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Several studies have shown white matter (WM) dysconnectivity in people with schizophrenia (SZ). However, the underlying
mechanism remains unclear. We investigated the relationship between plasma homocysteine (Hcy) levels and WM microstructure
in people with SZ using diffusion tensor imaging (DTI). Fifty-three people with SZ and 83 healthy controls (HC) were included in this
retrospective observational study. Tract-Based Spatial Statistics (TBSS) were used to evaluate group differences in WM
microstructure. A significant negative correlation between plasma Hcy levels and WM microstructural disruption was noted in the
SZ group (Spearman’s p = —.330, P =0.016) but not in the HC group (Spearman’s p =.041, P=0.712). These results suggest that
increased Hcy may be associated with WM dysconnectivity in SZ, and the interaction between Hcy and WM dysconnectivity could
be a potential mechanism of the pathophysiology of SZ. Further, longitudinal studies are required to investigate whether high Hcy
levels subsequently cause WM microstructural disruption in people with SZ.
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INTRODUCTION

Recently, several reports have demonstrated white matter (WM)
dysconnectivity in individuals with schizophrenia (SZ) across their
lifespan, including during the first episode and acute and chronic
phases'=3. Diffusion tensor imaging (DTI) is used to identify WM
microstructural disruptions, revealing significantly lower fractional
anisotropy (FA) in individuals with SZ than in healthy controls (HC).
FA reductions in SZ have been identified in various brain regions,
including the frontal lobe, thalamus, cingulate gyrus, and temporal
lobe'3. Furthermore, a multisite harmonization study demon-
strated an association between FA reduction and core cognitive
impairment, including language, processing speed, working
memory, and nonverbal memory, which is known to impact
real-world functioning in people with SZ*%. These findings
suggest global dysfunction in brain networks rather than localized
disruption of specific brain regions and tracts. However, the
underlying mechanism of WM dysconnectivity in SZ remains
unclear.

Accumulating evidence has shown that homocysteine (Hcy) is
involved in the pathophysiology of SZ’-°. A meta-analysis of
genome-wide association studies showed a significant association
between SZ and the methylenetetrahydrofolate reductase
(MTHFR) C677T (rs1801133) polymorphism, which leads to
reduced enzyme activity and increased plasma Hcy levels’.
Furthermore, high Hcy levels in plasma have been suggested as
a risk factor for SZ. A Mendelian randomization analysis yielded an
odds ratio of 2.15 per 1-SD increase in plasma Hcy levels'.
Additionally, several studies, including one conducted in drug-
naive, first-episode psychosis patients'', have reported that
plasma Hcy levels are positively correlated with the clinical
severity of SZ using the Positive and Negative Syndrome Scale

(PANSS)''=13, Therefore, these findings implicate increased Hcy as
a part of the biological etiology of SZ.

According to several in vitro and in vivo studies, exposure to
Hcy disrupts the WM through some mechanisms: Hcy interacts
with neuronal N-methyl-D-aspartate (NMDA) receptors, initiates
oxidative stress, induces apoptosis, and leads to vascular
damage'*'*, Indeed, some reports have indicated an association
between Hcy and WM dysconnectivity in older people with
neuropsychiatric disorders, including depression’®, Alzheimer's
disease'’, and Parkinson’s disease'®. However, the relationship
between plasma Hcy levels and WM dysconnectivity in people
with SZ remains unknown.

Thus, to better understand the pathophysiology of WM
dysconnectivity in SZ, we examined the relationship between
plasma Hcy levels and WM microstructural disruption using DTl in
people with SZ.

METHODS
Study design and participants

In this retrospective observational study, we reviewed the clinical
data of the recruited participants as described previously'®. A total
of 53 people with SZ and 83 age- and sex-matched HC were
recruited. Individuals met the criteria for SZ based on the
Structural Clinical Interview for DSM-IV Axis | Disorders (SCID)
patient edition, version 2.0 and had no history of other psychiatric
disorders. Psychiatric symptoms were assessed using the Positive
and Negative Syndrome Scale (PANSS). Individuals in the HC
group were assessed using the SCID non-patient edition, version
2.0 and had no previous psychiatric disorders nor any first-degree
relatives with a history of psychotic episodes. Exclusion criteria for
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both groups included a history of head trauma, neurological
disease, severe medical conditions, or substance abuse that could
affect brain function. Almost all people with SZ were receiving
antipsychotic medication at the time of the study (none [N=1],
typical [N=2], atypical [N=41], typical and atypical [N=15],
unknown [N=4]) (Supplementary Table 1). To assess the
antipsychotic doses people with SZ actually received, chlorpro-
mazine (CP) equivalents were calculated according to the Practice
Guideline for the Treatment of Schizophrenia Patients?®2!. The CP
equivalent data were unavailable for 4 of the 53 people with SZ.
Thus, we analyzed 49 people with SZ for all analyses using CP
equivalents. Written informed consent was obtained from all
participants. This study was approved by the Committee on
Medical Ethics of Kyoto University and was conducted in
accordance with the Code of Ethics of the World Medical
Association.

