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A B S T R A C T

Progressive brain volume atrophy has been reported in patients with schizophrenia. However, whether this
progress differs between patients with primary negative symptoms (deficit schizophrenia; DS) and those without
such symptoms (nondeficit schizophrenia; NDS) is unknown. Here, we examined grey matter volume (GMV) and
white matter volume (WMV) changes over 12 months in 34 first-episode treatment-naive patients with schi-
zophrenia (14 DS and 20 NDS) and 32 healthy controls (HCs) using structural magnetic resonance imaging and
voxel-based morphometry. At baseline, compared to HCs, patients with DS but not NDS had less WMV in bi-
lateral posterior limb of the internal capsule (PLIC) and cerebellar tonsil (P < 0.05, FDR corrected) and smaller
GMV in the cerebellar culmen (P < 0.05, FWE corrected). At follow-up, NDS group showed WMV reduction in
bilateral PLIC (P < 0.05, FDR corrected), while DS group showed no progressive WMV changes. While both
patient groups exhibited GMV reduction in the hippocampus and insular cortex, patients with NDS showed
additional GMV loss in the frontal and cingulate cortex and a selective increase in GMV in the left thalamus
(P < 0.05 FWE corrected). Our study revealed double dissociations in developmental brain volume changes in
the first year after clinical contact for psychosis in DS versus NDS patients.

1. Introduction

Accumulating evidence suggests that patients with schizophrenia
experience progressive structural brain changes during the course of the
illness; that is, patients tend to have greater tissue loss than healthy
controls (HCs) as they grow older (Fusar-Poli et al., 2013; Olabi et al.,
2011). Existing evidence is mainly focused on volume changes in grey
matter (GM), white matter (WM) and cerebrospinal fluid (CSF) pro-
vided by structural magnetic resonance imaging (MRI) studies. In 2011,
Andreasen et al. reported the results of a longitudinal study that in-
cluded 202 schizophrenia patients and 125 controls who were followed
up for 18 years and found that excessive volume changes in patients

were significant in wide spread regions and tissues: grey matter volume
(GMV) reduction was found in the whole brain, frontal and temporal
lobe, and thalamus; white matter volume (WMV) reduction was found
in the whole brain and frontal and temporal lobe; and CSF volume was
increased in the ventricles and temporal and occipital lobes
(Andreasen et al., 2011). Two year later, Fusar-Poli reported a meta-
analysis of 30 longitudinal studies including 1046 patients and 780
controls followed up for 72.4 weeks (median) that found excessive GMV
reduction and increased CSF volume in patients, whereas healthy
controls showed no change during this period (Fusar-Poli et al., 2013).

The clinical and genetic heterogeneity within schizophrenia is now
widely accepted (Tandon et al., 2009; Tsuang et al., 2001). The concept
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of deficit schizophrenia (DS) is regarded as one of the most promising
attempts to reduce the heterogeneity within the spectrum
(Kirkpatrick et al., 2017). DS represents a clinically homogeneous
subgroup of schizophrenia patients with primary and sustained nega-
tive symptoms (Carpenter et al., 1988). The diagnosis of DS, separate
from non-deficit schizophrenia (NDS), has been demonstrated as stable
and enduring (Galderisi et al., 2013; Strauss et al., 2008). Compared
with NDS, DS is characterized by more WM changes; more impaired
social, global cognition and executive functions; worse premorbid
functioning, and worse long-term prognosis (Kirkpatrick et al., 2017).
Previous studies have shown that neurobiological underpinnings of DS
are distinct from NDS at the illness onset (Lei et al., 2015a, 2015b).
However, it is not clear whether patients with DS and NDS exhibit a
different progression of brain structural changes during the course of
illness. To address this issue, we performed a longitudinal voxel-based
morphometry (VBM) study to trace structural brain changes during first
12 months after treatment in first-episode treatment-naive patients with
DS or NDS.

