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Abstract

Aggressive disorders are moderately heritable; therefore, identification of genetic influences is
important. The X-linked MAOA gene, encoding the MAOA enzyme, has a functional 30bp repeat
polymorphism in the promoter region (MAOA-LPR) that has been shown to influence aggression.
Childhood trauma is a known risk factor for numerous psychopathologies in adulthood including
aggressive behaviors. We investigated the interactive effect of MAOA-LPR genotype and a history
of childhood trauma in predicting aggressive behaviors in a prisoner population. A total of 692
male prisoners were genotyped for MAOA-LPR with genotypes grouped into high and low
transcriptional activity. Participant evaluations included measures of aggression (BGHA), hostility
(Buss Durkee Hostility Inventory), impulsivity (Barratt Impulsiveness Scale), violence directed
towards self and others, and childhood trauma (Childhood Trauma Questionnaire (CTQ)). MAOA-
LPR interacted with CTQ physical neglect (PN), the most common (47%) form of childhood
trauma in this sample, to predict BGHA aggression (P=0.002). Within the group not exposed to
PN, carriers of the MAOA-LPR high activity variant were more aggressive: (try =2.47, p<0.014).
We observed a crossover effect in that the increase in aggression scores with PN was greater in
low activity individuals (try =5.55, p <0.0001) than in high activity individuals (tr) =4.18, p
<0.0001). These findings suggest that childhood trauma and the functional MAOA-LPR
polymorphism may interact to specifically increase risk for over aggressive behavior but not
impulsivity or hostility. The MAOA-LPR low activity variant may be protective against the
development of aggressive behavior under low stress conditions, at least in this prisoner
population.
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INTRODUCTION

A degree of aggressive behavior can be socially acceptable and considered part of the
spectrum of normal behavior. However aggression directed towards self or others, for
example, antisocial behavior, suicidal behavior or violent criminality (Carli et al., 2014,
Dejong et al., 1992, Mann et al., 2009) is considered pathological. Genetic and
environmental influences, such as childhood trauma, are likely to play a role in the
development of aggression. Studies have shown that psychiatrically classified aggressive
disorders such as antisocial personality disorder, borderline personality disorder and
intermittent explosive disorder are moderately heritable (Coccaro et al., 1993, Kendler et al.,
2008, Lyons et al., 1995, Torgersen et al., 2008). Childhood trauma is known to be a risk
factor for numerous psychopathologies in adulthood (Enoch, 2011) including aggressive
behaviors such as suicidal behavior (Carli et al., 2011, Roy et al., 2010) and delinquency
and adult violent criminal behavior (Carli et al., 2014, Driessen et al., 2006, Sarchiapone et
al., 2009, Widom, 1989). Childhood trauma, identified by the Childhood Trauma
Questionnaire (CTQ), has been correlated with measures of lifetime aggression (Brown-
Goodwin Lifetime History of Aggression (BGHA) interview (Brown et al., 1979) in the
Italian prisoner population analyzed in this study (Sarchiapone et al., 2009) and in other
studies (Garno et al., 2008).

One gene that has robustly been shown to influence aggression is the X-linked monoamine
oxidase A (MAOA) gene that encodes the MAOA enzyme which plays an important role in
the degradation of central nervous system serotonin and norepinephrine. A deficiency in
MAOA has been associated with aggressive behavior in adult male knockout mice and men
in a Dutch family (Brunner et al., 1993, Cases et al., 1995). In healthy men, MAOA enzyme
activity in cortical regions correlates inversely with measures of aggression (Alia-Klein et
al., 2008). MAOA binding in prefrontal cortex of healthy non-smoking men correlates
negatively with angry-hostility (Soliman et al., 2011). The MAOA gene has a 30 base pair
repeat in the promoter region (MAOA-LPR) that has been shown to affect transcriptional
efficiency in vitro (Sabol et al., 1998). In healthy humans, MAOA-LPR genotype predicts
limbic circuitry variation during emotional arousal together with diminished reactivity of
regulatory prefrontal regions (Meyer-Lindenberg et al., 2006). The high and low activity
MAOA-LPR variants also predict changes in different brain regions during tests for
impulsivity (Passamonti et al., 2006).

