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Background: Abnormal iron metabolism and accumulation in the brain have been proposed as pathological
changes in Alzheimer’s disease (AD). These changes can be detected using quantitative susceptibility
mapping (QSM). The corpus callosum (CC), an essential white matter structure in the brain, is thought
to undergo volume and microstructural changes in Alzheimer’s patients, with specific regional atrophy
related to cognitive impairment and dementia severity. This study aimed to measure iz vivo susceptibility in
each part of the CC in AD, mild cognitive impairment (MCI), and healthy control (HC), and assess their
associations with neurocognitive scores and QSM value changes in follow-up imaging.

Methods: A retrospective study was conducted with 34 patients with AD, 32 patients with MCI, and
29 cases with HC. A subset of these participants had available follow-up magnetic resonance imaging (MRI)
data, including 13 AD patients, 14 MCI patients, and 14 HC cases. Structural MRI data were processed using
FreeSurfer software version 6.0 to segment the CC into five parts. QSM processing was performed using
STISuite 3.0, and the results were registered and analyzed for susceptibilities in each CC segment using the
FSL (FMRIB Software Library, version 5.0.7). Correlations between susceptibility levels and diagnosis were
evaluated using the Kruskal-Wallis test, while associations between susceptibility and cognitive function [Thai
Mental State Examination (TMSE) and Clinical Dementia Rating (CDR)] were assessed using Spearman’s
rank correlation coefficient. Changes after follow-up were assessed using paired samples 7-tests and one-way
analysis of variance (ANOVA).

Results: Significantly increased susceptibility was observed in the mid-anterior and central parts of the CC
for AD patients compared to normal controls (0.051 and 0.103 ppm in AD and -0.014 and 0.003 ppm in
HC; P value =0.014 and 0.009). Susceptibility in the mid-anterior, central regions, showed weakly positive
correlations with CDR-global scores (r=0.296, P=0.006 and r=0.287, P=0.005). After a 2-year follow-up,
susceptibility significantly increased across groups. In the HC group, significant increases were observed in
the mid-anterior region (mean difference =0.074 ppm; P value =0.021). For the MCI group, a significant
increase in the mid-posterior region (mean difference =0.081 ppm; P value =0.039) was found. For the AD
group, a significant increase was found in the mid-posterior and posterior regions (mean difference =0.021
and 0.086 ppm; P value =0.013 and 0.005).
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Conclusions: The study findings suggest that increased susceptibilities in the mid-anterior and central

parts of the CC can serve as a potential biomarker for the diagnosis of MCI and AD and assess cognitive

function in these diseases.
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Introduction

Alzheimer’s disease (AD) is the most common neurological
disorder leading to dementia, characterized by selective
memory impairment and loss of executive function and
judgment in its early stages (1). The pathology of AD
includes diffuse extracellular amyloid-p (AB) plaques and
intracellular neurofibrillary tangles, leading to progressive
neuronal and synaptic loss and ultimately brain atrophy.
Current histochemical and histopathological research has
revealed altered iron metabolism and accumulation in AD
brain tissues, with iron colocalizing with AP aggregates in
senile plaques and intracellular hyperphosphorylated tau
aggregates in neurofibrillary tangles (2).

Quantitative susceptibility mapping (QSM) is a non-
invasive imaging technique that can detect magnetic
susceptibility changes related to iron deposits (3). Many
QSM studies have examined both gray matter nuclei detect
iron accumulation in the deep gray matter in AD (4-6)
and the cortex (7) in AD. It has shown promise as an early
diagnostic tool for AD, with studies reporting increased
cerebral iron in subcortical nuclei and cortical regions
among individuals with mild cognitive impairment (MCI)
and AD, particularly in the amygdala, caudate nucleus,
and putamen of Alzheimer’s patients. Furthermore, this
heightened susceptibility can help distinguish Alzheimer’s
patients from healthy individuals in various cortical areas
such as the precuneus and hippocampus (8-10). White
matter primarily consists of myelin, which exhibits
diamagnetic properties (negative susceptibility). An increase
in white matter may result from increased iron, decreased
myelin (demyelination), or both (11). In AD, the absolute
diamagnetic susceptibility in gray matter is influenced by
protein aggregation and demyelination. White matter
in AD shows lower absolute diamagnetic susceptibility
compared to controls, primarily due to demyelination (12).

