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SUMMARY 
Background: Brain maturation is considered completed around the age of 25, when prefrontal cortex maturation has been 

achieved. The aim of our study was to investigate the alterations of grey matter (GM) in patients with the onset of schizophrenia 

before and after the completion of brain maturation. 

Subjects and methods: The study group included 100 schizophrenia patients, while the control group comprised 50 healthy 

individuals. Brain magnetic resonance imaging was acquired on a 1.5 T scanner. Voxel-based morphometry (VBM) analyses were 

performed between groups.  

Results: GM of the schizophrenic patients is reduced in many regions (p<0.005 FDR corrected). Most widespread reduction is 

detected in frontal cortex and cerebellum, the other regions being limbic cortex, insula, cuneus, precuneus, superior temporal gyrus 

and motor cortex. The decrease of grey matter volume (GMV) increases with the increase in number of psychotic episodes and is 

more pronounced in the patients with earlier onset of the disease.  

Conclusions: The age of the onset of the disease is important for both total and relative loss of GMV. Earlier onset of 

schizophrenia, prior to full brain maturation results in significant reduction of GM in comparison with healthy subjects and patients 

with later, post full brain maturation onset of the disease. 

Key words: schizophrenia - brain maturation - voxel-based morphometry 

*  *  *  *  *  

INTRODUCTION 

Brain maturation is influenced by heredity and 

environment, and in adolescence, sex hormones have 

important role in myelination (Arain et al. 2013). In 

adolescence glutamatergic neurotransmission predomi-

nates, particularly in prefrontal cortex (Li & Xu 2008), 

where immature brain is highly vulnerable. Vulner-

ability is also significant in limbic system (Peper et al. 

2011). Neurotransmission and synaptic plasticity in 

adolescence can be influenced also by nutrition, sub-

stance abuse and neurochemical stressors that can be 

produced during diseases, particularly psychiatric 

diseases (Giedd 2004). Abnormal neurotransmission 

can trigger an excess in pruning of synaptic contacts in 

adolescence, which can lead to reduction in GM 

(Uhlhaas 2011, Gogtay et al. 2011), while the late 

manifestation of schizophrenia can be the consequence 

of excessive synaptic elimination during adolescence 

(Peter 1979). 

Leading theories regarding etiology of schizophre-

nia for several decades were neurodevelopmental and 

neurodegenerative hypothesis. Neurodevelopmental 

hypothesis includes prenatal, perinatal and/or peri-

adolescent brain damages that had occurred much 

before the onset of first symptom of the disease. The 

damages appear to be consequential to the combination 

of genetic and environmental agents, as well as neuro-

chemical alterations (Murray & Lewis 1987, Fatemi & 

Folsom 2009). There is a distinctive form of rare and 

extremely severe type of schizophrenia that occurs in 

early childhood. It has been a subject of extensive 

research. There are two distinctive entities  early 

childhood schizophrenia, and a variety of schizo-

phrenia with the onset during adolescence, prior to the 

age of 17. Both entities are characterized by various 

degrees of motor abnormalities, deteriorated social and 

intellectual capacities and speech impairment, as well 

as structural brain alterations  i.e. reduced GMV and 

white matter (WM) volume (Kinros et al. 2010, Honea 

et al. 2005). However, schizophrenia occurs most 

frequently in young adult age, by the time brain 

maturation is nearly or fully accomplished (Uhlhaas 

2011).  

A number of genes and proteins responsible for 

abnormal neural development, migration and synaptic 

plasticity, impaired development of certain brain struc-

tures and abnormal neurotransmission were identified. 
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Consequently, early onset schizophrenic patients often 

exhibit poor social functioning prior to the onset of the 

disease (Kinros et al. 2010, Addington et al. 2005). 

