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An Association between a Functional Polymorphism
in the Monoamine Oxidase A Gene Promoter, Impulsive
Traits and Early Abuse Experiences
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Monoamine oxidase A (MAOA) activity is altered in mood disorders and lower activity associated with aggressive behavior. The gene
has a functional polymorphism with a variable number tandem repeat (VNTR) in the upstream regulatory region (MAOA-uVNTR). In
this study, we examined possible associations between the MAOA-uVNTR polymorphism and mood disorders, suicidal behavior,
aggression/impulsivity, and effects of reported childhood abuse. In total, 663 unrelated subjects with a psychiatric disorder and 104
healthy volunteers were genotyped for the 30 base pair functional VNTR. A novel repeat variation was identified. No statistically
significant associations were found between this functional MAOA-uVNTR polymorphism and mood disorders or suicide attempts.
However, the lower expression allele was associated with a history of abuse before |5 years of age in male subjects and with higher
impulsivity in males but not females. Our results suggest that the lower expression of the MAOA-uVNTR polymorphism is related to a
history of early abuse and may sensitize males, but not females, to the effects of early abuse experiences on impulsive traits in adulthood.
The polymorphism may be a marker for impulsivity that in turn may contribute to the risk for abuse. This trait could then be further

aggravated by abuse.

INTRODUCTION

Monoamine oxidase (MAO), as a catabolic enzyme,
regulates monoamine transmitter levels in the central
nervous system. The activity of this enzyme is partly
genetically regulated. The genes encoding the A and B forms
of human monoamine oxidase enzymes (MAOA and
MAOB) are located together on the short arm of X
chromosome, between bands Xpl1.23 and Xpll.4. The
MAOA gene has several common polymorphisms: (1) a
dinucleotide repeat polymorphism (MAOA-CA) near exon 2
(Black et al, 1991); (2) a 23bp variable number tandem
repeats (VNTR) near exon 1 (MAOA-VNTR) (Hinds et al,
1992); (3) two functional restriction fragment length
polymorphisms (Fnu4HI and EcoRV) (Lim et al, 1994);
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and (4) a 30bp functional VNTR polymorphism (MAOA-
uVNTR) (Sabol et al, 1998). Sabol et al (1998) first reported
a functional repeat polymorphism in the promoter region of
the MAOA gene, which consists of a 30-bp repeat with 3,
3.5, 4, and 5 copies. Alleles with 3.5 or 4 repeat transcribed
2-10 times more efficiently in human cell lines compared
with alleles with 3 or 5 copies of the repeats. Deckert et al
(1999) largely replicated these results but reported that, in
addition to other longer alleles (3.5 and 4 repeats), the allele
with 5 repeats was associated with higher transcriptional
activity.

The nonpromoter MAOA gene polymorphisms have been
implicated in mood disorders, aggression, and suicide.
Some studies found that the MAOA CA and VNTR
polymorphisms were associated with bipolar affective
disorder (Lim et al, 1994; Kawada et al, 1995; Rubinsztein
et al, 1996; Preisig et al, 2000). Other studies reported no
association of MAOA and bipolar disorder (Craddock et al,
1995; Nothen et al, 1995; Parsian and Todd, 1997;
Muramatsu et al, 1997) or unipolar disorder (Kunugi et al,
1999; Syagailo et al, 2001; Serretti et al, 2002). However,
contrary to these negative reports, an association with
bipolar disorder was found in one meta-analysis (Furlong
et al, 1999). No association has been reported with major



depressive disorder (unipolar depression) (Serretti et al,
2002; Syagailo et al, 2001; Kunugi et al, 1999).

