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ABSTRACT

Objective: Several studies have identified an association of short allele of MAOA-uVNTR polymorphism
and adverse childhood experiences with antisocial phenotype. Variations in the alleles of MAOA-uVNTR
polymorphism and adverse childhood experiences among the recidivist violent offenders and control
groups were examined in this study.

Methods: Prevalence of allelic variants of MAOA-uVNTR and adverse childhood experiences was exam-
ined in male recidivist violent offenders and controls. Adverse childhood experiences were measured
using a modified form of the World Health Organization Adverse Childhood Experiences International
Questionnaire.Buccal cells sampled from the participants were genotyped for MAOA-uVNTR polymorphism.

Results: There was a high occurrence of 3.5 repeat allele of MAOA-uVNTR in cases and controls. The mean
adverse childhood experience score was significantly (P < .001) high in cases with 3.5 repeat allele than
controls with 3.5 repeat and 4.5 repeat. Mean adverse childhood experience scores of violence subcatego-
ries were found to be significantly high in cases.

Conclusions: Being born with the short allele (3.5 repeat) MAOA-uVNTR genotype and growing up with
frequent high adverse childhood experiences have developed pathological aggression, violence, and
criminality in recidivist violent offenders in this study. Adverse childhood experiences were an important
factor in the development of violent behavior. Effect of adverse childhood experiences on the short allele
of MAOA-uVNTR has to be investigated in different populations of recidivist offenders for understanding
the molecular mechanism of this association. This will help in the development of effective rehabilitation
and reintegration strategies for the juveniles as well as recidivist violent offenders.
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INTRODUCTION

From the time of ancient Greece, the nature versus nurture debate
has been ongoing. The contribution of both genetic and environ-
mental factors to health and behavior is widely accepted today.'
In gene-environment interaction (GXE), depending on the genetic
makeup, the ability of the individual may vary to cope with stress-
ful experiences and environments.? A specific gene associated
with a certain phenotype is identified in candidate GXE interaction
(cGXE), and several such studies have identified the association of
short allele of MAOA-uVNTR polymorphism with the aggressive and
antisocial phenotype."** The base of cGXE research is the diathesis—
stress hypothesis, which assumes that the risk of adverse outcomes
in stressful environments is increased in certain genotypes.5’

Oxidative deamination of the key brain neurotransmitter, serotonin,
is catalyzed by the monoamine oxidase A (MAO-A) enzyme which
is a mitochondrial-bound flavoprotein. Monoamine oxidase A inhi-
bition decreases the oxidative metabolism of monoamines and
probably increases the obtainability of serotonin and other mono-
amines in the brain.2 The MAOA gene, which is responsible for the
synthesis of the MAO-A enzyme, shows a key role in the frequency of
aggressive expressions, the ontogenesis of sensory, communication
shortfalls, and arousal regulation problems in autistic boys.® Genetic
studies on some polymorphic variants of the MAOA gene have given
the majority of clinical evidence toward the relationship between
MAOA and aggression.’® The functional role of MAOA in aggression
is established by the discovery of a variable number tandem repeats
(VNTR) polymorphism which is highlighted by 30-bp repeats (R) of
alleles located approximately 1.2 kb upstream of the transcription
initiation site and this was termed as MAOA-upstream (MAOA-u) VNTR
polymorphism."

Sabol and colleagues reported 4 variants, "3R," "3.5R" "4R," and "5R"
of the VNTR, which corresponds to "3.5R" "4R," "4.5R," and "5.5R/"
respectively, as observed by Jorm and colleagues in the Australian
population.’ Similar findings were reported in the Indian population
also.”*" It is estimated that 35%-39% and 59%-63% of Caucasians
are harboring 3R and 4R of MAOA-uVNTR alleles, respectively. On the
other hand, the majority of Asians (53%-61%), African (52%-59%),
Hispanic (70%), and Americans are having 3R variants.!"'#2°