© AME Publishing Company.

The corpus callosum (CC) is a vital white matter
structure in the brain that connects the two hemispheres
and facilitates their communication. Its volume and
microstructural changes have been reported in dementia
patients, including those with AD. Specific regional atrophy
of the CC may be associated with cognitive impairment and
dementia severity in Alzheimer’s patients, particularly in
the genu and splenium regions (13). Reduced white matter
density and fractional anisotropy (FA), and increased mean
diffusivity (MD) at the level of isthmus/splenium of the CC,
were also significantly related to increased global cognitive
deterioration during the early course of AD (14).

Overall, QSM has provided valuable insights into the
role of iron accumulation in AD and has the potential to
be used as a biomarker for monitoring disease progression
and evaluating new therapies. However, further research is
needed to validate QSM as a reliable and sensitive tool for
measuring iron in the brain and to better understand the
relationship between iron and the pathophysiology of AD.

An animal study has demonstrated significant
susceptibility changes in the posterior parts of the CC
compared to normal controls in primate model (15). In
contrast, another study revealed differences in magnetic
susceptibility in the rostral CC of a mouse model of
tauopathy compared to a normal mouse (16). However,
there have been no reported QSM studies in humans to
validate these findings yet, particularly those that segment
the CC into several regions.

The aim of this study was to measure susceptibility on
QSM in AD, MCI, and normal aging in each part of the
CC and assess their associations with neurocognitive scores
and the change in susceptibility in follow-up imaging.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-319/rc).
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Figure 1 Segmentation mask of the CC into five parts: anterior,
mid-anterior, central, mid-posterior, and posterior on structural
MR images of an example participant. CC, corpus callosum; MR,

magnetic resonance.

Methods
Patients

This retrospective study, approved by the Siriraj Institutional
Review Board (SIRB) (COA: Si009/2022) and conducted in
accordance with the Declaration of Helsinki (as revised in
2013), included three participant groups: patients who had
been visited Siriraj Hospital diagnosed with AD or MCI,
and healthy control (HC) from March 2015 to August 2021.
Informed consent was provided by all participants. National
Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related
Disorders Association (NINCDS-ADRDA) criteria, the
guideline was used to classify AD as well as clinical scores
were used to evaluate subjects including Thai Mental State
Examination (TMSE) score (17) and Clinical Dementia
Rating (CDR) scores (18). The TMSE, a Thai version of
the Mini-Mental State Examination (MMSE), quantifies
cognitive impairment and evaluates functions including
memory, attention, language, and spatial orientation based
on scale of 0-30, while CDR score based on a scale of 0-3:
ranking no dementia to severe cognitive impairment. The
AD group consisted of 34 patients diagnosed with probable
AD according to the NINCDS-ADRDA criteria, with a
TMSE score of less than 26 and a CDR score of 0.5 or
greater. Patients with psychiatric or other neurological
illnesses were excluded. 32 clinically-diagnosed AD
patients have amyloid PET with the results of 25 positive
scan. The MCI group included 32 patients with a TMSE
score between 24 and 30, a CDR score of 0.5, subjective
memory complaints with preserved activities of daily living
(ADLs), and no dementia according to the NINCDS-
ADRDA criteria. The HC group comprised 29 subjects
with TMSE scores between 24 and 30, a CDR score of 0,
no neurological or psychiatric illnesses, and normal ADLs.

© AME Publishing Company.
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A subset of participants underwent follow-up magnetic
resonance imaging (MRI), including 13 AD patients, 14
MCI patients, and 14 HC cases.

