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Objective: Childhood maltreatment is a
potent risk factor for subsequent aggres-
sive and criminal behavior. A recent study
suggested that the relationship between
maltreatment and antisocial behavior may
be moderated by a genetic vulnerability
conferred by a functional polymorphism
in the MAO-A gene. The authors investi-
gated whether these findings would gener-
alize to a clinical cohort of adolescents, ex-
amining whether there was a stronger
association between maltreatment and
conduct disorder severity in patients carry-
ing the low MAO-A activity allele.

Method: Male adolescent patients (N=
247) entering residential or intensive day
treatment for persistent conduct and sub-
stance use problems were examined.
Conduct disorder severity was indexed by
a lifetime count of DSM-IV criteria ob-

tained through structured psychiatric in-
terviews. Maltreatment scores were de-
rived from summing neglect and abuse
events reported to have occurred before
age 11.

Results: Neglect, verbal/psychological
abuse, physical abuse, and sexual abuse
were prevalent among patients. Although
level of maltreatment and lifetime con-
duct disorder symptoms were signifi-
cantly correlated, no genetic-environ-
mental interaction with genotype for
maltreatment was found.

Conclusion: The results of the current
study do not support the hypothesis that
a polymorphism in the gene encoding
MAO-A contributes to the genetic risk for
conduct disorder.

(Am J Psychiatry 2006; 163:1019-1025)

C onduct problems such as aggression, lying, and rule
violations are common among adolescents. Fortunately,
in many cases these behavior patterns are transient and
desist by early adulthood. However, some youth show
more persistent patterns of aggression and delinquency
that often escalate into adult antisocial behavior and co-
morbid substance use problems (1-3). Early onset of con-
duct disorder (4, 5), early substance use/abuse (6, 7),
childhood psychiatric problems (e.g., depression, ADHD)
(8, 9), and parental psychopathology (10-12) are features
that may identify children with the highest risk for chronic
antisocial behavior.

Childhood maltreatment is another potent risk factor for
subsequent aggressive and criminal behavior, although
many young victims develop normally (13). Recent interest
in the relationship between early child maltreatment and
the development of antisocial behavior has been piqued by
the intriguing findings of Caspi and colleagues (14), who
suggested that this relationship may be moderated by a ge-
netic vulnerability. Results from the Dunedin longitudinal
study of young adult men followed since early childhood
(15) have suggested that maltreatment in the “first decade
of life” increases the risk for antisocial outcomes (i.e., con-
duct disorder, aggression, antisocial personality), particu-
larly among individuals carrying a low-activity MAO-A al-
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lele, a functional polymorphism in the promoter region of
the gene encoding monoamine oxidase A (MAO-A). MAO-
A is an enzyme responsible for metabolizing monoamine
drugs and neurotransmitters, including dopamine, norepi-
nephrine, and serotonin. Imbalances in the levels of these
neurotransmitters have been linked to aggression in both
mice (16-19) and humans (20-22). Individuals with the
rare allele possess relatively lower enzyme activity.

The Dunedin study findings were among the first to sug-
gest a genetic-environmental interaction in the risk for de-
velopment of psychiatric disorders. The authors con-
cluded that replication of the effect in a clinical sample
would be essential to validate the utility of this finding. In
this investigation, we attempt to confirm the Caspi et al.
findings (14) in a cohort of male adolescents who were en-
tering residential or intensive day treatment for significant
conduct and substance use problems. These patients were
also participating in large-scale genetic studies aiming to
identify chromosomal loci conferring risk for comorbid
conduct disorder and substance use disorders (23, 24).
The patients underwent a comprehensive assessment of
abuse and neglect and childhood psychopathology. In ad-
dition to examining the relationship between overall levels
of childhood maltreatment and severity of adolescent
conduct problems, which may or may not vary as a func-
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tion of MAO-A genotype, we extended the Caspi et al. (14)
analyses to include an examination of four individual do-
mains of maltreatment: neglect, verbal/psychological
abuse, physical abuse, and sexual abuse.

