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Abstract: The aims of this study are to determine how the interval changes of the brain structures 

in the early stage of first-episode schizophrenia relate to the interval changes in the clinical 

data, including the clinical symptoms of schizophrenia and catecholaminergic measures (plasma 

homovanillic acid [HVA] and 3-methoxy-4-hydroxyphenylglycol [MHPG]). Regional brain 

volumes and fractional anisotropy (FA)/mean diffusivity (MD) with diffusion tensor imaging 

(DTI) were measured at baseline and 6-month follow-up in a 3T magnetic resonance imaging 

(MRI) system in a cohort of 16 schizophrenic patients, who were in their first episode at the time 

of baseline MRI. At the time of baseline and follow-up MRI, all 16 patients underwent evalu-

ations that included a psychopathological assessment (Positive and Negative Syndrome Scale 

[PANSS]) and peripheral catecholaminergic measures (plasma MHPG or HVA). For interval 

changes between baseline and follow-up MRI data (morphological change, MD, and FA), the 

correlation/regression analysis was performed as a series of single regression correlations in 

Statistical Parametric Mapping 5, with the interval changes in PANSS or plasma HVA and 

MHPG as the covariates of interest. Positive and inverse correlations contrasts were created, and 

in this preliminary analysis, a family-wise error-corrected threshold of P,0.05 was considered 

significant. In the correlation/regression analysis, a positive correlation between the FA in the 

right cerebellar vermis and the MHPG was observed. No significant correlations between the 

brain volume or MD and any laboratory data (plasma HVA and MHPG) were found. During 

the 6-month follow-up in the early stage of first-episode schizophrenia, the MHPG changes 

were correlated with the microstructural FA changes in the cerebellum, which may reflect the 

functional connections of the noradrenergic system in the cerebellum.

Keywords: 3T MR imaging, apparent diffusion coefficient, fractional anisotropy, mean dif-

fusivity, voxel-based morphometry, homovanillic acid

Introduction
Schizophrenia is a neuropsychiatric disorder that shows detectable evidence of brain 

structural abnormalities in the majority of afflicted individuals during the chronic stages.1 

The identification of the structural brain abnormalities in patients with schizophrenia, 

using magnetic resonance imaging (MRI), has become an important area of neuroimag-

ing research in recent years. Several previous studies using a voxel-wise analysis have 

reported that the morphological changes are detectable on 3D MRI and/or the reduced 

fractional anisotropy (FA) on diffusion tensor imaging (DTI) in several regions at the 

first manifestation of schizophrenia (first-episode schizophrenia).2–5 Use of voxel-wise 

analysis has also allowed correlation/regression analysis to be performed between the 
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patient’s MRI data and their clinical data. Recently, many 

studies have looked at the relationship between structural data 

(including DTI) and clinical data (including the Positive and 

Negative Syndrome Scale [PANSS]).6,7 One study reported 

inverse correlations of FA values with PANSS positive 

symptom scores in the left uncinate fasciculus, right sagittal 

stratum, and the left superior longitudinal fasciculus.7 In these 

studies, however, it seems unclear whether the relationship 

between the structural brain abnormalities and the clinical data 

really existed, because no study has evaluated the longitudinal 

changes in patients with first-episode schizophrenia.

The actions of antipsychotic drugs on the dopamine system 

have led to many examinations of dopaminergic metabolites 

as possible markers for psychosis and antipsychotic response. 

However, it has also become clear that the noradrenergic 

system has extensive interactions with the dopamine system, 

and may play a role in schizophrenia,8 and may also have a 

key role in psychotic relapse.9 Interactions between the two 

systems have been well-studied in the cerebrospinal fluid 

and plasma of schizophrenic patients through their respective 

metabolites; plasma homovanillic acid (HVA) and 3-methoxy-

4-hydroxyphenylglycol (MHPG) are the major degradation 

products of the monoamines dopamine and noradrenaline, 

respectively. Plasma HVA and MHPG are good predictors 

of response to antipsychotic treatment;10–12 the effects of ris-

peridone (a benzisoxazole derivative belonging to a family of 

atypical antipsychotic drugs) on plasma levels of HVA and 

MHPG have been related to its clinical efficacy in ameliorat-

ing the positive and negative symptoms of schizophrenia, 

respectively.11,13 Moreover, recent studies reported that plasma 

levels of MHPG are decreased in patients in the early stage of 

first-episode schizophrenia,10,14 which suggests that the MHPG 

may be a useful biomarker in the early stages of schizophrenia. 

