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Abstract

Background—A polymorphism in the promoter region of the monoamine oxidase A gene
(MAOA) has been shown to alter the effect of persistent drinking and childhood maltreatment on
the risk for violent and antisocial behaviors. These findings indicate that MAOA could contribute
to inter-individual differences in stress resiliency.

Methods—Recidivism in severe violent crimes was assessed after 8 years of nonincarcerated
follow-up in a male sample of 174 impulsive Finnish alcoholic violent offenders, the majority of
whom exhibited antisocial (ASPD) or borderline personality disorder (BPD) or both. We
examined whether MAOA genotype alters the effects of heavy drinking and childhood physical
abuse (CPA) on the risk for committing impulsive recidivistic violent crimes.

Results—Logistic regression analyses showed that both heavy drinking and CPA were
significant independent predictors of recidivism in violent behavior (OR 5.2, p = 0.004 and OR
5.3, p = 0.003) among offenders having the high MAOA activity genotype (MAOA-H), but these
predictors showed no effect among offenders carrying the low MAOA activity genotype (MAOA-
L).

Conclusion—Carriers of the MAOA-H allele have a high risk to commit severe recidivistic
impulsive violent crimes after exposure to heavy drinking and CPA.
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The polymorphism of the enzyme monoamine oxidase genotype A (MAOA), alcoholism,
childhood adversities, impulsivity, and violence forms an association complex that is
recognized but not well clarified. On one hand, strong evidence suggest that alcoholism
(Bye, 2007; Zhang et al., 1997), some childhood adversities (Caspi et al., 2002; Reif et al.,
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2007), and impulsivity (Zhang et al., 1997) are linked to violence. Alcoholism (Grucza et
al., 2006; Linnoila et al., 1989; Zhang et al., 1997) and childhood adversities (Johnson et al.,
1999; Zanarini et al., 1997), on the other hand, are also connected with impulsivity and
cluster B personality disorders. Moreover, some childhood adversities have been associated
with adulthood alcoholism (Brown and Anderson, 1991). Prevention of childhood
adversities by early supportive family interventions has resulted in lower rates of adolescent
antisocial behavior and substance abuse in a long-term follow-up (Olds et al., 1998).

Brunner and colleagues identified a rare stop-coding variant in the MAOA in a Dutch family
that was prone to aggressive behaviors (Brunner et al., 1993). MAOA is an outer membrane
mitochondrial enzyme that inactivates monoamines such as serotonin, noradrenalin, and
dopamine (Shih et al., 1999). The MAOA gene is located on the X chromosome (Xp 11.23-
11.4) (Levy et al., 1989), and a common polymorphism in the MAOA gene’s transcriptional
control region [“MAOA linked polymorphism region” (MAOA-LPR)] has been shown to
affect transcriptional activity that results in either high- or low-MAOA activity (MAOA-H
and MAOA-L) (Denney et al., 1999; Sabol et al., 1998). Alleles differ in the number of
copies (2, 3, 3.5, 4, 5, or 6) of a 30-bp repeat sequence, and the most common alleles are
those that contain 3 or 4 copies of the 30-bp repeat sequence. The 4-repeat and 3.5-repeat
alleles (MAOA-H) correspond to a greater amount and higher activity of MAOA when
compared with the 3- repeat allele (MAOA-L) (Denney et al., 1999; Sabol et al., 1998).

The role of MAOA in human aggression is not well understood. A subdivision of human
aggression into impulsive and premeditated could in part explain the mixed results that have
been reported in this field of research. A discernable trend in the literature suggests that the
MAOA-H genotype connects with impulsive aggression whereas the MAOA-L genotype
links to more premeditated aggression. The MAOA-H genotype has been associated with
reconvictions of impulsive alcohol-related severe violent crimes (Tikkanen et al., 2009),
persistent childhood aggression (Beitchman et al., 2004), and dispositional aggression with
impulsive features (Manuck et al., 2000). The MAOA-L genotype, on the other hand, has
shown a main effect on aggression defined as predisposition toward intentional physical
aggression against another person (Reif et al., 2007). Likewise, after exposure to certain
childhood adversities, MAOA-H individuals have presented impulsivity/aggression in terms
of problematic alcohol-related behavior (Nilsson et al., 2008), whereas maltreated MAOA-L
individuals have shown attitudes that accept usage of inter-personal violence (Caspi et al.,
2002). Weder and colleagues (2009) showed that the level of childhood adversities may
determine which MAOA genotype presents more aggression, rule-breaking, and inattention.