2. Materials and methods

2.1. Subjects

A total of 40 treatment-naive patients with first-episode schizo-
phrenia (18 with significant primary negative symptoms according to
the criteria of the schedule for the deficit syndrome [Kirkpatrick et al.,
1989] and 22 without) from the mental health center in West China
Hospital were enrolled at baseline. Four patients were excluded because
of excessive head movement during the MRI scan and 2 did not attend
the follow-up test. Results from 34 patients (14 DS and 20 NDS; dropout
rate = 15%) who finished both the MRI scan at baseline and 1-year
follow-up scan were included in the subsequent analysis. The patients
were assessed using the patient version of the structured clinical in-
terview for the DSM-IV (SCID-P) (First et al., 2002) and fulfilled diag-
nostic criteria for schizophrenia based on the DSM-IV. Subjects with
evidence of organic brain disorders (such as brain tumor or epilepsy),
alcohol or drug abuse, severe physical illness, or comorbidity of any
other main psychiatric disorders such as depression or bipolar disorder
were excluded. The diagnoses of DS or NDS were reached using the
schedule for the deficit syndrome (Kirkpatrick et al., 1989), 12 months
after enrollment.

A total of 32 HCs were recruited from the same geographical area as
patients. A research psychiatrist screened HCs using the nonpatient
version of the SCID (Spitzer et al., 2002) to exclude subjects with any
psychiatric disorder.

All participants were Han Chinese and right handed. This study was
carried out in accordance with the Declaration of Helsinki and was
approved by the Institutional Review Board of West China Hospital,
Sichuan University. After a complete description of the study to the
subjects, written informed consent was obtained.

All patients, but not HCs, were followed up at 12-month intervals
after enrollment in the present study. The severity of symptoms was
evaluated by a trained psychiatrist using the positive and negative
symptoms scale (PANSS) (Kay et al., 1987) at baseline and 12 months
after.

2.2. Antipsychotic treatment

After the baseline MRI scan, patients with schizophrenia received
antipsychotic medications according to the case-clinician's preference.
The details of treatment were assessed from patients’ or their guardians’
reports and hospital records. The dosage of antipsychotic medication
taken by each patient was recorded and converted to chlorpromazine-
equivalent mean daily dosages (MDD) (Woods, 2003).

2.3. MRI data acquisition

All participants were scanned on a 3T scanner (EXCITE, General
Electric, WI, USA) at baseline and at 12 months (follow-up scan per-
formed only in patients) at the Department of Radiology at West China
Hospital. T1-weighted images were acquired by three-dimensional
spoiled gradient echo sequence as follows: repetition time 8.5ms, echo
time 3.93ms, flip angle 12°, slice thickness 1mm, single shot, field of
view 240 × 240 mm2, matrix 256 × 256. This sequence generated 156
contiguous axial slices with the in-plane resolution of
0.94 × 0.94 mm2. The quality of the brain images was examined im-
mediately after scanning.

2.4. Image preprocessing and longitudinal VBM analysis

T1-weighted images were realigned and then manually reoriented
so that the anterior commissure was positioned at coordinate (0, 0, 0).
Then the non-parametric, non-uniformity intensity normalization
technique (N3) in MINC (Medical Image NetCDF) software package
(https://en.wikibooks.org/wiki/MINC) was used to rectify the non-
uniformity of a high-magnetic field signal in reoriented images.

The preprocessed images were then analyzed using SPM8
(Statistical Parametric Mapping version 8, http://www.fil.ion.ucl.ac.
uk/spm) running on Matlab7.6 (MathWorks, Natick, MA, USA). We
adopted the procedure developed by Asami et al. (2012) for the long-
itudinal VBM analysis, which provides more precise spatial alignment
by using an individualized baseline-to-follow-up DARTEL-based tem-
plate. Briefly, the analysis was conducted as follows: (1) The baseline
image was coregistered to the follow-up scan image. (2) All images
were then segmented into probability maps of GM, WM and CSF by the
unified segmentation approach. (3) To evaluate the longitudinal mor-
phometric changes of each subject, a subject-specific template was
created by combining the GM (or WM) maps of the baseline and follow-
up scans of each subject into average GM (or WM) maps using the
DARTEL toolbox. The baseline and follow-up scan GM (or WM) maps
were then spatially normalized onto the corresponding subject-specific
template non-linearly, and were modulated by the determinant of the
Jacobian of the transformation and resampled into 1-mm3 isotropic
voxels. (4) A population template was created by simultaneously non-
linearly registering all subject-specific templates using DARTEL. The
baseline and follow-up scan normalized maps of each subject were
spatially nonlinearly normalized to the population template and then
modulated. (5) The population template was registered automatically
to the MNI space through an affine transformation. All individual GM
(or WM) maps residing in the population template space were then co-
registered to MNI using the same affine transformation. Finally, these
GM (or WM) images were smoothed with a 6-mm full-width half-
maximum Gaussian kernel and retained for subsequent statistical ana-
lysis.

