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Studies of schizophrenia at drug-naive state and on antipsychotic medication have reported a number of regions of gray-
matter (GM) abnormalities but the reports have been inconsistent. The aim of this study was to conduct multimodal
meta-analysis to compare the cross-sectional voxel-based morphometry studies of brain GM in antipsychotic-naive
first-episode schizophrenia (AN-FES) and those with antipsychotic treatment within 1 year (AT-FES) to determine the
similarities and differences in these groups. We conducted two separate meta-analyses containing 24 studies with a sam-
ple size of 801 patients and 957 healthy controls. A multimodal meta-analysis method was used to compare the findings
between AN-FES and AT-FES. Meta-regression analyses were done to determine the influence of different variables in-
cluding age, duration of illness, and positive and negative symptom scores. Finally, jack-knife analyses were done to test
the robustness of the results. AN-FES and AT-FES showed common patterns of GM abnormalities in frontal (gyrus rec-
tus), superior temporal, left hippocampal and insular cortex. GM in the left supramarginal gyrus and left middle tem-
poral gyrus were found to be increased in AN-FES but decreased in AT-FES, whereas left median cingulate/
paracingulate gyri and right hippocampus GM was decreased in AN-FES but increased in AT-FES. Findings suggest
that both AN-FES and AT-FES share frontal, temporal and insular regions as common anatomical regions to be affected
indicating these to be the primary regions of GM abnormalities in both groups.
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Introduction

Schizophrenia is complex clinical syndrome with ab-
normalities of thinking, emotion, behavior and social
functioning. Neuroimaging studies have shown gray
matter (GM) abnormalities involving almost all brain
regions with evidence suggesting that these changes
are due to progressive changes affecting both brain
anatomy and function (Vita et al. 2012; Anticevic
et al. 2015; Zhang et al. 2015) as well as acute effects
of antipsychotic treatments (Chakos et al. 1994;
Keshavan et al. 1998; Kubicki et al. 2002; Dazzan et al.
2005; Girgis et al. 2006; Kasparek et al. 2007;
Crespo-Facorro et al. 2008; Chua et al. 2009; Deng
et al. 2009; Lui et al. 2010; Lei et al. 2015; Zhang et al.
2015). While many studies showed neuroanatomical

alterations, results of imaging studies in treated and
untreated first-episode cases have been inconsistent.
A longitudinal study of first-episode schizophrenia
(FES) (n = 813 patients) by Vita et al. (2012) found pro-
gressive loss of cerebral GM volume especially in front-
al, temporal and parietal lobes and left Heschl gyrus
over 3 years. Another study by Andreasen et al.
(2011) (n = 202) reported significant decreases in mul-
tiple GM (total cerebral, frontal, thalamus) and white-
matter regions (total cerebral, frontal, temporal, par-
ietal) over 15 years, and a corresponding increase in
cerebrospinal fluid (lateral ventricles and frontal, tem-
poral and parietal sulci), suggesting a neuroprogres-
sive component in schizophrenia. However, evidence
from the meta-analysis of longitudinal studies of
schizophrenia may be affected by the fact that most
reported longitudinal studies are those with positive
results rather than negative results, which therefore
increases the likelihood of false-positive rates.
Furthermore, the observed changes in longitudinal
studies could be the effect of illness duration and treat-
ment. Additionally, there is a high probability that
such studies can suffer from cohort effects, for
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example, sometimes the environment to which a given
cohort is exposed in the latter part of the growth cycle
may differ substantially from that which obtained
when the sample was taken first (Labarre, 1993).

