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Introduction: The findings of epidemiological studies suggest that a relationship
exists between the risk of schizophrenia and winter births in the Northern
Hemisphere, which may affect the process of fetal neurodevelopment. However,
it remains unclear whether birth seasons are associated with the brain
morphological characteristics of patients within the schizophrenia spectrum.

Methods: The present magnetic resonance imaging study using FreeSurfer
software examined the effects of birth seasons (i.e., summer-born vs. winter-
born) on the comprehensive brain surface characteristics of 101 patients with
schizophrenia (48 summer- and 53 winter-born), 46 with schizotypal disorder
(20 summer- and 26 winter-born), and 76 healthy control subjects (28 summer-
and 48 winter-born).

Results: In comparisons with summer-born patients, winter-born patients,
particularly those with schizophrenia, showed significantly increased
gyrification mainly in the left lateral occipital and inferior temporal regions and
right fronto-parietal region as well as cortical thinning in the right superior frontal
region. Birth seasons did not significantly affect the local gyrification index or
cortical thickness in healthy controls.

Discussion: The present whole-brain surface-based analysis demonstrated that
brain morphological characteristics reported in the schizophrenia spectrum
were more pronounced in winter-born patients than in summer-born patients,
suggesting the contribution of early neurodevelopmental factors associated with
birth seasons to the pathophysiology of the schizophrenia spectrum.
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Introduction

Evidence from epidemiological studies in Northern Hemisphere
countries has consistently suggested that a relationship exists
between birth seasons and the risk of mental disorders (1), with
the risk of developing schizophrenia (Sz) and related disorders
being approximately 5-10% higher for winter/spring births (2, 3).
Vitamin D deficiency or gestational exposure to infection and the
associated inflammatory response during winter may increase
susceptibility to Sz by affecting prenatal neurodevelopment, such
as synapse formation and interneuron migration (4-6). However,
previous magnetic resonance imaging (MRI) studies failed to detect
a significant effect of birth seasons on ventricular (3) or
hippocampal (7) volumes or various neurodevelopmental markers
(e.g., gross gyral patterns in the orbitofrontal and insular regions)
(8) that are characteristic of Sz. Nevertheless, a more comprehensive
brain assessment, particularly of brain characteristics closely
reflecting early neurodevelopment, such as whole-brain cortical
gyrification patterns (9, 10), may provide more detailed insights
into the effects of birth seasons on the brain morphology of patients
with the Sz spectrum.

MRI studies on Sz and schizotypal (SzTypal) disorder, often
described as a milder form within the Sz spectrum (11, 12), revealed
shared brain characteristics, such as increased gyrification in the
fronto- parietal regions (13) and a reduction in cortical thickness in
the medial temporal and frontal regions (14), potentially reflecting a
common vulnerability to psychopathology. While the cortical
volume or thickness may be significantly affected by various
factors after birth (e.g., antipsychotic medication and an active
brain pathology during the early stages of Sz) (15), the cortical
gyrification pattern is considered to mainly be formed during
gestation and remains stable after birth (16, 17). Therefore,
changes in cortical gyrification commonly observed in the Sz
spectrum may more closely reflect an early neurodevelopmental
pathology (including the disruption of neural development
associated with seasonality) (10). While human cortical folding is
likely to be more genetically mediated compared to other surface
characteristics (e.g., curvature, cortical thickness or volume, and
surface area), higher order sulci formed during late embryonic
period are reported to be less heritable and more influenced by
environmental factors than ontologically older sulci (18). However,
to the best of our knowledge, the potential effects of birth seasons on
the comprehensive surface morphology in patients with the Sz
spectrum have not yet been examined using MRL

Therefore, the present MRI study aimed to expand our
preliminary negative study of selected brain regions (8) by using
whole-brain cortical surface morphometrics, particularly the local
gyrification index (LGI). We predicted that increased brain
gyrification in the Sz spectrum (13) would be more pronounced
in winter-born patients than in summer-born patients due to
potential adverse effects associated with a winter birth on
neurodevelopment in utero (4, 6). We also examined cortical
thickness, a representative parameter of focal gray matter changes
among the parameters in the surface-based approach (e.g., volume,
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area) (14, 19), but predicted a weaker relationship with respect to
birth seasons due to various potential confounding factors during
the course of illness.

