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Dear Editor,

Schizophrenia is one of the most complicated and serious
psychiatric disorders, and patients often show markedly
disrupted structural and functional abnormalities during
resting-state imaging scans of the brain. Patients with first-
episode childhood- and adolescence-onset schizophrenia
(CAOS) refers to individuals under the age of 18 years
whose first episode of illness had occurred before they
were 13 years old [1]. The symptoms are similar to adult-
onset schizophrenia-auditory hallucinations or language
deficits and abnormal cognition. However, CAOS patients
often present with more severe psychotic symptoms and
have a worse prognosis and treatment effect [2]. The
pathogenesis of CAOS, however, remains unclear. In
recent years, magnetic resonance imaging (MRI) has
advanced research on schizophrenia, and studies have
suggested that neurobiological processes play a central role
in the structural abnormalities underlying its
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pathophysiology [3]. Further MRI evidence has shown a
disordered neuronal architecture and white-matter abnor-
malities that constitute the basis of the neurobehavioral
symptoms [4]. However, to our knowledge, very few
studies have investigated the abnormalities of brain struc-
ture and function in CAOS. The structural and functional
abnormalities in CAOS may be potential biomarkers for its
diagnosis and treatment. In this study, we used voxel-based
morphometry (VBM), diffusion tensor imaging (DTI), and
regional homogeneity (ReHo) to analyze the white-matter
volume, white-matter microstructure, and resting-state
brain function in patients with CAOS, and related them
to the psychotic symptoms.

This study was approved by the Ethics Committee of the
Second Affiliated Hospital of Xinxiang Medical College.
All participants and legal guardians were given detailed
information on the purposes and procedures of the study,
gave consent to participate in the study, and signed written
informed consent. A total of 40 CAOS patients were
recruited from the Second Affiliated Hospital of Xinxiang
Medical University. The diagnosis of schizophrenia was
confirmed by two experienced psychiatrists based on the
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition criteria. The CAOS participants met the
following criteria: Han Chinese ethnicity, aged 10-16
years, total PANSS (positive and negative syndrome scale)
score > 60, first-episode and duration of illness no more
than 12 months, and no antipsychotic medication taken
before the fMRI scan. All patients had normal intelligence
quotient (IQ; Wechsler Intelligence score > 70). The
exclusion criteria were: extensive developmental disorders,
attention deficit hyperactivity disorder, tic disorder, and
MRI scan contraindications. One patient was excluded
from the white-matter volume (WMYV) date pretreatment
duo to the poor image quality, thus 39 patients were
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enrolled in the WMV patient group. The DTI patient data
group included 35 patients, as 5 were excluded due to
incomplete data. In the ReHo data pretreatment, 8 patients
with incomplete data were excluded, leaving a total of 32
enrolled in this group. Detailed participant information is
given in Table S1.

A total of 35 right-handed healthy controls were
matched with the CAOS group for age, gender, years of
education, and IQ. All the controls met the following
criteria: no personal or family history of psychotic disorder,
no history of serious physical disease or other neurological
illness, and no history of alcohol/substance abuse. In the
WMV data pretreatment, 30 participants were enrolled in
the control group; 5 were excluded due to poor image
quality. In the DTI data pretreatment, 1 participant with
incomplete data was excluded, leaving 34 in the control
group. In the ReHo data pretreatment, 2 participants with
incomplete data were excluded, leaving 33 in the control
group. The CAOS and control groups did not differ in sex,
age, and years of education (Table S1). Detailed methods
of data acquisition, preprocessing, and analysis are pro-
vided in the Supplementary Materials. The VBM analysis
showed significantly lower volumes of certain brain
regions in CAOS patients than in controls; these regions
were distributed over the left frontal lobe, right limbic lobe,
and left cingulate gyrus (AlphaSim corrected, P < 0.05,
Fig. 1, Table S2). These findings are consistent with
previous findings in early-onset and adult-onset
schizophrenia [5, 6], suggesting that this pattern of
volumetric changes are an inherent feature of the disease.
Similar results have been reported by Hao ef al. [7], who
used DTI to examine the white matter in first-episode
schizophrenia and found a reduced fractional anisotropy
(FA) in the frontal regions, hippocampal gyrus, and right
anterior cingulum bundle. Furthermore, other studies using