Reports on which MAOA alleles are associated with alcoholism have also presented
divergent results. Some studies of Caucasian samples suggest that the MAOA-L allele is
more frequent among alcoholics (Samochowiec et al., 1999; Schmidt et al., 2000) while the
MAOA-H allele has also been associated with alcohol and drug dependence with related
antisocial lifestyle and reconvictions of impulsive alcohol-related severe violent crimes
(Gade et al., 1998; Tikkanen et al., 2009). Nilsson and colleagues (2007, 2008) reported on
the outcome of adolescent alcohol-related destructive behavior after exposure to adverse
psychosocial environments. They concluded that the MAOA-L genotype increased risk
among boys, whereas the MAOA-H genotype increased the risk among girls. Ducci and
colleagues (2008) observed that only after exposure to childhood sexual abuse were MAOA-
L genotyped adult women at an increased risk for antisocial alcoholism.

One aim of the current study was to test the hypotheses that childhood physical abuse (CPA)
leads to both persistent excessive drinking and impulsive acts of violence in adulthood, and
that the putative effect of CPA on the risk of recidivistic impulsive violent crimes is
mediated via heavy drinking in a sample comprising impulsive-aggressive alcoholics that
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had been convicted of severe violent crimes. Another focus of the study was to examine the
role of MAOA conjunct to heavy drinking and CPA as predictors of new acts of impulsive
violence. We expected that heavy drinking and CPA would show a larger effect among the
MAOA-H genotype, as we recently observed that this group was prone to commit impulsive
violent crimes under the influence of alcohol after a history of persistent excessive drinking
(Tikkanen et al., 2009).

MATERIALS AND METHODS

Subjects

The Ethics Board of the Helsinki University Central Hospital approved the study, and all
subjects provided their informed consent before participating in the study.

The study sample comprised 174 Finnish MAOA-LPR-genotyped male violent alcoholic
offenders recruited between 1990 and 1998. Because of the violent nature of their crimes,
the subjects were remanded to a mental status examination and spent 2 months within the in-
patient care unit at the Department of Psychiatry, Helsinki University Central Hospital. This
sample included many subjects who participated in several genetic studies that concerned
violent alcoholic offenders, mainly with ASPD (Belfer et al., 2006, 2007; Ducci et al., 2006,
2009; Enoch et al., 2006; Xu et al., 2007). Psychosis and an 1Q of <70 served as exclusion
criteria. Mean age at the time of evaluation was 32.5 (SD £ 9.7), and mean 1Q (WAIS) was
97.2 (SD £ 14.5). The majority of the offenders belonged to lower socio-economic groups.
Their occupational status mainly included semi-skilled workers, and many were unemployed
at the time of recruitment for this study.

Psychiatric Assessment

Each subject was interviewed with the Structured Clinical Interview for DSM-I11-R (Spitzer
et al., 1990) to detect lifetime mental disorders (APA, 1987). Interviewers were experienced
licensed psychiatrists, and diagnoses were double-checked by psychiatrists at the National
Institute of Alcohol Abuse and Alcoholism in Bethesda, Maryland. Axis Il diagnoses were
ASPD (61; 36%), borderline personality disorder (BPD) (21; 12%), ASPD and BPD
comorbidity (46; 26%), narcissistic personality disorder (8; 5%), paranoid personality
disorder (24; 14%), and others (21; 12%). Alcohol dependence was diagnosed in 134
subjects (77%) and alcohol abuse in 40 (23%). Early onset conduct disorder (CD) was
diagnosed in 42% (73/174) of the subjects.