Materials and methods
Participants

One hundred and one patients with Sz, 46 with SzTypal
disorder, and 76 healthy control (HC) subjects were included in
the present study (Table 1). Participants in the present study were
all born in Japan (ie., the Northern Hemisphere), right-handed,
physically healthy at the time of the study, and had no history of
severe obstetric complications, serious head trauma, neurological
illness, serious medical or surgical illness, or substance abuse. While
most of the participants were subjects in our previous studies on
LGI (13) and cortical thickness (14) in the Sz spectrum, we herein
examined the specific effects of birth seasons on these cortical
measures for the first time; with reference to previous studies (7,
8, 20), participants born between June and October and between
November and May were defined as summer-born and winter-
born, respectively.

As fully described elsewhere for inclusion/exclusion criteria
(21-23), Sz and SzTypal disorder patients who met the ICD-10
research criteria (24) were enrolled from the Department of
Neuropsychiatry, Toyama University Hospital. Patients
underwent a structured interview by experienced psychiatrists
using the Comprehensive Assessment of Symptoms and History
(25), based upon which they were diagnosed with Sz and SzTypal
disorder. Clinical symptoms were assessed with the Scale for the
Assessment of Negative Symptoms and the Scale for the Assessment
of Positive Symptoms (SANS/SAPS) (26). All SzTypal patients also
fulfilled the Diagnostic and Statistical Manual of Mental Disorders
(DSM) criteria for SzTypal personality disorder on the basis of the
Structured Clinical Interview for DSM-IV Axis II Disorders (27);
they had been clinically followed up for at least 2 years and had not
developed overt psychosis. According to the literature (28-30), the
first-episode Sz subgroup was defined by an illness duration < 1 year
(n = 48) or first psychiatric hospitalization (n = 16). Medication and
other clinical data on patients are summarized in Table 1.

HC subjects from members of the community, staff at our
hospital, and university students were screened using a
questionnaire (31) on their family and personal medical histories.
They did not have any personal or family history of psychiatric
illnesses in their first-degree relatives. The control subjects of the
present study were selected from our database with similar age and
sex ratios to the patient groups. The present study was approved by
the Committee on Medical Ethics of Toyama University (ID:
12013006). According to the guidelines of the Declaration of
Helsinki, written informed consent was obtained from all
participants after a full explanation of the protocol used in this
study. A parent or guardian provided their written consent when
the participant was younger than 20 years.
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TABLE 1 Characteristics of study participants.

SzTypal (N = 46)

Season of birth Summer (N

= 20)

Winter (N
= 26)

Sz (N = 101)

Summer (N
= 48)

Winter (N
= 53)

HC (N = 76)

Summer (N
= 28)

Winter (N
= 48)

