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Abstract

Background: The corpus callosum (CC) deficits have been well documented in chronic schizophrenia. However,
the long-term impacts of antipsychotic monotherapies on callosal anatomy remain unclear. This cross-sectional
study sought to explore micro- and macro-structural characteristics of the CC in never-treated patients and those
with long-term mono-antipsychotic treatment.

Methods: The study included 23 clozapine-treated schizophrenia patients (CT-SCZ), 19 risperidone-treated
schizophrenia patients (RT-SCZ), 23 never-treated schizophrenia patients (NT-SCZ), and 35 healthy controls (HCs).
High resolution structural images and diffusion tensor imaging (DTl) data for each participant were obtained via a
30T MR scanner. FreeSurfer was used to examine the volumes and fractional anisotropy (FA) values of the CC for
each participant.

Results: There were significant deficits in the total and sub-regional CC volume and white matter integrity in NT-
SCZ in comparison with healthy subjects. Compared with NT-SCZ, both CT-SCZ and RT-SCZ showed significantly
increased FA values in the anterior CC region, while only RT-SCZ showed significantly increased volume in the mid-
anterior CC region. Moreover, the volume of the mid-anterior CC region was significantly smaller in CT-SCZ
compared to HCs. No correlations of clinical symptoms with callosal metrics were observed in schizophrenia
patients.

Conclusions: Our findings provide insight into micro- and macro-structural characteristics of the CC in chronic
schizophrenia patients with or without antipsychotics. These results suggest that the pathology itself is responsible
for cerebral abnormalities in schizophrenia and that chronic exposure to antipsychotics may have an impact on
white matter structure of schizophrenia patients, especially in those with risperidone treatment.
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Background

The corpus callosum (CC) is the largest commissural
fiber in human brain and implicated in the etiopathology
of schizophrenia [1-4]. However, little is known regard-
ing the effects of antipsychotic medications on callosal
anatomy in schizophrenia patients over long-term treat-
ment [5, 6]. Compared with healthy controls (HCs), a re-
cent study found increased volume of the posterior
region of the CC in patients with long-term exposure to
antipsychotic medications [5]. Moreover, patients with
poor outcome after treatment had more pronounced re-
duction in CC size compared to good-outcome patients
and HCs [6]. Notably, neither of these studies included
long-term drug-naive patients as a comparison group,
complicating the interpretation of the findings as
whether they reflect effects of neuropathology or medi-
cation remains unclear.

Prior studies have demonstrated that the choice of antipsy-
chotics may display different impacts on white matter struc-
ture in schizophrenia in terms of their different
pharmacological mechanisms [7, 8]. Clozapine and risperi-
done, both of which are atypical antipsychotic medications,
have been widely prescribed in clinical practice, but their
pharmacological mechanisms are not exactly the same. Cloza-
pine is the only antipsychotic medication approved for
treatment-resistant schizophrenia in most countries [9]. It has
a high affinity to dopamine D4 receptors and other receptors
such as 5HT2A, 5HT1C, adrenergic receptors [10]. Risperi-
done is another atypical antipsychotic that is antagonistic to
5HT?2 and dopamine D2 receptors [10]. In contrast, clozapine
has a low affinity to dopamine D2 receptors [10]. In addition,
our previous study on chronic schizophrenia showed less al-
terations in white matter structural networks in risperidone-
treated patients compared with clozapine-treated or never-
treated patients [11]. However, few studies have explored the
effects of long-term monotherapy with clozapine or risperi-
done on callosal structure in chronic schizophrenia.

In the present study, we combined structural mag-
netic resonance imaging (MRI) and diffusion tensor
imaging (DTI) to examine the impacts of long-term
clozapine and risperidone therapies on the micro- and
macrostructures [fractional anisotropy (FA) & volume
respectively] of the CC. According to our previous
findings [11, 12], we hypothesized that antipsychotic-
treated schizophrenia patients would show larger vol-
umes and/or increased FA values of the CC compared
with never-treated patients, especially in those with
long-term risperidone monotherapy.

