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Abstract Cross-sectional and longitudinal studies have

identified widespread and progressive grey matter volume

(GMV) reductions in schizophrenia, especially in the

frontal lobe. In this study, we found a progressive GMV

decrease in the rostral medial frontal cortex (rMFC,

including the anterior cingulate cortex) in the patient

group during a 6-week follow-up of 40 patients with

schizophrenia and 31 healthy controls well-matched for

age, gender, and education. The higher baseline GMV in

the rMFC predicted better improvement in the positive

score on the Positive and Negative Syndrome Scale

(PANSS), and this might be related to the improved

reality-monitoring. Besides, a higher baseline GMV in the

posterior rMFC predicted better remission of general

symptoms, and a lesser GMV reduction in this region

was correlated with better remission of negative symptoms,

probably associated with ameliorated self-referential pro-

cessing and social cognition. Besides, a shorter disease

course and higher educational level contributed to better

improvement in the general psychopathological PANSS

score, and a family history was negatively associated with

improvement of the negative and total PANSS scores.

These phenomena might be important for understanding

the neuropathological mechanisms underlying the symp-

toms of schizophrenia and for making clinical decisions.

Keywords Schizophrenia � Grey matter volume � Rostral
medial frontal cortex � Treatment response � Biomarker

Introduction

Schizophrenia is one of the most serious and disabling

psychiatric disorders with *1% prevalence across the

world [1]. It is a complex syndrome with a heterogeneous

combination of symptoms, which can be divided into

positive, negative, and cognitive categories [2]. Wide-

spread changes in grey matter volume (GMV) and

progressive GMV reduction have been repeatedly reported

in cross-sectional [3] and longitudinal [4] studies in both

first-episode and chronic schizophrenic patients. In first-

episode patients, the volumetric deficits are subtle and

mainly located in parts of the frontal, parietal, and middle

temporal cortices [5, 6], and in chronic patients, evidence

from a systematic review and meta-analysis has demon-

strated that brain tissue decreases are continuously pro-

gressive; the annualized percentage GMV reduction in

chronic schizophrenia is *0.5% compared to healthy

individuals, the frontal and temporal areas being the most

affected regions [7, 8].

Although it has been suggested that the loss in

schizophrenia is a combination of early neurodevelopmen-

tal problems as well as disease progression [9], the factors

associated with the progressive brain changes in

schizophrenia are still unclear. Previous meta-analyses
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have indicated that higher cumulative exposure to antipsy-

chotics over time is associated with a greater longitudinal

reduction of GMV in patients with schizophrenia [9, 10].

Yet some studies have shown that antipsychotic treatment

has an incremental effect on the caudate, thalamus, and

parts of the frontal and temporal parietal lobule, with a

significant grey matter reduction in parts of the frontal

gyrus [11, 12]. Another factor that may affect GMV is the

duration of illness, i.e., a greater GMV reduction is

associated with a longer duration, and this has been

validated by many studies [13–15].

Current evidence has identified an effect of antipsychotic

exposure on progressive GMV changes, which raises the

possibility of establishing a relationship between GMV and

the efficacy of medication. Several studies have focused on

this topic, but the findings are inconsistent. Some have

reported that reductions in total and regional GMV, such as

in prefrontal, middle frontal, hippocampal, and caudate

volumes, are associated with a relatively poor response to

treatment [16, 17]. A voxel-wise volume study on first-

episode drug-naive patients with schizophrenia found a

significant GMV increase in the right putamen after 6 weeks

of antipsychotic treatment, and this increase was associated

with an improvement in positive symptoms [18]. However,

in a very recent study, although cortical volume reductions

occurred in drug-naive patients during their first year of

treatment, they showed no significant association with

changes in the symptoms, treatment-related side-effects,

age, gender, and duration of untreated psychosis [19].

Besides GMV changes, some studies have also inves-

tigated whether the baseline GMV, a better and practical

predictor, is associated with the treatment response in

schizophrenia. In a computed tomography study, a smaller

prefrontal sulcal prominence was found to correlate with a

better clozapine response in treatment-resistant patients

[20]. The baseline temporal GMV was positively correlated

with an improvement in positive symptoms, whereas a high

baseline GMV in the dorsolateral prefrontal cortex was

associated with an improvement of the negative symptoms

in treatment-resistant patients [21]. Only poor-outcome

patients, and not good-outcome patients, displayed a

significantly smaller frontal GMV [17, 22]. Further, a

study also showed different interactive effects between

brain structure and the treatment responses to clozapine

and haloperidol; the right prefrontal cortex GMV was

positively correlated with changes in the total brief

psychiatric rating scale score in the haloperidol group,

while the opposite was found in the clozapine group [22].

