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Introduction

The microdeletion of the band 11.2 in the chro-
mosome 22 is the most common among rare Copy 
Number Variations (CNVs) in humans, determining 
the 22q11.2 Deletion Syndrome (22q11.2DS) which 
is expressed in 1:4000 live birth1. 22q11.2DS has a 
100% of penetrance but the phenotipic expression 

is highly protean with all clinical features stemming 
from neural crest cells during embryo develop-
ment2: facial dysmorphias, cardiovascular congeni-
tal abnormalities, palatal defects, thymus hypopla-
sia with primary immunodeficiency, ipoparathy-
roidism are involved3. Individuals with 22q11.2DS 
present motor delay, learning disabilities and lan-
guage difficulties4. Mathematical reasoning5 and vi-
suo-spatial abilities6 appear often impaired and def-
icits in sustained attention, executive functions and 
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Summary. Background. The 22q11.2 Deletion 
Syndrome (22q11.2DS) is considered the most re-
liable biological model to study genetic vulnerabili-
ty to schizophrenia. It appears useful to investiga-
te neuroanatomical characteristics of people with 
22q11.2DS compared to chronic schizophrenia and 
healthy controls. Methods. The sample consisted 
of 16 individuals with a diagnosis of schizophrenia 
for over 10 years (SCZ>10), 14 with a diagnosis 
for less than 10 years (SCZ≤10), 11 patients with 
22q11.2DS with no diagnosis of psychotic disor-
der (DEL, n=11) and 19 healthy controls (HCs, 
n=19). Global intelligence (IQ) was evaluated for 
all subjects. Voxel-Based Morphometry (VBM) 
was employed to investigate potential differen-
ces between groups in grey matter volumes. Re-
sults. VBM located the most significant differen-
ce between SCZ and HCs in the left medial frontal 
gyrus, where SCZ>10 group showed a significant 
reduction of grey matter volume; the same cluster 
resulted significantly decreased in DEL group com-
pared to HCs as well. Despite the extensive grey 
matter abnormalities observed in 22q11.2DS, the 
DEL group showed the only significant differences 
compared to the SCZ>10 group in the right lingual 
gyrus volumes. Conclusions.  Despite the small 
sample, our study identified a common area of 
grey matter loss both in idiopathic schizophrenia 
and 22q11.2DS. 

Key words. 22q11.2 deletion syndrome, high-risk, psy-
chosis, VBM, velocardio-facial syndrome, vulnerability. 

Alterazioni della materia grigia in comune tra la 22q 
11.2DS e la schizofrenia cronica: uno studio di morfo-
metria voxel-based.

Riassunto. Introduzione. La sindrome da delezione del 
cromosoma 22q11.2 (22q11.2DS) è considerata il model-
lo biologico più affidabile per lo studio della vulnerabilità 
genetica alla schizofrenia. Pertanto, risulta utile una com-
parazione tra le caratteristiche neuroanatomiche di indi-
vidui con 22q11.2DS, pazienti con schizofrenia cronica e 
controlli sani. Metodi. Il campione reclutato consisteva in 
16 individui con diagnosi di schizofrenia da più di 10 anni 
(SCZ>10), 14 con una diagnosi di schizofrenia da meno di 
10 anni (SCZ≤10), 11 pazienti affetti da 22q11.2DS senza 
diagnosi di disturbo psicotico (DEL, n=11) e 19 controlli sani 
(HCs, n=19). Per ogni soggetto reclutato è stato calcolato il 
quoziente intellettivo (QI). È stata effettuata un’indagine di 
morfometria voxel-based (VBM) al fine di investigare even-
tuali differenze tra i gruppi riguardo alla materia grigia. Ri-
sultati. Le indagini con la VBM hanno individuato a livello 
del giro frontale mediale la differenza più significativa tra il 
gruppo SCZ e il gruppo HCs; in particolare il gruppo SCZ>10 
ha mostrato una significativa riduzione del volume della 
materia grigia. Il medesimo cluster è risultato significativa-
mente ridotto nel gruppo DEL in confronto ai controlli sani. 
Nonostante il rilevante grado di anomalie della materia gri-
gia riscontrato nella 22q11.2DS, il gruppo DEL ha mostrato 
delle differenze significative in confronto al gruppo SCZ>10 
unicamente in relazione ai volumi del giro linguale destro. 
Conclusioni. Nonostante il ridotto numero campionario, il 
presente studio ha identificato una comune area di riduzio-
ne della materia grigia tanto nei soggetti con 22q11.2DS 
quanto in coloro con schizofrenia idiopatica.

