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Abstract: Background: Quantitative measures of atrophy on structural MRI are sensitive to the neu-
rodegeneration that occurs in AD, and the topographical pattern of atrophy could serve as a sensitive
and specific biomarker.

Objective: We aimed to examine the distribution of cortical atrophy associated with cognitive decline
and disease stage based on quantitative structural MRI analysis in a Chinese cohort to inform clinical
diagnosis and follow-up of AD patients.

Methods: One hundred and eleven patients who were clinically diagnosed with probable AD were en-
rolled. All patients completed a systemic cognitive evaluation and domain-specific batteries. The se-

verity of cognitive decline was defined by MMSE score: 1-10 severe, 11-20 moderate, and 21-30
ﬁ:ifsi:z?}xzrggg%éon mild. Cortical volume and thickness determined using 3D-T1 MRI data were analyzed using voxel-
Accepted: June 28, 2022 based morphometry and surface-based analysis supported by the DR. Brain Platform.
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por Results: The male:female ratio was 38:73. The average age was 70.8 + 10.6 years. The rnil(.iz moder-
10.2174/1567205019666220905145756  ate: severe ratio was 48:38:25. Total grey matter volume was significantly related to cognition while
the relationship between white matter volume and cognition did not reach statistical significance. The
@ CrossMark volume of the temporal-parietal-occipital cortex was most strongly associated with cognitive decline
in group analysis, while the hippocampus and entorhinal area had a less significant association with
cognitive decline. Volume of subcortical grey matter was also associated with cognition. Volume and
thickness of temporoparietal cortexes were significantly correlated with the cognitive decline, with a
left predominance observed.

Conclusion: Cognitive deterioration was associated with cortical atrophy. Volume and thickness of
the left temporal-parietal-occipital cortex were most important in early diagnosis and longitudinal
evaluation of AD in clinical practice. Cognitively relevant cortices were left predominant.

Keywords: Alzheimer’s disease, cortical thickness, cortical volume, cognitive decline, structure MRI, quantitative.

1. INTRODUCTION search has revealed the possible pathogenesis and mecha-
nism of AD, we still had no effective disease-modifying
treatment for the disease [1]. The characteristic features of
Alzheimer’s pathology are amyloid plaques and neurofibril-
lary tangles (NFTs). In addition, neuropil threads, dystrophic
neurites, astrogliosis and microglial activation, progressive
*Address correspondence to these authors at the Department of Neurology, neuronal loss, as well as cortical vacuolation, are seen [2].
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[3]. It is well-known that the pathogenesis and pathological
protein accumulation precede clinical cognitive impairment,

1875-5828/22 $65.00+.00 © 2022 Bentham Science Publishers


http://crossmark.crossref.org/dialog/?doi=10.2174/1567205019666220905145756&domain=pdf

Distribution of Cortical Atrophy Associated with Cognitive Decline in AD

therefore, biomarkers are important in detecting pre-
symptom and early-stage AD patients [4].

The most common presentation of AD is the insidious
onset and progressive loss of episodic memory in an elderly
individual. As the condition progresses, cognitive difficulties
become more profound and widespread, interfering with
activities of daily living and social functioning [5]. However,
there are also atypical syndromes in AD, including posterior
cortical atrophy, logopenic aphasia and the frontal variant.
Posterior cortical atrophy patients typically present with
prominent and early visuospatial and visual perceptual prob-
lems [6]. Logepenic aphasia patients present with prominent
word-finding pauses and anomia [7]. Frontal AD patients
present with executive dysfunction, abnormal behavior and
neuropsychiatric symptoms resembling the behavioral vari-
ant of frontotemporal dementia [8]. The clinical diagnosis of
AD is based on clinical presentation, a neuropsychiatry bat-
tery evaluation and exploration of a differential diagnosis, as
illustrated both in 1984 NINCDS-ADRDA criteria [9] and in
2011 NIA-AA criteria [10]. The MRI is included in both
criteria and is useful for excluding other diseases.