Measurement and group comparisons of plasma Hcy levels

Plasma samples were obtained from all participants on the same
day as the MRI scans. All plasma Hcy measurements were
conducted at SRL Inc. (Tokyo, Japan). Non-parametric analyses
using the Mann-Whitney U test were performed to examine
between-group differences in plasma Hcy levels. To explore the
potential effects of age and sex on between-group differences in
plasma Hcy levels, a nonparametric analysis of covariance
(ANCOVA) was conducted using age and sex as control variables.
The threshold for statistical significance was set at P < 0.05.

MRI acquisition and preprocessing

Diffusion-weighted imaging data were acquired using single-shot
spin-echo echo-planar sequences on a 3-T MRI unit (Tim TRIO;
Siemens, Erlangen, Germany) equipped with a 40-mT/m gradient
and a 32-channel receive-only phased-array head coil. Imaging
parameters were as follows: echo time=106ms, repetition
time = 5640 ms, field of view =192 X 192 mm, 96 x 96 matrix, 70
contiguous axial slices with a thickness of 2.0 mm, 64 non-collinear
diffusion weighting gradients, and a b-value of 1500 s/mm?Z. The
b =0 images were scanned three times along with two diffusion-
weighted images, resulting in 69 volumes.

Source diffusion MRI data were first denoised using ‘dwidenoise’
in MRtrix3 (http://mrtrix.readthedocs.io/en/latest/index.html), by
which data redundancy was exploited in the principal component
analysis domain using prior knowledge of the universal Marchenko
Pastur distribution in the eigenspectrum of random covariance
matrices®>?3, Subsequently, corrections were applied for eddy
currents and head motion by registering all data to the first b=0
image using affine transformation. Susceptibility-induced distor-
tion was corrected through BO unwarping using FSL 5.0.10 (http://
www.fmrib.ox.ac.uk/fsl) and dti_preprocess (https:// github.com/
RIKEN-BCIL/dti_preprocess). FA, axial diffusivity (AD), radial diffu-
sivity (RD), and mean diffusivity (MD) maps were obtained by
fitting a diffusion tensor model to the data using FSL DTIFIT.
Among DTl measures, FA is considered the most sensitive indicator
of abnormal WM integrity in SZ24, while AD and RD abnormalities
can be indicative of axonal and myelin aberrations, respectively?”.
To analyze the FA data statistically, we applied Tract-Based Spatial
Statistics (TBSS) version 1.2, a part of the FSL that allows sensitive
and objective analysis of multi-subject diffusion MRI data®. Briefly,
the TBSS process included the following steps: all FA data were
spatially normalized into a common space using a nonlinear
registration tool, FNIRT, a component of FSL?7?%; the normalized FA
images were averaged to create a mean FA image, which was then
thinned to create an original mean FA “skeleton,” capturing the
centers of WM tracts common to all subjects. This original mean FA
skeleton was thresholded at an FA value of 0.2 to create the mean
FA skeleton mask. The voxel values of each subject’s normalized FA
map were projected onto the mean skeleton by identifying the
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local maxima perpendicular to the skeleton. The AD, RD, and MD
maps of each subject were projected onto the skeleton using the
same projection vector. The resulting skeletonized FA data were
used for voxel-wise group comparisons.

Group comparisons of FA image

Voxel-wise permutation-based nonparametric inference®® of FA
was performed using FSL Randomize version 2.9, within a mean
FA skeleton mask. People with SZ and HC were compared using
ANCOVA design within a general linear model framework, with
age and sex as nuisance covariates and focus on HC-minus-SZ and
SZ-minus-HC. The number of permutations was 10,000. Statistical
significance was set at P < 0.05, corrected for multiple compar-
isons using threshold-free cluster enhancement (TFCE)*°. All
coordinates of the local maxima within significant clusters were
identified using the cluster command implemented in FSL. The
fiber tracts corresponding to the clusters in the results were
identified by referring to the Johns Hopkins University DTl-based
White Matter Atlas (http://cmrm.med.jhmi.edu). We calculated the
mean FA values for all clusters with significant between-group
differences because we assumed that higher plasma Hcy would be
associated with lower FA and the mean FA of the clusters with
between-group differences would be more sensitive to Hcy than
the mean FA of the total brain. For these clusters, we calculated
the mean AD, RD, and MD values.