Clinical features

Retrospective review of electronically stored clinical notes
for all participants was conducted to collect information on
sex, age, educational years, and neurocognitive scores (TMSE

and CDR, including CDR-global and CDR-sum of box).

Image acquisition

All imaging data were obtained using a 3-T MR system
(Ingenia, Philips Medical System, Best, the Netherlands)
with a 32-channel head coil. T1-weighted imaging was
acquired using three-dimensional (3D)-turbo field echo
(TFE) with parameters such as an echo time (TE) of
4.8 ms, a repetition time (TR) of 9.8 ms, a voxel size
of 0.65x0.65x0.65 mm’, and a field-of-view (FOV) of
230%x230x265 mm’. The total acquisition time was six
minutes and four seconds. SWI/Phase images were
performed using FFE with TEs of 8, 16, 24, and 32 ms;
a TR of 36 ms; a voxel size of 0.4x0.4x1 mm’; bandwidth
=181 Hz/pixel; flip angle =24°; readout direction = LR and
a field-of-view (FOV) of 230x230x140 mm’. The FOV was
angulated 3-5° to BO field.

Immage processing

Structural MRI data 3D T1 images) were processed using
the recon-all command from the FreeSurfer software
version 6.0, which automatically segmented the CC into
five parts: anterior, mid-anterior, central, mid-posterior, and
posterior, as demonstrated in Figure 1.

QSM processing was performed using the STI Suite,
(http://people.eecs.berkeley.edu/~chunlei.liu/software.
html), a software package that includes brain extraction,
phase unwrapping, background field removal, and dipole
inversion with the improved sparse linear equation and least
squares (ILSQR) algorithm. QSM images were generated
from 3D multi-echo gradient echo sequence with short
TE for detecting magnetic susceptibility with strong signal
and long TEs for weak susceptibilities (Figure 2). There
are four steps to create QSM data from magnitude and
phase images, including brain extraction using BET (in
FSL), phase unwrapping, background field removal, and
dipole inversion. These steps were performed in STISuite
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Figure 2 Multiple echoes gradient sequence sensitizing susceptibility images. TE, time echo.
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Figure 3 The QSM processing method from the gradient echo sequences. MRI, magnetic resonance imaging; QSM, quantitative

susceptibility mapping.

3.0 by running them in a matlab script (MATLAB version
R2021a, The Math Works, Natick, MA, USA). As shown
in Figure 3, a binary brain mask is needed first to determine
the area of interest which had a proper signal-to-noise ratio
(SNR). Then, 3D unwrapped phase using Laplacian phase
unwrapping was performed in the STISuite toolbox (19).
For phase processing between -m and m, the algorithm can
remove the discontinuities (20). The next step, background
field removal, aimed to eliminate the background filed
originating outside a region of interest such as air-tissue
interface. A 3D varying spherical kernel of the sophisticated
harmonic artifact reduction for phase data (V-SHARP)

© AME Publishing Company.

method was chosen to deliver accurate background field
corrections and harmonic background phase removal using
Laplacian, namely the iHARPERELLA method (21,22).
This study used the spherical mean value (SMV) size with
a default value of 12 and the iteration number of 40 for all
computations. Finally, iLSQR algorithms were employed
to generate QSM image of the whole brain. A range of
magnetic susceptibility value and voxel-based QSM would
be observed between -0.20 and 0.20 ppm for assessing
intrinsic magnetic tissue properties (22).

Subsequently, the QSM images were registered to 3D
T1-weighted images using FSL (FMRIB Software Library,
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Figure 4 Registration of CC mask to QSM images. CC, corpus callosum; QSM, quantitative susceptibility mapping.

version 5.0.7), and their susceptibility was calculated
within each segment of the CC using FSIs Linear Image
Registration Tool (FLIRT) and fslstats commands, as shown
in Figure 4.