Several (but not all) studies have shown that MAOA-LPR interacts with childhood trauma to
predict aggressive or disinhibited behaviors (Byrd & Manuck, 2014, Caspi et al., 2002,
Ducci et al., 2008, Enoch et al., 2010). For example, Byrd and Manuck (2014) in their
recent meta-analysis of 20 male cohorts reported significant interactive effects of childhood
trauma and the low activity MAOA-LPR variant on antisocial outcomes. However, this
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meta-analysis and other earlier studies have not included prisoners, who are more likely to
have extreme aggressive phenotypes. As far as we are aware there has been only one study
of MAOA-LPR in relation to aggression in prisoners which found converse results to general
population studies in that the high activity variant was implicated in aggressive behavior
(Tikkanen et al., 2010). The aim of the present study was to investigate the interactive effect
of MAOA-LPR genotype and history of childhood trauma in predicting aggressive behaviors
in a large group of male Italian prisoners who were evaluated for psychiatric disorders
together with impulsive traits, lifetime aggressive behavior, and hostility and violent
behavior during incarceration.

Full details of the dataset are provided in Bevilacqua et al, 2012. The participants with
analyzable MAOA-LPR genotypes included 692 male prisoners detained in the Penitentiary
District of Abruzzo-Molise in central Italy. Prisoners had been convicted for violent crimes
including homicide, aggression with weapons, violent robberies and terrorist activity, and
non-violent crimes including drug use or sale, burglary and fraud. The mean (SD) age was
40.4 (11) years. All participants self-identified as Caucasians and ethnicity was also
recorded by the interviewer. Informed consent was obtained from all participants after a
detailed explanation of the study was provided by a psychiatrist. The Ethics Review Board
of the University of Molise approved the study.

Psychiatric interviews were conducted by trained psychologists and psychiatrists. The Italian
version of the structured Mini International Neuropsychiatric Interview (MINI) (Sheehan et
al., 1998) was administered. Lifetime psychiatric disorders were determined according to
DSM-1V criteria. Exclusion criteria included mental retardation, schizophrenia and the
inability to read or speak Italian.

A total of 32.8% of the 692 prisoners had a lifetime DSM-IV diagnosis of substance
dependence: opiates (4%), alcohol (8.4%), cannabis (11.9%), cocaine (30.8%), and multiple
substances (44.9%). Since substance dependence is a predictor of aggression and violent
behavior the term *any substance dependence’ (N = 227) was included in the analyses.

Measures of aggression, hostility, impulsivity and violence directed towards self and

others

Brown-Goodwin Lifetime History of Aggression interview—The BGHA (Brown et
al., 1979) is an 11 item interview that assesses lifetime aggressive behavior during
adolescence and adulthood including temper tantrums and violence against self, property
and others (including authority) in various social contexts, such as family, school and work
environment. The number of times each item occurred is recorded. BGHA total possible
scores range from 0 to 88. All psychometric properties are detailed in (Suris et al., 2004). A
total of 678 participants completed the BGHA.

Buss-Durkee Hostility Inventory—The BDHI (Buss & Durkee, 1957) is a 75 item
questionnaire developed to assess eight aspects of hostility: assault, indirect aggression,
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irritability, negativism, resentment, suspicion, verbal expression of negative affect and guilt.
The BDHI total possible scores range from 0 to75. All psychometric properties are detailed
in (Suris et al., 2004). A total of 672 participants completed the BDHI.

The Barratt Impulsiveness Scale—The BIS (Barratt, 1965, Patton et al., 1995) is a 30-
item, 4 point Likert scale questionnaire that investigates personality/behavioral
impulsiveness, including cognitive impulsiveness, motor impulsiveness and lack of
planning. The BIS total possible scores range from 0 to 120. All psychometric properties are
detailed in Suris et al, 2004. A total of 665 participants completed the BIS.

