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Differences in cortical structure
between cognitively normal East
Asian and Caucasian older adults:
a surface-based morphometry
study
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There is a growing literature on the impact of ethnicity on brain structure and function. Despite

the regional heterogeneity in age-related changes and non-uniformity across brain morphometry
measurements in the aging process, paucity of studies investigated the difference in cortical anatomy
between the East Asian and Caucasian older adults. The present study aimed to compare cortical
anatomy measurements, including cortical thickness, volume and surface area, between cognitively
normal East Asian (n=171) and Caucasian (n=178) older adults, using surface-based morphometry
and vertex-wise group analysis of high-dimensional structural magnetic resonance imaging (MRI)
data. The East Asian group showed greater cortical thickness and larger cortical volume in the right
superior temporal gyrus, postcentral gyrus, bilateral inferior temporal gyrus, and inferior parietal
cortex. The Caucasian group showed thicker and larger cortex in the left transverse temporal cortex,
lingual gyrus, right lateral occipital cortex, and precentral gyrus. Additionally, the difference in surface
area was discordant with that in cortical thickness. Differences in brain structure between the East
Asian and Caucasian might reflect differences in language and information processing, but further
studies using standardized methods for assessing racial characteristics are needed. The research
results represent a further step towards developing a comprehensive understanding of differences in
brain structure between ethnicities of older adults, and this would enrich clinical research on aging and
neurodegenerative diseases.

Differences in ethnicity encompass genetic, lingual, cultural, and environmental factors, which all may translate
to differences in brain structure and function. In particular, there is a growing literature comparing the functional
activation of brain associated with language, social cognition, and stimuli processing between East Asians and
Caucasians'™.

Although heavily outnumbered by research comparing differences in brain function between Asians and
Caucasians, few studies illustrated the effect of ethnicity on brain structure using high-resolution magnetic
resonance imaging (MRI). Studies consistently reported that East Asian have greater cortical anatomy measure-
ments in the frontal lobe, but controversial findings were reported regarding the effect of ethnicity on the cortical
measurements of the temporal and parietal regions*®. Previous studies further suggested that this difference
may be attributed to the distinct language, environment, and culture of each ethnicity. However, sample sizes
for all previous researches were small and their demographic factors were not matched properly which limited
generalizability. Above all, it is difficult to apply the previous results to the older population because most of the
studies were conducted in young adults.
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Structural changes of the brain during aging process lead to a difference in the cortical anatomy between
younger and older adults’. There is also regional heterogeneity and a specificity of measurements in age-related
changes in brain morphometry®-'. Thus, accurate assessment of the differences in brain structure among older
ethnic groups could deepen our understanding of neurodegenerative brain diseases that progress with age. Brain
structural change may also be a valuable biomarker for early diagnosis of neurodegenerative diseases'!, because
changes in brain structure reflect pathological and cognitive changes over the trajectory of neurodegenerative
disease, including dementia'>'*. However, interpreting the results of brain structure changes without consider-
ing racial differences can lead to distorted understanding. Therefore, an accurate evaluation of the differences
in brain structure among cognitively normal older ethnicities is needed to precisely analyze changes in brain
structure related to neurodegenerative diseases according to different races'.

A software tool for predicting neurodegenerative diseases using brain structure was recently developed®.
Differences in cortical anatomy between older ethnicities may affect reliability as a biomarker. Consideration is
especially crucial for mapping the brain structure into a standard template to compare cortical anatomy between
study groups, and there is increased recognition of the importance of age and ethnic-specific templates to improve
the accuracy of brain imaging studies on neurodegenerative disease!®!’.

Brain cortical anatomy is structured as a two-dimensional corrugated sheet of tissue, of which the surface-
based model has been known to allow for better implementation'®. This surface-based morphometry method has
been demonstrated to be more sensitive to age-related brain structural changes than voxel based-morphometry".
Furthermore, surface-based morphometry can provide more specific morphometric features, including cortical
thickness, cortical volume, and surface area®>?!. The association between these features has been reported to be
non-uniform??, while cortical thickness and surface area have been proposed to be genetically independent®.
Therefore, comprehensive evaluation of cortical anatomy features may provide valuable information in the
evaluation of structural changes of the brain.

