REVIEW https://nhsjs.com/

Corpus Callosum Disorganization in Schizophrenia: A Systematic Re-
view with Meta-Analysis

Adwaita Mohanty!

Received December 27, 2025
Accepted August 21, 2026
Electronic access September 15, 2026

Objective: Corpus callosum (CC) abnormalities have been proposed to contribute to schizophrenia (SCZ) pathophysiology, but
findings across studies are inconsistent. This systematic review asked whether reproducible patterns of CC volume and fractional
anisotropy (FA) alterations exist between individuals with SCZ and healthy controls (HC).

Methods: Studies were included if they enrolled adults (>18 years) with a diagnosis of SCZ and a HC comparison group,
in any clinical setting, and assessed CC structure via volumetric analysis, voxel-based morphometry, and/or diffusion tensor
imaging. Studies combining SCZ with other diagnoses without separate results, involving significant neurological comorbidity,
not published in English, or available only as preprints were excluded. Quantitative synthesis was performed via multilevel
random-effects meta-analysis for FA outcomes.

Results: Twenty-three studies comprising 2,592 participants (1,407 with SCZ) met eligibility criteria, out of 83 records identified
and 44 assessed in full text. Of 8 studies reporting CC volume, 5 found reduced CC volume in SCZ (most consistently in posterior
subregions: genu, isthmus, splenium), while 3 found no significant difference. Of 18 studies reporting CC FA, 16 found reduced
FA in SCZ. Meta-analysis of 15 effect sizes from 7 studies found significantly lower FA in SCZ relative to HC (Hedges’ g =
0.436, p = 0.015), with no evidence of publication bias (Egger’s z = 0.19, p = 0.853).

Limitations of evidence: Most included studies were small and likely underpowered, with inconsistent correction for multiple
comparisons. Substantial heterogeneity existed in imaging protocols, CC parcellation schemes, illness stage, and medication
status, and race/ethnicity was rarely reported.

Conclusions: Evidence for reduced CC FA in SCZ was more consistent than evidence for reduced volume, with the genu
and splenium most frequently implicated, a pattern that converges with prior CC-specific meta-analyses and large-scale
mega-analyses. Whether these differences reflect a developmental or progressive process remains unresolved and warrants
longitudinal investigation.

Keywords: Corpus Callosum, Schizophrenia, White matter, Fractional anisotropy, Diffusion tensor imaging (DTI), Voxel-based
morphometry, Systematic Review, Meta-Analysis

Introduction

Schizophrenia (SCZ) is a primary psychotic disorder affecting
approximately 23 million people worldwide, or about 0.3%
of the global population!. SCZ symptomatology is classi-
fied into positive symptoms (e.g. hallucinations, delusions)
and negative symptoms (e.g. social withdrawal, anhedonia).
Based on DSM-5 criteria, diagnosis of SCZ requires symp-
toms to persist for at least six months. Symptoms typically
begin in young adulthood and can gradually worsen before
plateauing.

SCZ is thought to be caused by underlying brain abnormal-
ities that reach from the genetic or molecular level, through
macrostructural alterations>3. One area of interest in SCZ
is the corpus callosum (CC), which is the major white mat-
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ter tract connecting the brain hemispheres. In fact, CC dys-
function has been proposed as a cause of SCZ*. Previous
systematic review has found that CC is smaller in SCZ pa-
tients than healthy controls, although reports and synthetic
analyses vary>. Alterations in the SCZ lipidome and tran-
scriptome have been reported, finding reduced lipid content
and synthetic pathway transcription in SCZ CC®. Together,
these findings indicate that CC is important for SCZ neurobi-
ology, though the mechanisms remain underspecified. Frac-
tional anisotropy (FA) is an imaging technique that can be
used to examine the regularity and organization of white mat-
ter tracts including CC. FA can be thought of as a secondary
measure of underlying white matter pathology: In SCZ pa-
tients, neuroinflammation drives oligodendrocyte dysfunction,
resulting in disorganized white matter”.

A unified answer as to how SCZ affects CC structure has
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been difficult to pin down, since studies differ in imaging pro-
tocols, sample characteristics, illness stage, medication ex-
posure, and methods of analyzing the CC. Moreover, studies
often record these important factors without analyzing them,
usually due to small sample size. These differences have made
it difficult to determine which findings are consistent across
studies and which reflect methodological variation rather than
true biological effects. This systematic review asks: are there
reproducible patterns of CC volume and FA alterations in
SCZ? This review also aims to highlight unique findings de-
serving follow-up as well as gaps in the current literature.

Ultimately, the significance of this question in SCZ is re-
lated not only to pathophysiology but also to prognosis and
treatment. One in three people with SCZ is able to fully re-
cover!. By understanding the brain differences underlying
SCZ, we can build better models to determine who might be
likely to recover, and how to expand the population of people
for whom recovery is possible.

Isthmus:
« Auditory processing

Genu:
« Gustatory processing
« Executive function

Splenium:
« Language
« Visual processing

Figure. 1 Subregional specialization of the corpus callosum. The CC
has a recognized ‘““anterior-to-posterior” organization where anterior
regions of the CC project to forebrain regions and posterior regions
project to the parietal and occipital lobes. Created in BioRender.

Methods

Study Design

This study was conducted as a systematic review to evaluate
structural abnormalities of the CC in adults with schizophre-
nia compared with healthy controls. The review followed
the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines throughout the litera-
ture search, study selection, data extraction, and reporting pro-
cess.

Search Strategy

A comprehensive literature search was performed in PubMed
to identify relevant studies published up to the date
of the search (June 2026). The search strategy com-
bined Medical Subject Headings (MeSH) and free-text
terms related to schizophrenia, the corpus callosum, and
structural neuroimaging measures. The following search
query was used: (“Schizophrenia”’[MeSH] OR schizophre-
nia[tiab]) AND (“corpus callosum”[MeSH] OR “corpus
callosum”[tiab]) AND (“voxel-based morphometry”[tiab]
OR VBM]Jtiab] OR “cortical thickness”[tiab] OR vol-
umetr*[tiab]). To minimize the possibility of missing eligi-
ble studies, the reference lists of all included articles and rele-
vant review papers were manually screened (hand-searching)
for additional publications not identified through the database
search.

