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Original Article

IntroductIon

Prior studies have confirmed the existence of extensive 
functional connectivity disruptions in schizophrenia patients, 
resulting in disorders of information processing in the brain 
and corresponding behavioral and psychological symptoms.[1,2] 
Several previous studies have shown interhemispheric functional 
connectivity alterations in schizophrenia patients. For 
example, patients with schizophrenia have shown decreased 
interhemispheric coherence compared to normal controls.[3,4] 
Studies have also shown that coordination defects in the 
bilateral visual pathway were associated with a reduction of 
the schizophrenia patients’ abilities to process vocabulary.[5,6]

It has been demonstrated that antipsychotic agents can 
improve the functional connectivity of the brain in 
schizophrenia, and changes in the functional connectivity are 
related to improvements in psychotic symptoms, resulting in 
certain “normalization” of brain functional connectivity for 
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schizophrenia patients in a state of remission.[7‑11] However, 
the relationship between the disease state of schizophrenia 
and the interhemispheric functional connectivity of the brain 
is largely unknown.

In address this issue, we compared the interhemispheric 
functional connectivity among schizophrenia patients with 
complete remission, patients with incomplete remission, 
and healthy controls using a newly developed method of 
voxel‑mirrored homotopic connectivity (VMHC).[12] Previous 
studies have shown that the corpus callosum, which connects 
the two hemispheres, is damaged in patients with schizophrenia, 
and this damage is relatively stable with little change across 
different disease states.[13‑15] Accordingly, we hypothesized that 
VMHC would be reduced in schizophrenia patients and that the 
degree of this reduction may not be associated with the disease 
state of the schizophrenia, i.e., the reduction in VMHC may 
serve as one trait marker of schizophrenia.

Methods

Study objects
This study was conducted between January 2013 and 
October 2014, which was approved by the Ethics Committee 
of the Tianjin Anning Hospital (No. 2012‑H‑007). All 
participants provided signed, informed consent. A total 
of 94 patients with schizophrenia and 55 healthy controls 
were included in this study. The diagnosis of schizophrenia 
was determined by two experienced psychiatrists according 
to the Structured Clinical Interview for DSM‑IV Axis I 
Disorders diagnostic criteria. The healthy controls were 
recruited from local community via advertisements. The 
inclusion criteria were age between 18 and 60 years, 
and right‑handedness. The exclusion criteria included 
magnetic resonance imaging (MRI) contraindications, 
poor image quality, any neurological disorder, a history 
of traumatic brain injury, and a history of drug abuse. 
Additional exclusion criteria for healthy controls included 
a history of any mental disorder and a first‑degree relative 
with any mental disorder. The severity of psychiatric 
symptoms in the patients with schizophrenia was 
quantitatively assessed using the Positive and Negative 
Syndrome Scale (PANSS).[16] The standard definition of 
clinically complete remission in this study was a PANSS 
score ≤60 and the absence of psychotic symptoms for at 
least 3 months before scanning,[17] as judged by a clinician’s 
diagnosis. This study included 36 schizophrenia patients 
with complete remission and 58 patients with incomplete 
remission. One patient in the complete remission group 
and 8 patients in the incomplete remission group had never 
received any medication, and the rest of the patients were 
receiving atypical antipsychotic medications during the MRI 
examinations. The antipsychotic dosages are reported in 
Table 1 as the chlorpromazine equivalents were calculated 
based on clinically equivalent dosing estimates.[18] For each 
schizophrenia patient, the chlorpromazine equivalent was 
estimated according to the antipsychotic drugs and dosages 
used in the latest week before the MRI scan.