As several studies have now examined brain anat-
omy in first-episode patients and in recently treated
first-episode patients, a meta-analysis of these findings
may provide a broader characterization of brain ana-
tomic alterations early in the course of schizophrenia.
Haijma et al. (2013) and van Erp et al. (2014) presented
meta-analysis on brain volume measurements using
harmonized methods comparing patients with controls
providing important clues regarding effect size esti-
mates for sub cortical and intracranial brain volume
differences between individuals with schizophrenia
and healthy controls. Interestingly, neither of these
studies used whole brain analysis or directly compared
the drug-naive state and with effects seen during the
early course of the treatment. Therefore, lack of direct
comparison between different stages of schizophrenia,
i.e. at drug-naive state (AN-FES) and during the early
course of antipsychotic treatment (AT-FES), offers us
an opportunity to conduct an analysis of cross-sectional
studies and determine the areas of GM abnormalities
which might represent as the primary anomaly and
also to determine whether these anomalies are stable
in both groups, as confounding effects such as chronicity
and long term medication can be minimized (Joyal et al.
2003; Spinks et al. 2005; Upadhyaya et al. 2007).

Thus, using an anisotropic effect-size-based algor-
ithm-signed differential mapping (AE-SDM) method
as the primary tool, we conducted two separate
meta-analyses (one with drug-naive subjects and the
other with early course of illness patients on anti-
psychotic medication) to identify the predominant
GM alterations in these groups, and then we compared
the findings of two meta-analyses to identify common
and distinct regions of GM abnormalities.

Method and materials

Search strategy

Literature search was carried out using PubMed,
Medline (http://www.ncbi.nlm.nih.gov/pubmed) and
Schizophrenia Research databases (http://www.jour
nals.elsevier.com/schizophrenia-research) to identify
FES studies using a voxel-based morphometry (VBM)
method and comparison of GM (whole brain) between
FES and healthy controls between the years 2001 and
2015. Earlier development of VBM-type approaches
and data unavailability were the reasons for including
the studies after 2000. Key words such as ‘first episode
schizophrenia’ crossed with ‘neuroleptics’, ‘anti-
psychotic agents’, ‘antipsychotics’ AND ‘antipsychotic

naive’ OR ‘drug naive’ AND ‘grey matter’ OR ‘gray
matter’ OR ‘GM’ AND ‘voxel based morphometry’
OR ‘morphometric’ OR ‘VBM’ AND ‘magnetic reson-
ance imaging or MRI’ were used. We evaluated all
the articles with full texts and screened references for
each article to identify other qualified articles as well.
All the studies obtained were from peer-reviewed jour-
nals and were written in the English language.

Inclusion criteria

We included papers only if they met the following cri-
teria: (a) research findings reported in an original
paper; (b) study used voxel-wise whole-brain analysis
[excluding papers using region of interest (ROI) ana-
lysis]; and (c) coordinates of GM differences were
reported in standard stereotactic space; (d) diagnosis
was established according to the Diagnostic and
Statistical Manual of Mental Disorders or International
Classification of Diseases criteria. For studies containing
multiple independent patient samples, group coordi-
nates were treated as separate studies (i.e. same sample
were recorded for the different time points). In cases
where coordinates were not reported in published
papers, corresponding authors were contacted for
details. Abstracts from professional meetings and case
studies were not included. First-episode patients were
defined here as patients who had confirmed diagnosis
of schizophrenia spectrum illness including schizophre-
niform or brief psychotic disorder. In addition, average
duration of illness was no longer than 10 months in both
groups. The AN-FES group was comprised of patients
who received no antipsychotic treatment before their
scan and the AT-FES group was defined as patients re-
ceiving antipsychotic treatment for an average duration
of 3 months with maximum treatment for 282 days and
minimum of 7 days. VBM methods were required to
provide methodological consistency and whole-brain
analysis (Wright et al. 1995), testing for group differ-
ences on a voxel-by-voxel basis (Salgado-Pineda et al.
2003). Additionally, we only included data from the lar-
gest sample in instances where the same or similar sam-
ples were used in different papers. We followed
PRISMA guidelines (Fujiwara et al. 2007) as a quality
control procedure for the selection of the articles as in
previous studies (Bora et al. 2011; Radua et al. 2012b).

