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ABSTRACT 

 

Aggression and violent behaviour are widespread in the world 

and causes serious threats to public safety. Violence among youth is a 

global health problem which includes various acts from physical fight, 

bullying, to more severe physical and sexual assault to homicide. Some 

offenders even after severe sentences of imprisonment show violent 

criminal recidivism. Several researches have been conducted 

worldwide to identify biological subtypes of pathological aggression 

and to develop new kind of taxonomy for mental disorders based on 

modern research approaches in neuroscience, genetics and behavioural 

science. Candidate gene-environment (cGxE) is associated with the 

development of pathological aggression and related violent behaviour.  

In the present study, the 30 bp repeat polymorphism in the 

upstream region in the promoter of MAOA gene (MAOA-uVNTR), 

adverse childhood experiences (ACEs) and health risk behaviours 

(HRBs) of male recidivist violent offenders (n = 35) and control group 

(n = 32) were analyzed.  It was assumed that there will be high 

occurrence of short repeat allele of MAOA-uVNTR polymorphism, 

more ACEs and HRBs in recidivist violent offenders. The aims of this 

thesis were to identify the interaction of allelic variants of MAOA-

uVNTR polymorphism with adverse childhood experiences (ACEs) 

and also the interaction of ACEs with HRBs in the recidivist violent 

offenders in order to gain a better understanding of these hypotheses in 

the samples in Kerala population. 

 Genotyping of the DNA from buccal swabs taken from the 

participants (n = 67) revealed high occurrence of 3.5 repeat (3.5R) of 

MAOA-uVNTR polymorphism in cases (100 %) and controls (84.4 %). 

Remaining controls were identified with 4.5 repeat (4.5R) of MAOA-
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uVNTR polymorphism. Though 4.5R allele was not identified in cases, 

the noted difference was statistically significant (p = 0.015). The data 

suggested that the 3.5R variant of MAOA- uVNTR polymorphism, the 

gene coding for the key regulatory enzyme, MAOA of the serotonergic 

neurotransmission system, is associated with violent criminal 

behaviour in the male recidivist violent offenders. Assessment of 13 

categories of ACEs with modified ACE-IQ questionnaire revealed that 

mean scores of each categories of ACEs and total ACE were 

significantly high (p < 0.001) in cases. The data showed that cases 

experienced extreme ACEs. A significant association (p < 0.05) 

between ages of onset of crime depending upon the ACE exposure in 

cases was also found. Most of the ACE categories were interrelated 

and largest correlation was found between the presence of collective 

violence and household violence (r = 0.813). All ACE categories 

except emotional neglect and community violence, showed a 

significantly high positive correlation with violent criminality             

(r ˃ 0.30). The highly significant correlation (r = 0.927, p < 0.001) of 

total ACE score and violent criminality in cases suggested that adverse 

childhood experiences influence violent criminal behaviour. Using 

total ACE score as the predictor variable, 86.0 % of the variability in 

the violent criminality as the dependent variable was accounted          

(p < 0.001). Whereas, in multiple regression analysis, collective ACEs 

significantly predicted violent criminality (F (13, 21) = 34.693,            

p < 0.001) and was found to be the best-fitting model (R2 = 0.956). The 

result suggested that ACEs can be used as a predictor for violent 

criminality in cases. 

 Prevalence of health risk behaviours (HRBs) showed a 

significant association (p < 0.001) between cases and controls. Also 

there was early onset of HRBs in cases and exposure to extreme ACEs 

favored early onset of criminality. Mean score of HRBs were 
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significantly high (p < 0.001) in cases which suggested that cases were 

highly involved in these behaviours. Interrelationship with each HRB 

categories and total ACE score were found and the total scores were 

significantly correlated (r (67) = 0.684, p < 0.001) which showed an 

increase of HRBs with exposure to ACEs. No significant relations 

were found between total violent criminality and HRBs in cases          

(r = 0.128, p = 0.232).  Total ACE score was found to be a good 

predictor of onset of HRBs in participants (p < 0.001, R2 = 0.468). 

  The participants were grouped on the basis of allelic variants of 

MAOA-uVNTR polymorphism and the mean total ACE score were 

analyzed among them. The results showed that cases with 3.5R allele 

of MAOA-uVNTR experienced significantly more ACEs (p < 0.001) 

than controls with 3.5R and 4.5R of MAOA-uVNTR. Also, mean total 

ACE score of the controls with 3.5R and 4.5R MAOA-uVNTR were 

found to be slightly significant (p = 0.051) between each other.  

  In conclusion, 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 pathological aggression and related problem 

behaviour leading to antisocial behaviour, violence and criminality in 

recidivist violent offenders in this study. These findings could be 

viewed in line with the Moffit’s developmental taxonomy theory and 

life-course persistent (LCP) offending group. The moderating effect of 

high activity allele (4.5R) of MAOA-uVNTR on the impact of 

childhood maltreatment in the development of antisocial behaviour in 

males was also observed in this study. Strengths, limitations, policy 

implications and further scope of the study are also discussed. 

Keywords: Aggression, violence, offenders, recidivism, MAOA-

uVNTR, adverse childhood experiences. 
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According to the report of the World Health Organization, it is 

estimated that 0.2 million homicide occur worldwide each year among 

youths aged between 10-29 years (World Health Organization, 2016). 

This constitutes 43% of the total number of homicides happening 

globally each year. Most of these homicides happen in low and middle 

income countries. Majority of the perpetrators of the homicide are 

males in all countries and globally 83% of victims of homicide are 

youth males (World Health Organization, 2016). World Health 

Organization defined violence as the “intentional use of physical force 

or power, threatened or actual, against oneself, or against a group or 

community that either results in or has a high likelihood of resulting in 

injury, death, psychological harm, maldevelopment or deprivation” 

(Krug et al., 2002). Violence among youth is a global health problem 

which includes various acts from physical fight, bullying, to more 

severe physical and sexual assault to homicide. 

Aggression and violent behaviour are widespread in the world 

and causes serious threats to public safety (Ramsay et al., 2014; 

Shrivastava et al., 2016; Vazsonyi et al., 2018). The problems 

associated with aggressive behaviour or pathological aggression has 

devastating consequences on individuals, families and socioeconomic 

sector (Brown et al., 2015). Due to the non-fatal violent crimes, the 

total cost estimated to exceed $180 billion/ year in U.S. alone 

(McCollister et al., 2010). This include direct costs for legal and 

medical procedures, incarceration of perpetrator, etc., and indirect 

costs like lost earnings, time, productivity, etc. The current strategies 
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employed to treat pathological aggression in U.S. are based on 

empirical approaches which include the combination of anticonvulsant 

and antidepressant medications with behavioural/ cognitive therapy, 

which are effective moderately only (Volavka et al., 2006). This is due 

the inadequate understanding of the dimensional nature of 

externalizing disorders and aggressive behaviours (Krueger et al., 

2005). 

Anderson and Bushman (2002) defined aggression as “any 

behaviour directed toward another individual that is carried out with 

the proximate (immediate) intent to cause harm. In addition, the 

perpetrator must believe that the behaviour will harm the target and 

that the target is motivated to avoid the behaviour”. On the other hand, 

violence is considered to be a subset of aggression. The extreme form 

of aggression that has severe physical harm as its goal is termed as 

violence (Bushman & Huesmann, 2010). Aggressive and violent 

behaviours can be better conceptualized as being on a range of severity 

with comparatively minor acts of aggression (e.g., pushing) at the low 

end of the spectrum and violence (e.g., homicide) at the high end of the 

spectrum (Allen & Anderson, 2017). Although one could argue that 

aggression and violence are not exactly the same, the concepts are 

clearly related. When using the term ‘aggression’ in this thesis, this 

refers to the aggressive behaviour leading to violence. Also main focus 

is given on the legal outcomes of this behaviour like convictions for 

violent offences which includes wrongful restrain, assault, hurt, rape, 

attempt to murder and murder. 
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Diagnostic criterias defined by the Diagnostic and Statistical 

Manual of Mental Disorders, Fifth Edition (DSM-5) is not 

distinguishing the dimensional commonalities in the conditions which 

are predominantly characterized by aggressive psychopathology. These 

conditions include antisocial personality disorder and intermittent 

explosive disorder in adulthood; conduct disorder and oppositional 

defiant disorder in childhood and adolescence (Godar et al., 2016). To 

overcome these conceptual restrictions, National Institute of Mental 

Health (NIMH), U.S has started a project named Research Domain 

Criteria (RDoC) in 2010. The aims of RDoC is to identify biological 

subtypes of pathological aggression and to develop new kind of 

taxonomy for mental disorders based on modern research approaches 

in neuroscience, genetics and behavioural science (Morris & Cuthbert, 

2012; Carcone & Ruocco, 2017).  

Within the broader group of negative valence systems, 

aggression is regarded as a core frustrative, non-reward construct, by 

the RDoC framework (Godar et al., 2016). Based on the autonomic 

responses, information processing mechanisms, emotional and 

motivational state of the perpetrators, RDoC has recognized a 

preliminary difference between proactive and reactive aggression 

(Connor et al., 2004; Vitaro & Brendgen, 2011; Fite et al., 2012). 

In the case of proactive aggression, an offender typically 

initiates it in an instrumental fashion which is directed towards a 

positive outcome for rewarding or attaining power or dominance 

(Vitaro et al., 1998; Vitaro & Brendgen, 2011). Proactive aggression is 

linked to callous-unemotional traits which is characterized by lack of 
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remorse, empathy and flattened emotional responses for other’s 

suffering (Frick et al., 2003). Robust environmental and genetic 

underpinning has been shown for this temperament (Viding et al., 

2007). Substance abuse and social learning from models of violent 

behaviour are also linked to proactive aggression (Dodge et al., 1997; 

Connor et al., 2004). 

Reactive aggression is characterized by exaggerated and/or 

uncontrollable defensive responses to perceived threat or provocation 

(Eisenberg & Fabes, 1992). Individuals with reactive aggression have 

higher propensity to recognize threat or provocation in response to 

neutral stimuli (Vitaro & Brendgen, 2011). Responses of the reactive 

aggression are hostile in nature and are typically associated with 

impairments in emotion regulation, social information processing, 

impulse control, verbal intelligence and executive functioning (Dodge 

et al., 1997; Lemerise & Arsenio, 2000; Connor et al., 2003; Dodge & 

Pettit, 2003; Marsee & Frick, 2007; Arsenio et al., 2009). Reactive 

aggression has been associated with child abuse and adverse childhood 

experiences (Shields & Cicchetti, 1998; Connor et al., 2004). In the 

developmental trajectory, the prevalence and severity of this subtype 

shows a peak at young ages and followed by a gradual remission which 

signifies a larger ability to repress emotional outbursts. 

According to the report of National Crime Records Bureau, in 

the state of Kerala, the rate of violent crimes has increased from      

28.3 %  in 2005 to 37.9 % in 2016 (Ministry of Home Affairs, 2018). 

Also, the rate of recidivism amongst persons arrested under IPC crimes 

has increased from 1.8 % in 2005 to 3.7 % in 2016 in Kerala. In the 
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country, the quantum of total violent crimes is continuously increasing 

from 2009 to 2016 (Ministry of Home Affairs, 2018).  

In criminal justice context recidivism can be defined as the 

reversion of an individual to criminal behaviour after the person has 

been convicted of a prior offense, sentenced and presumably corrected. 

Violent criminal recidivism rates remain very high among certain 

groups of offenders. Many offenders, even after severe sentences of 

imprisonment, repeatedly fail to desist from crime and reintegrate into 

the community as law-abiding citizens. Imprisonment, in itself, is 

incapable of addressing the offender’s social integration issues. Even 

when solid prison programs have helped offenders to achieve some 

progress during detention, that progress is often lost in some offenders.  

Traditionally, in criminological theory and research,                     

environmental explanations for aggression and violent behaviour are 

examined. The sources of antisocial behaviour in neighbourhoods, 

parenting practices, peer association etc., are generally analyzed by 

mainstream criminological theories. Recently, in this field there has 

been a shift for exploring the possibility of genetic factors that 

influence aggression and violent behaviour (Boccio et al., 2018).  

1.1 Behavioural genetics 

In behavioural genetic research, quantitative genetic 

methodologies are used to estimate the influence of genetic and 

environmental influences on variations in human behaviour. In this 

field several researches are being conducted in twins to know their 

behaviour in connection with the shared and non-shared environments 
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(Plomin et al., 2013). To obtain the heritability estimates behavioural 

geneticists compared the behaviour of twins living in the same or 

different household through twin and adoption studies respectively. 

Thus, by incorporating twins with different levels of genetic 

relatedness, the genetic and environmental influence on variance in 

human behaviour is estimated (Beaver, 2007; Beaver, 2011; Barnes et 

al., 2014). In general, the findings from twin and adoption studies 

revealed that the variance in behavioural phenotype is approximately 

50 % attributable to genetic factor (Polderman et al., 2015). Similarly, 

several studies have also demonstrated that the variance in antisocial 

phenotypes, including aggression and violent behaviour is 50 % 

attributable to genetic factors and remaining 50 % is due to the non-

shared environmental factors (Mason & Frick, 1994; Miles & Carey, 

1997; Rhee & Waldman, 2002; Ferguson, 2010; Boccio et al., 2018). 

Information related to the specific genes involved in the creating 

phenotypic variance are not provided by the methodologies and 

analytical approaches used in behavioural genetic research. 

1.2 Molecular genetics 

Studies in molecular genetics pinpointed the genes involved in 

the phenotypic outcomes and revealed the associations between 

possessing particular genetic marker and behavioural outcomes 

(Boccio et al., 2018). Also, using the methodologies in molecular 

genetics, the linkage of several genes with antisocial phenotypes 

including aggressive and violent behaviour has been demonstrated 

(Caspi et al., 2002; Guo et al., 2007). 
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Small subsets of genes in the human genome are ‘polymorphic’ 

and alleles of such polymorphic genes within a population accounts for 

the variations in physical and behavioural phenotypes observed 

between people (Mielke, 2006). In a population most of the 

polymorphic genes do not appear to cause functional differences in 

phenotypes as the difference between the available alleles do not lead 

to change in protein structure (Boccio et al., 2018). However, two kind 

of polymorphisms, single nucleotide polymorphisms (SNPs) and 

variable number of tandem repeats polymorphisms (VNTRs) 

correspond to functional differences that lead to the production of 

different phenotypes (Mielke, 2006). Also, these polymorphisms in 

genes lead to the synthesis of different amino acids that affect the 

protein’s structure and function. The polymorphisms affect phenotypes 

in several ways. In the polygenic effect of polymorphic genes, multiple 

genes work together probabilistically to influence an individual’s 

phenotype. Aggression and violent behaviour are likely the result of 

polygenic effect of genes and several genes associated with 

neurotransmission have been shown to influence these behaviours 

including antisocial behaviour (Gill et al., 1997; Beaver et al., 2008; 

Beaver et al., 2009; Boccio et al., 2018).  

Most of the genes thought to be related to extreme violence are 

involved in the detection, transportation and breaking down of 

neurotransmitters, especially serotonin. The relationship between 

cognition, emotion and aggression is documented and neural circuitries 

such as the serotonergic system have been shown to play a key role in 

regulating aggressive behaviour (Reif et al., 2007). There have been 
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many major studies published so far in the area of antisocial behaviour 

and brain chemistry which indicates the role of serotonin in the 

aetiology of aggressive and antisocial behaviour (Raine, 1993; Vassos 

et al., 2014; Nilsson et al., 2018). 

1.3 Serotonin deficiency and aggression 

Serotonin or 5-hydroxytryptamine (5-HT) is a neurotransmitter 

that has inhibitory properties and act as the body's natural brake system 

(Virkkunen & Linnoila, 1993). The release of serotonin modulates 

behaviours by dampening innate drives and instincts, mainly the 

impulsive behaviours (Siegel, 2004). Serotonin is produced by the 

raphe nuclei in the middle of the brain stem which send projections 

through the cerebral hemispheres. Serotonin does not cross blood-brain 

barrier and hence in the brain it is synthesized in the selective cell 

bodies in the brain stem. The substrate for serotonin synthesis is 

dietary tryptophan. Tryptophan in plasma passes through the blood 

brain barrier and it is hydroxylated to tryptophan hydroxylase at the 5th 

position, then decarboxylated by L-amino acid decarboxylase, forming 

serotonin and stored in vesicles for future release (Siegel, 2004). 