Correlation analyses between Hcy and FA

The correlation between plasma Hcy levels and mean FA of the
significant clusters was calculated using Spearman’s rank-order
coefficients. The threshold for statistical significance was set at
P <0.025, with Bonferroni correction for the number of compar-
isons (SZ and HC groups).

Correlation of Hcy and FA with clinical features

In the SZ group, to further examine the relationships of Hcy and
FA with clinical features, we conducted Spearman’s correlation
analysis of the PANSS scores and CP equivalent with plasma Hcy
levels and mean FA of the significant clusters. The threshold for
statistical significance was set at P < 0.05.

Correlation between Hcy and FA after adjusting for age, sex,
and antipsychotic medication

In the SZ group, multiple regression analysis was used to examine
the potential effects of age, sex, and the CP equivalent on the
correlation between plasma Hcy levels and mean FA. The
threshold for significance was set at P < 0.05.

Analysis after removing outliers

Using the interquartile range (IQR), 3 outliers for plasma Hcy levels
(2 SZ and 1 HC participant) and 6 outliers for mean FA (5 SZ and 1
HC participant) were identified. The IQR was defined as the
difference of the third quartile (Qs) minus the first quartile (Q,) of
distribution, and these outliers were higher than Qs plus 1.5 times
the IQR or lower than Q; minus 1.5 times the IQR. Therefore, we
conducted additional analyses after removing these outliers. We
first conducted Spearman’s correlation analysis of the plasma Hcy
levels and mean FA in the SZ and HC groups. The threshold for
significance was set at P <0.025. Next, we conducted multiple
regression analysis to examine the effects of age, sex, and the CP
equivalent on the correlation between plasma Hcy levels and
mean FA in the SZ group. The threshold for significance was set at
P <0.05.
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Table 1. Demographic and clinical data in healthy and patient groups.

Schizophrenia Control P Value
N 53 83
Age (years) 40.38 +10.87 38.80+10.39 0.4762
Sex (male/female) 27/26 44/39 0.814°
Homocysteine (nmol/mL) 10.48 +6.98 9.51+3.28 0.644?
Mean FA of the whole clusters with significant group difference in FA 0.47 £0.03 0.50 £ 0.02 <0.0012*
Mean AD of the whole clusters with significant group difference in FA 0.99+0.04 (1073) 1.00+0.04 (1073) 0.736%
Mean RD of the whole clusters with significant group difference in FA 0.48 £ 0.04 (1073) 0.47 £0.03 (1073) 0.024%*
Mean MD of the whole clusters with significant group difference in FA 0.65 +0.04 (1073) 0.64+0.03 (1073) 0.1222
CP equivalent (mg/day) 499.76 + 362.77 - -
PANSS total 57.79+18.10 - -
PANSS positive 13.08 +4.84 - -
PANSS negative 15.87 £6.32 - -
PANSS general 28.85 +£9.06 - -

FA fractional anisotropy, AD axial diffusivity, RD radial diffusivity, MD mean
standard deviation. All data are shown as the mean * SD.

Mann-Whitney U test.

by2,
*P < 0.05.

diffusivity, CP chlorpromazine, PANSS positive and negative syndrome scale, SD

Assessment of microstructural composition of FA abnormality
To further examine the microstructural composition of FA
abnormalities, we compared the mean AD, RD, and MD of the
clusters with significant FA differences between the SZ and HC
groups. In the SZ group, the correlation between plasma Hcy
levels and mean AD, RD, and MD of the significant clusters was
calculated using Spearman’s rank-order coefficients. The threshold
for significance was set at P < 0.05.

Statistics

Not all parameters were normally distributed in both the SZ and
HC groups, therefore non-parametric analyses using the
Mann-Whitney U test were performed to examine between-
group differences. The threshold for significance was set at
P <0.05. All analyses were performed using SPSS version 29 soft-
ware (SPSS Inc., Chicago, IL, USA).

RESULTS

Between-group differences in plasma Hcy levels and

FA images

There was no significant difference in the plasma Hcy levels
between the SZ and HC groups (P=0.644, Table 1). After
adjusting for the effects of age and sex, there was no significant
difference in the plasma Hcy levels between the SZ and HC groups
(F (1, 134) =0.275, P=0.601).