Inclusion Criteria

Title and abstract screening was performed in duplicate by
blinded reviewers. Full-text screening was performed by a
single reviewer and decisions were justified to an accessory
reviewer.

Studies were included if they:

* enrolled adults (>18 years) diagnosed with schizophre-
nia (any dose or duration of antipsychotic medication was
allowed) and a healthy control group;

» were conducted in any clinical setting, including inpa-
tient or outpatient populations; and

* evaluated CC structure using volumetric analysis, voxel-

based morphometry (VBM), and/or diffusion tensor
imaging measures of FA.

Studies were excluded if they:

» combined schizophrenia with other psychiatric disorders
without reporting separate schizophrenia results;

* included participants with significant neurological disor-
ders (e.g., traumatic brain injury or dementia);

» were not published in English; or

* were available only as preprints.
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A total of 83 records were identified. After deduplication,
82 studies underwent title and abstract screening. 44 articles
were reviewed in full text, of which 21 were excluded for rea-
sons including mixed diagnostic populations, ineligible par-
ticipant characteristics, or failure to report relevant CC out-
comes. Ultimately, 23 studies met all eligibility criteria and
were included in the systematic review. The study selection
process is summarized in the accompanying PRISMA flow di-
agram (Figure 2).
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Figure. 2 PRISMA flow diagram

Data Extraction

Relevant data were extracted in duplicate by blinded review-
ers from each included study using a standardized data col-
lection template. Extracted information included first author,
year of publication, study design, participant characteristics
(including sample size, age, sex, and diagnosis), neuroimag-
ing modality, CC outcome measures, and principal findings.

Outcome measures of interest were CC volume and FA. Ad-
ditional information regarding illness stage, medication status,
and other clinically relevant variables was also recorded when
available.

Synthesis Method

Meta-analysis was performed using R version 4.3.2. The
“metafor” package (version 4.8.0) was used for all analyses.
Meta-analysis was conducted using SMD to account for un-
derlying methodological variation.
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Figure. 3 Risk of bias assessment summary. Bias was assessed using
a modified CASP Cohort Studies Checklist.

Quality Assessment

Risk of bias assessment was performed in duplicate by blinded
reviewers using a modified CASP Cohort Studies Checklist.
Particular attention was given to participant selection, con-
trol of confounding variables, imaging methodology, statis-
tical analyses, and completeness of reporting. Each domain
was rated as Low, Some Concerns, or High, corresponding to
low, moderate, or high risk of bias, respectively. Publication
bias in meta-analysis was assessed by visual inspection of a
funnel plot and by Egger’s regression test.

Results Overview

This systematic review examines 23 articles, encompassing a
total of 2,592 participants (1,407 SCZ). The most frequent rea-
son for exclusion at the full-text screening stage was that the
population design did not meet inclusion criteria, i.e. either
there was no HC group or multiple diagnoses were grouped
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Table 1 Included Studies

Author, Year Participants Mean age (SD) % Female Medication Primary Findings
Status (medi-
cated/unmedicated)
Foong et al., SCZ-20;HC SCZ-37.65; HC - SCZ -25%;  20/0 Found significantly reduced FA and increased dif-
20008 -25 33.84 HC - 36% fusivity in the splenium (but not genu) of the CC in
schizophrenia patients compared to controls, suggest-
ing focal disruption of CC connectivity.
Agartz et al., SCZ-20;HC SCZ-38.4+79;HC SCZ-45%; 19/1 Found reduced FA in the splenium of the CC and ad-
20017 -24 -42.2+6.7 HC - 38% jacent occipital white matter in schizophrenia patients,
though the most-significant-voxel comparison alone
did not reach significance.
Price et al., 2005 10 §cz- 20; HC - SCZ -24.95; HC - SCZ - 30%; 16/4 Found no significant differences in FA or diffusivity in

29 28.06 HC - 62% the splenium or genu of the CC between first-episode
schizophrenia patients and controls, suggesting CC
integrity may not be disrupted at illness onset.

Rotarska-Jagiela er SCZ -24; HC - SCZ-39.00 +/-9.35; SCZ-50%; 23/1 Found significantly decreased whole-CC volume and

al., 2008 ! 24 HC- 39.21 +/- 8.95 HC- 50% FA in chronic schizophrenia patients, with regional
reductions concentrated in the genu, isthmus, and
splenium.

Wolf er al., 20082 SCZ - 28 ;HC  SCZ-33.1+£7.0 ; HC- SCZ-25%; 27/1 Found reduced white matter concentration in the CC

-14 30.9 +£9.5 HC- 36% in schizophrenia patients via VBM, with no associa-
tion between this reduction and cognitive performance
after correction for multiple comparisons.

Miyata et al., SCZ-27,HC- SCZ-38.5;HC - SCZ -48%;  27/0 Found FA reductions in prefrontal and occipital white

2009 13 33 37.1 HC - 52% matter clusters adjacent to (but not directly within) the
minor forceps and splenium of the corpus callosum in
schizophrenia.

Rametti et al., SCZ-25HC- SCZ-322+6.8,HC SCZ-52%; 25/0 Found no overall FA difference in the corpus callosum

2009 '4 24 -31.8£7.0 HC - 54% between schizophrenia patients and controls, though
female patients showed lower genu FA than male
patients within the schizophrenia group.

Pomarol-Clotet et SCZ-32;HC SCZ-41.56+8.79; SCZ-34%; 32/0 Found that FA reductions in schizophrenia were con-

al.,, 20101 -32 HC -41.03£11.04 HC - 34% centrated in the anterior corpus callosum (below the
genu, extending through rostral/anterior midbody),
linked to connectivity with medial frontal cortex.

Knochel et al., SCZ -16; HC - SCZ-37.57+7.84; SCZ - 44%; 16/0 Found reduced CC volume and FA in schizophrenia

201210 15 HC - 39.31 £10.98 HC - 50% patients (with relatives showing intermediate values),
and lower CC volume/integrity correlated with more
severe auditory hallucinations.

