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Background: Blood–oxygen-level dependent functional magnetic resonance imaging (BOLD-

fMRI) maps cerebral activity by the hemodynamic response. Catechol-O-methyltransferase 

(COMT) gene is involved in the metabolism of dopamine. It is reported that both of these can 

be used to assess the aggression risk in patients with schizophrenia. However, these methods 

to assess the aggression risk patients with schizophrenia have not been established in China. 

Therefore, we deliver here a systematic review and meta-analysis based on the studies dealing 

with Chinese patients.

Method: Nine fMRI studies and 12 gene studies were included. The data of each study were 

extracted and summarized. Odds ratios with 95% confidence intervals were estimated on allele, 

dominant, and recessive models. Publication bias was evaluated by Begg’s funnel plot.

Results: Positive BOLD-fMRI values in the lower central neural system (CNS) and negative 

values in the high-level CNS were observed in the patients with aggression risk. A strong asso-

ciation was derived from the recessive gene model of COMT polymorphism rs4680 and risk in 

aggression behavior (odds ratio =2.10). No significant publication bias was identified.

Conclusion: Aggression behavior in patients with schizophrenia can be indicated by positive 

BOLD-fMRI values in the lower CNS and negative values in the high-level CNS and by a 

recessive gene model in COMT polymorphism rs4680. A combined test of fMRI and COMT 

gene could increase the predictive value.

Keywords: aggression, schizophrenia, Chinese, fMRI, COMT, meta-analysis

Introduction
Physical aggression behavior is one of the most common clinical manifestations in 

patients with schizophrenia. It can lead to awful clinical and social consequences.1 

A significant association was identified between physical aggression and a high risk 

of longer hospital stays and a criminal conviction.2 In China, a large-scale review 

shows that the prevalence of schizophrenia was approximately 951 per 100,000.3 

The risk of aggression was ~20%–40% in Chinese patients with schizophrenia, and 

there is an urgent need to establish operational systems for preventing the aggression 

of these patients.4

Functional magnetic resonance imaging (fMRI) is a functional neuroimaging 

procedure using MRI technique to evaluate neural activation by detecting the corre-

sponding changes of blood flow.5 This technology is based on the fact that brain blood 

flow and neuronal activity are linked.6 When the hemodynamic response increases 

in an area, this area of the brain is being activated.7 Blood–oxygen-level dependent 

(BOLD) contrast is a type of specialized scan adopted to map cerebral activity by 
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imaging the hemodynamic response associated with energy 

use by brain cells.8 Previous studies were reported to describe 

the neural characteristics on the aggressive behavior using 

BOLD-fMRI.9–12

Human catechol-O-methyltransferase (COMT) gene is 

located on the long arm of chromosome 22 (22q 11.2).13 It 

is one of the genes involved in the metabolism of dopamine 

and noradrenaline in the brain.14 There is a common single 

nucleotide polymorphism containing a Val (valine) to 

Met (methionine) substitution at codon 158 of the COMT 

gene (rs4680).15 COMT activity can be regulated by COMT 

gene polymorphism.16 The Val allele at this locus results 

in inactive COMT gene expression, whereas the Met allele 

decreases the level of COMT gene activity.17 In recent years, 

some studies show that the schizophrenia candidate gene 

COMT plays an important role in violent attacks.18–22

There are a few Chinese-based researches investigating 

the role of fMRI23–31 and COMT polymorphism rs468032–39 

in schizophrenia with regard to aggressive behavior. How-

ever, the results of these studies were inconsistent and can 

be affected by the small sample sizes and the differences in 

sex, age, ethnicity, region, source of control, evaluation tool, 

and the study quality. Trying to clarify this issue, we provide 

a systematic review and a quantitative synthesis of data from 

different studies. To the best our knowledge, this is the first 

review and meta-analysis of the association between fMRI, 

COMT gene polymorphism rs4680, and violent behavior 

focused on Chinese population.