Methods

Participants

The study was a cross-sectional design and recruited forty-
two chronic schizophrenia patients with long-term mono-
antipsychotic treatments, including 23 clozapine-treated
schizophrenia patients (CT-SCZ) and 19 risperidone-treated
schizophrenia patients (RT-SCZ), 23 never-treated chronic
schizophrenia patients, and 35 HCs. Clinical diagnoses of
schizophrenia were made by an experienced psychiatrist
based on the Structured Clinical Interview for DSM-IV Axis
I Disorders (SCID). The Nottingham Onset Schedule was
conducted to evaluate illness onset and duration using infor-
mation provided by patients, family members and available
medical records [13]. The Positive and Negative Symptom
Scale (PANSS) was used to estimate the severity of clinical
symptoms of the patients [14].

Antipsychotic-treated patients were recruited from the
local psychiatric clinic. All participants had received ei-
ther clozapine or risperidone monotherapy consistently
for over five years before entry into the study based on
intact medical records. Never-treated schizophrenia pa-
tients (NT-SCZ) were recruited from a mental health
screening program designed to provide psychiatric care
to individuals with serious but untreated mental illness
in rural areas around the Chengdu City of China. They
did not receive any antipsychotic medications due to
many factors, including family stigma, the lack of under-
standing of the severity of mental illness, and poor so-
cioeconomic conditions.

HCs were recruited from the same community via
poster advertisements. The non-patient edition of the
SCID was used to ensure lifetime absence of psychotic,
anxiety and mood disorders. Individuals with a known
family history of major psychiatric illness in their first or
second-degree relatives were excluded. All participants
were right-handed and met the following inclusion cri-
teria: 1) no history of substance abuse or dependence, 2)
no history of significant systemic illness, head injury or
neurologic illness, and 3) no contraindication to MR
scanning.

The study methods were performed in accordance
with the relevant guidelines and regulations. Ethical ap-
proval for this study was approved by the research ethics
committee of West China Hospital of Sichuan Univer-
sity. All participants provided written informed consent
for study procedures, and informed consent for schizo-
phrenia patients was obtained from their parents or legal
guardians.
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MR image acquisition

MRI examination of each subject was performed via a
3.0T GE Signa EXCITE scanner (General Electric,
Miwaukee, Wisconsin) with 8-channel phase array head
coil. DTI images were obtained using a bipolar diffusion
single-shot echo planar imaging sequence. Each DTI
dataset included 15 images of non-collinear directions
(b = 1000 s/mm?) with a reference image without diffu-
sion weighting (b =0). The acquisition parameters were
as follows: TR =10,000 ms, TE =70 ms, flip angle = 90°,
field of view = 24 x 24 cm?, matrix size = 128 x 128, num-
ber of axial slice =50; and slice thickness=3 mm (no
gap). High resolution T1-weighted images for registra-
tion were obtained using a three-dimensional spoiled
gradient (SPGR) sequence. The acquisition parameters
were as follows: TR =8.5ms, TE =3.4ms, TI=400 ms,
flip angle = 12°, field of view = 24 x 24 cm?, matrix size =
256 x 256 x 128, number of axial slice =156; and slice
thickness = 1 mm (no gap).

Imaging preprocessing and corpus callosum
measurements

FreeSurfer was used to preprocess imaging data, and to
automatically identify and segment CC for each partici-
pant, which could reduce random errors, rater errors and
inter-participant variability of manual editing [12]. The
preprocessing pipeline of imaging data was displayed care-
fully in Fig. 1. Firstly, we conducted automated volumetric
segmentation and cortical surface reconstruction of each
high resolution T1-weighted data using the standard
“recon_all” processing stream, as described carefully in
other studies [15, 16]. Then, volumetric segmentation and
cortical surface reconstruction of each participant were
examined carefully in a multiple view to identify whether
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there were too much or not enough removed regions.
Next, the “dt_recon” command was used to preprocess
diffusion-weighted images based on individual anatomical
data derived from the “recon_all” procedure. It was per-
formed via an orderly process that included eddy current
and motion correction employing FSL’s eddy_ correct,
tensor construction and intra-subject registrations in na-
tive space. This yielded individual FA map, b0 image and
other relevant maps. After visually checking the registra-
tion, we resampled individual white matter parcellation
volume (wmparc.mgz) in its’ diffusion space (b0 image)
using the “mri_vol2vol” command, outputting a new seg-
mentation volume named “wmparc2diff.mgz”. Lastly, the
“wmparc2diff. mgz” volume of each subject was applied to
the corresponding FA map to analyze white matter integ-
rity of a special brain region.

