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Abstract

We studied the impact of MAOA genotype, childhood sexual assault, and harsh discipline on
clinical externalizing symptoms (substance problems, adult antisocial behavior, and conduct
disorder). Participants were 841 individual twins from the Minnesota Twin Family Study assessed
through age 25. MAOA genotype was not associated with differences in any phenotype, nor was
there a significant interaction between MAOA and harsh discipline for any phenotype or a
significant interaction between MAOA and childhood sexual assault for substance problems. We
found evidence that childhood sexual assault interacted with MAOA genotype to predict antisocial
behavior and conduct disorder symptoms. Individuals with the low MAOA activity genotype who
reported childhood sexual assault had more symptoms than individuals with either the high
MAOA activity genotype and/or no history of childhood sexual assault. These findings suggest
that the previously reported interaction between MAOA and childhood maltreatment may be
specific to the antisocial subset of externalizing disorders.
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Childhood sexual assault, harsh discipline, and MAOA genotype: An
investigation of main and interactive effects on diverse clinical
externalizing outcomes

The gene that codes for the enzyme monoamine oxidase A (MAOA), which is involved in
the degradation of biogenic amines including the neurotransmitters serotonin,
norepinephrine and dopamine, is located in humans on the X chromosome. A functional
variable number of tandem repeats (VNTR) polymorphism in the MAOA promoter region
has been widely investigated. Number of repeats of the 30bp sequence is typically
dichotomized into those that result in either high or low MAOA activity in vitro (Sabol et al.
1998; although the classification of the 5-repeat allele has been disputed, cf. Deckert et al.
1999). Low MAOA activity has been implicated in increased antisocial, aggressive, and
violent behavior (in males: Alia-Klein et al. 2008; Beitchman et al. 2004; Kim-Cohen et al.
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2006; Manuck et al. 2000; Reif et al. 2007; in males, with non-significant results for
females: Guo et al. 2008; Huang et al. 2004; and in females: Prom-Wormley et al. 2009),
though null results of this main effect have also been reported (in males: Caspi et al. 2002;
Huizinga et al. 2006; Koller et al. 2003).

The relationship between MAOA and antisocial, aggressive, and violent behavior has been
reported to be moderated by childhood maltreatment, such that individuals with low MAOA
activity who experienced childhood maltreatment are at increased risk for these
externalizing behaviors during childhood (in males: Foley et al. 2004; Kim-Cohen et al.
2006; Nilsson et al. 2006) and as adults (in males: Caspi et al. 2002; in males, with non-
significant results for females: Frazzetto et al. 2007; Huang et al. 2004; and in females:
Ducci et al. 2008;). This gene-by-environment (GXE) interaction does not seem to be due to
either passive or evocative gene-environment correlation (e.g. in males: Caspi et al. 2002;
Kim-Cohen et al. 2006; in females: Prom-Wormley et al. 2009; and in both males and
females, using twin modeling: Shulz-Heik et al. 2009).

Evidence suggests that this moderating relationship may be specific to those of European
descent (Widom & Brzustowicz 2006), and the interaction is not universally detected (in
males: Huizinga et al. 2006; Reif et al. 2007; van der Vegt et al. 2009; Young et al. 2006;
and in females: Prom-Wormley et al. 2009; Sjoberg et al. 2007), even in predominantly
Caucasian samples. A potential source of heterogeneity within this literature may be
differences in MAOA expression between males and females. As MAOA is located on the
X-chromosome, females each have two copies of the MAOA gene, while males have one
copy each. Typically in females, random X-inactivation serves a dosage compensation
function to ensure that, for example, a female with two high MAOA activity alleles would
not produce twice as much MAOA as a male with one high MAOA allele. However, the
process of X-inactivation and expression specifically at the site of MAOA is not yet fully
understood, and appears to be less complete and more subject to additional factors than for
genes located elsewhere on the X-chromosome (e.g. Carrel & Willard 2005; Pinsonneault et
al. 2006).