Childhood Physical Abuse

Information on childhood exposure to physical abuse was obtained from multiple face-to-
face interviews (i.e., a psychiatrist, psychologist, psychiatric nurse, and social worker
interviewed each subject as part of a standard mental status examination). Structured
questionnaires for family histories were sent to first-degree relatives, and collateral
information was collected from health care and social service documents. CPA was defined
as exposure to physical abuse before age 13 (n = 51; 29%). The abuse had to be
pronouncedly traumatic (assessment by the subjects or relative) or reported as a recurrent
problem, and sporadic abuse was not classified as an exposure event. Blinded to MAOA
genotype, the classification was carried out by 2 different raters with an interrater reliability
of 0.90 (Spearman’s rho correlation coefficient, p < 0.01). All subjects received a
classification, but the classification of 2 subjects was determined through an open re-
evaluation.
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Alcohol Consumption

Alcohol consumption was measured before the follow-up with the Lifetime Drinking
History (Skinner and Sheu, 1982) questionnaire, which is a structured interview where
subjects are asked about patterns of alcohol consumption from the first year of regular
drinking to the present. We divided the subject’s lifetime alcohol exposure by the number of
years of drinking to form a variable describing the lifetime yearly mean alcohol
consumption. Heavy drinking was defined as alcohol consumption >70 kg per year
matching the upper quartile of the sample (n = 43).

The covariate “parental problem drinking” (100/174; 58%) was assessed from the same
sources as CPA (described previously). Unambiguous records of excessive drinking of
either parent scored as an event.

Assessment of Violent Behavior

The base line violent offenses (preceding the mental status examination) were generally
serious, impulsive, and committed under the influence of alcohol. The occurrence of
impulsive-aggressive behavior (115/174; 66%) and alcohol intoxication (155/174; 89%)
during the violent crime were assessed blinded to outcome, from themental status
examination reports, where the offender’s ability to control his behavior during the violent
act was thoroughly discussed. A common subjective experience reported by the offenders
was that of amnesia and loss of behavioral control during the act of violence. The most
common convictions were manslaughter, attempted manslaughter, assault, or battery (61%),
murder or attempted murder (19%), arson (16%), and rape (4%). Recidivism in violent
behavior was assessed using data provided by the Legal Register Centre in August 2005.
The distribution of the outcome acts of violence was manslaughter, attempted manslaughter,
assault, or battery (81.2%), murder or attempted murder (7.3%), arson (7.3%), and rape
(4.3%).

The total follow-up period (from the mental status examination to the August 2005 when
criminal records were examined) was 11.7 years (140 months, range 85 to 182). We
subtracted time spent in prison from the total follow-up time to provide a nonincarcerated
follow-up period of 8.1 years (97 months, range = 3 to 182).

MAOA-LPR Genotyping

The MAOA-LPR was genotyped with PCR primer sequences: Forward 5'-(CCC AGG CTG
CTC CAG AAA CATG 3)-3' and Reverse 5'-(GTT CGG GAC CTG GGC AGT TGT G)-3'.
Owing to the high GC content in the region where the MAOA-LPR is located, amplification
was performed using Invitrogen’s Platinum Tag and PCRX Enhancer System Kits, according
to the manufacturer’s protocol (Invitrogen, Carlsbad, CA). A detailed description of the
genotyping method appears elsewhere (Ducci et al., 2006).

As the study sample was composed of only men, the genotypes were grouped based on
relative transcriptional activity into 2 categories: high activity (4 repeats) versus low activity
(3 repeats). These 2 alleles accounted for 97% of the MAOA-LPR variety among the
offenders (4 repeats, 0.56 and 3 repeats, 0.44). The distribution of MAOA-H and MAOA-L
alleles is similar to those in other Caucasian male samples (Caspi et al., 2002; Gade et al.,
1998; Manuck et al., 2000; Ni et al., 2007; Reif et al., 2007; Weder et al., 2009).