Lee eral.,,2013'7  SCZ-17;HC - SCZ-21.5+4.8; HC SCZ-24% 13/4 Found lower FA in the genu and body of the cor-

17 -23.14£3.5 HC - 29% pus callosum (via TBSS) and in the genu and sple-
nium (via atlas-based segmentation) in first-episode
schizophrenia patients.

van Tol et al., SCZ-51;HC SCZ-34.04 £11.40; SCZ-14%; 41/10 Found no effect on corpus callosum morphometry in

201318 - 51 HC -36.14+10.93 HC - 24% schizophrenia, with structural WM findings instead
reported by lobule rather than CC subregion.

Salgado-Pifieda et SCZ - 14;HC - SCZ-37.29 HC - SCZ - 36%; 14/0 Found reduced white-matter volume across the entire

al., 20141 14; 34.64 HC - 36% corpus callosum in schizophrenia patients relative to
controls, as part of a broader medial frontal/cingulate
WM pattern.

Ehrlich et al., SCZ-118; HC SCZ-340=+11;HC SCZ-25%; N/A Found significantly reduced FA in the forceps major

201420 - 136 -31.0£ 11 HC - 40% of the corpus callosum in schizophrenia, with the

normal negative correlation between forceps major FA
and cortical thickness (seen in controls) disrupted in
patients.

4 | NHSJS Reports

© The National High School Journal of Science 2026



Table 1 continued

Author, Year Participants Mean age (SD) % Female Medication Primary Findings
Status (medi-
cated/unmedicated)
Martin et al., SCZ -82; HC- SCZ-44.9;HC - SCZ - 32% 82/0 Found reduced FA in a cluster spanning the body,
20142 50 46.5 HC - 44% genu, and splenium of the corpus callosum in
schizophrenia patients without large rare deletions
compared to controls, while patients with such dele-
tions showed no significant CC FA difference from
controls.
Lei et al., 201522 SCZ -75;HC - SCZ-22.92; HC - SCZ - 37% 0/75 Found reduced FA in corpus callosum regions (ex-

78 43.13 £9.50 HC - 46% tending to the superior longitudinal fasciculus) in
both deficit and non-deficit first-episode schizophre-
nia patients compared to controls, with no significant
differences in unaffected relatives.

Oestreich et al., SCZ -287,HC SCZ-38.97; HC - SCZ -27% N/A Found significantly decreased FA in the genu and

201723 -193 39.34 HC - 52% body of the corpus callosum in schizophrenia patients
across a large multi-site sample, with FA also nega-
tively correlated with age in both groups.

Xiao et al., 20182 SCZ-77;HC - SCZ - 46.27 +/- SCZ - 49%;  46/31 Found greater FA reductions in never-treated versus

58 11.08; HC - 45.03 HC - 57% antipsychotic-treated long-term schizophrenia patients

+/- 10.30 across multiple tracts including the genu and splenium

of the CC, with an accelerated age-related FA decline
in the genu specific to never-treated patients, suggest-
ing long-term antipsychotic treatment does not worsen
and may benefit white matter integrity.

delRe et al., SCZ-16;HC- SCZ-22.6+40HC- SCZ-19% N/A Found decreased total FA across corpus callosum

2019% 16 21.9£3.0 HC - 44% subregions in first-episode schizophrenia patients
compared to controls, with no significant group-by-
subregion interaction.

Di Biase et al., SCZ-35;HC- SCZ-35.89+104; SCZ-49% 27/7 (missing data for 1 Found widespread FA reductions in schizophrenia pa-

202026 62 HC - 38.42+13.25 HC - 65% patient) tients with auditory verbal hallucinations compared to
controls, with overlapping genu/splenium FA deficits
also seen in younger non-schizophrenia hallucinators.

Tao et al., 202127 SCZ-65; HC - SCZ -45.74 +/- SCZ -43%; 42/23 Found reduced total CC volume and anterior CC

35 10.13; HC - 44.29 HC - 63% FA in never-treated chronic schizophrenia patients
+/-2.44 versus controls, with clozapine- and risperidone-

treated patients showing higher anterior CC FA (and
risperidone-treated patients also higher mid-anterior
CC volume) than never-treated patients, suggest-
ing differential antipsychotic effects on callosal mi-
crostructure and macrostructure.

Tong et al., 2021 28 SCZ-148; HC SCZ-48.83+12.59; SCZ-44% N/A Found lower FA in the genu of the corpus callosum

-90 HC -38.8£12.3 HC - 49% in schizophrenia overall, with treatment-resistant pa-
tients showing lower genu FA associated with higher
NMDAR antibody levels.

Heidari et al., 20 SCZ,20 HC SCZ-60.4+7.09; M/F SCZ - N/A Found no significant difference in total corpus cal-
20232 HC - 61.3£6.91 30% ; HC - losum volume between schizophrenia patients and
30% controls, though CC volume density showed a nomi-
nally significant difference (p=0.022, uncorrected for
multiple comparisons).
Zhou et al., 2026 30 FE SCZ-59 ; FESCZ-24.38 +/- SCZ - 34% N/A Found no difference in whole corpus callosum volume
CH SCZ-131; 5.07 ;CHSCZ - ; CH SCZ in schizophrenia vs. controls, but did find a signifi-
HC 145 34.77 +/-9.38 ; HC - -31% ; HC cant reduction in the central CC subregion in chronic
28.84 +9.06 52% schizophrenia, alongside more widespread CC volume

reductions in the bipolar disorder groups.
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together with SCZ. The median number of participants in the
SCZ group was 28 (HC median: 32). The median age of par-
ticipants in the SCZ group was 37.57 (HC median: 38.42), and
the median percentage of female participants was 34% (HC:
46%).