2.5. Statistical analysis

Statistical analysis of demographic data was conducted using
SPSS16.0 (SPSS Inc., Chicago, IL, USA). Where appropriate, parametric
(analysis of variance or Student's t-test) and nonparametric (Mann-
Whitney's U test) procedures were used to compare the differences in
categorical and continuous data between groups. For categorical data,
χ2 tests were applied.

Voxel-wise comparisons of GMV (or WMV) were performed using
SPM8. The procedure is as follows: First, differences in GMV and WMV
at baseline among groups (DS, NDS, and HCs) were tested using ana-
lysis of covariance (ANCOVA) followed by post hoc two-sample t-tests,
including gender, age and whole brain volume (WBV = total
GMV + total WMV) as covariates. Second, the pattern of GMV and
WMV longitudinal changes was explored in the DS and NDS group se-
parately, using paired t-tests. To evaluate the effect size of the

W. Lei, et al. Psychiatry Research: Neuroimaging 288 (2019) 12–20

13

https://en.wikibooks.org/wiki/MINC
http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm


progressive volume change in each group, we also calculated the per-
centage change (PC) of each group, using the formula: (follow-up –
baseline)/baseline× 100%. For voxel-wise comparisons, an explicit
WM (or GM) mask constructed using segmented and normalized (using
DARTEL-based normalization) images from all participants was applied
to ensure that only voxels within the WM (or GM) were analyzed. The
threshold for WMV comparisons was set at voxel-level false discovery
rate (FDR) corrected P < 0.05. For GMV contrasts, results that adopted
a relatively strict threshold of P < 0.05 voxel-level family-wise error
rate (FWE) corrected were reported. Results of GMV comparisons with
the threshold of voxel-level FDR corrected P < 0.05 can be found in
supplementary materials.

To identify possibly selective volume changes, the regions showing
significant brain volume abnormalities in the DS and NDS group at any
time points were defined as regions of interested (ROIs), and the WMV
or GMV of ROIs were extracted and compared between groups using
repeated-measure ANCOVA in SPSS16.0, with gender, age, baseline
WBV and MDD as covariates. The statistic power of these comparisons
was estimated using Gpower software, and post hoc type power ana-
lyses were used (Faul et al., 2007). To identify the clinical meaning of
the brain volume changes, a series of partial correlations were carried
out between the extracted volume (WMV or GMV) of ROIs and the
PANSS subscale scores, with gender, age, and baseline WBV as cov-
ariates. The statistical threshold was set at P < 0.05 for ROI analyses.

3. Results

3.1. Demographic characteristics and clinical measures

The demographic characteristics of the subjects are shown in
Table 1. No significant difference was found in age, gender or education
years among the three groups. According to the clinical symptoms,
patients with DS had more severe negative symptoms than patients with
NDS at both time points. No significant difference among other
symptom domains (including PANSS total scores, positive and general
psychopathology subscale scores) or MDD were found between the DS
and NDS group.

The longitudinal improvement of symptoms was accessed using the
reduction rate of PANSS scores. DS and NDS groups showed similar
reduction rates on PANSS total scores (59% vs. 56%), negative symp-
toms (8% vs. 7%), positive symptoms (46% vs. 42%), and general
psychopathology (62% vs. 59%) (P > 0.5 in χ2 tests). However, the
symptomatic profile of the DS and NDS groups remained after 12
months. That is, the DS group still had more severe negative symptoms,

but the two patient groups had analogous scores on other symptom
dimensions.

3.2. MRI baseline comparisons

Compared with HCs, patients with DS presented significantly
smaller WMV in the bilateral posterior limb of the internal capsule
(PLIC) and a cluster in cerebellum tonsil (cerebelum_10_R in AAL atlas)
(Fig. 1A, Table 2). Patients with NDS showed no significant WMV ab-
normality at baseline.

As for GMV, patients with DS showed smaller GMV in cerebellum
culmen (cerebelum_6_R in AAL atlas) when compared with HCs (Fig. 2).
Again, patients with NDS showed no significant GMV abnormality at
baseline.