Method

Subjects

Patients were 247 male adolescents (ages 12-18 years) who
were referred to residential or intensive day treatment between
1998 and 2002 for conduct and substance use problems. Most pa-
tients (99%) were referred by juvenile justice and social service
agencies. Program staff obtained written informed consent from
the parent or guardian and assent from the adolescent patient for
treatment as well as participation in clinical and genetic research.
Admission criteria included significant conduct and substance
use problems. Exclusion criteria were current psychosis, mental
retardation, current suicidal or homicidal ideation, current intox-
ication, or current illness that prevented participation in treat-
ment activities. Females were excluded from our cohort in order
to make it comparable to the Caspi et al. (14) study. Male patients
who were admitted to treatment, but did not remain in treatment
for at least 7 days (in order to complete the assessment protocols
used in this study) or did not maintain drug-free urine tests be-
fore assessment, were not included in the study cohort.

Assessments

Examiners were rigorously trained in the administration of a
structured psychiatric assessment before conducting face-to-face
interviews with each patient. The National Institute of Mental
Health Diagnostic Interview Schedule for Children (DISC-1V) was
used to assess conduct disorder symptoms according to DSM-IV
criteria. Lifetime symptom counts were used in order to avoid the
biases that may arise with past year reports, given that many of
the patients had been incarcerated for extended periods prior to
admission. Conduct disorder scores were age-corrected on the
basis of a sample of 2,067 male adolescents participating in com-
munity-based family studies of problem behavior (25). This
method was deemed most appropriate, since the natural increase
in symptoms with age that we would expect to see in the general
population would be masked in the clinical cohort by the fact that
they had been referred for treatment on the basis of their conduct
disorder severity rather than their age. Estimates of the age re-
gression on lifetime conduct disorder symptoms in the commu-
nity-based male adolescents were applied to the clinical sample.
The resulting standardized residual scores were used in all subse-
quent analyses.

The Colorado Adolescent Rearing Inventory (26), a 48-item
face-to-face interview, was used to assess four domains of child-
hood maltreatment: neglect (15 items), verbal/psychological
abuse (8 items), physical abuse (12 items), and sexual abuse (13
items). The Colorado Adolescent Rearing Inventory interview and
instruction manual are available free of charge on the web (http:/
/ibgwww.Colorado.edu/cadd/a_drug/links/cari_home.html).
Details about the development and standardization of the inven-
tory have been previously published (26); a significant relation-
ship was also seen between Colorado Adolescent Rearing Inven-
tory scores and DSM-IV conduct disorder symptom counts in
both adolescent patients and matched community comparison
adolescents.

The estimated internal consistency for the total Colorado Ado-
lescent Rearing Inventory score (computed as the sum of four do-
main scores) in the current study was quite high (Cronbach’s al-
pha=0.87) and did not differ substantially from that of the
subscale scores from the four domains, which ranged from 0.64
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for the verbal/psychological abuse scale to 0.86 for the sexual
abuse scale.

Any endorsement of the 48 core items was followed up by a se-
ries of “probe” questions addressing subject age at first occur-
rence, subject relationship to the perpetrator, the duration or fre-
quency of abuse/neglect, resulting injuries, treatments received,
and living situation at the time of the event. Positive endorsement
of any one (or more) of 18 items that were considered to be fla-
grant abuse (e.g., “Did anyone ever intentionally burn you, for ex-
ample, with cigarettes, or matches, or scalding water, or a stove
top?”) required reporting to a child welfare agency.

For the present study, positive endorsement of each individual
item was weighted by its corresponding duration (neglect) or fre-
quency (abuse) level (obtained through the probe questions) in
order to maximize the severity information contained in the
scores. We computed the sum of the weighted domain scores to
create a total Colorado Adolescent Rearing Inventory “severity”
score that reflected both the breadth and depth of the maltreat-
ment. The resulting scores were log-transformed to reduce skew-
ness. The weighted Colorado Adolescent Rearing Inventory score
correlates well (r=0.82, p<0.01) with the original, unweighted
score previously studied (26).

Social class was estimated from parental reports of educational
and occupational status modified from the work of Hollingshead
and Redlich.