Results: CC Volumetry

Eight included studies reported a quantitative CC volumetry
outcome. Five studies found reduced CC volume or white
matter density in schizophrenia: Rotarska-Jagiela et al. (2008)
found significantly decreased total CC volume (controls 4.16
+ 0.60 mL vs. patients 3.78 + 0.36 mL, F = 6.405, p =
0.004); Wolf et al. (2008) found reduced CC white matter con-
centration via voxel-based morphometry (MNI coordinates -
2, -34, 24; Z = 4.67, p < 0.001, small-volume corrected);
Salgado-Pifieda et al. (2014) found reduced CC white mat-
ter volume; Knochel et al. (2012) found reduced total CC
volume in patients relative to controls (patients 3139 £+ 407
mm3 vs. controls 4344 + 914 mm3; F(3,44) = 4.79, p =
0.031; post hoc patient-vs-control p < 0.001); and Tao et al.
(2021) found significantly reduced total CC volume in never-
treated schizophrenia patients (NT-SCZ) compared to healthy
controls (NT-SCZ 3072.52 &£ 363.73 mm3 vs. HC 3450.67 £
414.81 mm3; F = 3.213, p = 0.027; post hoc p = 0.004, FDR
corrected), while clozapine-treated and risperidone-treated pa-
tients did not differ significantly from controls in total volume.
Knochel examined CC volume in SCZ patients, unaffected
first-degree relatives of people with SCZ, and healthy controls,
and found that relatives of SCZ patients had intermediate val-
ues (3733 4+ 401 mm3) between SCZ and HC that did not
reach statistical significance against either group, likely due to
being underpowered for the effect size. Three studies found
no significant CC volume difference: van Tol et al. (2013)
reported no effect on CC morphometry; Heidari et al. (2023)
found no difference in raw CC volume (22.90 4+ 1.04 mm3
vs. 22.70 + 1.06 mm3, statistic = 1.32, NS), though volume
density, expressed as a percentage of total brain volume, did
differ significantly (1.90 £ 0.17% vs. 1.70 + 0.14%, statis-
tic = 11.70, p = 0.022), a dissociation that illustrates how the
choice of metric (raw volume vs. proportion of total brain vol-
ume) can change conclusions within the same dataset. Zhou
et al. (2026) found no whole-CC volume difference in either
first-episode or chronic schizophrenia, in contrast to robust re-
ductions seen in the bipolar disorder comparison groups in the
same study (whole-CC volume reduced in first-episode bipo-
lar disorder, p = 0.019, q = 0.019, Cohen’s d = 0.47, and in
chronic bipolar disorder, p = 0.010, ¢ = 0.012, Cohen’s d =
0.45).

Regional abnormalities. Where subregional volumetry was
reported, reductions clustered in the posterior portions of the
CC in most studies, though Tao et al.’s findings complicate this

picture. Rotarska-Jagiela et al. found significant volume re-
ductions in the superior genu (F = 3.642, p = 0.034), posterior
genu (F =9.158, p < 0.001), isthmus (F = 4.210, p = 0.021),
and splenium (F = 3.749, p = 0.031). Knochel et al. simi-
larly localized significant patient-versus-control reductions to
the posterior genu (411 & 115 vs. 480 £ 148 mm3, F(3,44)
=9.29, p = 0.004, post hoc p = 0.001), isthmus (253 + 40
vs. 379 £ 102 mm3, F(3,44) = 3.78, p = 0.044, post hoc p
< 0.001), and splenium (1086 + 133 vs. 1423 + 329 mm3,
F(3,44) = 6.98, p = 0.001, post hoc p = 0.001). Tao et al.
(2021), by contrast, localized the NT-SCZ volume deficit to
the mid-anterior (genu) region (F = 6.380, p = 0.001; NT-SCZ
vs. HC p < 0.001, FDR corrected) and the central (body) re-
gion (F =3.318, p = 0.023; NT-SCZ vs. HC p = 0.006, FDR
corrected), with no deficit in the posterior (splenium) region
at all, an anterior-weighted pattern that runs opposite to the
posterior-weighted pattern seen in Rotarska-Jagiela et al. and
Knochel et al. Notably, mid-anterior CC volume was also sig-
nificantly greater in risperidone-treated patients than in never-
treated patients (p = 0.024, FDR corrected), while clozapine-
treated patients did not differ from never-treated patients in
this region and in fact had significantly smaller mid-anterior
CC volume than healthy controls themselves (p = 0.012, FDR
corrected), suggesting the two antipsychotics may not affect
CC volume equivalently. In Zhou et al. (2026), the one re-
gion reaching significance in chronic (but not first-episode)
schizophrenia was the central CC (p = 0.0004, q = 0.00093,
Cohen’s d = 0.45). Zhou et al. also examined CC volume in
bipolar disorder and found much more widespread involve-
ment: reduced whole-CC volume in both first-episode and
chronic bipolar disorder. This contrast suggests that, at least
in this cohort, CC volume loss may be a more prominent and
diagnostically distinguishing feature of bipolar disorder than
of schizophrenia, where CC involvement appears more lim-
ited in extent (d = 0.45 for the one significant SCZ region vs.
d = 0.55 to 0.63 across four significant BP regions).

Results: CC FA

FA comes from diffusion tensor imaging and measures how
organized the CC’s white matter fibers are. It’s thought to pick
up subtle microstructural damage, like demyelination or dis-
rupted fiber tracts, that a simple volume measurement might
miss>!.

Eighteen of the twenty-three included studies reported a CC
FA result. Sixteen of these found lower FA somewhere in the
CC in SCZ compared to controls. Two studies found no over-
all FA difference between SCZ and controls.

Regional findings. Eight studies found reduced FA in
the splenium of the CC. One additional study, Miyata et al.
(2009), reported an FA reduction in a cluster adjacent to, rather
than directly within, the splenium. Two of these findings carry
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caveats worth noting: Ehrlich et al.’s result was localized to the
forceps major, the tract connecting the occipital lobes via the
splenium, distinct from the forceps minor/genu; and Agartz et
al.’s splenium finding was significant for the splenium-plus-
occipital-white-matter region as a whole (p = 0.002) but not
at the single most-affected voxel (p = 0.211), a partial rather
than clean-cut result.

The genu was also frequently affected: eight studies found
reduced genu FA. Miyata et al. reported a nearby cluster (ad-
jacent to the minor forceps) rather than a direct genu measure-
ment. By contrast, two studies that specifically tested the genu
as part of splenium-focused ROI analyses, Foong et al. and
Agartz et al., found no significant genu difference despite de-
tecting splenium effects in the same sample. Tao et al. (2021)
is also notable here for a negative result: despite finding re-
duced FA in the anterior (rostrum) region, this study found
no significant group difference in genu FA at all, an anterior-
but-not-genu pattern not seen elsewhere in this review’s FA
literature.