While most studies collapse across a broad range of maltreatment types (e.g. neglect,
emotional, physical, and sexual, Caspi et al. 2002; Foley et al. 2004; Huang et al. 2004;
Nilsson et al. 2006), two studies of males examined childhood physical maltreatment alone,
with one replicating the moderation effect (Kim-Cohen et al. 2006) and one not (Huizinga et
al. 2006). Of those studies examining childhood sexual assault alone, one succeeded at
replicating the MAOA-abuse interaction as previously observed (Ducci et al. 2008), while
another found a significant interaction but in the opposite direction (i.e. the high activity
genotype was a risk factor when sexual assault had been reported, Sjéberg et al. 2007),
though both studies included only female participants. An investigation of four types of
maltreatment (physical, sexual, verbal, and neglect) found no evidence of any type
interacting with MAOA to explain conduct disorder symptoms in a male clinical sample
(Young et al. 2006).

Though the mechanism of interaction is still unclear, Buckholtz and Meyer-Lindenberg
(2008) suggest that a reduction in social evaluation and emotional regulation abilities in
individuals low in MAOA activity may result in an amplification of adverse environmental
effects. An experimental study demonstrated that low MAOA individuals display greater
aggression in high provocation situations (but they did not differ from high MAOA
individuals in low provocation situations), suggesting that we may see GxE effects only in
significantly threatening environments (McDermott et al. 2009). However, a replication of
the moderating effect of maltreatment on MAOA showed the opposite effect of severity
stratification, where genotype was only influential on aggression in children who had
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experienced moderate trauma. Those experiencing extreme abuse displayed increased
aggression regardless of genotype (Weder et al. 2009).

Previous research on the structure of antisocial behavior and substance problems support the
exploration of whether this GXE interactive effect extends to substance problems. Twin
studies indicate that antisocial disorders such as conduct disorder and substance use
disorders are part of a coherent externalizing or disinhibitory spectrum of disorders (e.g.
Kendler et al. 2003; Krueger et al. 2002; Young et al. 2000). Genetic influences account for
a greater proportion of variance (approximately 80%) in the externalizing factor connecting
these phenotypes, when compared with any of its individual indicators (e.g. Krueger et al.
2002; Young et al. 2000). These common genetic influences are largely specific to
externalizing behaviors, and do not account for a substantial proportion of variance (i.e. less
than 10%) in internalizing disorders (such as major depression, generalized anxiety disorder,
and specific phobias, e.g. Kendler et al. 2003). Compared to the common genetic influences
shared among externalizing behaviors, there may be environmental influences on
externalizing that are disorder-specific (e.g. Kendler et al. 2003; Krueger et al. 2002; Young
et al. 2000).

The consistently observed presence of a coherent externalizing spectrum raises the question
of whether previous findings of the interactive effect between MAOA genotype and
childhood maltreatment extend beyond antisocial behavior and aggression to other
externalizing behaviors. We are aware of only three previous studies of the interaction
between MAOA genotype and childhood adversity that examined substance problems, all of
which examined only alcohol problems. Ducci et al. (2008) demonstrated a significant
interaction between MAOA genotype and childhood sexual abuse on alcoholism in
American Indian females, although the effect was strongest for those individuals with more
overall externalizing problems (i.e., both alcoholism and antisocial personality disorder).
Nilsson et al. (2007) reported evidence for the typically-observed interaction between
MAOA and family relations or childhood maltreatment/abuse on male adolescent alcohol-
related problems (i.e. low activity genotype combined with an adverse environment
predicted increased alcohol problems). In a complementary adolescent female sample,
Nilsson et al. (2008) demonstrated an interaction between family relations and MAOA
genotype on alcohol-related problems in the opposite direction of what has been typically
observed in studies of aggressive/antisocial behavior (i.e., the high MAOA activity genotype
was a risk factor for alcohol-related problems when paired with poor quality family
relations), although the evidence for an interaction between MAOA and abuse/maltreatment
in their female sample was more equivocal than the evidence for interaction between
MAOA and family relations in those same females.