Magnetic resonance imaging data acquisition
MRI data were acquired using a 3.0‑Tesla MR scanner 
(Discovery MR750, General Electric, Milwaukee, WI, 
USA). All participants underwent three‑dimensional (3D) 
high‑resolution T1‑weighted structural imaging and 
resting‑state functional magnetic resonance imaging (fMRI) 
scanning. The brain volume sequence was applied in the 
3D high‑resolution structural imaging with the following 
parameters: Repetition time (TR)/echo time (TE)/inversion 
time (TI) = 8.2/3.2/450 ms; flip angle (FA) = 12°; field of 
view (FOV) = 256 mm × 256 mm; matrix = 256 × 256; slice 
thickness = 1 mm; and no gap in 188 sagittal slices. The 
resting‑state fMRI data were obtained using the  gradient‑
echo single‑shot  echo planar imaging sequence, and the 
scan parameters were as follows: TR/TE = 2000/45 ms; 
FOV = 220 mm × 220 mm; matrix = 64 × 64; FA = 90°; 
slice thickness = 4 mm; gap = 0.5 mm; 32 interleaved axial 
slices; and 180 volumes. All participants were asked to close 
their eyes, relax, move as little as possible, think of nothing 
in particular, and not fall asleep during the resting‑state 
fMRI scans.

Data preprocessing
The resting‑state fMRI data were preprocessed using the 
Statistical Parametric Mapping software (SPM8; http://www.
fil.ion.ucl.ac.uk/spm). The preprocessing procedures were 
as follows: (1) exclusion of the first 10 volumes, reflecting 
the time needed for the BOLD signal to reach the steady 
state and for the participants to adapt to the environment; 
(2) time correction; (3) realignment; (4) nuisance covariates 
regression (including six head movement parameters, 
their first time derivations, and the signals of white matter, 
cerebrospinal fluid, and the whole brain); (5) the band‑pass 
filter (frequency range of 0.01–0.08 Hz); (6) spatial 
normalization of the resting‑state fMRI data to the standard 
Montreal Neurological Institute space by combination of the 
segmentation registration of the individual high‑resolution 
structural images; and (7) spatial smoothing using a 
6 mm × 6 mm × 6 mm Gaussian kernel.

Voxel‑mirrored homotopic connectivity analysis
The VMHC was calculated using the Data Processing 
Assistant for Resting‑state Functional MR Imaging 
toolkit (DPARSF, State Key Laboratory of Cognitive 
Neuroscience and Learning, Beijing Normal University, 
China).[19] After preprocessing, the fMRI images were 
divided symmetrically into right and left brain hemispheres, 
with the center level as the plane of symmetry. For each 
case, Pearson’s correlation coefficient was calculated for 
the time series of each voxel and its corresponding voxel in 
the mirrored hemisphere. To increase the normality of the 
distribution, Fisher’s z‑conversion was conducted for the 
correlation coefficients. The resulting correlation coefficients 
after the conversion were used to regenerate the VMHC map.

Statistical analysis
The statistical analysis of the demographic and 
clinical data was carried out using SPSS version 19.0 



Chinese Medical Journal ¦ October 20, 2016 ¦ Volume 129 ¦ Issue 202424

software (SPSS, Chicago, IL, USA). One‑way analysis of 
variance (ANOVA) and Chi‑square test were used to test 
differences in age and gender, respectively, among the three 
groups. Two‑sample t‑test was used to test differences in 
dosage of antipsychotic agent and disease duration between 
two patient groups. The voxel‑based VMHC analysis was 
performed using the SPM8 software package. One‑way 
ANOVA was used to compare the VMHC among the three 
groups. Multiple comparisons were corrected using a false 
discovery rate (FDR) method with the corrected P < 0.05. 
The brain region with a significant VMHC difference 
was defined as the region of interest (ROI), and the mean 
VMHC value in the ROI was extracted for post hoc analysis, 
i.e., pair‑wise comparisons across the three groups. In 
addition, the ROI‑based correlation analyses with PANSS 
scores were performed for the two patient groups using a 
partial correlation analysis while controlling for age and sex. 
Multiple comparisons were corrected using the Bonferroni 
method with the corrected P < 0.05.

results

Demographic and clinical information
The demographic and clinical data of the participants are 
provided in Table 1. The three groups showed no significant 
differences in age (one‑way ANOVA, F = 0.249, P = 0.780) 
or gender (Chi‑square test, χ2 = 0.040, P = 0.980). The 
complete remission group and the incomplete remission 
group exhibited no significant differences in the dosage 
of antipsychotic agent (two‑sample t‑test, t = −0.051, 
P = 0.960) or the disease duration (two‑sample t‑test, 
t = 0.443, P = 0.659).