Effect of diagnosis

Effect of season

Male/female 14/6 15/11 28/20 2726 17/11 26/22 Chi-square = 0.96, p = 0.620 Chi-square = 1.40, p = 0.237
Age (years) 26.1 (5.4) 242 (5.5) 26.0 (5.8) 252 (5.3) 25.5 (6.0) 23.6 (5.4) F (2,217) = 0.75, p = 0.476 F (1,217) = 3.64, p = 0.058
Height (cm) 168.0 (8.70) 164.8 (8.6) 165.6 (7.3) 164.0 (8.6) 167.9 (8.5) 166.1 (7.3) F(2,217) = 1.70, p = 0.185 F (1,217) = 3.60, p = 0.059
Weight (kg) 64.0 (11.8) 60.2 (11.3) 60.2 (12.5) 59.9 (10.8) 59.2 (10.3) 58.8 (10.1) F(2,217) = 1.08, p = 0.343 F (1, 217) = 0.83, p = 0.362
Education (years) 13.1 (1.9) 13.0 (2.1) 133 (2.0) 13.6 (1.8) 16.6 (2.2) 15.7 (2.7) ’S’"Z(TZYPZZI;)S; j(;fco P <0.001; F (1, 217) = 048, p = 0489
Parental education (years)® 12.2 (2.1) 12.5 (1.4) 12.4 (2.0) 12.5 (2.1) 12.8 (2.4) 12.9 (2.3) F (2, 208) = 0.96, p = 0.385 F (1, 208) = 0.42, p = 0.517
Onset age (years) - - 22.6 (4.9) 21.5 (4.2) - - - F(1,99) = 1.50, p = 0.224
Illness duration (months) - - 40.6 (52.8) 45.3 (59.2) - - - F(1,99) =0.18, p = 0.677
Ie";i‘;iiz’t‘,‘;;j;:;abpe“d"l' 5.5 (6.5) 44(53) 10.6 (9.3) 103 (8.7) - - IS:Z(le’;fi ;14‘38’1’ < 0:00% F(1,143) = 024, p = 0.622
Duration of medication (months) 28.8 (49.5) 11.0 (19.0) 30.8 (47.2) 31.0 (47.0) - - F (1, 143) = 1.97, p = 0.163 F(1,143) = 1.27, p = 0262
Total SAPS scores” 17.4 (9.8) 15.0 (8.9) 24.3 (17.8) 31.3 (24.1) - - F(1,135) = 1190, p < 0.001; F (1, 135) = 0.48, p = 0.491
SzTypal < Sz
Total SANS scores” 42.8 (21.7) 39.6 (21.2) 48.8 (21.5) 49.4 (25.5) - - F (1,135) = 3.58, p = 0.061 F (1, 135) = 0.09, p = 0.764

Intracranial volume (cm3) 1548.0 (127.1)

1507.0 (164.8)

1504.0 (159.3)

1489.7 (151.7)

1529.5 (146.0)

1472.6 (141.5)

F (2,217) = 0.68, p = 0.507

F (1, 217) = 3.02, p = 0.084

Values represent means (SD) unless otherwise stated.

HC, healthy controls; SANS, scale for the assessment of negative symptoms; SAPS, scale for the assessment of positive symptoms; Sz, schizophrenia; SzTypal, schizotypal disorder.
“Data not available for one control, four SzTypal patients, and four Sz patients.

"Data not available for two SzTypal and six Sz patients.
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Imaging and processing procedures

MRI was performed with a 1.5-T scanner (Magnetom Vision,
Siemens Medical System, Inc., Erlangen, Germany) using a 3D
gradient-echo sequence fast low-angle shots (FLASH) sequence
providing 160-180 contiguous 1.0-mm-thick T1-weighted slices in
the sagittal plane. Imaging parameters were as follows: repetition
time/echo time = 24/5 ms, flip = 40°, matrix = 256x256 pixels, field
of view = 256mm, and voxel size = 1.0 x 1.0 x 1.0 mm°.

FreeSurfer software (version 5.3; https://surfernmr.mgh.
harvard.edu/) was used to process Tl-weighted MR images
according to a standard automatic reconstruction algorithm. The
surface-based pipeline involved the following: removing non-brain
tissue, a transformation to Talairach-like space, gray/white matter
tissue segmentation, triangular tessellation, and inspections of white
matter and pial surfaces (19). Following the careful inspection of
each reconstructed image, the editing of segmentation errors was
manually performed by a trained researcher (DS) blinded to the
identities of participants. Since the aim of this study was to expand
on our previous FreeSurfer findings (13, 14) using the same dataset/
settings to avoid the confounding effects of different FreeSurfer
versions (32, 33), we consistently used version 5.3 for these studies.