DNA Extraction and Genotyping

Buccal cell DNA was extracted as described previously (23).
The 30-bp variable number tandem repeat polymorphism in the
5’ promoter region of the monoamine oxidase A (MAOA) gene
was assayed as described by Sabol and Hamer (27). PCR reactions
contained 1 pL of DNA (20 ng or less), 1.8 mM MgCly, 180 uM
deoxynucleotides, with 7’-deaza-2’-deoxyGTP (Roche Applied
Science, Indianapolis) substituted for one half of the dGTP, 200
nM forward and reverse primers (IDT, Coralville, Iowa) and 1 unit
of AmpliTaq Gold® polymerase (PE-Biosystems, Foster City, Ca-
lif.), in a total volume of 20 uL. Primer sequences were forward,
5’-ACAGCCTGACCGTGGAGAAG-3’ (fluorescently labeled), and
reverse, 5-GAACGTGACGCTCCATTCGGA-3’. Amplification was
performed using touchdown PCR (28). A 95°C incubation for 10
minutes was followed by two cycles of 95°C for 30 seconds, 55°C
for 30 seconds, and 72°C for 60 seconds. The annealing tempera-
ture was decreased every two cycles from 65°C to 57°C in 2°C in-
crements (10 cycles total), and a final 30 cycles of 95°C for 30 sec-
onds, 65°C for 30 seconds, and 72°C for 60 seconds and a final 30-
minute incubation at 72°C. One pL of PCR product was then com-
bined with 2 pL of loading buffer containing size standard (Ge-
nescan 500 TAMRA® PE-Biosystems); PCR products were ana-
lyzed in an ABI Prism 377 ABI Genetic Analyzer using the
protocols that were supplied by the company. Products of this re-
action included three fragment sizes that ranged between 291
and 351 bp (2 to 4 repeats). In the current study group, the 3-re-
peat and 4-repeat alleles (321 bp and 351 bp) were the most com-
mon, with rates of 28% and 71%, respectively. On the basis of evi-
dence suggesting that allelic groups can be pooled along the lines
of their effects on transcriptional efficiency (27, 29, 30), those with
the 2-repeat allele (291 bp; 1%) were combined with those with
the 3-repeat allele (321 bp; 28%). A sequence length of atleast 351
bp (4 repeats) is optimal for high expression (27). Thus, the
shorter allele category (291 and 321) is functionally classified as
the risk allele associated with low MAO-A activity. Because this
MAO-A polymorphism is located on the X chromosome, the cur-
rent male sample is hemizygous; the allele frequencies after pool-
ing were 29% for the 321-bp allele and 71% for the 351-bp allele.

Biological parents and siblings of the patients were also geno-
typed, providing the data necessary to confirm Mendelian inher-
itance. This method of error checking, along with considerable
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TABLE 1. MAO-A Genotype Frequency in 247 Male Adolescents Entering Residential or Intensive Day Treatment for Persis-

tent Conduct or Substance Use Problems, by Ethnic Group

Caucasian/
Non-Hispanic Caucasian/Hispanic African American Other? Total
MAO-A Allele Type N % N % N % N % N %
High-activity (N=175)P 78 67.8 71 747 20 714 6 66.7 175 70.9
Low-activity (N=72)¢ 37 32.2 24 253 8 28.6 3 333 72 291
Total 115 100.0 95 100.0 28 100.0 9 100.0 247 100.0

a Native American (N=8), Asian American (N=1).
b 4-repeat allele (351 bp).
¢ 2-repeat allele (291 bp; N=2) or 3-repeat allele (321 bp; N=70).

TABLE 2. Prevalence of Maltreatment Events from the Colorado Adolescent Rearing Inventory Endorsed by 247 Male Ad-
olescents Entering Residential or Intensive Day Treatment for Persistent Conduct or Substance Use Problems

Maltreatment Events Reported by Subjects (%)