Although it is of interest to explore whether and how anatomic 

deficits relate to clinical manifestations and alterations in brain 

physiology, we know of no voxel-wise correlation/regression 

analysis in which correlation between MRI data and peripheral 

catecholaminergic measures have been shown.

Herein, we report the results of a longitudinal MRI study 

of first-episode schizophrenia conducted to date, to our 

knowledge, using well-validated and highly reliable state-

of-the-art neuroimaging tools. We measured regional brain 

volumes, FA, and mean diffusivity (MD) during an average 

of 6 months using high-resolution MRI with a 3T MRI system 

in a cohort of schizophrenic patients, who were in their first 

episode at the time of baseline MRI. The aims of this study 

were to determine how the interval changes of the brain struc-

tures in the early stage of first-episode schizophrenia relate 

to interval changes in the clinical data, including clinical 

symptoms of schizophrenia and peripheral catecholaminergic 

measures (plasma HVA and MHPG).

Materials and methods
subjects
The diagnosis of schizophrenia, according to the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-IV-TR), 

requires at least a 6-month duration of signs of the distur-

bance. In this study, a total of 26 patients who fulfilled the 

DSM-IV-TR criteria A, B, D, E, and F, were recruited for the 

study, except for the criterion regarding the disease duration. 

All subjects underwent baseline magnetic resonance (MR) 

examinations within 6 months from the date from which the 

patients fulfilled these criteria. Therefore, all baseline MR 

examinations were performed during the early stage of first-

episode schizophrenia, before a diagnosis of schizophrenia 

was established.6 After a 6-month follow-up, a diagnosis of 

schizophrenia was established in 23 of the 26 patients. The 

symptoms of the remaining patients had completely remit-

ted spontaneously without any medication use preceding the 

6-month follow-up. One of the 23 patients was subsequently 

excluded from the study, because the image quality was 

impaired by severe artifacts from dental materials. After a 

6-month follow-up, the remaining 22 patients were invited 

for a repeat MR examination (follow-up MRI). This MRI 

was unavailable for six patients. Therefore, 16 patients (eight 

males, eight females; mean age: 29.0±11.6 years; age range: 

13–52 years) were finally enrolled in the longitudinal study. 

All were considered to have been in the early stage of first-

episode schizophrenia at the time of the baseline MR exami-

nations. All patients were screened by using the Structured 

Clinical Interview for DSM-IV-TR Disorders (SCID; New 

York State Psychiatric Institute 1995), and exclusion criteria 

for all groups were: 1) current or past serious medical ill-

ness such as cancer, diabetes mellitus, epilepsy, and cerebral 

infarction; 2) dependence on alcohol; and 3) illicit substance 

use such as methamphetamine, narcotics, and marijuana. 

The mean duration from the date from which the patients 

fulfilled the DSM-IV-TR criteria A, B, D, E, and F to the date of 

baseline MR examination for the patients was 2.9±2.5 months. 

The duration of psychosis (DUP) was defined as the day of 

emergence of several symptoms of psychosis to the day when 

baseline MR examination was performed. The mean DUP 

was 6.9±6.4 months; therefore, the mean duration from the 

date of onset of psychotic symptoms to the date on which the 

patients fulfilled DSM-IV-TR criteria A, B, D, E, and F was 

4.1±6.1 months. These two items were reconfirmed by the 
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patients themselves and their family members. At baseline MR 

examination, the total cumulative exposure to a chlorpromaz-

ine equivalent dose of antipsychotic drugs was 214±117 mg 

(mean ± standard deviation [SD]). One of the 16 patients had 

not received any medications, and the rest of the 15 patients 

were treated with atypical antipsychotic drugs (risperidone, 

n=2; aripiprazole, n=6; olanzapine, n=5; quetiapine, n=2). At 

follow-up MR examination, the total cumulative exposure to 

a chlorpromazine equivalent dose of antipsychotic drugs was 

390±218 mg. All 16 patients were treated with atypical antipsy-

chotic drugs (risperidone, n=2; aripiprazole, n=6; olanzapine, 

n=5; quetiapine, n=2; perospirone, n=1).