Serotonin has been shown to play a key role in the initiation, 

execution and treatment of aggressive acts (Berman et al., 1997; 

Gowin et al., 2010). Several studies have confirmed a negative 

correlation between serotonin levels in the brain and aggression and 

commonly known as the serotonin-deficiency hypothesis of aggression 

(Berman et al., 1997). According to this hypothesis, aggression is 

characterized by low brain serotonin levels. Given that extreme 



 9

violence is often unplanned and spontaneous there has been a lot of 

interest in examining the precise role that the serotonergic system plays 

in the development of antisocial behaviours (Gottfredson & Hirschi, 

1990). The original serotonin deficiency hypothesis was based on a 

negative correlation between trait like impulsive aggression/ violence 

and the CSF concentration of the serotonin metabolite in humans and 

other primates (Brown & Goodwin, 1986; Berman et al., 1997).  

In humans, low levels of the serotonin metabolite, 5-

hydroxyindole acetic acid in the cerebrospinal fluid have been 

associated with aggression and other forms of antisocial behaviour 

including assault, arson, murder, child abuse and as well as in violent 

forms of suicide (Berman et al., 1997). Moreover, a substantial number 

of non-primate animal studies have revealed that the propensity to 

exhibit excessive and abnormal forms of aggression is similarly linked 

to long-term reduced brain serotonin activity (Miczek et al., 2002). In 

addition, studies have shown that chronically lowering or heightening 

brain serotonin provokes increased or reduced levels of aggressive 

behaviour respectively, further supporting the serotonergic deficiency 

hypothesis of aggressive behaviour (Weinshenker & Siegel, 2002). 

Similar studies in humans and non-human primates confirm a negative 

correlation between serotonin turnover and aggressive tendencies 

(Brown et al., 1982). Although the findings have been mixed, several 

meta-analyses found statistically significant negative association 

between serotonin levels and extreme violence (Balaban et al., 1996; 

Moore et al., 2002; Duke et al., 2013). In other words, lower levels of 
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serotonin were found to correspond with greater involvement in acts of 

extreme violence.  

Diets which are low in tryptophan have been shown to increase 

aggression in animals and humans (Cleare & Bond, 1995). The 

relevance of the serotonergic pathway in violent behaviour is further 

supported by the ability of parachlorophenylalanine, an irreversible 

inhibitor of serotonin biosynthesis to heighten aggression in animals 

(de Boer & Koolhaas, 2005). The extracellular levels of serotonin also 

depend on its reuptake and metabolic degradation by monoamine 

oxidase (MAO) enzymes (Fornai et al., 1999). Serotonin selective 

reuptake inhibitors (SSRIs), which increase the availability of 

serotonin in the brain and are used commonly for the treatment of 

depression, were also effective for the treatment of aggression (Olivier 

et al., 1989). The depletion of Maoa gene in rodents produced an 

increase in aggressiveness (Cases et al., 1995). These findings indicate 

that availability of serotonin at the synapses influences aggressive 

behaviour. 

1.4 Role of Monoamine oxidase (MAO) enzyme in aggression 

 Monoamine oxidase (amine: oxygen oxidoreductase 

(deaminating) (flavine-containing); MAO; EC 1.4.3.4) is a 

mitochondrial-bound flavoprotein, catalyzing the oxidative 

deamination of monoamine neurotransmitters and trace amines (Peter, 

1986). MAO also serves a cytoprotective role by degrading exogenous 

amines, which exert their toxicity by affecting cardiovascular and 

endocrine homeostasis. Monoamine Oxidase was discovered by Mary 
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Hare (later Mary Bernheim) in 1928. This unknown enzyme was 

named Tyramine Oxidase (Hare, 1928) and later renamed MAO by 

E.A. Zeller (Zeller, 1938; Slotkin, 1999). 

1.4.1 Functions of MAO 

 MAO catalyses the oxidative deamination of monoamines to 

the corresponding aldehydes: 

RCH2NH2 + O2 + H3O
+ → RCHO + NH4

+ + H2O2 

 Flavin adenine dinucleotide (FAD) is required as a covalently 

bound redox cofactor for this reaction and there are three major steps 

involved in this reaction (Edmondson et al., 2009). After the formation 

of a FAD-substrate adduct, the cofactor is reduced to its hydroquinone 

form (FADH2) and the amine is transformed into the corresponding 

imine: 

Enz - FAD + RCH2NH2 → Enz - FADH2 + RCH = NH 

 The imine is spontaneously hydrolyzed when it is dissociated 

from the enzyme with the production of aldehyde and ammonium: 

RCH = NH + H3O
+ → RCHO + NH4

+ 

 The rate- limiting step of the whole enzymatic process is the 

formation of hydrogen peroxide and molecular oxygen as result of the 

reoxidation of FADH2 to FAD: 

Enz - FADH2 + O2 → Enz - FAD + H2O2 
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 The key brain neurotransmitters such as serotonin (5-

hydroxytryptamine, 5-HT), dopamine (DA), norepinephrine (NE) and 

epinephrine (E) are the endogenous substrates of MAO. Also, a 

number of trace amines such as tryptamine, tyramine, octopamine, 2-

phenylethylamine (PEA) and 3-iodothyronamine (T1AM) are also 

metabolized by MAO (Bortolato & Shih, 2011). Thus the role of MAO 

is essential to modulate the neuroendocrine regulation of the central 

nervous system, many peripheral organs and in the homeostasis of 

these compounds. 

 Aldehydes produced as a result of the enzymatic action of 

MAO are toxic species which need to be converted into less harmful 

metabolites (O’Brien et al., 2005). These aldehydes are oxidized to the 

corresponding carboxylic acid by NAD (P)+ dependent aldehyde 

dehydrogenase (ALDH) which is functionally coupled with MAO 

enzyme. Alternatively, aldehydes are reduced to alcohols or glycols by 

aldehyde reductase (ALR) or alcohol dehydrogenase (ADH) depending 

on the location and the intracellular conditions. 

1.4.2 Metabolism of serotonin by MAO 

 In the metabolism of serotonin, by the joint action of MAO and 

ALDH, serotonin is converted to 5-hydroxyindolacetic acid (5-HIAA) 

which is rapidly eliminated by diffusion into the bloodstream and 

excreted through the kidneys by glomerular filtration and active 

tubular excretion (Udenfriend et al., 1956; Despopoulos & Weissbach, 

1957) (Figure 1.1). 
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Figure 1.1: Biotransformation of serotonin by phase I enzymes. Oxidative 
deamination of serotonin by monoamine oxidase (5) produces 
5‐hydroxyindole‐ 3‐acetaldehyde, which can be further oxidized to 
5‐hydroxyindole‐3‐acetic acid by aldehyde dehydrogenase (6) or can be 
reduced to 5‐hydroxytryptophol by alcohol dehydrogenase (7) (Szeitz & 
Bandiera, 2018). 

 

For the measurement of plasma serotonin content urinary levels 

of 5-HIAA are used as an index. Only 1-5% of serotonin is converted 

to 5- hydroxyindolethanol/ 5-hydroxytryptophol (5-HIET/ 5-HTOL) by 

either ALR or ADH (Svensson et al., 1999). Compounds like ethanol 

that compete with endogenous serotonin metabolite for ALDH can 

enhance the amount of 5- HIET (Helander et al., 1993). Before being 

excreted in urine, serotonin and its metabolites undergo conjugation 

with glucuronic acid or sulphate (Figure 1.2). 
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Figure 1.2: Biotransformation of serotonin and its major phase I 
metabolite by phase II enzymes. Conjugation catalyzed by glucuronyl 
transferase (UGT) or sulfotransferase (SULT) produces the glucuronide or 
sulfate conjugate of serotonin and 5‐hydroxyindole‐3‐acetic acid (Szeitz & 
Bandiera, 2018). 

The phenolic hydroxyl group of serotonin, 5‐HTOL and 

5‐HIAA is the major site of conjugation by glucuronyl transferase 

(UGT) or sulfotransferase (SULT) enzymes (Heiander et al., 1995). 
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Both these enzymes also play a vital role in the detoxification and 

excretion of a large number of endogenous and xenobiotic compounds. 

5‐HIAA and 5‐HIAA‐sulfate are the most abundant metabolites of 

serotonin in human brain and cerebrospinal fluid (Suominen et al., 

2013; Szeitz & Bandiera, 2018). 

1.4.3 Role of MAO in maintaining the redox state of neurons  

 For the regulation of intracellular redox state in neurons and 

other cells, the function of MAO enzyme is highly essential. Hydrogen 

peroxide, one of the by-product of MAO mediated reaction, is a potent 

oxidizer. Even though hydrogen peroxide is converted into water and 

molecular oxygen by catalase (Jones & Suggett, 1968), superoxide 

radicals and other reactive oxygen species that are formed as a result of 

the triggering of hydrogen peroxide, induces mitochondrial and 

cytoplasmic damage. Antioxidant enzymes like superoxide dismutase, 

glutathione peroxidase and catalase keeps the overall redox potential in 

equilibrium under physiological conditions. However, high 

concentration of the other by-product of the reaction such as ammonia 

decreases the activity of these antioxidant enzymes and lead to the 

formation of superoxide radicals (Kosenko et al., 1997). In brain, the 

detoxification of ammonia largely relies on glutamine synthesis in the 

astrocytes by glutamine synthetase (Rose et al., 2013). 

 In the central nervous system, excess of oxidizing species leads 

to the death of neurons, glia and thus causes permanent damages which 

results in neurodegenerative disorders like Parkinson’s disease (PD), 

dementias and Alzheimer’s (Danielczyk et al., 1988; Grunblatt et al., 

2005). Thus MAO enzyme serves as the detoxification machinery in 

the central nervous system by degrading primary, secondary and some 
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tertiary xenobiotic amines and thus prevents their cardio and 

neurotoxicity.  

1.4.4  Isoenzymes of MAO 

 MAO family contains two isoenzymes which are termed as 

MAO-A and MAO-B. Even though there is significant structural 

overlap between these isoenzymes, they are differentiated by their 

remarkable difference in preference for substrate, pharmacological 

responsiveness to inhibitors, anatomical allocation and functional role 

in behavioural regulation. Initially, a number of experimental data 

based on the different neurochemical effects of various inhibitors 

described the existence of multiple forms of MAO isoenzymes. Low 

doses of clorgyline selectively blocks MAO-A (Johnston, 1968) and 

nanomolar concentration of (R)-deprenyl inhibits MAO-B (Knoll & 

Magyar, 1972).  Electrophoretically, these two isoenzymes can be 

separated (Shih & Eiduson, 1969). Later studies showed that MAO-A 

had high affinity for serotonin and to a lower degree to norepinephrine. 

The substrates of MAO-B are 2-phenylethylamine and benzylamine. 

Both MAOs mediates the degradation of dopamine, tyramine and 

tryptamine, which depends on the species and tissue under 

consideration (Fornai et al., 1999).  

 Also, in terms of the substrate preference, the dichotomy 

between MAO-A and MOA-B is not absolute because in the absence 

of one isoenzyme, some amounts of its non-preferred substrates are 

deaminated by other (Chen et al., 2004). Unequivocal demonstration in 

the partial compensation mechanism and the physiological significance 

of these two isoenzymes came in 1988 with the cloning of human 

MAOA and MAOB genes (Bach et al., 1988). Further studies identified 
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the structural configuration of both genes. These studies revealed that 

the genes responsible for these isoenzymes are specifically mapped to 

Xp11.23-11.4, in a tail-to-tail arrangement with the 3’-coding 

sequences separated by about 50 kb (Ozelius et al., 1988; Chen et al., 

1992). The study by Grimsby and colleagues (1991) revealed the 

structure and evolution of these isoenzymes with a suggestion that both 

genes were derived from duplication of a common ancestor gene 

(Figure 1.3). 

 

Figure 1.3: Partial structural map of the monoamine oxidase (MAO) A 
and B genes showing the location of exons. (Filled bars) Coding regions; 
(unfilled bars) untranslated regions of the exons. Exon numbers are below the 
bars. (Horizontal arrows) the regions sequenced; (vertical arrows) equivocal 
assignment of an exon to either restriction fragment. The prefix 
“λ,” λ bacteriophage clones; the prefix “p,” pUC19 sub clones of λ phage 
DNA; E, EcoRI restriction site; H, HindIII restriction site; //, intron gap 
(Grimsby et al., 1991). 

According to this study, two proteins of 527 and 520 amino 

acids with molecular weights of 59.7 and 58.8 kDa were encoded by 

MAOA and MAOB respectively. These two genes share approximately 

70% sequence identity and an identical intron-exon organization with 

15 exons and 14 introns (Grimsby et al., 1991). Phylogenetic studies 

showed the existence of only one MAO in early eukaryotes (Schilling 
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& Lerch, 1995), teleost fish (Setini et al., 2005) and invertebrates 

(Boutet et al., 2004).  MAO-A is predominant in frogs in the tadpole 

stage and MAO-B expression increases though metamorphosis 

(Nicotra & Senatori, 1988). MAO-B has a much higher Km (lower 

affinity) for oxygen (~ 250 µM) than MAO-A (~ 6 µM) (Edmondson 

et al., 2004). Both enzymes are anchored to the mitochondrial outer 

membrane through a transmembrane helix which is located within the 

carboxyl terminal domain (De Colibus et al., 2005). Both MAOA and 

MAOB are dimeric in their membrane-bound conformations (Binda et 

al., 2007; Upadhyay et al., 2008). 

1.4.5  Transcription and translation of MAO 

Promoters of Maoa and Maob genes, their mechanisms of 

activation and repression are extremely different (Shih et al., 1994). 

Human MAO-B expression is activated by protein kinase C and 

MAPK signaling transduction pathways (Wong et al., 2002), while it is 

decreased by methylation (Wong et al., 2003). A key role in the 

regulation of the expression of both genes is played by the family of 

the transcription factor Sp1 (Zhu et al., 1994; Wong et al., 2001). A 

novel repressor, R1 of Maoa gene expression is also identified (Chen 

et al., 2005). Both Sp1 and R1 activities are modulated by 

glucocorticoids and androgens (Ou et al., 2006). 

 Like other mitochondrial proteins, MAOs are synthesized by 

free ribosomes in the cytosol (Sagara & Ito, 1982). Both isoenzymes 

have the signal sequence in the N-terminal domain typical of 

mitochondrial protein precursors (Roise & Schatz, 1988). The C-
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terminus of MAO-B contains the sequence for targeting the 

mitochondrial outer membrane (Mitoma & Ito, 1992) and attaching to 

it (Rebrin et al., 2001). Even though the specific mechanism of 

insertion of both MAO-A and MAO-B into the outer mitochondrial 

membrane is still poorly understood, the same process requires 

ubiquitin and ATP (Zhuang et al., 1988; Zhuang & McCauley, 1989; 

Zhuang et al., 1992). 

1.4.6    Distribution of MAO-A and MAO-B  

 Both the isoenzymes, MAO-A and MAO-B are expressed in 

most of the mammalian tissues. MAO-A is normally abundant in 

fibroblasts and placenta, whereas MAO-B is only expressed in platelets 

and lymphocytes (Bond & Cundall, 1977; Donnelly & Murphy, 1977). 

In brain most of the regions contain MAO-A and MAO-B, but certain 

areas display only one isoenzyme. MAO-A is found mainly in 

catecholaminergic neurons and in particular in the nucleus accumbens, 

locus coeruleus, hypothalamus and mammillary complex. MAO-B is 

only expressed in the cell bodies of serotonergic and histaminergic 

neurons and astrocytes (Konradi et al., 1989). In the in vivo studies 

serotonin is mainly metabolized by MAO-A. Hence it is hypothesized 

that MAO-A protein is segregated to the axon terminals after the 

translation in cell body (Bortolato et al., 2010). Subsequent studies 

discovered that MAO-B is absent in the mitochondria of the axon 

terminals (Arai et al., 2002) and also documented MAO-A mRNA in 

the serotonergic cells (Luque et al., 1995; Filipenko et al., 2002; Wylie 

et al., 2010). The hypothesis for these discrepancies is that in 
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serotonergic neurons MAO-A proteins are synthesized in the cell body 

(axon hillock) (Figure 1.4). 