3.3. MRI longitudinal comparisons

Compared with baseline, patients with NDS exhibited WMV reduc-
tions in bilateral PLIC (PC = 4.32% and 3.20%, for left and right PLIC
respectively), whereas patients with DS showed no progressive WMV
change (PC = 0.94% and 0.28%, for left and right PLIC, respectively)
during the 12-month follow-up period (Fig. 1B).

Compared with baseline, patients with DS exhibited significant
GMV reduction in the bilateral hippocampus and left anterior insula
cortex (Fig. 3A). Patients with NDS showed GMV atrophy in the right
hippocampus, left and right anterior insula cortex, left anterior cingu-
late gyrus, bilateral middle cingulate gyrus and left medial frontal
cortex, and increased GMV in the left thalamus (PC = –18.53% in NDS
vs. –8.56% in DS) (Fig. 3B).

3.4. ROI-wise repeated-measure ANCOVA analyses

Every cluster identified in voxel-wise comparisons (Table 2) was
defined as an ROI. Since the purpose of this analysis was to identify
possibly selective volume changes and based on the results of voxel-
wise comparisons, for regions that showed significant volume change in
both patient groups (i.e. bilateral PLIC, right hippocampus and right
anterior insula cortex), the clusters identified in NDS comparisons were
selected. Repeated-measures ANCOVA using extracted WMV (or GMV)
was performed in each ROI. We found significant group (DS vs. NDS) by
time (baseline vs. follow-up) interactions in both PLIC clusters
(Table 3), where NDS exhibited selective WMV reduction in both
clusters. The group main effects were also significant in both PLIC
clusters, with the NDS group having a larger WMV than DS group at

Table 1
Demographic and clinical summary of the patients and the healthy controls.

NDS (n=20) DS (n=14) HC (n=32) F/t/χ2 P

Gender (female/male) 8/12 4/10 9/23 0.89 0.642
Age(years) 22.20 ± 6.65 21.79 ± 5.35 21.59 ± 4.65 0.08 0.927
Education years 12.80 ± 2.75 12.21 ± 2.08 13.22 ± 2.43 0.82 0.444
WBV 1.19 ± 0.11 1.18 ± 0.10 1.21 ± 0.08 0.53 0.592
Baseline
Age of onset 21.80 ± 6.73 20.68 ± 5.37 0.52 0.610
PANSS-TS 86.30 ± 11.25 96.21 ± 17.27 −2.03 0.051
PANSS-PS 24.30 ± 7.12 20.93 ± 6.62 1.40 0.172
PANSS-NS 16.40 ± 4.76 26.86 ± 6.88 −5.25 0.001*
PANSS-GP 45.60 ± 7.13 48.43 ± 10.94 −0.92 0.367
12 months follow-up
PANSS-TS 54.89 ± 22.25 57.14 ± 14.20 −0.39 0.743
PANSS-PS 11.89 ± 6.05 10.21 ± 3.93 0.78 0.372
PANSS-NS 12.42 ± 4.03 17.79 ± 4.66 −3.23 0.001*
PANSS-GP 28.26 ± 11.45 28.36 ± 8.30 −0.13 0.979
MDD 227.28 ± 117.16 275.18 ± 146.41 −1.06 0.298

Demographic data are shown as mean± standard deviation; *P < 0.05; WBV, whole brain volume= total gray matter volume+ total white matter volume; PANSS-
TS, total score of the PANSS; PANSS-PS, positive symptom score of the PANSS; PANSS-NS, negative symptom score of the PANSS; PANSS-GP, general psycho-
pathology score of the PANSS; MDD, mean daily dosage.
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both time points. Another significant interaction was found in the left
thalamus, where the NDS group showed a selective GMV increase after
12 months; however, the group and time effect in this ROI was not
significant.

A significant group main effect was found in the two cerebellum
clusters. The NDS group had a larger WMV in cerebellum tonsil and
larger GMV in the cerebellum culmen than the DS group at both time
points. No significant effects were found in the other ROIs (including
the left anterior cingulate cortex, bilateral hippocampus, anterior insula
cortex, middle cingulate gyrus, and left medial frontal gyrus). See
Table 3 for detailed results of repeated-measure ANCOVA analyses.