Manuck et al (2000), in a study of the MAOA-uVNTR,
observed that males with lower expression variants of this
polymorphism scored significantly lower on a composite
measure of dispositional aggressiveness and impulsivity and
showed more pronounced serotonergic responsivity com-
pared with males with higher expression variants. This
result is at variance with several subsequent studies.
Individuals who have the MAOA-uVNTR genotype con-
ferring higher expression of MAOA, and who report a
history of abuse in childhood (ages 3-11 years), have been
found less likely to manifest antisocial psychopathology
(Caspi et al, 2002). High MAOA activity somehow reduces
vulnerability to the effects of abusive experience in child-
hood on adult behavior. In addition, the lower expression
variants of this polymorphism have been associated with
antisocial behavior in male alcohol-dependent patients
(Samochowiec et al, 1999).

Animal studies have implicated MAOA in aggressive
behavior. Aggression is intensified in the MAOA knockout
mouse (Cases et al, 1995) and MAO inhibition during
development induced pathological aggression in mice
(Mejia et al, 2002). A single-family extended pedigree study
in Holland found that a mutation in the MAOA gene that
results in a loss of enzyme activity was associated with
impulsivity, aggression, and mental retardation in males
(Brunner et al, 1993a,b). More recently, the high expressing
alleles of this polymorphism were reported to be associated
with greater impulsivity and attention deficit hyperactivity
disorder (ADHD) (Manor et al, 2002).

There is no agreement about the relationship between
MAO activity and suicidal behavior. Low platelet MAOB
levels and suicidal behavior has been reported in several
studies (Gottfries et al, 1975; Buchsbaum et al, 1977; Meltzer
and Arora, 1986). Sherif et al (1991) found greater MAOA
activity, in the hypothalamus of suicide victims with a
history of depression, but no differences in activity in
frontal cortex or cingulate cortex was observed. Mann and
Stanley (1984) found no differences in MAOA or MAOB
enzyme kinetics in the prefrontal cortex of violent suicide
victims. The MAOA-uVNTR polymorphism has been
associated with suicide attempts in bipolar patients,
particularly in female bipolar patients (Ho et al, 2000),
and with suicide in depressed males (Du et al, 2002).
Although other studies report no association of the
promoter VNTR with suicidal behavior in mood disorders
(Kunugi et al, 1999; Ono et al, 2002).

Many previous studies have been limited by their focus
on a limited aspect of psychopathology such as aggression
and childhood abuse without considering mood disorders
or suicidal behavior. Therefore, in this study, we examined
possible associations between the functional MAOA-uVNTR
polymorphism and aggressive behavior, suicidal behavior,
mood disorder, and a reported history of childhood abuse.

MATERIALS AND METHODS

Subjects

This study included 766 subjects. Totally, 663 had a mood
disorder psychiatric diagnosis (males: 286; females: 377)
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and were recruited having been referred for evaluation
and treatment of a mood disorder. Ethnic breakdown of
psychiatric subjects included 456 (68.8%) Caucasians,
110 (16.6%) African-Americans, 10 (1.5%) Asians, 79
(11.9%) Hispanics, and eight (1.2%) subjects categorized
as ‘other’. 103 subjects (56 males, 47 females) were healthy
volunteers with no previous history of psychiatric illness or
substance abuse on the basis of a SCID I assessment for
DSM-IV criteria (1994) and no cluster B category persona-
lity disorder based on a SCID II assessment. All subjects
were screened medically (history, examination, laboratory
tests) to exclude active medical illness and particular
neurological disorders or significant past head injury.
Ethnic composition was comparable to the psychiatric
subject group. Mean age of subjects (37.6+12.9 years)
was comparable to healthy volunteers (38.8+15.3 years).
Subjects were grouped according to the following psychia-
tric disorders: major depressive disorder or bipolar disorder
using the SCID I. Aggressive, impulsive behaviors were
rated using the Barratt Impulsiveness Scale (Barratt, 1985,
1994); the Brown-Goodwin Life History of Aggres-
sion interview (Brown et al, 1982, 1979); and the Buss-
Durkee Hostility Inventory (Buss and Durkee, 1957).
Screening questions at intake interview assessed physical
and sexual abuse and age of occurrence. All subjects gave
written, informed consent as required by the Institutional
Review Board.