Recorded variables in the database

The following data were extracted from the selected
studies: sample size, gender (percentage), mean age,
duration of illness (months), Positive and Negative
Syndrome scale (PANSS-P, PANSS-N), software pack-
age, MRI acquisition, diagnostic criteria, smoothing
kernel and year of publication (Supplementary Tables
S1 and S2).
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Meta-analytical method and statistical analysis

First, we conducted separate meta-analyses consisting
of AN-FES and AT-FES. We used ES-SDM (version
4.21, http://www.sdmproject.com) as our fundamental
meta-analytical software, which is a statistical tech-
nique that has been used previously for meta-analysis
of group differences in brain activity or structure (Zhao
et al. 2014). Then, we adopted ‘Multimodal meta-
analysis method’ to make a distinct comparison of
structural changes between AN-FES and AT-FES.
Given that, the theory of multimodal analysis used in
the software is based on coordinates of group differ-
ences in each meta-analysis (Radua et al. 2012b), we
examined regions based on location of significant
peak effects from studies showing alterations in one
or both of the above studies. In short, SDM’s criterion
is to select reported peak coordinates thereby prevent-
ing biases resulting from methods using liberal thresh-
olds and ROI methods in neuroimaging studies by
ensuring only regions with statistical significance at
the global brain level are considered in the meta-
analysis. Its principal advantage is that the re-created
maps are signed (i.e. they account for both positive
and negative differences between patients and con-
trols), thus avoiding the bias towards those brain
regions with more inter-study heterogeneity. The
method has been applied previously in psychiatric
studies (Radua et al. 2014; Lesh et al. 2015), and meth-
odological details are available elsewhere (Radua &
Mataix-Cols, 2009).

Meta-regression and covariate analyses were used to
look for potential confounding variables (Radua et al.
2012b). We examined potential effects of age, sex, dur-
ation of illness, PANSS-P and PANSS-N by means of
simple regression. In order to minimize the detection
of spurious relationships we decreased the probability
threshold to 0.0005, required abnormalities to be
detected both in the slope and in one of the extreme
of regressor and discarded findings in the regions
other than those detected in the main analysis
(Radua & Mataix-Cols, 2009). We also inspected the re-
gression plots to discard effects driven by too few stud-
ies (Radua et al. 2012a). Additionally, we combined the
cohorts (from AN-FES and AT-FES) in the regression
analyses to examine the effects of age, duration of ill-
ness and symptom ratings. The between-studies het-
erogeneity of individual clusters (mean of the brain
regions reported from the original papers) was exam-
ined using a random-effect model with Q statistics
(χ2 distribution converted to z values and tested with
a permutation approach (p < 0.005, peak height z = 1,
cluster extent = 10 voxels) and examined the possibility
of publication bias for brain regions showing conjoint
alteration of GM using Egger’s test (Shepherd et al.

2012). Furthermore, we conducted subgroup analysis
of those studies using 1.5-T scanners, studies with
slice thickness 41.5 mm, and studies using SPM
(Supplementary Tables S7 and S8). In addition, to as-
sess the robustness of results, we conducted jack-knife
analyses (Radua et al. 2011). In addition, we also con-
ducted a sub-analysis in order to avoid the influence
the double counting of control groups (short duration
of psychosis v. controls and long duration of psychosis
v. controls) (Guo et al. 2013).

Results

Systematic search results

Theselectionprocedure is illustrated inPRISMAflowchart
(Fig. 1). Twenty-four original studies (Supplementary
Tables S1 and S2) that met the inclusion criteria and were
publishedbetween2002 andFebruary 2015were analyzed
and included in the final database. It should be noted that
three papers from Guo et al. (2013, 2014, 2015) were
included in this study as theywere taken from three differ-
ent institutions. The net sample consisted of 801 patients
and 957 controls, out ofwhich 13 studieswith 14 combina-
tions (total number of patients 449, mean age 25.16 years;
total number of controls 473, mean age 25.32 years) from
antipsychotic-naive studies and 11 studies (total number
of patients 352, mean age 22.24 years; total number of con-
trols 484, mean age 23.20 years) from studies of patients
who were being treated with antipsychotics.