The present study aimed to compare cortical anatomy measurements, including cortical thickness, volume,
and surface area between cognitively normal East Asian and Caucasian older adults, using semi-automated brain
morphometry tools and vertex-wise analysis. Compared to previous studies, a larger sample population was
analyzed with matched age, sex, education years, and MMSE scores between ethnic groups.

Materials and methods

Participants. One hundred seventy-one East Asian subjects between 60 and 85 years old were included
in this study. Subjects were recruited from the Catholic Brain Health Center MRI database, which was built
through the outpatient psycho-geriatric clinic of Yeouido Saint Mary’s Hospital located in Seoul, Republic of
Korea, from October 2018 through July 2020. The cognitive functions of all subjects were assessed with the
Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD-K)?*. Measures
included assessment in verbal fluency (VF), the 15-item Boston Naming Test (BNT), the Korean version of the
Mini-Mental State Examination (MMSE-K) (Park, 1989), Word List Memory (WLM), Word List Recall (WLR),
Word List Recognition (WLRc), Constructional Praxis (CP), and Constructional Recall (CR). Inclusion criteria
were as follows: (1) Participant with or without subjective memory complaints, beyond what would be expected
for age, (2) Normal memory function documented by scoring above age, sex, and education adjusted cutofts
on the WLM, WLR, WLRc domain, (3) MMSE-K score between 24 and 30, (4) Clinical Dementia Rating =0.
Memory Box score must be 0, (5) Cognitively normal, based on the absence of significant impairment in cogni-
tive functions or activities of daily living. All East Asian subjects were Korean, and only those who spoke Korean
as their primary language were recruited. We excluded participants with any history of alcoholism, drug abuse,
head trauma, or psychiatric disorders; those taking any psychotropic medications (e.g., cholinesterase inhibitors,
antidepressants, benzodiazepines, and antipsychotics); those with multiple vascular risk factors; and those with
extensive cerebrovascular disease. The study was conducted under the ethical and safety guidelines set forth
by the Institutional Review Board of The Catholic University of Korea, which approved all research activity.
Informed and written consent was obtained from all participants.

One hundred seventy-eight Caucasian subjects between 60 and 85 years old were included from the Alzhei-
mer’s Disease Neuroimaging Initiative (ADNI)*. An individual was defined as cognitively normal when show-
ing a MMSE score between 24 and 30 (inclusive), a CDR of 0, no signs of depression, and no objective memory
loss (For further details on diagnostic guidelines and neuropsychological examinations please see the ADNI
study website (https://adni.loni.usc.edu). In addition, only those who were classified as Caucasian in the racial
category of the ADNI database and whose primary language was English were selected. The exclusion criteria
were the same as the above.

Data acquisition and preparation. Imaging data of the Catholic Brain Health Center MRI database were
collected from the Department of Radiology of Yeouido Saint Mary’s Hospital at the Catholic University of
Korea, using a 3 T Siemens Skyra MRI machine and a 32-channel Siemens head coil (Siemens Medical Solu-
tions, Erlangen, Germany). One hundred seventy-one East Asian subjects were imaged with the T1-weighted
magnetization-prepared rapid gradient-echo (MP-RAGE) sequence using the following parameters: image
size =224 x 224 x 256, voxel size=0.9x 0.9 x 0.9 mm>, repetition time (TR)=1,940 ms, echo time (TE)=2.6 ms,
flip angle=9°. MR images of the ADNI database were obtained using a Siemens (n=266), Philips (n=280), GE
(n=8) 3 T scanners. One hundred seventy-eight Caucasian subjects were imaged with the MP-RAGE sequence
using the following parameters: image size=192-256x192-256x160-211, voxel size=1.00-1.25x1.00-
1.25x1.00-1.20 mm’, repetition time (TR) = 1668-2300 ms, echo time (TE) =2.52-3.25 ms, flip angle = 8°-10°.
All brain images were globally co-registered to the ICBM152 brain template?, based on through a rigid-body
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Caucasians (n=178) East Asians (n=171) P value
Age (years) 70.5+£4.2 69.7+5.7 0.156
Sex (M:E %) 39.9:60.1 46.8:53.2 0.233
Education (years) 15.6+2.0 15.3+2.0 0.086
MMSE 29.0+0.7 28.6+1.1 <0.001
Mean cortical thickness (mm) 24+0.1 24+0.1 0.979
Intracranial volume (mm?) 3,017,724.3+347,039.7 | 2,925,662.3 +274,082.0 0.006
Total cortical surface area (mm?) 163,522.4+16,366.8 162,153.6+14,738.6 0.413

Table 1. Demographic and clinical characteristics of Caucasians and East Asians. Data are presented as
mean + SD unless indicated otherwise. MMSE, Mini Mental Status Examination.

transformation. A quality control (QC) procedure was performed by one radiologist on all raw T1-weighted
images to check the motion artifacts or poor resolution of gray/white matter contrast.