 

Figure 1.4: Hypothetical compartmentalization of MAO-A and MAO-B 
in serotonergic neurons.The localization of MAO-B (represented as a semi-
oval shape in the left box) is limited to the mitochondria of the cell body and 
dendrites of the serotonergic neuron. Conversely, MAO-A (schematized as an 
elliptic shape on the mitochondria in the right box) may be mainly distributed 
in the synaptic terminals, where it would degrade the serotonin (5-HT) after 
its reuptake operated by 5-HT transporter (5-HTT) (Bortolato et al., 2010). 

 These proteins which are anchored to mitochondria are 

transported by microtubules or other mechanisms to the axon terminals 

located in different brain areas such as the amygdala, cortex, 

hippocampus, etc., (Jacobs & Azmitia, 1992). This possibility is 

indirectly supported by the finding that MAO-B expression is rich in 

the mitochondria located in the somata of serotonergic neurons, but 

completely absent from the mitochondria in their axon terminals (Arai 

et al., 2002). The differential sub cellular location of MAO-B 

containing and MAO-B free mitochondria reflects their different 

interactions with kinesins, the motor proteins in charge of anterograde 

mitochondrial transport through microtubules (Hollenbeck & Saxton, 

2005). The identification of MAO-A containing mitochondria in axon 

terminals suggests that they are efficiently transported to this 

compartment by microtubules (Westlund et al., 1993). Further 

investigations regarding the possible interactions between MAO 
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isoenzymes and kinesin receptors are reasonable to understand the 

molecular mechanisms behind these differences. The proposed 

compartmentalization of MAO isoenzymes in serotonergic neurons 

responds to specific physiological requirements for the proper 

processing of serotonin synthesis, vesicular uptake and metabolism. 

Various studies point out the independent regulation of formation and 

degradation of serotonin in the cell body and axon terminals of 

serotonergic neurons (Neckers, 1982; Daszuta et al., 1984a; Daszuta et 

al., 1984b). 

 Even though serotonin synthesis occurs in the axon terminal, it 

is physiologically more abundant in the cell body (Daszuta et al., 

1984a; Pivac et al., 2003). Thus, in consideration of the high affinity of 

MAO-A for serotonin, the localization of this enzyme in the soma 

participates with the gradient-based mechanism of serotonin vesicular 

uptake. The presence of MAO-A in the synaptic terminal facilitates the 

degradation of serotonin after its reuptake mediated by serotonin 

transporter (5-HTT). On the other hand, the presence of MAO-B in the 

body of serotonergic neurons may prevent the uptake of wrong amine 

neurotransmitters in the vesicles (Bortolato et al., 2010). This 

compartmentalization of MAO-A facilitates the specific degradation of 

serotonin in the synaptic terminals and expression of MAO-B in the 

somata of serotonergic neurons serves protective functions of serotonin 

(Bortolato et al., 2010). Thus, MAO-A is positioned to govern both the 

availability of monoamine neurotransmitters for vesicular sequestration 

and their subsequent extra synaptic inactivation following release 

(Figure 1.5) (Buckholtz & Meyer-Lindenberg, 2008). 
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Figure 1.5: Idealized serotonergic synapse depicted here demonstrates 
the role of MAO-A in the catabolism of serotonin. Serotonin (5-HT) is 
packaged into synaptic vesicles by the vesicular monoamine transporter 
(VMAT) and degraded presynaptically by mitochondrial monoamine oxidase 
A (MAO-A) or extrasynaptically by glially expressed MAOA into 5-
hydroxyindoleacetic acid (5-HIAA). Once released, synaptic serotonin can be 
cleared by the serotonin transporter (SERT) or bind to one of seven classes of 
serotonin receptors residing on both the pre and postsynaptic membranes 
(Buckholtz & Meyer-Lindenberg, 2008). 

1.5 Role of MAO in behavioural regulation 

The development and design of MAO inhibitors was originally 

driven by the accidental discovery of iproniazid which is a derivative 

of isoniazid. Antitubercular properties of iproniazid exerted remarkable 

mood-enhancing properties (Fox & Gibas, 1953) since it was also a 
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potent irreversible MAO blocker (Zeller & Barsky, 1952). Several 

researchers postulated that there is a link between MAO, its substrates 

and mood control and this theory was substantiated by the 

antidepressant activity of novel irreversible MAO inhibitors such as 

nialamide (Rowe et al., 1959) and phenelzine (Saunders et al., 1959). 

The successful use of MAO inhibitors in clinical practice also resulted 

in many side effects like ‘cheese reaction’, characterised by lethal 

hypertensive crisis caused by the absorption of tyramine or other 

sympathomimetic amines present in fermented food such as cheese, 

wine, etc., (Anderson et al., 1993). In this condition, high 

concentration of dietary amines will be circulated in the bloodstream 

due to the inactivation of intestinal MAO and results in extreme 

sympathetic activation and systemic vasoconstriction. This paved the 

way for the development of new categories of antidepressant drugs like 

tricyclics and selective serotonin reuptake inhibitors (SSRIs) with 

better tolerability. 

 Production of reversible MAO-A inhibitors has revived the 

interest for this category of drugs since these inhibitors can be replaced 

by dietary amines and do not induce the cheese effect. MAO-A 

inhibition has been shown to increase serotonin concentrations in the 

synaptic cleft (Sharp et al., 1997) and to affect firing of serotonergic 

neurons in the dorsal raphe nucleus (Aghajanian et al., 1970; Blier & 

de Montigny, 1985). There is a general agreement that the 

antidepressant properties of MAO inhibitors are actually due to the 

obstruction of MAO-A, particularly in its action on serotonin 
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metabolism and the subsequent ability to counter the decline in 

serotonin observed in depression.  

Antidepressant effects of MAO-A inhibitors make them useful 

for the treatment of number of anxiety spectrum disorders like 

agoraphobia, social phobia, panic disorder, post-traumatic stress 

disorder (Cyr & Farrar, 2000), obsessive-compulsive disorder (OCD) 

(Jenike et al., 1983) and aggression (Welch & Welch, 1968; Sofia, 

1969; Raj, 2004) which have been shown to depend on alterations of 

serotonergic signaling. The involvement of serotonin in the 

antidepressant effects of MAO-A inhibitors is also indirectly 

confirmed by the selective inhibition of MAO-B by deprenyl which 

induces only modest mood-enhancing effects. This may be due to the 

action of this isoenzyme on oxidative stress also (Bortolato et al., 

2008). Thus, MAO-A inhibition reduces the oxidative metabolism of 

monoamines and presumably increases the availability of serotonin and 

other monoamines in the brain (Quadros et al., 2010).  

1.6 Polymorphisms in MAOA gene 

Sequencing of MAOA gene allowed the classification of its 

variants (Shih & Thompson, 1999) and their different controls in 

behavioural regulation. Several polymorphisms of the MAOA gene 

have been identified and among the numerous allelic variants, four 

polymorphisms have been particularly studied as possible risk factors/ 

biomarkers for psychiatric disorders (Bortolato & Shih, 2011): 

1. MAOA (CA)n, a dinucleotide repeat polymorphism in intron 2 

(Black et al., 1991). 
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2. 23 bp variable-number tandem repeat (VNTR) near exon 1 

(Hinds et al., 1992). 

3. Fnu4HI and EcoRV, two restriction fragment length 

polymorphisms (Lim et al., 1994). 

4. MAOA-uVNTR, a 30 bp VNTR polymorphism located 1.2 kb 

upstream of MAOA transcription initiation site (Sabol et al., 

1998). 

Variants of the first three polymorphisms have been associated 

with higher susceptibility to alcoholism/ substance abuse in males 

(Vanyukov et al., 1995) and mental conditions like bipolar disorder 

(Lim et al., 1994, Lim et al., 1995; Kawada et al., 1995; Rubinsztein et 

al., 1996). Although these associations were not confirmed by few 

studies (Craddock et al., 1995; Muramatsu et al., 1997), but was also 

supported by a meta-analysis (Furlong et al., 1999). The most 

extensively studied polymorphism related to MAOA is the MAOA-

uVNTR promoter polymorphism. 

1.6.1 MAOA-uVNTR polymorphism  

Genetic studies on the several polymorphic variants of MAOA 

gene have given bulk of clinical evidence towards the association 

between MAOA and aggression (Godar et al., 2016). The functional 

role of MAOA in aggression is evidently proven by the discovery of a 

variable number tandem repeats (VNTR) polymorphism which is 

featured by 30-bp repeats of alleles located approximately 1.2 kb 

upstream of the transcription initiation site (Sabol et al., 1998). This 
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polymorphism was termed as MAOA-upstream (MAOA-u) VNTR 

(Sabol et al., 1998). 

 

Figure 1.6: Diagrammatic representation of the MAOA gene. Showing 15 
exons and position of the investigated polymorphism, MAOA-u VNTR (Das, 
2008). 

Sabol and colleagues (1998) reported four 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 (2000) in Australian population. Similar findings were 

reported in the Indian population also (Figure 1.6) (Das et al., 2006; 

Das, 2008; Bhowmik, 2010; Das et al., 2011).  Out of the seven 

different allelic variants (2, 3, 3.5, 4, 4.5, 5 and 6) (Sabol et al., 1998; 

Huang et al., 2004; Das et al., 2006) that have been characterized in 

the human population, the most common are the three repeats (3R) and 

four repeats (4R) (Sabol et al., 1998; Deckert et al., 1999; Jonsson et 

al., 2000). It is estimated that 35-39% and 59-63% of Caucasians is 

harbouring 3R and 4R of MAOA-uVNTR alleles respectively. On the 

other hand majority of Asian (53-61%), African (52-59%), Hispanic 

(70%) and Americans are having 3R variants (Sabol et al., 1998; 

Widom & Brzustowicz, 2006; Rosenberg et al., 2006; Beaver et al., 

2013). 
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The importance of MAOA-uVNTR polymorphism arises from 

its functional nature. There are a number of transcription factor binding 

sites in the both the 5’ and 3’ flanking regions of the MAOA VNTR 

(Zhu et al., 1992) and hence this polymorphism affects transcriptional 

activity of the MAOA promoter (Sabol et al., 1998; Deckert et al., 

1999). The 2R and 3R allele is associated with the low transcriptional 

efficiency of the MAOA promoter and hence the enzymatic activity of 

MAO-A is lower than that of 4R variant (Sabol et al., 1998; Deckert et 

al., 1999; Jonsson et al., 2000), suggesting an optimal length for the 

regulatory region in MAOA gene. 

The first studies on VNTR variants in MAOA promoter 

consistently documented higher MAOA gene transcription and enzyme 

activity in association with the 4R allelic variant in transfected cells 

(Sabol et al., 1998) and in cultures of human male skin fibroblasts 

(Denney et al., 1999). Conversely, 4R carriers display higher levels of 

5-hydroxyindoleacetic acid (5-HIAA) in the cerebrospinal fluid 

(Jonsson et al., 2000).  

Considering the differences in transcriptional efficiency of 

various alleles of MAOA-uVNTR polymorphism, the researchers have 

commonly pooled the alleles into two groups. The alleles (2R and 3R) 

that correspond to low MAO-A activity is 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 long allele or high-expressing 

group (MAOA-H) (Caspi et al., 2002; Buckholtz & Meyer-

Lindenberg, 2008). Also, it has to be noted that the transcriptional 
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efficiency of long repeat allele is still inconsistent (Deckertet al., 1999; 

Jonsson et al., 2000; Yirmiya et al., 2002). 

Due to the complications from natural random X-chromosome 

inactivation in human females, most of the MAOA gene studies have 

focused on males as the males are hemizygous (Hendriks et al., 1992; 

Hendriks et al., 1993; Denney et al., 1999; Yirmiya et al., 2002; 

Beaver et al., 2013; Buades & Gallardo, 2014; Xu et al., 2017). 

Human studies have shown that the 2R and 3R variants are 

associated with behavioural features linked to low MAO-A activity 

like multi facets of aggression including antisocial personality and 

hostility (Oreland et al., 2007; Buckholtz & Meyer-Lindenberg, 2008; 

Williams et al., 2009; Weder et al., 2009). Several impairment in the 

neurocognitive functions like processing of facial expressions affecting 

the activation of limbic regions (Lee & Ham, 2008) and blunted 

response to stress (Brummett et al., 2008) were also related to MAOA-

uVNTR polymorphism. Results of the studies that are done towards 

the investigation of association of MAOA-uVNTR variants and 

personality traits like neuroticism, conscientiousness and 

straightforwardness, are largely conflicting (Garpenstrand et al., 2002; 

Samochowiec et al., 2004; Contini et al., 2006; Jacob et al., 2005; 

Rosenberg et al., 2006; Tochigi et al., 2006; Kim et al., 2006), and 

suggests a specific involvement of MAOA-uVNTR polymorphism in 

aggression (Godar et al., 2016). 
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1.7 Candidate Gene-Environment interaction (cGxE) 

From the time of ancient Greece, the nature-versus-nurture 

debate has been ongoing (Aristotle, 1984). The contribution of both 

genetic and environmental factors to health and behaviour is widely 

accepted today (Pinker, 2003; Nilsson et al., 2018). In gene-

environment interaction (GxE), depending on the genetic makeup, the 

ability of the individual may vary to cope with stressful experiences 

and environments (Craig, 2007). Specific gene associated with certain 

phenotype is identified in candidate gene-environment interaction 

(cGxE) and several such studies have identified association of short 

allele of MAOA-uVNTR polymorphism with aggressive and antisocial 

phenotype (Byrd & Manuck, 2014; Dick et al., 2015; Boccio et al., 

2018; Nilsson et al., 2018). 

 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 (Dick, 2011; Manuck & 

McCaffery, 2014). In relation to aggressive and antisocial behaviour, 

there are strong evidence for increased chances of developing this 

behaviour in males who have been to childhood traumas/ adverse 

experiences and carriers of short allele of MAOA-uVNTR (Kim et al., 

2006; Choe et al., 2014; Byrd & Manuck, 2014; Gorodetsky et al., 

2014; Zhang et al., 2016).  

1.8  Childhood Trauma and Maltreatment 

Childhood trauma is experienced by most of the youths 

worldwide. It is estimated that during childhood, more than half of the 
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children suffer from at least one traumatic or adverse experience 

(Felitti et al., 1998; Copeland et al., 2007). Traumatic or adverse 

experience ranges from different types of abuses, neglect, 

dysfunctional household environments like parental separation, family 

violence, household mental illness, household incarceration, household 

substance abuse, peer group violence and community violence. 

Growing child is affected in different ways by these traumatic events. 

Effects of childhood trauma on the possibility of various harmful 

adolescent and adult outcomes are being studied in many 

contemporary empirical researches. These researches have 

continuously shown that early traumatic experiences can lead to a large 

number of developmental noises for the individual throughout their life 

course (Lamphear, 1985; Trickett & McBride-Chang, 1995; Cicchetti 

& Toth, 1995). 

The word ‘trauma’ means “any event that harms the body, self 

or spirit. It covers a broad range of hurtful experiences including 

traumas that involve the physical, sexual, mental, or emotional realms 

of our being” (Whitfield, 1998). The most commonly discussed forms 

of childhood trauma include physical abuse, sexual abuse, 

psychological abuse, physical neglect and emotional neglect. The 

concepts of child maltreatment and childhood trauma are constantly 

intertwined in the empirical literature (De Bellis, 2001). 

The prevalence of child maltreatment as a major problem was 

not recognized by the society prior to 1960s. During that time views of 

parents on conventional disciplinary practices were favored and rights 

of children were largely ignored (Cicchetti & Carlson, 1989). Parents 
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often consider children as their property and as a result, negligent care 

and harsh corporal punishments were imposed on children in many 

families (Crosson, 2013) which potentially impacting the development 

of a child’s life.  Despite the continued occurrence of child abuse in the 

history, prior to the middle of the 20th century, it was not mentioned in 

the medical literature (Dubowitz & Newberger, 1989). 

In the examination of developmental psychology and childhood 

development, child abuse, neglect and other traumas has been critically 

considered over the past few decades. The role of related and casual 

factors in the incidence of child trauma and maltreatment, have begun 

to be scientifically examined (Garbarino, 1977; Pelton, 1978). Poverty, 

class and other social factors as correlates for childhood traumatic 

experiences had empirically investigated (Gil, 1970). Beyond the 

causes of maltreatment, the effects and consequences of trauma in 

childhood and throughout life (Aber & Cicchetti, 1984), including the 

prevention and treatment for those effected children were studied 

(Kempe & Kempe, 1978). 