(Weinberger 

1987), since there is a number of studies that underline 

dynamic and progressive brain alteration in both early 

onset and chronic schizophrenic patients. Therefore, 

brain damages that occur in schizophrenia should not 

be linked exclusively to the prenatal or postnatal pe-

riod (Rapoport et al. 2012). Some of the genes invol-

ved in the development of schizophrenia show nume-

rous variations in activity and expression during deve-

lopmental stages and in different regions of the brain 

(Rapoport et al. 2012). Consequently, neurodevelop-

mental theory is not entirely adequate in explaining the 

complexity of the etiology of schizophrenia. 

The starting point for neurodegenerative theory of 

 that 

places the focus on chronic and progressive mental and 

physical deterioration that eventually becomes ire-

versible. In most patients the course of schizophrenia 

is progressive. Deterioration is linked to the number of 

relapses and the duration of positive symptoms of the 

disease (Wyatt 1991). Merely 14% of patients reach 

recovery within 5 years following the onset of the 

disease (Robinson et al. 2004). 

Some postmortem studies failed to demonstrate 

gliosis (Falkai et al. 1999), while others did show areas 

-

induced toxicity is thought to be responsible for 

neuronal apoptosis (Harrison 1999). The process is 

generally initiated in oligodendrocytes (Schnieder & 

Dwork 2011). Reduced formation of inhibitory 

synapses and excessive reduction of excitatory 

synapses during the disease is thought to be res-

ponsible for reduction of GM, primarily in frontal 

cortex. The result is excitatory-inhibitory imbalance 

in prefrontal cortex (Tuominenet al. 2005). Yet 

another mechanism that is considered to be causing 

neurodegeneration is abnormal synaptic activity that 

leads to depletion of neuropili (Pillet et al. 2016), 

reduced number of pyramid cells in thalamo-cortical 

and cortico-cortical pathways. The consequence is 

reduction of WM and ventricular enlargement, most 

likely due to the atrophy of axons, genetically caused 

myelin alterations or unrecognised infections. All 

those findings are more prominent in patients with 

more severe cognitive deterioration and are the indi-

cators of poor prognosis and unfavourable therapeutic 

response (Viallon et al. 2015). Chemical alterations of 

numerous neurotransmitters are also found in schizo-

phrenia, leading eventually to neurodegeneration 

(Empereur-Mot et al. 2015). Neurodegeneration of the 

brain has been demonstrated in a number of 

morphological, functional and longitudinal neuro-

imaging studies (Shenton et al. 2001, Keshavan et al. 

1998). 

There are several common points in the neurodeve-

lopmental and neurodegenerative theories giving rise 

to the integration concept. The theories were re-de-

fined and a common theory has been proposed  na-

mely progressive neurodevelopmental disorder (Gupta 

& Kulhara 2010). The supposition is the conception of 

the disease during prenatal development, its pro-

gression up to the threshold, followed by gradual 

reduction of brain volume  the overall result being 

cognitive and functional malfunction (Richard et al. 

2015, Moulin et al. 2016). 

Brain maturation is thought to be accomplished by 

the age of 25, when the maturation of prefrontal cortex 

is achieved (Casey et al. 2008). The aim of our study 

was to investigate GM alterations in patients having 

pre-full brain maturation onset (PFBMO) and after-full 

brain maturation onset (AFBMO) of the disease. 

 

SUBJECTS AND METHODS 

Subjects 

50 healthy volunteers (healthy control group - 

HCG) and 100 patients with schizophrenia were in-

cluded in the study. The patients were recruited from 

the hospitalized or outpatient cohort of the Psychiatric 

Clinic, Clinical Hospital Centre Rijeka. The diagnosis 

of schizophrenia was defined following the Interna-

tional Classification of the Diseases (ICD-10), 10th 

revision (MKB-10, 1994) and DSM-5 (Association, 

2013). Patients were divided in similar groups accor-

ding to the age of the onset of the disease: before age 

of 25 (PFBMO) and after age 26 (AFBMO), shown in 

Table 1.  