Methods
Search strategy and inclusion criteria
A systematic literature retrieve was taken from PubMed, 

Medline, CNKI, and the Wanfang databases (up to October 1,  

2016) to obtain all eligible BOLD-fMRI studies on the 

violent behavior in Chinese population by adopting the 

search strategy: (“BOLD” OR “functional magnetic reso-

nance imaging”) AND (“aggression” OR “violence” OR 

“impulsive” OR “attack”). The included publications meet 

the following criteria: 1) the studies on an assessment of 

the association between cerebral activity and aggression 

risk, 2) detailed information of the study is provided, 3) the 

experiments are based on Chinese population, and 4) the 

aggression behavior is defined as physical aggression against 

others or making threatening gestures before admission. 

The following studies were excluded: 1) it is not an original 

investigation, for example, reviews and comments; 2) the 

report has insufficient data; and 3) the reported data are 

duplicated.

To perform the meta-analyses for the association between 

gene polymorphisms of COMT and susceptibility to violent 

behavior in patients with schizophrenia in Chinese popula-

tion, a further systematic literature retrieve was taken from 

PubMed, Cochrane, Google Scholar, CNKI, and the Wanfang 

databases (up to March 1, 2016) to obtain all eligible studies 

by adopting the search strategy: (“COMT” OR “Catechol-O-

methyltransferase”) AND (“polymorphism” OR “allele” OR 

“mutation” OR “variants”) AND (“risk” OR “susceptibility” 

OR “results”) AND (“aggression” OR “violent” OR “attack”). 

The included publications meet the following criteria: 1) it is 

an assessment of the association between COMT gene poly-

morphisms and aggression susceptibility, 2) the experiments 

must be case–control study designed, 3) detailed genotype 

frequencies of the cases and controls are provided, and 4) the 

aggression behavior is defined as physical aggression against 

others or making threatening gestures before admission. 

The following studies were excluded: 1) the studies without 

case–control study design, for example, reviews, comments, 

and case-only study; 2) the studies with insufficient data; and 

3) the reported data are duplicated.

Data extraction and quality assessment
The data were obtained and examined by two independent 

investigators. Any disagreement was discussed before a 

consensus was reached. The name of the first author, pub-

lication year, region of the studies, aggression evaluation 

tools, age, sex and ethnicity of cases, source of controls, 

and number of cases and controls were extracted from each 

study. For the fMRI studies, the diagnoses and study results 

were additionally reviewed. The quality of the case–control 

gene study was also scored by two independent investiga-

tors according to the Newcastle–Ottawa scale (NOS).40 As a 

result, these studies can be divided into a very high quality 

group (score =9), and lower quality group (score ,9). Any 

disagreement was settled by discussions.

Statistical analysis
The studies of fMRI are summarized in a table and used in 

this review. The meta-analyses of COMT studies were per-

formed using the STATA 14.0 (Stata Corporation, College 

Station, TX, USA). The relationship between the COMT 

polymorphisms and the aggression behavior susceptibil-

ity was assessed by applying the pooled odds ratios (ORs) 

and 95% confidence intervals (CIs) on allele (Met vs Val), 

dominant (Met/Met + Met/Val vs Val/Val), and recessive 

(Met/Met vs Met/Val + Val/Val) models. The P-values 

of Hardy–Weinberg equilibrium of control groups were 
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obtained by the chi-square test for the genotype distribution. 

A χ2-test-based Q statistic test was used to estimate the het-

erogeneity within the enrolled studies. If the Q-test (P.0.1) 

shows homogeneity across studies, the fixed effects model 

would be applied.41 Otherwise, the random effects model 

would be selected.42 In addition, the sources of heterogeneity 

were explored by the subgroups of age, sex, ethnicity, region, 

quality, evaluation tool, and source of control. Potential pub-

lication bias was evaluated by Begg’s funnel plot.

Results
Characteristics of the studies
As presented in Figure 1, after a comprehensive literature 

retrieve from the databases, a total of 55 BOLD-fMRI studies 

on the brain activity of aggression were initially found. 