3.5. ROI correlation analyses

The correlation analyses in all patients showed that, at baseline,
WMV in the right PLIC (r = –0.36, P=0.048) and GMV in the

cerebellum culmen (r = –0.44, P=0.013) were inversely correlated
with negative symptoms. The WMV in the left PLIC (r = –0.27,
P=0.144) and cerebellum tonsil (r = –0.22, P=0.233) was also ne-
gatively correlated with negative symptoms, but the correlation coef-
ficient did not reach the level of significance (Table S1). At the follow-
up test, WMV in the cerebellum tonsil (r = –0.39, P=0.030) and GMV
in the cerebellum culmen (r = –0.43, P=0.016) and left hippocampus
(r = –0.39, P=0.030) were inversely correlated with negative symp-
toms (Table S2).

4. Discussion

To our knowledge, this is the first study to use an optimized long-
itudinal VBM approach to compare and discriminate the patterns of
progressive brain volume changes in patients with DS and NDS. We
found that: at baseline, patients with DS but not NDS had less WMV in

Fig. 1. WMV reductions in patients with DS and NDS. At baseline, compared with HCs, only DS patients presented significantly smaller WMV in cerebellum tonsil and
bilateral PLIC (A). Selective progressive WMV reduction was found in NDS patients in bilateral PLIC (B). The results were threshold at P < 0.05, voxel-level FDR
corrected. Abbreviations: L, left; R, right; PLIC, posterior limb of internal capsule; Tonsil, cerebellum tonsil.
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the bilateral PLIC and cerebellar tonsil (P < 0.05 FDR corrected), and
smaller GMV in the cerebellum culmen (P < 0.05 FWE corrected)
compared with HCs. At 12-month follow-up, patients with NDS showed
selective WMV reduction in the PLIC (P < 0.05 FDR corrected), but no
progressive WMV change was found in the DS group. Both patient
groups exhibited GMV reduction in regions such as the hippocampus
and insular cortex (P < 0.05 FWE corrected). Patients with NDS
showed additional GMV loss in the anterior and middle part of the
cingulate cortex and a selective increase in GMV in the left thalamus
(P < 0.05 FWE corrected). WMV in the PLIC and cerebellum tonsil and
GMV in the cerebellum culmen were significantly smaller in patients
with DS than in NDS patients at both time points (P < 0.05 in ROI-wise
ANCOVA). GMV in the cerebellar culmen was inversely correlated with
negative symptoms in all patients at both time points (P < 0.05).

This study identified a significant difference in patterns of pro-
gressive brain volume (especially WMV) change in DS and NDS pa-
tients. First, consistent with our previous studies (Lei et al., 2015a,
2015b), only patients with DS had significantly less GMV and WMV
than HCs at baseline, whereas patients with NDS exhibited no brain
volume abnormalities. Second, during the 12-month follow-up, patients
with NDS showed selective WMV reduction in the bilateral PLIC and

increased GMV in the left thalamus. Finally, we emphasize that while
patients with NDS showed progressive WMV change in bilateral PLIC,
patients with DS showed no WMV change during the 12 months follow-
up period. A similar pattern was also found in GMV progressive
changes: in addition to GMV reduction in the hippocampus and insula
in both patients groups, the NDS group showed additional GMV atrophy
in the cingulate cortex and middle frontal gyrus. These three lines of
results provide significant evidence for different patterns of progressive
brain volume change in patients with DS and NDS. Although patients
with DS have a trend of higher baseline PANSS total scores
(96.21 ± 17.27 vs. 86.30 ± 11.25, P=0.051) than those with NDS,
this difference was largely derived from negative symptoms
(26.86 ± 6.88 vs. 16.40 ± 4.76, P < 0.001), rather than positive
(20.93 ± 6.62 vs. 24.30 ± 7.12, P=0.172) or general psycho-
pathology symptoms (48.43 ± 10.94 vs. 45.60 ± 7.13, P=0.367).
This different trajectory of brain volume changes in DS and NDS thus
could not be attributed to confounding by the severity of positive
symptoms or general psychopathology symptoms. Differences in illness
progress between DS and NDS patients have been reported. In a 5-year
prospective study, Tek et al. found that during follow-up DS patients
had a poorer quality of life, worse social and occupational functioning,

Table 2
Significant volume differences from control subjects.