The current study

Previous studies of GXE interactions between MAOA and childhood maltreatment on
externalizing behaviors tend to collapse across the broad range of childhood maltreatment
(e.g. Caspi et al. 2002; Foley et al. 2004; Huang et al. 2004; Nilsson et al. 2006) or focus on
either physical maltreatment (Huizinga et al. 2006; Kim-Cohen et al. 2006) or childhood
sexual assault (CSA,; Ducci et al. 2007; Sjoberg et al. 2007) without statistically controlling
for the other maltreatment type. These studies of MAOA, childhood maltreatment, and
externalizing behaviors also rarely include measures of substance problems, despite
evidence that substance problems and antisocial behavior share common genetic influences
(e.g. Kendler et al. 2003; Krueger et al. 2002; Young et al. 2000). We therefore explored
moderation of the effect of MAOA genotype on a broad range of adult clinical externalizing
symptoms (substance problems, adult antisocial behavior, and conduct disorder) by physical
harsh discipline (HD) and/or childhood sexual abuse (CSA) in a community sample.
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The Minnesota Twin Family Study (MTFS) includes a state-wide sample of same-sex twins
recruited in several waves with birth years ranging from 1971 to 1985, who were initially
assessed at either age 11 (younger cohort) or age 17 (older cohort) and followed up regularly
thereafter (as described by lacono and McGue 2002). Our sample included 841 MTFS twin
participants (29.3% female, 98.4% Caucasian) with available data on lifetime substance
problems and adult antisocial behavior symptoms through age 25, lifetime conduct disorder
symptoms assessed at age 17, HD, CSA, and MAOA genotype. The relatively low number
of females reflects the fact that females who were heterozygous for the High-Low activity
genotype were not included in our sample due to uncertain MAOA activity level (e.g. Caspi
et al. 2002 note 30).

Substance problems—L.ifetime data on DSM-1V criteria for substance abuse and
dependence symptoms through approximately age 25 were assembled from longitudinal
assessments. Substance abuse and dependence symptoms were not separated as previous
research has shown them to be well conceptualized as single, underlying dimensions of
problem use (e.g. Langenbucher et al. 2004; Martin et al. 2006; Gillespie et al. 2007;
Harford et al. 2009). Alcohol, tobacco (dependence only, with six possible symptoms as
tolerance was not assessed), and cannabis were the individual substances with the greatest
number of symptoms endorsed in the current sample.

All participants were assessed for substance use disorder symptoms via the expanded
Substance Abuse Module (SAM) of the Composite International Diagnostic Interview
(CIDI, Robins et al. 1987) at approximately ages 17, 21 and 25. In addition, the cohort who
began the study at age 11 was assessed via a slightly modified version of the Diagnostic
Interview for Children and Adolescents-Revised (DICA-R, Reich & Welner 1988) at ages
11 and 14. Symptoms were assessed lifetime at intake (age 11 or 17) and since the last
assessment at each follow-up visit. At ages 11, 14, and 17, mothers of the twins were also
asked about their children's substance use disorder symptoms. A symptom was considered
present if either participants or their mothers endorsed it (and a consensus committee of at
least two graduate-level diagnosticians agreed that it had definitely been endorsed) at any
assessment. The consensus process and the rationale for combining both child and mother
reports of externalizing behavior in the MTFS are discussed in Burt et al. (2001). Each
individual received a count of symptoms that had definitely been met for each specific
substance, which was then log transformed [In(symptoms+1)] to adjust for the skewed
nature of the data.

Antisocial behavior and conduct disorder—Lifetime prevalence of the DSM-1V
criterion A symptoms of antisocial personality disorder was assessed at ages 21 and 25, and
lifetime prevalence of DSM-I11-R conduct disorder symptoms that onset prior to age 15 was
assessed at age 17. A structured interview developed by the MTFS staff was used (Krueger
et al. 2002) and a symptom was considered present if a consensus committee of at least two
graduate-level diagnosticians agreed that the criteria had definitely been met. Each
individual received log-transformed [In(symptoms+1)] counts of the total number of
symptoms ever endorsed for each of antisocial behavior and conduct disorder.