The transcriptional efficiency of 2R and 3R allele of the MAOA pro-
moter is low, and therefore, the enzymatic activity of MAO-A is lesser
than that of 4R variant, signifying an ideal length for the regulatory
region in MAOA gene."2"22 Considering the differences in transcrip-
tional efficiency of various alleles of MAOA-uVNTR polymorphism,
the researchers have commonly pooled the alleles into 2 groups.
The alleles (2R and 3R) that correspond to low MAO-A activity are
included in the short allele or low-expressing group (MAOA-L) and
the alleles (4R and 5R) which correspond to high MAO-A activity in
the long allele or high-expressing group (MAOA-H).?*?* Also, it has
to be noted that the transcriptional efficiency of long repeat allele is
still inconsistent.?"#22

Human studies have revealed that the 2R and 3R variants are
linked with behavioral features linked to low MAO-A activity cor-
responding to multi-facets of aggression including antisocial per-
sonality and hostility.#?¢?% Due to the hitches from natural random
X-chromosome inactivation in human females, most of the genetic
studies related to MAOA gene have concentrated on males as the
males are hemizygous.'9%2%33

Childhood trauma is mostly experienced in youths worldwide. It is
estimated that during childhood, more than half of the children suf-
fer from at least 1 traumatic or adverse experience.** Traumatic or
adverse experience ranges from different types of abuse, neglect,
dysfunctional household environments like parental separation,
family violence, household mental illness, household incarceration,
household substance abuse, peer group violence, and community
violence.

Studies have shown that maltreatment, family dysfunction, and
parental conflict during childhood can be important predictors in
the development of problem behaviors later in life such as antiso-
cial or aggressive behavior.®*® Early life experiences of trauma can
instigate proneness toward maladaptation that contributes to anti-
social personality development, and as a result of each additional
problem behavior, the youth is even more susceptible to further and
more serious deviance. According to the ecological-transactional
model, throughout each stage of life, children who are maltreated
are predicted to experience developmental difficulties which hinder
their normal maturation. This theory also predicts that future posi-
tive development is suggested by the early positive development
and some individuals may change paths depending on other con-
ditions.* Due to certain resiliency factors in life, some children can
resist maladaptive and antisocial behavior.>”

According to the developmental taxonomy theory, deviance in life-
course-persistent (LCP) delinquents is pathological and deviant
behavior is initiated at a very young age which persists throughout
their life.3® This theory was demonstrated in which genetic factors
explain between 56% and 70% of the variation in LCP classifica-
tions.* Children who are aggressive, impulsive, and deviant in sev-
eral aspects of behavior and often violent, have genetic differences
that contribute to such behavior* Concerning aggressive and
antisocial behavior, there is strong evidence for increased chances
of developing this behavior in males who have been to childhood
traumas/adverse experiences and carriers of the short allele of
MAOA-uVNTR3# In this study, the prevalence of allelic variants of
MAOA-uVNTR polymorphism and adverse childhood experiences
(ACEs) in recidivist/habitual offenders was examined.

MATERIAL AND METHODS

The universe of the study was offenders from Thrissur, Palakkad,
Malappuram, Calicut, and the Kottayam districts of Kerala, India.
In the State of Kerala, the followings Acts and Rule deal with the
habitual/recidivist offenders: (a) Habitual Offenders Act, 1960; (b)
Kerala Anti-Social Activities (Prevention) Act, 2007 (KAAPA Act); and
(c) Chapter X1V, Section 200-205 & 207 of the Kerala Prisons Rules,
1958. Hence the populations of the study were male habitual/recidi-
vist violent offenders and age-matched controls, termed as case and
control, respectively. The history sheet of “Known Depredator (KD),"
“Habitual Offenders,” and “Ex-convicts and Jail release list” main-
tained in the police stations were verified in detail by the investiga-
tors to know the history of the offenders and crimes committed by
them. Simple random sampling was employed to include them in
this study. As per the expert opinion, the number of crimes commit-
ted under the sections in Chapter XVI (Offences affecting the Human
Body) of the Indian Penal Code (IPC) was summed up to determine
the violent criminality of the cases. Murder, attempt to murder, hurt,
assault, wrongful restrain, and rape were considered for calculating
violent criminality.
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The investigators with the help of the Deputy Superintend of Police
and Circle Inspectors of concerned districts made a preliminary list
containing details of 70 recidivist violent offenders among that only
35 participated in this study. On prior intimation by the police offi-
cials, the identified offenders were asked to be present in the police
stations or called upon to their convenient place or visited at their
residence. After noting down the demographic information, a face-
to-face structured interview was conducted based on the validated
study instruments as detailed below. Individuals of the control group
were identified and were met at their residence and interviewed.
Written informed consent was obtained from all the participants.
It took a span of 45-60 minutes to complete the interview of each
participant.