The gyrification pattern of the entire cortex was indexed based
on the vertex-wise LGI value, a three-dimensional extension of the
classical two-dimensional gyrification index measurement (i.e., the
area ratio of the outer contour and corresponding pial contour)
calculated by the method of Schaer et al. (34). The computing began
with the creation of an outer surface using morphological closing
operation. Then, approximately 800 overlapping circular regions of
interest (ROIs; radius = 25 mm) were created on the outer surface.
For each of these ROIs, a corresponding region of interest was
defined on the pial surface. The whole computation ended up with
the creation of an individual map containing one LGI value for each
point of the cortical surface (i.e., ~150,000 values per hemisphere).
These LGI values were used for the vertex-wise statistical analysis
(e.g., group comparisons) in which significant results were shown as
clusters of vertices.

Cortical thickness measurements were obtained by calculating
the shortest distance from the gray/white boundary to the gray/
cerebrospinal fluid boundary at each vertex on the tessellated surface.

Each image was resampled onto the average subject (fsaverage)
and then smoothed either with a 5-mm, full-width, half-maximum
(FWHM) Gaussian kernel (LGI) or a 10-mm FWHM Gaussian
kernel (cortical thickness) to reduce the signal to noise.

Statistical analysis

The chi-square test or an analysis of variance (ANOVA) was
performed to compare group differences in demographic and
clinical data.

For the analyses of MRI measures, Sz and SzT'ypal groups were
separately treated because they probably have different
neurodevelopmental pathologies in degree and duration as
suggested by substantial differences in LGI (13) and cortical
thickness (14). However, they were also analyzed together because
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of possible common neurobiology within the Sz spectrum (15). While
first-episode Sz subgroup was also examined in order to reduce
confounding factors (e.g., illness chronicity and medication), this
should be considered as a supplementary explorative analysis in
terms of its small sample size.

The effects of birth seasons on LGI or cortical thickness was
examined in each diagnostic group because of a prior hypothesis
that such effects (summer- vs. winter-born) on brain morphology
would be different between diagnostic groups, which was also
supported by the interaction (uncorrected p < 0.01) between birth
seasons and diagnosis (i.e., Sz, SzTypal, and HC) by a general linear
model with age and gender as nuisance covariates (Supplementary
Figures 1 and 2).

In each group, a general linear model using age, sex, and
medication (dosage and duration) as nuisance variables was used
to detect the effects of birth seasons (summer- vs. winter-born) with
more conservative threshold. Initially, clusters were formed with a
threshold of uncorrected p < 0.05. Then a Monte-Carlo simulation
was done for correction for multiple comparisons using the
AlphaSim program of the Analysis of Functional NeuroImages
(35) implemented in FreeSurfer. To define significant clusters,
1,000 simulations were performed for each comparison. The
significance of differences was set at corrected p < 0.05.

Results
Demographic and clinical characteristics

Birth seasons (summer- vs. winter-born) did not differ
significantly between the groups (Chi-square = 2.02, p = 0.364).

Table 1 shows the demographic and clinical characteristics of
participants. Age, sex, and parental education were similar in the Sz,
SzTypal, and HC groups, while personal education was longer in the
HC group. The total SAPS score and daily antipsychotic use were
higher in the Sz group than in the SzTypal group. Birth seasons
(summer- vs. winter-born) did not significantly affect demographic
or clinical variables (Table 1) even within each diagnostic group.

Brain gyrification

Clusters with birth season-by-diagnosis interaction were
observed in the frontal and temporo-limbic regions
(Supplementary Figure 1). While birth seasons did not significantly
affect LGI in the HC or SzTypal group, LGI in the Sz group was
significantly higher in winter-born patients than in summer-born
patients mainly in the left lateral occipital and inferior temporal
regions and right parietal and superior frontal regions (Figure 1,
Table 2). A similar or enhanced effect was observed when
we examined the first-episode Sz subgroup only (n = 64)
(Supplementary Figure 3, Supplementary Table 1).

When patient groups (Sz and SzTypal) were categorized
together, winter-born patients had a higher LGI in the similar to
above but smaller brain regions (Figure 2, Table 3) compared to
summer-born patients. There were no clusters with a higher LGI in

summer-born patients than in winter-born patients in either group.
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Left Hemisphere Right Hemisphere

winter < summer winter > summer

p<0.00001 ! p<0.05 p<0.00001

FIGURE 1
Clusters showing differences in the local gyrification index (LGI) in patients with schizophrenia. Maps are shown for the right and left hemispheres in
the lateral and medial views, respectively. Horizontal bars show p-values corrected for multiple comparisons.