In the present study, using a prospective study design,

we investigated the progressive GMV changes in

schizophrenia over 6 weeks of antipsychotic monotherapy

and the relationship of baseline and follow-up GMVs to the

antipsychotic efficacy.

Participants and Methods

Participants

This study was approved by the Medical Ethics Committee

of Peking University Sixth Hospital. Patients were

recruited from the Peking University Sixth Hospital and

they all provided written informed consent after a descrip-

tion of the study. All patients were assessed and diagnosed

as suffering from schizophrenia or schizophreniform

psychosis by trained psychiatrists using the Structured

Clinical Interview for DSM-IV-TR Axis I Disorders

(SCID-I, patient edition). All patients recruited first as

having schizophreniform psychosis were finally diagnosed

with schizophrenia after being followed up for at least

6 months. Patients with neurological disorders, a history of

serious medical illness, substance dependence, pregnancy,

or those treated with electroconvulsive therapy within the

last 6 months and a diagnosis of any other Axis I disorder

were excluded. Healthy controls (HCs) were recruited from

the local community through advertisement and screened

using the SCID-I (non-patient edition). HCs had no life-

time history of psychotic illness and no family history of

psychosis. HCs had exclusion criteria similar to patients

and were well matched to the patient group for age, gender,

and educational level. All participants were Han Chinese

and right-handed.

All participants underwent magnetic resonance image

(MRI) scanning and completed clinical assessments at

baseline. After 6 weeks, 41 patients and 31 HCs were

included in the follow-up procedure that included clinical

assessments and MRI scanning. The symptom severity in

all patients was assessed by trained and experienced

psychiatrists using the Positive and Negative Syndrome

Scale (PANSS), and the change of PANSS score from

baseline to 6 weeks was used as the index of medication

efficacy. Strict quality control was performed to ensure the

completeness of the demographic and treatment informa-

tion and that the MRI data were of high quality. After

careful examination, 40 patients and 31 HCs were finally

included in the analysis (Table 1). The clinical character-

istics of patients with schizophrenia during the 6 weeks of

treatment are listed in Table 2. In the current study, 90% of

patients were receiving antipsychotic treatment without

antidepressants or mood stabilizers. The medication dosage

at baseline and follow-up was converted to chlorpromazine

equivalents (CPZ-eq) (Table 2).

MRI Data Acquisition and Processing

All participants were scanned on a 3.0 T Siemens Trio MR

scanner (Siemens Medical Systems, Erlangen, Germany) at
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the Third Hospital, Peking University. Before scanning, all

participants were instructed to move as little as possible.

Foam pads were used to minimize head motion. T1-

weighted high-resolution structural images were acquired

in a sagittal orientation using a 3D-MPRAGE sequence

with the following parameters: repetition time = 2350 ms,

echo time = 3.44 ms, field of view = 256 9 256 mm2,

slice thickness/gap = 1.0/0 mm, acquisition voxel

size = 1 9 1 9 1 mm3, flip angle = 12�, 192 contiguous

sagittal slices. Quality control to exclude potential imaging

artifacts was carried out independently by two researchers.

The structural images were processed with DPABI [23],

a MatLab toolbox that calls for SPM12 (http://www.fil.ion.

ucl.ac.uk/spm) and DARTEL was used [24] to perform

VBM (voxel-based morphometry) analysis with default

parameters. DARTEL is believed to have improved seg-

mentation results [25]. Image processing included: (1)

Transforming structural images into NIFTI format. (2)

Reorienting the structural images iteratively so that the

millimeter coordinates of the anterior commissure matched

the origin. (3) Segmenting T1-weighted MR images into

grey matter, white matter, and cerebrospinal fluid using

‘‘Segment’’ in SPM12. (4) Computing transformations

from individual native space to MNI (Montreal Neuro-

logical Institute) space for registration, normalization, and

modulation using DARTEL. (5) Smoothing the segmented,

normalized, and modulated GM images with an 8-mm full-

width-at-half-maximum isotropic Gaussian kernel.

Statistical Analysis

To assess the progressive changes of GMV in patients with

schizophrenia, we compared their data at baseline and

follow-up in two directions using a paired t-test model in

statistical parametric mapping (SPM) with total GMV as

covariates. Significant effects were those that survived a

P\ 0.05 whole-brain family-wise error (FWE) correction

with a cluster size[10 to remove possible false-positives.