Parole chiave. Alto-rischio, psicosi, sindrome da de-
lezione del cromosoma 22q11.2, sindrome velo-cardio 
facciale, VBM, vulnerabilità.
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working memory7 have been reported. A borderline 
intellectual disability (IQ from 70 to 84) has been 
described8. Social difficulties, impulsiveness and 
shyness characterize 22q11.2 microdeletion carri-
ers’ temperament9. 22q11.2DS represents the most 
reliable biological model to study genetic vulner-
ability to schizophrenia: indeed, the microdeletion 
of the band 11.2 in the chromosome 22 gives a 25% 
increased risk of developing a psychotic disorder10. 
More recently, the prevalence of schizophrenia 
spectrum disorders in 22q11DS has been attested 
ranging from 23% to 43% depending on studies11,12; 
the International Consortium on Brain and Behav-
iour in 22q11.2 Deletion Syndrome13 demonstrated 
in a sample of 1402 individuals with 22q11.2DS12 a 
41% prevalence of schizophrenia in subjects with 
age ≤ 25 years, confirming that 22q11.2 microde-
letion is the most robust known genetic risk factor 
for schizophrenia. Of note, psychotic manifesta-
tions in 22q11.2DS do not significantly differ from 
idiopathic schizophrenia, in regard of positive and 
negative symptoms, neurocognitive profile, age of 
onset and global functioning10,14,15. The opportunity 
of such a biological model might be helpful to deep-
en the neurobiological underpinnings of psychotic 
disorders and to describe their prodromal phases 
as well. It has been observed that genes in the 11.2 
band of chromosome 22 are involved in neurode-
velopment and their aplodeficiency seems to cause 
an abnormal brain maturation likely influencing 
the behavioural, neurocognitive and psychopatho-
logical phenotype of the syndrome16,17: these genes’ 
polymorphisms could contribute more widely to 
determine vulnerability to schizophrenia in general 
population.

Numerous studies and meta-analyses had repeat-
edly acknowledged diffuse grey matter abnormalities 
in schizophrenia, affecting the insula, the anterior 
cingulate cortex, some medial temporal structures 
like the amygdala and the para-hippocampal gy-
rus, the thalamus, the superior temporal gyrus and 
the inferior frontal gyrus18-20. In recent years, Voxel-
Based Morphometry (VBM)21, an automated whole 
brain method for structural imaging analysis, has 
been extensively employed to discover loci of abnor-
mal grey matter volume in schizophrenia, avoiding 
the potentially biased Region of Interest methodol-
ogy. A systematic review of 48 VBM based studies22 
found volume reductions in brains of patients with 
schizophrenia compared to healthy controls con-
cerning the following cortical regions: the insula, the 
inferior frontal gyrus, the thalamus and the anterior 
cingulate cortex; these alterations may represent bio-
logical endophenotypes of schizophrenia appearing 
associated to its prodromal phases23. As revealed by 
a meta-analysis24 enrolling 458 subjects at high ge-
netic risk for schizophrenia and 206 subjects at first 

episode of psychosis, the genetic predisposition to 
psychosis appeared associated with a significant vol-
ume reduction of the anterior cingulate gyrus, while 
the onset of a full-blown psychosis with a reduction 
of the cerebellum and the superior temporal gyrus. A 
meta-analysis of VBM based studies found a progres-
sive reduction in volumes of frontal areas according 
to the illness progression25, as observed comparing 
at-risk individuals, first episode subjects and chronic 
patients with schizophrenia. Longitudinal studies26 
have distinguished neuroimaging findings based on 
the type of risk for psychosis: they revealed volume 
reductions in the para-hippocampal region regard-
ing people with a clinical Attenuated Psychotic Syn-
drome (APS), in the right cerebellum and in the infe-
rior temporal gyrus for individuals with a genetic load 
for psychosis. Interestingly, genetic polymorphisms 
associated to vulnerability to schizophrenia seem to 
impact on both grey and white matter volumes, likely 
influencing an accelerated neuron loss during the 
lifetime23,27. The Duration of Illness (DoI) showed an 
inverse correlation with the volume of prefrontal28-30 
and temporal30,31 regions, suggesting that symptoms’ 
expression modulates progressive brain structural 
changes in schizophrenia.

Neuroimaging abnormalities in 22q11.2DS have 
been investigated as well and a meta-analysis32 of 
22 structural MRI based studies reported in this syn-
drome a global brain volume reduction comparing 
626 patients with the syndrome to 576 healthy con-
trols: in particular a decrease of grey matter volumes 
in frontal, parietal, temporal and occipital lobes and a 
diminished integrity of temporal and occipital white 
matter. Moreover, the cerebellum and the corpus cal-
losum volumes appeared reduced in 22q11.2DS and 
a rostro-caudal gradient in children was observed: 
frontal regions where the most reduced, followed 
by temporal, cerebellar and occipital regions at last. 
These findings, consistently to evidence about idio-
pathic schizophrenia, would confirm the hypothesis 
of an early abnormal neurodevelopment27. Evidence 
is accumulating that neuroanatomical regions typi-
cally affected in idiopathic schizophrenia are in-
volved in psychotic patients with 22q11.2DS too, as 
observed for the reduced volume of the temporal 
lobe32; furtherly, lower frontal and medial temporal 
volumes were associated with a higher risk of de-
veloping psychosis in adolescents with 22q11.2DS33 
while a bilateral volume decrement in temporal 
lobe was confirmed to correlate with psychosis in 
22q11.2DS34. Bearing this evidence in mind, it ap-
pears useful to investigate neuroanatomical differ-
ences between subjects with idiopathic schizophre-
nia and people at genetic risk for psychosis as indi-
viduals with 22q11.2DS, considering that such stud-
ies are still lacking.
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Objectives