The body of the CC was reduced in three studies, with the
isthmus being reduced in three studies as well. Three stud-
ies found effects across the whole CC without singling out a
subregion. Tao et al.’s significant finding, by contrast, was
isolated to the anterior region (rostrum) alone (F = 4.761, p
= 0.004), with no significant differences anywhere else in the
CC, the narrowest regional footprint of any positive FA find-
ing in this review. This regional heterogeneity may be driven
by differing CC parcellation schemes across studies.

Notable features. Several studies linked CC FA to clinical
symptoms, with mixed results. Knochel et al. (2012) found
that lower CC FA (and volume) correlated with more severe
auditory hallucinations, one of the few correlations with a pos-
itive symptom reported in this review. Xiao et al. (2018) sim-
ilarly found that lower genu FA correlated with greater over-
all symptom severity in never-treated patients (total Positive
and Negative Syndrome Scale (PANSS) score, r = -0.42, p
< 0.05), though this correlation was not significant in treated
patients. Di Biase et al. (2020) found that a shared genu-
and-splenium FA deficit between schizophrenia patients and
non-schizophrenia patients with hallucinations was present
only in younger (under-40) subjects, suggesting an age- or
illness-stage-dependent pattern. By contrast, Oestrich et al.
(2017), the largest FA study in the review (287 SCZ, 193 HC)
and multi-site, found significant genu and body FA reductions
but no association between CC FA and hallucinations, delu-
sions, thought disorder, or negative symptoms, a null result
that stands out against the positive symptom correlations re-
ported above by Knochel et al. and Xiao et al.; Tao et al.
(2021) reported a similar null result, finding no correlation be-
tween callosal metrics and PANSS total or subscale scores.

Two studies linked CC FA to biological subgroup markers
rather than symptoms directly. Martin et al. (2014) found that

patients without large rare copy-number deletions showed the
expected FA reduction (in a genu/body/splenium cluster) rel-
ative to controls, but patients with large rare deletions did not
differ from controls at all, the opposite of what a straightfor-
ward “more genetic risk, more damage” model would predict.
Tong et al. (2021) linked lower genu FA in treatment-resistant
schizophrenia to higher blood levels of NMDAR antibodies,
pointing toward a possible immune mechanism. Xiao et al.
(2018) offers a complementary angle on medication and CC
integrity: never-treated patients showed a significantly steeper
age-related decline in genu FA than either treated patients (F =
16.26, p < 0.001) and healthy controls (F = 4.60, p = 0.035).
In Xiao et al., treated patients showed less age-related decline
than even healthy controls (F = 5.27, p = 0.024), a pattern
the authors interpret as evidence that long-term antipsychotic
treatment does not damage, and may help preserve, CC white
matter integrity over the course of illness. Tao et al. (2021) re-
ported a broadly consistent pattern at a single cross-sectional
timepoint: both risperidone-treated and clozapine-treated pa-
tients had significantly higher anterior CC FA than never-
treated patients (p = 0.008 and p = 0.023 respectively, FDR
corrected), with neither treated group differing from healthy
controls.

Meta-analysis was performed on fifteen results from seven
studies, using a multilevel random-effects model to account
for multiple regions tested within the same study (figure 3).
Multilevel random-effects meta-analysis found Hedge’s g = -
0.436 at a statistically significant p value of 0.015, indicating
a moderate negative effect of SCZ diagnosis on CC FA. This
finding is consistent with several individual studies, including
Rotarska-Jagiela et al., who reported significantly lower whole
CC FA in SCZ (controls = 0.5984 4+ 0.026 vs. SCZ = 0.5709
+ 0.036; F = 9.007, p = 0.004). Heterogeneity was tested,
and the multilevel model estimated between-study variance of
02 = 0.142 and within-study (region-level) variance of 62 =
0.062.

Results: Stage of Illness

Whether CC abnormalities are present at illness onset or
emerge/worsen over the course of SCZ bears directly on
whether CC pathology reflects a neurodevelopmental process
(present from the start) or a neuroprogressive one (accumu-
lating with illness duration). Comparing first-episode and
chronic samples is one of the main ways included studies have
tried to address this question.

First-episode/early-illness studies. Five included studies (or
subsamples) specifically examined first-episode schizophre-
nia patients. Of these, only one found no significant whole-
CC volume difference in first-episode patients versus controls.
Four reported an FA outcome, split between positive and neg-
ative results: three found reduced FA, while one found no dif-
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Meta-analysis of CC FA changes in SCZ

Study

SMD [95% CI]

Rotarska-Jagiela 2008 - Total CC FA A ——1 H -0.86 [-1.45, -0.27]
Knochel 2012 - Total CC FA i -1.03 [-1.78, -0.28]
Price 2004 - genu FA n 0.19[-0.38, 0.77]
Martin 2014 - genu FA f 0.25[-0.37, 0.86]
Foong 2000 - genu FA - -0.06 [-0.65, 0.53]
Lee 2013 - genu FA _— -0.70 [-1.39, -0.00]
Xiao 2018 - genu FA (unmedicated) —— H -1.30 [-1.77, -0.82]
Xiao 2018 - genu FA (medicated) —_—— -0.97 [-1.38, -0.56]
Rotarska-Jagiela 2008 - isthmus FA H -0.75 [-1.33, -0.16]
Knochel 2012 - isthmus FA : -0.91[-1.65, -0.17]
Price 2004 - splenium FA —e— 0.12[-0.45, 0.69]
Foong 2000 - splenium FA - -0.14 [-0.73, 0.45]
Lee 2013 - splenium FA H -0.74 [-1.43, -0.04]
Xiao 2018 - splenium FA (unmedicated) — . -0.59 [-1.03, -0.14]
Xiao 2018 - splenium FA (medicated) om0 -0.15[-0.54, 0.24]
Random-Effects Model —— -0.44 [-0.79, -0.08]
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Figure. 4 Forest plot of meta-analyzed studies.

ference.

Chronic/established-illness studies. Eight included stud-
ies (or subsamples) described a chronic SCZ or long-duration
SCZ population. Volumetry: five found reduced CC volume,
one found no whole-CC volume difference but a significant
difference in volume density, and one found a regionally re-
stricted reduction. FA in chronic samples was reduced vs. HC
in all five studies that reported it.