As a result of these investigations, the study of trauma or 

maltreatment or adverse childhood experiences has become an integral 

part of the psychological, sociological, biological and various other 

scientific literatures. Researches on childhood trauma have examined a 

multitude of various aspects of role of trauma on the development of 

brain (Glaser, 2000), behavioural problems (Garnefski & Diekstra, 

1997) and mental illnesses (Mueser et al., 1998). Vital to the 

discussion of behavioural problems is the concept of the “cycle of 

violence” (Widom, 1989a). According to this concept, individuals 
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those who are maltreated and abused early in life are more likely to 

engage in violence later in life (Widom, 1989b; Maxfield & Widom, 

1996). This hypothesis was empirically examined and has found a 

persistent effect of various types of childhood trauma on violent 

behaviour, including serious, chronic and violent delinquency (Widom, 

1989a; Widom, 1989b; Zingraff et al., 1994; Duke et al., 2010; Fox et 

al., 2015). 

1.8.1 Developmental psychopathology  

Developmental psychopathology is defined as “the study of the 

origins and course of patterns of behavioural maladaptation, whatever 

the age of onset, whatever the causes, whatever the transformations in 

behavioural manifestation, and however complex the course of the 

developmental pattern may be” (Sroufe & Rutter, 1984). Many earlier 

researches did not utilize a theoretical approach in empirical 

examinations and estimation of childhood trauma. Although many 

theories indicates the importance of normal development and discuss 

childhood trauma’s effects on delinquent and criminal behaviour, the 

step-by-step developmental effects of early life trauma on a number of 

adverse outcomes throughout childhood and adolescence is examined 

on theoretical perspective is through developmental psychopathology 

which was originated from the field of developmental psychology 

(Aber et al., 1989). 

Different challenges faced at each age by a child throughout the 

child’s growth which determine the causes for normal and abnormal 

developmental processes is specifically examined in developmental 
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psychopathology (Causadias, 2013). The work of developmental and 

clinical psychologist Dante Cicchetti in 1980s largely shaped the 

developmental psychopathological perspective on child maltreatment 

(Cicchetti, 1984; Cicchetti & Toth, 1995). Interdisciplinary in nature, 

Cicchetti’s principle is that early-life trauma can lead to adverse 

outcomes in a variety of different facets of life (Toth & Cicchetti, 

2013). Since child abuse is such a negative experience, it can have 

enormous consequences for such a vulnerable population. Childhood 

maltreatment may lead to antisocial behaviour, depression, personality 

disorder and future victimization. Child’s adjustment throughout 

development is adversely affected by the frequency and severity of 

childhood trauma. Accordingly, children who experience neglect, 

abuse or some other type of traumatic experience are predicted to be 

more likely to experience developmental difficulties in, personal and 

peer relationships, emotion regulation, self-concept, school adaptation 

and display psychopathological traits throughout their lives (Cicchetti 

& Toth, 1995).  

1.8.2 Organizational perspective on development 

Another theory under the developmental psychopathology 

regarding the sensitive risk of antisocial behaviour as a result of 

childhood trauma is the ‘organizational perspective of development’ 

(Werner, 1957; Sroufe, 1990; Cicchetti, 1990). According to this 

theory, “development occurs as a progression of qualitative 

reorganizations within and among the biological, social, emotional, 

cognitive, representational, and linguistic systems proceeding through 

differentiation and subsequent hierarchical integration” (Cicchetti & 
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Toth, 1995). In this perspective the development of each stages of 

childhood is predicted by the preceding stages and children who are 

experiencing normal development in early childhood are more likely to 

be successful in adjusting at the later life stages and vice versa (Sroufe 

& Rutter, 1984). 

1.8.3 Ecological-transactional model 

According to the ecological- transactional model which was 

developed by Cicchetti and Lynch (1993), “an increased presence of 

risk factors associated with the occurrence of maltreatment at any or at 

all ecological levels represents a deviation from the conditions that 

promote normal development” (Cicchetti & Toth, 2005). According to 

this model, throughout each stages of life, children who are maltreated 

are predicted to experience developmental difficulties which hinder 

their normal maturation. Such maltreated children may develop 

complications with learning to regulate their emotions, adapting to 

school, developing normal social relationships with peers, etc. 

Constant developmental noises initiated by the traumatic experiences 

continuously affect the child’s development. This theory also predicts 

that future positive development is suggested by the early positive 

development and some individuals may change paths depending on 

other conditions. Due to certain resiliency factors in life, some children 

are able to resist maladaptive and antisocial behaviour (Cicchetti & 

Rogosh, 1997). Serious maladaptive behaviours were less likely to be 

demonstrated by children those who possessed higher self-esteem and 

more emotional control. A child’s development is a multi-faceted 

process according to the developmental psychopathology perspective 
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(Cicchetti & Toth, 2009) and this has led to an understanding different 

maladaptive behaviours and the variety of pathways that can lead to 

such behaviours as in the case of ADHD (Sroufe, 1989), mental 

illnesses (Kendall et al., 1993) and conduct disorders (Richters & 

Cicchetti, 1993). Thus the onset of problem behaviours can be 

predicted using ecological- transitional model. 

1.8.4 Problem behaviour theory 

Problem behaviour theory which was developed by Richard 

Jessor is widely used in social-psychological frame work to explain 

maladaptation during adolescence (Jessor & Jessor, 1977). According 

to this theory problem behaviour is a “behaviour that is socially 

disapproved by the institutions of authority and that tends to elicit 

some form of social control response whether mild reproof, social 

rejection, or even incarceration” (Jessor, 1987).  Many problem 

behaviours like deviant peer imitation, alcohol and drug abuse, high-

risk sexual behaviours, school difficulties and different forms of 

delinquencies were examined using this theory (Bensley et al., 1999; 

Ary et al., 1999). The problem behaviours that are related and that any 

single problem behaviour such as gang involvement, criminal 

activities, illicit drug abuse etc., must be viewed within the complex 

system of both adaptive and problem behaviour, personality and 

perceived environment (Milkman & Wanberg, 2012). Studies have 

shown that maltreatment, family dysfunction and parental conflict 

during childhood can be important predictors in the development of 

problem behaviours later in life such as antisocial or aggressive 

behaviour (Mobley & Chun, 2013). Early life experiences of trauma 
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can instigate proneness towards maladaptations that contribute to 

antisocial personality development and as a result of each additional 

problem behaviour the youth is even more susceptible to further and 

more serious deviance (Cicchetti & Toth, 2005). 

1.8.5 Moffitt’s developmental taxonomy 

Considering the developmental noises that encompass the lives 

of certain children, Moffitt (1993) proposed the theory of 

developmental taxonomy which was drawn from neuropsychology and 

developmental psychology. This theory gave an alternate explanation 

for antisocial and delinquent behaviour.  According to this theory there 

are two types of antisocial behaviour: life-course-persistent (LCP) and 

adolescence-limited (AL) (Moffitt, 1993).  In LCP delinquents the 

deviance is pathological and the deviant behaviour is initiated at very 

young age and persists throughout their life. These individuals are 

responsible for most of the serious violent crimes, even though they 

represent a small percentage of population (Moffitt, 1993). Onsets of 

delinquent behaviour in AL delinquents are in adolescences and 

eventually age-out. These individuals represent the majority of 

delinquent behaviour and generally commit less serious delinquency. 

Due to the maturity gap AL delinquents engage in deviant behaviour 

by mimicking the behaviour of others. Whereas, as a result of 

neurodevelopmental deficiencies, cognitive deficits and learning 

difficulties are developed in LCP delinquents and they engage in 

deviant criminal behaviour. During childhood they are temperamental 

and begin to engage in deviant development very early. 

Temperamental and impulsive parents lead to ineffective childrearing 
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which suggested a genetic link in LCP behaviour. LCP individuals 

have little chance to reform due to the culmination of adverse factors 

which leads to constant deviance. The neurodevelopmental and 

biological issues that Moffitt (1993) hypothesized contributed to 

temperamental children and seriously delinquent adolescents and the 

same was demonstrated in the study of Barnes et al., (2011) in which 

genetic factors explain between 56-70 % of the variation in LCP 

classifications. Children those who are aggressive, impulsive and 

deviant in a number of aspects of behaviour and often violent, have 

genetic differences which contribute to such behaviour (Moffitt & 

Caspi, 2001). Additionally, during childhood these children may be 

difficult for parents to manage which contributes to increase the 

amount of adverse experiences suffered during their early life (Moffitt, 

1993). 

1.8.6 Bronfenbrenner’s ecological model 

 It has been identified that the health of an individual is not just 

the product of biology and genetics alone. The physical environment, 

interactions with the society, relationships and economic status have a 

great influence in the wellbeing and health of a person. Environments 

and experiences during infancy, childhood and adolescence have 

tremendous impact on the future behaviour and life quality of a person 

(Lerner & Castellino, 2002). According to this model human 

development occurs via a reciprocal interaction between individuals 

and proximal processes such as persons, objects etc., (Lerner & 

Castellino, 2002). So the theoretical models of developmental changes 

occurring through the multiple level systems require an inter-level 
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approach. This inter-level approach includes the interaction between 

individual and their immediate social and cultural environment and the 

same is explained by Bronfenbrenner’s ecological model environment. 

These proximal processes vary as a function of both the characteristics 

of the developing individual and the characteristics of the environment 

(Bronfenbrenner, 1994).  

1.9 Essential Criminological Perspectives 

Various criminological theories have discussed the role of 

youth’s development, onset of problem behaviours and subsequent 

involvement in delinquent and criminal behaviour.  

1.9.1 Impulsivity and the General Theory of Crime 

Self-control theory was developed by Gottfredson and Hirschi 

(1990) and according to this theory delinquent and criminal behaviour 

is the manifestation of an individual’s low self-control. The ability to 

resist impulses and delay gratifications is defined as the self-control 

(Gottfredson & Hirschi, 1990). Several researches have established an 

empirical support for the relationship between self-control and 

delinquency (Arneklev et al., 1999; Gottfredson, 2009; Bouffard et al., 

2015). Self-control is built through efficient parenting practices, 

parents’ ability to monitor the child’s behaviour, recognize any 

deviance and discipline the child appropriately (Gottfredson & Hirschi, 

1990). Even though child’s lower level of self-control is predicted by 

ineffective childrearing (Hay, 2001), relationship between parenting 

and delinquency is only partially mediated (Burt et al., 2006). 

Parenting practices of a family is the crucial factor which determines 
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the child’s level of self-control and child reared by traumatic parenting 

practices or in a dysfunctional environment is less likely to develop 

enough self-control and produces a youth who is more likely to engage 

in violent delinquent behaviours (Azar, 2002). In the household, 

beyond the effects of maltreatment, the abuse of different substances 

can reduce the effectiveness of parenting practices and lead to more 

parental dysfunction (Mayes & Truman, 2002). Effectiveness of 

parenting practices which have a vital role in the creation of self-

control, is also depends on the impact of serious parental conflicts, 

parental separation due to divorce or incarceration (Wilson & 

Gothman, 2002).  

1.9.2 Deviant Peers and Social Learning Theory 

The main concepts of criminological learning theories are 

rooted in the theory of differential association developed by Sutherland 

(1939). According to this theory criminal behaviour is learned through 

interactions with intimate personal groups. This theory only put 

forward the likelihood of delinquent behaviour which will be increased 

when an individual associates with more delinquent peers. 

In the year 1966 Robert Burgess and Ronald Akers developed a 

revision to differential association theory by incorporating concepts of 

operant conditioning to this theory which expended its predictive 

power and rebranded the theory as social learning theory (Burgess & 

Akers, 1966; Akers et al., 1979). Apart from the learning of delinquent 

and criminal behaviour through peer associations, social learning 

theory included reinforcement and imitation (Krohn, 1999). In 
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reinforcement, reward and punishment for our behaviour is considered 

from those we have personal relationships with. Imitation is the 

replication of the behaviour of others. Many empirical literatures have 

substantiated the learning theories. Considering a variety of delinquent 

behaviours, consistent association of antisocial individuals has been 

found with other antisocial individuals (Akers et al., 1979; Pratt et al., 

2010; Cochran et al., 2011).  

1.10 Significance of the study 

Even though many genetic and psychological researches related 

to aggressive and antisocial behaviour have been done worldwide, no 

combined researches among offenders are conducted in India. There is 

no survey or research till date done in India regarding the interaction of 

allelic variants of MAOA-uVNTR polymorphism and adverse 

childhood experiences (ACEs) in the development of aggressive and 

antisocial behaviour in recidivist/ habitual offenders. As per the know 

data only two researches were conducted in the country in the related 

area regarding the influence of MAOA-uVNTR polymorphism in the 

etiology of Attention Deficit Hyperactivity Disorder (ADHD) in 

psychiatric patients. First study showed that the short repeat allele of 

the MAOA gene is probably associated with ADHD in the studied 

population and could be the reason for making boys prone to ADHD as 

compared to girls (Das et al., 2006). In the second study MAOA gene 

variants could be considered as risk factors for ADHD in the Indo-

Caucasoid population from eastern India (Karmakar et al., 2017).  
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If the basic causes of the violent crimes can be identified in a 

grass root level, the corrective measures can be implemented so as to 

prevent the increasing rate of violent criminality and recidivism in the 

country. Hence this study was focused on identifying the allelic 

variants of MAOA-uVNTR polymorphism and its interaction with 

adverse childhood experiences (ACEs) in the recidivist violent 

offenders in the state of Kerala. 

1.11 Statement of problem 

This study aimed at finding out the interaction between allelic 

variations of MAOA-uVNTR polymorphism and adverse childhood 

experiences (ACEs) in recidivist violent offenders. The interaction 

between adverse childhood experience (ACEs), health risk behaviours 

(HRBs) and violent criminality in the offenders and in the comparing 

group were also analyzed. 

1.12 Objectives of the study 

1. To know the life and crime history of the recidivist offenders. 

2. To extract and isolate genomic DNA from the buccal samples 

drawn from the recidivist offenders and documentation. 

3. To genotype the isolated DNA for the MAOA gene. 

4. To study the degree of criminality, adverse childhood 

environmental condition in relation to uVNTR polymorphism 

of MAOA gene in recidivist offenders. 
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1.13 Process of Research 

 This thesis is presented as per the American Psychological 

Association (APA) style. The present study was done in two parts 

(Part-I and Part-II) and studies were conducted simultaneously in both 

the parts. Initially the study was aimed at identifying the allelic 

variants of MAOA-uVNTR polymorphism in the participants. For this 

purpose, part-I was done in two phases. In the first phase, a pilot study 

was conducted to identify the best biological sample collection 

procedure for obtaining high quality genomic DNA from the 

participants and also for standardization of laboratory protocols. On the 

basis of the results of the phase- I, in the second phase, the main study 

was conducted to identify the participants and genotype the 

participants based on the 30 bp repeats of MAOA-uVNTR 

polymorphism. Material and methods of genotyping are given in 

chapter 3. The results related to the association of allelic variants of 

MAOA-uVNTR with violent criminality are discussed in chapter 4. 

 In the part-II, the study was conducted to understand the 

demographic information; to assess the adverse childhood experiences 

(ACEs), health risk behaviours (HRBs) of the participants and the 

criminal history of the recidivist violent offenders. For this purpose, 

part-II was done in two phases. In the first phase, a pilot study was 

conducted to standardize the data collection tools. On the basis of the 

results of phase-I, in the second phase, the main study was conducted 

to understand the demographic information, to assess the adverse 

childhood experiences (ACEs) in the participants; to understand the 

violent crimes and age of onset of crime in offenders; health risk 
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behaviours (HRBs) of the participants, followed by the onset of age of 

HRBs in the participants. These analyses were retrospective. Data were 

collected through face-to-face interview with the help of Adverse 

Childhood Experiences International Questionnaire (ACE-IQ) and 

health risk behaviour questions. Official crime records of the offenders 

were collected from the police stations to understand violent crimes 

done. Methods of data collection are given in chapter 3 and the results 

are discussed in chapter 4.  

 Review provided in the chapter 3 suggested that there is 

occurrence of short allele of MAOA-uVNTR polymorphism in violent 

offenders and also there is high frequency of ACEs and HRBs in them. 