Following a scan of the abstracts, 38 irrelevant studies were 

excluded as they were non-fMRI studies, nonaggression 

studies, or reviews. Eight further articles were also excluded 

after reading the full article, as they were studies of magnetic 

resonance spectroscopy-fMRI, non-Chinese populations, 

or without eligible sample data. Finally, nine studies were 

enrolled in this review (Table 1). Of these studies, six were 

conducted in the regions of Hunan, two in Shanghai, and one 

in Chongqing in China and all the study subjects were of the 

Han population. Among the nine studies of BOLD-fMRI, 

two dealt with adolescents and others with adults. Five stud-

ies were male based and the rest were mixed-gender based. 

Different tools to diagnose the violent behavior are adopted, 

including the Modified Overt Aggression Scale (MOAS), 

11-item Barratt’s Impulsivity Scale, and Amold Scale.

Figure 2 illustrates the studies of COMT gene polymor-

phism. Totally, 87 records were initially identified as eligible. 

Following the scan of the abstracts, 73 irrelevant studies were 

excluded as they were nonpolymorphism studies, non-case–

control studies, or reviews. Six further articles were also 

excluded after reading the full article, for they were studies 

of other polymorphisms in COMT, the populations were 

non-Chinese, or without eligible samples data. Finally, eight 

publications containing 12 independent case–control studies 

with totally 826 cases and 1,201 controls were included in 

this meta-analysis. As shown in Table 2, ethnicities are cat-

egorized as the Han (11 studies) and the Uigur (1 study). Of 

them, only one dealt with children and females, and all other 

studies dealt with adults and males. Two were population-

based, which means that the sources of control were healthy 

people. Others were hospital-based, meaning the controls 

were nonviolent patients with schizophrenia. The evaluation 

tools included the Overt Aggression Scale (OAS), MOAS, 

Achenbach Scale, and self-designed medical chart.

Results of the meta-analysis
As described in Table 3, moderate heterogeneity was 

observed in the allele and dominant gene models (P=0.06, 

P=0.05, respectively). Random effects models were adapted 

• 
• 
• 

• 
• 
• 

Figure 1 Flowchart displaying the selection procedure of fMRI studies.
Abbreviations: BOLD, blood–oxygen-level dependent; fMRI, functional magnetic resonance imaging.
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Table 1 The characteristics of the enrolled studies on BOLD-fMRI 

Author Year Province Age Ethnicity Sex Diagnosis Tool Sample

Yi23 2008 Hunan Adult Han Male Schizophrenia MOAS 47
Mao and Liu24 2010 Hunan Adult Han Male Criminal MOAS 135
Zhou et al25 2012 Hunan Adolescent Han Male Criminal BIS-11 57
Wang26 2013 Hunan Adult Han Mixed Drug dependent BIS-11 69
Lei et al28 2014 Hunan Adolescent Han Male Healthy BIS-11 60
Liu et al27 2008 Shanghai Adult Han Mixed Schizophrenia MOAS 63
Zhu29 2014 Hunan Adult Han Male Schizophrenia BIS-11 26
Yong et al31 2015 Chongqing Adult Han Mixed Depressive disorder Amold 60
Huang30 2015 Shanghai Adult Han Mixed Healthy MOAS 32

Abbreviations: BIS-11, 11-item Barratt’s Impulsivity Scale; BOLD, blood–oxygen-level dependent; fMRI, functional magnetic resonance imaging; MOAS, Modified Overt 
Aggression Scale.

• 
• 
• 

• 
• 
• 

Figure 2 Flowchart displaying the selection procedure of COMT studies.
Abbreviation: COMT, catechol-O-methyltransferase.

