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ABSTRACT 

Over the past 20 years, the understanding of schizophrenia has deepened. As a brain disease, schizophrenia has 

profoundly affected generations. It is a chronic brain disorder that is characterized by significant alterations in 

perception, thoughts, mood, and behavior. Schizophrenia usually occurs in adults, especially young people. Therefore, 

it is extremely important to understand the cause of the disease. But the truth is that the cause of schizophrenia is very 

complex, until the last 20 years, the research community had the chance to deeply explore the structural abnormality of 

the brain in schizophrenia via function neuroimaging, especially Magnetic Resonance Imaging (MRI). These 

technological advances led to a better understanding of structural brain abnormalities in schizophrenia. This review 

presents findings from the last 20 years (2000-2021) in structural Magnetic Resonance Imaging (MRI). The result shows 

that the volume of gray matter decreased in schizophrenic patients. And the author finds that there seem to be no 

conclusive results in terms of white matter changes. 

Keywords: brain structure abnormality, Magnetic Resonance Imaging (MRI), white matter, gray matter, 
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1. INTRODUCTION  

Schizophrenia has been around for a long time, with 

the oldest description dating back to 1550 BC in Egypt. 

But it wasn’t until the 19th century that Emil Krapelin 

(1919) first used the term “Alzheimer” or “preterm 

dementia” to describe clinical confusion in patients, the 

first breakthrough in schizophrenia [1]. Bleuer (1950) 

then objected to Krapelin’s definition of mental illness 

like dementia, and first used the term “schizophrenia” to 

distinguish between positive and negative symptoms [2]. 

The emergence of functional Neuron imaging such as 

brain scanning makes it possible to study brain structural 

abnormalities. In the following decades, as techiniques 

matured, interests in research flourished: In 1927, 

abnormalities in the interbrain structure between patients 

and non-patients have been found on a structural basis. 

In the 1920s and 30s, pneumoencephalogram studies 

were carried out based on brain imaging, and it was 

found that patients with schizophrenia had reduced brain 

volume and enlarged ventricles. Subsequent MRI scans 

also revealed multiple structural abnormalities in 

schizophrenia patients. 

Among all these findings, gray matter change in the 

cerebrum is the most significant and widely researched. 

However, in studies of brain structural changes of people 

with schizophrenia, although the gray matter is one of the 

most widely studied targets, results have been mixed. For 

example, Luque et al. (2021) mentioned in his study that 

patients would show an accelerated decline in gray 

matter volume throughout the process of schizophrenia, 

while Tamnes et al. (2018) proposed that gray matter 

volume might increase in the early stage and gradually 

decrease in the later stage. Therefore, in these MRI tests, 

even though most literature believes that, in general, the 

gray matter volume decreases, no common conclusion 

can be drawn about the tendency of changes of gray 

matter volume through detection. Moreover, there are 

few generalizations and summaries of these studies. 

Therefore, this thesis aims to summarize a total of 28 

pieces of literature by way of review, to analyze the 

overall changes in gray matter structure.  

Further, researches on white matter are the least 

studied among all the abnormal structures. Only few 

literature mentioned the changes of WM, for instance, 

Zhang et al (2020) stated that the volume of WM 

decreased significantly. But Fusar-poil et al (2013) and 

Chow et al (2002) both claimed that there is no difference 

in WM volume between normal people and patients. 

From all these findings, the conclusion of how white 

matter changes is still controversial. Therefore, this 

thesis hopes to gain a consistent conclusion of how WM 
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volume changes. On the basis of summarizing past 

studies, this thesis might also be summarized to provide 

ideas for subsequent studies by comparing different 

studies in different kinds of literature. 

2. METHODOLOGY 

This paper is based on the search in Scopus using the 

keywords “MRI” and “schizophrenia”, and the time 

range is limited to 2000-2021. The reason is that the 

neuropathological search for schizophrenia has been so 

popular in the last 20 years that there has been enough 

literature on brain abnormalities. The results of literature 

retrieval were 3398 clicks. To better focus on brain 

structure, the author superimposes “brain structure” on 

the original restriction. In other words, the author aims to 

review structural changes in schizophrenia patients, 

rather than functional changes in other neurons or 

chemicals. The results showed 736 relevant articles. In 

order to better classify these results and clearly display 

the research results of different brain regions in recent 

years, the author conducted a more detailed retrieval of 

these works of literature. Among them, 103 literature 

related to white matter and gray matter changes (only 28 

articles are closely related to the topic) as listed in 

APPENDIX I. 

In a review of 28 MRI studies, about 95% reported a 

reduction in gray matter volume, making it the strongest 

evidence for changes in gray matter volume. But one of 

the papers came to the exact opposite conclusion, 

suggesting an increase in gray matter volume [14]. In 

addition, although almost all literature agrees that, in 

general, gray matter volume decreases, there is 

disagreement about volume changes throughout the 

development of schizophrenia. Some studies indicate 

that the volume of GM had significant and accelerate 

reduction. However, a small number of other studies 

suggest that the volume of gray matter increases first and 

then decreases. In addition, in the studies of white matter 

volume, there is no consistent conclusion. Some 

literature suggests that white matter, like gray matter, 

gradually shrinks with the progression of the 

disease[4][25][27]. Others reported no difference of 

white matter abnormalities between normal and 

abnormal people. 

3. GREY MATTER ABNORMALITY IN 

SCHIZOPHRENIA 

3.1. Introduction 

Over the past 20 years, brain imaging studies have 

shifted their research focus to schizophrenia, and a large 

number of brain structure maps and data have provided 

support for brain structural variation. Lawrie and 

Abukmeil (1998) suggested that schizophrenia and 

structural Coupling of Cerebrum [31]. One of the most 

important findings was the reduction of the Gray Matter 

Volume [32]. Other studies building on their work 

suggested that reduction of grey matter has been found 

in global [31], especially left superior temporal gyrus and 

insular cortex; left medial temporal lobe (including 

parahippocampal gyrus and hippocampus); significant 

loss of gray matter in the anterior cingulate gyrus and 

medial frontal gyrus [30]. Moreover, reduced gray matter 

can affect emotion, memory and visual systems [15]. 

