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Abstract

Background—The Met158 allele of catechol-O-methyl transferase (COMT) gene is associated 

with increased levels of catecholamines in the prefrontal cortex and may increase the likelihood of 

aggressiveness. We conducted a meta-analysis to test the hypothesis that the Met158 allele of the 

COMT gene is associated with aggressive and violent behavior in schizophrenia.

Methods—MEDLINE search (12/31/11) yielded 14 studies examining the association of the 

COMT gene polymorphism (rs4680) and aggression in schizophrenia (total n=2219). Three 

separate analyses were conducted using a random effects model for Met allele carriers vs. Val/Val 

homozygotes, Met/Met homozygotes vs. Val allele carriers, and Met allele vs. Val allele, 

respectively. Primary outcome was frequency of patients with aggressive behavior and odds ratio 

(OR) was the effect size measure.

Results—The frequency of violent patients in the sample ranged from 20% to 75%. The pooled 

effect sizes for the Met homozygotes vs. Val allele carriers, Met allele carriers vs. Val 

homozygotes and the Met allele vs. Val allele comparisons were 1.74, 1.65 and 1.35, ps<.05, 

respectively, suggesting that the Met 158 allele of the COMT gene is associated with higher risk 

for violence in schizophrenia. Results remained significant after examining heterogeneity among 

samples and potential publication biases.
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Conclusions—TheMet158 allele of the COMT gene confers a significantly increased risk for 

aggressive and violent behavior in schizophrenia. These data may provide basis for developing 

informative strategies for reducing violence in patients with schizophrenia.
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1. Introduction

The recent news articles about tragic and high profile killings by people with mental illness 

(Web link), suggest an urgent need to understand how to predict and prevent violent 

behaviors and how to manage patients after the occurrence of violent behaviors. Some 

patients with schizophrenia may display violent behavior (Nestor, 2000), and the risk for 

such behavior is two to ten times higher than in the general population (Wessely, 1997). A 

meta-analysis (Large and Nielssen, 2011), found that about a third of patients with 

schizophrenia exhibited some violent behavior and approximately 1 in 6 committed an act of 

more serious violence involving the assault of another person.

The causes for violent behavior are complex and multi-factorial. Some common causes 

include young age, lack of education, and prior history of violence, hallucinations, 

delusions, treatment non-adherence and substance abuse (Fazel et al., 2009). However, these 

factors are variable and not specific to schizophrenia, thus have a low predictive value. 

Accumulating evidence suggests that aggressive or violent behavior in schizophrenia is 

partially determined by genetic factors (Cadoret et al., 1995; Eley et al., 1999). Several 

candidate genes have been shown to be associated with violence in schizophrenia, including 

the catechol-O-methyl transferase (COMT) gene; however, there have been no genome wide 

association studies examining violence in schizophrenia to date.

The catecholamine system, including dopamine and norepinephrine, in the prefrontal cortex 

(PFC) is known to regulate the appropriate expression of aggressive behavior (Gerra et al., 

1997; Nelson and Trainor, 2007). The COMT gene, located on the long arm of chromosome 

22, encodes for a key catecholamine catabolic enzyme (COMT enzyme) that is involved in 

regulating dopamine transmission within the PFC and therefore has been linked to 

aggressive behavior. Thus a genetic variant that alters COMT enzyme activity and increases 

the concentration of dopamine in synapses of the PFC may lead to diminished prefrontal 

function, which can result in an increased propensity for impulsive violent behavior (Nolan 

et al., 2004). A common functional single nucleotide polymorphism (SNP) in the COMT 

gene at codon 108/158, Val158Met (rs4680), generates a valine (Val)-to-methionine(Met) 

substitution and results in a fourfold reduction in COMT enzyme activity in the Met/Met 

homozygotes (Lotta et al., 1995), and increased dopamine levels in the prefrontal cortex.