Control group was composed from the employees 

at Clinical Radiology Department, Psychiatric Clinic 

employees, their friends and relatives. None of them 

had any previous psychiatric symptoms and treat-

ments. Either patients or control group volunteers with 

brain injury or brain surgery, neurological diseases, 

permanent cardiac pace-maker carriers, metal object 

carriers and pregnant women were excluded from the 

study. 

The study registered the intensity of schizophrenia, 

as well as the intensity of distinct clusters of symptoms 

using Positive and Negative Syndrome Scale - PANSS 

(Kay 1987) and Clinical Global Impression  CGI (Bus-

ner & Targum 2007). The scales were administered by 

a psychiatrist licensed for the aforementioned scales. 

Brain imaging was performed at the Clinical Radio-

logy Department using 1.5 T MR scanner, MAGNETOM 

Avanto Siemens (made in Erlangen, Germany). The 

images were processed by a personal computer.  

The study was approved by Ethical Committee of 

the Clinical Hospital Centre Rijeka. Demographic and 

clinical features of the groups are shown in Table 1 

and 2. 
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Table 2. Total number and percentage of healthy and diseased subjects divided by quantitative variables for the onset of 

the disease  

Group  
Gender Hand 

M F R L Ambi 

AFBMO N 26 17 40 2 1 

% 60.47 39.53 93.02 4.65 2.33 

PFBMO N 36 21 52 5  

% 63.16 36.84 91.23 8.77  

HCG N 25 25 49 1  

% 50.00 50.00 98.00 2.00  

Total N 87 63 141 8 1 

M = Male;   F = Female;   R = Right;   L = Left;   Ambi = Ambidexter 

 

Table 3. Variance analysis table: GM volume in relation to the onset of the disease (PFBMO and AFBMO patients) 

(including interactions) with co-variables total volume and age 

 Degrees of freedom Sum of squares Average sum of squares F stat. p-value 

Model   5 589867.0699 117973.4140 49.56 <0.0001 

Error 94 223759.6801 2380.4221   

Correction total 99 813626.7500    

 

MRI acquisition and VBM analysis 

Brain imaging was acquired on a single 1.5 T 

Magnetom Avanto Siemens (Erlangen, Germany) using 

a 32-channel head coil and a tilted T1-weighted coronal 

3D magnetization prepared rapid acquisition gradient 

echo sequence (MPRAGE: TR 2400 ms; TE 3.61 ms; 

acquisitions). This sequence produces 160 contiguous 

images (slice thickness 1.2 mm), sagittal orientation.  

The whole-brain images pre-processing and data 

voxel-based morphometry (VBM) analysis was done 

with the CAT12 toolbox (http://www.neuro.uni-jena.de/ 

cat/) integrated in the SPM12 software package 

(https://www.fil.ion.ucl.ac.uk/spm/software/spm12/), run-

ning on MATLAB R2020 (https://www.mathworks.com/). 

It makes use of the DARTEL algorithm for high-reso-

lution spatial transformation processes and T1-weighted 

images were segmented into GM, WM and CSF. Total 

intracranial volume (TIV) for all the subjects was also 

calculated. The GM and WM segments of all subjects 

were normalized to create an average anatomical 

template. The modulated normalized nonlinear GM 

segments were smoothed by an 8-mm full-width at half-

maximum Gaussian kernel. 

The images were statistically analysed by general li-

near model implemented into SPM12. Groups and vari-

ables were defined. Variables comprised of age and TIV. 

Co-variance analysis (ANCOVA) was also used. For 

comparison of distinct groups of patients further co-vari-

ables used were the duration of disease and the number of 

p<0.05, plus FDR correction for multiple comparisons.  

The images of the results and the detection of 

coordinates for affected regions of GM in MNI space 

was performed using xjView 9.7 programme 

(https://www.alivelearn.net/xjview/).  