Morphometric analysis. Image processing. FreeSurfer software (version 6.0.0, https://surfer.nmr.mgh.
harvard.edu) was used to reconstruct and co-register the cortical surfaces and estimate brain structural features
including cortical thickness, cortical volume, and surface area. Image processing for the cortical model was
done in the following order: removal of nonbrain tissue using a hybrid watershed algorithm?, bias field cor-
rection, automated Talairach transformation, segmentation of subcortical white matter and deep gray matter
structures®®?, intensity normalization, tessellation of the gray/white matter boundary, and gray/cerebrospinal
fluid (CSF) boundary, automated topology correction?”*, and surface deformation following intensity gradi-
ents to optimally 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®. Individual cortical folding patterns were then registered to a
spherical atlas in order to match cortical geometry across subjects. Thickness was calculated at each location
of the cortex as the distance between the white matter and pial surface?. Procedures for the measurement of
cortical thickness have been validated against histological analysis as well as manual measurements®-*2. All data
were smoothed with a 10 mm full width half maximum (FWHM) Gaussian kernel, and the cerebral cortex was
parcellated based on gyral and sulcal information derived from manually traced brains****. The quality control
process was performed as follows: 1. Correct the pial surfaces to remove any non-brain tissue, 2. Correct the
white matter surfaces to include any missing white matter, 3. Correct the white matter surfaces to remove any
errant grey matter. For this process, manual edits were performed using the FreeSurfer editing tools. These pro-
cedures are well prescribed in related papers®**.

Statistical analysis. Statistical analyses for demographic data were performed with R software (version
2.15.3). Assumptions of normality was tested for continuous variables using the Kolmogorov-Smirnov test. All
of these showed normal distribution. Two sample t-test and chi-square (?) test were used to assess for differ-
ences between the East Asian and Caucasian groups in terms of demographic variables, mean cortical thickness,
intracranial volume, and total surface area. All statistical analyses used a two-tailed level of 0.05 for defining
statistical significance with a cluster-extent threshold of 100 mm?

FreeSurfer software (Version 6.0.0, http://surfer.nmr.mgh.harvard.edu/) was used for group analysis. An
identical processing pipeline was applied. Surface-based normalization was computed to map thickness, volume,
and surface area data of each subject onto a common group space that allows comparison across subjects at
homologous points on the cortex. Cortical anatomy measurements were then smoothed with FWHM =10 mm,
and the GLM was fitted to the data with age, gender, education, and MMSE score as covariates. In addition, to
minimize the effect of different MR vendors on brain structural measurements, MR vendors were included as a
covariate. Depending on the type of cortical anatomy measurement, either the mean cortical thickness, cortical
volume, or surface area was also included as a covariate. Vertex-wise statistical test was performed to compare
the differences of these cortical anatomy measurements between East Asian and Caucasian groups. Correc-
tions for multiple comparisons were conducted to control the false discovery rate (FDR) at 0.05. The corrected
significance map with p <0.05 was then overlapped onto the fsaverage brain template surface for visualization.

Results

Demographic and clinical characteristics of the study participants. Table 1 shows the baseline
demographic and clinical data for the East Asian and Caucasian groups. There were no significant differences in
age, sex, or years of education. However, although the average MMSE score was 0.4 point, there was a significant
difference between the two groups (p<0.001). With regard to the cortical anatomy measurements, mean corti-
cal thickness, and total cortical surface area did not differ significantl, but the Caucasian group showed larger
intracranial volume than the East Asian group (p=0.006).