The CC of each subject was automatically divided into
five components of equal length along the primary eigen
direction using FreeSurfer, corresponding to its func-
tional subdivisions, namely: anterior, mid-anterior, cen-
tral, mid-posterior and posterior portions (Fig. 2) [17].
Total and subregional volumes of the CC were extracted
via FreeSurfer. It was related with the lateral extent
where white matter tracts that run horizontally from the
mid-sagittal plane of the CC change direction bilaterally
[17]. Moreover, FA values of five CC subregions were
extracted according to the boundary defined by the CC
volume segmentation.

Total intracranial volume (TIV)

We extracted total intracranial volume (TIV) (mm?®) of
each participant in individual native space using Free-
Surfer [18].
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Fig. 1 The preprocessing pipeline of imaging data. Note: DTl, diffusion tensor imaging; FA, fractional anisotropy
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Fig. 2 Corpus callosum was divided into five components of equal length along its’ primary eigendirection, corresponding to functional subdivisions,
namely: anterior, mid-anterior, central, mid-posterior and posterior portions. Note: A, anterior (rostrum); MA, mid-anterior (genu); C, central (truncus/
body); MP, mid-posterior (anterior splenium); P, posterior (posterior splenium)

.

Statistical analysis

One-way analysis of variance (ANOVA), two sample t-
tests or chi-square tests were used to compare the
demographic and clinical characteristics of the sample,
including age, sex, education, illness duration, medica-
tions, TIV and PANSS scores.

Before analyzing anatomical characteristics of the CC,
we firstly removed extreme outliers in the study (indi-
vidual volume or FA values greater than/less than 3
standard deviations from group mean). Then, we test
the interactions of diagnostic group with sex or age for
callosal volumes and FA values using general linear
model (GLM). Multivariate analysis of covariance
(MANCOVA) was used to test for between-group dif-
ferences in subregional volumes and FA values of the
CC. Univariate analysis of covariance (ANCOVA) was
used to test for group differences in CC total volume.
In these statistical models, diagnostic group (CT-SCZ,
RT-SCZ, NC-SCHZ, HCs) and sex (females vs. males)
were considered as between-subject factors, and age,
years of education and daily chlorpromazine equivalent
dosage were regarded as covariates [17]. Two-sample t
tests with false discovery rate (FDR) correction were
performed for post-hoc comparisons once significant
main effects were observed. We also examined correla-
tions of clinical symptoms with statistically significant
group differences in callosal metrics using Pearson cor-
relation analysis. All analyses were performed using
SPSS (version 18.0) and statistical significance was set
at two-tailed P < 0.05.

Results

Demographic data

The clinical and demographic data are displayed in
Table 1. Age, sex, and TIV were not significantly differ-
ent among groups, though there was a significant differ-
ence in education (P =0.001). PANSS total and subscale
scores in NT-SCZ were significantly higher than treated
patients (P< 0.001) and there was no significant differ-
ence in PANSS scores between RT-SCZ and CT-SCZ. In
addition, mean daily chlorpromazine equivalent doses in
RT-SCZ were significantly larger than that in CT-SCZ
(P=0.019).