Violent behavior during incarceration—Prisoners were recorded as having exhibited
violent behavior during their incarceration if there were disciplinary reports of physical
aggression or assault against other inmates or prison officers while in prison. Verbal
aggression and behaviors other than physical violence (for example drug dealing) were
excluded from the definition of the variable. Examples for violent behavior in jail are fights
between inmates or assault against a prison guard.

Lifetime history of suicide attempt and/or self-mutilation—A lifetime history of
suicide attempt was assessed during the psychiatric interview. A suicide attempt was defined
as a self-destructive act with some intent to end one’s life that was not self-mutilatory in
nature

Eysenck Personality Questionnaire—Prisoners completed the EPQ (Eysenck
Personality Questionnaire) that is a 69-item version specifically adapted for the Italian
language. It is based on the original version of the Eysenck Personality Questionnaire (EPQ)
(Eysenck, 1975a, Eysenck, 1975b), from which the psychoticism and neuroticism sores were
obtained. Data was available for 680 prisoners. Since psychoticism and neuroticism are
predictors of aggression (Eysenck H.J., 1985), these two measures of personality were
included in the analyses as independent variables.

Measures of childhood trauma

Prisoners completed the CTQ-34 item version (Bernstein et al., 1997). The CTQ is an
instrument for assessing the 5 subscales of physical abuse (PA), physical neglect (PN),
emotional abuse (EA), emotional neglect (EN) and sexual abuse (SA). For each item there is
a 5-point Likert scale to express the frequency of occurrence. The 34-item CTQ was
converted into the 28-item version according to accepted criteria since this is the most recent
and commonly used form of the questionnaire. CTQ subscale scores range from 5 to 25 and
the total scores from 25 to 125. Reliability and validity of the Childhood Trauma
Questionnaire have been previously demonstrated (Bernstein et al., 1997, Bernstein et al.,
1994). Continuous CTQ scores were used in all analyses.

CTQ dichotomous clinical cutoff scores differentiate between the presence or absence of
significant abuse and neglect (Walker et al., 1999). The cutoff points were 8 or higher for
PA, PN and SA; 10 or higher for EA, and 15 or higher for EN. In this study we used CTQ
clinical cutoff only for graphical illustration of G x E interaction.
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DNA was extracted from whole blood using standard protocols. The MAOA gene promoter
VNTR polymorphism (MAOA-LPR) genotyping was modified from the method of Ducci
and colleagues (Ducci et al., 2006). MAOA-LPR was amplified from 10 ng genomic DNA
using the primer sequences: forward 5'-(CCC AGG CTG CTC CAG AAA CAT G)-3'and
reverse-5'(GTT CGG GAC CTG GGC AGT TGT G)-3'. Owing to the high GC content in
the VNTR region, amplification was performed using Invitrogen's PlatinumTaq and PCR X
Enhancer System Kits, according to the manufacturer's protocol (Invitrogen, Carlsbad, CA,
USA), with 5 uM of each primer and 25 mM dNTPs in a total reaction volume of 15pl.
Amplifications were performed on a Perkin-Elmer 9700 thermocycler (Applied Biosystems,
Foster City, CA, USA) with one cycle at 96°C for 10 min followed by 35 cycles of 94°C for
155, 55°C for 15 s, 72°C for 30 s, and a final 3 min extension at 72°C. The forward primer
was labeled with the fluorescent dye 6-FAM. Amplicons were visualized with
GeneScan-500 L1Z Size Standard (Applied Biosystems, Foster City, CA, USA) and
analyzed on an ABI 3730 capillary sequencer. Allele sizes (allele 2, 183 bp; allele 3, 213 bp;
allele 3.5, 232 bp; allele 4, 244 bp; allele 5, 272 bp) were determined using GeneMapper
v4.0 (Applied Biosystems, Foster City, CA, USA). Genotyping accuracy was determined
empirically by duplicate genotyping of 25% of the samples selected randomly. The overall
error rate was <0.005, and the completion rate was >0.98.