Abnormal at baseline Progressive change during follow-up
DS NDS DS NDS

White matter volume comparisons
Tonsil 135, 5.16, (27 −39 −41) – – –
PLIC-L 38, 3.71, (−27 6 −3) – – 837, 3.89, (−17 −15 9)

29, 3.95, (−34 −9 −3)
PLIC-R 153, 4.65, (32 −5 −4) – – 657, 4.45, (29 −20 10)
Gray matter volume comparisons
Culmen 52, 5.25, (11 −58 −23) – – –
HIPP-L – – 468, 5.76, (−30 −31 −9) –
HIPP-R – – 48, 5.70, (30 −6 27); 536, 6.24, (31 −19 −18)
AIC_L – – – 321, 5.84, (−33 24 5)
AIC_R – – 55, 5.15, (30 28 −1) 104, 5.16,(33 19 11)
ACC-L – – – 434, 5.64, (−10 19 30)
MCG-L – – – 21, 5.09, (−1 −7 30)
MCG-R – – – 65, 5.19,(13 −30 37)
MFG-L1 – – – 83, 5.11, (−17 59 −2)
MFG-L2 – – – 41, 5.13, (−43 2 37)
THA-L – – – 90, −5.48, (−14 −15 10)

*The data were present as “cluster-size, peak z-value, MNI coordinate (x y z)”, when there's more than one cluster in the same region the clusters were separate by
semicolon. Abbreviations: L, left; R, right; Tonsil, cerebellum tonsil; PLIC, posterior limb of the internal capsule; Culmen, cerebellum culmen; HIPP, hippocampa
gyrus; AIC, anterior insula cortex; ACC, anterior cingulate cortex; MCG, middle cingulate gyrus; MFG, medial frontal gyrus; THA, Thalamus.

Fig. 2. Patients with DS showing less GMV in the cerebellum culmen than HCs at baseline (P < 0.05, voxel-level FWE corrected). Abbreviations: Culmen, cerebellum
culmen.
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and more severe negative symptoms, but did not show more severe
positive symptoms than NDS patients (Tek et al., 2001). In a study by
Fenteon et al., 46 patients with DS and 141 with NDS were followed up
and assessed at a mean of 19 years after admission; those with DS were
highly stable and but had poor outcome and long term disability
(Fenton and McGlashan, 1994). The findings of the present study are in
line with those of the other studies, suggesting that DS is a homogeneity
form of schizophrenia with a distinct pattern of progressive changes in
brain volume as compared with NDS.

The reduced WMV in the bilateral PLIC in patients with DS at
baseline is consistent with our previous study (Lei et al., 2015b) as well

as two other studies of the DS/NDS difference (Chua et al., 2007; Price
et al., 2010). The striatum has structural connections to the neocortex
and midbrain dopamine neurons constitute the crucial part of the “re-
ward system”. These connections are at least partly made via the PLIC
clusters found in this study, and they play an important role in moti-
vation, pleasure experience and learning (Millan et al., 2014). The
WMV atrophy in PLIC might thus relate to the negative symptoms in
patients (Lei et al., 2015b). This concept is compatible with the corre-
lation of WMV in bilateral PLIC with negative symptoms at baseline in
the present study.

In this study, patients with NDS exhibited selective WMV reduction

Fig. 3. GMV reductions in patients with DS and NDS during follow-up. Compared with baseline, DS patients exhibited GMV reduction in the bilateral hippocampus
and left anterior insula cortex (A), while NDS patients showed GMV atrophy in the right hippocampus, left anterior insula cortex, left anterior cingulate cortex,
bilateral medial frontal gyrus and bilateral middle cingulate gyrus (B). The results were threshold at P < 0.05, voxel-level FWE corrected. Abbreviations: L, left; R,
right; HIPP, hippocampus; AIC, anterior insula cortex; ACC, anterior cingulate cortex; MCG, middle cingulate gyrus; MFG, medial frontal gyrus.
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in bilateral PLIC regions. This result suggests that the WMV change in
PLIC could commonly emerge in both DS and NDS, and the early de-
tection of PLIC WMV atrophy in patients with DS could thus be due to
the relatively higher genetic effect, as suggested in our previous study,
in which relatives of DS patients also exhibited WMV deficit in these
regions (Lei et al., 2015b). Moreover, the PLIC was associated with
negative symptoms at baseline but not in the follow-up scan, suggesting
that the PLIC may contribute to different symptom dimensions in DS
and NDS. The excessive PLIC volume reduction during follow-up in
patients with NDS might have slightly biased this correlation toward
symptoms other than negative ones. Further studies are needed to
confirm the exact role of the PLIC in the pathology of DS and NDS.