Harsh discipline—Harsh discipline (HD) exposure was assessed via retrospective self-

report at age 21. As part of an assessment of social adjustment, participants were asked a
question about typical discipline while growing up. Endorsement of experiencing either “hit
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in the face” or “hit with an object” as methods of typical discipline was considered to be
indicative of HD exposure. HD exposure was coded as “1’, and non-exposure (i.e.
responding to both items in the negative) was coded as “0’.

Childhood sexual assault—Childhood sexual assault (CSA) experience was assessed
via retrospective self-report at ages 21 and 25. Participants were asked two questions about
CSA as part of a pre-diagnostic interview screen for Post-Traumatic Stress Disorder (based
on the Trauma Assessment of Adults — Self-Report Version, Resnick et al. 1993): “Did you
ever have sexual contact with anyone five years or more older than you before you reached
the age of 13?” and “Has anyone, including a friend or relative, ever used pressure, force, or
physical threats to make you have some type of unwanted sexual contact?”, as well as the
age at which they first experienced it. Any CSA experience through age 16 was coded as
‘1’, and non-exposure (i.e. responding to both items in the negative at either assessment)
was coded as “0”.

MAOA was assessed from participants’ peripheral blood samples (84.1%) or buccal cell
swabs (15.9%) using primers and PCR protocol as described in Haberstick et al. (2005).
Individuals were dichotomized for MAOA activity level, with high activity indicated by 3.5
or 4 repeats for the MAOA gene and low activity indicated by 2, 3, or 5 repeats (as
established in Caspi et al. 2002). MAOA was coded ‘0’ for high activity, ‘1’ for low activity
(the previously implicated high-risk genotype, e.g. Caspi et al. 2002). Females heterozygous
for high-low activity number of repeats on the MAOA functional VNTR polymorphism
were not included in our analyses, due to uncertain X-inactivation and resulting in vivo
MAOA activity levels.

Data on all predictor and outcome variables were available from 841 individuals. Gene-
environment correlations between MAOA and HD or CSA were modeled as logistic
regressions with MAOA regressed on HD and CSA, and sex included as a covariate (with
females coded 0, males coded 1). GXE interactions were modeled as regressions, including
sex as a covariate; main effects of HD, CSA, and MAOA genotype; and two-way
interactions between MAOA and each of HD and CSA, as well as between HD and CSA.
The three-way interaction between MAOA, HD, and CSA was not modeled due to small cell
counts, e.g. only two people in our sample had low MAOA and experienced both HD and
CSA,; see Table 1 for an accounting of participant distribution among all possible MAOA
genotype-by-HD/CSA exposure groups.

Effects on each substance (alcohol, tobacco, and cannabis), adult antisocial behavior, and
conduct disorder symptoms were modeled as independent regressions, and sex was included
as a covariate in each model. All analyses were conducted in Mplus (Muthén & Muthén
1998-2007) using the robust maximum likelihood estimator (MLR), taking into account the
non-independent nature of the twin data by including family membership as a clustering
variable.

Descriptive statistics

HD was reported by 16.5% of the sample (19.3% males, 9.8% females). CSA was reported
by 3.1% of the sample (1.7% males, 6.5% females). Genotypes coding for low MAOA

activity were less frequent than those coding for high activity, accounting for 32.0% of the
sample (35.0% males, 24.8% of homozygous females), which is similar to previous reports
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(e.g. Guo et al. 2008). Cell counts for all possible HD/CSA-by-MAOA groups are reported
in Table 1. Descriptive statistics for the outcome measures (alcohol, tobacco, cannabis, adult
antisocial behavior, and conduct disorder) are reported in Table 2. Skewness and kurtosis
values for all outcome measures suggested no substantial deviations from normality
following the log-transformation of symptom counts (i.e., |skewness| < 2 for all, |kurtosis| <
2 for all, e.g. Kline 2005).