Further designing of the research was done to identify the independent 

variables for violent criminality. 

 The association and mean scores of each category of ACEs, 

total ACE and HRBs were measured in participants. Relationships of 

ACEs with HBRs in participants and with violent criminality in 

offenders were measured.  ACEs were the independent variables for 

predicting the violent criminality in the offenders. Finally, the mean 

score of ACE categories and total ACE were evaluated between the 

participants grouped on the basis of allelic variants of MAOA-uVNTR 

polymorphism to know the candidate gene-environment interaction 

(cGxE). 
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2.1 Phenotypical outcomes of MAO deficit 

  Human MAO deficiency was first reported in some patients 

affected by Norrie disease (ND), which is X- linked. Mutation of the 

Norrie disease pseudoglima (NDP) gene located in Xp 11.4 resulted in 

this genetic disorder characterized by congenital blindness, cataracts, 

progressive hearing loss and development delays in motor and 

cognitive skills (Warburg, 1975). As a result of the close proximity of 

NDP to the MAO genes, some individuals affected by ND were found 

to harbour deletions of these genes (Sims et al., 1989; Chen et al., 

1995) followed by the loss of MAO function in ND which results high 

urinary concentrations of β-phenylethylamine and tyramine 

metabolites (Murphy et al., 1990; Collins et al., 1992). Deletion of 

MAOA and MAOB in ND patients is accompanied by a range of 

atypical symptoms such as growth failure, alterations of sleep pattern, 

severe mental retardation and autistic-like symptoms (Sims et al., 

1989; Murphy et al., 1990; Collins et al., 1992).  

2.2 Behavioural phenotypes and MAO-A deficiency in human 

  First insight into the phenotypical outcomes of selective MAO-

A deficiency was described in 1993 by Brunner and colleagues in 

eight males of large Dutch kindred with a behavioural syndrome 

(Brunner et al., 1993; Brunner et al., 1996). The genetic defect was a 

point mutation (C936T) in exon 8 of the MAOA gene, resulting in the 

substitution of a glutamine codon (CAG) with a stop codon (TAG) at 

position 296 of the amino acid sequence (Bortolato & Shih, 2011). 
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This X-linked recessive disorder was named Brunner syndrome. 

Borderline mental retardation, maladaptive regulation of impulsive 

aggressiveness, antisocial behaviour (including attempted rape, 

murder, arson, exhibitionism and voyeurism) and violent responses to 

minor environmental stressors were the nosographic characteristics of 

this complex behavioural syndrome (Brunner et al., 1993). Also, 

stereotyped hand movements, sleep disturbances, borderline 

intellectual disabilities were shown by the affected males. This was 

paralleled by a set of other abnormalities in the urinary concentrations 

of monoamine metabolites like fivefold increase in urinary levels of 

serotonin, decreased content of 5-HIAA, HVA and VMA.  

  Discovery of this mutation was a breakthrough and 

instrumental for the resurrection of biological criminology (Godar et 

al., 2016). But for several years, there was no progress in the further 

clinical characterization of the phenotypic consequences of MAOA 

deficiency due to the lack of nosographic details on the cognitive and 

psychological characteristics of these patients (Hebebrand & Klug, 

1995). Also, several attempts to discover other cases of this disorder 

were unsuccessful (Mejia et al., 2001) until 2014, when a second case 

of this syndrome was identified (Piton et al., 2014).  

2.3 Behavioural outcomes in Maoa-knockout mice 

  Development of first mutant or transgenic line of Maoa 

knockout (KO) mice in the year 1995 helped in the progress on the 

characterization of the neurobehavioural correlates of MAO-A deficits 

(Cases et al., 1995). Following the integration of an interferon β 
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cassette, serendipitous deletion of exon 2 and 3 of the Maoa gene in 

C3H/ HeJ took place which resulted in mutant mice with high levels 

of aggressive behaviour towards both familiar and foreign 

conspecifics. Age- dependent increase in the levels of serotonin, 

dopamine and norepinephrine were found during the analysis of the 

neurochemical correlates of these alterations. Similar findings were 

obtained in a second line of 129S6 mice having a spontaneous 

mutation of exon 8 (Scott et al., 2008). A marked reduction in social 

and environmental explorations was displayed by these KO mice 

(Bortolato et al., 2011; Godar et al., 2011). In particular, these KO 

mice showed exaggerated defensive, neophobic responses to minor 

stimuli (Godar et al., 2011); lower response to stressful, threatening 

contingencies, physical restraint and cold temperature (Godar et al., 

2015); marked reduction in other measures of risk evaluation and 

threat assessment (Bortolato et al., 2011; Godar et al., 2011); greater 

retention of aversive memories (Dubrovina et al., 2006) and core 

autistic symptoms (Bortolato et al., 2013).  

  These preclinical findings were confirmed with the discovery 

of new case of Brunner syndrome in 2014 in a boy with low-

functioning autism spectrum disorder exhibiting intermittent self-

aggression in response to stress and severe cognitive impairments 

(Piton et al., 2014). Recently, loss-of-function mutations of MAOA 

gene in males, identified with episodic explosive aggression, attention 

deficits, mild intellectual disability, introverted and obsessive traits 

(Palmer et al., 2016) confirms that there is a strong dysregulations in 

early neurodevelopmental processes in Brunner syndrome. MAOA 
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plays a key role in the frequency of aggressive manifestations (Farmer 

& Aman, 2011), ontogenesis of sensory, communication deficits and 

arousal regulation problems in autistic boys (Cohen et al., 2011). 

These studies suggest that there is a potential relationship between 

aggression and sensory-communicative problems. Hence, there is a 

strong likelihood that aggression arises as a defensive response driven 

by poor social information processing (Crick & Dodge, 1996). 

2.4 Allelic variants of MAOA-uVNTR in the ontogeny of 
aggression 

  Majority of the clinical studies have focused on the genetic 

relationship of MAOA gene in aggression. The studies that have 

investigated about the specific role of the enzymatic activity of MAO-

A in antisocial and violent behaviours had the key limitations since 

they have measured the peripheral MAO-A activity in platelets, which 

only express MAO-B (Bortolato et al., 2008). However, Maob 

deficiency in mice is associated with behavioural disinhibition, but not 

aggression (Grimsby et al., 1997; Bortolato et al., 2009).  

  Various researches on the psychological phenotypes have 

found out the association of different MAOA-uVNTR alleles with 

specific subtypes of aggression. Low activity variants of MAOA-

uVNTR are associated with reactive aggression with a greater 

inclination to engage in hostile retaliatory acts against the 

provocations of alleged opponents and competitors (McDermott et al., 

2009; Kuepper et al., 2013).  
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2.5 Association of short allele of MAOA-uVNTR with 
psychopathy and aggression 

  Many studies have found a strong association between short 

allele, especially 2R allele of MAOA-uVNTR polymorphism with 

criminal behaviour and psychopathy (Guo et al., 2008; Beaver et al., 

2009; Beaver et al., 2010; Beaver et al., 2013; Beaver et al., 2014; 

Stetler et al., 2014; Armstrong et al., 2014; Tiihonen et al., 2015). The 

association of the short allele with psychopathy followed by callous- 

unemotional traits and proactive aggression has garnered this allele the 

questionable name of ‘psycho gene’ (Raine et al., 2006; Nouvion et 

al., 2007). Several aspects of impulsivity are shown by psychopathic 

trait and hence psychopathy is not just entirely associated with 

proactive aggression (Morgan et al., 2011). Researchers have found 

out that psychopathy are of two types, primary psychopathy 

characterized by low anxiety and lack of ethics and secondary 

psychopathy related with high anxiety, negative affect and impulsivity 

(Blackburn, 1975; Newman et al., 2005; Skeem et al., 2007). These 

two types of psychopathies are underpinned by different genetic and 

environmental factors (Blonigen et al., 2005; Hicks et al., 2012); 

particularly secondary psychopathy is highly connected with 

environmental risk factors (Skeem et al., 2003). 

  Even though the difference between reactive and proactive 

aggression is well supported by clinical evidence (Card & Little, 

2006), several studies point to moderate consensus of both subtypes 

(Polman et al., 2007) indicating a large overlap of their genetic 

predisposition factors (Brendgen et al., 2006). Significantly higher 
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tendency to engage in impulsive aggressive reactions to negative 

affect was shown by the individuals with short alleles of MAOA-

uVNTR (Chester et al., 2015). Carriers of short MAOA-uVNTR 

alleles may attain psychopathic traits which results from social 

learning and this can lead to a greater predisposition to reactive 

aggression. This may result to the repeated engagement in violent acts 

and development of instrumental antisocial behaviours (Godar et al., 

2016). 

2.6 Neurobiology of MAOA- uVNTR variants 

  Major line of evidence for the association between MAO-

A activity and aggression comes from positron emission tomography 

(PET) studies using radiolabeled MAO-A inhibitors (Fowler et al., 

2007; Alia-Klein et al., 2008). In these studies it was shown that in 

healthy adult males, MAO-A activity in multiple sub cortical and 

cortical brain regions was inversely related with indices of trait 

aggression in the Multidimensional Personality Questionnaire (MPQ) 

(Fowler et al., 2007; Alia-Klein et al., 2008). Independent studies 

have confirmed that anger and hostility are negatively related with 

MAO-A binding in multiple sub regions of the prefrontal cortex (PFC) 

(Soliman et al., 2011). These results emphasize the importance of 

MAO-A in antisocial behaviour and point to this enzyme as a 

biomarker for abnormal aggression. Also, it was found out that MAO-

A distribution volume is lower in patients affected by antisocial 

personality disorder (Kolla et al., 2015). 
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  Even though the comparison was not statistically significant, 

post-mortem analyses showed that the average MAO-A catalytic 

activity in brain samples of 3R carriers is numerically lower than that 

of 4R controls (Balciuniene et al., 2002). No direct association was 

found between the MAOA-uVNTR alleles and MAO-A brain levels in 

adults (Fowler et al., 2007). MAO-A activity in the cortical and 

subcortical brain regions was inversely correlated with the degree of 

self- reported aggression in men (Alia- Klein et al., 2008). Functional 

magnetic resonance imaging (fMRI) studies showed a link between 

MAOA-uVNTR polymorphic variants and structural and functional 

differences between the brains of 3R and 4R carriers (Meyer-

Lindenberg et al., 2006). Functional abnormalities in cortical limbic 

regions, including amygdale, prefrontal cortex and hippocampus were 

found in individuals with carriers of low alleles of MAOA-uVNTR 

(Passamonti et al., 2006). Especially, male individuals with the 3R 

haplotype exhibit morphological alterations of the orbitofrontal cortex 

(Cerasa et al., 2008; Cerasa et al., 2010). When taken together, this 

suggests that the variants of MAOA-uVNTR were expected to 

predispose to the different levels of MAO-A enzymatic activity in 

brain and the same may be particularly important in the early life 

stages when the effect of this enzyme reaches its peak concentration 

(Tong et al., 2013). 

2.7 Environmental factors influencing MAOA-uVNTR activity 

  MAOA activity may vary over time due to the exposure to 

multiple environmental factors such as diet (Jahng et al., 1998), 

tobacco smoking (Fowler et al., 1996), social environment (Filipenko 
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et al., 2002), physical exercise (Morishima et al., 2006) and stress 

(Marquez et al., 2013). It was well documented that MAO-A activity 

is reduced in exposure to smoke (Fowler et al., 1996; Berlin & 

Anthenelli, 2001) during maternal smoking which results in conduct 

disorder and antisocial behaviour (Baler et al., 2008; Wakschlag et al., 

2010). The level of methylation of MAOA promoter regulates the 

activity of MAO-A which suggests that environmental factors, 

especially during early stages, influence MAO-A activity through 

epigenetic mechanisms. This was supported by the discovery of 

elevated levels of MAOA promoter methylation in violent offenders 

(Checknita et al., 2015). Hence the nature of the association 

between MAOA and aggression is neurodevelopmental and early life 

exposure to environmental factors that may reduce MAO-A activity 

leading to a greater predisposition to aggression (Godar et al., 2016).  

  Considering the multifactorial nature of aggression, various 

studies have recognized that the antisocial behaviour is shaped by the 

interaction of MAOA with other vulnerability factors. The first study 

that documented gene-environment (GxE) interaction in antisocial 

behaviour was conducted by Caspi and colleagues (2002). In this 

seminal study on New Zealanders it was found that individuals with a 

history of child abuse and 3R allele of MAOA-uVNTR had a 

significantly higher incidence of antisocial behaviours than individuals 

with only one risk factor. Multiple subsequent studies have confirmed 

this interaction (Huang et al., 2004; Foley et al., 2004; Nilsson et al., 

2006; Frazzetto et al., 2007; Weder et al., 2009; Derringer et al., 

2010; Beach et al., 2010; Edwards et al., 2010; Aslund et al., 2011). 
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Thirty years longitudinal study have remarkably replicated the finding 

of Capsi and colleagues, by showing that abused children with low 

activity MAOA variants, at the age of around 16 developed conduct 

problems and hostility (Fergusson et al., 2011). 

  Interactions of MAOA-uVNTR and childhood maltreatment in 

the aetiology of antisocial behaviour have contrasting evidence too 

(Prichard et al., 2008; Haberstick et al., 2014).  Low activity MAOA 

alleles interacts with maternal stress to influence negative 

emotionality in infants which points towards the synergetic effects of 

stress and MAOA which occur throughout prenatal development (Hill 

et al., 2013). Three meta-analyses have proved a clear interaction 

between MAOA-uVNTR polymorphism and childhood adversities on 

antisocial outcomes (Kim-Cohen et al., 2006; Byrd & Manuck, 2014; 

Ficks & Waldman, 2014). The study that explained the psychological 

processes underlying GxE have reported that low-

activity MAOA variants interacts with early maltreatment by 

determining the susceptibility to negative events (Nillson et al., 2015).  

  The nature of GxE is sex-dimorphic and most of the studies 

done in females have shown varying results in the interaction between 

MAOA-uVNTR polymorphism and environmental adversities in the 

development of antisocial behaviour and aggression (Ducci et al., 

2008; Kinnally et al., 2009; Beach et al., 2010; Aslund et al., 2011; 

Verhoeven et al., 2012; McGrath et al., 2012; Holz et al., 2014). 

  The evidence on the variants of MAOA-uVNTR has clearly 

revealed that male carrier of low activity alleles of this gene are 
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predisposed to negative bias in the interpretation of social stimuli 

which results in a greater susceptibility for aggressive and impulsive 

reactions to provocation and stress. Depending on this hypothesis, 

several independent studies have shown that the synergism of this 

psychological substrate with early life traumas or stressors or 

experiences, clearly increases the susceptibility to develop antisocial 

behaviours from adolescence onwards (Godar et al., 2016). 

2.8 Adverse childhood experiences (ACEs) 

To the criminological discourse the concept of ACE entered 

recently only (Baglivio et al., 2014; Baglivio et al., 2015; Fox et al., 

2015). The concept of ACE stems from public health and intersects 

with psychology and biology and through its application to juvenile 

justice, this concept have emanated into criminological literature. 

Negative events occurring within the first 18 years of an 

individual’s life that results in disrupted neurodevelopment leading to 

social, emotional and cognitive impairments are called as adverse 

childhood experiences (ACEs). Assessment of ACEs was developed 

by Felitti and colleagues in 1998, by conducting a survey over 17,000 

adults who used Kaiser-Permanente health insurance in San Diego, 

California. This was to examine the relationship between childhood 

trauma and the most common cause of death in San Diego. The 

assessment included measures of physical abuse, emotional abuse, 

sexual abuse, household substance abuse, witnessing household 

violence, household mental illness and having an incarcerated member 

of the family. Subsequent studies included emotional neglect, physical 
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neglect and parental separation or divorce. All together, these 

experiences of childhood trauma consist of an assessment of ten 

distinct items and individual ACE score was calculated by summing 

the total number of ten ACEs during childhood (Felitti et al., 1998). In 

this study they found that during childhood more than half of the 

respondents were exposed to at least one ACE. Throughout the life, 

increased health risks for drug abuse, alcoholism, etc., were 

experienced by individuals with higher levels of ACEs. These findings 

indicated that an exponentially more damaging health effects were 

seen when exposed to multiple ACEs (Felitti et al., 1998). 