Meta-analysis results

On comparison with the healthy controls, meta-analysis
of AN-FES studies showed a GM increase in (1) left in-
ferior parietal gyri and (2) left paracentral lobule and a
decrease in (1) bilateral insula, (2) right superior frontal
gyrus and (3) left fusiform gyrus (Supplementary
Table S3 and Fig. S1). By contrast, AT-FES, compared
to healthy controls, showed increased GM in (1) right
middle occipital gyrus, and (2) right superior frontal
gyrus and decreased GM in (1) left anterior cingulate/
paracingulate gyri, (2) left middle temporal gyrus, (3)
right post-central gyrus, and (4) left inferior temporal
gyrus (Supplementary Table S4 and Fig. S2). Jack-knife
sensitivity analysis suggested that all the results were
highly reliable (Supplementary Tables S5 and S6).

Multimodal analysis results

Comparison between AN-FES and AT-FES, left super-
ior temporal gyrus, right anterior cingulate/paracingu-
late gyrus, right insula, right gyrus rectus and left
hippocampus showed decrease GM in both studies.
Left paracentral lobule was the only structure to
show GM increase in both groups. GM in the left
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supramarginal gyrus and left middle temporal gyrus
was increased in AN- FES but decreased in AT-FES.
Comparisons also showed decreased GM in left me-
dian cingulate and paracingulate gyri and right hippo-
campus in AN-FES but this was increased in AT-FES
(Table 1 and Fig. 2).

Meta-regression analysis results

The following variables (age, duration of illness, male
patients, PANSS-P and PANSS-N) were explored by re-
gression analysis. Meta-regression of GM in AT-FES

showed left anterior cingulate gyrus was negatively cor-
related with age (Fig. 3). No significant association was
found between GM changes and duration of illness,
male patients, PANSS-P or PANSS-N. Furthermore,
meta-regression of combined cohorts showed no associ-
ation between GM changes and duration of illness, age
or symptom ratings.

Subgroup analysis results

For subgroup meta-analyses of the studies with AN-FES
applying slice thickness 41.5 mm (n = 10) and using

Fig. 1. PRISMA guidelines showing the selection process of the articles.
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Table 1. Results of multimodal analysis of AN-FES and AT-FES

Description MNI coordinate Cluster breakdown Voxels SDM-Z p

(a) Gray-matter (GM) decrease in
both AN-FES and AT-FES
Left superior temporal gyrus −44, −8, −8 Left superior temporal gyrus, BA 21, 22, 38, 41, 42, 48 [1191] 5915 6.914 ∼0

Left insula, BA 38, 45, 47, 48 [847]
Left Rolandic operculum, BA 6, 22, 41, 42, 48 [656]
Left temporal pole, superior temporal gyrus, BA 21, 28, 34, 36, 38, 48 [428]
Left middle temporal gyrus, BA 20, 21, 22, 48 [283]
Left post-central gyrus, BA 4, 6, 22, 42, 43, 48 [306]
Left inferior frontal gyrus, opercular part, BA 6, 44, 48 [282]
Left Heschl gyrus, BA 22, 48 [186]
Left inferior frontal gyrus, orbital part, BA 38, 47 [154]
Left inferior frontal gyrus, triangular part, BA 45, 47, 48 [108]
Left precentral gyrus, BA 4, 6, 43, 48 [85]
Left supramarginal gyrus, BA 42, 48 [63]
Left lenticular nucleus, putamen, BA 48 [45]
Left parahippocampal gyrus, BA 28, 36 [34]
Left inferior temporal gyrus BA 20 [15]