Although not specific to AD pathology, atrophy on struc-
tural MRI is widely used in the clinical diagnosis and re-
search of AD. The typical patterns of atrophy, including
temporal lobe and fronto-temporo-parietal neocortex atro-
phy, inform AD diagnosis [11]. Also, atrophy of the medial
temporal structures, especially the hippocampus, could be a
predictor of MCI conversion to AD [12]. Thus, several visu-
al rating scales have been created to semi-quantitatively
evaluate brain atrophy in the clinical diagnosis of AD. The
medial temporal atrophy [MTA] scale is a classical and
widely used tool in AD MRI evaluation [13]. Later on, the
visual assessment of posterior atrophy and a comprehensive
visual rating scale was introduced by different researchers to
facilitate AD clinical diagnosis using a structural MRI [14,
15]. In 2018, the NIA-AA research framework defined AD
using biomarkers irrelevant to clinical cognitive status. The
atrophy of the cortex shown by a structural MRI was incor-
porated as a neurodegenerative biomarker, along with CSF
t-tau elevation and FDG-PET hypo-metabolism [16]. Com-
pared with lumber puncture and FDG-PET, MRI is com-
pletely noninvasive and widely available.

However, the atrophy pattern of AD was affected by age-
onset, genetic background, and clinical subtype. In an early
onset AD, atrophy of the posterior cortex, including the
precuneus, is more prominent, while medial temporal cortex
atrophy is usually found in late-onset AD [17]. Scahill ef al.
also found APP subjects exhibited more medial temporal
lobe atrophy and memory deficits, while PSEN1 subjects
showed more neocortical loss and greater impairment in non-
memory domains [18]. The atrophy patterns in the different
clinical subtypes of AD are different. In logopenic aphasia,
predominant left posterior perisylvian or parietal atrophy is
found [19]. Cross-sectional voxel-based morphometry re-
search revealed the most significant atrophy found in regions
of the occipital and parietal lobes in posterior cortical atro-
phy [20].

Manual or visual methods for the detection of atrophy in
AD could only focus on a few selected regions, such as the
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hippocampus or entorhinal cortex, which is far from support-
ing an early and precise diagnosis. The introduction of com-
puter-based methods for quantitative MRI has allowed for
efficient quantification of cortical atrophy [21, 22]. This fur-
ther emphasized that even pre-symptomatic AD was associ-
ated with atrophy of the temporal, inferior parietal and poste-
rior cingulate [23, 24]. The degree of clinical impairment is
associated with the severity of atrophy [25]. So quantitative
structural MRI was sensitive in early diagnosis of AD and
was predictive of decline to dementia in individuals with
mild cognitive impairment [26]. In this article, we aimed to
verify the distribution of cortical atrophy associated with
cognitive decline and disease stage based on quantitative
structure MRI analysis in a Chinese cohort. We hoped the
findings of this article would help clinicians focus on specif-
ic brain regions in the diagnosis and disease monitoring of
AD, to better incorporate MRI into clinical diagnosis and
follow-up of AD patients.

2. MATERIALS AND METHODS
2.1. Subjects Inclusion

This was a cross-sectional observational study. Patients
in this study were recruited from the dementia clinic data-
base, department of neurology in Peking Union Medical Col-
lege Hospital (PUMCH-dementia cohort), north China. The
study was conducted according to the Declaration of Helsin-
ki in 1975. All patients or their caregivers were informed
regarding the purpose of the study and the publishing of the
article. Written consent was obtained from each patient or
their caregiver(s). Peking Union Medical College Hospital's
ethics committee approved the study (No. JS2810].

A total of 111 AD patients were enrolled. Inclusion crite-
ria were in accordance with the probable Alzheimer’s dis-
ease criteria in 2011 NIA-AA guideline [10]. Detailed clini-
cal information, including symptoms onset and progression
was provided by reliable informants. All patients underwent
a systemic physical examination, laboratory blood tests (in-
cluding hepatic function, renal function, homocysteine, thy-
roid function, folic acid, vitamin B12, blood ammonia and
rapid plasma regain test) and neuroimaging that were neces-
sary for diagnosis and differential diagnosis [27]. Besides,
we analyzed the genotype of apolipoprotein E (ApoE) [28].