Statistical analysis 

-

tistical software (Cary, NC.). Descriptive statistics and 

data visualisation, as well as inferential statistics and 

modelling were employed, namely: multiple regression, 

variance analysis and co-variance analysis (SAS  pro-

cedures, reg). Within the selected models, the signifi-

cance of difference in median values (GMV) and the 

significance of distinctive factors of the model were 

tested. The results of distinctive effects tested within 

the model, the sums of square type III were used 

(Goodnight 1978, 1980). The level of significance 

 

To test the specific goals, i.e. the differences in 

average GMV between distinct categories of predictive 

variable, t test was used.  

 

RESULTS 

Distribution of GMV is shown graphically, clustered 

in categories of key variables in rectangle diagram 

(Figure 1). Table 3. shows the results of variance and 

co-variance analysis for GMV in correlation with the 

age of the onset of the disease (PFBMO and AFBMO), 

as well as in correlation with the number of psychotic 

episodes, including interactions and co-variable for the 

total volume and the age. This model is statistically 

significant (p<0.0001). 

The trend of increased GMV reduction in patients 

with higher number of psychotic episodes differs 

between PFBMO and AFBMO. The results are shown 

as the dispersion diagram in Figures 2.a and 2.b. Figures 

3.a and 3.b show the relative GMV. The differences in 

GMV between PFBMO and AFBMO subjects are 

shown, as well as statistically significant (p=0.0079) 

interaction of the number of episodes and the age of the  
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Figure 1. GMV for categories HCG, PFBMO and AFBMO 
 

 
Figure 2. GMV according to the number of episodes for categories PFBMO and AFBMO 
 

 
Figure 3. Relative GMV according to the number of episodes for categories PFBMO and AFBMO 
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onset of the disease (Figure 2.a, 2.b, 3.a, 3.b and table 

4). The greater the number of psychotic episodes, the 

greater is the reduction of GMV in both groups, but 

more so in PFBMO group. Also, greater number of 

psychotic episodes causes greater GMV reduction in 

PFBMO than in AFBMO group. In general, the GMV 

reduction caused by multiple psychotic episodes is 

much less pronounced in AFBMO group. 

 

Table 4. Significance of individual effects in the model 

(sum of type III squares): GMV in correlation to the 

onset of the disease (PFBMO and AFBMO) and number 

of episodes (with interactions) with co-variables TIV 

and age 

Variable p-value 

Disease onset 0.0838 

Number of episodes 0.0056 

Number of episodes* Disease onset 0.0079 

Age <0.0001 

TIV  <0.0001 

 

Since the age is a statistically significant factor in 

this model (p<0.0001), Figure 2.b also shows the impact 

of the age on GMV in PFBMO and in AFBMO groups 

of patients. Total GMV is another statistically signifi-

cant factor (p<0.0001). Figure 3.a shows relative GMV 

and the differences due to the onset of the disease and 

the age of the subjects (Figure 3.b). Further tests that 

target specific hypothesis (ANOVA model) on the 

differences in median GMV in correlation with the age 

of onset (early: prior to the age of 25, late: after the age 

of 26) and with the number of psychotic episodes: 1, 5, 

10 and 20, together with co-variables of total GMV and 

age, statistically significant differences in GMV were 

found between PFBMO and AFBMO with 10 and 20 

episodes, but in patients with lesser number of episodes 

(1 and 5) the differences were not statistically signifi-

cant (Table 5).  

 

Table 5. Specific hypothesis test (from ANOVA model) 

on the differences of average GM in relation to the 

onset of the disease (PFBMO and AFBMO) and the 

number of episodes 1, 5, 10 and 20, with co-variables 

TIV and age 

Number of 
episodes 

Group  
Average 

estimation  
p-value 

 AFBMO 621.990863 0.9298 

 PFBMO 623.092695 - 

1 AFBMO 624.510090 0.1343 

 PFBMO 648.231024 - 

5 AFBMO 621.639176 0.8688 

 PFBMO 619.583355 - 

10 AFBMO 618.050532 0.0478 

 PFBMO 583.773768 - 

20 AFBMO 610.873245 0.0101 

 PFBMO 512.154595 - 
 

Comparison of PFBMO, AFBMO and control group 

by VBM is shown in Tables 6, 7 and 8 and Figures 4, 5. 

and 6. 