Groups differences in callosal volumes

There were no any significant interactions between sex/age
and diagnostic group for callosal volumes. Univariate
ANCOVA showed a significant main effect of diagnostic
group on total CC volume (F=3213, P=0.027). Pairwise
comparison analyses revealed that NT-SCZ had significantly
reduced CC volume compared to HCs (P=0.004, P< 0.05
corrected with FDR) (Table 2), while the other groups did
not significantly differ from each other. MANCOVA of sub-
regional volumes of the CC showed a significant main effect
of diagnostic group (F=2.228, P=0.006), where significant
differences in the volume of the mid-anterior CC region were
shown among the four groups (F = 6.380, P =0.001) (Fig. 3).
Specifically, post-hoc analyses showed significantly higher
mid-anterior CC volume in HCs compared with both NT-
SCZ (P < 0.001, P< 0.05 corrected with FDR) and CT-SCZ
(P=0.012, P< 0.05 corrected with FDR). Moreover, RT-
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Table 1 Demographic and clinical characteristics of study participants
CT-SCZ, RT-SCZ, NT-SCZ, HCs, N= Statistics p Post-hoc analyses
N=23  N=19 ~ N=23 35 (ANOVA, value \rc7 NT-sCz NT-SCZ RT-  RT-SCZ CT-SCZ
Mean = Mean = Mean = Mean + torx2)
) ) ) D vs. HCs vs.RT- vs.CT- SCZ vs. HCs vs. HCs
sCz SCz vs.
CT-
SCz
Age (years) 4896 + 4363 + 44.26 + 4429+ 2.105 0.105 NS NS NS 0.038* NS 0.036*
6.76 7.83 13619 244
Gender (M/F) 14/9 11/8 12/11 13/22 3918 0270 NS NS NS NS NS NS
Education (years) 943+ 10.58 + 683+ 801+ 5634 0.001 NS < 0.001** NS 0.006** NS
284 3.37 478 177 0.007%**
lllness duration (years) 1834+ 1411 + 16.44 + - 1.114 0345 - NS NS NS - -
767 843 10.88
PANSS score
Total 5721+ 4944 + 9226+ - 42,681 < - < < NS - -
1142 12.99 19.53 0.001 0.001%** 0,001%***
Positive symptoms ~ 10.79 + 961+ 2309+ - 47.737 < - < < NS - -
3.09 291 6.61 0.001 0.001%*** 0.001***
Negative symptoms 1879 £ 1483 2557+ - 10.374 < - < < NS - -
559 592 9.59 0.001 0.001*** 0.001***
General 2764+ 2483 + 4361 + - 43.858 < - < < NS - -
psychopathological  5.32 5.59 847 0.001 0.001*** 0.001***
symptoms
Chlorpromazine 23399+ 31625+ - - 2455 0.019 - - - - - -
equivalents (mg/ 101.62 11546
day)
Total Intracranial 143173+ 144226+ 140105+ 139401+ 0401 0.753 NS NS NS NS NS NS
Volume (TV) (cm ®)  159.18 17539 13288 22444

Note: ANOVA analysis of variance, CT-SCZ clozapine-treated schizophrenia patients, RT-SCZ risperidone-treated schizophrenia patients, NT-SCZ never-treated
schizophrenia patients, HCs healthy controls, PANSS Positive and Negative Syndrome Scale, NS not significant, *, Significant group difference at P < 0.05; **, P <

0.01; ***, P<0.001

SCZ had significantly increased volume compared to NT-
SCZ (P=0.024, P< 0.05 corrected with FDR). MANCOVA

test also showed a significant difference in the volume of the

central CC region among the four participant groups (F =
3.318, P=0.023). Post-hoc analyses revealed that such differ-
ence was between HCs and NT-SCZ (P =0.006, P< 0.05

Table 2 Corpus callosum volumes (mm?) in CT-SCZ, RT-SCZ, NT-SCZ and HCs

Groups differences in callosal FA values
FA values in the five CC subregions are listed in Table 3.
No interactions of diagnostic group with sex or age for

corrected with FDR). There were no significant group differ-
ences in the volumes of other three CC subregions.

Corpus CT-SCZ, N =23 RT-SCZ,N=19 NT-SCZ, N=23 HCs, N=35 F p Post-hoc analyses
callosum Mean +SD Mean + SD Mean + SD Mean + SD value value 1o NT- NT- RT- RT CT.
vs. HCs SCZ SCZ SCZ sSCz scz
vs. RT- vs. VS. VS. VS,
SCz CT- CT- HCs HCs
SCZ SCz

Anterior 91673 + 14559 86672 + 15571 831.76 + 110.77 84543 + 12469 0601 0616 NS NS NS NS NS NS

Mid- 53028 + 13511 590.23 £ 12691 46038 + 76.92 61149 + 15069 6.380 0.001 < 0.024* NS NS NS 0.012*

anterior 0.001***

Central 54632 + 15274 53848 + 123.73  490.27 + 11493  600.16 + 13944 3318 0.023 0.006** NS NS NS NS NS

Mid- 479.59 + 96.39 50046 + 107.27 45447 + 87.86 503.92 + 7822 1.287 0284 NS NS NS NS NS NS

posterior

Posterior 94236 + 157.09 94900 + 17278 83562 + 12831 900.63 + 14886 1995 0.120 NS NS NS NS NS NS

Total 341529 + 524.04 3444.89 + 553.07 307252 + 363.73 345067 + 41481 3213 0.027 0.004** NS NS NS NS NS