Period of Occurrence and Maltreatment Type None 1-2 3-5 >5
First occurrence in childhood?
Neglect (15 items) 82.6 14.6 0.8 2.0
Verbal/psychological abuse (8 items) 89.5 8.1 2.4 0.0
Physical abuse (12 items) 83.4 12.6 2.8 1.2
Sexual abuse (13 items) 94.8 4.0 1.2 0.0
Any maltreatment (48 items) 71.7 18.2 4.0 6.1
Occurrence anytime in childhood or adolescence
Neglect (15 items) 77.7 18.3 2.4 1.6
Verbal/psychological abuse (8 items) 82.2 13.4 4.0 0.4
Physical abuse (12 items) 76.6 17.0 3.2 3.2
Sexual abuse (13 items) 81.0 9.8 5.6 3.6
Any maltreatment (48 items) 54.2 211 9.4 15.3

a Before age 11.

numbers of random duplicate genotyping of individuals, maxi-
mizes our confidence in the accuracy of the allele calls. Incom-
patible genotypes were detected in less than 1% of the sample; in
these cases individuals were excluded from all analyses. Table 1
shows the allele frequencies divided among our ethnic groups.
Results of a chi-square analysis of proportions showed no signifi-
cant differences in allele frequencies by ethnic group.

Results

Rates of Neglect and Abuse

Neglect and abuse were not uncommon in this clinical
cohort: nearly half of the adolescent boys reported at
least one maltreatment event. Table 2 shows the endorse-
ment rates of maltreatment occurring by age 11. This
“first decade of life” criterion was applied in order to
closely match the timeframe used in the Caspi et al. (14)
study. More than one-third of the subjects reported some
neglect (17.4%) or physical abuse (16.6%), while the
prevalence of verbal and sexual abuse was slightly less
pronounced.

The most frequently endorsed neglectful event was be-
ing repeatedly threatened with abandonment (7.3%). Pa-
tients frequently reported being yelled at daily (8.1%), be-
ing hit with a fist (9.3%), being given alcohol or drugs
(9.7%), and being hit with a belt, whip, cord, etc. (14.6%).
Table 2 also shows endorsement rates of maltreatment
when age of first occurrence was ignored (i.e., occurrence
in childhood or adolescence). Although rates were higher
for all four domains, rates of sexual abuse were elevated
most dramatically, increasing from 5.2% with one or more
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events to 19.0%. Endorsement rates for maltreatment of
any form increased from 28.3% to 45.8% when comparing
the first decade of life to all of childhood/adolescence;
rates falling into the “severe” category more than doubled.

Conduct Disorder

All of the youths had been referred for serious conduct
problems. According to information from the self-report
DISC-1V interview, 87.1% of the patients met DSM criteria
for conduct disorder. Although 12.9% (N=32) of the pa-
tients failed to meet criteria for conduct disorder, most
(N=27) met criteria for one or two symptoms; only five
boys (2.0% of the entire cohort) denied a history of any
conduct disorder symptoms. Overall, the adolescent boys
in the current study represent a severely behaviorally dis-
turbed group. The mean number of symptoms in this pa-
tient cohort (mean=>5.83, SD=2.88) is nearly twice the re-
quired number to meet criteria for a lifetime diagnosis.

Predicting Conduct Disorder Severity

Standard regression analyses were conducted to test
whether conduct disorder severity scores could be pre-
dicted by weighted maltreatment scores, MAO-A genotype,
and the interaction between weighted scores and MAO-A.
The MAO-A genotypes were dummy coded as 0 (low activ-
ity) and 1 (high activity). These analyses used only those
neglect/abuse endorsements with reported age of first oc-
currence before age 11. Figure 1 displays a two-group scat-
terplot of the weighted maltreatment scores against con-
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FIGURE 1. Relationship Between Maltreatment by Age 11
and Number of Conduct Disorder Symptoms in 247 Male
Adolescents Entering Residential or Intensive Day Treat-
ment for Persistent Conduct or Substance Use Problems,
by MAO-A Allele Type

Without MAO risk allele (N=175)
< MAO-A high activity
MAO-A high regression

With MAO risk allele (N=72)
O  MAO-A low activity
MAO-A low regression

Age-Corrected Conduct Disorder Symptom Count

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Maltreatment in First Decade of Life2

a Positive endorsement of any individual maltreatment item from
the Colorado Adolescent Rearing Inventory was weighted by its cor-
responding duration or frequency. Weighted scores for each mal-
treatment type were summed, resulting in overall severity ratings
(none: 0, mild: <2, moderate: 2-5; severe: >5).

duct disorder scores. Regression lines were fit for each
group and are displayed to facilitate group comparison.