Several studies have shown a strong association between the Met allele and risk for violence 

in schizophrenia (Han et al., 2004, 2006; Hong et al., 2008; Kotler et al., 1999; Lachman et 

al., 1998; Strous et al., 1997; Strous et al., 2003; Tosato et al., 2011). In contrast, Jones et al. 

(2001) reported that Val/Val genotype was associated with greater risk for violence in 
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patients with schizophrenia; others have found the association to be inconsistent (Liou et al., 

2001; Koen et al., 2004; Zammit et al., 2004; Kim et al., 2008; Gu et al., 2009).

To systematically synthesize these disparate studies, a potentially useful methodology is to 

use meta-analytic techniques that incorporate results from multiple studies in an unbiased 

fashion (Munafo and Flint, 2004). Therefore, in the present study, we performed a meta-

analysis of studies examining the association between the COMT gene polymorphism and 

risk for violence in patients with schizophrenia and hypothesized that the Met158 allele of 

the COMT gene is associated with increased risk for violence and aggressive behavior in 

schizophrenia.

2. Methods

2.1. Literature search

To identify studies eligible for this meta-analysis, we searched MEDLINE for all 

publications available up to December 31, 2011, that examined the association between the 

COMT gene and violence in patients with schizophrenia. The following key words were 

used in the literature search: aggression, violence, schizophrenia, polymorphism, gene, and 

COMT. We also used the reference lists from identified articles and recent literature review 

articles to identify additional relevant studies. Each article included in the meta-analysis met 

the following inclusion criteria: 1) reported the association between the COMT gene 

polymorphisms (rs4680) and violence in human subjects; 2) included patients with 

schizophrenia; 3) included both violent (case) and non violent (control) schizophrenia 

patients and 4) used either a structured or an unstructured method to assess violence. Using 

this approach, 14 articles were identified, with 14 independent cohorts and were included in 

the meta-analysis. Fig. 1 shows the flow chart of the literature search process. Table 1 lists 

the characteristics of the 14 samples.

2.2. COMT gene (SNP rs4680)

The human COMT gene SNP rs4680 is a commonly-studied functional polymorphism. The 

frequency of the low-activity allele that encodes Met 108/158 ranges from approximately 

50% in Caucasian subjects to 20–30% in East Asians, with some populations having even 

lower allele frequencies, for example, 6% in Ghana (Palmatier et al., 1999). The frequency 

of the Met and the Val alleles across all the studies included in the meta-analysis was in 

keeping with the Hardy–Weinberg equilibrium. The SNP rs4680 was analyzed across all 

studies included in the meta-analysis.

2.3. Definition of phenotype

A challenge for meta-analysis of this literature is the use of differing clinical definitions of 

violence/aggression and use of different clinical tools to assess violence or aggression such 

as use of life time history of violence which is an unstructured measure to assess violence as 

opposed to using a more structured measure like the overt aggression scale. Because the 

specific measures used in each study differ, individual tests or domains cannot be directly 

compared across multiple studies. Therefore, in the present meta-analysis, we chose to use 

violence vs non violence, defined by each individual study, as the phenotype.
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The schizophrenia patients in each sample were categorized into violent or non-violent 

group based on the life time history or an aggression scale. They were further stratified 

based on the genotype, for example Met/Met homozygotes violent vs Met/Met homozygotes 

non violent. For studies where the categorical data was not available for individual 

genotypes, authors were contacted to request additional data. To provide a uniform metric 

for meta-analysis, odds ratio was computed as a measure of effect size and was generated 

for each analyses within each study, as described in the next section.

2.4. Statistical analysis

Three separate analyses were conducted for Met allele carriers vs. Val/Val homozygotes 

(dominant model), Met/Met homozygotes vs. Val allele carriers (recessive model), and Met 

allele vs. Val allele, respectively. Data for each analysis were entered into and analyzed 

separately by the Comprehensive Meta-Analysis software version 2 (Biostat, Eaglewood, 

New Jersey). Odds ratio (OR) was used as the effect size measure, representing the risk for 

violence in one group compared to another group (i.e., Met allele carriers vs Val 

homozygotes, Met homozygotes vs Val allele carriers, and Met allele vs Val allele, 

respectively). Pooled effect sizes across studies were computed with a random effects 

model, which estimates the likely effect size across different populations and takes 

heterogeneity across studies into account (Borenstein et al., 2009). This model is different 

from a fixed effects model, which estimates the most likely effect size from multiple studies 

assuming that they are sampled from a single population, but it can be biased by high 

heterogeneity across studies (Munafo and Flint, 2004).