Statistics

Data were prepared and analyzed using IBM SPSS Statistics
for Windows, version 26.0 (IBM Corp, Armonk, NY,
USA). Demographic data, including sex, age, education
years, TMSE, CDR, and QSM data from each part of
the CC, were tested for normal distribution using the
Kolmogorov-Smirnov test. Data with a normal distribution
including demographic data, including sex, age, education
years, TMSE, and CDR are reported as mean = standard
deviation (SD). Susceptibility in each region which has non-
normal distribution was assessed using the Kruskal-Wallis
test, with median values reported alongside minimum and
maximum values. The correlation between susceptibility
and neurocognitive scores was evaluated using Spearman’s
rank correlation coefficient after performing a semi-partial
correlation analysis on these scores and age to minimize
the effect of aging. Mixed-analysis of variance (ANOVA)
was also performed with susceptibility value as dependent
variable, Group (HC, MCI, AD) as within subject effect and
clinical scores (TMSE, CDR-global, CDR-sum of box) to
clarify the effect of each variable. Susceptibility differences
after follow-up were assessed using paired samples #-test

© AME Publishing Company.

and one-way ANOVA. All results were predetermined to
be statistically significant if the P value was less than 0.05.
Corrections for multiple comparisons used a false discovery

rate (FDR) threshold of 0.05.

Results
Demographic data

Baseline demographic data for patients with AD and
controls and clinical scores are presented in Table 1. AD
patients had significantly lower TMSE scores, higher CDR-
global, and higher CDR-sum of box. There was a trend
towards higher age (P<0.001) in the AD patients compared
to the other two groups, but no significant difference with
regard to gender distribution and educational years (P=0.626
and 0.058, respectively).

Susceptibility in each part of CC among the groups

The magnetic susceptibility varied across different regions
of the CC in each group, as demonstrated in Tiable 2. The
intercomparisons of susceptibility among the groups in
each part of the CC were performed, revealing significantly
increased susceptibility in the mid-anterior and central parts
of the CC for Alzheimer’s patients [0.051 (-0.386, 0.170)
and 0.103 (-0.374, 0.291) ppm, respectively] compared to
those of normal controls [-0.014 (-0.246, 0.136) and 0.003

Quant Imaging Med Surg 2025;15(5):4566-4579 | https://dx.doi.org/10.21037/qims-24-319
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Table 1 Demographic and clinical data
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Participant characteristics AD (n=34) MCI (n=32) HC (n=29) P
Sex (M/F) 16/18 16/16 11/18 0.626
Age (years) 71.71+£6.16 68.59+5.45 64.51+8.20 <0.001
Education years 11.32+4.26 13.41+3.89 12.53+4.30 0.058
TMSE 22.59+4.3 26.53+2.61 28.07+1.69 <0.001
CDR <0.001

0 0 2 29

0.5 20 29 0

1 12 1 0

1.5 0 0 0

2 1 0 0
CDR-sum of box 1.19+£1.96 1.44+£2.14 1.46+£1.57 <0.001

Data are presented as number or mean + SD. AD, Alzheimer’s disease; CDR, Clinical Dementia Rating; F, female; HC, healthy control; M,
male; MCI, mild cognitive impairment; SD, standard deviation; TMSE, Thai Mental State Examination.

Table 2 Susceptibility in each part of CC among the groups

Corpus callosal Susceptibility (ppm) P

parts HC (n=34) MCI (n=32) AD (n=29) HC vs. MCl MClvs. AD  HC vs. AD
Anterior ~0.051 (-0.318,0.208)  —0.069 (-0.273,0.290)  —0.027 (~0.296, 0.123) 0.851 0.516 0.389
Mid-anterior ~ —-0.014 (-0.246,0.136)  0.024 (-0.211,0.300)  0.051 (~0.386, 0.170) 0.121 0.361 0.014*
Central 0.003 (-0.157,0.206)  0.065 (-0.119,0.286)  0.103 (~0.374, 0.291) 0.035 0.636 0.009*
Mid-posterior ~ 0.039 (-0.073,0.135)  0.045 (-0.091,0.227)  0.062 (~0.394, 0.194) 0.204 0.789 0.131
Posterior 0.015 (-0.067,0.085)  0.013 (-0.031,0.222)  -0.001 (~0.461, 0.125) 0.188 0.375 0.023

Susceptibility is assessed using Kruskal-Wallis test. Data are presented as median (minimal, maximal) values. *, significance following
correction for multiple comparisons (FDR threshold of 0.05). Adjusted P values are reported in the table. AD, Alzheimer’s disease; CC,
corpus callosum; FDR, false discovery rate; HC, healthy control; MCI, mild cognitive impairment.