This study identified a stable DS/NDS difference in WMV in cere-
bellum tonsil, and GMV in cerebellum culmen. GMV in cerebellum
culmen was correlated with negative symptoms at both time points. A
smaller GMV of the cerebellum culmen in patients with DS has also
been reported in our previous study of first-episode patients (Lei et al.,
2015a) and two studies of chronic patients with DS and NDS (Cascella
et al., 2010; Ozdemir et al., 2012), suggesting that the cerebellum
culmen may play a significant role in the differentiation of DS from

NDS. Structural and functional abnormalities of the cerebellum have
traditionally been linked to the neurocognitive impairment in schizo-
phrenia (Andreasen and Pierson, 2008). However, studies suggest that
abnormal cerebellar vermal-fastigial function can also contribute to
impaired attention and affect as well as social dysfunction (such as
apathy) (Schmahmann et al., 2008). This putative psychopathology
related to the cerebellar region is thus largely consistent with some of
the negative symptoms of schizophrenia, such as flat affect, and social
withdrawal. These results suggest that less GMV in DS could relate to
the excessive negative symptoms of these patients.

We found a selectively increased GMV in the left thalamus of pa-
tients with NDS during the first year of illness. Studies of GMV change
in schizophrenia have suggested that this region might be sensitive to
medication treatment (Byne et al., 2008). Significant thalamus volume
expansion in patients treated with both typical (Khorram et al., 2006)
and atypical antipsychotics has been reported (Dazzan et al., 2005;
Strungas et al., 2003), suggesting a possible link between volume ex-
pansion and clinical response.

In this study, both the DS and NDS groups had progressive GMV
reduction in the hippocampus and insula. GMV reduction in the hip-
pocampus has been observed in previous longitudinal studies on schi-
zophrenia (Andreasen et al., 2011; Steen et al., 2006). For instance, in a
recent longitudinal study by van Haren et al., while hippocampal vo-
lume change in HCs remained stable until the age of approximately 40
years, patients showed a linear stable pattern of volume loss with in-
creasing age irrespective of their current age (van Haren et al., 2016).
The GMV reduction in the hippocampus found in DS and NDS patients
in this study thus may reflect the common pathology of progressive
GMV loss in schizophrenia. Progressive GMV atrophy of the insula
cortex is also one of the most consistent findings in neuroanatomical
studies of schizophrenia (Asami et al., 2012; Takahashi et al., 2009).
According to previous studies, less GMV in the insula is associated with
negative symptoms in patients (Lei et al., 2015a; Takahashi et al.,
2009). Together, this evidence suggests that GMV loss in the insula
could be associated with negative symptoms that occur during the
course of illness.

Besides the hippocampus and insula, patients with NDS also had
excessive GMV reduction in the bilateral frontal and cingulate cortex.
The GMV reduction in the frontal and cingulate regions was suggested
to be the prominent structural change in schizophrenia according to a
review by Pantelis et al. (2003). Our results are partly in line with the
work of Pantelis et al., suggesting that GMV loss in the frontal and
cingulate cortex would mainly appear in patients with NDS.

4.1. Limitations

There are several limitations in this study. First, the follow-up time
was relatively short. Our results cannot be generalized to other illness
stages (e.g., chronic stage). Nevertheless, according to recent meta-
analyses, patients have the most severe progressive brain change in the
early stages of the illness (Andreasen et al., 2011). Second, the small
sample size could limit our power to detect more subtle differences
between groups. Third, we did not repeat the MRI scan for HCs at the
follow-up stage, and this leaves the possibility that our results could be
confounded by age. However, our main finding is the different trajec-
tory for brain volume changes between DS and NDS, and these results
are still valid even without a follow-up scan of HCs. Moreover, the age
of all participants in this study was less than 40 years (age range 16–40
years). According to a previous study of brain volume development in
healthy adults, the WMV follows a nonlinear inverted “U-shaped” re-
lationship with age, slightly increasing during early adulthood and then
reaching a peak in the fourth decade (Giorgio et al., 2010). In our re-
sults, however, patients exhibited an opposite trajectory than healthy
adults during the same period. Finally, although we had the advantage
of using first-episode treatment-naïve patients at baseline to avoid the
effects of medications and chronicity, the possible confounding effect of

Table 3
Results of ROI-wise repeated-measure ANCOVA.