The frequencies of the MAOA-LPR alleles were as follows: 3 repeat allele 0.322; 3.5 repeat
allele 0.007; 4 repeat allele 0.658. Alleles with 5 and 2 repeats were detected in only eight
and one individuals respectively of the original sample of 701 and were excluded from
analysis due to the controversial effect on transcription (Deckert et al., 1999, Guo et al.,
2008, Sabol et al., 1998).

As MAOA is an X linked gene and since our study included only males, for the remaining
692 individuals, genotypes were grouped by relative transcriptional activity of MAOA into
two categories: high-activity (3.5 and 4 repeats, 0.67) versus low-activity (3 repeats, 0.33).

The distribution of the high activity (MAOA-H) and low activity (MAOA-L) alleles in the
current study is similar to the distribution in other Caucasian male samples (Caspi et al.,
2002, Manuck et al., 2000, Ni et al., 2007, Reif et al., 2007, Weder et al., 2009).

Statistical analysis

We set up a filtering process for the inclusion of dependent variables in analyses. The first
criterion was that there was an effect of CTQ on the dependent variable. Correlation
analyses were conducted between the continuous CTQ score and the continuous BGHA,
BDHI, and BIS scores. In the event of a significant correlation (p < 0.05), the BGHA, BDHI
and BIS scores would be included in separate linear regression analyses as the dependent
variable. Likewise, if violent behavior in jail and self-directed violent behavior were
associated with significantly (p < 0.05) higher CTQ scores, they would be included in
separate logistic regression analyses as the dependent variables. The independent variables
for the linear and logistic regression analyses included age, any substance dependence, EPQ
neuroticism and psychoticism, continuous CTQ score, MAOA-LPR genotype (high and low
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activity variants) and the interaction term: MAOA-LPR genotype x CTQ score. If the CTQ
did not show a main effect on the dependent variable within the full model, then that
dependent variable was eliminated from further analysis.

Correction for multiple comparisons—Since three dependent variables (BGHA,
violent behavior in jail, violent behavior towards self) survived the filtering process
described above, P values were Bonferroni corrected for three independent tests: p < 0.017.

Primary analyses—A linear regression model was performed with BGHA scores as the
dependent variable and age, any substance dependence, EPQ neuroticism and psychoticism
scores, continuous CTQ score and MAOA-LPR genotype as the independent variables. All
interaction terms were initially included: MAOA-LPR x CTQ score, MAOA-LPR x
psychoticism score; MAOA-LPR x neuroticism score, MAOA-LPR x age, MAOA-LPR x any
substance dependence. A backward stepwise regression was performed with variables being
eliminated from the model in an iterative process. Interaction terms were included in the
final model if p < 0.1. The same process was performed for the logistic regression analyses
for violent behavior in jail and violent behavior towards self.

Secondary analyses—If within each of the linear or logistic regression analyses, the
MAOA-LPR x total CTQ score interaction term had a significance of p < 0.1, secondary
analyses were performed with the continuous scores of each of the 5 CTQ subscales. The 5
scores were entered into the whole model to determine whether any of the subscales had an
independent effect on the dependent variable. If so, the relevant MAO-LPR x CTQ subscale
interaction term was included.

Statistical analyses, including power analyses, were undertaken using JMP9 software.

Correlation between CTQ scores and measures of aggression, hostility, and impulsivity

The mean, SD, median and range of the total CTQ score and the 5 subscale scores are
provide in supplementary Table S1. The full distribution statistics for the BGHA, BDHI and
BIS are presented in supplementary Table S2. The mean (SD) scores were as follows:
BGHA: 36 (12) (max possible score = 88); BDHI: 37 (11) (max possible score = 75); BIS:
48 (15) (max possible score = 120).