Fig. 1 Blue regions indicate
lower white-matter volume in
patients with first-episode
childhood- and adolescence-
onset schizophrenia than in
controls. For x/y/z coordinates
see Table S2 (AlphaSim
corrected P < 0.05).
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VBM have also shown that first-episode schizophrenia
patients exhibit decreases in the superior frontal gyrus,
temporal lobes, and bilateral posterior limb of the internal
capsule [8, 9]. A review of neuroimaging literature
reported global deficits in cerebral volume in childhood
schizophrenia [10]. Here, we also found that the WMV of
the left frontal lobe was negatively correlated with the total
PANSS score (r = — 0.334, P = 0.038), and that of the left
cingulate gyrus was negatively correlated with the positive
(r = —0.326, P = 0.043) and total (r = —0.348, P = 0.030)
PANSS scores. These results indicated that these regions
are involved in the formation of psychiatric symptom in
CAOS. These findings also provide further insights into the
nature of the disease and the optimal path for early
therapeutic intervention, as well as improving our under-
standing of the neuropathology associated with white-
matter abnormalities in schizophrenia.

In the DTI analysis, compared with healthy controls,
significantly decreased FA values in CAOS patients were
dominant in the body, genu, and splenium of the corpus
callosum, cingulum bundle, right upper corona radiata, and
upper left corona radiata (AlphaSim corrected, P < 0.05;
Fig. 2, Table S3). DTI is a non-invasive MRI technique
that can quantify the fiber orientation and has been widely
used in studies of structural connections in schizophrenia.
The white-matter integrity in vivo is typically assessed by
FA. A decreased FA value of regional white matter in
patients suggests damage to its microstructure. So, our DTI
findings suggest that abnormalities of white matter
microstructure are present even at the early stage of first-
episode CAOS, and support the disconnection hypothesis
of schizophrenia [11]. The FA reduction in CAOS patients
compared with controls is in line with a study evaluating
FA in patients with first-episode adult-onset schizophrenia
[12], as well as in those with first-episode early-onset
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Fig. 2 Green regions indicate
the white-matter fiber ‘skele-
ton’, Red regions indicate areas
of lower fractional anisotropy in
patients with first-episode
childhood- and adolescence-
onset schizophrenia than in
controls, for x/y/z coordinates
see Table S3 (AlphaSim
corrected P < 0.05).

schizophrenia [13]. This suggests that the white-matter
disruption might be related to the pathological mechanisms
of schizophrenia. However, other studies have found
increased FA in schizophrenia [14], or even failed to find
differences in FA between patients with schizophrenia and
healthy controls. The differences in FA analysis, duration
of illness, and sampling of patients may be responsible for
this inconsistency. In addition, a previous report showed
that a lower FA can reflect abnormalities of myelination or
alterations in fiber orientation [15], but this needs further
investigation. Recently, inconsistencies have been found
when evaluating the relationship between FA values and
the PANSS scores in schizophrenia. Nakamura [16]
showed that the low FA in the anterior corpus callosum
is negatively associated with the negative symptoms of
schizophrenia. However, Liu ef al. [17] did not find any
significant association between FA and clinical symptoms
in patients with chronic schizophrenia. In our study, the
DTI data also showed no association with the PANSS
score. The difference in the association between FA values
and clinical symptoms is unclear, and may be related to the
differences in age and characteristics of participants, as
well as the anatomical variations among populations of
different ethnicity. Therefore, future studies with larger
numbers of CAOS patients are needed.