Volume Effects F P Power f

PLIC_L WMV Group 7.03 0.014* 0.934 0.531
Time 0.29 0.597 0.092 0.105
Interaction 4.65 0.041* 0.685 0.432

PLIC_R WMV Group 4.31 0.047* 0.619 0.400
Time 0.35 0.560 0.099 0.115
Interaction 5.57 0.026* 0.728 0.454

Tonsil WMV Group 5.88 0.022* 0.734 0.457
Time 1.37 0.252 0.241 0.222
Interaction 1.25 0.274 0.224 0.212

Culmen GMV Group 10.64 0.003* 0.936 0.616
Time 0.44 0.513 0.107 0.123
Interaction 0.05 0.829 0.057 0.045

ACC_L GMV Group 0.49 0.488 0.115 0.132
Time 0.02 0.884 0.054 0.032
Interaction 0.29 0.597 0.088 0.101

AIC_L GMV Group 3.34 0.078 0.495 0.344
Time 0.313 0.581 0.092 0.105
Interaction 1.31 0.263 0.233 0.217

AIC_R GMV Group 0.00 0.999 0.050 0.010
Time 0.52 0.476 0.119 0.135
Interaction 0.03 0.860 0.054 0.032

HIPP_L GMV Group 0.80 0.380 0.160 0.180
Time 0.19 0.666 0.076 0.084
Interaction 0.97 0.333 0.186 0.188

HIPP_R GMV Group 0.00 0.967 0.050 0.010
Time 0.00 0.987 0.050 0.010
Interaction 2.35 0.137 0.372 0.289

MCG_L GMV Group 1.72 0.201 0.289 0.248
Time 1.11 0.301 0.050 0.010
Interaction 2.15 0.153 0.203 0.199

MCG_R GMV Group 0.01 0.943 0.050 0.010
Time 0.93 0.343 0.177 0.182
Interaction 0.97 0.758 0.061 0.055

MFG_L1 GMV Group 4.10 0.053 0.582 0.383
Time 1.12 0.299 0.203 0.199
Interaction 1.01 0.324 0.190 0.190

MFG_L2 GMV Group 0.03 0.855 0.054 0.032
Time 0.15 0.704 0.069 0.071
Interaction 0.01 0.933 0.050 0.010

THA_L GMV Group 0.07 0.801 0.057 0.045
Time 2.52 0.124 0.394 0.299
Interaction 4.36 0.046* 0.608 0.395

⁎ P < 0.05; f, the effect size value; Group, the group main effect; Time, the
time main effect; Interaction, the group by time interaction effect. Abbreviations:
L, left; R, right; PLIC, posterior limb of the internal capsule; Tonsil, cerebellum tonsil;
Culmen, cerebellum culmen; ACC, anterior cingulate cortex; AIC, anterior insula
cortex; HIPP, hippocampa gyrus; MCG, middle cingulate gyrus; MFG, medial frontal
gyrus; THA, Thalamus.
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medications remains after 12 months of treatment with various anti-
psychotics and other medications (e.g. antidepressants). We were un-
able to subgroup patients according to the class of antipsychotics due to
the small sample size.

4.2. Conclusions

Compared with NDS, patients with DS appear to have excessive
brain volume atrophy before illness onset in the PLIC and cerebellum,
and these structural deficits were associated with negative symptoms at
illness onset. Moreover, in contrast to the significant progressive vo-
lume reduction shown in patients with NDS, patients with DS exhibited
moderate GMV reduction and no WMV reduction during the first year
of illness. This double dissociation is intriguing because it is consistent
with the hypothesis that has been mentioned by many researchers,
including Kraepelin: that is, the existence of a subgroup of schizo-
phrenia patients who have significant structural and functional brain
abnormalities (and thus poor premorbid and cognitive function) before
the onset of illness, who show nonprogressive brain changes during the
illness course (DeQuardo et al., 1994). Also, it fits the previous findings
of worse cognitive and premorbid function in first-episode patients with
DS than those with NDS (Galderisi and Maj, 2009; Kirkpatrick and
Galderisi, 2008). In summary, our study revealed double dissociations
in developmental brain volume changes in the first year after clinical
contact for psychosis in DS versus NDS patients, suggesting that deficit
syndrome could significantly modulate the trajectory of brain changes
during the illness course of schizophrenia.
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