A similar method was used in HCs.

Table 1 Baseline demographic

characteristics of schizophrenic

patients and healthy controls.

Schizophrenic patients Healthy controls t or v2 P value

Gender (male/female) 21/19 18/13 0.218 0.640

Age (years) 27.7 ± 7.7 26.2 ± 6.8 0.831 0.409

Education (years) 13.5 ± 3.2 13.2 ± 2.8 0.500 0.619

Total gray matter volume (cm3) 706.4 ± 66.7 726.5 ± 56.5 -1.342 0.184

Data are given as mean ± standard deviation. P-values refer to the independent-sample t-test (parametric

data) and the v2 test (categorical data).

Table 2 Clinical characteristics of schizophrenic patients during 6 weeks of treatment.

Baseline Follow-up# t or v2 P value

Illness duration (months) 53.5 ± 53.3 – – –

First/relapse (No.) 18/22 – – –

Paranoid/others (No.) 38/2 – – –

Onset age (years) 23.7 ± 6.8 – – –

Times of hospitalization 1.5 ± 1.5 – – –

Family history (Yes/No) 14/26 – – –

CPZ-eq (mg/day)* 446.3 ± 223.1 556.9 ± 309.9 -2.136 0.039

Positive PANSS score 24.3 ± 4.3 15.1 ± 4.5 10.811 \0.001

Negative PANSS score 20.2 ± 5.6 17.1 ± 6.1 4.750 \0.001

General psychopathological PANSS score 35.7 ± 6.0 27.2 ± 5.9 10.364 \0.001

Total PANSS score 79.8 ± 9.8 59.4 ± 13.0 12.504 \0.001

Total gray matter volume (cm3) 706.4 ± 66.7 701.3 ± 64.8 2.619 0.012

Data are given as mean ± standard deviation. P-values refer to paired-samples t-test. CPZ-eq, chlorpromazine equivalent dose; PANSS, Positive

and Negative Syndrome Scale.

*At baseline, 37 patients were taking antipsychotic monotherapy (Aripiprazole, 3; Amisulpride, 3; Blonanserin, 4; Haloperidol, 1; Iloperidone, 1;

Olanzapine, 10; Paliperidone, 3; Quetiapine, 1; Risperidone, 11; Aripiprazole ? Risperidone, 1; Haloperidol ? Risperidone, 2). At follow-up,

39 patients were taking antipsychotic monotherapy (Aripiprazole, 4; Amisulpride, 4; Blonanserin, 2; Olanzapine, 12; Paliperidone, 2;

Quetiapine, 2; Risperidone, 13; Amisulpride ? Paliperidone, 1).
#Follow-up PANSS scores were missing for two patients.
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We quantified the treatment response as the percentage

changes in PANSS scores (positive, negative, general

psychopathological, and total) from baseline to week 6

[26]. Given the longitudinal design, we focused on the

biological importance of progressive GMV changes. The

baseline and follow-up GMVs of the peak voxels were

extracted for further analysis. For the peak coordinates in the

anterior and posterior rMFC, we did multilinear regression

with the rate of PANSS change as the dependent variable,

with gender, education, onset age, duration of illness, first-

episode or relapse, times of hospitalization, family history,

baseline CPZ-eq dose, follow-up CPZ-eq dose, baseline

total GMV, total GMV change, baseline GMV of peak voxel

and GMV change of peak voxel as the independent

variables. We did not include age in this model since it is

highly correlated with onset age. These models allowed us

to explore the potential role of each peak voxel after

excluding the potential influences of all other variables,

especially total GMV. However, considering the relatively

high correlation between the total GMV and regional GMV

both at baseline (anterior rMFC: r = 0.736, P\ 0.001;

posterior rMFC: r = 0.760, P\ 0.001) and during the

period (anterior rMFC: r = 0.802, P\ 0.001; posterior

rMFC: r = 0.760, P\ 0.001), the influence of total GMV

was explored in another multilinear model (total GMV

model) with the rate of PANSS change as the dependent

variable, with the parameters noted above, except for

regional GMV items, as independent variables. We used the

Statistical Package for the Social Sciences 20.0 (IBM SPSS,

Chicago, IL) to conduct these regression models, with all

variables included in the three models passing the multi-

collinearity test (two participants missed follow-up PANSS

scores and were excluded from these regression models).