CASE

A male recidivist violent offender (n=35) in this study referred to an
individual, who met the inclusion and exclusion criteria.

Inclusion Criteria

Since the outcome of the aggressive behavior is in the form of
offenses against person and property mostly, recidivist violent
offenders in this study met 3 criteria: (a) above the age of 18 and will-
ing to provide informed written consent, (b) convicted for offenses
punishable under Chapter XVI (Offences affecting the Human Body)
or Chapter XVII (Offences against property) or both of IPC, 1860, and
(c) included in the history sheet of “KD"/“Habitual offender”/“Ex-con-
victs and Jail released list”in the police stations of Kerala State, as per
the Acts/ Rules as mentioned.

Exclusion Criteria

(a) individuals with reported psychiatric disorders were excluded
from the study and (b) females were excluded from the study. This
same criterion was followed in the selection of the control group.

CONTROL

This group (n=32) included individuals who were the neighbors of
the cases.

Inclusion Criteria
(a) Individuals of the same age, sex, sociodemographic background
and (b) no specified antisocial behavior and registered criminal cases.

Psychometric Instrument

The tool used to collect data was the modified and translated version
of the Adverse Childhood Experiences International Questionnaire
(ACE-1Q).* Demographic information of the participants was noted,
which included age, education, work status over the last 12 months,
and civic status. All the questions in the data collection tool were
translated to the native language, Malayalam (using the back-trans-
lation method). The translation and validation of the study instru-
ment were done with the help of psychology, criminology, language,
and statistics experts. On each item of the instrument, the experts
expressed 90% or above agreement. The test-retest reliability coef-
ficients for the scales of the study instrument ranged between 0.61
and 0.84.

Adverse Childhood Experiences International Questionnaire

Adverse Childhood Experiences International Questionnaire devel-
oped by the World Health Organization to measure ACEs in all coun-
tries (WHO)* was included in the survey instrument. A structured

face-to-face interview was performed. This questionnaire was
designed for administrating to people aged 18 years older and mea-
sures the adverse childhood experiences, retrospectively. Adverse
Childhood Experiences International Questionnaire contains 9
sections: demographic information, marriage, relationship with
parents/guardians, family environment, peer violence, witnessing
community violence, exposure to war/collective violence certain
experiences during growing up age, physical fight.

Using the original ACE-IQ, 13 categories of childhood experiences
can be assessed, which include physical abuse (2 questions); emo-
tional abuse (2 questions); contact sexual abuse (4 questions);
alcohol and/or drug abuser in the household (1 question); incar-
cerated household member (1 question); someone chronically
depressed, mentally ill, institutionalized or suicidal (1 question);
household member treated violently (3 questions); one or no par-
ents, parental separation or divorce (2 questions); emotional neglect
(2 questions); physical neglect (3 questions); bullying (3 questions);
community violence (3 questions); and collective violence (4 ques-
tions).* Demographic information includes sex, date of birth, age,
ethnic group, education level, employment, civic status, and ques-
tions about marriage.