Statistical Analyses

The Pearson Chi-Square and Fisher’s exact tests were applied for frequency distribution
comparisons. Correlations were examined with the Pearson and Spearman’s rho tests.
ANOVA was used in alcohol consumption comparisons. Univariate analysis of covariance
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(ANCOVA) was used to examine interaction between MAOA genotype and CPA for
alcohol consumption. Analyses were adjusted for age, and Bonferroni correction was used in
post hoc multiple comparisons.

Four separate logistic regression models were constructed to examine risk of impulsive
violence (dependent). The first model, adjusted for age, included MAOA genotype, heavy
drinking, and CPA as independents, and interaction terms were tested. The same procedure
was applied for both MAOA genotypes separately. This subdivision procedure was
performed because research suggests that MAOA could contribute to inter-individual
differences in vulnerability to noxious environments. To avoid spurious results caused by
possible gene—environment correlations (rGE), we included early onset CD (evocative rGE
factor) and parental problem drinking (passive rGE factor) as covariates in the logistic
regression analyses. The rationale behind this, on one hand, was that the pure environmental
effect of CPA could be biased by parental aggression arousal caused by the misbehaviors of
the child and on the other hand, parental problem drinking could increase the level of
physical abuse. Moreover, even though an association between at least one cluster B
personality diagnosis (128/174, 74%) and recidivistic acts of violence (32 = 8.39, df = 1,p =
0.004) emerged in preliminary analyses, externalizing disorders were not included as
covariates in the regression analyses, as early onset CD was strongly associated with cluster
B personality disorders (x< = 20.60, df = 1, p < 0.001).

The fourth regression model was constructed to assess the effects of different exposure
(heavy drinking and CPA) and covariate (CD and parental problem drinking) combinations
on risk of acts of impulsive violence among MAOA-H offenders. The level of statistical
significance was set at 0.05, and analyses were carried out with SPSS 16.0 (SPSS Inc.,
Chicago, IL).

Alcohol Consumption

The mean consumption of the whole sample was 52.4 kg (SD = 37.5). In a comparison of
mean values of alcohol consumption between offenders with or without a history of CPA, no
significant difference was observed (57 vs. 51 kg; F = 0.82, df = 1, p = 0.366). However, a
significant interaction occurred between MAOA genotype and CPA (F=4.8,df=1,p=
0.029) (ANCOVA). A Bonferroni-corrected ANOVA comparison of alcohol consumption
means (F = 3.0, df = 3, p = 0.034) showed that MAOA-H offenders with a history of CPA
drank significantly more than MAOA-L offenders with CPA (p = 0.037). The other
comparisons of mean alcohol consumption between groups failed to reach significance. The
yearly mean consumption was as follows: MAOA-H with CPA (n = 31) 69.1 kg (SD + 42.0),
MAOA-L with CPA (20) 41.2 kg (SD % 29.0), MAOA-H without CPA (66) 52.8 kg (SD *
34.0), and MAOA-L without CPA (57) 48.8 kg (SD * 36.9). In frequency distribution
comparisons between offenders with and without CPA exposure separately within MAOA
genotypes, heavy drinkers (=70 kg per year) were more frequent among MAOA-H offenders
with a history of CPA than among MAOA-H offenders without a history of CPA [48%
(15/31) vs. 18% (12/66)]; %2 = 9.6, df = 1, p = 0.002), whereas no difference emerged among
MAOA-L offenders (Fig. 1 here).

Recidivistic Acts of Violence

Forty percent (69/174) of the offenders committed a new violent crime. The frequency of
recidivism among the MAOA genotype subgroups with or without CPA was as follows (Fig.
1): MAOA-H with CPA 68% (21/31), MAOA-L with CPA 50% (10/20), MAOA-H without
CPA 33% (22/66), and MAOA-L without CPA 28%(16/57).
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The distribution of heavy drinking and CPA exposures in the MAOA genotype subgroups
was examined before risk analyses were performed. Both heavy drinking and CPA were
evenly distributed (y = 1.15, df = 1, p = 0.284 and y~ = 0.74, df = 1, p = 0.389), and age
showed no correlation with genotype (r = —0 064, p = 0.404).