The present study was aimed at investigating po-
tential grey matter abnormalities in individuals with 
22q11.2DS. The second aim of the study was to ascer-
tain whether potential neuroanatomical abnormali-
ties in 22q11.2DS were like the ones ascertained in 
idiopathic schizophrenia: a Voxel-Based Morphome-
try was employed to test the hypothesis that individu-
als with 22q11.2DS without psychosis show reduced 
volumes of grey matter in specific brain regions simi-
larly to idiopathic schizophrenia and differing from 
healthy controls. 

Methods

Subjects

The sample consisted of 30 patients with a di-
agnosis of schizophrenia without 22q11.2DS (SCZ, 
N=30), 11 patients with 22q11.2DS with no diagno-
sis of psychotic disorder (DEL, N=11) and 19 healthy 
controls with typical development (HCs, N=19); 
apart from the latter who joined the study by word 
of mouth, all participants have been consecutively 
enrolled from the Psychotic Disorders Outpatient 
Clinic of the Department of Human Neurosciences 
of the Hospital Policlinico Umberto I, in Rome. For 
statistical analysis, the SCZ group was furtherly di-
vided in two separated groups depending on the av-
erage DoI: 16 individuals with a diagnosis of schizo-
phrenia for over 10 years (SCZ>10) and 14 with a di-
agnosis for less than 10 years (SCZ≤10). Individuals 
of SCZ and HC groups took part in a previous study 
that demonstrated how specific volume reduction 
in medial frontal cortex observed in SCZ group de-
pended on illness duration35. Patient eligibility and 
diagnosis of psychotic disorder were based on the 
Structured Clinical Interview for DSM-IV Axis I Dis-
orders/Patient Edition (SCID-I /P), with the aim to 
investigate the presence of other previous or current 
psychiatric symptomatology that would meet crite-
ria for a DSM-5 diagnosis. Genetic diagnosis was as-
certained through Fluorescent In Situ Hybridization 
(FISH). The study adopted the Principles of Human 
Rights, as issued by the World Medical Association 
at the 18th WMA General Assembly, Helsinki, Fin-
land, June 1964 and subsequently amended by the 
64th WMA General Assembly, Fortaleza, Brazil, in 
October 2013. The research protocol has been re-
viewed and approved by the Ethics Committee of 
the Umberto I University Hospital, Rome, Italy. All 
data were anonymized, and all subjects signed a 
written informed consent. 

Clinical and Cognitive assessment

General intelligence was assessed in all subjects 
through IQ measurement by the Wechsler Adult In-
telligence Scale36 (WAIS). For all SCZ patients, symp-
tomatology and global functioning were assessed re-
spectively with the Positive And Negative Syndrome 
Scale37 (PANSS) and the Global Assessment of Func-
tioning38 (GAF). The number of hospitalizations dur-
ing the history of illness and the dosage of antipsy-
chotic treatment (Chlorpromazine Equivalents) at 
the present date were collected as well. 

Image acquisition

All recruited subjects underwent brain imaging 
using a Siemens Verio 3T MRI scanner at the Poli-
clinico Umberto I in Rome (Italy). T1 structural im-
ages encompassing the whole brain were collected 
from all subjects using the following parameters: rep-
etition time= 2300 ms; echo time= 298 ms; inversion 
time= 900 ms; flip angle= 91; slice thickness= 1 mm; 
voxel size= 1 x 1 x 1; number of slices= 298. 