At the time of baseline and follow-up MR examinations, 

all 16 patients underwent an evaluation, which included a 

psychopathological assessment (PANSS) and peripheral 

catecholaminergic measures (plasma HVA and MHPG).

Magnetic resonance imaging acquisition 
and image processing for voxel-based 
morphometry
For baseline and follow-up MR examinations, the MRI 

data were obtained using a 3.0-Tesla scanner with a three-

dimensional fast spoiled gradient recalled acquisition 

with steady state (3D-FSPGR), which was acquired with 

parameters of 10/4.1/700 (repetition time [ms]/echo time 

[ms]/inversion time), a flip angle of 10°, a 24 cm field of 

view (FOV), and 1.2 mm thick sections 0.47×0.47×1.2 mm 

resolution. All images were corrected for image distortion due 

to gradient nonlinearity using ‘GradWarp’15 and for intensity 

inhomogeneity using ‘N3’.16 Image processing for voxel-

based morphometry (VBM),17 a fully automatic technique for 

computational analysis of differences in regional brain vol-

ume throughout the entire brain, was conducted using SPM5 

(Statistical Parametric Mapping; v5; Institute of Neurology, 

London, UK). The 3D-FSPGR images in native space were 

bias-corrected; spatially normalized; segmented into gray mat-

ter, white matter, and cerebrospinal fluid images; and intensity- 

modulated using SPM5.18 The DARTEL (Diffeomorphic 

Anatomical Registration Through Exponential Lie Algebra) 

toolbox was used in a high-dimensional normalization proto-

col. DARTEL was proposed by Ashburner as an alternative 

method of normalization in the SPM package.19 In an intensity 

modulation step, voxel values of the segmented images were 

multiplied by the measure of warped and unwarped structures 

derived from the nonlinear step of the spatial normalization. 

This step converted the relative regional gray matter density 

into absolute gray matter density, expressed as the amount 

of gray matter per unit volume of brain tissue before spatial 

normalization. The resulting modulated gray and white matter 

images were smoothed with an 8 mm Gaussian kernel.

Diffusion tensor images: Mri scanning 
protocol
All subjects also underwent DTI examinations with the same 

scanner and at the same time as 3D-FSPGR. The methods of 

DTI acquisition and data analysis were similar to those in a pre-

vious study.20 In brief, a single-shot, spin-echo planar sequence 

was used (repetition time/echo time [TR/TE] =12,000/83.3 ms; 

4 mm slice thickness; no gap; FOV 26 cm; number of excita-

tions =1, spatial resolution 1.02×1.02×4 mm). The diffusion 

properties were measured at a b-value of 1,000 s/mm2 along 

25 noncollinear directions. Eddy current correction and 

patient motion correction were performed on the diffusion-

weighted basis images using Functional MRI of the Brain 

(FMRIB)’s Linear Image Registration Tool (FLIRT) from 

the FMRIB Software Library (FSL).21 The images were cor-

rected for image distortion due to gradient nonlinearity using 

‘GradWarp’. Individual FA and MD maps were calculated 

using the DTIFIT tool implemented in FSL.

spatial normalization of DTi for sPM 
analysis
The echo planar sequence used for the acquisition of the 

diffusion tensor dataset suffers from inherent geometric 

distortion from magnetic field inhomogeneities. Moreover, 

the contrast of the FA map is quite different from that of 

T1-, T2-, or proton density–weighted template images pro-

vided with SPM5. Therefore, an FA template specific to this 

study was created using the data from all participants. Each 

T2-weighted echo-planar image was co-registered into the 

3D-FSPGR image, and the co-registration parameter was 

applied to the corresponding FA map. The parameters of the 

normalization used in the spatial normalization step of the 

3D-FSPGR images in native space onto the T1 template were 

also applied to the co-registered FA map. The normalized 

FA maps were smoothed with an 8 mm isotropic Gaussian  

kernel, and a mean image (FA template) was created. There-

after, all FA maps in native space were transformed onto 

the stereotactic space by registering each of the images to 

the customized FA template. The normalized FA map was 

smoothed with an 8 mm isotropic Gaussian kernel.

image processing for tract-based spatial 
statistics
The structural distortion of the diffusion-weighted MR 

images was corrected based on each T2-weighted echo 
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planar image (b=0 s/mm2) by using eddy current correction 

in the FMRIB Diffusion Toolbox software program (v5.0.4; 

parts of the FSL). Non-brain tissue of each MR image was 

deleted using the brain extraction tool. Voxel-wise statistical 

analysis of the DTI data was performed by using Tract-

Based spatial analysis (TBSS; v1.1) software program. 