Consistent with the Caspi et al. findings (14), the main
effect for maltreatment on conduct problems was signifi-
cant (standardized B=0.23; R?=0.05, p<0.01), but the main
effect for genotype was not (3=0.03; R?><0.01, p=0.62).
However, we observed no significant interaction between
weighted maltreatment scores and MAO-A ($<0.01; R?
<0.01, p=0.94). We also examined this model with each of
the four maltreatment types. As shown in Figure 2, no sig-
nificant interactions with MAO-A genotype were detected
for neglect (3=—0.06, p=0.39), verbal/psychological abuse
(B=—0.06, p=0.45), physical abuse (8=0.07, p=0.32), or sex-
ual abuse (8=0.05, p=0.45).

We conducted secondary analyses of the MAO-A poly-
morphism in which weighted maltreatment scores in-
cluded all neglect and abuse events occurring across
childhood and adolescence (i.e., not restricted to “first de-
cade of life”). The more cumulative scores correlated very
strongly with the original early childhood scores ranging
from r=0.68 for sexual abuse to r=0.99 for all other do-
mains. Thus, we did not expect a meaningful change in the
interaction analysis, which indeed yielded essentially
identical results to the childhood-only analyses.
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In addition, we included a measure of socioeconomic sta-
tus, derived from parental education and occupation data,
as a covariate in the MAO-A regression analyses. Socioeco-
nomic status was very weakly associated with Colorado Ad-
olescent Rearing Inventory scores (r=—0.01 to -0.02) as well
as with conduct disorder (r=0.05), and had a negligible im-
pact on the results of the MAO-A interaction analyses.

Estimated Power Through Simulation

To estimate the level of statistical power we had to de-
tect an interaction effect in the regression models, a series
of simulations were performed. Using the fixed main ef-
fect values from the Colorado Adolescent Rearing Inven-
tory weighted analysis, we simulated 1,000 datasets of our
current cohort size (N=247), varying the interaction effect
from B=0.10 to B=0.40 in increments of 0.02. Results of the
simulation demonstrated that we had 90% power to detect
an effect of f=0.20 and 80% power to detect an effect of f=
0.18, which is approximately half the effect size of that re-
ported by Caspi et al. (14) ($=0.36).

Discussion

The Caspi et al. (14) study was the first to suggest a gen-
otype-environmental interaction for a childhood psychi-
atric disorder. A polymorphism in the MAO-A gene was
chosen for the study because it encodes for the MAO-A en-
zyme, which metabolizes norepinephrine, dopamine, and
serotonin. Thus, a deficiency in the enzyme may lead to
increased levels of these neurotransmitters. Numerous
animal and human studies have linked low MAO-A activ-
ity to aggression, antisocial behavior, and increased re-
sponses to stress (31-36). Although a direct effect of MAO-
A activity on antisocial behavior was not demonstrated,
Caspi and colleagues reported a significant interaction be-
tween childhood maltreatment and MAO-A genotype in
predicting subsequent antisocial behavior. That is, indi-
viduals who reported high levels of maltreatment and who
possessed the low MAO-A activity allele were more likely
to develop antisocial behavior than those with low levels
of maltreatment.

The Caspi et al. (14) report called for replication studies
using more systematic assessment of childhood maltreat-
ment and patient groups that could illuminate the clinical
relevance of the result. The current study addressed both
of these issues. We examined whether this genetic-envi-
ronmental interaction could be detected in a group of
clinically ascertained male adolescents who were entering
treatment for significant conduct and substance use prob-
lems. Patients were thoroughly assessed with a detailed,
validated interview (26) for a history of childhood neglect
and physical and sexual abuse by parents, caregivers, or
other adults. Age at first occurrence, frequency, and dura-
tion information was included in a composite measure of
maltreatment in the first decade of life. Four domain
scores (neglect, verbal/psychological abuse, physical
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FIGURE 2. Relationship Between Specific Types of Maltreatment Experienced by Age 11 and Number of Conduct Disorder
Symptoms in 247 Male Adolescents Entering Residential or Intensive Day Treatment for Persistent Conduct or Substance
Use Problems, by MAO-A Allele Type