Image analysis 

Data were available for the entire sample. Group-
related differences in grey matter volume (GMV) were 
examined using Voxel-Based Morphometry (VBM), 
as implemented in SPM8 software (http://www.fil.
ion.ucl.ac.uk/spm) running under MATLAB 8.1 (The 
MathWorks, Inc, Natick, MA). Firstly, T1-weighted 
volumetric images were pre-processed using the dif-
feomorphic anatomical registration through expo-
nentiated lie algebra (DARTEL)39 SPM8 toolbox. This 
approach involves a study-specific template and the 
segmentation of each individual image according to 
this model to maximize accuracy and sensitivity40. 
VBM pre-processing involved: 1) checking for scan-
ner artefacts and gross anatomical abnormalities 
for each subject; 2) setting the images’ origin to the 
anterior commissure; 3) using the DARTEL toolbox 
to produce a high dimensional normalization proto-
col40; 4) checking for homogeneity across the sample; 
5) using standard smoothing (i.e., 8 mm). A “modu-
lation step” was also included in the normalization 
to preserve the information about the absolute grey 
matter values21,41. After this pre-processing step, 
smoothed, modulated, and normalized data were 
obtained, then they have been used for the statistical 
analysis. Total grey and white volume was calculated 
for all subjects. An Analysis of Variance (ANOVA) was 
performed in SPM8 to compare the four groups in a 
whole brain analysis, with gender and age entered as 
nuisance covariates. Statistical inferences were made 
at p<0.05 after family-wise error (FWE) correction for 
multiple comparisons. If no results were observed 
for p<0.05 FWE, a p value of p<0.001 uncorrected 
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was considered. A k=5 threshold was employed, so 
that only clusters with more than 5 voxels were con-
served. Plot function from SPM8 was employed to 
extract Volume of Interest (VOI) from a single coor-
dinate (VOI, r=8).

Statistical analysis

Descriptive statistics were implemented for socio-
demographical variables and IQ. Group differences 
have been examined by ANOVA or t-test for contin-
uous variables, and through χ2-test for categorical 
variables. Post-hoc were corrected for multiple com-
parisons with Bonferroni. Statistical analyses were 
run on IBM SPSS20 on Windows©. 

Results

Socio-demographical and clinical 
differences between groups

Sample characteristics are illustrated in table 1.
Recruited groups did not show significant differ-

ences in gender composition. A significant difference 
between groups was observed for mean age: post-hoc 
analysis showed that SCZ>10 group was significantly 

older compared to any other group (p<0.001). HCs 
group showed a higher IQ compared to the clinical 
groups (p<0.001). On the contrary, post-hoc analysis 
did not show significant differences in average IQ be-
tween the SCZ<10, SCZ>10 and DEL groups. The DEL 
group showed a higher global functioning compared to 
SCZ>10 group (p=0.005), but any significant difference 
compared to SCZ<10 group was observed. Regarding 
the SCZ group, DoI did not show significant influenc-
es on global functioning (GAF) or symptoms’ severity 
(PANSS). The two SCZ groups did not significantly differ 
neither regarding the number of hospitalizations dur-
ing their illness history, nor the dosage of antipsychotic 
treatment at the moment of the study assessment.

Voxel-Based Morphometry results

No significant differences were observed in total 
grey matter or total white matter volumes between 
recruited groups (table 2), which is why we did not 
insert total GM and total WM as covariates in the sta-
tistical analysis.

At a whole brain level, the ANOVA analysis showed 
significant differences between the four recruited groups 
in the following grey matter regions: the left medial fron-
tal gyrus (19 voxels: MNI coordinates x=-11, y=32, z=34; 

Table 1. Descriptive statistics and ANOVA results for clinical and socio-demographical characteristics.

HC
(n=19)

SCZ≤10
(n=14)

SCZ>10
(n=16)

DEL
(n=11)

Test statistic

Categorical variable 

N % N % N % χ2 p

Gender

Males 6 31.6 6 42.9 9 56.2 9 81.8 7.569 0.056

Females 13 68.4 7 57.1 7 43.8 2 18.2

Continue variables

Mean SD Mean SD Mean SD Mean SD F p

Age 29.7 9.1 29.4 8.5 43.1 7.4 24.9 8.0 13.039 <0.001*

PANSS

Positive 7 0 15.9 5.5 15.3 6.0 8.4 2.0 18.972 <0.001*

Negative 7 0 22.2 7.2 24.4 9.3 9.7 2.4 33.786 <0.001*

General 18.3 1.9 39.4 9.7 40.1 8.9 27.5 4.7 38.146 <0.001*

Total 32.3 2.0 77.5 19.9 79.8 20.0 45.7 8.0 42.538 <0.001*

GAF 91.1 2.1 54.6 14.9 50.7 13.2 65.8 10.7 48.309 <0.001*

IQ Tot 113.0 11.1 94.4 23.5 86.6 15.0 91.6 11.7 9.243 <0.001*

t p

Illness duration 4.9 3.5 17.2 5.1 -8.197 <0.001*

CPZ Eq 302.7 167.9 369 243.3 -0.922 0.363

Admissions 1.5 1.9 1.7 2 -0.247 0.807
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F=15.90, p=0.003 FWE), the right lingual gyrus (69 voxels; 
MNI coordinates x=12, y=-82, z=-12; F=14.15, p=0.011 
FWE), the left culmen of the cerebellum (10 voxels; MNI 
coordinates x=-14, y=-37, z=-14; F=12.73, p=0.029 FWE), 
the left cuneus (7 voxels; MNI coordinates x=-5, y=-76, 
z=4; F=12.32, p=0.029 FWE) (figure 1). 