The independents in the regression models were tested for correlations, and the only weak
correlation was found between heavy drinking and CPA in the MAOA-H subsample (r =
0.214, p = 0.036).

Table 1, model 1, presents that both heavy drinking and CPA showed positive main effects
on risk of recidivistic acts of violence, whereas MAOA genotype showed no main effect.
Model 1, with model fitting information 2 = 26.3, df = 6, p < 0.001, and, with 71%
predictive power, explained 19% of the variability of outcome (nagelkerke = 0.190). On
stepwise inclusion of interaction terms, both MAOA*heavy drinking (b = —2.90, SE = 0.88,
W =10.9, p =0.001) and MAOA*CPA (b = —3.16, SE = 0.93, W = 11.6, p =0.001) added
risk to the model, whereas heavy drinking*CPA showed nonsignificant (b = —0.79, SE =
0.54, W =2.1,p=0.144).

Table 1, model 2, shows that both heavy drinking and CPA increased the risk of acts of
violence among MAOA-H offenders. Model 2, with model fitting information y2 =26.5, df =
5, p = 0.001, and with 73% predictive power, explained 32% of the variability of outcome
(nagelkerke = 0.320). Entry of the heavy drinking*CPA interaction term into the MAOA-H
offender model failed to accumulate any risk to the model even though an interaction
occurred (b = —3.45, SE = 1.25, W = 7.6, p = 0.006). Figure 2 displays the pattern of the
interaction as it presents the frequency of recidivistic acts of violence among MAOA-H
offenders divided into groups by history of heavy drinking and CPA. Still, in greater detail,
the difference in frequency of recidivism between MAOA-H heavy drinkers with or without
exposure to CPA was nonsignificant [86% (13/15) vs. 50% (6/12)]; y2 = 4.3, df=1,p =
0.087), whereas exposure to CPA showed important among MAOA-H nonheavy drinkers
[69% (11/16) for those with a history of CPA and 24% (13/54) for those without CPA; y~ =
10.9, df = 1, p = 0.002].

Table 1, model 3 (model fitting information, ¥2 = 7.5, df = 5, p = 0.183, 68% predictive
power; nagelkerke = 0.131), shows that neither heavy drinking nor CPA affected the risk of
acts of violence among MAOA-L offenders.

Table 2 shows some predictor combinations (heavy drinking, CPA, CD, and parental
problem drinking) that resulted in a more precise classification than a random classification
(50:50) of violent offenders into becoming recidivists or non-recidivists among 97 MAOA-H
offenders. The classification was obtained from the classification table of model 4 (intercept,
b = —2.06 SE = 0.64, W = 10.2, p = 0.001; model fitting information, 32 = 22.5, df = 5, p <
0.001; 73% predictive power; nagelkerke = 0.277).

DISCUSSION

These results suggest that MAOA genotype altered the effects of heavy drinking and CPA
on the risk of severe recidivistic impulsive violent crimes during an 8-year nonincarcerated
follow-up. MAOA, however, had no main effect on the risk. The independent and additive
risk increases because of heavy drinking (OR 5.2, p = 0.004) and CPA (OR 5.3, p = 0.003)
were statistically significant only among MAOA-H offenders, and not among MAOA-L
offenders. The prediction that a MAOA-H offender with a history of both heavy drinking and
CPA would become a recidivist proved correct in 87 to 89% of the cases, where the small
2% variation was because of occurrence of CD and/or parental problem drinking. In
contrast, the prediction that an absence of these risk factors would lead to nonrecidivism

Alcohol Clin Exp Res. Author manuscript; available in PMC 2011 October 17.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tikkanen et al.

Page 7

proved to be correct in 73 to 77% of the cases. These figures of sensitivity and specificity
may be considered high, given that the literature on long-term prediction of violent behavior
has struggled to outperform a random classification because of methodological obstacles
(Mossman, 1994). Previous meager prediction figures may depend on the fact that differing
genotypes have rarely been examined conjunct to risk assessments.