The FA volumes were aligned to a target image as follows: 

1) apply nonlinear registration of each subject’s FA into the 

FMRIB58_FA_1 mm standard-space image as the target 

image; and 2) the target image was affine transformed 

to 1×1×1 mm MNI 152 (Montreal Neurologic Institute, 

Montreal, QC) space. A mean FA image was created by 

averaging the aligned individual FA images, and was then 

thinned to create an FA skeleton representing white matter 

tracts common to all subjects. For the FA skeleton, a thresh-

old was set at 0.2 to exclude voxels with low FA values, 

which are likely to include grey matter or cerebrospinal 

fluid. Individual FA data and voxel-wise statistical results 

were projected onto this FA skeleton. Subsequently, the MD 

were projected onto the mean FA skeleton and also compared 

between groups at the same spatial location.

statistical analyses of voxel-based 
morphometry and DTi
In order to examine the interval changes of brain volume, a 

new set of images (temporal subtracting image [TSI]) was 

generated by calculating an interval change on MR images 

for each patient by subtracting the follow-up images from the 

baseline images.22 The TSI were created using the follow-

ing formula: TSI = (baseline image – follow-up image)/0.5 

(baseline image + follow-up image). Therefore, the TSI rep-

resents the brain volume differences between the follow-up 

and baseline images for each voxel. Positive voxel values on 

the image indicate that the baseline MR images had higher 

intensity values than the follow-up images; negative voxel 

values on the image indicate that the follow-up images had 

higher intensity values than the baseline MR images. The 

same method was applied for creating the TSI on either the 

FA or MD maps for SPM analysis. We used the FA or MD 

skeleton to calculate TSI for TBSS.

Measurement of plasma levels of hVa 
and MhPg
Plasma concentrations of HVA and MHPG were analyzed by 

high-performance liquid chromatography with electrochemi-

cal detection (HPLC-ECD). The plasma HVA levels were 

analyzed by HPLC-ECD according to the method of Yung 

et al with a slight modification.23 The plasma MHPG levels 

were also analyzed by HPLC-ECD according to the method 

of Ohnishi et al.24

correlational analysis
The interval changes in clinical or laboratory data were 

calculated for each subject by subtracting the follow-up 

data from the baseline data. For each interval change (TSI) 

between baseline and follow-up MR data (morphologi-

cal changes, MD, and FA), the correlational analysis was 

performed as a series of single regression correlations in 

SPM5, with the interval changes of clinical data (positive 

and negative PANSS) or laboratory data (plasma HVA and 

plasma MHPG) as the covariates of interest. Positive and 

inverse correlations contrasts were created. Family-wise 

error (FWE) correction was applied. The significance level 

was set at false discovery rate (FDR)-corrected P,0.05. 

Significant clusters were identified by specific white matter 

tract through meticulous comparison to the MRI Atlas of 

Human White Matter.

Results
There was no significant difference in the global brain vol-

ume (total gray matter, total white matter, and intracranial 

volume) between baseline and follow-up MRI (Table 1). 

Both the positive and negative PANSS at follow-up MRI 

were significantly lower than those at baseline MRI. The 

plasma HVA and MHPG at follow-up MRI were significantly 

lower and higher, respectively, than that at baseline MRI. The 

mean duration between the baseline and follow-up MRI was 

6 months. The laboratory data (plasma HVA and MHPG) 

were not associated with the dose of antipsychotic drugs both 

at baseline and after follow-up interval.