However, the ANOVA results are poorly indica-
tive about the direction of the between groups differ-
ences. Indeed, we implemented twelve contrasts in 
which each group was subsequently compared with 
the others. Clusters of voxels resulted from each con-
trast in which the group being compared showed an 
excess of gray matter compared with the other group. 
Results from each contrast (MNI coordinates and sta-
tistical test) are reported in table 3.

HCs versus SCZ<10

No voxels were significant for p<0.05 FWE. Ac-
cording to a less conservative threshold (p≤0.001 
uncorrected), HCs group showed higher grey matter 
volumes in the right superior temporal gyrus, in the 
left middle occipital gyrus and in the left inferior oc-
cipital gyrus (table 3).

HCs versus SCZ>10

The SCZ>10 group showed diminished vol-
umes in left medial frontal gyrus compared to HCs 
(p=0.017 FWE, see figure 2). According to a less 
conservative threshold (p≤0.001), HCs showed big-
ger volumes compared to clinical groups in other 
significant clusters: left insula; right middle frontal 
gyrus; left para hippocampal gyrus; left superior 
temporal gyrus; right paracentral lobule (table 3). 

HCs versus DEL

The HCs group showed grey matter volumes sig-
nificantly higher than DEL group in posterior cere-
bral regions, as cerebellum and occipital lobes, and 
in frontal regions as well, particularly in the left me-
dial frontal gyrus: these clusters resulted significant 
even for HCs versus SCZ>10 contrast. The following 
resulted significant clusters for p<0.05 FWE (table 3): 
•  a cluster of 2104 voxels, comprising the right lin-

gual gyrus and the right and left cuneus;
• the right cerebellum pyramid;
•  a cluster of 896 voxels, comprising the left lingual 

gyrus, the left fusiform gyrus and the left cerebel-
lum declive;

• the left medial frontal gyrus;
• the left cerebellum uvula;
• the right cerebellum inferior semilunar lobule;
• the right precuneus.

SCZ<10 versus HCs

No cluster showed significant differences for this 
contrast.

SCZ<10 versus SCZ>10

No significant differences between the two SCZ 
groups were found for p<0.05 FWE. When a p≤0.001 
uncorrected threshold was considered, SCZ<10 
group showed bigger grey matter volumes in a clus-
ter of 746 voxels, including the left insula and the left 
postcentral gyrus, and in the right para-hippocampal 
gyrus (table 3).

SCZ<10 versus DEL

The DEL group showed reduced grey matter vol-
umes compared to the SCZ<10 group involving the 

Table 2. Descriptive statistics and ANOVA results for total grey matter volumes (GM) and total white matter volumes (WM).

HC (n=19) SCZ<10 (n=14) SCZ>10 (n=16) DEL (n=11) F p

Mean SD Mean SD Mean SD Mean SD

GM 680 63 684 71 665 96 654 68 0.444 0.723

WM 490 56 495 44 495 78 470 47 0.499 0.684

Figure 1. Statistical parametric map showing significant differences 
in grey matter volumes among the four groups. For illustrative pur-
poses the map shows results for p<0.001, uncorrected for multiple 
comparisons. Only significant clusters for p<0.05 corrected for FWE 
are represented in the text. As seen in the image, the groups differ in 
large clusters at the level of the occipital lobe and cerebellum, as well 
as at the level of the medial frontal lobe.
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Figure 2. Statistical parametric maps showing the results of HC vs DEL and HC vs SCZ>10 SPM contrast. Both contrasts resulted significant for a 
reduction in the grey matter volume of the left medial frontal gyrus (grey circle in figure).

right precuneus, the left culmen, the left fusiform 
gyrus, the right culmen, the right cerebellum declive, 
the right lingual gyrus, the left cerebellum declive, the 
left cuneus and the left cerebellum uvula (table 3).

SCZ>10 versus HCs and SCZ>10 versus SCZ<10

No cluster showed grey matter volumes signifi-
cantly greater in SCZ>10 group compared to HCs and 
SCZ<10 groups.

SCZ>10 versus DEL

The DEL group showed a significant reduction of 
grey matter volumes compared to SCZ>10 group in 
regard of a cluster localized in the right lingual gyrus 
(table 3).

DEL versus HCs; DEL versus SCZ>10; DEL versus 
SCZ>10

No cluster showed grey matter volumes signifi-
cantly greater in DEL group compared to HCs and 
SCZ groups. 