Regional findings. In the FA literature, the first-episode
studies that found an effect (Lee et al.; Lei et al.; del Re et
al.) tended to report broader or whole-CC/genu-body patterns
rather than the more posterior (splenium) pattern seen in many
mixed or chronic samples in the FA section above, though Lee
et al. did find splenium involvement as well (t(32) = -3.08, p
=0.004), making the first-episode/chronic contrast in regional
pattern only a partial one. Among the chronic studies, Tao et
al. (2021) is a notable outlier within the outlier group: its one
significant FA finding was isolated to the anterior/rostrum re-
gion rather than genu or splenium, a region not implicated as
an FA locus by any other study in this review. In the volume-
try literature, the one study with a within-design first-episode-
versus-chronic contrast, Zhou et al. (2026), found no CC in-
volvement at all in first-episode patients but a significant, re-
gionally specific reduction in the central CC in chronic pa-
tients (p = 0.0004, q = 0.00093, Cohen’s d = 0.45), a pattern
consistent with a progressive rather than static process, at least
for volume.

Notable features. Zhou et al. (2026) is the only included
study built to directly compare first-episode and chronic
schizophrenia within the same design, and its finding, no CC
volume difference in first-episode SCZ versus HC (whole CC,
NS), but a significant central-CC reduction in chronic SCZ
versus HC (p = 0.0004, d = 0.45), is the clearest single piece
of evidence in this review for a stage-dependent, potentially
progressive pattern. Tao et al. (2021) and Xiao et al. (2018)
together offer the review’s most direct evidence on a second,

closely related question: whether CC deficits seen in chronic
illness reflect the disease process itself or cumulative antipsy-
chotic exposure. Both studies isolate never-treated chronic
patients as a natural experiment, and both find that never-
treated patients show the most pronounced CC deficits, with
treated patients closer to (though, in Xiao et al.’s genu find-
ing, not identical to) healthy controls. Xiao et al.’s additional
finding, that genu FA declines significantly faster with age in
never-treated patients than in either treated patients or con-
trols, is this review’s only direct evidence that callosal pathol-
ogy may specifically accelerate with age within chronic ill-
ness, distinct from the first-episode-versus-chronic contrast
captured by Zhou et al. Tong et al. (2021) adds an indi-
rect but relevant angle, comparing three groups defined by
treatment history and response: patients newly starting treat-
ment (TIS, treatment-initiation schizophrenia; mean age 30.2
+ 10.2), patients with an established treatment history who
remained responsive to antipsychotics (NTRS, non-treatment-
resistant schizophrenia; 46.7 £+ 10.0), and patients with an
established treatment history who had not responded to an-
tipsychotics (TRS, treatment-resistant schizophrenia; 46.8 +
10.9). The two older, longer-illness groups (NTRS and TRS)
showed more established genu FA reduction than the younger
TIS group, and the additional NMDAR antibody correlation
was specific to the TRS subgroup, suggesting the finding may
track illness severity or duration as well as diagnosis.

Effect of Sex on Brain Morphometry

Seven included studies directly examined sex-based differ-
ences in CC volume and FA. Within SCZ or control groups,
four included studies examined the effect of sex on brain mor-
phometry and found no effect. Testing within the SCZ con-
dition, one included study identified a statistically significant
difference based on sex: Rametti et al. 2009 found that FA
was lower in the genu of female SCZ patients than male SCZ
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patients (cluster size = 202; t = 3.48; P < 0.001). Conversely,
del Re et al. found no main effect of gender (F(1,28) = 0.65, p
= 0.43) and no group-by-gender interaction (F(1,28) = 0.09, p
=0.76), despite an overall reduction in FA among first-episode
SCZ patients (F(1,28) = 11.57, p = 0.002). When determining
significance, Rametti et al. used a one-tailed t-test, which is
more powerful than most other statistical approaches, which
used two-tailed t-tests or ANOVA. Two studies found sex-
based CC volume and FA differences irrespective of diagnosis.
Price et al. reported significantly lower genu FA in women ir-
respective of diagnosis, while Rotarska-Jagiela et al. found
equal reductions in males and females. Because studies are
generally quite small, they are underpowered to detect poten-
tially small sex-based differences. The remainder of included
studies used statistical approaches that controlled for covari-
ates treating sex (along with age) as “nuisance covariates” or
covariates of no interest, or recorded sex but did not analyze
its effect.

Effect of Medication on Brain Morphometry

It is hypothesized that chronic exposure to antipsychotic med-
ication may influence brain structural changes in SCZ, includ-
ing in the CC. Nineteen included studies described antipsy-
chotic medication usage in the patient population. Eight in-
cluded studies provided minimal detail regarding drug, dura-
tion, patient matching, and other information essential for in-
terpretation of medication effects, and did not attempt to ana-
lyze the effect of medication status. This medication-agnostic
design was characteristic of retrospective studies, which fre-
quently noted that reliable medication status information was
not available. Eleven studies investigated the effect of antipsy-
chotic use on CC structure. In most cases, null results could be
explained by the fact that all or nearly all participants were tak-
ing antipsychotic medication and sample sizes were too small
to differentiate between typical antipsychotics, atypical an-
tipsychotics, and antipsychotics with adjunctive medication.
Eight included studies found no effect of medication status or
chlorpromazine-equivalent dose on CC structure. For exam-
ple, del Re et al. found no significant correlations between
chlorpromazine-equivalent dose and diffusion or volumetric
measures (p values ranging from 0.06 to 0.99), while Foong
et al. similarly reported that antipsychotic dose did not pre-
dict DTI abnormalities. Three included studies specifically
recruited a treatment-naive population. Two included studies
found that FA was significantly higher in CC of antipsychotic-
treated SCZ patients than untreated patients. Tao et al. further
investigated whether treatment with clozapine vs. risperidone
affected FA in the anterior CC and found no statistically sig-
nificant effect, although they found an overall protective effect
when both medications were combined in their analysis. No-
tably, the studies with positive findings were among the most

recent included studies, possibly reflecting improvements in
pharmaceutical technologies and/or imaging techniques.