2.2. Neuropsychological Assessment

Detailed cognition battery included screening tests: Mini-
Mental State Examination (MMSE), Montreal Cognitive
Assessment-PUMCH edition (MoCA-PUMCH edition) [28],
Activities of Daily Living (ADLs) and Hospital Anxiety and
Depression Scale (HADS). After screening, a detailed do-
main-specific battery was conducted, including story
memory, category fluency, Trail Making A and B, digit
symbol, digit span, auditory verbal learning test, block de-
sign test and modified Rey figure, among others. All these
chosen scales were validated in Mandarin e with available
normative data for the Chinese population.

2.3. Structure MRI Data Acquisition

MRI examinations were performed using a 3-T MRI
scanner (Discovery MR750 3 T, GE Healthcare, Milwaukee,
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WI, USA). Thirty-two channel head coils were used. Axial
T1-weighted, T2-weighted, fluid-attenuated inversion recov-
ery (FLAIR) and susceptibility weighted imaging (SWI)
were performed. Parameters for 3D-T1: Field strength 3T;
Plane sagittal; Mode 3D; Pulse sequence BRAVO; Repeti-
tion time/echo time (TR/TE) = 7.4/2.8 ms; Resolu-
tion=1.0%1.0x1.0 mm; flip angle = 12°; acquisition time
(TA)=6min 35 s.

2.4. Measurements of Volume and Thickness of Cortex

Data pre-processing and analysis were performed using
the Dr. Brain Platform (YiWei Medical Technology Co.
LtdyrShenzhenyrChina)? The volume analysis was based on
voxel-based morphometry (VBM) [29, 30]. The data pre-
processing involved visual inspection of the T1-weighted
images to control for imaging artifacts. Then, bias correction
and noise reduction were performed, followed by spatial
normalization of each participant’s high-resolution 3D T1-
weighted scan into the same stereotaxic space to establish
voxel for voxel correspondence. This non-linear registration
process created a de-formatted image. Then the gray matter,
white matter and cerebrospinal fluid were segmented in each
image. Individual GM and WM images were spatially
smoothed with an isotropic Gaussian kernel approach before
entering them into statistical analyses. We used voxel-wise
parametric tests to compare the normalized data between the
two groups and then multiple comparison correction was
performed. The Cortical thickness measurement was based
on surface-based analysis (SBA) [30]. Next, surface extrac-
tion was performed to mark the surface boundary between
cortical white matter and | gray matter as well as the bounda-
ry between the gray matter and dura and/or CSF. The cortical
thickness was defined as the distance between the two
boundaries and was used for group analysis. The control
images of cognitively normal participants were obtained
from the Dr. Brain Platform. The segmented cortical regions
are listed in Supplementary Table S1.

2.5. Statistical Analysis

Statistical analyses were performed using SPSS V.25.0
software. The measurement data were described as average +
standard deviation (x =+ sd), and count data were described as
ratios. Measurement data were statistically analyzed with t-
test (two groups) and ANOVA (3 groups), while count data
were analyzed using y2 test. The level of statistical signifi-
cance was set to p<0.05. Pearson’s correlation was used to
compare the relationship between cortical atrophy and cogni-
tion.

3. RESULTS
3.1. General Characteristics of the Subjects

A total of 111 patients were enrolled in the study. The ra-
tio of male to female patients was 38:73. The age at the time
of examination ranged from 41-86 years (70.8 + 10.6 years).
The number of ApoE &4 carriers was 49 and that of non-
carriers was 50, while the remaining 12 patients did not have
this information available. MMSE score ranged from 2-30
(17.7+7.9), and MoCA score ranged from 1-27 (15.8 + 6.9).
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3.2. Cognition & Cortical Volume
3.2.1. MMSE Subgroup Analysis

The patients were divided into three cognitive status
groups based on MMSE score (mild: MMSE 21-30; moder-
ate: MMSE 11-20; severe: MMSE 0-10).The demographic
and clinical information are listed in Table 1. Age was sig-
nificantly lower in the severe group. One-way ANOVA was
performed to evaluate volume differences in specific cortical
and subcortical structures among the three cognitive status
groups.