In the correlation/regression analysis, a positive correla-

tion between the MHPG and the FA in the right cerebellar 

vermis was observed in the SPM analysis ([MNI coordi-

nate x, y, z] on DTI map = [-6, -50, -26], FWE-corrected 

P=0.012, Z=5.05, T=9.80; Figure 1), whereas an inverse 

correlation between the FA and MHPG was not found in 

any brain region. The TBSS analysis also showed a positive 

correlation between the MHPG and FA in the white matter 

of the right cerebellar vermis ([MNI coordinate x, y, z] on 

DTI map = [-6, -51, -27], uncorrected P,0.001, cluster 

size =390; Figure 2), although no voxels could survive after 

correction for multiple comparisons. No significant correla-

tions between the brain volume or MD and any laboratory 

data (plasma HVA and MHPG) were evident. There were no 

significant correlations between any MR data (brain volumes, 

FA, and MD) and PANSS.
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Figure 1 correlation/regression analysis for 16 patients. 
Notes: (A) sagittal image; (B) coronal image; (C) axial image. Positive correlation of Fa with plasma MhPg was seen in the cerebellar vermis. Blue lines indicate the most 
representative position and the color scale shows the T value. FWe-corrected threshold of P,0.05.
Abbreviations: Fa, fractional anisotropy; FWe, family-wise error; MhPg, 3-methoxy-4-hydroxyphenylglycol.

Table 1 Demographic and clinical characteristic of the patients at baseline and follow-up Mri

Baseline MRI Follow-up MRI Paired t-test

Mean ± SD Mean ± SD P-value

age 29.0±11.6
Male/female 8/8
Total intracranial volume (ml) 1,476.6±123.5 1,484.6±131.0 0.21
Total gM volume (ml) 665.2±61.1 665.2±74.4 0.99
Total WM volume (ml) 477.6±57.9 482.3±62.2 0.28
PaNss-P 16.8±5.5 12.4±4.9 0.02
PaNss-N 17.8±5.7 14.3±4.6 0.02
PaNss-g 27.2±3.5 21.0±3.4 ,0.01
PaNss-T 61.7±11.8 47.6±10.8 ,0.01
MhPg 4.3±2.0 5.2±1.4 0.01
hVa 7.2±2.1 6.3±1.3 ,0.01
cPZ (mg) 214±117 390±218 0.01
gaF 36.1±8.4 51.9±11.9 ,0.01

Abbreviations: cPZ, chlorpromazine; gaF, global assessment of Functioning; gM, gray matter; hVa, homovanillic acid; MhPg, 3-methoxy-4-hydroxyphenylglycol; 
Mri, magnetic resonance imaging; ; PaNss-P, PaNss positive symptoms subscale; PaNss-N, PaNss negative symptoms subscale; PaNss-g, PaNss general psychopathology 
subscale; PaNss-T, PaNss total score; sD, standard deviation; WM, white matter.
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Figure 2 correlation/regression analysis for 16 patients.
Notes: (A) sagittal image; (B) coronal image; (C) axial image. Positive correlation of Fa with plasma MhPg was seen in the white matter of the cerebellar vermis (red 
voxels). green lines show an alignment-invariant tract representation (the “mean Fa skeleton”). Uncorrected threshold of P,0.001.
Abbreviations: Fa, fractional anisotropy; MhPg, 3-methoxy-4-hydroxyphenylglycol.

At the time of baseline and follow-up, no correlations 

were found in any brain region between any of the MR data 

(brain volumes, FA, and MD) and the laboratory data (plasma 

HVA and MHPG). 

Discussion
Schizophrenia usually shows a prepsychotic phase of illness 

in which a change from premorbid functioning occurs.23 

This period is characterized by various mental state features, 

including nonspecific symptoms such as depressed mood 

and anxiety as well as subthreshold or attenuated psychotic 

symptoms. There is increasing interest in the potential for 

early detection and intervention during the early phase of 

a psychotic disorder.25 Previous studies have reported that 

early detection and intervention in schizophrenia may offer 

a promising opportunity to redirect the illness’ negative 

course.26,27 In this study, all patients underwent the baseline 

MR examinations within 6 months from the time they 

fulfilled DSM-IV-TR criteria A, B, D, E, and F. Therefore, 

all baseline MR examinations were performed during the 

early stage of first-episode schizophrenia, before a diagnosis 

of schizophrenia was established. This is the first longitudi-

nal MRI study to perform VBM analysis and voxel-based 

analysis of MD and FA maps computed from DTI obtained 

during the early stage of first-episode schizophrenia.