Included Study Design Limitations

Several limitations recurred across included studies. Partici-
pant recruitment was a major methodological concern, as four-
teen included studies used convenience sampling or did not
adequately describe the participant recruitment rationale and
strategy. Some included studies found unexpectedly large ef-
fect sizes and/or low alpha values despite low sample num-
bers, or did not correct for multiple comparisons, decreasing
confidence in the results. Finally, participants were 100%
Caucasian when race was reported (four included studies),
and race was rarely recorded as a factor at all. Given that
several included studies were conducted at international insti-
tutions, including in China and Brazil, it is unlikely that the
overall pooled study population consisted exclusively of non-
Hispanic Caucasian participants, but definitive information is
lacking.

Auvailable statistical evidence of publication bias within in-
cluded studies is minimal, as the funnel plot for FA studies is
symmetric and Egger’s regression does not suggest systematic
publication bias (z = -0.19, p = 0.853) (figure 4).

Discussion

Summary of Main Findings

The CC in schizophrenia shows an asymmetric pattern across
the two metrics used in this review: FA reductions were
found by nearly every study that looked for them, while vol-
ume reductions were found by roughly half. This asymmetry
matches the broader literature outside this review’s included
set. Two prior meta-analyses of CC volume both found only a
small, if statistically significant, overall reduction in CC area,
with substantial heterogeneity across studies >32.

In contrast to meta-analysis of CC volume, DTI-based
meta-analyses paint a more consistent picture for FA: Zhuo
et al. (2016), pooling 22 studies, found a robust overall FA
reduction concentrated in the genu and splenium, and the
ENIGMA Schizophrenia DTI Working Group, a coordinated
mega-analysis of nearly 4,300 people across 29 sites, found
the CC (particularly its body and genu) among the most af-
fected white matter regions in the entire brain, second only
to the anterior corona radiata33*. Set against that backdrop,
this review’s own pattern, solid FA evidence and more equiv-
ocal volume evidence, is not an idiosyncrasy of the studies
selected here; it reflects where the field as a whole currently
stands. On balance, the evidence does support real structural
alteration of the CC in schizophrenia, but a comparatively sub-
tle microstructural one that is not always accompanied by a
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Figure. 5 Funnel plot of meta-analyzed studies.

detectable loss of gross volume.

Interpretation of Findings

Disease progression (first-episode vs. chronic). A central
open question in this literature is whether CC pathology is
present from illness onset, which would be consistent with
a neurodevelopmental account of schizophrenia, or instead
emerges and worsens as illness duration increases, which
would point toward a neuroprogressive process. The clearest
within-review evidence for a progressive component comes
from Zhou et al. (2026), which found no CC volume dif-
ference in first-episode patients but a significant reduction in
chronic patients. The wider literature is genuinely mixed on
this question rather than uniformly confirmatory. Some find-
ings point toward progression: Downbhill et al. (2000) reported
a direct association between CC shrinkage and illness dura-
tion; Walterfang et al. (2008) found CC reductions present at
illness onset but more widespread in established illness; and
the Zhuo et al. (2016) DTI meta-analysis found a significant
FA reduction in both chronic and first-episode patients, but a
substantially larger effect in chronic illness3>3%-36. Other ev-
idence cuts against a simple progression story: the Arnone et
al. (2008) volumetric meta-analysis reported the opposite pat-
tern, a larger volume-reduction effect in first-episode than in
more chronic samples; a five-year longitudinal study of first-
episode patients (excluded from this review for diagnostic het-
erogeneity) found no diagnosis-by-time interaction in CC vol-
ume at all; and the earliest postmortem work on the topic,

T 1
-0.5 0

Hedges' g

Rosenthal and Bigelow (1972), found the CC body to be larger
in schizophrenia, a reminder that even the direction of the ef-
fect was contested for decades before the field converged on
reduction”-38, Within the body of studies included in this re-
view, the progression hypothesis is plausible and the single
best direct test (Zhou et al., 2026) supports it, but the wider
literature is split on the question, and most included studies
could not be staged by illness duration at all.

Regional vulnerability. A second open question is whether
CC pathology is diffuse across the whole structure or concen-
trated in particular subregions, and if the latter, which subre-
gions are most consistently implicated. The genu and sple-
nium are the two subregions implicated most often in this re-
view, and that pattern matches the wider literature closely:
both Zhuo et al. (2016) and Kelly et al. (2018) indepen-
dently identify the genu and body/splenium as the most con-
sistently affected CC subregions, with Kelly et al.’s large-scale
effect sizes (d = 0.37 to 0.39) closely matching the magnitude
of effects reported by individual studies in this review (e.g.,
Oestrich et al.’s d = 0.3 to 0.4) 3334, This convergence across a
21-study narrative review, a 22-study DTI meta-analysis, and
a nearly 4,300-person coordinated mega-analysis is one of the
more reassuring findings here: whatever else is inconsistent
about this literature, the genu and posterior CC being dispro-
portionately affected is not.

Conflicting results. Three factors most plausibly explain the
inconsistency across studies.

1. Small samples: most included studies had modest group
sizes, and reported effect sizes are generally small-to-
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medium, comparable to the d = 0.3 to 0.4 range found in
the ENIGMA mega-analysis, meaning many individual
studies were likely underpowered, and some flagged their
own lack of correction for multiple comparisons across
CC subregions (e.g., Knochel et al., Heidari et al.).

2. Sample differences: age, sex, illness duration, medica-
tion status, and diagnostic strictness all varied across
studies in ways that plausibly affect CC measurements,
for instance, both patients and controls show age-related
FA decline in the CC (Oestrich et al.), and several studies
found sex-specific effects (Rametti et al.; Price et al.) that
could obscure or inflate group differences if unmodeled.

3. Different methodologies: volumetric studies range from
manual ROI outlining to VBM to stereological meth-
ods that are not directly comparable, while FA studies
range from simple manual ROIs to whole-brain TBSS to
harmonized multi-site pipelines (e.g., the ENIGMA-DTI
protocol used by Tong et al., or the free-water-corrected
approach in Oestrich et al.), meaning that even positive”
findings across studies are not always measuring quite the
same thing.