 
Table 6. Significant GM clusters in VBM analysis  HCG and PFBMO (p<0.05, FDR corrected, clusters 

are shown) 

Coordinates with maximal 

number of voxels 

K (number 

of voxels) 
T   Anatomical region 

13.5, -70.5, -30 3535 4.51 Right cerbellum; declive, tonsil, uvula, pyramis, nodule, nucleus 

dentatus, vermis 

-25.5, -85.5, -40 379 3.10 Left cerebellum; inferior semilunar lobule, crus, pyramis 

-25.5, -63, -39 78 2.91 Left cerebellum; posterior lobus, pyramis 

22.5, -79.5, -39 126 2.97 Right cerebellum; posterior lobus, pyramis 

31.5, -6, -31.5 87 3.05 Right cuneus 

51, -39, -4.5 51 3.07 Right middle temporal gyrus 

51, -36, 15 1020 4.04 Right superior temporal gyrus, Rolandic operculum, Brodmann region 

41, transversal tempora gyrus, postcentral gyrus, Heschlov gyrus, 

insula, precentral gyrus, Brodman regions 43 and 13 

16.5, 88.5, 12 20 3.08 Right cuneus, Brodmann region 18 

15, 36, 15 67 3.24 Right anterior gyrus cinguli 

34.5, -28.5, 24 41 2.90 Right insula 

-51, 31.5, 30 33 3.28 Left inferior parietal lobule 

48, -33, 37.5 267 3.86 Right postcentral gyrus, supramarginal gyrus, inferior parietal lobule 

-31.5, 19.5, 42 188 3.78 Left precentral and postcentral gyrus 

-36, 15, 34.5  75 3.69 Left middle frontal gyrus, Brodmann region 9 

-42, -49.5, 40.5 125 3.60 Left inferior parietal lobule, Brodmann region 40 

-28.5, -40.5, 46.5 20 3.08 Left postcentral gyrus 

-43.5, -25.5, 51 145 3.50 Left postcentral gyrus 
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Figure 4. Significant GM clusters in VBM analysis  

are shown)  
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Figure 5. Significant GM clusters in VBM analysis  HCG and AFBM

are shown) 
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Figure 6. Significant GM clusters in VBM analysis  

voxels are shown) 
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Table 7. Significant GM clusters in VBM analysis  HCG and AFBMO (p<0

are shown)  

Coordinates with maximal 

number of voxels 

K (number 

of voxels) 
T   Anatomical region 

31.5, -63, -48 186 2.98 Right inferior semilunar lobule 

-43.5, -51, -46.5 121 3.08 Left cerebellar tonsil 

-10.5, -51, -37.5 71 2.91 Left cerebellum; nodule, tonsil, nucleus dentatus 

7.5, -49.5, -34.5 149 3.00 Left cerebellum; nodule, tonsil, nucleus dentatus 

-9, -78, -25.5 78 3.05 Left cerebellum; declive 

48, 40.5, -10.5 929 4.01 Right middle frontal gyrus, inferior and middle orbital gyrus 

48, -16.5, 1.5 905 

 

3.84 Right superior temporal gyrus, Brodmann regions 22, 13 and 41, 

superior temporal gyrus, insula 

-36, -45, -6 24 2.89 Left parahipoccampal gyrus 

-55.5, 30, -6 24 2.83 Left inferior frontal gyrus 

28.5, -45, -1.5 23 3.06 Right lingual gyrus 

52.5, 36, 18  41 2.90 Right middle frontal gyrus 

-51, 13.5, 28,5 103 3.16 Left inferior frontal gyrus 

-37.5, 13.5, 33 26 2.93 Left middle frontal gyrus 

-19.5, 6, 49.5 179 3.16 Left gyrus cinguli, Brodmann region 32 

12, -12, 64.5 46 3.34 Right middle frontal gyrus 

 
Table 8. Significant GM clusters in VBM analysis  PFBMO and AFBMO (p<0.05, FDR corrected, clusters 

voxels are shown) 