Using the ACE assessment several further researches have 

examined the effects of childhood traumas. From these studies it was 

understood that higher ACE scores have been related to a variety of 

destructive behaviours such as alcoholism (Dong et al., 2005), 

smoking (Anda et al., 1999), depression (Dube et al., 2003), mental 

illness (Chapman et al., 2007; Felitti & Anda, 2010), adolescent 

pregnancy (Hillis et al., 2004) and risky sexual behaviour (Hillis et al., 

2001). Another research has found that several ACEs are co-occurring 

and exposure to ACE differs by gender and race/ ethnicity (Baglivio & 

Epps, 2016). It was found that ACEs have both direct and indirect 

effect on criminal recidivism (Wolff & Baglivio, 2017). 

In infant rats, it was found that an early unexpected trauma and 

maternal deprivation increased the death of both neurons and glia cells 

in the cerebral and cerebellar cortexes (Zhang et al., 2002). In the 

paediatric imaging studies it was found that the size of the cerebral and 

cerebellar volumes was smaller in youths who were exposed to ACEs 
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(De Bellis et al., 2002). The cellular, cognitive and brain development 

is adversely influenced by the dysregulation in the biological stress 

systems (De Bellis et al., 1999) initiated by the childhood adverse 

events (De Bellis & Zisk, 2014). Also, several studies have found 

differences in DNA methylation in somatic tissue as a result of 

exposure to childhood abuse (Lutz & Turecki, 2014; Roberts et al., 

2018). 

2.9 Background Demographics and ACEs 

Based on the various demographic factors affecting the 

family’s dynamics, the adverse early- life experiences differs. Various 

investigations have showed that the level and type of trauma suffered 

by a child depends on the gender, their family characteristics like 

socioeconomic status and race/ ethnicity (Gil, 1970). An inverse 

relationship was found between many types of child abuse and neglect 

with social class (Brown, 1984).  Even though this relationship was 

weak, it was demonstrated that child sexual abuse occur 17 times more 

often in families with low-income in the study conducted by U.S. 

Department of Health and Human Services in 1996 (Sedlak & 

Broadhurst, 1996). Similar results were found in the subsequent studies 

and this shows that there is more likelihood of facing higher levels of 

both child abuse and neglect by children of lower educated and parents 

with lower occupational prestige (Brown, 1998). In a study conducted 

by Scher and colleagues (2004), it was found that female children in 

White families faced more emotional abuse, physical neglect and 

higher prevalence of sexual abuse along with several types of 

contemporaneous maltreatment. Parental incarceration was also an 
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increasing traumatic experience for many African American children 

(Wildeman, 2009) that affected child’s development (Miller, 2006). 

2.10 Deviant Peer Imitation 

During the formative peer encounters of a child, the child’s 

circumstances surrounding in the home life have a direct impact on the 

type of individual they interact and imitate. In a study conducted by 

Fergusson and Horwood (1999), it was evident that parental violence 

and conflict, parental substance abuse and childhood abuse could be 

used as predictors of later deviant peer association. In children, lower 

levels of peer antisocial behaviour was shown during the positive 

parental disciplinary practices (Dishion et al., 1991). Greater number 

of deviant peer affiliations was associated with more traumatic 

parenting practices (Brody, 2001).  

During childhood, both physical and emotional neglect were 

found to be predictive of peer adjustment problems and associating 

with deviant peers (Chapple et al., 2005). Reduced social competence 

and peer interactions were noticed in children growing up in a 

household with someone suffering from a mental illness (Billings & 

Moos, 1983; Thomas et al., 1995). Margolin and Gordis (2004) found 

that exposure to family violence correspond with peer conflict 

resolution difficulties. 

It was more probable that children who have experienced 

trauma could either withdrawn toward other children in their age group 

or be aggressive and commonly disliked by majority of their peers 

(Mueller & Silverman, 1989; Anthonysamy & Zimmer-Gembeck, 
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2007). It was found that abused children show higher levels of 

impulsivity and during adolescence they associate with deviant peers 

(Wright et al., 1999; Baron, 2003). Child’s intellectual abilities were 

affected by the traumatic experiences, resulting in significantly 

weakened school comprehension and performance (Erickson et al., 

1989; Eckenrode, 1993). It was more likely that children, who 

experienced trauma during childhood, get in trouble in school and 

higher rates of dropping out prior to graduation (Kendall-Tackett & 

Eckenrode, 1996; Kokko et al., 2006).  

2.11 ACEs and Maladaptive Personality Development 

Researchers have shown that during the formative years, abuse 

and neglect could even affect child’s brain which hinders the normal 

development and could lead to certain maladaptive and problematic 

behaviour patterns (Cicchetti & Toth, 2005). More problematic 

conduct disorders were developed as a result of the related problem 

behaviours (Jessor & Jessor, 1977; Jessor, 1987). Traumas other than 

abuse and neglect also affect the developmental process of a child in a 

variety of facets of their life (Reed & Reed, 1997; Murray et al., 2012). 

As a result of the early childhood traumatic experiences, creation of 

two traits in childhood were hypothesized and these traits were 

aggression and impulsivity, which were relatively stable throughout 

life (Olweus, 1979; Gottfredson & Hirschi, 1990; Farrington, 1994). 

2.12 ACEs and Serious, Violent, Chronic (SVC) Delinquency 

Several researches have examined the occurrence of ACEs in 

juvenile delinquents. Group of juvenile delinquents that commit 
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highest rate of violent offenses in any given population were known as 

serious, violent and chronic (SVC) delinquents (Loeber & Farrington, 

1998). Even though this group represent a very small proportion of 

total offenders, more than half of all serious violent offences were 

committed by less than one-tenth of these juvenile delinquents 

(Piquero, 2011). It was more likely that the violent behaviour persist in 

adulthood also, in the group of juvenile delinquents who involve in 

serious violent behaviour at an early age (Elliott, 1994). More acts of 

antisocial behaviour were shown by the violent criminals and they had 

a higher likelihood of reoffending (Farrington, 1982). It has been found 

that the factors that contribute to chronic persistent delinquency closely 

mirror to the contributing factors for violent delinquency (Brame et al., 

2001; Piquero et al., 2012). The children who develop aggression 

earlier in life would be expected to be more likely to advance into 

more serious and violent delinquent behaviour during their adolescent 

years (Loeber et al., 1998). 

Grevstad (2010) showed that the ACE scores were three times 

higher in juvenile delinquents than the score reported in the study of 

Felitti and colleagues. There were more chances for the youth with 

higher ACEs to both offend and reoffend than the youth with lower 

ACEs. Hence there was a need of policy implications, screening and 

addressing the ACEs in juveniles for preventing them in reoffending 

(Baglivio et al., 2013). It was often found that numerous 

developmental, psychological and social risk factors heighten the 

propensity of SVC delinquents in developing chronic violence 

throughout life (Fox et al., 2014). In a study among 64,000 adjudicated 
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juvenile offenders, Baglivio and colleagues (2015) identified different 

offending trajectories and distinguished the patterns of early onset and 

chronic offending from mid-to-early onset, based on the exposure to 

ACEs. It has been shown that the possibility of serious, violent and 

chronic (SVC) delinquency in juveniles could be predicted by 

analysing higher ACE scores (Fox et al., 2015). Among early onset 

juvenile offenders who have committed homicide and attempted 

homicide, there was a link between these offences and ACE such as 

living with household metal illness (Baglivio et al., 2017). 

It was substantiated by several longitudinal studies that chronic 

adolescent violence had relationship with childhood traumas 

(Farrington, 1989; Widom, 1989; Smith & Thornberry, 1995; Lansford 

et al., 2007). In the self-reported violence, emotional and 

psychological abuse has been shown to be predictive of violent 

behaviour (Song et al., 1998). For the perpetration of chronic violence, 

the most consistent predictor was physical abuse (Mass et al., 2008). 

This view was opposed by Yun and colleagues (2011) and they 

concluded that for chronic violence, physical abuse alone was 

unrelated, but instead sexual abuse and childhood neglect were each 

independently predictive. Herrenkohl and colleagues (2008) found that 

the effects of child abuse and domestic violence simultaneously have a 

“double whammy” or trigger compounding effect on violent 

behaviour. In the study that tested the effects of occurrence of ACEs 

all together on youth’s commission of violence, independent 

associations were found with general adolescent violent crimes, 

fighting, bullying, dating violence, weapon carrying and sexual abuse, 
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physical abuse, household substance abuse (Duke et al., 2010), where 

the risk of each types of violence was increased 35% to 144% 

depending on each additional ACE. 

Higher levels of SVC delinquency were shown by children 

with higher levels of childhood trauma as a result of greater imitation 

of antisocial siblings and delinquent peers (Maguin et al., 1995).  

During early adolescence, weak attachment to school and poor grades 

had been found to predict higher levels of violence all through the 

subsequent years of adolescence (Saner & Ellickson, 1996; Dahlberg, 

1998; Ellickson & McGuigan, 2000). Among the male high school 

dropouts, one-quarter became SVC delinquents and nearly half became 

a serious delinquent (Huizinga & Jakob-Chien, 1998). Ikomi (2010) 

reported that chronic rates of violent felony referrals were more among 

school dropouts. 

2.13 Aggression 

Aggressions in children have long been linked to the childhood 

trauma experiences (Aber et al., 1989). It was found that harsh 

discipline and the model of the cycle of violence, where the children 

who were aggressive and violent towards others, were victimized early 

in life (Dodge et al., 1990). Klika and colleagues (2013) reported that 

physical abuse in childhood results in early aggressive and antisocial 

behaviour which persist throughout life. Another important predictor 

of higher levels of childhood aggression was childhood neglect (Kotch 

et al., 2008). Increase in the levels of aggression at age 5 was noticed 

in the children who were subjected to minor corporal punishment like 

spanking at age 3 (Taylor et al., 2010). Emotional abuse during 
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childhood also predicted later forms of aggression towards others 

(Allen, 2011). Child’s risk for aggression significantly increases when 

there is dual exposure to both child abuse and witnessing domestic 

violence (Sousa et al., 2010). The effects of parental incarceration on 

childhood aggression were studied in a meta-analysis which showed a 

consistent relationship (Murray, 2012). 

One of the significant risk factors for persistent adolescent 

violence was childhood aggression (Dahlberg, 1998; Dahlberg & 

Potter, 2001). It was well documented that aggression and violence 

have stability throughout childhood and adolescence (Farrington, 1994; 

Loeber & Hay, 1997). SVC delinquents throughout their childhood 

demonstrated significantly higher aggression (Huizinga & Jakob-

Chien, 1998). Another study revealed that more than half of the 

children before the age 9, who have showed aggressive and violent 

tendencies, became serious violent adolescent delinquents (Thornberry 

et al., 1995). This high level of stability among childhood aggression 

and adolescent violence did not necessarily mean that all children those 

who were aggressive would become aggressive adults, but it definitely 

indicates an association between them. Researchers have theorized that 

some aggressive children may have certain resiliency factors that 

dampen subsequent violence. Herrenkohl and colleagues (2003) 

demonstrated that early aggression and subsequent violence was 

diminished in persons who had a positive family environment and 

positive school experiences. Also, the relationship between early 

aggression and subsequent violence heightened in children who 

experienced other risk factors such as antisocial peers. It was more 

likely that individuals with higher levels of early-childhood aggression 

continue their violent behaviour into adolescence (Brame et al., 2001). 
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When compared to proactively aggressive individuals, reactively 

aggressive individuals were more susceptible to impulsive and angry 

outbursts to external events (Conner et al., 2003). 

2.14 Impulsivity 

The level of impulsivity of a child is an important determinant 

for the consequent behaviour and conduct. Effective parenting 

practices were the only cause of developing self-control and resistance 

to immediate impulses in a child (Gottfredson & Hirschi, 1990; Gibbs 

et al., 1998; Unnever et al., 2003). Childhood trauma severely 

damages the developing brain of a child and the key inhibitors required 

for the effective resistance and regulations of emotions are diminished 

(Braquehais et al., 2010).  

Study conducted by Farrington (1989) indicated that 

perpetration of consequent violence in later adolescence was able to be 

predicted by impulsivity during childhood. Another study showed that 

when controlling for other key demographic risk factors, for violent 

delinquency low impulse control was a strong predictor (Baron, 2003). 

When provoked, it was more likely that individuals with low self-

control behave violently (DeWall et al., 2007). 

2.15 ACEs and Violent Behaviours 

Experiences of childhood maltreatment and trauma can 

ultimately direct to serious juvenile violent behaviour. This behaviour 

can be expressed in two ways: the adolescent can express the 

behaviour outwardly and act violently towards others, or on the other 

hand, the problems can be internalized by the adolescent and become 

inwardly violent. Adverse childhood experiences were associated with 
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self-injurious, suicidal and violent delinquent behaviour (Malinosky & 

Hansen 1993; Brown et al., 1999; Dube et al., 2001). It was found by 

Moylan and colleagues (2010) that the child’s risk for both 

externalizing and internalizing their negative emotions were increased 

when subjected to the traumatic experiences in the childhood, such as 

witnessing domestic violence and abuse.  

2.16 Health Risk Behaviours (HRBs) 

According to World Health Organization (2002) modifiable 

health risk behaviours such as smoking, alcohol intake and substance 

abuse, both individually and collectively accounts for substantial 

morbidity and mortality throughout life. Critically, the frequency of 

these risk behaviours rises with increasing age, especially during 

teenage and often continues into early adulthood (Smith & Bradshaw, 

2005). Several studies have demonstrated the clustering of health risk 

behaviours such as smoking, alcohol intake and substance abuse during 

adolescence (Smith & Bradshaw, 2005). 

According to the Cumulative Risk Theory, the outcome of the 

exposure to adverse events by a child will in a dose-dependent manner 

(Sameroff et al., 1999). Consistent with this theory, several researchers 

have found that exposure to multiple adverse childhood experiences 

(ACEs) are predictive of many of the leading causes of health risk 

behaviours (Dube et al., 2003; Garrido et al., 2011; Strine et al., 2012) 

2.16.1 Alcohol 

In order to cope with their emotions, there is an increased risk 

of utilizing alcohol by the children who have experienced early 

childhood trauma. In the children who have experienced childhood 
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adversities an independent association between earlier drinking onset 

and sexual abuse, physical abuse, household substance abuse, 

household mental illness and parental separation were seen (Rothman 

et al., 2008). Alcohol use disorders (AUD) and problem drinking 

behaviours were found in children who were abused (Dube et al., 

2002; Simpson and Miller, 2002). Problem drinking behaviour exists 

in the form of either dependence or abuse. Children having these two 

AUDs were likely to have a history of sexual abuse 18 to 21 times 

more and physical abuse, 6 to 12 times more (Clark et al., 1997). 

Beyond the effect of growing up with an alcoholic parent, various 

adverse childhood experiences could be used as a predictive of later-

life alcoholism (Anda et al., 2002). These findings suggest that it is 

more likely to provide a traumatic home environment by the alcoholic 

parents which further fuel the child’s consequent alcohol dependence 

and abuse. The role of alcohol in violent crime was proved in a review 

conducted by Parker (2004). In a survey conducted by United States 

Department of Justice in 2010, it was found that approximately one-

third of crimes were linked to alcohol use, especially in the areas of 

juvenile delinquency, sexual assault, domestic violence and homicide 

(Horvath & LeBoutillier, 2014). 

2.16.2 Drugs 

Varieties of other mood-altering substances are used by 

children in connection to childhood adversity. Use of marijuana, 

alcohol and polysubstance abuse was a predictive of anxiety, 

depression and conduct disorders (Greenbaum et al., 1991; Neighbors 

et al., 1992). Substance abuse could exacerbate the symptoms of 
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depression, anxiety or other mental illnesses. The co-occurrence of 

these two problem behaviours intensifies the effect of both and propels 

youths towards severe violent and antisocial behaviours (Deykin et al., 

1987; Simons et al., 1988). Higher rates of disruptive behaviour 

disorders and depressive disorders were shown by the juveniles with 

greater levels of alcohol abuse (Rohde et al., 1996). Hence it was more 

likely that the onset of these behaviours is rooted in variety of adverse 

experiences during childhood. Two to four times increase in the early 

initiation of illicit drug use, drug addiction and drug use problems were 

found with each adverse childhood experience (Dube et al., 2003). 