Without MAO risk allele (N=175)
<> MAO-A high activity
MAO-A high regression

With MAO risk allele (N=72)
O  MAO-A low activity
MAO-A low regression

Verbal Abuse Physical Abuse Sexual Abuse

Neglect

Age-Corrected Conduct Disorder Symptom Count

0.0 1.0 2.0 3.0 0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0
Maltreatment in First Decade of Life?2

4.0 0.0 0.2 0.4 0.6 0.8

a Positive endorsement of any individual maltreatment item from the Colorado Adolescent Rearing Inventory was weighted by its correspond-
ing duration or frequency. Weighted scores for each maltreatment type were summed, resulting in overall severity ratings (none: 0, mild: <2,

moderate: 2-5; severe: >5).

abuse, and sexual abuse) were also used to assess the
specificity of effects. As expected, maltreatment was sig-
nificantly associated with severity of conduct disorder on
the basis of DSM-1V lifetime symptoms. Similar to the
findings in the Dunedin sample, our adolescent patients
with the low-activity MAO-A allele did not differ from
those with the high-activity allele in their levels of conduct
disorder. However, results of the interaction analyses in
our patient group did not confirm the Caspi et al. (14)
findings. There were no significant differences in the rela-
tionship between maltreatment and conduct disorder in
the two MAO-A genotype groups for the overall Colorado
Adolescent Rearing Inventory score or the four domain
scores. A follow-up analysis, which utilized a measure of
neglect and abuse events through middle childhood and
adolescence, showed nearly identical results. We note that
this nonreplication was demonstrated in a cohort with
80% power to detect an effect size that was approximately
half the magnitude reported in the Dunedin study.

The present study design has a number of strengths. Be-
cause the sample was clinically ascertained, we observed a
great deal of variation in levels of conduct disorder as well
as severity of childhood maltreatment. Although the as-
sessments relied on retrospective report, many of the tar-
get behaviors/events had occurred in the very recent past
and may be ongoing. Unlike some previous work, neglect
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was carefully assessed as part of the abuse/neglect syn-
drome. Additionally, DNA samples were collected from
the siblings and parents of the male patients. Thus, MAO-
A genotype data could be verified with more confidence
than is possible with singleton samples.

Although there are many advantages to our approach,
there are limitations as well. Nearly all of the patients had
some history of conduct problems, and over half had ex-
perienced some form of maltreatment. Unlike random
population samples, the ascertainment of clinical cohorts
can impose an attenuation of the true correlation among
variables that are part of the selection process. Thus, we
may be underestimating the correlation between mal-
treatment and conduct disorder severity. However, the al-
lele frequencies in this clinical cohort did not differ sub-
stantially from those in the Dunedin study (32.2% versus
33.9% for the low activity allele in the Colorado [Cauca-
sian] and Dunedin subjects, respectively).

Second, the Dunedin study obtained data on antisocial
behavior in young adulthood, which was utilized in their
composite outcome variable. The current subjects have
just begun to age into young adulthood when patterns of
adult criminal behavior and psychopathy may emerge. We
are conducting a follow-up study of these patients to in-
vestigate the predictors of persistent antisocial behavior,
and it will be important to examine whether MAO-A activ-
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ity has arole in the risk for adult antisocial personality dis-
order. Conduct disorder severity scores were also based on
self-report interviews.

Conclusions

Aggression, irresponsibility, and reckless disregard for
the safety of others, which are among the diagnostic crite-
ria for antisocial personality disorder, can certainly be ex-
pressed as neglect or abuse of children. On the basis of di-
rect parental interviews, we estimate that 76% of the
probands had at least one parent who endorsed one or
more DSM-IV criteria for antisocial personality disorder.
This observation, along with results from a number of
studies involving genetically informative samples (see
Rhee and Waldman [37] for a review and meta-analysis),
strongly suggests that the familial aggregation of antiso-
cial behavior is largely due to genetic factors. Thus, we
must consider the possibility that in addition to any envi-
ronmental risk it may pose, maltreatment may also be a
behavioral expression of the genes shared by parents and
their children.
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