(-0.157, 0.206) ppm, respectively].

No other regions showed significant differences in
susceptibility among the control, AD, and MCI groups.
However, there was a slight increase in susceptibility in
the central part of the CC in the MCI group compared
to the HC group, with susceptibility of 0.003 (-0.157,
0.206) and 0.065 (-0.119, 0.286) ppm, respectively, and
a P value of 0.035. This difference did not survive the
multiple comparison analysis, which is also the case for the
differences in susceptibility in the posterior CC between the
HC and AD groups. The susceptibilities were 0.015 (-0.067,
0.085) ppm for HC and -0.001 (-0.461, 0.125) ppm for AD
in the posterior part with P values =0.023 (Table 2).

© AME Publishing Company.

Change in susceptibility in each part of CC during follow-
up imaging

Following a 2-year follow-up, the susceptibility exhibited
significant increases that varied across each group, as
described in Table 3 and Figure 5. In the HC group,
significant increases were observed in the mid-anterior
region (mean difference =0.074 ppm; P value =0.021). In
contrast, the MCI group displayed significant increases in
susceptibility in the mid-posterior region (mean difference
=0.081 ppm; P value =0.039). For the AD group, significant
increases in susceptibility were found in the mid-posterior
region and the posterior CC (mean difference =0.021 and
0.086 ppm; P value =0.013 and 0.005, respectively).
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Table 3 Change in susceptibility during follow up imaging
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HC (n=14) MCI (n=14) AD (n=13)
CC part
Baseline Follow-up Mean diff. P Baseline Follow-up Mean diff. P Baseline Follow-up Mean diff. P
Anterior -0.066  -0.038 0.027 0.317  -0.028 -0.081 -0.053 0.279 -0.02 -0.038 0.036 0.435
Mid-anterior ~ —0.053 0.021 0.074  0.021* 0.014 0.089 0.075 0.081 0.011 0.045 -0.018  0.369
Central -0.017 0.051 0.068 0.069 0.052 0.161 0.109 0.09 0.039 0.06 0.034 0.642

Mid-posterior —0.003 0.049 0.052 0.095 0.034
Posterior 0.010 0.03 0.02 0.242 0.029

0.116 0.081 0.039* -0.012 0.075 0.021 0.013~
0.045 0.016 0.394  -0.045 0.042 0.086  0.005~

*, significance following correction for multiple comparisons (FDR threshold of 0.05). Adjusted P values are reported in the table. AD,
Alzheimer’s disease; CC, corpus callosum; diff., difference; FDR, false discovery rate; HC, healthy control; MCI, mild cognitive impairment.
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Figure 5 The graphs of change in susceptibility during follow-up imaging show regions with significant change in each subgroup (P<0.05),
including the mid-anterior region in the HC group (A), the mid-posterior region in the MCI group (B), and both the mid-posterior (C) and
posterior (D) regions in the AD group. Each black line represents connection between initial and follow-up QSM values in each participant,
while the red lines represent average QSM value change in each region. AD, Alzheimer’s disease; CC, corpus callosum; HC, healthy control;

MCI, mild cognitive impairment; MRI, magnetic resonance imaging; QSM, quantitative susceptibility mapping.