Coordinates with maximal 

number of voxels 

K (number 

of voxels) 
T   Anatomical region 

-1.5, 43.5, -28.5 150 3.02 Left gyrus rectus, Brodmann region 11 

-57, 0, -24 165 2.83 Left middle temporal gyrus, Brodmann regiion 21 

13.5, 49.5, -22.5 25 2.79 Right superior orbital gyrus 

48, 46.5, -16.5 1701 3.99 Right middle, inferior and superior gyrus, medial orbital gyrus, 

Brodmann region 10, 11 and 47 

22.5, -52.5, -15 63 3.05 Right culmen 

-57, -3, 3 521 3.81 Left superior temporal gyrus, precentral gyrus, Heschl gyrus, insula, 

Rolandic operculum, Brodmann region 22 

48, -10.5, -4.5 250 3.63 Right superior temporal gyrus, insula  

-39, 24, 12 1352 3.96 Left middle and inferior frontal gyrus, inferior orbital gyrus Brodmann 

regions 10, 13, 45, 46 and 47 

-15, 49.5, -1.5 27 3.06 Left middle frontal gyrus 

-9, 61.5, 3 335 3.92 Left middle frontal gyrus 

42, -76.5, 33 111 3.00 Right precuneus 

-25.5, -85.5, 36 97 2.93 Left cuneus 

7.5, -67.5, 42 35 2.90 Right precuneus 

-16.5, 7.5, 54 286 3.39 Left middle frontal gyrus, Brodmann region 6 

42, -30, 67.5 46 2.96 Right postcentral gyrus 

 

DISCUSSION 

To the best of our knowledge this is the first study 

the onset of schizophrenia before or after full brain 

maturation. Existing studies showed alterations in brain 

structure during adolescence (Sowell et al. 1999). The 

alterations are documented by neuroimaging. Majority 

(Lenroot & Giedd 2006). Frontal lobes are the last to 

reach full maturity, and the process continues further 

with the establishment and additional maturation of 

connections within the brain (Giedd 2008) as well as 

environmentally stimulated modulation (Spear 2000) 

The net result is high specificity of each of the brain 

structures. Frontal lobes are key structures for executive 

brain pathways, such as planning, operative memory, 

impulse control. Final maturation of frontal lobes 

(happening habitually around mid-twenties) represents 

the final stage of brain maturation (Sowell et al. 1999). 

Therefore, in our study the patients were divided into 

groups according to the age of the onset of the disease  
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before the age of 25 and after the age of 26. The alte-

brains, affected the frontal cortex. Our results show the 

greatest inter-group differences in the frontal lobes.  

Alterations of cerebellum were also found, particu-

larly between AFBMO and PFBMO groups versus HCG. 

Reduced GMV in cerebellum is related to the decrease 

of dynamic functional connections between cerebellum 

and frontoparietal functional network (He et al. 2019). 

In previous studies reduced GMV in cerebellum was 

found in patients affected by cognitive impairment in 

the first schizophrenic episode (Wang et al. 2017). 

Cerebellum abnormalities impact sensorial, motor and 

cognitive functions. Reduction of GMV in cerebellum 

may be related to cerebellum  thalamus modulation 

and may contribute to dysfunctional cerebellocortical 

communication in schizophrenia (He et al. 2019). The 

cognitive dysmetry theory is based upon the dysfunction 

of cerebellothalamocortical circuit. It represents an 

important neurobiological alteration that consequently 

causes clinical symptoms of schizophrenia (Andreasen 

et al. 1998, Wiser et al. 1998).  

Alterations of limbic cortex and motor cortex were 

also established. They are the consequence of abnormal 

transmission of a series of neurotransmitters, particu-

larly long-lasting hyper-secretion of dopamine and glu-

tamate. It has the direct impact upon limbic and 

thalamo-cortical pathways, a phenomenon that leads to 

psychosis (Carlsson et al. 2000,  et al. 2001). 