Heterogeneity between studies was assessed by the Q and I2 statistics. The Q statistic is a 

chi-square test for heterogeneity. The I2 is the proportion of observed variance in effect sizes 

across studies attributable to true differences among studies. A conventional interpretation 

of I2 is that it defines bounds for low (<25%), moderate (~50%), and high (>75%) 

heterogeneity (Higgins et al., 2003).

Publication bias was assessed with the funnel plot, Egger's regression test (Egger et al., 

1997), and the trim and fill method (Duval and Tweedie, 2000). The trim and fill method is 

an iterative procedure to assess whether small extreme included studies and/or potentially 

not included studies can bias the estimate of the true effect size. To examine the influence of 

potential moderators, meta-regression analysis was conducted with the following predictors: 

percentage of male subjects in the sample, Asians vs Non Asians, and mean age of the 

sample.

Sensitivity analysis was conducted to assess potential influences of any one single study on 

the pooled effect size. Within each meta-analysis, included studies were removed one at a 

time to check for significant alterations to pooled effect sizes and associated p values. This 

method also explicitly tests for a potential “winner's curse,” in which the first study has the 

largest effect size and tends to bias the meta-analysis (Kraft, 2008).
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3. Results

Fourteen articles with 14 independent samples (total n=2219) met the inclusion criteria and 

were included in the meta-analysis (Fig. 1). As shown in Table 1 the 14 samples consist of 

mostly men (80%), with an average age of 38 years old. The majority of subjects were 

Asians (65%). Seven samples used the overt aggression scale (OAS) (Yudofsky et al., 1986) 

to classify patients with schizophrenia as violent or non-violent, whereas five samples used 

the history of violence either lifetime or two weeks prior to admission. Strous et al. (1997) 

used the risk assessment for dangerousness scale (Volavka, 1995) and Koen et al. (2004) 

used the Corrigan agitated behavior scale and the PANSS (Kay et al., 1989) excited factor. 

The frequency of violent schizophrenia patients in each sample ranged from 23% to 77%.

3.1. Main analyses

3.1.1. Dominant model: Met allele carriers vs Val/Val homozygotes—Fourteen 

independent samples with 2219 schizophrenia patients contributed to the meta-analysis. The 

pooled OR was 1.539 (95% confidence interval (CI)=1.066 to 2.221), p=0.021, indicating 

that in patients with schizophrenia, carriers of the low activity Met 158 allele were at 

significantly higher risk for violence than the high activity Val homozygotes (Fig. 2). 

Examination of heterogeneity across studies was significant, Q-statistic=42.78, p<0.001, 

I2=69.61%.

3.1.2. Recessive model: Met/Met homozygotes vs Val allele carriers—Fourteen 

independent samples with 2219 schizophrenia patients contributed to the meta-analysis. The 

pooled OR was 1.737 (CI= 1.103 to 2.735), p=0.017, indicating that homozygotes for the 

Met158 allele were at significantly greater risk for violence in schizophrenia than the Val 

allele carriers (Fig. 3). Tests of heterogeneity among studies were significant, Q-

statistic=31.67, p=0.003, I2= 58.96%.

3.1.3. Met allele vs Val allele—Thirteen independent samples with a total of 4174 alleles 

contributed to the meta-analysis. One sample (Han et al., 2006)was not included in the 

analysis because of insufficient data on the allelic distribution. The pooled OR was 1.358, 

(CI=1.042 to 1.770), p=0.023, indicating that having the Met158 allele significantly 

increases the risk for violence in schizophrenia than the Val allele (Fig. 4). Heterogeneity 

across studies was substantial, Q-statistic=37.65, p<0.001, I2=68.13%.