To validate the relationship between baseline rMFC and

the rate of PANSS change found from the multilinear

regression model (see Results, effects of GMV on the rate

of PANSS change), we did an exploratory analysis in SPM

using whole-brain voxel-wise regression on baseline GMV

with PANSS change rate as the dependent variable. The

covariates were gender, education, onset age, duration of

illness, first-episode or relapse, times of hospitalization,

family history, baseline CPZ-eq dose, follow-up CPZ-eq

dose, baseline total GMV, and total GMV change.

Results

Demographics and Clinical Characteristics

There were no significant differences in gender distribu-

tion, age, education, and total GMV between patients with

schizophrenia and HCs (Table 1). According to the PANSS

scores, patients with schizophrenia were moderately-to-

severely impaired at baseline and remarkably relieved after

6 weeks of treatment (Table 2).

Longitudinal Brain Changes in Patients

After antipsychotic treatment for 6 weeks, the total GMV

was statistically decreased (Table 2) while this effect was

not found in the HCs (726.5 ± 56.5 versus 727.0 ±

58.8 cm3, P = 0.804). As for the regional findings (Fig. 1,

P\ 0.05, FWE corrected, k[ 10), patients exhibited

reduced regional GMV in the rMFC (in which, for

convenience, we included the anterior cingulate cortex).

The first peak (x = 3, y = 46, z = 27, T = 6.22) was at the

anterior rMFC (including the rostral anterior cingulate

cortex). The second peak (x = 6, y = 30, z = 40, T = 5.96)

was at the posterior rMFC (including the dorsal anterior

cingulate cortex). No GMV increase was observed after

6 weeks of treatment. Besides, there were no significant

changes of GMV in HCs after 6 weeks.

Effects of Demographic and Clinical Factors

on the Rate of PANSS Change

In all models (Table 3), we found that the family history

negatively affected the improvement of the negative and

total PANSS scores; and a shorter disease course predicted

a larger percentage change in the general psychopatholog-

ical PANSS score. In the model of the posterior rMFC

(Table 3), we further found that a higher educational level

predicted a larger percentage change in the general

psychopathological PANSS score.

Effects of GMV on the Rate of PANSS Change

Regional regression analysis (Table 3) showed that the

baseline peak volumes at the anterior rMFC (regression

coefficient = 0.621, P = 0.022) and posterior rMFC (re-

gression coefficient = 0.924, P = 0.001) were both associ-

ated with a larger change in the positive PANSS score.

Meanwhile, the posterior rMFC had an additional effect on

the improvement of the general psychopathological (re-

gression coefficient = 0.720, P = 0.006) and total PANSS

scores (regression coefficient = 0.759, P = 0.002, Fig. 2).

In the whole-brain voxel-wised regression analysis model

conducted in SPM, we validated these correlations between

baseline rMFC and rate of PANSS change (P\ 0.001,

uncorrected, Fig. 3). As for the influence of longitudinal

GMV change, we found that the posterior rMFC shrinkage

was negatively associated with improvement of the neg-

ative PANSS score (regression coefficient = -0.748

P = 0.019) (Fig. 4). We found that the baseline total

GMV was negatively associated with an improvement in

general psychopathological symptoms and the change in
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total GMV positively affected the improvement of negative

PANSS scores only in the model of the posterior rMFC

(Table 3).

Discussion

Here, we investigated the longitudinal grey matter changes

in patients with schizophrenia during short-term antipsy-

chotic treatment, addressing the importance of GMV

biomarkers for their relationship to antipsychotic efficacy.

Longitudinally, there were progressive total and rMFC

GMV decreases in the schizophrenia group after 6 weeks

of antipsychotic treatment, while no significant changes

were observed in the control group. Furthermore, a higher

baseline rMFC GMV was correlated with better positive

symptom improvement after treatment. In addition, a

higher baseline posterior rMFC GMV predicted better

remission of the general psychopathological symptoms,

and a lesser reduction of GMV in this region predicted

better remission of negative symptoms. These findings

suggest that the baseline and progressive changes in the

rMFC are potential biomarkers for the response to antipsy-

chotic treatment. As for other variables, our analysis

revealed that the treatment effect on total and negative

symptoms was worsened by family history, and general

psychopathological symptoms achieved more remission in

patients with a shorter duration of illness and higher

educational level.