Genotyping

DNA was obtained from blood samples or from squamous
epithelium collected from buccal mucosa using cheek swabs
(Puregene Kit, Gentra Systems, Minneapolis, MN, USA).
DNA was then extracted from lymphocytes using our
previously published method (Huang et al, 2003) and from
squamous epithelial cells according to the manufacturer’s
standard recommended procedure. PCR was performed in a
volume of 201 containing 100-200ng DNA; 25 mM MgCl,;
1% of DMSO or BSA; 1 x PCR buffer; 10 mM dATP, dGTP,
dCTP, and dTTP; 100ng/l of two primers, MAOAPr-3
(5'-TGCTCCAGAAACATGAGCAC-3) and MAOAPr-4 (3'-
TAGACTTGGGGATCCGACTG-5'); and 1 U RedTaq poly-
merase (Sigma, St Louis, MO, USA). The samples were
preheated at 94°C for 5 min, denatured at 94°C for 35 cycles
of 30s each, annealed at 55°C for 30s, with extension at
72°C for 40s in a Stratagene Robocycler 96 PCR system.
Products were electrophoresed on a 1.8% NuSieve™ 3:1
agarose gel (BMA, Rockland, ME, USA) and stained with
ethidium bromide. They were then visualized under UV
light and sizes were determined by comparison with a
100bp DNA sequencing ladder. We identified six differ-
ent repeats of the 30 bp VNTR PCR fragments: 2, 3, 3.5, 4, 5,
and 6.

Statistical Analysis

Data analysis was performed using SPSS for Windows,
Version 10.1. (SPSS Inc., Chicago, 1999) and EasyStat (Nee,
2001) for allelic frequencies. For the analysis, genotypes
were divided into three groups: alleles with 2 or 3 copies of
the VNTR in group ‘33’, those with 3 and 4 copies in group
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34, and those with 3.5, 4 repeats under the category of
group ‘44’. The alleles with 5 copies of the VNTR have
disputed transcriptional activity (Sabol et al, 1998; Deckert
et al, 1999). On this basis, we excluded subjects with 5 or 6
repeats from further statistical analyses.

Genotype and allele frequencies were contrasted in
patients and healthy volunteers using a contingency table
% test with Yates’ correction and Fisher’s exact test where
indicated. The significance level was p<0.05 for two-tailed
tests. Data are reported as mean+SD unless indicated
otherwise. An ANOVA and Mann-Whitney test were used
to determine if there were differences in aggression and
impulsivity scores across genotypes. A general linear model
was used to analyze the effects of genotype, abuse, major
depression, and the interaction of childhood abuse with
genotype on impulsivity.

RESULTS

We observed six different alleles: 2, 3, 3.5, 4, 5, and 6
repeats. The six repeat allele of the MAOA-uVNTR has not
been previously reported, and we found it in only one
sample (Figure 1). The frequencies of the shortest (2
repeats) and longest alleles (5 or 6 repeats) were very low.

The frequencies of common alleles (3 and 3.5+ 4) in the
healthy volunteer group were 0.45 and 0.55, respectively,
compared to 0.47 and 0.53 in psychiatric subjects (3> = 0.08,
df =1, p=0.782) (Table 1). The genotype distribution for
the female healthy volunteer group was in Hardy-Weinberg
equilibrium (}*=0.47, df=1, p=0.493). No differences

were found in allelic frequency between the psychiatric
subjects and healthy volunteers of either male or female
gender (}°=0.16, df=1, p=0.692; »°=0.00, df=1,
p=0.999, respectively) (Table 1). No significant associa-
tions of the MAOA-uVNTR polymorphism were found in
male or female subjects with major depressive disorder
(*=1.50, df=1, p=0.220; 5*=0.20, df =1, p=10.654),
bipolar disorder (;(220.85, df=1, p=0.357; 12:0.02,
df=1, p=0.878, respectively), or a history of suicide
attempts (y>=0.26, df=1, p=0.608; y*=1.82, df=1,
p=0.178) (Table 2).