Zero-order correlations among all model variables, taking into account the non-independent
nature of the twin data, are reported in Table 3. Sex was significantly correlated with all
variables at the p<0.05 level, which highlights the importance of including sex as a
covariate. HD and CSA were not significantly correlated (r=0.050, p=0.216), suggesting the
potential utility of modeling their separate effects. Log-transformed alcohol, tobacco,
cannabis, antisocial behavior, and conduct disorder symptoms were all significantly inter-
correlated (r=0.281-0.626, p<0.001).

Gene-environment correlation

Cell counts for MAOA genotype by HD/CSA status are presented in Table 1. When
modeled as a logistic regression of MAOA activity level on HD and CSA exposure, with sex
included as a covariate, low MAOA genotype was not significantly associated with either
HD (b=-0.080, OR=0.923, p=0.553) or CSA (b=0.069, OR=1.071, p=0.817).

Effects of harsh discipline, childhood sexual assault, and MAOA genotype

Regression analysis results for the effects of HD, CSA, and MAOA are reported in Table 4.
Sex was a significant (p<0.02) covariate for all outcome phenotypes, with males reporting a
greater number of symptoms than females. HD was significantly associated with an increase
in reported symptoms (p<0.04) for all outcomes except cannabis. CSA was not associated
with a significant difference in any outcome measure (p>0.21 for all), though positive
coefficients for all outcomes except alcohol suggested that the tendency was for greater
symptom reports when CSA was present. In these regression models, there was no main
effect of MAOA genotype on any outcome variable (p>0.09 for all), nor were there
interactions observed between HD and CSA (p>0.07 for all) or MAOA and HD (p>0.33 for
all).

There was a significant interaction between CSA exposure and MAOA genotype on adult
antisocial behavior (p=0.014; for this significant interaction alone, AR2=0.4%) and conduct
disorder symptoms (p=0.007, AR2=0.7%). Figure 11 shows that individuals with the low
MAOA genotype and a history of CSA reported more symptoms of adult antisocial behavior
(Figure 1a) and conduct disorder (Figure 1b) than individuals who had no reported history of
CSA and/or the high MAOA genotype. The interaction between CSA and MAOA was not
significant for any substance problem (p>0.05). The interpretation of a gene-by-environment
interaction assumes that the environmental exposure (in this case, CSA) preceded the
emergence of or a change in the outcome(s) of interest. In our sample, the 26 individuals
who experienced CSA reported an average age at first CSA exposure of 8.46 years (SD =
4.38, range = 3-16, median = 7). There was no significant difference in average age at first
CSA exposure between high MAOA (N = 18, M =7.78, SD = 4.54) and low MAOA (N =8,
M =10.00, SD = 3.78) genotype groups [t(24) =-1.21, p = 0.24].

1cell sizes for each group were as follows: high MAOA, no CSA =554; low MAOA, no CSA = 261; high MAOA, CSA =18; low
MAOA, CSA = 8. While power considerations prevented us from analyzing males and females separately, the results shown in Figure
1 were consistent when males and females are plotted separately. Heterozygous females, who have been removed from our analyses
due to uncertain MAOA activity levels, appear at an intermediate symptom level between females with high and low MAOA
genotypes. These additional Figures are available from the first author upon request.
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Power estimation