The rMFC, one of the cortical midline structures, is a

location for self-referential processing, constitutes the core

of the self, and is critical for elaborating feelings of self

[27, 28]. Besides, it has been proposed to be a site of

cognitive control, including the detection of unfavorable

outcomes, response conflict, and performance monitoring

[29]. Task-related neural activations have revealed that the

posterior rMFC is activated by more cognitive tasks while

the anterior rMFC is activated by more emotional tasks

[30]. In patients with schizophrenia, self-reference is

typically reduced as a disorder of the self in both resting-

state [31] and task-related activities [32]. Reduced task-

related suppression of the rMFC may contribute to

disturbances of thought in schizophrenia and risk for the

illness [32]. Relative to healthy participants, schizophrenic

patients exhibit reduced GMV in the rMFC, and this

reduction is associated with poor performance on emotion

attribution to protagonists in social situations [33].

N-acetylaspartate reduction in the medial prefrontal cortex

has also been reported following 8 weeks of risperidone

treatment in first-episode drug-naı̈ve patients with

schizophrenia [34], suggesting the importance of this

region in the pathological development of schizophrenia.

A longitudinal GMV reduction in schizophrenia patients

has been found in many frontal cortical regions

[12, 36–38], and our finding of rMFC shrinkage contributes

to current knowledge of the structural pathology in

schizophrenia.

A core finding of our analysis was that the GMV at

baseline in the rMFC predicted an improvement of positive

symptoms after 6 weeks of treatment. Positive symptoms,

including hallucinations and delusions, in which contact

with reality is lost, are explained in terms of the ability to

distinguish the source of internal experiences from external

reality [39]. Reality-monitoring is related to structural

variability within the para-cingulate region of the medial

anterior prefrontal cortex in healthy individuals [40]. The

aberrant salience hypothesis of psychosis suggests that the

positive symptom of delusions in patients results from

cognitive efforts to understand aberrantly salient experi-

ences, whereas hallucinations are internal representations

Fig. 1 GMV reduction after six weeks of treatment in patients with

schizophrenia (shown at P\ 0.001 uncorrected). A Regional GMV

reduction at the anterior rMFC (including rostral anterior cingulate

cortex) (circled peak coordinates = [3, 26, 45], t = 5.96, cluster

size = 12, P = 0.016 FWE corrected). B Regional GMV reduction at

the posterior rMFC (including dorsal anterior cingulate cortex)

(circled peak coordinates = [6, 29, 39], t = 6.22, cluster size = 19,

P = 0.008 FWE corrected). C Sagittal slices in panels A and B.
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[41, 42]. Abnormally low activation of the rMFC has been

reported in patients with schizophrenia, and after 80 h of

training, improved reality monitoring is associated with

increased rMFC activity [43, 44]. The rMFC regions

exhibit significantly reduced gyrification in patients who

experience hallucinations compared with those who do not

[45], indicating that it is a core region for reality-

monitoring, and this has been further validated in func-

tional MRI meta-analysis [46]. Thus, our finding suggests

that people with increased baseline rMFC GMV may

preserve better neural function, and that is why they are

capable of achieving greater clinical relief of positive

symptoms associated with impaired reality-monitoring

after treatment.

The posterior rMFC, or the dorsal MFC, is associated

with self-referential and social cognition [47], which are

unique cognitive deficits in schizophrenia [48]. This

functional overlap would be expected if humans use their

own experiences to infer the mental states of others, a basic

postulate of simulation theory [49, 50]. Prominent negative

symptoms affect *40% of people with schizophrenia and

are closely associated with functional outcomes [51]. A

greater activation in the posterior rMFC has been associ-

ated with higher negative affectivity in healthy individuals

[52]. The healthy siblings of patients with schizophrenia

exhibit exaggerated resting-state functional activity in the

midline areas of the anterior and posterior rMFC during

self-referential processing [53]. Patients with schizophrenia

show lower functional connectivity between the

mid/posterior cingulate gyrus and the posterior rMFC in

resting-state fMRI and exhibit increased activity in this

region when inferring the intentions of others [54, 55]. All

these findings suggest that pathological changes in this

region have something to do with self-referential and social

cognition. The correlation between improved general

psychopathological symptoms and a higher baseline pos-

terior rMFC GMV, together with improved negative

symptoms and less GMV reduction in the posterior rMFC

contributes to our understanding of the potential role and

clinical importance of this region.