Differences in cortical thickness. Significant vertex-wise differences between East Asian and Caucasian
groups in cortical thickness are illustrated in Fig. 1. The East Asian group showed higher thickness in the bilat-
eral superior frontal gyrus, caudal middle frontal gyrus, inferior parietal cortex, insula, inferior temporal gyrus,
superior temporal gyrus, middle temporal gyrus, left paracentral lobule, precentral gyrus, fusiform gyrus, right
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Figure 1. Vertex-wise group differences in cortical thickness adjusted for the effects of age, education years,
MMSE scores, MR vendors, and mean cortical thickness (T-map, thresholded at FDR corrected p <0.05,
Caucasian-East Asian).

postcentral gyrus, par orbitalis, medial orbital frontal cortex, and lingual gyrus (FDR corrected p <0.05). The
Caucasian group displayed higher thickness in the bilateral pericalcarine cortex, left transverse temporal cortex,
lingual gyrus, cuneus cortex, postcentral gyrus, right lateral occipital cortex, and precentral gyrus than the East
Asian group (FDR corrected p <0.05). These findings are also found at 15 and 20 mm FWHM (Supplementary
Fig. 1 online).

Differences in cortical volume. Figure 2 presents significant vertex-wise differences between East Asian
and Caucasian groups in cortical volume. We found significantly larger cortical volume in the East Asian older
adults in the bilateral inferior temporal gyrus, inferior parietal cortex, superior parietal cortex, postcentral gyrus,
left rostral middle frontal gyrus, medial orbital frontal cortex, right temporal pole, superior temporal gyrus, and
lateral orbital frontal cortex (FDR corrected p <0.05). The Caucasian older adults showed a larger cortical vol-
ume in the bilateral precentral gyrus, left caudal middle frontal gyrus, isthmus-cingulate cortex, supramarginal
gyrus, parahippocampal gyrus, pars opercularis, insula, transverse temporal cortex, lingual gyrus, right lateral
occipital cortex (FDR corrected p <0.05). These findings are also found at 15 and 20 mm FWHM (Supplemen-
tary Fig. 2 online).

Differences in surface area. Significant vertex-wise differences between East Asian and Caucasian groups
in cortical surface area are shown as Fig. 3. The East Asian group had a larger surface area in the bilateral infe-
rior temporal gyrus, pericalcarine cortex, left superior parietal cortex, insula, precuneus, medial orbital frontal
cortex, right postcentral gyrus, inferior parietal cortex, cuneus cortex (FDR corrected p<0.05). The Caucasian
group displayed larger surface area in the bilateral lateral occipital cortex, caudal middle frontal gyrus, left supe-
rior frontal gyrus, superior temporal gyrus, pars orbitalis, pars opercularis, parahippocampal gyrus, and right
postcentral gyrus (FDR corrected p <0.05). These findings are also found at 15 and 20 mm FWHM (Supplemen-
tary Fig. 3 online).

Discussion
The present study was designed to examine differences in cortical anatomy measurements, including cortical
thickness, volume, and surface area by surface-based morphometry and vertex-wise statistical analysis between
cognitively normal East Asian and Caucasian older adults. The East Asian group showed greater cortical thickness
and larger cortical volume in the right superior temporal gyrus, postcentral gyrus, bilateral inferior temporal
gyrus, and inferior parietal cortex. The Caucasian group showed thicker and larger cortex in the left transverse
temporal cortex, lingual gyrus, right lateral occipital cortex, and precentral gyrus. However, cortical regions
with discordant differences in thickness and volume were also observed. The discrepancy between these cortical
indicators was observed in previous studies™®, and cortical thickness has been suggested to be more sensitive to
the aging process?*.

In accordance with the results herein, a previous study with young adults demonstrated that East Asians
showed greater cortical thickness or larger volume in the superior frontal gyrus, middle, inferior temporal
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Figure 2. Vertex-wise group differences in cortical volume adjusted for the effects of age, education years,
MMSE scores, MR vendors, and total intracranial volume (T-map, thresholded at FDR corrected p <0.05,
Caucasian-East Asian).
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Figure 3. Vertex-wise group differences in cortical surface area adjusted for the effects of age, education years,
MMSE scores, MR vendors, and total surface area (T-map, thresholded at FDR corrected p <0.05, Caucasian-
East Asian).