Correlations between susceptibility of CC and

neurocognitive score

As depicted in Table 4 and Figure 6, our findings reveal that

the susceptibility in the mid-anterior and central regions of

© AME Publishing Company.

the CC displayed a significant weakly positive correlation
with the CDR-global (r=0.296, P=0.006 and r=0.287,
P=0.005). No significant correlation between susceptibility of
the CC in each region and TMSE or CDR SB was observed.
The mixed-ANOVA test was also performed to confirm the
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Table 4 Correlations between susceptibility of CC and neurocognitive score
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Total TMSE CDR-global CDR-sum of box
CC part
Correlation coefficient (r) P Correlation coefficient (r) P Correlation coefficient (r) P

Anterior -0.127 0.220 0.042 0.696 -0.112 0.365
Mid-anterior -0.099 0.341 0.296 0.006* 0.071 0.564
Central -0.124 0.233 0.287 0.005* 0.068 0.581
Mid-posterior 0.044 0.675 0.185 0.081 0.076 0.540
Posterior 0.106 0.308 0.072 0.497 -0.077 0.531

The correlation coefficients presented in this table are based on the analysis of Spearman’s rank correlation after performing a semi-partial
correlation analysis on these scores and age to minimize the effect of aging. Statistically significant correlation is denoted by an asterisk (*)
with significance level set at 0.05. CC, corpus callosum; CDR, Clinical Dementia Rating; TMSE, Thai Mental State Examination.

A Mid-anterior region
100 |,
R linear =0.065
g os0| -
(8] °
17}
5
15 0.00
©
S
2 -050
-1.00

0.20 0.40

—-0.40

-0.20 0.00

QSM value, ppm

B Central region

R? linear =0.003,

Global CDR score
5
o

-1.00

-0.40 -0.20 0.00 0.20

QSM value, ppm

Figure 6 The graphs of susceptibility of mid-anterior (A) and central (B) region of CC, and CDR-global score, representing regions with
significant correlations. CC, corpus callosum; CDR, Clinical Dementia Rating; QSM, quantitative susceptibility mapping.

main effect and between-subject effect of susceptibility value.
There was a difference of susceptibility value in each region
[F(4,248) =14.033, P<0.001, ppz =0.185] without significant
effect of susceptibility group (P>0.05). The between-
subject effect analysis shows CDR-global score significantly
associated with susceptibility value [F(1,62) =4.176, P=0.045,
pp2 =0.063], as shown in Tables S1,S2.

Discussion

Our study provides a detailed analysis of the CC’s
susceptibility in AD, MCI, and healthy aging. We found
that the findings specific to certain subregions of the CC
correlate with diagnosis, cognitive function, and disease
progression, using cross-sectional and longitudinal data.

Susceptibility in each part of CC among the groups

QSM is believed to provide novel ultrastructural data

© AME Publishing Company.

on white matter alterations. A previous QSM study has
shown that myelinated white matter tracts exhibit low
susceptibility values due to the diamagnetic property of
myelin, while demyelination is associated with increased
susceptibility (23). This is similar to reported microstructural
alterations in diffusion tensor imaging (DTT) studies that
reflect pathological changes such as axon loss, damage,
or demyelination (24). To some extent, QSM and DTI
could provide similar information regarding certain white
matter changes. For instance, a study in Parkinson’s disease
showed only some areas of overlap between QSM and DTT
changes, such as an increase in mean susceptibility and
radial diffusion (25).

Microstructural changes in the CC have been detected in
many DTT studies in AD, with decreased FA and increased
MD, in addition to other white matter regions, particularly
in the cingulum bundles (26-29). For subsegmental
regions of the CC, predominant atrophy and reduced
microstructural integrity in the posterior part, especially
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the posterior body, isthmus, and splenium, have been
noted in patients with AD (14). However, QSM studies
have observed increased magnetic susceptibilities in the
medial temporal lobes’ gray matter and the genu, body,
and splenium of the CC in the white matter (30). Findings
from animal models of sporadic AD have shown increased
susceptibility in the posterior parts of the CC (15).