We undertook analyses to ensure that we had adequate power to detect GXE in our sample.
Power to detect effects on our outcome measures given our sample size was calculated in the
program Quanto (Gauderman & Morrison 2007). Of our total sample of 841 individuals, 608
were members of twin pairs for whom complete data was available and 233 were
“singletons” (participants for whom complete data from their corresponding twin was not
available). To correct for the non-independent nature of data obtained from twins, each
member of a complete twin pair was counted as half of an observation for the purposes of
our power analyses (representing a conservative adjustment of our sample size). This
resulted in a corrected sample size of 537. Working from the additional information
provided by our findings, we simulated several assumptions, using the minor-allele recessive
inheritance model (i.e., comparing two forms of a gene, in our case, high and low MAOA
activity), minor allele frequency (Pjow=32.0%), probability of HD or CSA exposure
(PHp=16.5%, Pcsa=3.1%), and a standard normal phenotypic distribution. We estimated a
range of effects that we would have the power to detect, based on our conservatively
adjusted sample size of 537 and our unadjusted sample size of 841. In terms of GXE
interactions between MAOA and either HD or CSA, we had 80% power to detect effects
accounting for 0.92-1.41% of the variance in outcomes, and 90% power to detect effects of
1.22-1.87%.

Discussion

Our regression analyses showed that retrospective reports of HD were associated with
having more clinical symptoms across phenotypes (except for cannabis, where the effect
was not significant). There was a non-significant trend of CSA exposure being associated
with elevated symptom counts (except for alcohol). We found no evidence of a gene-
environment correlation between HD or CSA exposure and MAOA genotype, nor for gene-
environment interaction between MAOA genotype and HD on externalizing outcomes
through young adulthood. There was evidence for a significant interactive effect between
MAOA genotype and CSA exposure, in which individuals with the low MAOA activity
genotype who reported a history of CSA had more symptoms of the antisocial subset of
externalizing disorders (antisocial behavior, p=0.014; and conduct disorder symptoms,
p=0.007). The interaction between MAOA genotype and CSA was not significant for any
substance problem.

These findings should be interpreted in light of a number of limitations. Our sample
consisted of young adult twins born in Minnesota, and so may not generalize to other
populations. Due to the low rate of CSA in our community-based sample, we were unable to
model the potential three-way interaction between MAOA, HD, and CSA, nor were we able
to model differential effects by sex (owing to considerably reduced cell sizes), though the
current literature is mixed as to the effect of sex on this GxE interaction (e.g. Ducci et al.
2008; Frazzetto et al. 2007; Nilsson et al. 2007; Nilsson et al. 2008; Sjéberg et al. 2007).
Our lifetime symptom counts for each externalizing disorder represent the aggregation of
longitudinal data from clinical interviews, with all symptoms agreed upon by a diagnostic
consensus committee, and so are likely to be more valid than a single lifetime retrospective
self-report of symptoms. However, our self-report measures of both HD and CSA were
necessarily retrospective (to avoid mandatory reporting requirements) and limited in scope
due to time constraints implicit in including a broad range of assessments in a single-day
study visit. In addition, our HD measure was unlikely to have captured only severe physical
maltreatment; some punishments encompassed by our HD measure may fall within what
some would consider the normal range of parental discipline appropriate for children. An
additional limitation of our retrospective HD measure was that we would be unable to
disentangle with certainty the temporal ordering of the HD experience and the onset of pre-
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adulthood externalizing symptoms. These limitations of our HD and CSA measures are
typical of the GXE literature on this topic (e.g. Ducci et al. 2008; Huang et al. 2004), and so
should not affect our ability to replicate and extend the findings of previous research.

The categorical nature of our HD and CSA measures and the low prevalence of individuals
who reported exposure to both HD and CSA (0.8%) in our community sample resulted in us
being unable to examine the potentially important effects of HD or CSA severity (e.g.
McDermott et al. 2009; Weder et al. 2009), and GXxE studies of stress and candidate genes
tend to be underpowered in general (Munafo et al. 2009). While we were likely
underpowered to detect a small main effect of MAOA on externalizing behavior, power
estimation suggested that our sample size provided at least 80% power to detect an effect
size accounting for around 1% of the variance in clinical externalizing indicators. We did
not find evidence for a GXE interactive effect on substance problems through age 25. Our
analyses indicated that MAOA genotype interacted with exposure to CSA specifically on
antisocial behavior (AR?=0.4%) and conduct disorder symptoms (AR%=0.7%), where
individuals at risk from both predictors (i.e. low MAOA activity genotype coupled with
CSA exposure) reported a greater number of symptoms.