According to Voxel-Based Morphometry analysis, 
patients with SCZ>10 showed the most significant 
reductions of grey matter volumes in the left medial 
frontal gyrus, compared to HCs (p=0.017 FWE). The 
same cluster, i.e. the same MNI peak coordinates, 
resulted significantly decreased in DEL group com-
pared to HCs as well (p=0.006 FWE) (figure 2). Vol-
umes of Interests (VOI, r=8mm) were extracted for 

all subjects from the peak coordinates of this cluster. 
Figure 3 shows results from the ANOVA compar-
ing VOI between groups. A trend was observed for 
SCZ<10 group that did not reach a statistical sig-
nificance. The DEL group showed wide areas of grey 
matter depletion in occipital lobes (involving the bi-
lateral cuneus, the lingual and the fusiform gyri), in 
cerebellum (involving the pyramid, the uvula and the 
declive) and in parietal lobes (involving the right pre-
cuneus), compared to both HCs and SCZ<10 groups. 
On the contrary, few areas, namely the right lingual 
gyrus, were found to show significant grey matter re-
ductions in DEL group compared to SCZ>10 group 
(figure 4).

Discussion

The present study investigates volume abnormali-
ties of grey matter in individuals with 22q11.2DS wi-
thout psychotic disorders compared to subjects with 
a diagnosis of idiopathic schizophrenia and healthy 
controls, through a whole-brain comparison which 
employed Voxel-Based Morphometry technique. In 
particular, the DEL group appeared to have signifi-
cant reductions of grey matter compared to healthy 
controls, namely in occipital and parietal lobes and 
in the cerebellum. Similar findings were observed 
when comparing the DEL group with the SCZ groups, 
likely suggesting they are not directly associated 
with full-blown schizophrenia. Interestingly, in DEL 
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group a significant grey matter depletion in the left 
medial frontal gyrus was observed compared to 
both HCs and SCZ>10 groups (respectively p=0.006 
FWE, p=0.017 FWE) (figure 2); our findings were in 

line with previous evidence of volume abnormalities 
in the prefrontal structure, as the left medial frontal 
gyrus, representing neural correlates of an increased 
vulnerability to psychosis27,42; indeed, functional al-

Table 3. Details of the loci resulted with a significant reduction in grey matter volume from each SPM contrast.