Along with cognitive decline, the most significantly atro-
phied cortices included the bilateral middle frontal gyrus,
middle temporal gyrus, inferior temporal gyrus, superior
parietal lobule, supramarginal gyrus, precuneus, angular gy-
rus, superior occipital gyrus, middle occipital gyrus, inferior
occipital gyrus, posterior cingulate gyrus and left superior
temporal gyrus (p<0.0001) (Table 1). The hippocampus and
entorhinal area were also significantly atrophied with cogni-
tive decline (p<0.05) (Supplementary Table S2).

Total grey matter volume declined significantly with
cognitive decline, while white matter and lateral ventricle
volume did not. The volumes of subcortical structure, includ-
ing caudate, putamen, amygdala and thalamus, were all sig-
nificantly atrophied with cognitive decline (Table 1).

3.2.2. Pearson Correlation Analysis

Pearson correlation analysis was performed to evaluate
the relationship between volumes of specific structures and
global cognition scores on the MMSE and MoCA, respec-
tively. Most atrophied cortical regions correlated with a low-
er MMSE score (Pearson coefficient>0.5), including left
middle temporal gyrus, left inferior temporal gyrus, left su-
pramarginal gyrus, left angular gyrus, left middle occipital
gyrus, right middle temporal gyrus, left precuneus, right su-
pramarginal gyrus, left inferior occipital gyrus, and right
inferior temporal gyrus (Figs. 1A-F).

Most atrophied cortical regions correlated with a lower
MoCA score (Pearson coefficient>0.5), including the left
inferior temporal gyrus, left middle temporal gyrus, left an-
gular gyrus, left supramarginal gyrus, right supramarginal
gyrus, right middle temporal gyrus, right middle occipital
gyrus, right angular gyrus, left middle occipital gyrus, left
inferior occipital gyrus, right inferior temporal gyrus, and
left superior parietal lobule (Figs. 1G-L).

3.3. Cognition & Cortical Thickness

Pearson correlation analysis between cortical thickness
and cognitive evaluation revealed that most atrophied corti-
cal regions correlated with a lower MMSE score (Pearson
coefficient>0.5), including the left precuneus, left inferior
parietal lobule, left isthmus cingulate gyrus, left supra-
marginal gyrus, right precuneus, left superior parietal lobule,
right supramarginal gyrus, and right inferior parietal lobule
(Figs. 2A-E).