Table 2 The characteristics of the enrolled studies on COMT

Author Year Province Ethnicity Age SOC Tool Case Control HWE Y/N

Liou et al32 2001 Taiwan Han Adult HB Self-d 72 126 0.86 Y
Liou et al32 2001 Taiwan Han Adult PB Self-d 72 188 0.34 Y
Li et al33 2003 Shanghai Han Adult HB MOAS 43 41 0.26 Y
Li et al33 2003 Shanghai Han Adult PB MOAS 43 156 0.08 Y
Jiang et al34 2005 Yunnan Han Adult HB OAS 23 17 0.07 Y
Jiang et al34 2005 Yunnan Han Adult HB OAS 27 21 0.74 Y
Liu et al35 2008 Guangdong Han Adult HB OAS 64 109 0.09 Y
Gu et al36 2009 Sichuan Han Adult HB MOAS 252 332 0.40 Y
Huang et al37 2010 Guangdong Han Adult HB MOAS 102 77 0.59 Y
Cao et al38 2011 Henan Han Children HB Achb 24 44 0.84 Y
Zou et al39 2013 Xinjiang Han Adult HB Self-d 70 56 0.71 Y
Zou et al39 2013 Xinjiang Uigur Adult HB Self-d 34 34 0.06 Y

Abbreviations: Achb, Achenbach scale; COMT, catechol-O-methyltransferase; HB, hospital-based; HWE, Hardy–Weinberg equilibrium; MOAS, Modified Overt Aggression 
Scale; OAS, Overt Aggression Scale; PB, population-based; self-d, self-designed medical chart; SOC, source of control; Y, consistent with HWE; N, inconsistent with HWE.
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Table 3 The results of meta-analysis for COMT polymorphism rs4680

Comparison model Subgroup P-value Random effects model Fixed effects model

PH PZ PE OR (95% CI) OR (95% CI)

Allele: Met vs Val Overall 0.06 0.754 0.307 0.97 (0.780–1.197) 0.94 (0.815–1.091)
Sex

Male 0.04 0.692 1.08 (0.736–1.589) 1.00 (0.818–1.211)
Female 1.00 0.318 0.63 (0.736–1.589) 0.63 (0.259–1.552)

Age
Adult 0.08 0.536 0.93 (0.753–1.159) 0.92 (0.796–1.072)
Children 1.00 0.201 1.65 (0.780–1.197) 1.65 (0.767–3.530)

Ethnicity
Han 0.05 0.942 0.99 (0.790–1.244) 0.96 (0.824–1.111)
Uigur 1.00 0.394 0.70 (0.357–1.379) 0.70 (0.357–1.379)

Region
South 0.14 0.914 1.00 (0.718–1.3890) 0.99 (0.775–1.257)
East 0.08 0.741 1.04 (0.536–2.007) 0.94 (0.634–1.382)
West 0.09 0.393 0.93 (0.631–1.379) 0.91 (0.742–1.124)

SOC
HB 0.11 0.648 1.06 (0.837–1.330) 1.02 (0.864–1.191)
PB 0.61 0.026 0.66 (0.462–0.955) 0.66 (0.462–0.953)

Tool
Self-d 0.95 0.055 0.77 (0.591–1.006) 0.77 (0.591–1.005)
MOAS 0.12 0.873 0.97(0.689–1.3720) 0.94 (0.769–1.153)
OAS 0.04 0.460 1.65 (0.767–3.530) 1.30 (0.871–1.930)

Quality
NOS ,9 0.49 0.040 0.84 (0.708–0.997) 0.84 (0.706–0.992)
NOS =9 0.15 0.048 0.97 (0.780–1.197) 1.34 (1.003–1.798)

Dominant: Met/Met + Met/Val vs Val/Val Overall 0.05 0.410 0.336 0.89 (0.674–1.1750) 0.89 (0.674–1.175)
Sex

Male 0.05 0.995 1.00 (0.608–1.649) 1.00 (0.608–1.649)
Female 1.00 0.384 0.60 (0.190–1.895) 0.60 (0.190–1.895)

Age
Adult 0.06 0.260 0.85 (0.644–1.126) 0.85 (0.705–1.026)
Children 1.00 0.235 1.84 (0.673–5.043) 1.84 (0.673–5.043)

Ethnicity
Han 0.07 0.239 0.89 (0.742–1.077) 0.89 (0.742–1.077)
Uigur 1.00 0.080 0.32 (0.089–1.148) 0.32 (0.089–1.148)

