4 | DISCUSSION

A rapidly growing body of imaging studies have identified consistent
behavior and functional differences between Chinese and Caucasian
populations (Goh & Park, 2009; Han & Ma, 2014; Han & Northoff,
2008). Not all regions showing functional differences between the two
populations were seen to have structural differences. The areas show-
ing neuroanatomical differences, however, have shown robust and
highly reproducible functional differences between East Asian and
Westerners (Kochunov et al., 2003). It is still unclear how the brain
structural differences are associated with culture or ethnicity (Park &
Huang, 2010). In this study, we selected two comparable samples (45
subjects for each group) from the Chinese and Caucasian young popu-
lations that are well matched for gender, handedness and education to
explore the structural differences between Chinese and Caucasian
brains. We performed comprehensive SBM and VBM analyses of multi-
ple brain structural features of each cohort, and identified significant
between-group differences in cortical thickness, cortical volume, and
cortical surface area, as well as gray matter intensity consistently in dis-
tributed brain regions, including the frontal, temporal, parietal, occipital,
insular, and cingulate cortices (see Figures 1-4 and Supporting Informa-
tion). The Chinese population showed greater structural features in the
temporal lobe and cingulate gyrus, and smaller features in the frontal
lobe and parietal lobe, compared with the Caucasian cohort.

Compared with previous studies comparing brain differences of
different ethnic groups, there are two main strength in the current
study. First, we used data from homogeneous populations and MRI
acquisition protocols. For the Chinese cohort, we only enrolled native
Chinese-speaking subjects of the Han ethnicity. Similar population
homogeneity was achieved in the Caucasian group by only including
native English speaking HCP subjects. Both cohorts were scanned on
the same model of Siemens 3.0T Skyra MRI scanner with a 32-channel
head coil and 3D MP-RAGE sequence with similar parameters that
ensure the imaging data are highly comparable. Second, we applied
both SBM and VBM analysis to study the group differences, and
obtained consistent findings across multiple morphometry measures
and brain regions. For example, while there was no significant differ-
ence in the surface area of the left Broca’s area between the two
groups, the Caucasian group exhibited greater cortical thickness and
volume than the Chinese group. These findings were also verified with
the VBM analysis.

Our findings were consistent with the existing findings on the
behavioral and brain functional differences between English-speaking
Caucasian and Chinese-speaking Asians from a comprehensive anatom-
ical perspective. The medial prefrontal cortex plays an important role in
the cognition processes of memory and decision making (Euston,
Gruber, & McNaughton, 2012), including conflict monitoring (Botvinick,
Cohen, & Carter, 2004), error detection (Holroyd, Coles, & Nieuwen-
huis, 2002), executive control (Ridderinkhof, Ullsperger, Crone, & Nieu-
wenhuis, 2004), and reward-guided learning (Rushworth, Noonan,
Boorman, Walton, & Behrens, 2011). A meta-analysis suggested that
the Westerners had stronger activity in the ventral medial prefrontal
cortex (Han & Ma, 2014), the results of the present study showed
greater surface area and cortical volume in the medial prefrontal cortex
in Caucasians, which had not been reported by the previous structural
imaging studies.

The fusiform gyrus plays a key role in face detection and identifica-
tion (Gold et al., 2014; Gold, Mundy, & Tjan, 2012; Liu, Harris, & Kanw-
isher, 2010; McCarthy, Puce, Gore, & Allison, 1997). The differences
between Oriental and Occidental groups in the processing of facial
stimuli have been widely reported (Blais et al., 2008; Jack et al., 2009;
Kim et al., 2006; Lee & Ham, 2008). It has been found that East Asians
focused on a single central region when viewing faces, whereas West-
erners scanned more broadly and focus on both eyes and mouth (Blais
et al,, 2008). In another study focusing on cultural differences in proc-
essing emotional faces, Jack et al. (2009) found that culture played an
important role in modulating perceptions of emotion. Consistently with
these functional data, we found thicker cortex and larger cortical vol-
ume in the fusiform gyrus in the Chinese group compared with the
Caucasian group.

The middle temporal gyrus is thought to participate in short-term
verbal memory, verbal fluency and word generation (Petersen, Fox,
Posner, Mintun, & Raichle, 1988), and has been shown to play a signifi-
cant role in the processing of sounds with complex spectral and tempo-
ral properties (Mirz et al, 1999; Zahn et al, 2000). The Chinese
language is both more structurally complex and more aurally complex
than English and other European languages (Kochunov et al., 2003).
Our results showed greater cortical thickness and gray matter density
in the bilateral middle temporal gyri and right anterior temporal lobe in
the Chinese population, which may be explained by the greater
demand on these regions by the Chinese language (Crinion et al.,
2009). With respect to the language area, we also found significantly
larger cortical thickness and cortical volume as well as gray matter
density in the bilateral inferior frontal gyrus, which is consistent with
one current study (Chee et al., 2011). However, it is dissimilar to a
previous study (Siok et al., 2004). This may be explained by the fact
that university students in China commonly study and practice Eng-
lish, and therefore all of the Chinese participants in the study were
bilingual.

The findings of the current and previous studies regarding brain
structural differences in different ethnic groups can provide a founda-
tion for more in-depth brain mapping research and disease studies. The
morphometry differences that we found using MP-RAGE scans can
motivate connectome imaging studies to further investigate the brain
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connectivity differences of these affected brain regions. Both
tractography-based and functional MRI-based methods can be used to
push forward the research along this direction. A thorough understand-
ing of the structural and functional differences of the human brains
across different ethnic groups will be crucial for studying various neu-
rological disorders. It can lead to the development of ethnic-specific
atlas construction, and customized clinical trial for each ethnic group.
These research efforts will also provide the biological basis for our
understanding of ethnic and cultural differences among different
groups.

There are several limitations in the current study. One is the sam-
ple size and gender of the selected subjects, each cohort group only
comprised 45 male subjects. Although the sample size is relatively large
compared with previous studies, a total of 90 subjects may be not
enough for an imaging study, even if our results based on various mor-
phological measurements were consistent. Therefore, we will continue
to add more subjects, especially female and aged subjects in subse-
quent brain structure comparison studies to validate our findings. The
other limitation is the data modality, only structural MRI data were
used in the present study. Multi-modal imaging data, including diffusion
MRI and fMRI, and behavior data should also be examined in future
studies to find out the brain structure and function differences
between these two groups, for example, the between-group differen-

ces of white matter.

5 | CONCLUSION

Here we performed a comprehensive vertex-wise morphometric analy-
sis of the brain structures between Chinese and Caucasian cohorts and
identified consistent significant between-group differences in cortical
thickness, volume and surface area in the frontal, temporal, parietal,
occipital, and insular lobes as well as the cingulate cortices. These find-
ings systematically revealed comprehensive brain structural differences
between young male Chinese and Caucasians, and provided new neu-
roanatomical insights to the behavioral and functional distinctions in
the two cultural/ethnic populations.
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