gyrus, and fusiform gyrus. Among these cortical regions, the inferior temporal and fusiform gyrus have been
documented to be involved in visual processing, which is suggested to be influenced by ethnic difference®**".
Specifically, East Asians process visual information dependent on the context in a holistic way, while westerners
interpret visual stimuli independent of the context in an analytic way*>*°. With regard to the superior frontal
and middle temporal gyrus, differences can be explained in part by language differences between ethnicities.
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It has been documented that the middle temporal gyrus is involved in the processing of sounds with complex
spectral and temporal properties, which is a characteristic of Chinese*. Korean is known to have a linguistic
similarity with Chinese*', and frontal and temporal cortex activation has been correlated with the phonological
and semantic processing of Korean*’. Although not described in previous studies showing racial differences,
the inferior parietal cortex was found to be thicker and larger cortex in East Asians. This is in accord with
earlier observations, which showed increased cortical density in Chinese speakers compared with in English
speakers*. Moreover, the inferior parietal cortex has been documented to be activated when a Chinese speaker
reads Chinese characters*!. However, despite the similarities between Korean and Chinese mentioned above,
there are also differences between the two languages. Chinese is composed of pictorial elements, but Korean has
a fully alphabetic writing system with distinct signs for vowels and consonants. The results of the current study
therefore need to be interpreted with caution.

The results of the present study with older subjects correspond well with earlier studies on younger partici-
pants, which reported that Caucasians displayed thicker or larger cortex in the precentral and postcentral gyrus®.
The precentral gyrus is the site of the primary motor cortex®, and the postcentral gyrus is the location of the
primary somatosensory cortex*®. These cortical regions have been demonstrated to be robust against the aging
process?. Although not identified in previous studies, the lateral occipital cortex was also found to show greater
thickness and larger volume in Caucasians. This region has been reported to be activated in object-focused visual
processing in the Caucasian elderly*®. While cortical thickness of several regions including the bilateral Brocas
area, cingulate gyri, and the right precuneus showed ethnicity-related differences in an earlier study with young
adults®, they were not observed in the current study with older adults. This discrepancy may be attributed to
changes in the cortical structure between ethnicities in the aging process*’. In summary, cultural differences and
aging-insensitive cortical regions may account for some results of the present research.

The findings of the current study do not support previous literature on cognitively normal older adults,
which classified the older adults into low and high performing groups based on processing speed in different
ethnicities. There was no significant difference in cortical thickness between East Asians and Caucasians in
the low-performing elderly, whereas high-performed elderly showed significant differences in several cortical
regions®. However, among these regions which showed a significant difference in cortical thickness, only the
inferior temporal gyrus was observed in the present study. The mean age of the subjects presented here was about
6 years older than those in the previous study, and the proportion of females was higher in the present research.
Therefore, it is possible that these results were confounded by age and sex, both of which have been reported to
affect cortical thickness*>*°. Caution should be applied to the comparative analysis of these results, because the
sample size of the previous study was only 1/6th of the present study.

In terms of surface area, only the left superior frontal cortex, which showed a larger surface area in the Cau-
casian older adults, was similarly noted in younger participants®. This discrepancy could again be attributed to
differences on age, sex and sample size, as described above. Additionally, the difference in surface area between
East Asians and Caucasians was discordant with cortical thickness of the bilateral pericalcarine, cuneus, caudal
middle frontal cortex, left superior frontal, and superior temporal gyrus. This may be due to the negative associa-
tion between the cortical thickness and surface area’’, which has been indicated in a previous study suggesting
that the expansion of the surface area might be an efficient way for compensating for cortical atrophy®'.

Since the majority of previous studies have been on younger adults, changes in cortical anatomy in the aging
process should be considered for interpreting the present findings. The prefrontal and parietal cortices have been
known to be vulnerable to cortical atrophy in that these cortical regions have a compensatory role in normal aging
and that functional over-recruitment of these regions in the aging process is correlated with local atrophy®>2.
Furthermore, consideration should be given to the fact that the changes in each indicator of cortical anatomy
during aging are nonuniform?, and that the rates of change across different brain regions vary*’. Previous stud-
ies with young adults did not show significant differences in cortical thickness of the superior frontal gyrus and
inferior parietal cortex, whereas Caucasians displayed greater thickness in the older adults herein. This discrep-
ancy could be attributed to the accelerating atrophy in these cortical regions of East Asians in the aging process.
Therefore, an understanding of the differences in the structural change of East Asian and Caucasian brains in the
aging process is necessary for accurate interpretation of the current results. However, there is a current paucity
of studies investigating this difference between ethnicities, and further research is warranted.