Strengths and Limitations

This literature’s strengths lie less in any single study and
more in what the body of work allows when taken together.
Its nearly three-decade span means the field has accumu-
lated enough independent replications, across different scan-
ners, cohorts, and eras of methodology, to distinguish pat-
terns that hold up over time from one-off findings. Its use of
both macrostructural volume and microstructural FA measures
matters because the two are only loosely coupled: a struc-
ture can lose organizational integrity without shrinking, and
reliance on either measure alone would have given an incom-
plete — and in this case actively misleading — picture of the
CC’s involvement in schizophrenia. Moreover in a handful of
studies, the extension beyond simple case-control designs into
unaffected relatives (Knochel et al.; Lei et al.), genetic-risk
subgroups (Martin et al.), and candidate mechanisms (NM-
DAR autoantibodies in Tong et al.) starts to move the literature
from merely documenting that the CC differs in schizophrenia
toward asking why, whether the difference is inherited, genet-
ically subtyped, or biologically mechanistic.

These same features expose the field’s limitations. The
studies capable of asking those deeper “why” questions (rel-
atives, genetic subgroups, candidate mechanisms) are the ex-
ception rather than the rule, so the literature is much better
at establishing that CC differences exist than at explaining
their origin. More broadly, most individual studies are small
and cross-sectional, CC parcellation schemes are inconsistent

across studies, and illness stage and medication status are of-
ten incompletely reported. This is the flip side of the same
coin as the strengths described above: the very heterogeneity
in methods and designs that lets this review triangulate a sta-
ble finding (genu and splenium involvement, replicated across
measures and eras) is what also makes precise, quantitative
synthesis difficult, since studies using different parcellations,
different volumetric techniques, and different DTI pipelines
are not always measuring identical constructs. As the meta-
analytic literature confirms, true region-matched, harmonized
synthesis requires far larger and more standardized data than
most individual studies, including many reviewed here, can
offer on their own.

Future Directions

The CC’s central role in interhemispheric communication is
why this literature matters: disconnection-based accounts of
schizophrenia predict that a structure like the CC should show
detectable disruption, an idea formalized by David (1994) and
Friston (1998)3*40. The symptom associations reported in
this review are consistent with that disconnection framework,
though they take different forms across studies. Knochel et
al. found that lower CC volume and FA were associated with
more severe auditory hallucinations. Di Biase et al. simi-
larly found overlapping genu and splenium FA deficits in pa-
tients with hallucinations, though this pattern was restricted
to younger subjects. Taken together, these findings suggest a
link between CC integrity and hallucination severity specifi-
cally, rather than SCZ symptomatology in general, since most
other included studies did not find comparable associations
with other symptom domains.

Current theories of cognition employ a computational
model in which the brain computes the statistical likelihood
of properties of the world, an idea called Bayesian inference.
In the Bayesian inference model, brains integrate current ob-
servations about the world with prior knowledge to update and
refine a model of reality. The Bayesian inference proposal ar-
gues that errors in “hierarchical predictive coding” contribute
to decision making and perceptual symptoms of SCZ*!. This
Bayesian explanation of SCZ proposes that, in normal cogni-
tion, prior beliefs are encoded at a higher level of certainty
than sensory information. These high-ranked prior beliefs
feed predictions to sensory systems, and when sensory infor-
mation appears to contradict those predictions, they produce a
prediction error signal. The phrase “I can’t believe my eyes!”
is an illustration of this computational dynamic in action. In
contrast to normal cognition, the high-ranked predictor signal
is weak in SCZ, causing sensory stimuli to be overweighted
and resulting in SCZ symptoms like delusions and hallucina-
tions*142. CC function is essential to the Bayesian inference
model of SCZ because it is the major information transfer tract
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in the brain. Presently, the understanding of Bayesian infer-
ence disruption in SCZ relies on the neurotransmitters glu-
tamate, GABA, and dopamine, but CC disorganization may
participate as cause and/or consequence, since Bayesian in-
ference involves interhemispheric communication*3. Integrat-
ing CC differences with known neurotransmitter effects would
deepen current physiological models of Bayesian inference
failures in SCZ.

The effect of SCZ duration on CC is not the only unre-
solved question in this literature, but it is the one this review
is best positioned to comment on, and the field is still ask-
ing it in largely the same form it did decades ago. The exis-
tence of a large, well-powered answer at the consortium level
has not fully resolved this, because even that effort was cross-
sectional, and the wider literature is itself split on the direction
of any progression effect: Downhill et al., Walterfang et al.,
and the Zhuo et al. meta-analysis (above) all reported larger
callosal deficits in more chronic illness, while Arnone et al.’s
volumetric meta-analysis found the opposite, a larger effect
in first-episode than chronic samples. That the longitudinal-
versus-cross-sectional literature does not agree with itself on
something this basic underscores how unsettled the progres-
sion question remains. What is still missing is genuinely lon-
gitudinal, within-subject tracking of CC structure from the
first episode through chronic illness in a single, adequately
diagnosed cohort. One study of this kind was identified in
this review’s hand search, however, it was excluded because
it did not differentiate between schizophrenia, schizophreni-
form disorder, and schizoaffective disorder?’. Ideally, such
a cohort would need diagnostically confirmed schizophrenia,
cleanly separated from schizophreniform and schizoaffective
presentations, followed with repeated CC imaging from first
episode through several years of chronic illness in the same
individuals; achieving this at adequate power would require
multi-site funding, standardized diagnostic and imaging proto-
cols across sites, and a follow-up horizon of years rather than
months, which is why single-site studies have rarely attempted
it. Large, harmonized, and specifically longitudinal designs,
building on the multi-site infrastructure ENIGMA has already
established, represent the most promising path to finally re-
solving the developmental-versus-progressive question.

Conclusion

This convergence exists despite considerable heterogeneity
within the patient populations studied, including differences
in illness stage, medication exposure, sex distribution, and di-
agnostic strictness, and that same patient-level heterogeneity
is a plausible contributor to the volume and regional inconsis-
tencies seen across individual studies. Whether this reflects a
developmental or a progressive process remains genuinely un-
resolved: the strongest single piece of within-review evidence

(Zhou et al., 2026) points toward progression, but the broader
cross-sectional and longitudinal literature is mixed on this ex-
act point. Resolving this question, and the wider inconsistency
across the literature, will most likely require larger, harmo-
nized, and critically longitudinal studies tracking CC structure
across the course of illness within the same patients.
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