HCs versus SCZ<10 MNI Coordinates K Test statistics

R superior temporal gyrus x=42, y=-46, z=-15 192 voxels T=4.4, p<0.001 unc

L middle occipital gyrus x=-42, y=-84, z=-1 6 voxels T=3.34, p<0.001 unc

L inferior occipital gyrus x=-41, y=-70, z=-5 5 voxels T=3.33, p<0.001 unc

HCs versus SCZ>10

L medial frontal gyrus x=-11, y=32, z=34 6 voxels T=5.2, p<0.017 FWE

L insula x=-44, y=-15, z=19 389 voxels T=4.52, p<0.001 unc

R middle frontal gyrus x=42, y=42, z=33 104 voxels T=3.65, p<0.001 unc

L parahyppocampal gyrus x=-15, y=-34, z=-0 57 voxels T=3.59, p<0.001 unc

L superior temporal gyrus x=-56, y=-15, z=-3 7 voxels T=3.38, p<0.001 unc

R paracentral lobule x=9, y=-39, z=60 27 voxels T=3.36, p<0.001 unc

HCs versus DEL

R lingual gyrus x=12, y=-82, z=-12 2104 voxels T=6.47, p<0.001 FWE

R cuneus x=6, y=-75, z=-9 T=6.28, p<0.001 FWE

L cuneus x=-3, y=-78, z=4 T=6.05, p<0.001 FWE

R cerebellum pyramid x=16, y=-63, z=-29 208 voxels T=6.05, p<0.003 FWE

L lingual gyrus x=-12, y=-81, z=-14 896 voxels T=5.68, p<0.004 FWE

L fusiform gyrus x=-20, y=-70, z=-15 T=5.48, p<0.007 FWE

L cerebellum declive x=-23, y=-66, z=-26 T=5.46, p<0.008 FWE

L medial frontal gyrus x=-11, y=30, z=-34 20 voxels T=5.52, p<0.006 FWE

L cerebellum uvula x=-2, y=-67, z=-39 61 voxels T=5.16, p<0.02 FWE

R cerebellum inferior  
semilunar lobule

x=21, y=-73, z=-53 215 voxels T=5.12, p<0.022 FWE

R precuneus x=7, y=-63, z=36 11 voxels T=5.01, p<0.031 FWE

SCZ<10 versus SCZ>10

L insula x=-47, y=-15, z=18 746 voxels T=4.59, p<0.001 unc

L postcentral gyrus x=-57, y=-19, z=16 T=4.02, p<0.001 unc

R para-hippocampal gyrus x=27, y=2, z=-20 82 voxels T=3.46, p<0.001 unc

SCZ<10 versus DEL

R precuneus x=16, y=-81, z=47 55 voxels T=6.35, p<0.001 FWE

L culmen x=-14, y=-37, z=-14 207 voxels T=6.18, p<0.001 FWE

L fusiform gyrus x=-20, y=-70, z=-14 96 voxels T=5.33, p<0.011 FWE

R culmen x=10, y=-40, z=-11 45 voxels T=4.73, p<0.013 FWE

R cerebellum declive x=15, y=-64, z=-27 34 voxels T=4.67, p<0.017 FWE

R lingual gyrus x=10, y=-82, z=-11 78 voxels T=4.65, p<0.018 FWE

L cerebellum declive x=-33, y=-64, z=-30 87 voxels T=4.53, p<0.029 FWE

L cuneus x=-8, y=-87, z=1 8 voxels T=4.94, p<0.037 FWE

L cerebellum uvula x=-2, y=-64, z=-39 8 voxels T=4.93, p<0.038 FWE
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terations of the left medial frontal gyrus appeared to 
be correlated with social cognition impairments in 
22q11.2DS43,44, which in turn have been associated 
with the vulnerability to psychosis. On the other side, 
as previously mentioned, functional abnormalities 
in the left medial frontal gyrus have been associa-
ted with schizophrenia and with the duration of the 
illness (DOI)35.  The volume of the same regions ap-
peared reduced at a trend level in the SCZ<10 group 
compared to HCs as well (figure 3). Despite the exten-
sive grey matter abnormalities found in patients with 
22q11.2DS, this group differed only in regard of the 
right lingual gyrus volume when compared to indivi-
duals with chronic schizophrenia (figure 4). It has be-
en suggested that this neuroanatomical region plays 
an important role in language identification and re-

cognition, and in visual-spatial processing as well. 
Previous studies have reported deficits in these do-
mains in people with 22q11.2DS45-47, which is in line 
with our results. To note, considering that the recrui-
ted clinical groups did not show significant differen-
ces in IQ scores, it may be suggested that the above-
mentioned findings are not secondary to intellectual 
disability in subjects with 22q11.2DS. Given the SCZ 
groups did not differ in regard of symptoms’ severity 
and dosage of antipsychotic treatment at the moment 
of study assessment, other factors likely interfering 
with observed findings should be suggested, like DoI 
or the cumulative dose of antipsychotics. Evidence is 
accumulating that the 22q11.2 microdeletion affects 
carriers’ physiological neurodevelopment leading to 
neurocognitive impairments time before the psycho-
tic symptoms’ onset; with great caution we may spe-
culate that this genetic condition would differ from 
idiopathic schizophrenia in regard to which other 
environmental factors would significantly participate 
to the clinical phenotype, even without the evidence 
of a neuroanatomical correlate.

Previous VBM based studies found that the volu-
me reduction of the prefrontal grey matter in schi-
zophrenia correlated with the duration of illness, as 
observed by comparing patients at first episode of 
psychosis with others with both brief and long hi-
story of illness28. Moreover, the progression of brain 
structural alterations in schizophrenia has been as-
sociated to the course of the illness, comparing at risk 
individuals with both first episode cases and chronic 
patients: it has been proposed that the progressive 
grey matter reductions would develop on pre-exi-
sting neuroanatomical abnormalities which in their 
turn likely had influenced the vulnerability to schizo-
phrenia. Possibly, with the evolution of the psychotic 

Figure 3. SPM plot showing the mean VOI extracted from the left 
medial frontal gyrus (MNI peak coordinates: x=-11, y=32, z=34) from 
each subject. P values represent ANOVA post hoc test results.

Figure 4. Statistical parametric maps depicting how reduction in grey matter volume are more severe in DEL group when compared to HC or 
SCZ<10 group. Abnormalities are instead less important when 22q11.2DS subjects are compared to schizophrenic patients with a long illness 
duration.
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disorder a volume loss in prefrontal and thalamic re-
gions seems to be added to the ones in the anterior 
cingulate cortex and in the right insula, which have 
been reported in individuals at high risk for psycho-
sis25. Longitudinal48 and meta-analytical49 studies 
suggested a key role of antipsychotic treatments in 
influencing grey matter volumes, according to their 
typical or atypical pharmacodynamic mechanisms: 
it has been argued that a combination of physio-
pathological mechanisms and antipsychotics effects 
would have an impact on progressive brain changes 
in schizophrenia. Given the cross-sectional design of 
the present study, longitudinal studies are required 
to control the effect of cumulative antipsychotics do-
sage. 

Overall, our findings appear in line with previous 
evidence about reductions in grey matter volumes 
in schizophrenia, involving the superior temporal 
gyrus, the insula, the medial frontal cortex and the 
para-hippocampal gyrus18,22,50. 