BGHA scores were correlated with CTQ scores: r2 = 0.18, p < 0.0001 and the CTQ had a
significant main effect in the linear regression model (p < 0.001). BDHI scores were
modestly correlated with CTQ scores: r2 = 0.05, p < 0.0001, however there was no main
effect of CTQ in the linear regression model and therefore the BDHI was eliminated from
further analysis.

BIS scores were not correlated with CTQ scores (p = 0.101) therefore the BIS was
eliminated from further analysis.
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Association between childhood trauma and violent behavior during incarceration

Violent behavior in jail was documented for 162 of the 692 prisoners. Violent behavior vs.
none: CTQ (mean (SD)): 44.1(16.2) vs. 38.6(12.6); F (1,690) =20.9, p<0.0001. The CTQ
had a significant main effect in the logistic regression model (p < 0.001).

Association between childhood trauma and lifetime history of suicide attempt and/or self-
mutilation

A total of 146 of 692 prisoners had attempted self-harm: Suicide attempts /self mutilation vs.
none: CTQ (mean (SD)): 47.4 (18.5) vs. 37.9(11.3); F (1,690) =61.2, p<0.0001. The CTQ
had a significant main effect in the logistic regression model (p < 0.001).

Primary analyses

Table 1 shows the whole model analyses for the BGHA, violent behavior in prison and self-
directed violent behavior. There were no main effects of MAOA-LPR genotype on any of
these three measures of aggressive behavior. The MAOA-LPR x CTQ interaction term (p =
0.037) and the MAOA-LPR x psychoticism interaction term (p = 0.096) satisfied the
criterion that p < 0.1 only for the analysis for BGHA. The whole model accounted for 33%
of the variance in BGHA score. A power analysis revealed that for MAOA-LPR x CTQ,
there was 0.47 power to detect an effect (a = 0.05).

Secondary analyses for BGHA

Since the 5 subscales: PA, PN, EA, EN and SA are all highly correlated in this sample
(Bevilacqua et al., 2012) we replaced the total CTQ continuous score by the continuous
scores for the 5 subscales to determine which might have an independent effect on
aggression as measured by the BGHA. PN, PA and SA had independent effects (p < 0.05)
but not EN (p = 0.56) and EA (p = 0.90). Therefore the G x E interaction term for PN, PA
and SA were included in the whole model analyses as shown in Table 2. The G x E
interaction term was significant for PN (p = 0.002) but not for PA or SA. A power analysis
revealed that for MAOA-LPR x PN there was sufficient power (0.81) to detect an effect (a =
0.05). However there was insufficient power for MAOA-LPR x SA (0.17) and MAOA-LPR x
PA (0.11).

Clinical cut-off scores for the 5 CTQ subscales

As described in Methaods, the CTQ provides clinical cutoffs that set thresholds for
significant trauma within each of the 5 categories. In the total group of prisoners, 431
(63.2%) met the threshold for significant abuse and /or neglect in at least 1 of the 5
categories: 195 (45.2%) experienced only 1 type of childhood trauma, 101 (23.4%) reported
2 types, 59(13.7%) —3 types, 53 (12.3%) -4 types, and 23 (5.3%) reported all 5 categories of
trauma. PN (325 (47%)) was the most common form of childhood trauma in this sample,
followed by EN (164 (24%)), PA (158 (23%)), SA (143 (21%)) and EA (111 (16%)).

PN GXxE interaction

Table 2 shows that the continuous PN score interacted with MAOA-LPR to predict
aggression. In order to illustrate the G x E interaction we used the PN dichotomous clinical
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cutoff score to produce Figure 1. This shows that exposure to clinically significant PN was
associated with increased BGHA scores (39.9+0.63 vs 32.4+0.56), t(r) =6.84, p<0.0001.
However, MAOA-LPR genotype had no effect on scores of aggression within the group
exposed to PN (p = 0.441). In contrast, within the group with no history of childhood PN,
carriers of the MAOA-LPR high activity variant were more aggressive: *t(g) =2.47, p<0.014.
Figure 1 shows that there is a crossover effect in that the increase in aggression scores with
PN is greater in low activity individuals (t(g) =5.55, p <0.0001) than in high activity
individuals (try =4.18, p <0.0001).