Intravenous drug and substance use were found in children those who 

were physically and sexually abused (Ompad et al., 2005; Kerr et al., 

2009). Exposures to several ACEs were a predictive of multiple 

substance use like the use of illicit drug use and alcohol simultaneously 

(Harrison et al., 1997). Rebellion towards traditional social values may 

be manifested by children who express their anger through early life 

aggression (Brook et al., 1992). This rebellion could take place in the 

form of drug experimentation and abuse. It was found that conduct 

problem and aggression is related to chronic substance abuse and 

dependence which persist in adulthood also (Fergusson et al., 2007). 

The initiation, abuse and dependence of mood-altering substances like 

alcohol, nicotine and illicit drugs are associated with higher levels of 

impulsivity (Dawe & Loxton, 2004; Gullo & Dawe, 2008; Verdejo- 

Garcia et al., 2008). 
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This chapter provides the details of materials and methods used 

in this study. This comprises of participants, DNA collection 

techniques, methodology used for genotyping, data collection tools and 

the statistical techniques employed. This chapter has been presented in 

two parts.  

Each part has two phases. Part-I, deals with the methodology 

used for genotyping all the participants for identifying the allelic 

variants of MAOA-uVNTR polymorphism. First phase in the part-I 

explains the methodology adopted for conducting the pilot study for 

the standardization of laboratory protocols. Pilot study has been 

executed to identify the best biological sample collection procedure for 

obtaining high quality genomic DNA from the participants and for 

amplifying the desired sequence of MAOAgene using PCR technique. 

In the second phase of the part- I, the main study, methodology used 

for identifying the participants, buccal swab collection and genotyping, 

identification of the 30 bp repeats of MAOA-uVNTR polymorphism 

and in silico sequence analysis have been explained. 

Methods used for standardization of data collection tools, 

assessment of demographic information, adverse childhood 

experiences (ACEs), health risk behaviour (HRBs) of the participants 

and the criminal history of recidivist violent offenders has been 

explained in the part-II. First phase of part- II explains the 

methodology adopted for conducting the pilot study for the 

standardization of data collection tools. Second phase of the part- II, 

the main study, consists of the methodology for experimental research 

adopted for assessing the ACEs and HRBs of the participants. Also, 

this phase explains the procedure for estimating the violent criminality 
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of the recidivist offenders. Even though, the study is described in two 

parts, all the processes were conducted simultaneously.  

PART- I: GENOTYPING OF uVNTR POLYMORPHISM OF 
MAOA GENE 

Aim of this part of the study was to identify the allelic variants 

of MAOA-uVNTR polymorphism in the participants.  

3.1 Phase- I: Standardization of laboratory protocols (Pilot 
study) 

This phase explains the necessity of the pilot study and the 

methodology employed for identifying the best biological sample 

collection technique for obtaining high quality genomic DNA from the 

participants. As the participants of this study were humans, especially 

violent offenders, it was necessary to adopt a convenient and cost 

effective method for collecting biological samples for obtaining 

sufficient quantity and quality of DNA in field conditions.  

3.1.1 Participants 

Ten male volunteers belonging to the various departments of 

University of Calicut were identified and included in the pilot study. 

3.1.2 Collection, isolation, quantification and PCR analysis of 
genomic DNA 

3.1.2.1 Collection, preservation and transport of biological samples  

 After getting the informed written consent from the 

participants, the biological samples included buccal cells, dried blood 

and saliva were collected by commercially available collection kits. 

Buccal epithelial cells were collected using two sterile swabs per 
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participant. One swab was ‘Sterile Foam Tipped Applicator’ (Figure 

3.1) from Puritan, USA, with plastic handle and dry transport system. 

Other was ‘Sterile Foam Tipped Swab’ (Figure 3.2) from HiMedia 

Laboratories Pvt. Ltd., India. All the participants were asked to desist 

from eating or drinking 1 hour prior to buccal cell collection. Inside 

cheeks of each participant were brushed for 45 s with each sterile 

swab. Blood was collected from same participants on blood sample 

storage card, ‘NucleoSave’ (Figure 3.3) from Macherey-Nagel GmbH 

& Co. KG, Germany. Finger puncture method was followed to collect 

blood using a sterile lancet. Aseptic conditions were maintained while 

blood collection. 

 Whole saliva was collected from same ten participants using 

whole-saliva collection kit ‘Oragene DNA (OG-500)’ (Figure 3.4a) 

from DNA Genotek, Inc., Ottawa, Ontario, Canada, following the 

manufacturer's instructions (Birnboim, 2004). Approximately 2 ml 

saliva was deposited by the participants into the collection cup (Figure 

3.4b). Four hour gap was maintained between buccal swab and saliva 

collection procedure. The cap attached along with the collection cup 

was securely fastened after the collection of sufficient quantity of 

saliva, so that solution stored in the cap was released and mixed with 

the saliva. Buccal cells, blood and whole-saliva were collected from 

the participants on the same day. Buccal swabs and blood storage cards 

were air dried immediately after the sample collection and stored at 

room temperature for seven days including the saliva samples in order 

to mimic the exact field conditions. 
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Figure 3.1: Sterile Foam Tipped Applicator, Puritan, USA. 
 

 
 

Figure 3.2: Sterile Foam Tipped Swab, HiMedia Laboratories Pvt. 
Ltd., India. 
 

 
 

Figure 3.3: NucleoSave, Macherey-Nagel GmbH & Co. KG, 
Germany. Illustrative blood spot shown. 
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Figure 3.4a: Oragene DNA (OG-500), DNA Genotek, Inc., Ottawa, 
Ontario, Canada. 

 

 
 

Figure 3.4b: Oragene DNA (OG-500) saliva collection cup with 
blue coloured cap. 
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3.1.2.2 Isolation of genomic DNA from samples 

a) Buccal swab 

Swab containing tip along with the plastic handle was cut using 

a sterile scissor and was placed in 1.5 ml microcentrifuge tube. To each 

samples 400µl phosphate buffered saline (pH 7.4) was added. DNA 

was extracted from the buccal cells using the QIAamp DNA Mini Kit 

(Qiagen) following the buccal swabs protocol (Appendix 1) with minor 

modifications in the final elution step. The final elution was done in 

two steps by adding 75µl Buffer AE and centrifuged at 8,000 rpm for 1 

minute instead of elution in single step by adding 150µl Buffer AE. 

Also, Buffer AE was heated for 60 ºC before adding to the QIAamp 

Mini spin column. After adding the heated buffer AE, the column was 

incubated at room temperature for 10 minute in the modified steps 

before centrifugation. Eluted DNA was stored at -20ºC until further 

use. 

a) Saliva 

Isolation of genomic DNA from whole-saliva collected in 

Oragene DNA (OG-500) kit was done as per the manufacturer's 

protocol (Appendix 2). Extracted DNA was dissolved in 100µl AE 

buffer provided in QIAamp DNA Mini Kit (Qiagen) and stored at        

-20ºC. 

b) Dried blood  

From the centre of blood soaked region of NucleoSave, 0.5 cm2 

area was cut using a sterile surgical blade and added to 1.5 ml micro 
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centrifuge tube. Genomic DNA was then eluted using the QIAamp 

DNA Mini Kit (Qiagen) following the dried blood spots protocol 

(Appendix 3) with the same modifications in the final elution step as 

mentioned in the case of buccal swab.  Eluted DNA was stored at         

-20ºC until further use. 

3.1.2.3  Quantitative and qualitative assessment of DNA 

a) UV spectrophotometry 

The yield and quality of genomic DNA extracted from the 

buccal cells, dried blood and saliva were determined using UV 

spectrophotometry (Eppendorf BioSpectrometer® basic 6135, 

Germany) following the manufacturer’s instructions. The 

concentration and purity of genomic extracted DNA were measured by 

spectrophotometric absorbance of ultraviolet light at wavelengths of 

260, 230 and 280 nm. The ratio of absorbance of about 1.8 for the 

optical density (OD) at 260 nm/ 280 nm was considered to be the 

presence of high quality of nucleic acid with less protein and organic 

contamination. A higher value (~2.0- 2.2) for the ratio of absorbance 

for the OD at 260 nm/ 230 nm was preferred, which indicates limited 

salt and alcohol contamination (Mackey & Chomczynski, 1997; 

Rogers et al., 2007). 

b) Agarose gel electrophoresis 

The integrity of extracted DNA was evaluated by running 8 µl 

of each sample on 0.9 % agarose gel supplemented with ethidium 

bromide (0.5 μg/ml final concentration) (Sigma Aldrich Chemical Pvt. 
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Ltd., India) in TBE buffer (890 mM Tris base, 890 mM Boric acid,    

0.5 M EDTA at final pH 8.3) at a constant current at 105 V for 45 

minute. Bands of DNA were visualized in gel documentation system 

(G: BOX, F3, SYNGENE, UK) for examining the level of DNA 

degradation and digital photographs were taken. The bands were 

compared against 1.5 kb known molecular weight marker (50 DNA 

ladder, HiMedia). 

c) Polymerase chain reaction for MAOA-uVNTR 
amplification 

PCR amplification of the 30-bp repeat polymorphism in the 

promoter region of the MAOA-uVNTR gene was performed using PCR 

Master Mix (Qiagen HotStarTaq Master Mix Kit) containing a final 

concentration of 1.5 mM MgCl2, 1x PCR Buffer, 200 μM of each 

dNTP, 2.5 units HotStarTaq DNA Polymerase. Previously published 

primer (Sabol et al., 1998) sequences for MAOA- uVNTR were used, 

forward primer (MAOaPT1): 5’ACAGCCTGACCGTGGAGAAG-3’, 

reverse primer (MAOaPB1): 5’-GAACGGACGCTCCATTCGGA-3’ 

(Sigma Aldrich Chemical Pvt. Ltd., India). Through several 

standardization processes, total reaction volume of PCR was able to be 

reduced to 12.5 µl from 50.0 µl by varying the master mix volume, 

primer concentration and sample dilution. PCR reactions were 

conducted in the gradient thermal cycler (Sure Cycler 8800, Aligent 

Technologies, USA) with the following amplification protocol and 

reaction volume as shown in tables 3.1 and 3.2. 
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Table 3.1: PCR cycling conditions 

Step Time Temperature 

Initial heat activation 15 minute 95˚C 

3-step cycling with 35 cycles 

Denaturation 1 minute 95˚C 

Annealing 1 minute 62˚C 

Extension 1 minute 72˚C 

 
Final extension 10 minute 72˚C 
Holding Infinite 4˚C 

 

Table 3.2: Standardized PCR reaction volume 

Reaction mix Volume Concentration 

Master mix 6.25µl - 

Forward primer 1.25µl 0.5 µM final concentration 

Reverse primer 1.25µl 0.5 µM final concentration 

Sterile double 
distilled water 

3.25µl - 

Template DNA 
(sample) 

1.25µl 0-20 times diluted (depends on the 
concentration of DNA) 

Total reaction 
volume 

12.5µl - 

 

Amplification of the desired sequence was confirmed by 

running 6 µl PCR products in 2 % agarose gel supplemented with 

ethidium bromide (0.5 μg/ml final concentration) (Sigma Aldrich 

Chemical Pvt. Ltd., India) in TBE buffer. Bands of amplified products 

were visualized in Gel documentation system and sizes were compared 

against 50 bp DNA Ladder (HiMedia, India) with visible bands of 

length 1000, 900, 800, 700, 600, 500, 400, 300, 250, 200, 150, 100, 50 

bp. 
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3.1.3 Statistical technique 

Statistical analyses of the data were performed using SPSS 20.0 

for Windows. The yield and purity of DNA extracted from samples 

collected by four different collection methods were compared by one- 

way ANOVA with post-hoc Scheffe test. Criterion for statistical 

significance was set at p < 0.05 and 0.001. 

3.2 Phase- II: Main study 

This phase describes the procedure developed for the selection 

of participants as per the objectives of the study, procedures undergone 

for identifying and approaching the participants for sample collection, 

details of sample collected and methods used for genotyping. Methods 

used for analysing the tandem repeats and in silico sequence analysis 

of MAOA-uVNTR polymorphism of the participants are also explained 

in this phase. 

3.2.1 Hypothesis 

Based on the second and third objectives of this study and 

reviews of various research studies described in the previous chapter, 

the hypothesis was formulated. Following was the hypotheses 

formulated for the part- I of the study. 

i. There will be significant association between the violent 

criminality and allelic variants of MAOA-uVNTR 

polymorphism in the participants. 
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3.2.2 Research design 

Simple random sampling method was used in this study since 

investigator had a list of all subjects in the target population and drawn 

a random sample from the list of subjects in the sampling frame. In this 

method of sampling every subject has an equal chance of being 

selected for the study (Elfil & Negida, 2017). Also, the characteristics 

of a population can be well understood through interview schedule in 

this method (Suresh et al., 2011).  

3.2.3 Participants 

a) Universe of the study 

The universe of the study was offenders from Thrissur, 

Palakkad, Malappuram, Calicut and Kottayam districts of Kerala. The 

population of the study were male habitual/ recidivist violent offenders 

and age matched controls, termed as case and control respectively. 

b)  Case 

This group included male habitual/ recidivist violent offenders. 

A male recidivist violent offender in this study referred to an 

individual, who met the inclusion and exclusion criteria. Out of the 

fifty two recidivist violent offenders identified, only thirty five gave 

informed written consent for participating in this study during this 

period. Hence the first group, case consisted on 35 participants. 

In the State of Kerala, the followings Acts and Rule deal with 

the habitual/ recidivist offenders. 
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 Habitual Offenders Act, 1960. 

 Kerala Anti-Social Activities (Prevention) Act, 2007

 (KAAPA Act). 

 Chapter XIV, Section 200-205 & 207 of the Kerala Prisons 

Rules, 1958. 

Inclusion and exclusion criteria regarding the selection of 

participants of this study were developed with the help of 

Criminologist, Kerala Police.  

i) Inclusion criteria 

Since the outcome of the aggressive behaviour is in the form of 

offences against person and property mostly, recidivist violent 

offenders of this proposed research met three criteria:- 

 Above the age of 18 and willing to provide informed written 

consent. 

 Convicted for offences punishable under Chapter XVI 

(Offences affecting the Human Body) or Chapter XVII 

(Offences against property) or both of Indian Penal Code, 1860. 

 Included in the history sheet of ‘Known Depredator (K.D)’/ 

Habitual offender’/ ‘Ex-convicts and Jail released list’ in the 

police stations of Kerala State, as per the Acts/ Rules as 

mentioned above. 
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ii) Exclusion criteria 

 Individuals with reported psychiatric disorders were excluded 

from the study. 

 Females were excluded from the study. 

c) Control 

This group included 32 individuals who were the neighbours of 

the cases. 

i) Inclusion criteria 

 Individuals of same age, sex, socio-demographic background. 

 No specified antisocial behaviour and registered criminal cases. 

ii) Exclusion criteria 

 Individuals with reported psychiatric disorders were excluded 

from the study.  

 Females were excluded from the study. 

3.2.4 Procedure of sample collection, genotyping and in silico 
sequence analysis 

a) Sample collection from Cases 

Since the details of offenders were available in records in the 

various prisons, police stations, state and district Crime Records 

Bureaus, a request to grant permission to the investigator to visit all 

prisons and police stations for data collection and conduct this study 

among the recidivist offenders was sent through the Registrar, 

University to the Principal Secretary to Government, Department of 

Home, Government of Kerala. 
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Initially permission was not granted and on briefing about this 

study by the investigator before the then Director General Police 

(Prisons), Kerala and submitting a clarification letter, permission was 

granted to visit all prisons to identify and interview the prisoners. Also, 

the permission was limited to collect biological samples from released 

prisoners only. 

With an intention to conduct pilot study among the offenders, 

the investigator visited Central and District Prisons located at Viyyur, 

Thrissur district of Kerala; sub- jail, Kakkanad, Ernakulam district of 

Kerala. Details of the released recidivist violent offenders meeting the 

inclusion criteria and exclusion criteria were obtained from the prisons 

and the investigator approached these individuals at their residence or 

convenient places for interview and sample collection. The responses 

and behaviour from some of these individuals were bitter and 

threatening. Also, the investigator found it very difficult to reach these 

individuals who were hard-core violent offenders. Hence an appeal to 

collect buccal samples from the prison inmates itself was again 

submitted before the Government, with detailed description about the 

sample collection procedures and confidentiality maintained to protect 

the human rights of the prison inmates. This appeal was also rejected 

by the Government. 