Differences in voxel‑mirrored homotopic connectivity 
among groups
The differences in VMHC among the three groups are 
shown in Figure 1 and Table 2. The VMHC was significantly 

different in the visual region (inferior occipital and fusiform 
gyri) and the sensorimotor region (paracentral lobule) across 
the three groups (P < 0.05, FDR corrected). Pair‑wise 
comparisons in the post hoc ROI‑based analysis showed 
that the VMHC of the visual and sensorimotor regions 
in schizophrenia patients with complete remission and 
incomplete remission was lower than that in healthy controls; 
however, there was no significant difference between the 
two patient subgroups (P < 0.05, Bonferroni corrected) 
[Figure 2].

Correlations between voxel‑mirrored homotopic 
connectivity and symptom severity
In schizophrenia patients with complete remission, there 
were no significant correlations between VMHC in the 
visual region and PANSS positive score (partial correlation 
coefficient [pr] =0.010, P = 0.957), negative score 

Figure 1: Voxel‑mirrored homotopic connectivity differences across 
groups. One‑way analysis of variance shows brain regions with 
voxel‑mirrored homotopic connectivity differences across the three 
groups. L: Left; R: Right.

Table 1: Demographic and clinical information of schizophrenia patients with complete or incomplete remission, and 
healthy controls

Characteristics Complete 
remission (n = 36)

Incomplete 
remission (n = 58)

Healthy controls 
(n = 55)

Statistics P

Age (years) 32.8 ± 6.2 34.0 ± 9.6 33.1 ± 9.8 0.249* 0.780
Sex (female/male) 15/21 23/35 22/33 0.040† 0.980
Antipsychotic dosage (mg/d) 

(chlorpromazine equivalents)
464.8 ± 310.5 461.0 ± 370.1 ‑ −0.051‡ 0.960

Duration of illness (months) 117.4 ± 80.0 126.7 ± 109.1 ‑ 0.443‡ 0.659
PANSS

Total 48.6 ± 7.6 83.5 ± 16.7 ‑ 11.731‡ <0.001
Positive score 11.6 ± 3.9 20.5 ± 7.8 ‑ 6.411‡ <0.001
Negative score 12.9 ± 5.0 23.6 ± 7.0 ‑ 7.994‡ <0.001
General score 24.2 ± 3.8 39.4 ± 9.0 ‑ 9.559‡ <0.001

*F value; †χ2 value; ‡t value. Complete remission: These criteria comprise a severity criterion and a time criterion. With regard to the severity criterion, 
a score of mild (3) or less was required for all eight core symptoms of PANSS, including P1 delusions, P2 conceptual disorganization, P3 hallucinatory 
behavior, N1 blunted affect, N4 social withdrawal, N6 lack of spontaneity, G5 mannerisms/posturing, and G9 unusual thought concept. With regard 
to the time criterion, the symptom severity mentioned above must have been maintained for at least 6 months. Incomplete remission: These criteria 
comprise a severity criterion and a time criterion. With regard to the severity criterion, a score of (4) or more was required for all eight core symptoms 
of PANSS. ‑: Not applicable; PANSS: The Positive and Negative Syndrome Scale.
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( pr = −0.006, P = 0.972), and general score ( pr = 0.063, 
P = 0.725), and between VMHC in the sensorimotor region 
and PANSS positive score (pr = 0.349, P = 0.043), negative 
score ( pr = 0.025, P = 0.887), and general score ( pr = 0.121, 
P = 0.495). In schizophrenia patients with incomplete 
remission, we also found no significant correlations 
between VMHC in the visual region and PANSS positive 
score ( pr = 0.051, P = 0.707), negative score ( pr = 0.086, 
P = 0.530), and general score ( pr = 0.158, P = 0.246), 
and between VMHC in the sensorimotor region and 
PANSS positive score (pr = 0.087, P = 0.526), negative 
score ( pr = 0.051, P = 0.708), and general score ( pr = −0.004, 
P = 0.976).