3.2. Moderator analysis

Meta-regression analysis was conducted for each of the three separate analyses to assess the 

effects of the following variables as potential moderators: age, sex and ethnicity. There was 

no significant effect of percentage of male in the sample, probably due to ceiling effect, as 

80% of the sample was men.

A subgroup analysis comparing the Asians vs Non-Asians was not significant; however the 

non-Asians tend to have larger effect size. This trend could be explained by the high 

frequency of Met allele in Caucasians (40–60%) as compared to East Asians (10–30%) 

(Palmatier et al., 1999).

Bhakta et al. Page 5

Schizophr Res. Author manuscript; available in PMC 2015 April 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



There was a significant effect of mean age in the Met/Met vs Val carrier analysis, such that 

the older mean age was associated with smaller effect size (b=−0.07, p=0.04), indicating 

perhaps that as people get older, the effects of genetics on people's aggressive behavior 

become smaller. However, this analysis included only 10 of 14 studies because 4 studies had 

missing data on age. Moreover, studies that did not include lifetime aggression measures 

may have misclassified some individuals as nonviolent if they had not displayed aggressive 

behavior in the recent past.

3.3. Sensitivity analysis

Sensitivity analysis was conducted for each meta-analysis to assess the influence of any 

single study. When removing one study at the time from each meta-analysis, there was no 

significant change in the pooled ORs and their associated p values.

3.4. Publication bias analysis

There was no evidence for publication bias by the trim and fill method (Duval and Tweedie, 

2000) for each of the three separate analyses.

4. Discussion

To our knowledge, this is the first meta-analysis testing the effect of the COMT gene 

SNPrs4680 on violence in patients with schizophrenia. The three separate analyses 

comparing the low activity Met 158 allele, Met allele carriers and Met/Met homozygotes 

with the high activity Val allele, Val/Val homozygotes and Val allele carriers respectively, 

were highly significant, indicating a greater risk for violence in patients with schizophrenia 

who carry the low activity Met158 allele with the risk being even greater for the Met/Met 

homozygotes. These results were not influenced by the moderator variables, including age, 

sex and ethnicity, and the sensitivity analysis. We also found no evidence of significant 

publication bias.

These data implicating the COMT Met158 allele with violence converge with other lines of 

evidence. In animal studies, male (but not female) knockout mice deficient in the COMT 

gene exhibited aggressive behavior suggesting that low activity of COMT enzyme is 

associated with aggressive behavior (Gogos et al., 1998). The results of our meta-analysis 

also suggest that males with the low activity Met allele are at risk for violent behavior; 

however as the sample included was primarily composed of men (80%), we had limited 

power to detect a relationship in females.

There have been efforts to understand the neurobiology of violence or aggression in 

schizophrenia patients (Volavka, 1999; Soyka, 2011). On a neurotransmitter level, an 

increase in the dopaminergic transmission in the prefrontal cortex of the brain caused by the 

COMT Met 158 allele could possibly explain the risk for aggressive behavior in the carriers 

of this allele (Egan et al., 2001). Dopamine (DA) transmission is rapidly terminated at most 

synapses by reuptake through synaptic dopamine transporters. However, the COMT enzyme 

plays a more significant role in regulating dopamine in areas of the brain where DA 

transporter concentrations are relatively low, such as the prefrontal cortex. Alterations in 

inferior frontal white matter microstructure, with resultant frontal lobe dysfunction, have 
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been implicated in the pathophysiology of aggression and impulsivity in patients with 

schizophrenia (Hoptman et al., 2002). Nolan et al. (2004) proposed that COMT Val158Met 

may modulate the balance of the tonic and phasic dopamine function in different areas of the 

brain depending on specific function. According to this hypothesis, the Met allele is 

associated with increased tonic dopamine activity in the prefrontal cortex, with general 

benefits for cognitive stability, but costs in the capacity to flexibly alter behavioral 

programs. The deficits in behavioral inhibition skills needed to cope with the presence of 

symptoms and other stressful life events in the schizophrenia patients with the Met allele 

might result in the risk for violence or aggressive behavior (Serper et al., 2008).