Despite prior findings tending to specify the posterior
part, our study revealed significantly increased susceptibility
in the mid-anterior and central parts of the CC in
Alzheimer’s patients compared to normal controls, which
could demonstrate the demyelination process. However,
from a tau mouse model, susceptibility differences were
found in the rostral CC, which had low to intermediate
neurofibrillary tangle content and active inflammation
during the intermediate stages of the disease. No significant
differences in susceptibilities were found in the advanced
stages where extensive myelin breakdown occurs in the
posterior part of the CC (16).

Our study revealed significantly increased susceptibility
in the mid-anterior and central parts of the CC specifically
in Alzheimer’s patients compared to normal controls. The
significantly increased susceptibilities in these regions may
represent active areas of neurodegeneration with some level
of neurofibrillary tangle content, and the lack of differences
in susceptibilities in the posterior part could be due to the
advanced stage of the disease, like findings in the tau mouse
study. Further investigation is needed to validate these
theories, such as assessing volumetric or microstructural
changes or correlating the findings with histopathologic
results.

Change of susceptibility in each part of CC among the
groups during follow-up imaging

Longitudinal changes in the magnetic susceptibility (QSM
value) of the CC have not been well studied in AD, MCI,
and HC. While a previous study has observed increases
in magnetic susceptibility over time in an amyloid mouse
model of AD compared to controls (31), the specific
changes in the CC have not been investigated.

In our study, we performed a 2-year follow-up of
participants in each group (HC, MCI, and AD) and found
significant increases in susceptibilities that varied by
region. HCs exhibited significant increases in the mid-
anterior region, while the MCI group showed significant
increases in the mid-posterior region. The AD group
displayed significant increases in the mid-posterior region
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and the posterior CC. These changes could represent an
anteroposterior progression of the disease, with changes in
the anterior regions potentially occurring in the early stages
of amnestic MClI/early AD and then in the posterior part in
the latter stage of the disease.

In normal aging, the most predominant finding is a
decline in size and microstructural integrity in the anterior
parts of the CC (32-36), which has been substantiated by
postmortem findings (37,38). Additionally, an anterior-
to-posterior gradient in fiber integrity has been observed
in the CC, where anterior bundles are more vulnerable
to age-related degeneration than posterior ones. This has
been shown through various analytical methods, including
histological examination and high-gradient diffusion MRI
(39-48).

In microstructural studies using DTT for MCI and AD
patients, increased axial diffusivity in the temporal subregion
and increased radial diffusivity in the frontal and premotor/
supplementary motor area subregions of the CC were
observed. As the disease advances to AD dementia, both
axonal damage and myelin degradation spread throughout
the CC (47-51). Aligned with volume studies in MCI and
early AD, atrophy is more pronounced than in normal aging
and tends to affect the anterior region (genu) of the CC to a
greater extent (52,53). In more severe or later stages of AD,
the atrophy progresses to the posterior part of the CC. It is
also thought that atrophy in these regions may serve as an
early indicator of the progression from MCI to AD (54,55).

These results suggest that longitudinal QSM studies may
be useful in differentiating between AD, MCI, and healthy
aging subjects by examining the pattern involvement of the
CC. Furthermore, the QSM changes observed in this study
may provide valuable information on the progression of
cognitive decline and offer potential biomarkers for disease
diagnosis and monitoring.

Correlations between susceptibility of CC and
neurocognitive score

Previous studies have indicated a connection between
elevated brain iron levels, particularly in the presence
of beta-amyloid, and lower cognitive performance in
individuals with MCI or dementia (56,57). However, a study
revealed elevated cerebral iron load found to be associated
with lower cognitive performance, independent of beta-
amyloid (57). A negative correlation was observed between
brain iron levels in the hippocampus, frontal cortex, and
globus pallidus, and global cognitive performance (57).
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However, there has been no reported information about the
susceptibility of the CC in this context.

In our study, a weak correlation was observed between
the susceptibility in specific regions of the CC in the mid-
anterior and central parts, and the CDR-global scores.
In addition, there was a correlation between CDR-global
scores and Susceptibility across the entire CC. These results
suggest that the CC plays a crucial role in cognitive abilities,
as measured by changes in susceptibility within the CC may
contribute to dementia and age-related cognitive decline.