Region
South 0.19 0.672 0.92 (0.634–1.341) 0.91 (0.680–1.225)
East 0.03 0.926 0.96 (0.376–2.435) 0.82 (0.507–1.319)
West 0.09 0.574 0.84 (0.498–1.470) 0.86 (0.654–1.127)

SOC
HB 0.15 0.810 1.01 (0.761–1.339) 0.98 (0.795–1.196)
PB 0.42 0.005 0.53 (0.344–0.829) 0.53 (0.344–0.827)

Tool
Self-d 0.59 0.021 0.68 (0.481–0.949) 0.67 (0.479–0.943)
MOAS 0.08 0.586 0.88 (0.563–1.383) 0.87 (0.676–1.125)
OAS 0.08 0.512 1.38 (0.529–3.580) 1.29 (0.782–2.118)

Quality
NOS ,9 0.21 0.010 0.73 (0.550–0.975) 0.75 (0.605-0.933)
NOS =9 0.29 0.136 1.31 (0.856–1.994) 1.31 (0.918–1.876)

Recessive: Met/Met vs Met/Val + Val/Val Overall 0.86 0.408 0.202 1.13 (0.793–1.622) 1.16 (0.818–1.641)
Sex

Male 0.44 0.537 1.10 (0.695–1.752) 1.15 (0.735–1.803)
Female 1.00 0.425 0.37 (0.031–4.330) 0.37 (0.031–4.330)

Age
Adult 0.83 0.493 1.11 (0.767–1.594) 1.13 (0.793–1.617)
Children 1.00 0.436 1.95 (0.362–10.523) 1.95 (0.362–10.523)

(Continued)
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to calculate the overall ORs and CIs of these two models. 

Contrarily, no heterogeneity was identified in the recessive 

model (P=0.86). Therefore, the fixed effects model was used 

in the analysis of this gene model.

Allele (Met vs Val)
Generally, no significant association was identified between 

this model in patients and susceptibility of aggression 

(OR =0.97, P=0.754). Similarly, no difference was seen in the 

analysis of the variants of COMT and aggression risk in the 

subgroup analysis regarding to sex, age, ethnicity, region, 

and evaluation tools (P.0.05). However, in the subgroup 

analysis by the source of control, an association was found 

in the population-based studies (OR =0.66, P=0.026), but 

not in the hospital-based studies (P=0.648). Interestingly, 

in the subgroups analysis on study quality, an increased 

susceptibility to aggression was shown in the high quality 

(NOS =9) studies (OR =1.34, P=0.048), whereas a decreased 

susceptibility was found in the lower quality (NOS ,9) 

studies (OR =0.84, P=0.040).

Dominant (Met/Met + Met/Val vs Val/Val)
A negative relationship was found between COMT poly-

morphism and aggression risk in this gene model by overall 

estimation, although it was not statistically significant 

(OR =0.89, P=0.410). In the subgroups by sex, age, ethnic-

ity, and region, no significant result was found. Similar to the 

allele model, a correlation was identified in the subgroup by 

population-based controls (OR =0.53, P=0.005) and lower 

quality group (OR =0.67, P=0.021) in this dominant gene 

model. In addition, the studies using self-designed evaluation 

tools also showed a decreased susceptibility to aggression 

with the polymorphism in this model (OR =0.75, P=0.010).

Recessive (Met/Met vs Met/Val+Val/Val)
There is a positive association between mutant type of 

COMT and the susceptibility to violent behavior (OR =1.16, 

P=0.408) in this model, although it was not statistically 

significant. No significant result was observed in any of 

these subgroups by sex, age, ethnicity, region, source of 

control, evaluation tool, and study quality either. However, 

the P-value of the statistical test of high quality studies was 

very close to the borderline and it showed a strong associa-

tion between COMT polymorphism rs4680 and aggression 

in this recessive gene model (OR =2.10, P=0.064).