Regional homogeneity (ReHo) is a measure of “local”
synchronization, and reflects the similarity of the time
series of a given voxel to its nearest neighbours within a
single region [18]. An abnormal ReHo indicates abnormal
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spontaneous neural activity in a specific region. Therefore,
using these methods, abnormal spontaneous neuronal
activities in schizophrenia can be identified [19]. A recent
study using ReHo has found abnormal functional activity
in the bilateral precentral lobule and left superior temporal

gyrus in drug-naive patients with adolescent-onset
schizophrenia [20]. In the ReHo analysis of fMRI to
explore the brain activity in CAOS patients, we also found
that, compared with controls, the patients exhibited signif-
icantly decreased ReHo values in the left medial frontal
gyrus, left superior temporal gyrus, and left precentral
gyrus, and significantly increased ReHo values in the right
inferior occipital gyrus, body of the caudate, left inferior
frontal gyrus, right posterior cingulate gyrus/precuneus,
and bilateral superior frontal gyrus (AlphaSim corrected,
P < 0.05; Fig. S1, Table S4). These findings agree with
previously-reported dysfunctional connectivity and ReHo
abnormalities in patients with first-episode adolescent-
onset [21, 22] and those with adult-onset schizophrenia
[23]. Our findings suggest that patients with CAOS may
have extensive brain dysfunction in the resting state and
have patterns of resting-state dysfunction similar to those
with adult-onset schizophrenia. Interestingly, the ReHo
value of the left medial frontal gyrus was negatively
correlated with positive PANSS scores (r = —0.358,
P =0.044), which is inconsistent with adult-onset
schizophrenia. This may be related to the age of the
participants studied, the immaturity of brain development,
and the different reference index. Therefore, future studies
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with larger sample sizes are needed to validate/refute these
findings. Also, the left superior temporal gyrus was
negatively  correlated with the general scores
(r =—0.379, P =0.032), consistent with a previous rs-
fMRI study on ReHo [24]. Therefore, the current findings
suggest that the abnormal functional activity in some
regions is evident in patients with CAOS, and the abnormal
functional activity of different regions may be associated
with its different psychiatric symptoms. These results will
be helpful to better understand the pathological and
neurobiological mechanisms of schizophrenia.

From the above study, interestingly, we found that the
frontal lobe has both structural and functional abnormities.
The frontal lobe is the “highest” part of the brain, and is
associated with memory, attention, and writing. Frontal
lobe dysfunction is correlated with cognitive deficits and
psychiatric symptoms in schizophrenia. In this study, we
also found that abnormal structure and function of the
frontal region were associated with the psychiatric symp-
toms of CAOS. From this, we can conclude that there are
structural and functional abnormalities in the frontal lobe
in CAOS, and the structural abnormality may be the basis
of abnormal function.

In summary, first, we used VBM analysis to evaluate the
differences in WMV between CAOS patients and controls.
The results showed significantly lower volume of three
brain regions in patients than in controls. Furthermore,
these localized reductions in WMV were correlated with
psychotic symptoms. These findings suggest that the
number of white-matter fibers connecting regions is
decreased in CAOS patients, and the abnormal WMV is
associated with the clinical symptoms of schizophrenia.
Our findings also showed that patients with first-episode
childhood schizophrenia have lower FA values in five brain
regions; this implies that the white-matter microstructure in
these specific areas is not fully functional. Finally, through
ReHo analysis, we found that CAOS patients had abnormal
function in different regions in the resting state, and these
regions were related to the psychiatric symptoms of CAOS.
These results may aid in our understanding of the
neurodevelopment and pathological mechanisms of
schizophrenia, and the application of MRI may be helpful
for further diagnosis of schizophrenia, Understanding the
abnormal structure and functional activity in various
regions may help distinguish schizophrenia patients from
healthy controls.

Finally, our results have to be interpreted in the light of
some limitations. First, our sample size was relatively
small. Second, this study was a cross-sectional, and
longitudinal studies are needed to analyze the development
of white matter and whether ReHo abnormalities change
with antipsychotic treatment and through the entire course
of schizophrenia.
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