Right anterior cingulate/
paracingulate gyri, BA 10

4, 44, 8 Left anterior cingulate/paracingulate gyri, BA 10, 11, 24, 25, 32 [900] 3518 3.958 ∼0

Right anterior cingulate/paracingulate gyri, BA 11, 24, 25, 32 [637]
Left superior frontal gyrus, medial, BA 9, 24, 32 [372]
Right median cingulate/paracingulate gyri, BA 9, 23, 24, 32 [290]
Right superior frontal gyrus, medial orbital, BA 10, 11 [259]
Right superior frontal gyrus, medial, BA 9, 10, 32 [183]
Left median cingulate/paracingulate gyri, BA 23, 24, 32 [228]
Left superior frontal gyrus, medial orbital, BA 10, 11 [133]
Left olfactory cortex, BA 11, 25 [28]

Right insula, BA 48 38, −4, 10 Right superior temporal gyrus, BA 21, 38, 42, 48 [439] 2868 3.225 ∼0
Right Rolandic operculum, BA 6, 22, 42, 48 [553]
Right insula, BA 38, 47, 48 [418]
Right inferior frontal gyrus, triangular part, BA 45, 47, 48 [277]
Right inferior frontal gyrus, opercular part, BA 6, 38, 44, 45, 48 [162]
Right middle temporal gyrus, BA 20, 21, 22 [118]
Right Heschl gyrus, BA 48 [137]
Right temporal pole, middle temporal gyrus, BA 21, 38 [174]

Right gyrus rectus, BA 11 6, −50, −28 Right gyrus rectus BA 11 [15] 63 1.946 ∼0
Left hippocampus, BA 20 −26, −16, −22 Left hippocampus, BA 20, 35 [34] 70 1.991 ∼0
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Table 1 (cont.)

Description MNI coordinate Cluster breakdown Voxels SDM-Z p

(b) GM increase in AN-FES but
decreased in AT-FES
Left supramarginal gyrus, BA 48 −58, −26, 28 Left supramarginal gyrus, BA 2, 48 [31] 40 2.081 ∼0
Left middle temporal gyrus, BA 21 −52, −46, 6 Left middle temporal gyrus, BA 21, 22 [28] 28 2.067 ∼0
(c) GM decrease in AN-FES but
increased in AT-FES
Left median cingulate/
paracingulate gyri, BA 23

−2, −48, 34 Left precuneus BA 23 [76] 124 1.284 0.000000119

Right hippocampus, BA 20 34, −28, −6 Right hippocampus, BA 20, 37 [14] 25 1.857 ∼0
(d) GM increase in both AN-FES
and AT-FES
Left paracentral lobule, BA 6 −12, −14, 66 Left paracentral lobule, BA 4, 6 [506] 1792 3.227 ∼0

Left precentral gyrus, BA 6 [426]
Left supplementary motor area, BA 4, 6 [240]
Left superior frontal gyrus, dorsolateral, BA 6 [96]
Right supplementary motor area, BA 4, 6 [94]
Right paracentral lobule, BA 4 [70]
Left post-central gyrus, BA 3, 4, 6 [39]

AN-FES, Antipsychotic-naive first-episode schizophrenia; AT-FES, antipsychotic treatment within 1 year; MNI, Montreal Neurological Institute; SDM, signed differential mapping;
BA, Brodmann area.
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SPM software (n = 11), the results remained largely un-
changed (Supplementary Table S7A–C). Similarly,
meta-analysis of studies with AT-FES remained largely
unchanged as well (Supplementary Table S8A–C). In
addition, the sub-analysis results after excluding the
controls each time from Guo et al. (2013) remained large-
ly the same (Supplementary Table S10A, B).