Quality assessment and publication bias
The quality assessment of the included gene studies is sum-

marized in Table 4. Totally, five publications with very 

good quality (NOS =9), two with good quality (NOS =8), 

and five with lower quality (NOS =7, 6) were assessed. All 

were qualified to be included in this analysis, suggesting the 

reliability of this analysis. The Begg’s funnel plot presented 

a symmetrical and funnel-like distribution of the dots in the 

diagram, indicating that the publication bias risk was low in 

this analysis (Met vs Val, Figure 3).

Table 3 (Continued)

Comparison model Subgroup P-value Random effects model Fixed effects model

PH PZ PE OR (95% CI) OR (95% CI)

Ethnicity

Han 0.80 0.383 1.15 (0.789–1.678) 1.18 (0.816–1.698)
Uigur 1.00 1.000 1.00 (0.326–3.067) 1.00 (0.326–3.067)

Region
South 0.48 0.288 1.37 (0.700–2.694) 1.41 (0.746–2.680)
East 0.91 0.406 1.47 (0.588–3.668) 1.47 (0.593–3.640)
West 0.65 0.944 0.96 (0.598–1.5470) 0.98 (0.617–1.568)

SOC
HB 0.73 0.484 1.15 (0.778–1.699) 1.18 (0.807–1.722)
PB 0.78 0.901 1.06 (0.435–2.572) 1.05 (90.433–2.563)

Tool
Self-d 1.00 0.765 0.91 (0.493–1.682) 0.91 (0.493–1.682)
MOAS 0.54 0.543 1.13 (0.689–1.864) 1.16 (0.715–1.892)
OAS 0.31 0.239 1.83 (0.529–6.336) 1.88 (0.657–5.3970)

Quality
NOS ,9 0.99 0.938 0.99 (0.663–1.467) 0.98 (0.662–1.464)
NOS =9 0.59 0.064 2.06 (0.793–1.6220) 2.10 (0.958–4.587)

Abbreviations: Achb, Achenbach scale; CI, confidence interval; COMT, catechol-O-methyltransferase; HB, hospital-based; Met, methionine; MOAS, Modified Overt 
Aggression Scale; NOS, Newcastle–Ottawa Scale; OAS, Overt Aggression Scale; OR, odds ratio; PB, population-based; Self-d, self-designed medical chart; SOC, source of 
control; Val, valine; PH, P-value of heterogeneity; PZ, P-value of Z test; PE, P-value of Egger’s regression test; OR, odds ratio.
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Discussion
In the meta-analysis, although no significant result was 