A number of limitations must be considered. First, there was a difference in image acquisition parameters and
MRI scanners between the two groups because participants in this study were not recruited from the same center.
Given that this also has an impact on the cortical anatomy measurements®>*, it adds further caution regarding
the generalizability of the present findings. One of the major concerns is scanning parameter difference between
groups. FreeSurfer driven measurements we utilized in this study, however, presented significant scanner-effects
only for three out of the 18 cortical areas™. These noted three regions, left/right fusiform and the right superior
frontal gyrus, did not overlap with our significant observations. Although MR vendors were included as a covari-
ate and the identical processing pipeline was applied, these may not be sufficient to fully capture the scanner
or site differences presented in the dataset we analyzed. Therefore, it is necessary to conduct further research
either using the data from the homogenous sources or utilizing a new method to overcome data inhomogeneity.

We further acknowledge that the voxel size difference between MRI scans could have caused bias on the corti-
cal measurements we investigated. The difference in voxel size, however, was in a minimal range 0.1-0.35 mm
between two groups (0.9 mm versus 1.0-1.25 mm), which is smaller than measurable group difference (1 mm).
Secondly, this study has described that the structural difference in specific brain regions between ethnicities
means the difference in functions supported by the corresponding brain regions. This interpretation was based
on the previous findings which have demonstrated that the brain regions with neuroanatomical differences
show robust functional differences between ethnicities**S. However, the lack of a standardized outcome meas-
ure for functional differences, such as language and information processing, makes it difficult to interpret the
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present results with confidence. This is also a recurring problem in previous studies comparing differences in
brain structure between races*. Therefore, in further study, it is necessary to apply the standardized method
for assessing racial characteristics and to recruit subjects within the same protocol. Thirdly, although Korean is
more similar to Chinese in the language, environment, culture, and genetic factors than Caucasians, differences
between the two still exist. Therefore, caution should be taken when comparing these results to previous studies
with Chinese participant. Fourthly, there were significant differences in MMSE scores between two ethnicities.
However, the difference in the mean MMSE scores was 0.4 points, so it was within the range that could be classi-
fied into the same category. Fifthly, the East Asian group in the present study included only Koreans. Therefore,
further research including Chinese and Japanese should be carried out to validate the results of the current paper.
Finally, for approaching the most accurate results, we would have to establish a cohort that can control all of the
environmental and cultural factors that differ between different races, and other confounding factors. The cohort
must undergo a strict process including setting the evaluation tool, MRI scanner type, and acquisition parameter
identical among all multi-centers. Therefore, further works will be needed to more correctly study the difference
in brain structure between races by establishing a more controlled cohort. In addition, the results of this study
could be the starting point to get closer to the axiom of brain structural differences among different older races.

This study assessed the difference in cortical anatomy measurements by surface-based morphometry and
vertex-wise analysis between cognitively healthy East Asian and Caucasian older adults. A significant difference
in cortical thickness and volume was found in brain regions known to reflect cultural and language differences
between ethnicities. However, other cortical regions did not overlap with brain regions that showed significant
differences between East Asians and Caucasians in previous studies with young adults. Cortical anatomy is an
important biomarker that reflects aging and neurodegenerative processes, and it has garnered attention as a
potential moderator between neuropathology and clinical outcome of neurodegenerative disease®. Therefore,
the comprehensive understanding of differences in brain structure between older ethnicities would provide an
accurate reference for biomarkers and a template for structural, functional and molecular imaging, and enrich
clinical research on aging and neurodegenerative diseases in multi-racial older adults.

Data availability

The datasets generated or analyzed during the current study are not publicly available due to Patient Data Man-
agement Protocol of Yeouido St. Mary’s Hospital but are available from the corresponding author on reasonable
request. Demographic information, neuroimaging data, APOE genotype, CSF measurements, neuropsychologi-
cal test scores, and diagnostic information are publicly available from the ADNI data repository (http://adni.
loni.usc.edu
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