Cortical thickness diagnostic group was assessed separately. When the combined patient

group (Sz and SzTypal) was examined, cortical thickness in the right

Clusters with birth season-by-diagnosis interaction were observedin  superior frontal region was significantly less in winter-born patients than

the widespread cortical regions (Supplementary Figure 2), but birth  in summer-born patients (Figure 3, Table 4). Cortical thickness in the
seasons did not significantly affect cortical thickness when each ~ HC group was not significantly affected by birth seasons.

TABLE 2 Clusters with increased local gyrification index in winter-born schizophrenia patients.

MNI coordinates
Cluster size  Cluster-wise (maximum vertex)

(mm?) p (corrected) Annotation

Cluster no.

Winter-born > summer-born

Left cuneus cortex, pericalcarine
cortex,

1 6505 0.0001 -14.0 -85.3 -4.2 lingual gyrus, fusiform gyrus,
parahippocampal gyrus,
entorhinal cortex

Left superior parietal cortex,

inferior parietal cortex, lateral

2 3015 0.0035 -21.2 -78.2 35.9 . X X
occipital cortex, inferior

temporal gyrus

Right superior frontal gyrus,

precentral gyrus, postcentral gyrus,
3 6108 0.0001 29.0 -41.0 59.9 supramarginal gyrus, superior

parietal cortex, inferior

parietal cortex

Right superior frontal gyrus, caudal
anterior and posterior division of

4 2318 0.0200 10.4 13.3 47.4 .
the superior frontal gyrus,

paracentral lobule

MNI, The Montreal Neurological Institute.

Frontiers in Psychiatry 05 frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1368681
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Torigoe et al.

Left Hemisphere

winter < summer

p<0.00001

FIGURE 2
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Right Hemisphere

winter > summer

p<0.05 p<0.00001

Clusters showing differences in the local gyrification index (LGI) in the combined patient group of schizophrenia and schizotypal disorder. Maps are
shown for the right and left hemispheres in the lateral and medial views, respectively. Horizontal bars show p-values corrected for

multiple comparisons

Discussion

To the best of our knowledge, this is the first MRI study using
whole-brain surface-based morphometry that revealed significant
relationships between brain morphological changes and birth seasons
in patients with Sz and SzTypal disorder. Winter-born patients with Sz,
particularly those in the first-episode subgroup, were characterized by a
higher LGI in diverse cortical regions than that in summer-born
patients with Sz. This effect of birth seasons on gyrification remained
significant when patient groups (Sz and SzTypal) were categorized

together as a whole Sz spectrum group. We found no significant effect
of birth seasons on cortical thickness in the Sz or SzTypal group;
however, the right superior frontal region was thinner in winter-born
patients than in summer-born patients in the whole Sz spectrum group.
Therefore, the present results suggest that the brain morphological
characteristics of the Sz spectrum, particularly the widespread hyper-
gyrification pattern, are more evident in winter-born than in summer-
born patients, which supports the role of the disruption of neural
development associated with birth seasons on the pathophysiology of
the Sz spectrum.

TABLE 3 Clusters with increased local gyrification index in winter-born patients with schizophrenia and schizotypal disorder.

Cluster-wise
p (corrected)

Cluster size

Cluster no. i)

MNI coordinates
(maximum vertex)

Annotation

Winter-born > summer-born

1 5653 0.0000 -44.4
2 4755 0.0001 -32.1
3 4173 0.0001 29.8

MNI, The Montreal Neurological Institute.