GMV reduction is observed in the insula as well. 

Insular alterations may contribute to many sensory 

deficiencies in schizophrenia (Wylie & Tregellas 2010). 

Alterations of insular cortex were observed in chronic 

schizophrenic patients (Nesvag et al. 2008). 

The observation of patient groups reveals the altera-

tions in gyrus rectus. Gyrus rectus is thought to be 

responsible for the cognition (Joo et al. 2016). GMV is 

also reduced in olfactory gyruses due to impaired 

integration with all the other sensory modalities in 

schizophrenia (Kiparizoska & Ikuta 2017). 

Early onset of schizophrenia disrupts brain matura-

tion, including GM and WM (Douaud et al. 2009) and 

supports the neurodevelopmental ethiology (Crow et al. 

1995). Early onset of the disease usually means severe 

form of the disease (Kumra & Schulz 2008, Kyria-

kopoulos & Frangou 2007)

in early onset schizophrenia show wider distribution 

(Rapoport et al. 2001), particularly throughout initial 

three years of the disease (Brent et al. 2013). 

In our study, GMV alterations in patients with onset 

of the disease prior to the age of 25 were more pro-

minent both in number and volume when compared to 

the patients with the onset of the disease after the age of 

26. Comparison of the two groups of patients shows 

numerous and prominent alterations (Tables 6, 7 and 8, 

Figures 4, 5 and 6), also related to the number of 

episodes. Considering the psychotic episode as neuro-

chemical stressor (Viallon et al. 2015b) and its impact 

on GMV reduction (Ruzic Barsic 2020), unmaturated 

brain is more sensitive to repetitive stress which is 

shown in our study. 

All the comparisons show GMV changes in superior 

temporal gyrus, a region responsible for lateralisation 

and pathological language and speech development, 

which is found regularly in schizophrenia. GMV reduc-

tion in superior temporal gyrus is likely to be repre-

sentative for early impairment of neuro-development 

(Matsumoto et al. 2001). The difference between 

PFBMO and AFBMO lays in the absence of latera-

lisation in PFBMO, whereas it is present in AFBMO 

(Matsumoto et al. 2001).  

The remaining affected regions are motor regions, 

parietal and occipital cortex, limbic cortex. In early 

onset schizophrenic patients there are also widespread 

alterations in cerebellum. Focal abnormalities in limbic 

regions were observed in early onset schizophrenia. It is 

likely that the limbic abnormalities are the culprit for 

schizophrenia, since there is a body of evidence for the 

existence of very early limbic abnormalities that 

progress with time and can be traced in adulthood as 

well (White et al. 2007). 

The comparison of patients showed the differences 

in precuneus and cuneus. The differences in precuneus 

volume, namely enlarged volume, were found in pa-

tients with late onset schizophrenia, but the reasons for 

the increase are unclear (Egashira et al. 2014). Precu-

neus has widespread connections with cortical structures 

and is involved in consciousness, self-processing, 

empathy, memory retrieval and visuo-spatial imagery 

(Cavanna & Trimble 2006).  

Previous studies showed that early onset schizo-

phrenia during adolescence (prior to the age of 18) 

causes severe clinical presentation of the disease. The 

observation is reflected in more prominent and wide-

spread alterations in GMV, since they occur in critical 

period, at the time the brain is still in the process of 

maturation (Douaud et al. 2009). Our study showed 

similar results.  

 

CONCLUSIONS 

GMV in schizophrenic pati

many regions of the brain. The altered regions are 

numerous and are found in: prefrontal, temporal, 

parietal and occipital cortex, in limbic structures, basal 

ganglia and cerebellum. The age of the onset of the 

disease is important regarding total and relative loss of 

GMV. Early onset of schizophrenia, prior to the full 

brain maturation, causes more pronounced reduction of 

GMV in comparison to healthy individuals as well as in 

comparison to the patients with the onset of the disease 

after full brain maturation. 
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