Although, the Val158Met polymorphism is not the only variation in the COMT gene, results 

from studies examining the association of other haplotypes (Gu et al., 2009) and SNP 

Ala78Ser (Hong et al., 2008) of COMT are too limited to draw any firm conclusions. Other 

related genes such as MAOA (Strous et al., 2003; Koen et al., 2004; Zammit et al., 2004), 

MAOB (Zammit et al., 2004), and DRD4 (Kotler et al., 1999), that may influence 

dopaminergic function have also been examined for association with aggression/violence 

with no significant results.

Aggressive behavior is likely to result from interaction of several factors. Recently, a meta-

analysis (Fazel et al., 2009) examining the relationship between schizophrenia and violence 

concluded that patients with substance abuse comorbidity have a higher risk of violence. 

Five of the 14 studies (Strous et al., 1997; Jones et al., 2001; Koen et al., 2004; Zammit et 

al., 2004; Tosato et al., 2011), included in our meta-analysis had accounted for substance 

abuse as a confounder and one (Koen et al., 2004) from these 5 studies showed a positive 

association between risk for violence and cannabis and alcohol abuse in patients with 

schizophrenia independent of COMT genetic variation. However, in our meta-analysis, a 

moderator analysis including substance abuse as a variable was not performed because of 

insufficient data. Moreover, some of the included studies were derived from forensic 

samples. Due to a small number of studies however we could not assess whether these 

studies were significantly different from others.

The association between the Met158 allele and violence/aggressive behavior could just have 

been an epiphenomenon (Soyka, 2011). However, studies examining the association 

between COMT gene variation and violence in different psychiatric subgroups such as 

antisocial alcoholics or borderline patients with self injurious behavior have failed to show 

an association, making the association more specific to the schizophrenia patient population 

(Hallikainen et al., 2000; Russ et al., 2000). Moreover, the pooled effect sizes in our analysis 

were moderate, ranging from 1.3 to 1.8, suggesting a strong association between the Met158 

allele and risk for violence in schizophrenia patient population. Nevertheless, these moderate 

effect sizes found in our study are not sufficient to base clinical decision making on COMT 

genotype.

To summarize, the results of our meta-analysis support the hypothesis that the Met158 allele 

of the COMT gene confers a significantly increased risk for aggressive and violent behavior 

in patients with schizophrenia. These data, coupled with other predictors may provide the 

bases for the development of informative strategies for reducing violence in schizophrenia.
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Fig. 1. 
Flow chart of literature search.
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Fig. 2. 
Comparing the risk for violence in the Met carrier vs Val homozygotes. The effect sizes 

indicate that the Met carriers are at greater risk for violence in schizophrenia patients. CI, 

confidence interval. Heterogeneity: Q=42.78, df=13, p<0.001, I2=69.61. Publication bias: 

Egger's regression test: p=0.04. Trim and fill method: no missing study identified.
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Fig. 3. 
Comparing the risk for violence in the Met homozygotes vs Val carrier. The effect sizes 

indicate that the Met homozygotes are at higher risk for violence in schizophrenia patients. 

Heterogeneity: Q=31.67, df=13, p=0.003, I2=58.96%. No single study biased the pooled 

effect size. Publication bias: Egger's regression test: p=0.42. Trim and fill method: no 

missing study identified.
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Fig. 4. 
Comparing risk for violence for Met allele vs Val allele. The effect sizes indicate that 

carrying a Met allele increases the risk for violence in schizophrenia patients. Heterogeneity: 

Q= 37.65, df=12, p<0.001, I2=68.13% Publication bias: Egger's regression test: p=0.02. 

Trim and fill method: no missing study identified.
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