People with SZ exhibited widespread FA reduction on
skeletonized FA images compared to those in the HC group.
These reductions extended into the bilateral deep WM areas in the
frontal, temporal, parietal, and occipital lobes, a large part of the
corpus callosum, and the corona radiata (Fig. 1). There were no
areas with increased FA levels in the SZ group. All significant
clusters are listed in Table 2.

Correlation between Hcy and FA

In the SZ group, there was a significant negative correlation
between the plasma Hcy levels and mean FA of the clusters with a
significant group difference (mean FA) (Spearman’s p = —0.330,
P=0.016 <0.025, Fig. 2a). In contrast, no significant correlation
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Fig. 1 Areas with significant fractional anisotropy (FA) reduction
in individuals with schizophrenia (SZ). Individuals with SZ
exhibited FA reductions in areas such as the bilateral frontal,
temporal, parietal, and occipital lobes, a large portion of the corpus
callosum, and the corona radiata. To aid visualization, results were
thickened using the tbss_fill script implemented in FSL (red-yellow).
Statistical significance was set at P <0.05, corrected by threshold-
free cluster enhancement.

was noted between the plasma Hcy levels and mean FA in the HC
group (Spearman’s p =0.041, P=0.712 > 0.025, Fig. 2b).

Correlation of Hcy and FA with clinical features

In the SZ group, there was a significant positive correlation
between the plasma Hcy levels and PANSS-total score (Spearman’s
p =.292, P =0.034) and PANSS-general psychopathology subscale
score (Spearman’s p =0.307, P=0.025) (Table 3). In contrast, no
significant correlation was noted between mean FA and all PANSS
scores (Table 3). Additionally, there was a significant correlation
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Table 2. Clusters with a significant between-group difference fractional anisotropy.
Cluster Index Voxels MAX X (mm) MAX'Y (mm) MAX Z (mm) Anatomical name of local maxima
1 64377 -19 —24 37 Left superior corona radiata

A significant cluster is shown. Voxels: the number of voxels in the cluster, MAX X/Y/Z: the location of the maximum intensity voxel in MNI (Montreal
Neurological Institute) standard space coordinates (mm).
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Fig. 2 Correlation between homocysteine (Hcy) and white matter dysconnectivity. a The schizophrenia (SZ) group showed a statistically
significant negative correlation between plasma Hcy levels and mean fractional anisotropy (FA) of the clusters with significant FA differences
between the SZ and HC groups. b No correlation was found in healthy controls (HC). To aid visualization, Spearman’s rank orders are shown on
both the X and Y axes. The regression line is shown on each graph. The filled markers and solid regression lines indicate significant results, and

open markers and broken lines indicate non-significant results.

between the CP equivalent and both plasma Hcy levels (Spear-
man’s p = 0.448, P=0.001) and mean FA (Spearman’s p = —0.350,
P=0.014) (Table 3).

Correlation between Hcy and FA after adjusting for age, sex,
and antipsychotic medication

In the SZ group, multiple regression analysis showed that there
was no significant correlation between the plasma Hcy levels and
mean FA after adjusting for age, sex, and the CP equivalent
(standardized = —0.219, P=0.158, Table 4).

Analysis after removing outliers

In the SZ group, correlation analysis after removing these outliers
also showed a significant negative correlation between the
plasma Hcy levels and mean FA (Spearman’s p=—0.414,
P=10.004 < 0.025). This correlation remained significant after
adjusting for age, sex, and the CP equivalent (standardized
B =-0.335, P=0.037, Supplementary Table 2). In contrast, no
significant correlation was noted between the plasma Hcy levels
and mean FA in the HC group (Spearman’s p=0.047,
P=0.679 > 0.025).

Assessment of microstructural composition of FA abnormality
In the SZ group, the mean RD of clusters with a notable FA
difference was significantly higher in comparison to the HC group
(P=0.024, Table 1). No significant between-group differences in
the mean AD or MD were noted (Table 1). Additionally, the plasma
Hcy levels did not significantly correlate with the mean AD, RD, or
MD in the SZ and HC groups (Supplementary Fig. 1).

DISCUSSION

To the best of our knowledge, this is the first study to demonstrate
that high plasma Hcy in plasma is associated with WM
microstructural disruption in people with SZ. This finding suggests
that the interaction between Hcy and WM dysconnectivity could
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Table 3. Correlations of homocysteine and mean FA with clinical
features in schizophrenia.