We also reported progressive total GMV reduction in

patients with schizophrenia after 6 weeks of antipsychotic

treatment; this may be a result of the volume decrease in

the rMFC or other neuropathological changes. The rela-

tionship between total GMV and treatment effect in the

posterior rMFC model also indicates their correlation in a

way. The progression of schizophrenia is accompanied by

altered cortical plasticity and functioning [56], and longi-

tudinal GMV reduction has been found in many studies,

especially in frontal cortical regions [12, 36–38]. As for

other variables, our analysis revealed that the treatment

effect on total and negative symptoms was worsened by

family history. This is within our expectation, as a positive

family history of schizophrenia predicts a poorer long-term

outcome [57]. Besides, general psychopathological symp-

toms achieved more remission in patients with a shorter

duration of illness and higher educational level. Our current

finding is in accord with the clinical experience that

Fig. 2 Relationship between baseline regional GMV and the per-

centage changes of PANSS scores in the multilinear regression model

after controlling for potential variables. A Baseline anterior rMFC

GMV at [3 46 27] positively influenced clinical improvement of the

positive PANSS score. B Baseline posterior rMFC GMV at [6 30 40]

positively influenced clinical improvement of the general psy-

chopathological, positive, and total PANSS scores.
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patients with a shorter duration of illness benefit more from

treatment. It has been reported that a shorter duration of

untreated psychosis is associated with a greater response to

antipsychotic treatment in first-episode schizophrenia [58].

Our results indicated that patients with a higher level of

education achieved greater clinical improvement, which

was predictable from the improvement in attenuated

positive symptoms among individuals at high risk [59].

However, why different clinical features affect different

clinical categories might need to be explored in greater

detail in the future. As for the CPZ eq dose levels, it was

within our expectation that this was not associated with the

treatment effect, as the dose for each patient was delicately

decided by experienced doctors after considering the

disease severity of each patient and possible sensitivity to

treatment based on the medical history. All these regression

results might serve as references for clinicians to make

decision and estimate the prognosis of individual patients.

This study, although shedding light on potential predictive

factors for antipsychotic treatment with grey matter changes,

Fig. 3 Relationships between the percentage changes of positive,

general, and total PANSS scores and the baseline rMFC GMV in

whole-brain voxel-wise regression analysis (P\ 0.001, uncorrected).

A Positive correlation between the rate of change of positive PANSS

score and baseline GMV (cluster size = 638; peak coordinates = [-2

44 27]; T = 4.95). B Positive correlation between the rate of change

of general psychopathological PANSS score and baseline GMV

(cluster size = 259; peak coordinates = [3 28 33], T = 4.91). C Pos-

itive correlation between the rate of change of total PANSS score and

baseline GMV (cluster size = 225; peak coordinates = [3, 28, 34];

T = 4.67).

Fig. 4 Relationships between longitudinal regional GMV reduction

and the percentage changes of PANSS scores in the multilinear

regression model after controlling for potential variables. A Longitu-

dinal regional GMV reduction at the anterior rMFC [3 46 27] did not

significantly influence the percentage changes of PANSS scores.

B Longitudinal regional GMV reduction at the posterior rMFC [6 30

40] negatively influenced the percentage change of negative PANSS

score.
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still has several limitations. First, we did not divide participants

into subgroups based on first-episode or relapse owing to the

limited sample size, so our group-level analysis could not

exclude the possibility that the observed pathological changes

occur only in a subset of patients with schizophrenia. Second,

considering that the types of drugs patients took were complex

and difficult to classify, we did the regression analysis with

dailyCPZeqdoses as a predictive factor anddid not include the

types of antipsychotic drugs. We guaranteed single-drug

treatment for the majority of the patients in our study, but

different drugs may have varying treatment effects in relation

to brain structure [22]. Third, although we tried to establish a

causal link between the biological markers and the symptom

improvement using the linear regression model, a definite

relationship cannot be affirmed yet. Hence, our findings of

predictive factors for symptom improvement need to be

verified in another independent, specifically designed study.

Fourth, many potential factors contributing to changes in the

brain and the effects of antipsychotic treatment need to be

determined. For example, whether the effects of antipsychotic

treatment vary with the stage of illness or occur only when a

certain threshold of daily or cumulative dose is reached.

In conclusion, the baseline GMV of the rMFC might

help to predict positive symptom remission related to

reality-monitoring. The association of the posterior rMFC

GMV with general psychopathological and negative symp-

toms might relate to self-referential processing and social

cognition. Having a family history, a longer duration of

illness, and a lower level of education might be associated

with a bad prognosis for different clinical domains. This

preliminary clarification of structural brain abnormalities

and antipsychotic medication allow a better understanding

of the pathological mechanisms in schizophrenia and might

be important for clinicians to make clinical decisions.
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