But a careful review of these articles, it is easy to find 

though by comparing the healthy people and patients 

with schizophrenia of gray matter in brain volume 

change in the conclusion of each structure (around 95%). 

In other words, changes in gray matter volume have been 

reported by most studies. However, there is little 

literature that mentioned the volume of white matter. The 

changes in white matter that occur as the disease 

progresses are not well understood. Different kinds of 

literature have different and sometimes contradictory 

statements about the alteration of white matter volume. 

Therefore, in the next section, the article will describe the 

views of four works of literature on white matter in detail, 

and hope to study the changes in white matter volume by 

comparing the results of different studies. 

3.2. White matter volume in schizophrenia 

Although MRI studies of structural abnormalities in 

white matter have provided little definitive information 

to date, a few studies have investigated large differences 

in[29] white matter volume between schizophrenics and 

the general population [33]. Several studies on the white 

matter have come to many different conclusions, in 

particular, chow et al (2002) compared tissue contrast 

and cortical thickness by MRI between schizophrenic 

patients and healthy people and showed no significant 

differences in total white matter volume between the two 

groups (as shown in figure 1). A line chart of white 

volume of healthy controls and patients. White points are 

data from healthy group, black points are from 

schizophrenia patients. The whole data shows weak 

correlation, which means there is no significant 

difference of white matter volume among them [29]. 

 
Figure 1 White matter volume of healthy controls vs 

schizophrenia patients 
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However, Sigmundsson et al (2001) mentioned that 

there was a difference in white matter volume between 

healthy individuals and patients [30]. The total white 

matter volume was reduced in patients and there was 

white matter deficiency (as shown in figure 2). 

Meanwhile, Bopp (2017) noted an association between 

white matter reduction and decreased gray matter volume 

[13]. In addition, a study by Wible et al (1992) reported 

a decrease in white matter volume in the left front-

occipital fasciculus region, suggesting an association 

between structural changes in white matter and a 

decrease in frontal lobe volume as well [34]. Yellow area 

refers to the absence of white matter. Compare with 

healthy controls, schizophrenia patients have a 

significant loss in white matter volume [30]. 

 

Figure 2 White matter volume differences between 

patients and healthy controls 

4. DISCUSSION 

In conclusion, the structure of white matter changes 

in schizophrenia remains controversial. Comparing 

normal people and patients, there is evidence that showed 

that there are some deficits in this aspect of white matter 

volumes in patients. However, there is also evidence, as 

yet unclear, that changes in white matter are associated 

with changes in other factors in brain structure, including 

gray matter, frontal lobes, etc. Although there are also 

experiments that did not find significant differences 

between healthy controls and patients, the various 

speculations and findings of white matter remain 

significant. Therefore, more work is needed to confirm 

these important findings, especially how white matter 

actually changes. 

5. CONCLUSION 

Over the past 20 years, a deeper understanding of the 

structural abnormalities of the brain caused by 

schizophrenia has been gained, thanks to the rapid 

development of neuroimaging techniques. 

Approximately 700 papers have explored structural 

changes in the brain on MRI, and these findings have 

shifted the focus of research to the neurobiology of 

schizophrenia. After reviewing about 30 of these papers 

that are closely related to changes in matter, the 

following findings were summarized: schizophrenic 

patients show an accelerated decline in gray matter and a 

decrease in volume, particularly in the frontal, temporal, 

and parietal cortices; at this stage, there is no conclusive 

evidence on how white matter volume changes, with 

some studies suggesting that patients have a white matter 

deficit and that it is related to a decrease in gray matter. 

Another part of the literature proposes that there is no 

significant difference in white matter. 

Through the comparison of 28 pieces of literature, 

this thesis may provide ideas for subsequent researches 

and lead to a deeper understanding of the brain 

mechanism of schizophrenia. However, there is a certain 

limitation in this thesis. It only summarized the findings 

in the past ten years without conducting experiments 

with a scientific basis, which means its accuracy needs to 

be improved. Moreover, it cannot be used as substantive 

evidence of brain structure changes in schizophrenia.  

Therefore, future research can be improved from the 

following two aspects. Firstly, the selection of the 

experimental population needs to be more careful. If 

different experiments tend to select the same or similar 

research objects, the conclusion obtained after MRI test 

will be more accurate (rather than drawing different 

conclusions using entirely different subjects, as in 

previous experiments). Secondly, MRI can only show 

changes in brain structure relatively statically, not 

dynamically, so better techniques are needed to detect 

changes in brain structure. However, with more research 

and technical refinement, after decades, a more complete 

understanding of the structural abnormalities of the brain 

in schizophrenia might be got.  

ACKNOWLEDGMENTS 

Firstly, I would like to express my sincere gratitude 

to everyone who helped me in the whole thesis process, 

including my teachers and professors, they provided me 

with valuable suggestions during every stage of the thesis. 

In the thesis topic selection, they affirmed my topic 

selection, at the same time they also gave me detailed 

guidance. Moreover, I would like to thank all my friends 

and especially my parents who encourage and support 

me when I lacked confidence. Further, I would like to 

show deep gratitude to the research support of Scopus 

and all the authors of the references that I cited. 

 

 

Advances in Social Science, Education and Humanities Research, volume 638

161



APPENDIX I Magnetic resonance imaging findings of white matter and grey matter in schizophrenia 
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