Most atrophied cortical regions correlated with a lower
MoCA score (Pearson coefficient>0.5), including the left
precuneus, left inferior parietal lobule, left supramarginal
gyrus, left middle temporal gyrus, left isthmus cingulate gy-
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Table 1.  Brain structure volume comparison between different cognitive statuses.
Groups Mild Moderate Severe y
No. 48 38 25 -
MMSE ( x+5) 252426 15.6+£2.9 6.4+£27 -
Sex (Male: Female) 18:30 13:25 7:18 0.719
Age( x£5s) 73.5+£8.7 702 £11.2 66.5+11.5 0.023
ApoEe4 carrier: non-carrier 25:20 15:17 9:13 0.497
Cortical Volume, mm®( x +s)
Left Middle Frontal Gyrus 15320.0 + 1671.1 14199.6 £ 1969.2 12972.0 + 1822.3 <0.0001
Right Middle Frontal Gyrus 14971.3 +£1643.1 13633.6 +1948.5 13096.9 £ 1974.6 <0.0001
Left Superior Temporal Gyrus 5354.9£743.0 4888.8 = 746.2 4358.1 +£720.7 <0.0001
Left Middle Temporal Gyrus 11873.8 + 1586.2 10504.5 £ 1416.0 9071.5 £ 1446.2 <0.0001
Right Middle Temporal Gyrus 12136.6 + 1517.6 10707.5 £ 1935.5 9672.2 £ 1580.9 <0.0001
Left Inferior Temporal Gyrus 8750.4 £ 1061.3 7811.2£1229.1 6882.5+£1101.2 <0.0001
Right Inferior Temporal Gyrus 9330.4+1185.6 8437.2+1387.3 7667.1 +1213.4 <0.0001
Left Superior Parietal Lobule 8663.0 + 1014.7 7873.0 +1098.2 7065.6 £ 1467.5 <0.0001
Right Superior Parietal Lobule 8533.1+£912.2 7858.9 £1102.9 7227.1£1152.8 <0.0001
Left Supramarginal Gyrus 6889.2 £943.2 6184.0 £839.7 5264.1 +1033.5 <0.0001
Right Supramarginal Gyrus 6258.8+771.3 5563.0 + 1059.8 4852.8£1005.5 <0.0001
Left Precuneus 9329.7 £903.5 8487.9 + 1306.0 7598.5 £ 1071.6 <0.0001
Right Precuneus 9879.7£1019.8 8747.2 £ 1408.7 8078.0 + 1358.1 <0.0001
Left Angular Gyrus 7662.6 = 870.7 6817.2+£1194.1 5805.4 £ 1206.7 <0.0001
Right Angular Gyrus 9181.3+£1108.5 7953.1 £ 1605.5 7190.8 £ 1503.5 <0.0001
Left Superior Occipital Gyrus 2491.9 £342.8 2361.4 £469.1 19759 £515.0 <0.0001
Right Superior Occipital Gyrus 3355.8+£565.3 3084.6 £537.1 2690.2 £573.1 <0.0001
Left Middle Occipital Gyrus 5079.3 £ 633.8 4742.8 £722.9 3868.3 +798.3 <0.0001
Right Middle Occipital Gyrus 4001.2 +476.5 3525.0 £ 647.6 3182.6 +585.4 <0.0001
Left Inferior Occipital Gyrus 5220.9 £ 705.5 4700.7 + 818.3 4010.7 £ 879.4 <0.0001
Right Inferior Occipital Gyrus 5379.6 £ 700.3 4957.5+792.3 4384.0 + 865.7 <0.0001
Left Posterior Cingulate Gyrus 3364.7+£397.9 3028.5+£477.2 2816.3 £385.5 <0.0001
Right Posterior Cingulate Gyrus 3071.3 £360.3 2779.2 £468.7 2612.0 £381.9 <0.0001
Total Volume, mm’( x +s)
Total Grey Matter 549374.0 £46229.6 | 514909.0 +50169.4 | 488812.2 +45373.0 <0.0001
Total White Matter 435153.6 +£53052.6 | 422331.1+£51959.1 | 423894.8 +44894.2 0.4574
Left Lateral Ventricle 16158.0 £ 6394.4 17114.4 £7295.8 18657.7 + 6048.6 0.3155
Right Lateral Ventricle 13326.4 £ 5463.3 14197.8 £ 6305.2 14726.0 £ 4978.3 0.5722

(Table 1) Contd
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Groups Mild Moderate Severe y
Subcortical Volume, mm®( X+ s)

Right Caudate 2397.6 £419.8 2134.4 £468.7 2029.5 + 364.1 0.0009
Left Caudate 2183.9 £469.7 1997.0 +260.9 1867.0 £313.2 0.0024

Left Amygdala 656.8 +149.6 598.8 £125.8 538.4+132.0 0.0027
Right Amygdala 636.7+131.9 597.9+133.0 5444 +114.2 0.0163
Left Putamen 2943.6 £461.0 2773.5 £459.1 2618.6 = 600.1 0.0273
Left Thalamus Proper 4215.2+741.5 3829.1 £ 696.3 3854.0 £ 802.3 0.0329
Right Thalamus Proper 4192.3 +£739.8 3828.0 + 736.1 3832.2+£815.2 0.0475
Right Putamen 2904.7 £457.3 2705.2 +£525.8 2616.9 £576.8 0.0485

Fig. (1). Results of Pearson correlation analysis between cortical volume and cognitive test score. Red regions represent the most atrophied
cortical regions correlated with MMSE (A-F) and MoCA (G-L) scores (Pearson coefficient>0.5). (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).
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Fig. (2). Results of Pearson correlation analysis comparing cortical thickness and cognitive test score. Red regions represent the most atro-
phied cortical regions that were significantly correlated with lower MMSE (A-E) and MoCA (F-J) scores (Pearson coefficient>0.5). (4 high-
er resolution / colour version of this figure is available in the electronic copy of the article).

rus, left superior temporal gyrus, left fusiform gyrus, right
precuneus, left inferior temporal gyrus, right isthmus cingu-
late gyrus, right supramarginal gyrus, and right inferior pari-
etal lobule (Figs. 2F-J).