Experts of WHO developed the latest version of ACE-IQ based on the
field studies done in 7 countries. A study done using ACE-IQ among
adolescents in Vietnam showed good concurrent validity.*® As a part
of broader health surveys, this questionnaire is being validated in
several countries.*’#®

Depending on the local contexts, the ACE- 1Q tool can be used in
a modular way. Hence, upon the expert opinion, certain modifica-
tions were done in the original ACE- IQ. Questions under the sec-
tion “marriage in the demographic information” were eliminated.
The response category “most of the time” was eliminated from the
2 response categories, “always” and “most of the time,” to the ques-
tions belonging to the category of emotional neglect. The response
category “refused” was also eliminated from all the questions. Thus,
in the modified ACE-IQ, questions had 4 response categories only.
Question regarding the involvement in a physical fight was also
included along with the bullying when the total ACE was calcu-
lated. Except to the questions belonging to the emotional neglect
category, all other questions were positively scored on 4-point
Likert-type scale according to the frequency with which experiences
occurred,** by assigning the values 4, 3, 2, and 1, respectively, to
“many times,”“a few times,” “once,” and “never.” Since the questions
belonging to emotional neglect are negative, reverse scoring was
done on a 4-point Likert-type scale by assigning values 1, 2, 3, and 4,
respectively, “always,” “sometimes,” “rarely,” and “never." Values 2 and
1 were assigned respectively to “yes” and “no” in dichotomous scale
questions. The total ACE score was calculated by summing up the
values of each question on a Likert scale and a dichotomous scale
in 13 subcategories of ACEs.* Thus the total ACE score ranges from
30to 110 and is categorized as given in Table 1.

Sample Collection and Genomic DNA Extraction

After the interview, buccal epithelial cells were collected from the
participants using “Sterile Foam Tipped Applicator” from Puritan,
USA, with a plastic handle and dry transport system. Using the
QlAamp DNA Mini Kit (Qiagen, Karol Bagh, New Delhi, India), DNA
was extracted from the buccal cells following the buccal swabs pro-
tocol with minor modifications in the final elution step.*® The final
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Table 1. Categorization of Total ACE Score

Total ACE Score ACE Exposure
Less than or equal to 40 Low

Between 41 and 50 Moderate
Between 51 and 60 Medium
Between 61 and 70 High

Greater than or equal to 71 Extreme

ACE, adverse childhood experience.

elution was done in 2 steps by adding 75 L of buffer Elution Buffer
(AE) and centrifuged at 8000 rpm for 1 minute instead of elution in a
single step by adding 150 uL of buffer AE. Also, buffer AE was heated
for 60°C before adding to the QlAamp Mini spin column. In the mod-
ified steps before centrifugation, the column was incubated at room
temperature for 10 minutes after adding the heated buffer AE. Using
ultraviolet spectrophotometry, the yield and quality of extracted
genomic DNA were determined (Eppendorf BioSpectrometer” basic
6135, Barkhausenweg 1, 22339 Hamburg, Germany).

Genotyping of the Sample

Amplification of the 30 bp repeat polymorphism in the promoter of
the MAOA gene was performed using polymerase chain reaction (PCR)
Master Mix in 12.5 pL reaction volume containing a final concentra-
tion of 1.5 mM MgCl,, 1x PCR buffer, 200 pM of each deoxynucleoside
triphosphate, 2.5 units HotStarTag DNA Polymerase, 0.5 uM of each
primer, and 1 pL of extracted DNA (Qiagen HotStarTaq Master Mix
Kit). Previously published primer' sequences for MAOA-uVNTR were
used, forward primer (MAOaPT1): 5’ACAGCCTGACCGTGGAGAAG-3’
and reverse primer (MAOaPB1): 5-GAACGGACGCTCCATTCGGA-3’
(Sigma Aldrich Chemical Pvt. Ltd., Plot No. 12, Bommasandra Jigani
Link Road, Industrial Area, Anekal Taluk, Bangalore, India). The
reactions of PCR were conducted in the thermal cycler (SureCycler
8800, Agilent Technologies, 5301 Stevens Creek Blvd., Santa Clara,
CA 95051, USA USA) with cycling conditions consisting of an initial
denaturation of 95°C for 15 minutes followed by 35 cycles contain-
ing 95°C, 62°C, and 72°C for 1 minute each. The final extension was
continued for 10 minutes at 72°C after the last cycle. Amplification
of the desired sequence was confirmed by running 6 uL PCR prod-
ucts in 2% agarose gel supplemented with ethidium bromide (0.5
pg/mL final concentration) (Sigma Aldrich Chemical Pvt. Ltd., Plot
No. 12, Bommasandra Jigani Link Road, Industrial Area, Anekal Taluk,
Bangalore, India) in Tris-borate-EDTA (TBE) buffer. Bands of amplified
products were visualized in the Gel documentation system (G: BOX,
F3, Syngene, Beacon House, Nuffield Rd, Cambridge CB4 1TF, UK)
and sizes were compared against 50 bp DNA Ladder (HiMedia, A-516,
Swastik Disha Business Park, via Vadhani Industrial Estate, L.B.S. Marg,
Mumbai - 400086, India).