Contrary to expectations, offenders with or without a history of CPA showed no important
difference in adulthood alcohol consumption. Interestingly, however, after stratification into
MAOA genotypes, high alcohol consumption was observed among MAOA-H offenders with
a history of CPA, and this group had a high frequency of recidivistic acts of violence (Fig.
1).

The co-occurrence of heavy alcohol consumption and high frequency of recidivism among
MAOA-H offenders with a history of CPA suggests that the high odds for recidivism caused
by CPA among MAOA-H offenders (Table 1) may be mediated through excessive drinking.
The rationale for this hypothesis was, on one hand, that childhood adversities have been
associated with alcoholism (Brown and Anderson, 1991), and alcoholism, on the other hand,
is linked to violence (Bye, 2007; Zhang et al., 1997). Moreover, the acute disinhibitory
effect of alcohol may lead to a loss of behavioral control (Goldstein and Volkow, 2002), and
some evidence suggests that alcohol consumption increases the risk of impulsive violent
reconvictions among MAOA-H offenders (Tikkanen et al., 2009). Surprisingly, however,
analyses revealed that even though an interaction occurred between heavy drinking and CPA
in the logistic model among MAOA-H offenders, it added no risk, which implies that the
effect of CPA was not mediated via the quantity of drinking. In fact, the difference in
frequency of recidivism between MAOA-H offenders with or without an exposure to CPA
was slightly greater among the nonheavy drinkers than among the heavy drinkers (Fig. 2).
Moreover, high frequencies of recidivism (50 to 86%) cumulated into a minority that was
comprised of individuals with a heavy drinking and/or CPA exposure history (n = 43),
whereas the majority of MAOA-H offenders lacked these exposures (n = 54) and had a low
frequency of recidivism (24%) (Fig. 2). This accumulation of recidivism into MAOA-H
offenders with a heavy drinking and/or CPA exposure history is further accentuated, while
the frequency of recidivism among MAOA-L offenders was generally low (34%). Such
convergence of risk accumulation may in the future help secondary prevention measures and
risk assessments to focus on distinct minorities—both high- and low-risk individuals—
among violent offenders.

Furthermore, and despite the fact that our analyses suggest independent effects of heavy
drinking and CPA on the risk for impulsive recidivistic violent crimes, it is possible that
both effects are partially mediated via trait impulsivity, as childhood adversities are
considered to lead to impulsive cluster B personality disorders with impulsive features
(Johnson et al., 1999; Zanarini et al., 1997). Alcoholism/alcohol consumption also associates
with novelty seeking that includes impulsivity (Grucza et al., 2006; Zhang et al., 1997).
Given that an increasing body of evidence suggests that the MAOA-H, in particular,
associates with impulsivity in healthy men (Cerasa et al., 2008; Manuck et al., 2000;
Passamonti et al., 2006), impulsivity-related disorders such as BPD (Ni et al., 2007, 2009),
attention deficit hyperactivity disorder (Manor et al., 2002), Tourette syndrome (Gade et al.,
1998), and substance abuse (Gade et al., 1998), and that impulsive-aggressive behavior is
linked to low central serotonin levels (Coccaro, 1989; Linnoila et al., 1983), heavy drinking
and CPA exposures may have pushed MAOA-H offenders in our sample—with a
predisposition toward impulsivity—over a certain threshold of impulsivity leading to
impulsive acts of violence.
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Our finding that MAOA-H individuals are prone to commit impulsive violent crimes after
exposure to childhood adversity is seemingly in contrast with the finding by Caspi and
colleagues (2002), who reported that MAOA-L individuals are at an increased risk of violent
crimes after exposure to childhood maltreatment. However, both MAOA-H and MAOA-L
individuals may present with different types of violence and antisocial behavior. We
emphasize that our sample comprises antisocial alcoholics who committed impulsive acts of
violence during alcohol intoxication (i.e., manslaughter, attempted manslaughter, assault, or
battery). Such acts are defined as impulsive in the Finnish medicolegal institution, and the
majority of these crimes were also impulsive judged by the mental status reports that
specifically assess the ability to control behaviors during the crime. In contrast, MAOA-L has
been connected to more premeditated nonalcohol-related violence and intent to harm others
in both a community sample (Caspi et al., 2002) and a violent offender population (Reif et
al., 2007). The type of antisocial personality (with or without comorbid alcoholism) may
determine which MAOA genotype associates with violence in the same manner as gender
difference seemed to determine which MAOA genotype was associated with problem
behavior among adolescent boys and girls in the studies of Nilsson and and colleagues
(2007) Nilsson and and colleagues (2008). Moreover, the quality and timing of childhood
adversity may explain the mixed results in the field, as a recent finding by Weder and
colleagues (2009) holds that different levels of childhood trauma may predispose victims to
different violence-related features (aggression, rule-breaking, and inattention) in differing
MAOA genotypes.