4. DISCUSSION

Atrophy of the brain is related to cognitive decline in AD
progression and MCI conversion to AD. VBM-based re-

search demonstrates that memory function was significantly
associated with atrophy of the medial temporal lobe, includ-
ing the hippocampus, in AD and aMCI [31]. Additionally,
baseline volumes of the whole brain, ventricles, hippocam-
pus, and entorhinal cortex are significant predictors of earlier
conversion from MCI to AD [32]. Heterogeneous atrophy
patterns are found in AD, including limbic predominant,
hippocampal sparing and diffuse atrophy subtypes, while
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hippocampal sparing and diffuse atrophy subtypes showed
worse cognition and more rapid progression [33]. Also, an
increased hippocampal volume to cortical volume ratio is
predictive of faster clinical decline in AD [34]. In prodromal
AD, medial-temporal predominant atrophy is associated with
worse memory and language function, and parieto-occipital
atrophy is associated with poor executive/attention and
visuospatial function [35]. The comparisons between late-
and early-onset AD patients reveal more pronounced atrophy
of the precuneus in early-onset AD patients and more severe
atrophy in the medial temporal lobe in late-onset AD patients
[36]. Specific brain region atrophy, including atrophy in the
posterior cingulate and precuneus, basal forebrain could help
with the early diagnosis of AD [37, 38]. In the current study,
the lower temporal-parietal-occipital cortex volume, the
precuneus and posterior cingulate volume, and total grey
matter volume were most significantly correlated with worse
cognitive performance, suggesting the neocortical atrophy is
more helpful in diagnosing and monitoring AD. Hippocam-
pus and entorhinal area atrophy was also correlated with
worse cognitive performance, but not as strongly as with the
neocortex.

The Cortical thickness is a cardinal sign of neurodegen-
eration and is correlated with the severity of cognitive im-
pairment.The cortical thickness in regions including the en-
torhinal cortex, temporopolar cortex, lateral temporal cortex,
inferior parietal cortex, inferior parietal sulcus, posterior
cingulate cortex, and inferior frontal cortex was more sensi-
tive for diagnosis in early and pre-symptomatic AD than
hippocampus volume [39]. The cortical thickness analysis
also revealed the precuneus and inferior temporal regions
were relatively preserved against age-related cortical thin-
ning and AD continuum patients showed a decreased cortical
thickness in the perisylvian region [40].The longitudinal re-
search has shown that AD subjects with a thinner entorhinal
cortex thickness had lower baseline cognitive scores and
greater subsequent cognitive decline at follow-up [41]. Our
research also showed cortical thickness in the perisylvian
region, including the parietal lobe and lateral temporal lobe
was most strongly correlated with the cognitive profile in
AD patients. The results were similar to those of cortical
volume analysis, indicating that in symptomatic AD patients
both cortical volume and thickness are sensitive biomarkers
of disease progression.

Cortical atrophy revealed by MRI was correlated with the
neuropathological basis of AD. The main neuropathological
substrate was neuronal loss and synaptic loss [2]. The under-
lying mechanism of neuronal loss is complicated, and it was
reported that the regional patterns of neuronal loss matched
that of NFTs, however, neuronal and synaptic losses were
better correlates of cognitive deficits than the number of
NFTs [42]. The topographical distribution of cortical atrophy
on MRI varied, although the neurofibrillary degeneration
started in the allocortex of the medial temporal lobe and
spread to the associative neocortex with disease progression
[43]. Furthermore, observations from several studies have
suggested that this pattern of pathological progression might
not be the only pattern of neurofibrillary degeneration [44].
Brain bank-based research has also shown that AD has dis-
tinct clinicopathological subtypes, including typical, hippo-
campal sparing, or predominant limbic subtypes. Hippocam-
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pal sparing and limbic-predominant AD subtypes account for
about 25% of cases [45]. Although different clinical and
pathological subtypes have been demonstrated in AD, Whit-
well et al. Reported that temporoparietal atrophy is a useful
marker of the presence of AD pathology even in subjects
with atypical clinical presentations [46]. Our study did not
categorize the patients based on clinical presentations. We
believe our results support the theory that specific atrophy
patterns are useful in the diagnosis of general AD.