Frontiers in Psychiatry

Left superior temporal gyrus,

middle temporal gyrus, inferior
-14.8 -30.0 temporal gyrus, paracalcarine
cortex, lingual gyrus, fusiform

gyrus, parahippocampal gyrus

Left superior parietal cortex,
-74.5 294 postcentral cortex, inferior parietal

cortex, lateral occipital cortex

Right inferior parietal cortex,
-42.0 61.1 superior parietal cortex,

postcentral gyrus
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Left Hemisphere

winter < summer

p<0.00001

FIGURE 3
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Right Hemisphere

winter > summer

p<0.05 p<0.00001

Clusters showing differences in cortical thickness in the combined patient group of schizophrenia and schizotypal disorder. Maps are shown for the
right and left hemispheres in the lateral and medial views, respectively. Horizontal bars show p-values corrected for multiple comparisons.

The present whole-brain cortical surface analysis supports our
previous hypothesis that winter-born patients with Sz spectrum
disorders show greater brain changes, particularly increased brain
gyrification, than summer-born patients. The present structural
MRI study cannot address the mechanisms underlying the
relationship between winter-born and brain hyper-gyrification in
our sample; nevertheless, evidence from immunological (36, 37)
and animal (38) studies have suggested that prenatal environmental
factors associated with winter, such as maternal vitamin D
deficiency (5) or infection (e.g., influenza, toxoplasmosis, and
meningococcal disease) (3), may disrupt synapse formation and
interneuron migration during prenatal neurodevelopment due to
inflammatory and immune reactions (4, 6, 39). Neuroimaging
evidence has also supported the relationship between brain
dysconnectivity and hyper-gyrification in Sz, which may underlie
various clinical symptoms and cognitive performance of the
patients (10).

In the present study, the effects of seasonality on brain
gyrification were more pronounced in Sz than in SzTypal

disorder, a milder form within the Sz spectrum (12), supporting
greater and/or more prolonged neurodevelopmental deviations
potentially leading to the overt and sustained psychosis observed
in full-blown Sz (40). We have previously reported in the current
sample (13) that both Sz and SzTypal patients exhibited a
significantly higher LGI in diverse cortical regions, particularly in
the frontal and temporo-limbic regions as well as parietal cortex, as
compared with controls, but its extent was broader in Sz especially
for the right prefrontal and left occipital regions. The brain regions
with hyper-gyrification in winter-born patients(Figures 1, 2) were
largely overlapping with those brain regions. However, the lack of a
significant effect of birth seasonality on prefrontal gyrification,
which was previously shown to be markedly increased in Sz
spectrum patients (13) and related to executive dysfunction in
first-episode Sz (41), may reflect regional specificity in the
trajectories of gyral formation; cortical folding predominantly
occurs during gestation (17), whereas brain surface morphology
may be partly affected by a late brain maturation process during
adolescence particularly in the frontal region (42), which is

TABLE 4 Clusters with reduced cortical thickness in winter-born patients with schizophrenia and schizotypal disorder.

Cluster-wise
p (corrected)

Cluster size
(mm?)

Cluster no.

(maximum vertex)

MNI coordinates
Annotation

Summer-born > winter-born

1 885.3 0.0383 24.1

MNI, The Montreal Neurological Institute.
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Right superior frontal gyrus,
-16.1 64.5
precentral gyrus, paracentral lobule
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considered to be changed in Sz (43-45) but may be largely
unaffected by the birth season.

In contrast to the present results supporting epidemiological
findings that link winter-born and the risk of Sz, the majority of
MRI studies failed to detect a significant effect of winter-born on
brain changes characteristic to Sz. As reviewed by Torrey et al. (3),
earlier results of the relationship between birth seasons and
ventricular sizes in Sz have been decidedly contradictory. In
contrast to the findings of animal studies showing that pre- and
perinatal inflammation induced changes in the histology of the
hippocampus (46) or the maldevelopment of white matter (47),
human MRI studies revealed the contribution of ‘summer’ births to
a smaller hippocampal volume in a combined sample of Sz,
depression, and HC subjects (7) or to the widespread disruption
of the integrity of white matter in Sz (20). Further, our previous
study using a partially overlapping Sz spectrum sample (8)
identified insular hypergyria, which is a common brain
characteristic of the Sz spectrum (23), in summer-born subjects
irrespective of their diagnosis (i.e., Sz, SzTypal, and HC). Although
these MRI findings appear to reflect environmental risk factors
associated with winter in the early gestation stages in summer-born
subjects, this hypothesis does not explain the established
epidemiological findings of the increased risk of Sz in winter-born
subjects. On the other hand, maternal infection during the second
trimester, but not the first or third trimester, was also shown to
increase the risk of Sz (48). Therefore, the actual timing of seasonal
factors on brain development associated with the risk of Sz remains
unclear (3) and warrants further study in a more integrated manner.