DISCUSSION

Numerous studies have shown that childhood trauma alters stress reactivity and is associated
with psychopathology, including aggressive behaviors (Enoch, 2011, Frazzetto et al., 2007,
Lovallo, 2013). In this sample of Caucasian Italian prisoners we have shown that CTQ
childhood trauma influenced lifetime aggression, as measured by the BGHA, a lifetime
history of suicidal behavior and/or self-mutilation and violent behavior during incarceration.
However childhood trauma did not predict trait impulsivity, as measured by the BIS, or
hostility as measured by the BDHI. When we investigated the MAOA-LPR — childhood
trauma interaction we found that, within the group not exposed to PN, carriers of the MAOA-
LPR high activity allele were more aggressive. However, as can be seen in Figure 1, carriers
of the low activity allele were more vulnerable to the effects of PN on aggression: in the
group exposed to PN, both high and low activity allele carriers had similar degrees of
aggression. Our results can be considered to be robust in that the sizes for each of the four
PN — MAOA-LPR genotype groups are large, ranging from N = 90 to N = 227.

Almost half (47%) of the Italian prisoners had experienced significant PN. In contrast,
‘only’ 16 — 24% had experienced EA, SA, PA or EN. We found that, as expected, exposure
to childhood PN was associated with increased aggression however we did not find an effect
of genotype on aggression in the PN exposed group. Indeed, results of studies on the
interactive influence of childhood trauma and MAOA-LPR on human aggression are
contradictory. A recent meta-analysis of 20 male cohorts provides support for the frequently
reported interactive effect of childhood trauma and the low activity variant on antisocial
outcomes (Byrd & Manuck, 2014). In contrast, a recent large study (not included in the
meta-analysis) in 3356 white and 960 black men found no G x E effect for MAOA-LPR on
adult antisocial behaviors (Haberstick et al., 2014). The aforementioned meta-analysis also
looked at results from 11 female cohorts and found that in women it was the high activity
variant that interacted with childhood maltreatment to predict antisocial behaviors (Byrd &
Manuck, 2014). In the only other published MAOA-LPR study of prisoners, the high activity
variant was implicated in aggressive behavior in a group of Finnish alcoholic violent
offenders who were followed for eight years after release from prison. In that sample of
prisoners, carriers of the MAOA-LPR high activity variant who had experienced childhood
PA before age 13 were at increased risk of committing severe, impulsive, violent recidivist
crimes, mediated through excessive drinking (Tikkanen et al., 2010). The results of our and
the Tikkanen et al 2010 study, both in Caucasian men, differ from the results of studies
derived from general population samples of males and it is possible that prisoners may be an
atypical group for MAOA effects on aggression. For example, prisoners as a group have
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higher levels of anger, aggression, and self-injurious behaviors than general population
samples (Jenkins et al., 2005, Ohlsson & Ireland, 2011, Rivlin et al., 2013, Sakelliadis et al.,
2010). Another aspect might be resilience, i.e. the ability to thrive in the face of adversity.
The prisoners in our study had completed the Connor-Davidson Resilience Scale (CD-RISC)
that has validated mean scores in several populations including the US general population
(80.7), primary care patients (71.8) and psychiatric outpatients (68.0) (Connor & Davidson,
2003). The prisoners in our study had very low mean (SD) resilience scores: 65.5 (13.6).
Thus with stronger aggression phenotypes and increased vulnerability to stress, the use of
prison populations might increase power to detect small G x E interactive effects. Therefore
the results of our study may be generalizable to other prison samples or other antisocial
groups rather than to general population samples.

It is tempting to speculate that our results are an indication that the MAOA-LPR low activity
variant is protective against aggressive behavior under low stress conditions. However
exposure to stressors during development might result in altered HPA axis stress reactivity.
In fact we previously showed, in the same dataset, that there was an interaction between
variation in FKBP5, a stress related gene influencing the HPA axis, and CTQ childhood
trauma on BGHA aggression (Bevilacqua et al., 2012).