Although cortical atrophy is a well-known marker of
neurodegeneration in AD, deep grey matter structure also
degenerates. De Jong et al. found volumes of the putamen
and thalamus were significantly reduced in patients diag-
nosed with probable Alzheimer’s disease and the decrease in
volume correlated linearly with impaired global cognitive
performance [47]. Research has also found that in early-
onset AD, there is a more rapid volumetric decline in the
caudate, putamen, and thalamus compared to patients with
late onset AD, which is consistent with neuropsychological
results [48]. The striatum is affected by AD neuropathology,
and pathological studies have revealed early extensive stria-
tal amyloid deposition in PSEN1 mutation carriers [49]. Be-
sides, patients with AD-MCI have lower resting state func-
tional connectivity between the middle striatum and precu-
neus/cingulate gyrus; this connectivity is negatively correlat-
ed with memory performance in AD [50]. The atrophy in
subcortical structures, including the caudate, putamen,
amygdala and thalamus, was correlated with lower cognitive
scores in our study, supporting the utility of considering the
subcortical structure in the diagnosis of AD.

We found a significant left predominance in the cogni-
tively relevant cortices either in volume or thickness analy-
sis. Derflinger et al. also found grey matter loss in the ento-
rhinal, temporoparietal, dorsofrontal, and occipital cortices
as well as in the precuneus in AD patients; however, lobar
asymmetry of the temporal, parietal, and occipital lobe with
left predominance was observed rather than lateralization
[51]. Ossenkoppele et al. found the strongest effects of corti-
cal thickness on cognition in the lateral and medial parietal
cortex and lateral temporal cortex, while more pronounced in
the left temporoparietal cortex for neuropsychological tests
evaluating recall and naming [52]. The left predominance of
atrophy probably was caused by the right-handedness of
most participants and the language-based nature of most
cognitive evaluations.

5. LIMITATIONS AND FUTURE DIRECTIONS

This study was not without limitations. Firstly, different
cortices were associated with different neuropsychological
domains, and domain-specific analysis of cortical atrophy
would help the clinical investigation. This analysis is a good
direction for future research. Secondly, VBM-based structure
was sensitive in the early diagnosis of AD. However, we did
not include MCI or prodromal patients in this study. The
results support the need to focus further research on commu-
nity-based populations. Thirdly, the study was cross-
sectional, and further longitudinal prospective studies are
needed to better evaluate the relationships between cortical
atrophy and disease progression. Fourthly, we need to incor-
porate MRI changes with biomarkers reflecting pathogene-
sis, such as amyloid and tau PET/CT, which could facilitate
the interpretation of the mechanism of brain atrophy.
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CONCLUSION

In conclusion, the findings of the study were as follows:
(1) The volume of total grey matter was associated with gen-
eral cognition. (2) Volumes of temporal-parietal-occipital
cortex were most significantly correlated with lower cogni-
tive scores evaluated by the MMSE and MoCA; Hippocam-
pus and entorhinal area were also atrophied with worse cog-
nitive performance, but not as strong as the neocortex. (3)
Both cortical volume and thickness were sensitive bi-
omarkers of cognitive performance and disease progression
in AD. (4) Subcortical grey matter volumes were associated
with worse cognitive performance. (5) Cognitively relevant
cortices were left predominant. These findings are useful for
both clinical and further research and support the use of
quantitative structural MRI in the clinical evaluation of cor-
tical changes and specific atrophy patterns in diagnosis and
differential diagnosis of AD.

LIST OF ABBREVIATIONS

AD = Alzheimer’s Disease

MRI = Magenatic Resonance Imaging
MMSE = Mini-Mental State Examination
MoCA = Montreal Cognitive Assessment
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