Neuroanatomical abnormalities in 22q11.2DS 
were observed as well33, although to date the only 
meta-analysis exploring grey matter features in 
this syndrome was implemented on ROI (Region 
Of Interest) based studies, mainly on paediatric 
samples32. Data on structural brain imaging show 
that the 22q11.2DS is associated with a whole brain 
volume reduction, both of grey and white matter: 
namely the prefrontal cortex and the hippocam-
pus are particularly involved while the corpus 
callosum shows higher volumes of white matter 
than controls. A rostro-caudal pattern has been 
observed for the above-mentioned brain volume 
loss in the syndrome, which appears more severe 
in adults compared to children, with a progressive 
course “frontal > temporal > cerebellar > occipital”: 
it has been hypothesized that brain volume reduc-
tion in the 22q11.2DS would reflect the expression 
of abnormal developmental trajectories starting 
from early ages. The correlation between genetic 
vulnerability to schizophrenia and brain volume 
loss has been explored in 22q11.2DS, namely in a 
VBM study that described a significant impact of 
COMT polymorphisms on volumes of different 
brain areas as the frontal lobes, the cerebellum 
and the para-hippocampal gyrus51; indeed, diffe-
rently from previous ROI based studies, a whole 
brain investigation as the one provided by VBM 
methodology has allowed to evidence a role of 
COMT polymorphisms in modulating volumes of 
different brain regions, probably affecting several 
neurotransmitters systems crucial for the neurode-
velopment. Interestingly, the above-described loss 
of brain volumes resulted not only associated with 
COMT low activity but also with a higher predispo-
sition to psychosis onset in 22q11.2DS subjects52. 
Takahashi and colleagues found that in the syn-

drome a progressive detriment in superior tem-
poral gyrus volumes was associated with a higher 
risk of psychosis onset, as previously evidenced 
for volume loss of frontal lobes53. These findings 
were confirmed by a Voxel-Based Morphometry 
study conducted in a sample of individuals with 
22q11.2DS which reported the association betwe-
en the diagnosis of schizophrenia and a bilateral 
reduction of grey matter volumes in the superior 
temporal gyrus34.

Our findings seem to suggest that in 22q11.2DS 
a genetic vulnerability to schizophrenia may be so-
mehow associated to grey matter volumes depletion, 
as previously evidenced for the dorsolateral prefron-
tal cortex, the superior temporal gyrus and the supe-
rior parietal lobule26,54. Moreover, we may hypothesi-
ze that specific neurobiological alterations observed 
in a sample at high genetic risk for psychosis as indi-
viduals with 22q11.2DS would represent a homoge-
nous risk factor for the onset of a psychotic disorder: 
indeed the brain structural abnormalities highlighted 
in people with 22q11.2DS appear like those resulted 
in brains of patients with chronic schizophrenia, sug-
gesting a particular biological vulnerability associa-
ted to impairments of these regions. 

Bearing these considerations, in 22q11.2DS the 
genetic predisposition to schizophrenia appears en-
hanced to the extent that other environmental factors 
influencing the symptoms onset seem to play a minor 
role. Indeed, in idiopathic schizophrenia which has a 
multifactorial nature, its neurobiological risk factors 
seem to have a lower impact, likely being modulated 
by plastic modifications. Therefore, in patients with 
chronic schizophrenia the cumulative impact ari-
sing from a long course full-blown psychosis seems 
to particularly contribute to neuroanatomical detri-
ment.

Limitations

The present study has several pitfalls as the low 
size of the sample. This drawback obliges us to cau-
tiously interpret the volume differences between 
groups and the significance of the neural correlates 
that we have observed. However, enrolling adult 
patients with 22q11.2DS is particularly difficult 
due to the rarity of the syndrome and to the high 
risk of diagnosis underestimation. Another limit of 
the study is the lack of a comparison with a sample 
of patients with 22q11.2DS and psychosis or with 
attenuated psychotic symptoms. Another concern 
involved the distinction of people with schizophre-
nia according to the average amount of years of ill-
ness duration: such methodological approach was 
based on a previous study on the same sample35, 
which demonstrated a correlation between frontal 
lobes abnormalities and duration of illness. The 
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potential bias that the SCZ group appeared hete-
rogeneous for other confounding variables cannot 
being ruled out. Finally, our analysis did not inve-
stigate white matter integrity and correlations with 
genetic polymorphisms, for which future studies 
are required. 

Conclusions

The present study showed broad areas of grey mat-
ter volume reduction in individuals with 22q11.2DS, 
namely at the level of occipital lobes and cerebellum. 
However, few significant differences were observed 
between people with 22q11.2DS without psychosis 
and patients with chronic schizophrenia in regard of 
grey matter detriment. A common area with reduced 
volume involving the left medial frontal gyrus was 
observed in both recruited clinical groups compa-
red to healthy controls. Therefore, it can be suggested 
that this neuroanatomical area might be related to 
the neurobiological vulnerability to schizophrenia. 
Longitudinal studies on larger samples are needed to 
shed light on such an interesting hypothesis.
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