In the present study, we assessed the interval changes of 

MRI data and peripheral catecholaminergic measures dur-

ing an average of 6 months using voxel-wise correlation/

regression analysis, because there are individual variations 

in response to antipsychotic treatment; a positive correlation 

was observed between the FA in the right cerebellar vermis 

and MHPG. The reduced FA could be associated with micro-

structural alteration or damage involving the myelin sheath 

and/or directional coherence of fiber tracts. Some studies 
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assessed first-episode schizophrenia and reported lower FA 

values in the patients as compared to controls at widespread 

brain regions, including the cerebral peduncle.2,3 Some stud-

ies conducted in schizophrenic patients demonstrated sig-

nificantly lower FA than in controls in the cerebellum.28,29 In 

the present study, plasma MHPG was significantly higher at 

follow-up than at baseline. This indicates that the FA value in 

the cerebellum, which has a positive correlation with plasma 

MHPG, may have increased over the follow-up interval, 

probably due to the effect of antipsychotic drug treatment.

The neurodegenerative hypothesis in schizophrenia sug-

gests that pathologic alterations in brain morphology may 

occur after onset of the illness, mainly in the early stages, 

and may be associated with the illness’ course and severity.30 

This hypothesis is supported by both longitudinal clinical 

and neuroimaging studies after onset.1,31 Several prospective 

longitudinal studies in first-episode schizophrenia found pro-

gressive volume reduction at the initial stage of schizophrenia 

in the frontal and temporal areas, especially the superior 

temporal gyrus, Heschl’s gyrus, and amygdala–hippocampal 

complex;1,32,33 more pronounced volume reduction in these 

areas was associated with poor outcome, negative symp-

toms, and a decline in neuropsychological performance.31,33 

Furthermore, progressive reduction in cerebellum volume 

has also been reported in first-episode schizophrenia. In 

contradiction to this previous study, our results indicate that 

the FA changes (microstructural tissue alteration) within the 

cerebellum can be normalized during the early stage of first-

episode schizophrenia.

Moreover, our results may also suggest that microstruc-

tural changes (FA changes) within the cerebellum relate to 

norepinephrine activity during the early stage of first-episode 

schizophrenia. Many regions of the brain are supplied by 

the noradrenergic systems. The principal centers for nora-

drenergic neurons are the locus coeruleus and the caudal 

raphe nuclei. The ascending nerves of the locus coeruleus 

project to the frontal cortex, thalamus, hypothalamus, and 

limbic system. Noradrenaline is also transmitted from the 

locus coeruleus to the cerebellum. Our positive correlation 

between the FA in the cerebellar vermis and norepinephrine 

metabolite MHPG may reflect these functional connections 

in the cerebellum as noradrenergic systems.

Traditionally, the emphasis of studies on cerebellar 

function has been on the coordination of somatic motor 

function, control of muscle tone, and equilibrium. However, 

the cerebellum also shares bidirectional connections with 

a large portion of the limbic lobe and the associated sub-

cortical nuclei, the amygdaloid complex, the septal nuclei, 

and various hypothalamic and thalamic nuclei, which are 

regions of interest to psychiatry through their association 

with emotional processing. There is accumulating evidence 

of a cognitive role of the cerebellum,30 including execu-

tive function and working memory, which are impaired in 

schizophrenia.31 The previous neuroimaging studies by the 

resting-state functional MRI34,35 and DTI method28,29 sug-

gest that the connectivity of the cerebellum is impaired in 

schizophrenia. Collin et al34 demonstrated that, compared 

to healthy control subjects, schizophrenia patients showed 

impaired functional connectivity between the cerebellum 

and several cerebral regions, including the hippocampus, 

thalamus, middle cingulate gyrus, triangular part of the 

inferior frontal gyrus, supplementary motor area, and lingual 

gyrus. Furthermore, Liu et al35 found that in schizophrenic 

patients, the bilateral cerebellum showed reduced functional 

connectivities to some regions compared to controls, such 

as the left middle temporal gyrus, bilateral middle cingulate 

cortex, right paracentral lobule, right thalamus, and bilat-

eral cerebellum, and the FA of the left superior cerebellar 

peduncles was significantly reduced in patients. These results 

also support the opinion that the cerebellum might play a key 

role in schizophrenia.