Note: CT-SCZ clozapine-treated schizophrenia patients, RT-SCZ risperidone-treated schizophrenia patients, NT-SCZ never-treated schizophrenia patients, HCs
healthy controls, NS not significant, *, Significant group difference at P < 0.05; **, P < 0.01; ***, P < 0.001
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callosal FA values were statistically different. MAN-
COVA test showed a significant main effect of diagnos-
tic group (F=1723, P=0.047), and there were
significant differences in FA values of the anterior CC
region among the four groups (F=4.761, P =0.004)
(Fig. 4). Post-hoc analyses showed that the FA values of
the anterior CC region in HCs were significantly greater
than that in NT-SCZ (P = 0.001, P< 0.05 corrected with

Table 3 Corpus callosum fractional anisotropy (FA) values in CT-SCZ

FDR), while there were no significant differences in FA
values of this CC region between treated patients and
HCs. In addition, both RT-SCZ and CT-SCZ had signifi-
cantly increased FA values in the anterior region of the
CC in contrast with NT-SCZ (P=0.008 & P=0.023,
P < 0.05 corrected with FDR). There were no significant
group differences in FA wvalues of other four CC
subregions.

, RT-SCZ, NT-SCZ and HCs

Corpus CT-sCz, RT-SCZ, NT-SCZ, HCs, N= F p Post-hoc analyses
callosum N=23  N=19  N=23 35 value value \roc7 NT-SCZ  NT-SCZ RT-SCZ RT-SCZ CT-SCZ
Mean + Mean + Mean + Mean +
D D D ) vs. HCs vs.RT-SCZ vs.CT- vs.CT- vs.HCs vs. HCs
SCz SCz
Anterior 054 +004 057+005 050+006 055+004 4761 0.004 0.001** 0.008** 0.023* NS NS NS
Mid-anterior 043 + 006 042 +004 043 +005 042+004 0530 0663 NS NS NS NS NS NS
Central 045+ 008 045+ 006 047 +£005 047 +006 0342 0759 NS NS NS NS NS NS
Mid-posterior 041 + 007 042+ 007 042+006 041+004 1016 0389 NS NS NS NS NS NS
Posterior 060005 064+£006 063+£006 063+004 0972 0409 NS NS NS NS NS NS

Note: CT-SCZ clozapine-treated schizophrenia patients, RT-SCZ risperidone-treated s

chizophrenia patients, NT-SCZ never-treated schizophrenia patients, HCs

healthy controls, NS not significant, *, Significant group difference at P < 0.05; **, P < 0.01; ***, P < 0.001
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Relationships with clinical symptoms

The volumes of the mid-anterior CC region and the
FA values of the anterior CC region in patients were
not significantly associated with PANSS total or sub-
scale scores.

Discussion

To the best of our knowledge, this is the first study to
date investigating the impact of long-term monotherapy
of clozapine and risperidone on callosal structure in
chronic schizophrenia. Our analyses demonstrated sig-
nificant reductions of callosal volumes in NT-SCZ in
comparison with HCs, which were located in the central
and mid-anterior region of the CC. We also found that
FA values of the anterior CC region in NT-SCZ signifi-
cantly reduced compared to HCs. Moreover, both RT-
SCZ and CT-SCZ showed significantly increased FA
values in the anterior CC region compared to NT-SCZ,
and only RT-SCZ had larger volume in the mid-anterior
CC region compared with NT-SCZ. Together, these
findings suggest that chronic exposure to clozapine and

risperidone may have different effects on callosal struc-
ture in schizophrenia.

The findings of our present study agree well with
other studies in the literature demonstrating that
chronic schizophrenia patients without any antipsychotic
medications were associated with smaller volumes and
FA values of the CC in comparison with HCs [3, 17, 19—
21]. As an extension of prior findings, one important ob-
servation here is that callosal deficits were mainly lo-
cated in the anterior and mid-anterior CC region. White
matter fibers passing through these subregions are re-
sponsible for connecting the frontal lobes [22, 23].
Therefore, anatomical alterations in the anterior and
mid-anterior region of the CC may be related to struc-
tural and functional abnormalities of the frontal lobe in
schizophrenia, which generate delusions and hallucina-
tions [24, 25]. However, other studies showed that
chronic schizophrenia patients had more widespread
deficits that were located in both anterior and posterior
region of the CC [3, 19, 20]. This discrepancy may be
due to sample heterogeneities related to race, handed-
ness, sex, and age, and to methodological differences [3].
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Apart from anterior and mid-anterior CC, we also ob-
served significant volume reduction in central CC in
never-treated patients compared with HCs, which is in
line with findings from Collinson et al. [17]. Further-
more, it is suggested that alterations of this subregion
with time in schizophrenia may be associated with stage
of illness [17]. Thus, it is interesting to explore whether
structural alterations in central CC are a stable bio-
marker to predict the developmental trajectory of
schizophrenia in future studies.