The five CTQ questions for PN are: “not enough to eat; got taken care of (reverse scored);
parents were drunk or high; wore dirty clothes; got taken to doctor (reverse scored)”.
Prisoners might be more likely to originate from impoverished backgrounds and therefore a
high PN score could conceivably be the result of poverty rather than true parental neglect,
hence in this sample of prisoners, PN might not be discriminating enough for the
manifestation of MAOA-LPR genotype effects.

There are several strengths to this study. Firstly, we had access to a large selected extreme
sample of individuals who have been incarcerated for committing an offence. Secondly, we
used the CTQ which enabled us to examine subtypes of childhood trauma. Thirdly, we were
able to analyze several aspects of this heterogeneous phenotype ‘aggression’: overt
aggression and violence, indirect aggression, hostility and impulsive personality traits. As a
result we were able to demonstrate that the MAOA-LPR x PN interaction had a specific
effect on aggressive behavior and not on the other aspects of aggression / impulsivity listed
above.

Limitations of this study include the fact that both the CTQ and BGHA questionnaires are
self-report, and that the CTQ does not include an exhaustive list of the potentially traumatic
events that could be experienced in childhood. Also, relative to PN, fewer prisoners had
experienced significant PA and SA and, as shown by the power analysis, the negative G x E
results for PA and SA may be due to a lack of power.

In conclusion this study in male Caucasian Italian prisoners has shown that CTQ childhood
trauma influenced overt aggressive behavior but not impulsivity or hostility. MAOA-LPR
interacted with PN, the most common form of childhood trauma in this sample, to increase
the risk of aggressive behavior as measured by the BGHA. Within the group not exposed to
PN, carriers of the MAOA-LPR high activity variant were more aggressive. However we
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observed a crossover effect in that the increase in aggression scores in PN exposed men was
greater in low activity individuals than in high activity individuals. At least in this prisoner
population, the MAOA-LPR low activity variant may have been protective during childhood
development against the propensity to aggressive behaviors in low stress individuals i.e.
those not exposed to physical neglect.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Interaction of MAOA-LPR low and high activity variants and presence or absence of

childhood physical neglect on Brown-Goodwin Lifetime History of Aggression (BGHA)
scores

MAOA-LPR high (MAOA-H) and low (MAOA-L) activity variants.

Childhood Trauma Questionnaire physical neglect subscale, clinical cut-off:

No physical neglect (n=361): MAOA-L, n=130; MAOA-H, n=213

Yes physical neglect (n=317): MAOA-L, n=90; MAOA-H, n=227

*p=0.014

Error bars are standard errors

BGHA scores range from 0 — 88
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Interaction of MAOA-LPR and CTQ subscale scores for childhood physical neglect, physical abuse and sexual

abuse on Brown-Goodwin Lifetime History of Aggression (BGHA) scores

BGHA

Scores
Variable F P
Age 18.23 <0.0001
Psychoticism 14.00 0.0002
Neuroticism 36.69  <0.0001
Any substance dependence 11.60 0.0007
MAOA-LPRH vs L 112 0.29
G*E: MAOA-LPR x Psychoticism 2.61 0.11
Physical neglect (PN) 53.98  <0.0001
G*E: MAOA-LPR x PN 10.37 0.001
Physical abuse (PA) 4.31 0.038
G*E: MAOA-LPR x PA 1.32 0.25
Sexual abuse (SA) 9.10 0.003
G*E : MAOA-LPR x SA 0.35 0.55
Whole model 30.35  <0.0001
Whole model - variance, df 0.36, 12

MAOA-LPR H v L: high activity variant vs low activity variant; df = degrees of freedom
G*E: MAOA-LPR x PN contributes 0.011 of the total variance in BGHA aggression

The continuous scores for PN, PA and SA were entered into this analysis.

Psychoticism and neuroticism scores derive from the Eysenck Personality Questionnaire
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