Andreasen et al and Wiser et al proposed that disruption 

of a cortico–cerebellar–thalamic–cortical circuit (CCTCC) 

may underlie the combination of symptoms observed in 

schizophrenia.36,37 This model of schizophrenia as second-

ary to disrupted development in the CCTCC has been 

termed ‘cognitive dysmetria’,37 referring to incoordination 

in the processing, prioritization, retrieval, and expression of 

information. Our finding that the microstructural changes 

in the cerebellum occurred during 6-month follow-up in 

patients with first-episode schizophrenia may be consistent 

with theoretical accounts of schizophrenia as a disorder of 

functional integration, and with the cognitive dysmetria 

hypothesis, which posits a disconnection within the CCTCC 

as a fundamental abnormality in schizophrenia.

Recent studies have reported the relationship between 

MRI data and the PANSS. One study reported that a small 

area of white matter near the right insula showed a positive 

correlation between the PANSS negative symptoms and 

apparent diffusion coefficient.38 Another study demonstrated 

that the positive correlation of FA values with positive 

symptom scores were seen in the white matter adjacent 

to the right lateral ventricle, and also found an inverse 

correlation between FA values in the same brain region 

and negative symptom scores.6 To the best of our knowl-

edge, however, no previous MRI studies have reported 
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the longitudinal relationship between MRI data and the 

PANSS in schizophrenic patients. Although the PANSS 

was improved significantly over the follow-up interval by 

ongoing antipsychotic drug treatment, correlations between 

longitudinal MR data and PANSS changes were not found 

in any brain regions. Therefore, clinical improvement may 

not necessarily be related to the microstructural changes 

of the brain. Whitford et al have reported the evidence of 

progressive white matter atrophy over the first 2–3 years of 

illness in patients with first-episode schizophrenia, although 

the psychotic symptoms (PANSS) in these patients improved 

over this interval.39 The results from these previous studies 

may support our negative data.

There were several limitations to this study. Firstly, 

the number of patients was small. Although previous MR 

studies have reported the cerebellar volume abnormalities 

in schizophrenia patients,40,41 our study did not show any 

correlation between brain volume and laboratory data in 

any brain region. Furthermore, in this study, the correlations 

between the longitudinal MR data and PANSS changes were 

not found in any brain regions. Therefore, our small sample 

size might limit the statistical power in these analyses. Sec-

ondly, our patients received various kinds of antipsychotic 

medication at baseline MR examinations, which may have 

affected the MR data and peripheral catecholaminergic 

measures. The DUP classically refers to the duration of 

untreated psychosis. In this sense, the value of DUP in the 

present study may not be precise, because the patients had 

been administered antipsychotic drugs before they underwent 

baseline MRI. However, it could be ethically problematic to 

follow the psychotic patients without any antipsychotic drugs 

until performing an MR examination. Thirdly, the initial 

symptoms of schizophrenia might start before the patients 

and their family notice a problem. Finally, the heterogene-

ity of our sample population may exist by the inclusion of a 

wide age range or clinical variables, such as disorganization 

score and intelligence quotient (IQ), in comparison with a 

previous study.5,30,42–44 Although DeLisi et al reported that 

approximately 60% of plasma MHPG is derived from the 

brain,42 it is currently believed that about one-third of plasma 

MHPG is of brain origin.45 In short, we should note with cau-

tion the use of plasma MHPG as an indicator of activities in 

central noradrenergic neurons as it is predominantly derived 

from the periphery.

Conclusion
We found evidence that patients with first-episode schizophre-

nia exhibit a positive correlation of interval changes between 

the FA in the right cerebellar vermis and the norepinephrine 

metabolite MHPG during 6-month follow-up; this may 

reflect both anatomic and functional connections within the 

cerebellum to the prefrontal cortex, the subcortical limbic 

structures, and monoamine-producing brainstem nuclei. 

Our findings also suggest that microstructural FA changes 

could be reversible during the early stage of first-episode 

schizophrenia, and that plasma MHPG might therefore be a 

sensitive marker for the detection of this change.
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