Results for heterogeneity and publication bias

Analysis of heterogeneity revealed that number of
regions with altered GM in AN-FES (left fusiform
gyrus, left insula and right insula), and in AT-FES
(right superior temporal gyrus, left middle frontal
gyrus, right inferior frontal gyrus, left precentral

Fig. 2. Figure showing a direct comparison of studies between antipsychotic-naive first-episode schizophrenia (AN-FES) and
antipsychotic treatment within 1 year (AT-FES). Red represents areas with decreased GM in both groups including right
anterior cingulate/paracingulate gyrus, right insula, left superior temporal gyrus and left hippocampus. Blue represents
increased gray matter (GM) in both groups, which includes left paracentral lobule. Green represents areas with increased GM
in AN-FES but decreased in AT-FES and includes left supramarginal gyrus and left middle temporal gyrus. Violet represents
areas with decreased GM in AN-FES but increased in AT-FES and includes right lingual gyrus, right hippocampus, left
percuneus and left cerebellum.

Fig. 3. Regression analysis (left anterior cingulate). Scatter plot displaying within-group relationships between gray matter
and age in first-episode schizophrenic patients on antipsychotic medication in the anterior cingulate gyrus (BA 24; Montreal
Neurological Institute coordinates: −2, 30, and 30). The patient group exhibited a significant negative correlation (R2 = 0.3532)
between gray matter and age.
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gyrus, left middle temporal gyrus) had significant
statistical heterogeneity among studies (p < 0.005,
Supplementary Table S9A, B). For the studies with
antipsychotic-naive subjects, analysis of publication
bias showed a non-significant Egger test for left insula
(p = 0.078), left fusiform gyrus (0.467), but significant
heterogeneity for left inferior parietal gyrus (p = 0.02),
left paracentral lobule (p = 0.001), right insula (p =
0.048), right superior frontal gyrus (p = 0.008).
Moreover, studies with antipsychotic-medicated sub-
jects showed non-significant Egger tests for right infer-
ior occipital gyrus (p = 0.278), right middle temporal
gyrus (p = 0.053), right superior frontal gyrus (p =
0.334), but significant heterogeneity for left anterior cin-
gulate/paracingulate gyri (p = 0.006), right post-central
gyrus (p = 0.024) and left inferior temporal gyrus (p =
0.009) in the regional homogeneity meta-analysis.

Discussion

In this meta-analysis we investigated the cross-
sectional GM changes in FES determining the abnor-
mal GM areas that are true for both the drug-naive
state as well as for patients with antipsychotic medica-
tion (within 1 year). A systematic literature search
yielded a large database of 24 studies consisting of
both FES patients at drug-naive state as well as medi-
cated subjects.

First, separate analysis was conducted between
drug-naive patients with controls and medicated
patients with controls, respectively. We then applied
multimodal approach by combining the studies thus
replicating the structural similarities and differences
of GM between these studies. Substantial findings of
this analysis are that both (AN-FES and AT-FES) high-
lighted similar patterns of GM abnormality. Especially,
GM in the right anterior cingulate/paracingulate gyrus,
left superior temporal gyrus, left hippocampus, right
gyrus rectus and right insula was observed to be
reduced in both groups (Table 1 and Fig. 2). Both
groups also showed larger GM in the paracentral lob-
ule (Table 1). Regression analysis showed that increase
in age was associated with decrease in GM in the left
anterior cingulate gyrus (Fig. 3).

GM abnormalities in frontal, temporal, and insular
lobes are most consistently documented and have al-
ready been demonstrated by significant number of
studies (Ellison-Wright et al. 2008; Olabi et al. 2011;
Radua et al. 2012a; Vita et al. 2012), and are specific
to schizophrenia (Honea et al. 2005; Kuroki et al.
2006). Frontal lobe structures, especially anterior cingu-
late/paracingulate, which is an integral part of the lim-
bic system are commonly reported in functional
studies of schizophrenia and are thought to be
involved in many specific functions such as error