Sequence analyses of the amplicons were done in Applied
Biosystems'3500 Genetic Analyzer (Life Technologies, Carlsbad,
California, USA). Sequence Scanner Software v1 (Applied
Biosystems) was used to check the quality of the sequences. Using
Geneious Pro v5.1 for Windows, sequence alignment and required
editing of the obtained sequences were performed (Biomatters
Ltd., Level 2/18 Shortland Street, Auckland CBD, Auckland 1010,
New Zealand). Tandem repeat analysis was done using the online
program, Tandem Repeats Finder.>" All the individual nucleotide
sequences were deposited to GenBank’, the genetic sequence data-
base of the National Institutes of Health, Department of Health &
Human Services, United States. Accession numbers were assigned
from GenBank’ for all the 67 nucleotide sequences.

Statistical Analysis

Candidate gene (allelic variants of MAOA-uVNTR)-Environment
(ACEs) interaction was evaluated by performing one-way analysis
of variance (ANOVA), followed by multiple comparisons performed
using Scheffe procedure at P < .05 and .001 significance level.

RESULTS

Demographic information of the participants belonging to controls
and cases is provided in Table 2. Out of 67 participants, 32 were con-
trols and 35 were cases. The average age of controls was 29.94 (+3.82)
and ranged from 22 to 38. In cases, the average age was 32.17(+5.15)
and ranged from 24 to 43. Regarding education, 65.60% of the con-
trols have completed college/university education and 54.30% of
cases have primary education only. Most of the participants belong-
ing to cases were self-employed (80.0%) and 8.60% of cases were
unemployed even though they were able to work. In cases, 48.60%
were married and 45.70% reported that they were single.

Sequence analysis with Tandem Repeats Finder*' for the presence of
30 bp tandem repeats revealed 2 variants of MAOA-uVNTR polymor-
phism: 3.5 (252 bp) and 4.5 (297 bp) repeats. We did not find any
2,25,3,4,5,5.5, and 6 repeat alleles in our samples, and 3.5 and
4.5 repeat alleles were present in the participants belonging to the
control group. All the participants belonging to the experiment
group had 3.5 repeats only. Four different repeat alleles of MAOA-
uVNTR with repeat numbers of 3, 3.5, 4, and 5 were reported by
Sabol and colleagues.' All studies related to MAOA-uVNTR followed

Table 2. Demographic Information of the Participants”

Controls Cases Overall
Total no. of participants 32 35 67
Mean age + SD 29.94+3.82 3217 +515 31.10+4.67
Median age 29 31 30
Range 22-38 24-43 22-43
Education
Less than primary school 0.0 8.60 4.50
Primary school completed 0.0 54.30 28.40
Secondary/high school 34.40 28.60 31.30
completed
College/university 65.60 8.60 35.80
completed
Work status over the last 12 months
Government employee 3.10 0.0 1.50
Non-government 3.10 8.60 6.00
employee
Self-employed 59.40 80.0 70.10
Student 34.40 0.0 16.40
Unemployed (able to 0.0 8.60 4.50
work)
Unemployed (unable to 0.0 2.90 1.50
work)
Civic status
Married 18.80 48.60 34.30
Living as couple 0.0 2.90 1.50
Divorced or separated 0.0 2.90 1.50
Single 81.20 45.70 62.70

*Data of education, work status over the last 12 months, and civic status are
given in percentage.
SD, standard deviation.
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this pattern. In GenBank, the reference sequence (Accession num-
ber: M89636)°? of 30 bp repeat of MAOA-uVNTR contains 4.5 repeats,
while it was reported that the region has 4 repeats only. Allowing
this adjustment, the 3.5 and 4.5 repeats identified in this study
corresponds to 3 and 4 repeats as reported by Sabol and col-
leagues' and followed in similar studies.'*'3'%5355 The frequen-
cies of 3.5 and 4.5 repeat alleles in our study were 92.5% and 7.5%,
respectively.