This evidence for an interactive effect between MAOA genotype and CSA exposure on
antisocial clinical outcomes (see Figure 1) is consistent with previous findings of GXE
interactions on antisocial and aggressive behavior, where the presence of both risk factors
(i.e. low MAOA and CSA) confers additional risk (e.g. Caspi et al. 2002). This effect was
not observed in the interaction between HD and MAOA genotype, suggesting potential
further specificity of the interaction between MAOA genotype and early life stress to CSA
exposure (when statistically controlling for HD). However, since the low prevalence of CSA
in our community sample resulted in only eight individuals being in the low MAOA and
CSA risk group (which is the expected cell count given our sample size and prevalences),
these results may be capitalizing on chance. Nevertheless, our study provides the first
evidence we are aware of regarding the specificity of this GXE effect between MAOA
genotype and CSA to the antisocial subset of externalizing disorders (despite the highly
inter-correlated nature of antisocial behavior and conduct disorder with substance problems).

This observed pattern of effects fits with recent research on the hierarchical structure of
externalizing behaviors. The comorbidity among substance problems, antisocial personality
disorder, and conduct disorder corresponds with the highest-order factor in the hierarchy,
general externalizing tendencies (e.g. Kendler et al. 2003; Krueger et al. 2002; Young et al.
2000). However, moving down one level in the structural hierarchy, two narrower, lower-
order factors emerge, loading on substance-related and aggressive/antisocial indices,
respectively (Krueger et al. 2007, Krueger et al. 2009). The pattern of influence in the
MAOA-by-maltreatment interaction detected here and elsewhere suggests that the
interaction may be operating specifically at this lower level of the externalizing spectrum
hierarchy, where the distinction between antisocial and substance-related problems is seen
phenotypically.

In sum, we report here the first evidence for potential specificity of the interaction between
MAOA and maltreatment to antisocial aspects of the broader externalizing spectrum. These
findings may fit the conceptualization of MAOA as a gene for plasticity because the “risk
allele” (i.e., those alleles coding for low MAOA activity) only increased antisocial behavior
in conjunction with a “risk environment.” To more fully test a plasticity account of the
impact of MAOA polymorphisms on behavior, it would be helpful to assess the effects of
the gene in the context of a profoundly positive environment (Belsky et al. 2009; Tabery
2009). The plasticity conceptualization implies a cross-over effect, indicating that both
positive and negative features of an environment may shape the effect of a gene on a
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phenotype. That is, plasticity suggests that a certain genotype conveys added risk in a
negative environment but protective effects in a positive environment (e.g. Kim-Cohen et al.
2006). Evaluating the plasticity hypothesis represents an intriguing direction for future gene-
by-environment interaction research. Nevertheless, given the small effect size of the specific
interaction we observed in our sample (AR2=0.4-0.7%), the absence of this interaction
influencing substance problems, and the corresponding specificity to antisocial behavior,
this interaction may be a chance observation that warrants replication before it is regarded as
a reliable effect.
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Figure 1.

Individuals with the low MAOA activity genotype and a history of childhood sexual assault
reported more a) adult symptoms of antisocial personality disorder (p=0.014); and b)
conduct disorder symptoms (p=0.007). (Note. Error bars represent 95% confidence intervals.
Cell sizes for each group were as follows: high MAOA, no CSA = 554; low MAOA, no
CSA = 261; high MAOA, CSA = 18; low MAOA, CSA =8.)
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Table 1

Participants in each potential harsh discipline/childhood sexual assault-by-MAOA group.

MAOA Genotype
Reported experience High Low
Neither 463 (55.1%; 33.5% female) 220 (26.2%; 24.5% female)
Harsh Discipline 91 (10.8%; 18.7% female) 41 (4.9%; 9.8% female)
Sexual Assault 13 (1.5%; 84.6% female) 6 (0.7%; 33.3% female)
Both 5 (0.6%; 40.0% female) 2 (0.2%; 50.0% female)
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