detection, task anticipation as well as attention
(Weissman et al. 2005) and have also been demon-
strated by ROI studies (Suzuki et al. 2002; Yamasue
et al. 2004). In fact, Costain and colleagues in their
study of familial schizophrenia found significant GM
reductions in the anterior cingulate gyrus on both
affected individuals and their unaffected first-degree
relatives compared to their unaffected second-degree
relatives suggesting these changes are primarily due
to genetic risk and not illness type (Costain et al.
2010). Superior temporal gyrus and hippocampus
play an important role in cognition and cognitive im-
pairment in schizophrenia, which is associated with
loss of superior temporal gyrus and hippocampus
volumes (Bechara et al. 1995; Szeszko et al. 2002;
Antonova et al. 2005). Apart from individual differ-
ences, these structures together may also represent
part of fronto-temporal dysconnectivity, which is
thought to be the basis of the disorder (Fletcher et al.
1999). Insula, a paralimbic structure is considered as
a gateway between somatosensory cortex and limbic
structures (Duggal et al. 2005) and reduction of
GM in this region has been reported in previous
FES study as well (Ellison-Wright et al. 2008).
Additionally, this decrease in GM has been also asso-
ciated with reduced salience network connectivity dur-
ing information processing, suggesting disturbance to
the system which effects changes between contextually
relevant functional brain states (White et al. 2010).

Possible reasons of identifying a common pattern of
GM abnormality in fronto-temporal and insular
regions must be due to the fact that these abnormal-
ities, which are present even prior to the onset of dis-
ease, might not be responsible for the GM alteration
in the early course treatment with antipsychotics
(Weinberger, 1997). In fact, Gur et al. (2000) in their
cross-sectional study with schizophrenia subjects (n =
29 antipsychotic-naive and n = 41 previously treated),
compared with healthy controls concluded that GM re-
duction in the prefrontal cortex showed that the
changes observed in their study was not the byproduct
of antipsychotics. Another possible reason for identify-
ing this common pattern is that antipsychotics are like-
ly to act on the functions (Lui et al. 2010) rather than
structural architecture (Leung et al. 2011) with short
duration of treatment in FES. In fact, our previous
study (Lui et al. 2009) with AN-FES patients (n = 68)
found no association between structural and functional
changes in FES patients, thus, indicating that the GM
changes involved in fronto-temporal and insular
regions which are consistent in FES are not likely to
be state- related changes.

Furthermore, we also noted that such GM abnormal-
ities were not correlated with duration of illness or
PANSS scores. This is consistent with our previous
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studies showing that the GM deficits in schizophrenia
are stable at early course of illness (Xiao et al. 2015;
Zhang et al. 2015), but may be progressive in the
later course of illness (Zhang et al. 2015). However,
we noted that meta-regression of GM in AT-FES
showed left anterior cingulate gyrus to be inversely
correlated with age (R2 = 0.3532, Fig. 3). This may be
due to the fact that the anterior cingulate gyrus
might be vulnerable with increasing age (Bose et al.
2009) and that normal aging is associated with changes
in GM and in cerebral vasculatures especially in anter-
ior cingulate regions (Martin et al. 1991; Meltzer et al.
2000; Resnick et al. 2003; Grieve et al. 2005).

However, progressive changes of GM have been also
observed in longitudinal studies (Andreasen et al. 2011;
Vita et al. 2012). In particular, Vita et al. (2012) in their
meta-analysis (n = 813) demonstrated a significant pat-
tern of progressive loss of whole cerebral GM volume
involving the frontal, temporal and parietal lobes indi-
cating an underlying pathological process to be more
active during the early stages of the disease, which is
moderated by type of pharmacological treatment
received. However, factors such as duration of illness,
age, severity of illness should also be taken into consid-
eration (Tanskanen et al. 2010). Moreover, disruptions
of neurodevelopment or neural plasticity might also
be one of the causes for the progressive brain deficits
in schizophrenia (Ho et al. 2003). Owing to the fact
that our study was deprived of these confounding fac-
tors, it therefore assumes that the changes observed are
true to both AN-FES and AT-FES groups.