The frequencies of the 44 allele group for African-
American, Hispanics, Caucasians, and Asians/Others were
45, 54, 56, and 44%, respectively. The genotype frequencies
for males in each racial group were 40, 51, 55, and 43%,
respectively. No significant difference was found between

3/3 5/5 6/5 5/5 4/4 3/4 5/3

Figure I MAOA VNTR alleles, including a rare six repeat sample, not
previously reported.

Table | Genotype Distributions and Allele Frequencies for the Human MAOA-uVNTR Polymorphism in Healthy Volunteers and
Psychiatric Subjects with Major Depression, Bipolar Disorders and Suicide Attempt

Genotype distribution (%)

Allele frequency (%)

N 33 34 44 1 p 3 4 1 p
Healthy volunteers 103 68 (45) 82 (55)
Male 56 25 (45) 31 (55)
Female 47 I'l(25) 21 (45) 15 (30) 43 (46) 51 (54)
Patients with a history of
Major depressive episode 311 247 (46) 287 (54) 0.26 0.607
Male 88 38 (43) 50 (57) 0.00 0999
Female 223 56 (25) 97 (44) 70 (31) 0.06 0970 209 (47) 237 (53) 001 0934
Bipolar disorders 85 70 (50) 69 (50) 0.54 0461
Male 31 19 (61) 12 (39) 1.60 0.206
Female 54 15 (28) 21 (39) 18 (33) 040 0817 51 (47) 57 (53) 0.00 0945
Suicide attempts 206 172(49) 180 (51) 0.39 0531
Male 60 27 (45) 33 (55) 0.00 0.999
Female 146 38 (26) 69 (47) 39 (27) 049 0.782 145 (50) 147 (50) 0.29 0.588
Patients (all) 663 488 (47) 552 (53) 0.08 0.782
Male 286 139 (49) 147 (51) 0.16 0.692
Female 377 94 (25) 161 (43) 122 (32) 0.08 096 349 (46) 405 (54) 0.00 0999

Two-tailed tests compared with the allele frequency of healthy volunteer males and those of male patient groups or healthy females and female patient groups.
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Table 2 Genotype Distributions and Allele Frequencies for the Human MAOA-uVNTR Polymorphism in Psychiatric Subjects with or
without a History of Major Depression, Bipolar Disorders, Suicide Attempt and Abuse before the Age of |5 Years

Genotype distribution (%)

Allele frequency (%)

N 33 34 44 e P 3 4 Ve p
Male patients with a history of

Major depressive episode

With 88 38 (43) 50 (57)

Without 177 91 (51) 86 (49) 1.50 0.220
Bipolar disorder

With 31 18 (58) 13 (42)

Without 234 11 (47) 123 (53) 0.85 0.357
Suicide attempts

With 60 27 (45) 33 (55)

Without 225 112 (50) I'13 (50) 026 0.608
Abuse before the age of 15 years

With 43 26 (60) 17 (40)

Without I 2 (18) 9 (82) 627 0012

Female patients with a history of

Major depressive episode

With 223 56 (25) 97 (44) 70 (31) 209 (47) 237 (53)

Without 147 36 (24) 60 (41) 51 (35) 0.46 0.795 132 (45) 162 (55) 0.20 0.654
Bipolar disorder

With 54 15 (28) 21 (39) 18 (33) 51 (47) 57 (53)

Without 316 77 (24) 136 (43) 103 (33) 041 0814 290 (46) 342 (54) 002 0.878
Suicide attempts

With 146 38 (26) 69 (47) 39 (27) 145 (50) 147 (50)