One-way ANOVA analysis indicated a significant difference in ACEs
(environment) faced by participants with different MAOA genotypes,
and hence, multiple comparisons were performed using the Scheffe
procedure. Leven’s test was done to confirm the homogeneity of
variance. As shown in Table 3, ACEs (environment) faced by the par-
ticipants were found to be different across genotypes, and the aver-
age score obtained for total ACE, as well as for ACE categories, was
significantly different between each other.

These results clearly indicates that cases with 3.5R of MAOA-uVNTR
experienced significantly more ACEs (M=72.14, SD =6.80) than con-
trols with 3.5R of MAOA-uVNTR (M=43.78, SD=4.47) and controls
with 4.5R of MAOA-uVNTR (M=51.00, SD=6.36) (F (2, 64)=179.42,
P < .001). Also, the mean total ACE score of the controls with
3.5R and 4.5R MAOA-uVNTR was found to be slightly significant
(P=.051) between each other.

In the abuse category, post hoc testing for physical and emotional
abuse revealed that the mean ACE score for the cases with 3.5R
MAOA-uVNTR was considerably greater than that for the controls
with 3.5R and 4.5R of MAOA-uVNTR (P < .001). The mean ACE score
for the controls with 3.5R and 4.5R MAOA-uVNTR was significantly
dissimilar between each other in the ACE categories of physical
abuse and emotional abuse (P = .658 and P = .974, respectively). In
the case of sexual abuse, the mean ACE score for the controls with
3.5R MAOA-uVNTR was found to be significantly low between con-
trols with 4.5R MAOA-uVNTR (P = .001) and cases with 3.5R MAOA-
uVNTR (P < .001).

Under household challenges (household alcohol/substance abuse,
incarcerated household member, household mental illness, house-
hold violence, and parental separation or divorce), the post hoc
test revealed that the mean ACE score for these subcategories was
significantly different between cases with 3.5R MAOA-uVNTR and
controls with 3.5R MAOA-uVNTR (P < .05). Also, significance was
noted between cases with 3.5R MAOA-uVNTR and controls with 4.5R
MAOA-uVNTR in the ACE category of household violence (P < .001).
When post hoc was done for the neglect category, mean ACE scores
for emotional neglect and physical neglect of cases with 3.5R MAOA-
uVNTR were significantly higher than controls with 3.5R and 4.5R
MAOA-uVNTR (P < .05).

Mean ACE scores of violence subcategories (bullying, community
violence, and collective violence) were found to be significantly high
in cases with 3.5R MAOA-uVNTR than controls with 3.5R and 4.5R
MAOA-uVNTR (P < .001). In the control group, 5 participants pos-
sessed a long allele (4.5R) of MAOA-uVNTR, and also the total ACE
score of these participants was marginally higher (P=.051) than the
other participants with short allele (3.5R).

DISCUSSION

For the first time in India, this study is reporting the prevalence of
3.5R allele of MAOA-uVNTR in the offender population and the inter-
action between this allele and multiple ACEs. Also, according to the
available data, no such studies have reported such interaction in any
country. In this study, all the recidivist violent offenders belonging
to the group of cases carried short allele (3.5R) of MAOA-uVNTR, and
participants of the control group had both short allele (3.5R) and
long allele (4.5R). The high frequency of this short allele in offend-
ers is similar to the reports that documented the association of short
alleles with a higher risk to commit violent acts.>

Furthermore, this result is in line with the evidence emphasizing the
short allele of MAOA-uVNTR as a susceptibility genetic factor for the
tendency to violence between members of criminal gangs.*” At the

Table 3. ACE Prevalence in Cases and Controls Based on MAOA-uVNTR Genotype Showing Candidate Gene-Environment Interaction”