Homocysteine Mean FA

Spearman’s p P value Spearman’s p P value
PANSS total 0.292 0.034* —0.043 0.760
PANSS positive 0.251 0.070 0.042 0.764
PANSS negative 0.210 0.131 —0.128 0.361
PANSS general 0.307 0.025*  —0.047 0.740
CP equivalent 0.448 0.001**  —0.350 0.014*

FA fractional anisotropy, PANSS positive and negative syndrome scale, CP
chlorpromazine.
*P <0.05, **P < 0.01.

be involved in the pathophysiology of SZ. In contrast, the HC
group exhibited no significant correlation between plasma Hcy
levels and WM microstructural disruption. This between-group
difference may be due to potential factors mediating between Hcy
and WM disruption specific to people with SZ. Previous in vitro
and in vivo studies showed that exposure to Hcy disrupted the
WM through some pathological factors, including dysregulation of
the NMDA receptor and activation of oxidative stress and
neuroinflammation''>. Notably, these factors also have an
important role in the pathophysiology of SZ°3'. Thus, in people
with SZ, high Hcy levels may be responsible for the WM
microstructural disruption through these pathological factors. To
understand the causal relationship between increased Hcy and
WM dysconnectivity in SZ, further longitudinal studies investigat-
ing whether high plasma Hcy levels subsequently cause WM
microstructural disruption in people with SZ are required.

We found that CP equivalent was significantly associated with
plasma Hcy levels and FA reduction in people with SZ, suggesting
that antipsychotic medication may be associated with increased
Hcy and WM dysconnectivity in SZ. Preceding studies reported

Published in partnership with the Schizophrenia International Research Society



K. Tabata et al.

Table 4. Correlation between homocysteine and mean FA in schizophrenia.

Unadjusted model

Adjusted model®

Standardized f 95% ClI P value Standardized B 95% ClI P value
Homocysteine -0.329 —0.595, —0.064 0.016* -0.219 —0.513, 0.086 0.158
Age —0.305 —0.586, —0.040 0.026*
SexP 0.088 —0.194, 0.371 0.531
CP equivalent -0.168 —0.467, 0.130 0.260

FA fractional anisotropy, Cl/ confidence interval, CP chlorpromazine.
®Adjusted for age, sex, and CP equivalent.

The data of sex is converted to dummy variables; male = 1, female = 2.
*P < 0.05.

inconsistent results on the effects of antipsychotics on plasma Hcy
levels in people with SZ: increased®?, decreased'®*3, and
unchanged3*-3¢, Similarly, it remains unclear whether antipsycho-
tics reduce FA values in SZ3~*'. However, high plasma Hcy levels
and FA reductions have been reported in drug-naive people in
their first episode psychosis'>>?=*° or those with a high risk of
psychosis*®~*8, supporting that Hcy and WM dysconnectivity could
be involved in the pathophysiology of SZ, independent of
antipsychotic medication. In this study, after adjusting for the
effects of CP equivalent, age, and sex, no significant correlation
between plasma Hcy levels and mean FA was exhibited in people
with SZ (standardized p = —0.219, P=0.158, Table 4). Addition-
ally, the CP equivalent was also not significantly correlated with
mean FA after adjusting for the covariates (standardized
f=-0.168, P=0.260, Table 4). These findings suggest that
neither Hcy nor antipsychotics may be directly involved in WM
dysconnectivity in SZ. However, further analysis after removing
outliers for plasma Hcy levels and mean FA showed different
results—a significant negative correlation between plasma Hcy
levels and mean FA in people with SZ (standardized 3 = —0.335,
P=0.037, Supplementary Table 2). Thus, to robustly exclude the
effects of antipsychotic medication, further studies investigating
the association between plasma Hcy levels and mean FA in drug-
naive people with SZ are required.

There was no significant difference in the plasma Hcy levels
between the SZ and HC groups in this study. However, this finding
was not consistent with a recent meta-analysis that showed
increased Hcy levels in people with SZ°. One explanation could be
for this finding in terms of the clinical severity of SZ. Prior studies
showed positive correlations between plasma Hcy levels and
PANSS scores''"'3, and we also confirmed a significant positive
correlation of plasma Hcy levels with PANSS-total score and
PANSS-general psychopathology subscale score. These findings
suggest that a population with SZ of lower clinical severity may
exhibit lower plasma Hcy levels. In this study, the participants
could be considered to have mild severity of SZ because the mean
PANSS-total score was 57.79 + 18.10 (Table 1), and they allowed an
MRI to be performed. Thus, it is assumed that participants with
mild SZ exhibited higher plasma Hcy levels than those of the HC
group. It remains unclear whether an association between Hcy
and WM dysconnectivity exists, regardless of the severity of SZ.