Without 230 56 (24) 92 (40) 82 (36) 342 0.181 204 (44) 256 (56) 1.82 0.178
Abuse before the age of 15 years

With 6 27 (24) 50 (44) 37 (32) 104 (46) 122 (54)

Without 46 [ (24) 19 (41) 16 (35) 0.15 0927 41 (45) 51 (55) 0.0l 0911

Two-tailed y* tests compared with the allele frequency and genotype distribution.

the allelic frequencies and race in males (;*>=3.89, df=3,
p=0.273). The genotype distribution between African-
American and Caucasian or between Hispanic and Cauca-
sian males was not significantly different (;52 =2.81,df=1,
p=0.094; ;{2 =0.05, df=1, p=0.822, respectively) (data
not shown).

No significant association of MAOA-uVNTR allelic
frequency was observed in male or female subjects with a
reported history of abuse (x2:0.639, df=1, p=0.424;
7> =0.033, df=1, p=0.855 respectively; see Table 2).
However, a significant association of the MAOA-uVNTR
polymorphism was observed in male subjects with a
reported history of childhood abuse before the age of 15
years (*=6.27, df=1, p=0.012) (Table 2). The lower

expression allele occurred more frequently in males
reporting childhood abuse. In contrast, no association was
observed in females with a reported history of abuse before
the age of 15 years (y°=0.15, df =2, p = 0.927).

No difference was found in lifetime aggression (Brown-
Goodwin), hostility (Buss Durkee), or impulsivity (Barratt)
scores between genotypes in male or female psychiatric
subjects (Table 3). There was also no difference in the
lifetime hostility (BDHI) or aggression (BG) scores and
genotype in male or female subjects who reported episodes
of abuse before the age of 15 years (Table 4). A general
linear model with genotype, childhood abuse history, and
major depression as independent variables and impulsivity
as dependent variable demonstrated independently signifi-
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Table 3 Lifetime Aggression/Impulsivity and MAOA-uVNTR Genotype in Male and Female Psychiatric Subjects

Males Females

Aggression scale Genotype N Mean SD F p N Mean SD F p
Barratt Impulsivity Scale 33 133 47.11 16.06 89 49.48 19.49

34 148 50.30 18.53

44 138 48.78 16.33 0.73 0.393 118 53.10 18.04 [.15 0316
Brown—Goodwin Aggression Scale 33 130 18.93 556 88 1777 530

34 155 17.63 549

44 142 18.53 555 0.36 0.551 155 13.08 5.69 0.80 0451
Buss—Durkee Hostility Inventory 33 132 32.89 13.09 87 3279 14.19

34 149 34.05 1349

44 136 31.43 12.49 0.87 0.352 5 33.00 13.67 0.32 0.729

Since MAOA gene is X-linked, here genotype ‘33" or ‘44’ refers to one allele for males and two for females. Allele 3 was reported to associate with lower levels of
MAOA expression and allele 4 with higher levels. Female heterozygous for the 3 and 4 repeats were denoted as having intermediate levels of MAOA expression.
ANOVA analyses were determined between groups by genotype in each aggression or impulsivity scale.

Table 4 Lifetime Aggression/Impulsivity and MAOA-uVNTR Genotype in Male Subjects Reporting Abuse before the Age of |5 Years

Males Females

Aggression scale Genotype N Mean SD F P N Mean SD F P
Barratt Impulsivity Scale 33 26 51.34 15.70 27 57.04 19.14

34 50 57.52 18.70

44 18 44.50 [4.61 2.14 0.157 36 57.13 16.26 0.0l 0.99
Brown—Goodwin Aggression Scale 33 25 20.40 492 25 20.56 5.55

34 51 9.1 570

44 18 19.06 6.6l 0.58 0.45 36 18.89 577 0.73 0.49
Buss—Durkee Hostility Inventory 33 25 36.12 16.34 27 3741 14.19

34 48 3835 13.59

44 18 3533 12.60 003 0.87 35 37.74 14.03 0.14 0.87

Since MAOA gene is X-linked, here genotype ‘33’ or ‘44’ refers to one allele for males and two for females.