3.5R Cases 4.5R Controls 3.5R Controls
ACE Categories (Mean + SD) (Mean + SD) (Mean + SD) F df P
ACE 1 Physical abuse 6.34 (1.00) 4.60 (0.55) 4.22 (0.64) 50.11 2 .000™
ACE 2 Emotional abuse 5.80 (1.59) 4.00(1.58) 4.15(0.82) 13.31 2 .000™
ACE 3 Contact sexual abuse 5.80 (2.04) 7.20(1.92) 4.07 (0.27) 13.51 2 .000™
ACE 4 Household alcohol or drug 1.71 (0.46) 1.40 (0.55) 1.15(0.36) 13.36 2 .000™
abuse
ACE 5 Incarcerated household 1.37 (0.49) 1.00 (0.00) 1.00 (0.00) 9.03 2 .000™
member
ACE 6 Household mental iliness 1.20 (0.41) 1.00 (0.00) 1.00 (0.00) 3.82 2 .027"
ACE7 Household violence 8.97 (1.25) 4.60 (1.95) 4.85(1.51) 72.59 2 .000™
ACE 8 Parental separation or 2.86(0.73) 2.40 (0.55) 2.19(0.39) 9.52 2 .000™
divorce
ACE9 Emotional neglect 6.51(0.82) 5.20(1.30) 4.93(1.11) 20.98 2 .000™
ACE 10 Physical neglect 6.89 (2.10) 4.00(1.41) 3.70(1.24) 26.74 2 .000™
ACE 11 Bullying 6.94 (1.00) 5.40 (1.67) 3.59 (1.50) 52.85 2 .000™
ACE 12 Community violence 7.57 (1.27) 5.20 (1.64) 474 (1.02) 443 2 .000™
ACE 13 Collective violence 10.17(1.82) 5.00 (0.71) 4.19(0.48) 152.44 2 .000™
Total ACE score 72.14 (6.80) 51.00 (6.36) 43.78 (4.47) 179.42 2 .000™

#3.5R cases (n=35, 3.5 repeat allele of MAOA-uVNTR found in cases); 4.5R controls (n=5, 4.5 repeat allele of MAOA-uVNTR found in controls); 3.5R controls (=27,
3.5 repeat allele of MAOA-uVNTR found in controls); * and ™ denote significance at P < .05 and P < .001, respectively.
ACE, adverse childhood experience; SD, standard deviation.
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same time, it is worth noting that the gene-environment interac-
tion result of this study strongly suggests the association of MAOA
in the genetic origins of the disposition to criminal violence, only
about the recidivist violent offenders and not to the common
population.*®

There was a significant variance in the ACEs faced by the participants
belonging to cases and controls, with different genotypes of MAOA-
uVNTR in this study. The recidivist violent offenders in this study
possessed short allele of MAOA-uVNTR which predisposed them to
criminal violence by intermingling with ACEs linked to a greater pre-
disposition to commit crimes repeatedly. Also, it is worth noting that
in the control group, 5 participants possessed a long allele (4.5R),
and also the total ACE score of these participants was slightly higher
than the other participants with short allele (3.5R). This finding was
in line with the moderating effect of high activity allele of MAOA-
uVNTR on the impact of childhood maltreatment in the develop-
ment of antisocial behavior in males as reported in the seminal study
conducted by Caspi and colleagues and replicated in many further
studies. 2041565961 Also, the moderating effect of high activity alleles of
MAOA-uVNTR could be viewed similarly to the resiliency factor that
resists maladaptive and antisocial behavior, which was explained in
the ecological-transactional model of child development.?

Offenders belonging to cases with short allele (3.5R) had faced sig-
nificantly high ACEs than the 27 and 5 participants in the control
group with the short allele (3.5R) and long alleles (4.5R), respectively.
Moreover, multiple regressions were performed and found as the
best-fitting model, with a predictive power of 95.6%, and revealed
independent effects of ACEs on violent criminality.*® This proved a
significant candidate gene-environment (cGXE) interaction in the
genesis of antisocial social behavior and violent criminal recidivism
in the offenders participated in this study.>*662¢¢ Being born with the
short allele (3.5R) MAOA-uVNTR genotype and growing up by facing
frequent high ACEs before the age of 18 have developed pathologi-
cal aggression and related behavioral problem leading to antisocial
behavior, violence, and criminality in these offenders. These findings
could be viewed in line with Moffit's developmental taxonomy the-
ory and LCP offending group.®”