As predicted, birth seasons did not significantly affect cortical
thickness in the Sz or SzTypal group; we only found a small cluster
in the right superior frontal region where winter-born patients had
thinner gray matter than summer-born patients when both patient
groups were combined. Based on cortical thinning in diverse
fronto-temporal regions in our Sz and SzTypal patients relative to
HC subjects (14), the present results indicate that cortical thickness
is not a useful measure for assessing the potential role of early
environmental factors associated with birth seasonality in the
pathophysiology of the Sz spectrum. This may be due to various
factors that affect gray matter volume/thickness after birth, such as
active reductions in gray matter around the onset of psychosis in
Sz (15).

There are potential confounding factors that need to be
considered. While brain gyrification is considered to better reflect
early neurodevelopment than cortical thickness/volume as a stable
biomarker of psychosis (44, 45), it is not entirely unaffected by
disease chronicity or antipsychotic medication (49). Since the
present patient groups had received antipsychotic medication for
substantial periods (Table 1), even the first-episode Sz subgroup
[mean dose = 10.3 + 8.8 mg/day (haloperidol equivalent), duration
=7.7 + 12.2 months], further studies on patients with antipsychotic-
naive and/or in earlier illness stages (e.g., clinical high risk for
psychosis) are required to reduce these confounding factors (50,
51). Furthermore, although the present study screened for severe
obstetric complications (e.g., fetal distress), more detailed clinical
information (e.g., birth weeks, birth weight, pre-/perinatal
infections, prenatal smoking exposure, and maternal vitamin D
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deficiency) on participants will be required to provide more detailed
insights into the mechanisms responsible for the established
epidemiological finding of birth seasonality in the Sz spectrum.
Information on smoking habits of the study participants, which
could also affect brain morphology (52), was also unavailable. It
should be also noted that the HC group was not balanced for the
season of birth as compared with patient groups (i.e., trend towards
higher winter-born rate). This did not affect our main finding that
birth seasons had a significant effect on brain morphology in the Sz
spectrum, but their general role in normal brain development
should be further tested in a larger and well-balanced healthy
cohort. Moreover, we divided participants into the summer- and
winter-born groups, as described in previous studies (7, 8, 20);
however, several epidemiological studies examined the relationship
between birth seasons and the risk of Sz using a more detailed
classification based on the four seasons or birth months (2).
However, the present study was considered underpowered to
examine brain changes using such a detailed classification due to
the small number of participants and the comprehensive nature of
the brain assessment. In addition, birth season-by-diagnosis
interaction on brain morphology was detected only at a relatively
liberal threshold of uncorrected p < 0.01, which may be also due to
the small sample size. Finally, because the relationship between
birth seasonality and the risk of illness has also been reported in
other neuropsychiatric disorders (e.g., bipolar disorder) (1, 53), the
disease specificity of the present results needs to be tested in future.

In conclusion, the present MRI study expanded our previous
findings on the Sz spectrum in demonstrating that seasonal birth
significantly contributed to brain morphological changes in the
patient group, particularly increased gyrification in diverse
cortical regions (13). The present results appear to provide
support for the relationship between winter-born and the
increased risk of the Sz spectrum (2, 3), where the disruption of
neural development may occur due to environmental factors
associated with seasonality in utero. Further studies on a larger
transdiagnostic sample in combination with more detailed clinical
data (e.g., obstetric complications and maternal viral infection)
and immune biomarkers are needed to clarify the relationship
between pre-/perinatal environmental factors and the risk of
neuropsychiatric disorders.
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