Finnish MAOA-H risk alcoholics exhibiting antisocial behavior, high alcohol consumption,
and abnormal alcohol-related impulsive and uncontrolled violence might represent an
etiologically distinct alcohol dependence subtype. Because the Finnish population may be
considered an isolate population carrying a highly conserved genome (Kere, 2001), our
sample probably differs genetically from other Caucasian samples. The statistically
significant effects of heavy drinking and CPA among the genotype conferring high, rather
than low, MAOA activity would be comprehensible if a different functional MAOA variant
in linkage disequilibrium with MAOA-LPR were responsible for the effects observed. Gene
by gene interactions may partly explain results, because emerging evidence shows that
antisocial alcoholism is associated with abnormal genotypes (Belfer et al., 2006, 2007;
Ducci et al., 2006, 2009; Enoch et al., 2006; Xu et al., 2007). Recent research also suggests
that the MAOA-H may be a marker of a wider serotonergic dysfunction in BPD (Ni et al.,
2007, 2009).

A limitation of this study is that CPA was examined retrospectively, but blinded to both
outcome and genotype, and was defined as a dichotomous measure. On the other hand,
childhood maltreatment has been shown to be a robust predictor of violent and antisocial
behaviors, and most studies have observed an effect, despite differing definitions of
maltreatment. To avoid spurious results, we adjusted the regression analyses for gene—
environment correlations to obtain a pure maltreatment effect. Age was adjusted for, as the
risk of impulsive recidivistic violent crimes among violent offenders (Tikkanen et al., 2009)
and trait impulsivity among patients with BPD (Zanarini et al., 2007) typically varies over
lifespan. An advantage of our sample, on the other hand, was that the high base rate of CPA
and recidivistic violence gave power to detect interactive effects. Still, these results should
be interpreted with the understanding that important pure gene by environment interactions
are difficult to detect (Eaves, 2006; Jaffee and Price, 2007). Other strengths of this study
were its large sample size, homogenous character, and reliable register-based criminal data.
Moreover, that both the baseline and outcome acts of violence were severe and impulsive
acts of violence narrow the examined aggression type to individuals that were extremely
prone to repeat severe acts of violence, which is a clear distinction from other research that
have measured aggressive personality features or single acts of violence.
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In sum, our results suggest that alcoholic offenders carrying MAOA-H may be significantly
more vulnerable to the negative effects of CPA and alcohol than carriers of the MAOA-L.
These results should not, however, be applied to other populations because our sample of
criminal alcoholics differs profoundly from the general population.
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Fig. 1.

The frequency of recidivistic violence (%) in offenders with and without a history of
childhood physical abuse (CPA, n = 51) divided into subgroups by monoamine oxidase A
(MAOA) genotype. MAOA-H, high-activity genotype (n = 97); MAOA-L, low-activity
genotype (n =77).
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Fig. 2.

Frequency (%) of recidivistic acts of violence among 97 violent offenders carrying the high
activity monoamine oxidase A genotype divided into subgroups by heavy drinking (=70 kg
per year) and childhood physical abuse (CPA).
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