dIscussIon

In this study, we found that VMHC in the visual and 
sensorimotor regions was lower in schizophrenia patients 
with complete remission and incomplete remission 
compared to normal controls; however, there was no 
significant difference between the two patient subgroups. 
Our findings suggest that changes in the interhemispheric 
functional connectivity are unrelated to the disease 
state and may, therefore, serve as a trait marker of 
schizophrenia.

Dysconnectivity in the sensorimotor and visual pathways has 
been consistently reported in patients with schizophrenia, 
and it has been associated with behavioral and psychological 
symptoms of the disease. A prior study has shown that patients 
with schizophrenia exhibited reduced VMHC in the occipital 
lobes, thalamus, and cerebellum compared to normal controls, 
and the VMHC aberrations in the sensorimotor regions are 
associated with the symptoms of schizophrenia.[20] A previous 
study also found that VMHC was decreased in the precuneus, 
precentral gyrus, superior temporal gyrus, occipital gyrus, 
and cerebellum in patients with first‑episode and drug‑naive 
schizophrenia, and VMHC reduction in the precentral gyrus 
was associated with positive symptoms.[21] Chang et al.[22] 
reported that the altered VMHC in the default mode network, 
inferior frontal gyrus, and cerebellum was associated with 
auditory hallucination symptoms, and aberrant VMHC in the 
sensorimotor region has been found only in schizophrenia 
patients experiencing nonauditory hallucination.

Consistent with previous findings, we found aberrant VMHC 
in the sensorimotor and visual‑related pathways in patients 
with schizophrenia. In regard to the association between 
VMHC and psychotic symptoms, previous studies have 

uniformly demonstrated correlations between VMHC and 
schizophrenia symptoms, but the brain regions associated 
with symptoms are not consistently reported. In this study, 
we compared the VMHC differences between schizophrenia 
patients with complete remission and those with incomplete 
remission. We found no VMHC difference between the two 
patient groups, suggesting that reduced VMHC may be a 
trait marker of schizophrenia.

Several limitations should be acknowledged in this 
study. First, patients with first‑episode and drug‑naive 
schizophrenia were not available in this study; therefore, our 
findings need to be confirmed by future studies investigating 
interhemispheric connectivity differences between 
patients with first‑episode and drug‑naive schizophrenia 
and recovered patients after medication administration. 
Second, most of the enrolled patients were chronic and 
had followed long‑term medication regimens, which may 
affect our results. Finally, the criteria to distinguish between 
complete and incomplete remission were whether patients 
had experienced psychotic symptoms in the past 3 months. 
However, the time for determining clinical outcomes was 
relatively short, which may weaken the applicability of our 
study’s inferences. Therefore, a long‑term follow‑up study 
should be adopted in the future study.

In conclusion, interhemispheric functional connectivity 
in the sensorimotor and visual processing pathways was 
reduced in patients with schizophrenia. More importantly, the 
reduction of interhemispheric functional connectivity was 
unrelated to the remission state of the disease; therefore, it 
may serve as a trait marker of schizophrenia.
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Figure 2: Pair‑wise comparisons in the post hoc region of interest‑based 
analysis. *P < 0.05, Bonferroni corrected. VMHC: Voxel‑mirrored 
homotopic connectivity.

Table 2: Brain regions with significant differences in 
VMHC

Brain regions Voxel 
number

F MNI coordinates (x, y, z)

Visual region 143 21.1 ±39, −69, −15
Sensorimotor region 68 19.1 ±9, −30, 63
MNI: Montreal Neurological Institute; VMHC: Voxel‑mirrored homotopic 
connectivity.
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