The observation that micro- and macrostructural ab-
normalities of the CC in schizophrenia were located in
different subregions is in line with other two studies [19,
24]. Here, we found that alterations of callosal volume
were in the mid-anterior and central region, and abnor-
malities of white matter integrity were only in the anter-
ior region of the CC. It has been proposed that changes
in the number of axons and the degree of myelination
may lead to the changes in white matter volume but not
anisotropy [17, 26, 27]. Since the index of anisotropy is
related with fiber integrity [28, 29], its change in schizo-
phrenia patients may relate to disruptions of oligoden-
drocytes and/or myelin surrounding axons because of
inflammation or dysregulations of neuroinflammatory
responses [30-33]. Our findings suggest different patho-
physiological processes in these subregions of the CC.

The current findings, together with findings from pre-
vious studies, suggest that chronic exposure to antipsy-
chotics may have an impact on anatomical organization
of the CC in schizophrenia [11, 12]. In this study, both
CT-SCZ and RT-SCZ showed significantly increased FA
values in the anterior CC region in comparison with
NT-SCZ. Prior studies have demonstrated that anti-
psychotic medications may modulate inflammations and
immune responses through reduced activation of micro-
glia and macrophages, increased level of anti-
inflammatory cytokines, and inhibition of the release of
proinflammatory cytokines [34, 35]. And animal studies
in the past decade showed that chronic exposure to anti-
psychotic medications attenuated white matter lesions
[36—39]. Therefore, clozapine and risperidone may re-
pair microstructural deficits of the CC by reducing in-
flammation or immune responses. Interestingly, only
schizophrenia patients receiving long-term risperidone,
not clozapine, showed significantly increased volumes of
mid-anterior CC. Evidences from gene expression profil-
ing and neuroimaging studies support the hypothesis
that dysregulation of the dopaminergic system is associ-
ated with myelination impairment in psychiatric disor-
ders [40, 41]. It has been suggested that risperidone and
clozapine have different affinity for dopamine receptors
[10]. Bartzokis et al. also found that antipsychotic medi-
cations differently mitigated myelination deficits in
schizophrenia depending on their affinities to dopamine
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receptors [8, 42, 43]. Therefore, our findings may sug-
gest that different impacts of two drugs on callosal vol-
umes are related to their different abilities in modulating
the dopaminergic system.

There are several limitations in the present study.
First, because that this study is a cross-sectional design
and it lack of random assignments to different anti-
psychotic medications for schizophrenia patients, it
should be careful to interpret our current findings. How-
ever, it is unethical and challenging to request the pa-
tients to receive a single antipsychotic treatment for over
five years in a longitudinal study with a randomize de-
sign. Therefore, our cross-sectional design may be a
feasible method to explore the effects of long-term usage
of antipsychotics on human brain. Second, the sample
size in this study is relatively small, and may be not
completely representative. Third, the usage of non-
antipsychotic medications was not controlled according
to individual clinical condition. Four, as the most widely
used index of DTI, FA essentially combines information
about diffusion direction and diffusion speed thus pro-
vides an overall summary of fiber integrity [44]. There-
fore, FA is our primary parameter of interest. In
addition, more diffusion parameters will be explored in
the future studies.

Conclusions

Using comparing schizophrenia patients with long-term
mono-antipsychotic medications with un-medicated
chronic patients and HCs, the present study displays a
more severe change of callosal anatomy in never-treated
patients and demonstrates differential alterations of cal-
losal structure in patients with different antipsychotic
treatments. These findings suggest that the pathology it-
self is responsible for cerebral abnormalities in schizo-
phrenia and that chronic exposure to antipsychotic
medications may have an impact on white matter struc-
ture of schizophrenia patients, especially in those with
risperidone treatment.
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