A significant gene by abuse history interaction was observed (see text).

cant effects for genotype (p=0.017) and depression
(p=0.017), but not abuse (p =0.336). There was significant
interaction between genotype and abuse history in males
(p=10.038), but not in females (p = 0.851). Impulsivity (BIS)
was lower in the subgroup of male subjects who reported
abuse before the age of 15 years and had the higher MAOA
expression genotype (allele 44 group) (44.5+14.6) com-
pared with male subjects with the lower expression
genotype (allele 33 group) (51.3+15) (Figure 2, Table 4).
Impulsivity (BIS) was lower in the higher expression
genotype in the Caucasian subgroup [F (1,24) =4.60, p=
0.042]. The assault, irritability, and negativity subscales
of the BDHI were subject to an exploratory analysis
and no significant differences were observed [F (1,42) =
0.52, p=0.475; F (1,41) =0.64, p=0.430; F (1,42) =1.04,
p=0.313, respectively] (data not shown).

Neuropsychopharmacology

Associations with major depression, bipolar disorder, and
suicidal attempts were explored in the early abuse and no
early abuse subgroups. A suggestion of an association of
suicide attempts with genotype was found in early abuse
females (x2:6.775, df=1, p=0.034) and verified by the
Armitage Test (= 6.543, df =1, p=0.011). The frequency
of the low expressing allele and genotypes was higher in the
suicide attempters.

DISCUSSION

The VNTR polymorphism in the MAOA promoter has been
reported to have five alleles containing 2, 3, 3.5, 4, and 5
copies of a 30-bp tandem repeat. We detected a novel but
rare variant with 6 copies of a 30-bp repeat. However, only
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reporting abuse before the age of |5 years.

the variants with 3 or 4 copies are common in different
ethnic populations (Sabol et al, 1998), and this observation
was confirmed in our sample. Alleles with 3.5 and 4 copies
of the VNTR were first reported to transcribe 2-10 times
more efficiently than allele with 3 and 5 repeats (Sabol et al,
1998). However, Deckert et al (1999) found that the allele
with 5 copies of the VNTR also resulted in greater luciferase
activity. Because of this inconsistency, we excluded subjects
with 5 or 6 copies of repeats from further statistical analysis.
Our results are similar to the previous published frequen-
cies for healthy controls (Ono et al, 2002; Saito et al, 2002;
Samochowiec et al, 1999). Interestingly, the reported
frequencies of the long allele (3.5, 4, or 5 repeats) in male
controls in different populations range from a low of 30%
(Preisig et al, 2000) to a high of 73% (Schulze et al, 2000).
Thus, the potential effect of population stratification cannot
be ignored.

We found a significant correlation of the high expression
MAOA-uVNTR polymorphism with lower impulsivity, but
only in adult males who report early childhood abuse. Caspi
et al (2002) reported that maltreated males with the same
genotype, conferring high levels of MAOA expression, were
less likely to display antisocial behavior as adults. Our
results suggest that the higher expressing MAOA genotype
appears to have a moderating effect on impulsivity that is
associated with reported childhood abuse in males but not
females. Despite our small sample number of male subjects
who reported abuse before the age of 15 (N =44), number
and statistical tests that carry a type I error risk, as well as
the exclusion of two outliers, our results support the finding
of Caspi et al (2002). Lifetime aggression scores in our
sample were not affected by abuse history and genotype.
Moreover, we did not score impulsive aggression, which
could be expected to relate to impulsivity, a matter for
future studies to address.