It should also be noted that, besides the common
pattern of GM alterations before and after treatment,
we also observed small regions with different changes
of GM between AN-FES and AT-FES. Right hippocam-
pus and left median cingulate/paracingulate gyri, that
were decreased in naive patients were found to be
increased in medicated patients. This small change
might be due to the neuroprotective effect of antipsy-
chotics especially second-generation antipsychotics ei-
ther by stimulating neurogenesis (Halim et al. 2004)
or increasing the expression of neurotrophic factors
(Angelucci et al. 2005) or interacting with N-methyl-D-
aspartate glutamate receptors (Millan, 2005). Indeed,
68% of the patients included in this study were receiv-
ing second-generation antipsychotics and 10% were re-
ceiving typical antipsychotics. However, regression
analysis (to evaluate the effect of antipsychotic dose)
did not yield any association between GM abnormality
and antipsychotic dose. GM in the supramarginal
gyrus and left middle temporal gyrus were increased
in AN-FES but decreased in AT-FES. This minor reduc-
tion of GM after treatment may be attributed to a direct
neurotoxic effect secondary to oxidative stress and/or
excitotoxic phenomena (Vita et al. 2015). Apart from

the reasons above, these differences may also be due
to the different samples between AN-FES and
AT-FES among others.

Several limitations should be noted in this study.
First, the emphasis of this study was to see the regions
that were similar in both groups rather than to see the
effect of antipsychotics. However, we acknowledge
that the influence of antipsychotics could not be
ruled out. Then, considering the high prevalence of
substance abuse in the first phase of schizophrenia
and despite most of the studies reported to be drug
free, it could, however, not be confirmed individually,
which might again influence the results of the present
study. Moreover, our voxel-wise meta-analysis is
based on the coordinates from published studies in-
stead of using raw statistical brain maps, which limits
its accuracy (Lui et al. 2010). Additionally, because of
limited available data we could not access the effects
of intelligence quotient (IQ). Although, four of the
studies from AN-FES (Chua et al. 2007; Prasad et al.
2007; Witthaus et al. 2009; Nenadic et al. 2015) reported
IQ, none of them noted how this influenced the
findings. Among the AT-FES group (Kubicki et al.
2002; Whitford et al. 2006; Douaud et al. 2007;
Yoshihara et al. 2008), only Yoshihara et al. (2008)
reported a minimal effect of IQ with respect to the re-
gional brain changes. Moreover, although we did not
detect any influence on GM due to patient population
via regression analysis, the possibility of systematic
difference between AN-FES and AT-FES could not be
totally discarded. However, upon comparison, no sign-
ificant difference in proportion of the scanner and ana-
lysis methods (i.e. VBM 2/5/8, Dartel) were observed.
Similarly, subgroup analysis revealed that in studies
applying a slice thickness 41.5 mm, only studies
using SPM software and studies using the 1.5 T MRI
system remained largely unchanged. Finally, it should
also be noted that although we tried to obtain the
T-Maps which could have assisted in increasing the ac-
curacy of the analysis, we were unable to do so as we
did not receive any response from the authors.

Conclusion

Our study reveals that GM abnormalities in frontal,
temporal and insular regions are the fundamental
regions of pathological GM changes in FES. This com-
mon pattern of GM changes in FES patients with and
without antipsychotics suggests the anatomical deficits
involved in most of the fronto-temporal and limbic
regions are likely to be the core regions of GM abnor-
malities at the early course of illness and can be
assumed as biomarkers for FES subjects. Further stud-
ies with larger numbers of subjects would provide cru-
cial information in understanding the changes within
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the core regions of GM abnormalities, which may help
in understanding the disease pathology and in devel-
oping newer approaches in the assessment of schizo-
phrenia in the future.
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