The SZ group showed widespread FA reductions on the
skeletonized FA image compared with the HC group, and this
was consistent with previous findings of FA reductions in SZ'3,
We also noted increased RD in clusters with a significant between-
group difference in FA, which was indicative of myelin abnorm-
alities®*, and this was consistent with recent molecular studies of
myelin abnormalities in people with SZ*°. Notably, previous
in vitro and in vivo studies demonstrated that exposure to Hcy
leads to myelin abnormalities, and the disruption of NRG1/ErbB
signaling may be one potential mechanism of the pathophysiol-
ogy of SZ mediating between Hcy and myelin abnormalities in SZ.

Published in partnership with the Schizophrenia International Research Society

In vitro studies have shown that Hcy directly induces oligoden-
drocyte apoptosis>® or alters NRG1/ErbB signaling®'. Additionally,
an animal model study showed that loss of NRG1/ErbB signaling
altered the number and morphology of oligodendrocytes and
reduced myelin thickness, leading to reduced movement and
social dysfunction, consistent with the clinical symptoms of SZ°2.
Thus, Hcy may trigger myelin abnormalities in SZ through altered
NRG1/ErbB signaling and subsequent apoptosis in oligodendro-
cytes. However, in this study, the SZ group showed no significant
correlation between plasma Hcy levels and mean RD (Spearman’s
p=0.194, P=0.164, Supplementary Fig. 1c). Recently, some
advanced techniques, such as myelin mapping®>* and neurite
orientation dispersion and density imaging (NODDI)>*=>7, have
been performed to estimate whether FA abnormality is derived
from myelin or axons because DTI cannot robustly confirm this.
Thus, to further examine the relationship between Hcy and myelin
abnormalities in SZ, myelin mapping should be performed in the
future.

Our findings have important clinical implications for SZ
treatment. Betaine serves as the primary therapy for homocysti-
nuria®® by converting Hcy to methionine®® and confers neuropro-
tective effects against demyelination by increasing the S-
adenosylmethionine/S-adenosylhomocysteine (SAM/SAH) ratio in
a cuprizone mouse model®. Furthermore, betaine ameliorates
schizophrenic behaviors in mice®'%?, and an open-label clinical
trial showed that betaine supplementation improved the PANSS-
positive subscale score in people with SZ%. These findings
suggest that betaine may have potential therapeutic effects in
targeting an interaction between Hcy and WM disruption in SZ,
and our findings may also support the important role of this
interaction in the pathophysiology of SZ.

We previously reported an association between FA reduction
and carbonyl stress'®, an abnormal metabolic condition resulting
from elevated levels of reactive carbonyl compounds (RCOs)®%. We
further explored the association between plasma Hcy levels and
carbonyl stress markers, including plasma pentosidine and serum
pyridoxal levels'®, and found no significant correlation between
Hcy and carbonyl stress markers in either the SZ or HC groups.
Thus, this finding suggests that Hcy may be associated with WM
dysconnectivity independent of carbonyl stress.

This study had some limitations. First, we could not investigate
the effects of several potential factors on Hcy metabolism, such as
serum folic acid and vitamin B12 levels and MTHFR C677T
polymorphism®. Subsequent research should control for these
variables to further examine how Hcy is associated with WM
microstructural disruption in SZ. Second, previous studies have
shown that FA reduction is associated with cognitive impairment
in people with SZ*%, and we could not show an association of the
mean FA with the clinical severity of SZ, assessed using the PANSS
(Table 3). Thus, further studies using cognitive function scales are
required to examine the detailed clinical features of people with
high Hcy levels and FA reductions. Finally, this cross-sectional
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study mandates further longitudinal research to confirm a causal
relationship between increased Hcy and WM dysconnectivity in
the pathophysiology of SZ.

CONCLUSION

Herein, we noted a negative correlation between plasma Hcy
levels and FA values using DTl in people with SZ, suggesting that
increased Hcy could be associated with WM dysconnectivity in SZ.
This finding reinforces the dysconnectivity hypothesis of SZ; an
interaction between Hcy and WM dysconnectivity could be a
potential mechanism of the pathophysiology of SZ. Further,
longitudinal studies are required to investigate whether high
plasma Hcy levels subsequently cause FA reduction in people
with SZ.
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