Considering the projections of the anterior and mid-
anterior CC regions to the frontal lobes, the increased
susceptibility in these regions may indicate pathological
changes that could lead to cognitive impairments, as seen
in results resembling those from microstructural change
and DTT tractography studies. These studies demonstrated
connectivity of the anterior callosal regions with frontal
cortical areas and posterior callosal regions with parietal
and occipital cortical areas, along with associated brain-
behavioral links to cognitive, motor, and sensory functions
(58,59).

This hypothesis is also supported by findings from
volumetric study that anterior-predominant CC atrophy is
associated with cognitive dysfunction in normal aging (52)
and in diseases characterized by cognitive deficits, such as
AD, amnestic MCI, vascular dementia, and multiple sclerosis
(48,52,59,60). These deficits include worse MMSE scores (60),
verbal fluency (52), attention, executive function, processing
speed (59,60), working memory (61), and global cognition (52).

Several limitations in this study are needed to be
addressed. One limitation of our study is our small sample
size with a small number of patients at follow-up imaging,
requiring further validation in future studies. Additionally,
not all participants received biomarker confirmation, a
limitation given the reliance on the NINCDS-ADRDA
criteria for diagnosing AD. The absence of biomarkers
like amyloid and tau proteins could impact the accuracy
of our diagnoses, potentially confounding distinctions
between Alzheimer’s and other dementias. Future research
should incorporate these biomarkers to enhance diagnostic
precision.

Moreover, QSM shows promise as a potential imaging
biomarker in AD. Based on prior studies the AT'N system (62),
magnetic susceptibility in deep gray matter may be a
biomarker for AD pathogenesis and has some evidence
of correlation to amyloid pathology, Tau pathology,
and neurodegeneration, particularly detecting early tau
pathological changes (10). Several clinicoradiological

© AME Publishing Company.

4575

studies have investigated controversial relationship between
iron and AP deposition as detected using QSM and amyloid
PET (63,64). However, lack of ATN biomarker evaluation
in this study makes it difficult to confirm those expected
correlations.

Another limitation is that while QSM has demonstrated
sensitivity to iron content changes in AD, it may not be
specific to AD pathology as well as it does not directly
indicate either neurodegeneration or tau accumulation.
Other factors, such as inflammation, demyelination, and
microbleeds, can also affect susceptibility. Therefore,
lack of other information from structural MRI including
white matter lesions, infarcts, microbleeds, or other
structural abnormalities in this study could influence QSM
measurements and be significant limitation. Even though
patients with psychiatric or other neurological illnesses were
excluded. Lack of data of other systemic diseases that might
cause brain iron accumulation is also another significant
limitation in this study and may confound the results.
Another notable limitation is the significant difference in
chronological age across participant groups, where age is
a critical factor that can influence cognitive performance
and susceptibility effects independently of the disease
status. Future analyses will incorporate age as well as other
diseases and structural changes that might cause brain iron
accumulation should be helpful.

Additionally, QSM processing methods and acquisition
protocols can vary across research centers, leading to
potential discrepancies in reported findings. Standardization
of QSM methods and the establishment of normative
databases could improve the reliability and comparability of
results across studies.

Conclusions

This study found increased susceptibility in the mid-
anterior and central parts of the CC in Alzheimer’s patients
compared to HCs. The observed weak correlation between
susceptibility in these subregions of CC and CDR-global
scores implies that susceptibility changes within the CC
could contribute to dementia and cognitive decline. A 2-year
follow-up revealed significant increases in susceptibility
across different regions of the CC, depending on the group,
aligning with patterns of atrophy observed in previous
studies, which represent anteroposterior gradient as disease
progress. Despite QSM’s potential as an imaging biomarker
for AD, limitations include its sensitivity to factors other
than AD pathology and the need for standardized protocols
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across research centers.
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