We also found that childhood abuse was reported more
frequently in males, but not females, with lower expressing
variant of MAO-uVNTR. Perhaps the familial transmission
of impulsive traits in males is associated with less MAOA
expression and this trait increases the risk for abuse in
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childhood. Thus, impulsivity would continue to be ex-
pressed in adulthood but not simply as a consequence of
abuse but also a risk factor for abuse. This is a different
hypothesis to that proposed by Caspi et al (2002), who
attributed the protection against the effects of abuse on
development of antisocial behavior to more MAOA activity.
We extend the Caspi et al (2002) findings in another
important direction. That study examined effects of abuse
occurring from 3 to 11 years of age, but did not examine the
effect of abuse later in childhood. In this study, the
protective effect of high MAOA expression in males does
not apply to abuse experiences reported to occur after 15
years of age. Thus, if there is a MAOA protective effect with
respect to the development and impact of abuse in male, it
is only manifest earlier in life when the brain is more
vulnerable biobehaviorally to behavioral insults.

The association of the MAOA-uVNTR polymorphism
and aggression, as opposed to impulsivity in male subjects,
was not found in our present study. Caspi et al (2002)
reported on antisocial behavior and other aggres-
sion indices such as disposition towards violence and
conviction for violence, however, they did not analyze
impulsivity separately. The results of both this and the
Caspi study contrast with previous reports of an associa-
tion between the low expression MAOA-uVNTR genotype
and less aggression and impulsivity in males (Manuck
et al, 2000). The divergence in results may reflect popula-
tion differences as, for example, Manuck et al (2000)
studied a community sample while we studied a psychiatric
population.

The effects of MAOA on impulsivity appear to be
confined to males in our study. With regard to aggression,
Caspi et al (2002) reported detailed results only for males
and while noting a trend for a protective effect of high
MAOA in females, provide no data. This area warrants
further study. In rodent studies, monoamine oxidase
inhibitors heightened levels of aggression induced by shock
in male Sprague-Dawley rats (Eichelman and Barchas,
1975), and deletion of the MAOA gene caused increased
aggression in male mice (Cases et al, 1995). In transgenic
mice, Cases et al (1995) noted that MAOA-deficient males
with different genetic backgrounds displayed enhanced
aggression while pups displayed fearfulness and trembling.
Aggressive behaviors in these male MAOA knockout mice,
combined with reports from a Dutch pedigree that the
males lacking MAOA manifest pathological aggression
(Brunner et al, 1993a,b), further support an association of
MAOA and aggression in males.

One crucial question is how much this functional MAOA-
uVNTR polymorphism influences MAOA activity and
thereby affects aggressiveness and impulsivity, or mediates
or moderates the effect of adverse childhood experiences on
adult aggressive and impulsive traits. Alternatively, it may
be a marker of impulsive traits that increase the likelihood
of exposure to abusive experiences in childhood, which, in
turn, further aggravate impulsivity and aggression. Future
studies might measure, for example, brain MAOA activity,
or level, by methods such as PET scanning and determine
its relationship to genotype in vivo. The MAOA gene effect
on adult behavior may be due to developmental effects in
childhood because of alteration in the monoamine meta-
bolism (Morell, 1993). It is also possible that this functional
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polymorphism is in linkage disequilibrium with another
functional polymorphism within the MAOA gene, or other
genes that also influence the behavioral variation.

We found that mood disorders and suicidal behavior in
male adults do not appear to be related to the allelic variants
in the promoter region of the MAOA gene. Separating the
sample into those with and without childhood abuse
revealed an exploratory finding that females with an early
abuse history had an association of the low expressing
genotype and allele with suicide attempt behavior as adults.
This preliminary finding needs to be replicated and, if
confirmed, may indicate that MAOA may influence the
previously reported relationship between childhood physi-
cal or sexual abuse and suicidal behavior in adulthood
(Brodsky et al, 2001). MAOA might influence the risk for
suicidal behavior by affecting aggressive/impulsive traits,
mood disorders, or other factors. Studies emphasizing a
developmental, longitudinal approach and more basic
biological and cognitive endophenotypes are promising
future directions.
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