In the initial regulation of aggression circuitry, the functioning of
serotonin, dopamine, and norepinephrine neurotransmission is
important, and the part of MAOA in violence reflects neurodevelop-
mental modifications in the homeostatic regulation of these neuro-
transmissions.®® Several studies have shown that low-expressing or
activity allele of MAOA does not direct as an intrinsic predisposition
to aggression.® The effects of these alleles of MAOA on aggressive
traits are likely facilitated by interactions with early exposure to trau-
matic or adverse childhood experiences.>?7637072 | jkewise, the inter-
action between short allele (3.5R) of MAOA and ACEs in recidivist
violent offenders in this study could be viewed in connection to the
epigenetic mechanism also.”

Several studies have indicated that gene expression is modulated by
the adverse events experienced and by introducing constant varia-
tions to DNA without varying its sequence through a mechanism
known as “epigenetics.”*®”>77 Prenatal life, infancy, and initial ado-
lescence are the periods of greatest sensitivity to the environment,
and experiencing adversities during these periods of growth may
introduce long-term epigenetic marks or scars in genes.”® As a result,
the maturational processes in the brain are affected which favors the
development of dysfunctional behaviors, comprising exaggerating

aggression in adulthood.”® In the incarcerated antisocial population,
the discovery of raised levels of MAOA promoter methylation sup-
ports the suggestion of epigenetic mechanisms of MAOA dysregu-
lation in offenders.”” Genome-wide association studies that focused
on more environmental factors in the development of aggressive
behavior are being established.®

Study Limitations

In the interpretation of the results of this study, several limitations
should be considered. First of all, the limitation of the present study
was the relatively small sample size. Nevertheless, it should be noted
that for research purposes, the recruitment of prison inmates or
prison-released offenders was extremely problematic due to ethi-
cal limitations and significant legal hurdles.®' From this perspective,
the sample size of this study was comparable with other genetic
investigations in the offender population.®® However, owing to this
relatively small sample size, these findings need to be considered as
preliminary only.

Antisocial personality disorder, aggression and impulsivity in the
offenders, and control population were not measured which might
raise an issue on the selection of the subjects. The recidivist violent
offenders were selected upon verifying their official criminal records,
categorization done by the concerned Government departments,
and adopted by expert’s consensus as done in other similar stud-
ies.® Another issue might be regarding the retrospective assessment
of ACEs of the subjects using questionnaire. Many large-scale stud-
ies in these areas have relayed upon self-complete questionnaires,
but in this study, a face-to-face interview was conducted for each
participant to know their ACEs, a method having evidence of good
validity.®

It could be suggested that depending on the small magnitude of the
interaction of 3.5R allele of MAOA-uVNTR and ACEs, the contribution
of these interactions on violent criminality, over and above the main
effect of ACEs, might be somewhat limited. These findings should be
demonstrated in future studies on larger cohorts of recidivist violent
offenders and non-violent control individuals in the Indian popula-
tion, in order to make clear the role of MAOA polymorphism in the
predisposition to violence. As the genetic evidence of MAOA-uVNTR
variants was used to justify sentence reductions in criminal cases in
USA and Italy, extreme caution is necessary for the application of the
findings in this study to the criminal justice system.®

All the recidivist violent offenders in this study possessed a low-
expressing allele of MAOA-uVNT polymorphism. Also, the offenders
had experienced severe adverse childhood while they grow up. The
influence of adverse childhood experiences on the low-expressing
allele of MAOA-uVNT polymorphism resulted in the development of
antisocial behavior leading to violence in the offenders. Hence, fur-
ther investigations are warranted among large samples of cohorts
of recidivist violent offenders in the Indian population to know the
molecular mechanism that underlies the relations among genes,
brain, environment, and behavior. This will help in developing effec-
tive rehabilitation and reintegration strategies for juveniles and
recidivist violent offenders.
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