observed in the overall estimation of all three models, mod-

erate heterogeneity was found in the allele and dominant 

gene models. Subgroup analysis was conducted to identify 

the sources of heterogeneity and to avoid the bias produced 

by the overall estimation. The source of control, evaluation 

tool, and study quality were considered to be the main factors 

that caused heterogeneity in this meta-analysis. The studies 

using population-based control, self-designed evaluation 

tool, and low quality method showed a negative association 

between the target polymorphism and aggression. Contrarily, 

positive results were observed in the hospital-based, standard 

tool applied, and good quality studies that were more reliable 

to draw conclusions. To confirm this deduction, three gene 

models including allele, dominant, and recessive models were 

compared in the subgroup analysis by study quality referred 

to NOS. It was found that all the studies with very high qual-

ity (NOS =9) showed an increased susceptibility to violent 

behavior with the mutant type COMT gene polymorphism 

rs4680 Met. By combining these evidences, it seems that 

this polymorphism is more likely to increase the aggression 

risk in patients with schizophrenia by the recessive model 

(Met/Met vs Met/Val + Val/Val, OR =2.10) as the ORs were 

higher than those of the other two models. However, all the 

results from the three models could not reach a statistically 

significant level (P.0.05). Multiple factors responsible for 

these results might be considered: the limited sample size 

and number of enrolled studies. This conclusion is consistent 

with a recent meta-analysis of this same topic in Caucasian 

population by Bhakta et al.43

From the results of the BOLD-fMRI studies on violent 

behaviors, it is shown that an increased cerebral activity was 

observed in the superior frontal gyrus, right superior tem-

poral gyrus, left temporal lobe, insula lobe, cingulate gyrus, 

parahippocampal gyrus, thalamus, and brainstem, whereas 

a decreased cerebral activity was in the prefrontal lobe, 

temporal lobe, frontal gyrus, right middle occipital gyrus, 

lingual gyrus, prefrontal-temporal-limbic circuits, and pons 

(Table 5). Despite some exceptions, these results suggest that 

the aggression behavior is identified by positive BOLD-fMRI 

values in the lower central neural system (CNS) and negative 

values in the high-level CNS. Previous studies have shown 

that fMRI values were depend on the COMT polymorphism 

rs4680 in noise characteristics, working memory and plan, 

Table 4 Methodological quality of the included publications according to the Newcastle–Ottawa Scale

Authors Case 
definition

Case 
representing

Control 
selection

Control 
definition

Case/control 
comparability

Exposure 
ascertainment

Same 
method

Nonresponse 
rate

Score 
(9/9)

Liou et al32 NA * * * * * * * 7
Liou et al32 NA * NA * * * * * 6
Li et al33 * * * * ** * * * 9
Li et al33 * * NA * ** * * * 8
Jiang et al34 * * * * ** * * * 9
Jiang et al34 * * * * ** * * * 9
Liu et al35 * * * * ** * * * 9
Gu et al36 * * * * * * * * 8
Huang et al37 * * * * ** * * * 9
Cao et al38 * NA * * * * * * 7
Zou et al39 NA NA NA * ** * * * 6
Zou et al39 NA NA NA * ** * * * 6

Notes: This table identifies “high” quality choices with a “star”. A study can be awarded a maximum of one star (*) for each numbered item within the Selection and Exposure 
categories. A maximum of two stars (**) can be given for Comparability. Studies can be divided into very high quality group (score =9) and lower quality group (score ,9) 
for analysis.
Abbreviation: NA, not applicable.

Figure 3 Publication bias in studies of the association between the COMT 
polymorphism rs4680 with violence risk assessed by Begg’s funnel plot.
Abbreviations: COMT, catechol-O-methyltransferase; log OR, the natural logarithm 
of the odds ratio; SE, standard error.
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abstinence challenge, pain stimulation, and Parkinson’s 

disease.44–48 Considering the results mentioned earlier that 

the COMT rs4680 polymorphism increases aggression risk 

in patients with schizophrenia by the recessive model and 

the BOLD-fMRI is able to identify the aggression behavior 

risk by measuring the cerebral activity in the high-level 

and low-level CNS, it seems reasonable to combine both 

the methods to increase the predictive value of the risk of 

aggression behavior with respect to specificity and sensitiv-

ity. Certainly, a well-designed study is needed to elaborate 

the relationship between fMRI and COMT polymorphism 

rs4680 and their combined predictive value in aggression 

risk in patients with schizophrenia.

Despite the systematic review and meta-analysis have 

several advantages in some aspects, the limitations are to 

be mentioned. 1) As the number of fMRI studies was so 

limited, we can only conduct a qualitative review rather than 

a quantitative analysis. The conclusion of this review needs 

to be carefully interpreted. 2) In terms of the COMT studies, 

we failed to analyze the gene-environmental effects since 

the susceptibility to physical aggression may be influenced 

by interactions between individual genes and environment. 

3) The possible influence of some clinical variables on the 

association of fMRI values or COMT polymorphism with 

aggression in patients with schizophrenia were not consid-

ered, such as antipsychotic treatment, duration of illness, the 

sampling effect in different stages of disease progression, 

and comorbid with substance abuse including smoking or 

alcohol drinking. Further high-quality and larger sample-

sized studies are required to confirm the conclusion of this 

review and meta-analysis.

In conclusion, our review and meta-analysis indicate that 

there is a relationship among violent behavior in patients 

with schizophrenia, positive BOLD-fMRI values in the lower 

CNS and negative values in the high-level CNS, as well as 

a recessive gene model in COMT polymorphism rs4680. 

Hence, a combined test of fMRI and COMT gene might 

increase the predictive value and furthermore, help develop 

informative strategies for preventing aggression in patients 

with schizophrenia.
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