As the investigator already got the permission to conduct this 

study among the released prisoners, letters were sent by the 

investigator to the District Police Chiefs of Thrissur, Palakkad, 

Malappuram, Calicut and Kottayam districts of Kerala, requesting for 

the assistance of Police to conduct the study. Permission was granted 
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to verify the records of the offenders in these respective District Crime 

Records Bureaus. The investigator with the help of the Deputy 

Superintend of Police (DySP) and Circle Inspectors (CI) of these 

districts made a preliminary list containing details of seventy recidivist 

violent offenders. Some of the offenders belonging to this list died due 

to gang wars during the period of this study, some were imprisoned 

again for committing crime and few were not approachable due to the 

security reasons. Thus the investigator was able to approach fifty two 

recidivist violent offenders only.  

On prior intimation by the police officials, these offenders were 

asked to be present in the police stations or called upon to their 

convenient place or visited at their residence. During the first meeting 

the investigator self introduced, described about the study and 

informed about the right of the participant to withdraw from the study 

voluntarily at any time. After creating a good rapport with the 

offender, investigator requested for their voluntary willingness to be 

participant of this study. On getting the voluntary willingness, written 

informed consent were obtained from them. After noting down the 

demographic information, face-to-face interview was conducted and 

the details of the same are explained in the following section 3.4.6a. 

After the interview, buccal swabs were collected from each participant 

by the standardized collection procedure using ‘Sterile Foam Tipped 

Applicator’, Puritan, USA. Tubes containing the buccal swabs were 

coded and preserved at room temperature. They were taken to the 

UGC- SAP laboratory facility available in the Department of Zoology, 

University of Calicut, within seven days for processing and the DNA 

extraction. 
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b) Sample collection from controls 

After identifying the controls, it was confirmed by the 

investigator with the concerned police station that there was no history 

of any specified antisocial behaviour or criminal cases registered 

against them. Thirty two individuals belonging to controls were met at 

their residence and all the procedures that were done for the sample 

collection from cases were followed in this group also. 

c) Genotyping the samples from cases and controls 

DNA was extracted from the buccal swabs in batch wise 

depending on the availability and field work. Standardized extraction 

protocol was followed (Prasad & Vardhanan, 2018). Presence of 

sufficient quantity of DNA was confirmed by running agarose gel 

electrophoresis and visualized in Gel documentation system. Eluted 

DNA was stored at -20ºC until further use. 

PCR amplification of desired sequence in the uVNTR regions 

of the MAOA gene was performed in sixty seven samples by the 

standardized protocol. In the case of non successful amplification, the 

template DNA was diluted up to 20 times depending on the 

concentration of DNA. Proper amplification of the desired sequence 

and quality of the PCR products were analysed through agarose gel 

electrophoresis and visualized. Remaining quantity of PCR products 

were stored at 4˚C in a refrigerator until sequenced.  

For sequencing, 6 µl of PCR products were sent to Regional 

Facility for DNA Fingerprinting at Rajiv Gandhi Centre for 

Biotechnology, Thiruvananthapuram, Kerala, India. PCR products 

were treated with EXoSAP-IT (GE Healthcare) for removal of 
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unwanted primers and dNTPs. For this cleaning procedure 5 µl of PCR 

product was mixed with 2 µl of ExoSAP-IT and incubated at 37oC for 

30 minutes followed by enzyme inactivation at 80oC for 15 minutes. 

Sequence analysis of the PCR products were done in Applied 

Biosystems® 3500 Genetic Analyzer. The sequence quality was 

checked using Sequence Scanner Software v1 (Applied Biosystems). 

Sequence alignment and required editing of the obtained sequences 

were carried out using Geneious Pro v5.1 (Drummond et al., 2010). 

d) In silico sequence analysis 

Chromatograms obtained were converted to FASTA format and 

the 30 bp tandem repeats in the DNA sequence were analysed using 

online program, Tandem Repeats Finder (Benson, 1999). Multiple 

alignments of the sequences were done using MultAlin software 

(Corpet, 1988). All the individual nucleotide sequences were deposited 

to GenBank ®, the genetic sequence database of National Institutes of 

Health (NIH), Department of Health and Human Services, United 

States. MAOA promoter sequence was retrieved from NCBI (GenBank 

M89636) (Zhu et al., 1992) and compared with all the sequences 

obtained in this study. 

3.2.5 Statistical analysis 

A χ2- test was performed to compare the association between 

allelic variants of MAOA-uVNTR polymorphism and violent 

criminality across categorical variables (case and control). All analyses 

were conducted using SPSS 20.0 for Windows. Criterion for statistical 

significance was set at p < 0.05 and 0.001. 
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PART-II: ASSESSMENT OF ADVERSE CHILDHOOD 

EXPERIENCES (ACEs) AND HEALTH RISK BEHAVIOURS 

(HRBs) 

Aim of this part of the study was to know the demographics 

and to assess the Adverse Childhood Experiences (ACEs) and Health 

Risk Behaviours (HRBs) of the participants. The crime history of the 

recidivist violent offenders was also examined. 

3.3 Phase- I: Standardization of data collection tools (Pilot 
study) 

This phase explains the methodology employed for conducting 

the pilot study, which was carried out to:-  

1. To detect the possible flaws in the data collection tools like, 

interview time, limits etc.  

2. To identify ambiguous or unclear questions in the data 

collection tools.  

3. To test the objective that leads to testing more precise objective 

in the main study.  

4. To establish whether the sampling frame and techniques are 

effective.  

5. To check the reliability and validity of results. 

The adverse childhood experiences; use of tobacco, alcohol and 

street drugs/ substance abuse during the first 18 years of life of the 
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participants were assessed retrospectively using various data collection 

tools. 

3.3.1 Participants 

Twenty male participants were included in the pilot study. This 

consisted of 10 numbers of incarcerated recidivist violent offenders 

meeting the inclusion and exclusion criteria and 10 numbers of age 

matched volunteers belonging to the various departments of University 

of Calicut. The 10 volunteers were the same participants as mentioned 

in the section 3.1.1. 

3.3.2 Data collection tools 

Adverse Childhood Experiences International questionnaire 

(ACE-IQ) was used in the pilot study to assess common aspects of 

childhood traumas. Questions used to define Health Risk Behaviours 

like tobacco use, alcohol use and street drugs/ substance abuse were 

adapted from the male version of Family Health History Questionnaire 

of the CDC-Kaiser Permanente Adverse Childhood Experiences 

(ACE) Study (Centre for Disease Control and Prevention, 2014). All 

the questions in both the data collection tools were translated into 

regional language, Malayalam and standardized. Translation was done 

with the help of psychology and language experts.  

1) Adverse Childhood Experiences International 

questionnaire (ACE- IQ) 

ACE-IQ was developed by World Health Organization (WHO) 

(World Health Organisation, 2014) with an intention to measure 
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adverse childhood experiences (ACEs) in all countries. This 

questionnaire was designed for administrating to people aged 18 years 

older and measures the adverse childhood experiences retrospectively. 

ACE- IQ contains 9 sections, Demographic information, Marriage, 

Relationship with Parents/Guardians, Family environment, Peer 

violence, Witnessing community violence, Exposure to War/ 

Collective Violence.  

Using the original ACE-IQ, 13 categories of childhood 

experiences can be assessed, which include physical abuse (2 

questions); emotional abuse (2 questions); contact sexual abuse (4 

questions); alcohol and/or drug abuser in the household (1 question); 

incarcerated household member (1 question); someone chronically 

depressed, mentally ill, institutionalized or suicidal (1 question); 

household member treated violently (3 questions); one or no parents, 

parental separation or divorce (2 questions); emotional neglect (2 

questions); physical neglect (3 questions); bullying (3 questions); 

community violence (3 questions); collective violence (4 questions) 

(World Health Organisation, 2014). Demographic information includes 

sex, date of birth, age, ethnic group, education level, employment, 

civic status and questions about marriage. 

Experts of WHO developed latest version of ACE- IQ based on 

the field studies done in seven countries. Study done using ACE- IQ 

among adolescents in Vietnam showed good concurrent validity (Tran 

et al., 2015). As a part of broader health surveys, this questionnaire is 

being validated in several countries (Almuneef et al., 2014; Bellis et 

al., 2014). 
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2) Health Risk Behaviour questions 

Questions regarding the use of tobacco, alcohol and street 

drugs/ substance abuse used in the CDC-Kaiser Permanente Adverse 

Childhood Experiences (ACE) Study (The Centers for Disease Control 

and Prevention, 2014), were used in this study. There were six 

questions, three of were ‘yes’ or ‘no’ questions and others were 

regarding the age of onset of using tobacco, alcohol and street drugs/ 

substance abuse. The participants reported whether they started the 

habit of using tobacco, alcohol and street drugs/ substance abuse 

before the age of 18. 

ACE questionnaires used in the CDC-Kaiser Permanente 

Adverse Childhood Experiences (ACE) Study had demonstrated good 

reliability, strong internal consistency and concurrent validity (Murphy 

et al., 2014). 

3.3.3 Definitions of Adverse childhood experiences  

There were 13 categories of adverse childhood experiences 

(ACEs) and 3 categories of health risk behaviour (HRBs) measured 

using ACE- IQ data collection tool and HRB questions respectively. 

All questions about ACEs and HRBs were related to the participant’s 

first 18 years of life.  Definitions of each category of ACEs and HRBs 

are described below. 

ACE 1: Physical abuse 

There were two questions under this category. Each participant 

was asked “During the first 18 years of your life, did a parent, guardian 
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or other household member spank, slap, kick, punch or beat you up?” 

and “Did a parent, guardian or other household member hit or cut you 

with an object, such as a stick (or cane), bottle, club, knife, whip etc?” 

The participants could respond ‘many times’ or ‘a few times’ or ‘once’ 

or ‘never’ depending on the intensity of these adverse experiences. 

ACE 2: Emotional abuse 

There were two questions under this category. Each participant 

was asked “During the first 18 years of your life, did a parent, guardian 

or other household member yell, scream or swear at you, insult or 

humiliate you?” and “did a parent, guardian or other household 

member threaten to, or actually, abandon you or throw you out of the 

house?” The participants could respond ‘many times’ or ‘a few times’ 

or ‘once’ or ‘never’ depending on the intensity of these adverse 

experiences.  

ACE 3: Contact sexual abuse 

There were four questions under this category. Each participant 

was asked “During the first 18 years of your life, did someone touch or 

fondle you in a sexual way when you did not want them to? Did 

someone make you touch their body in a sexual way when you did not 

want them to? Did someone attempt oral, anal, or vaginal intercourse 

with you when you did not want them to? Did someone actually have 

oral, anal, or vaginal intercourse with you when you did not want them 

to?” The participants could respond ‘many times’ or ‘a few times’ or 

‘once’ or ‘never’ depending on the intensity of these adverse 

experiences.  
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ACE 4: Alcohol and/or drug abuser in the household 

There was one question under this category. Each participant 

was asked “During the first 18 years of your life, did you live with a 

household member who was a problem drinker or alcoholic or misused 

street or prescription drugs?” The participants could respond either 

“yes” or “no” to these questions. 

ACE 5: Incarcerated household member 

There was one question under this category. Each participant 

was asked “During the first 18 years of your life, did you live with a 

household member who was ever sent to jail or prison?” The 

participants could respond either “yes” or “no” to these questions. 

ACE 6: Someone chronically depressed, mentally ill, 
institutionalized or suicidal 

There was one question under this category. Each participant 

was asked “During the first 18 years of your life, did you live with a 

household member who was depressed, mentally ill or suicidal?” The 

participants could respond either “yes” or “no” to these questions. 

ACE 7: Household member treated violently 

There were three questions under this category. Each 

participant was asked “During the first 18 years of your life, did you 

see or hear a parent or household member in your home being yelled 

at, screamed at, sworn at, insulted or humiliated? Did you see or hear a 

parent or household member in your home being slapped, kicked, 

punched or beaten up? Did you see or hear a parent or household 
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member in your home being hit or cut with an object, such as a stick 

(or cane), bottle, club, knife, whip etc.?” The participants could 

respond ‘many times’ or ‘a few times’ or ‘once’ or ‘never’ depending 

on the intensity of these adverse experiences. 

ACE 8: One or no parents, parental separation or divorce 

There were two questions under this category. Each participant 

was asked “During the first 18 years of your life, were your parents 

ever separated or divorced?” and “did your mother, father or guardian 

die?” The participants could respond either “yes” or “no” to these 

questions. 

ACE 9: Emotional neglect 

There were two questions under this category. These were 

negative questions. Each participant was asked “During the first 18 

years of your life, did your parents/guardians understand your 

problems and worries?” and “did your parents/guardians really know 

what you were doing with your free time when you were not at school 

or work?” The participants could respond ‘always’ or ‘most of the 

time’ or ‘sometimes’ or ‘rarely’ or ‘never’ depending on the intensity 

of these adverse experiences.  

ACE 10: Physical neglect 

There were three questions under this category. Each 

participant was asked “During the first 18 years of your life, how often 

did your parents/ guardians not give you enough food even when they 

could easily have done so? Were your parents/guardians too drunk or 
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intoxicated by drugs to take care of you? How often did your parents/ 

guardians not send you to school even when it was available?” The 

participants could respond ‘many times’ or ‘a few times’ or ‘once’ or 

‘never’ depending on the intensity of these adverse experiences. 

ACE 11: Bullying and physical fight 

There were two questions under this category. The meaning of 

bullying and physical fight as mentioned in the ACE- IQ was 

explained and made the participants understand about it. Then each 

participant was asked “During the first 18 years of your life, how often 

were you bullied?” and “how often were you in a physical fight?” The 

participants could respond ‘many times’ or ‘a few times’ or ‘once’ or 

‘never’ depending on the intensity of these adverse experiences. 

ACE 12: Community violence 

There were three questions under this category. The meaning of 

community violence as mentioned the ACE- IQ was explained and 

made the participant understand about it. The each participant was 

asked “During the first 18 years of your life, did you see or hear 

someone being beaten up in real life? Did you see or hear someone 

being stabbed or shot in real life? Did you see or hear someone being 

threatened with a knife or gun in real life?” The participants could 

respond ‘many times’ or ‘a few times’ or ‘once’ or ‘never’ depending 

on the intensity of these adverse experiences. 

ACE 13: Collective violence 

There were four questions under this category. The meaning of 

collective violence as mentioned the ACE- IQ was explained and made 
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the participant understand about it. The each participant was asked 

“During the first 18 years of your life, were you forced to go and live 

in another place due to any of these events? Did you experience the 

deliberate destruction of your home due to any of these events? Were 

you beaten up by soldiers, police, militia, or gangs? Was a family 

member or friend killed or beaten up by soldiers, police, militia, or 

gangs?”  The participants could respond ‘many times’ or ‘a few times’ 

or ‘once’ or ‘never’ depending on the intensity of these adverse 

experiences. 

3.3.4 Definition of Health Risk Behaviours 

Tobacco use 

There were two questions under this category. Each participant 

was asked “During the first 18 years of your life, do you have a habit 

of smoking cigarette? and “how old were you when you began to 

smoke cigarettes fairly regularly?” The participants could respond 

either “yes” or “no” to the first question. Participants responded about 

the age to the second question. 

Alcohol use 

There were two questions under this category. Each participant 

was asked “During the first 18 years of your life, have you ever drunk 

alcohol?” and “how old were you when you had your first drink of 

alcohol other than a few sip?” The participants could respond either 

“yes” or “no” to the first question. Participants responded about the age 

to the second question. 
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Street drug/ substance abuse 

There were two questions under this category. Each participant 

was asked “During the first 18 years of your life, have you ever used 

street drugs?” and “how old were you the first time you used them?” 

The participants could respond either “yes” or “no” to the first 

question. Participants responded about the age to the second question. 

3.3.5 Scoring of data collection tools 

Two method of analysis are proposed by WHO for calculating 

the ACE scores and this includes a Binary version and a Frequency 

version (World Health Organisation, 2014). In ACE- IQ, majority of 

the questions in the categories have response format in frequency. The 

participants report their adverse events of experiences during 

childhood as once, a few times, or many times. In the Binary version, 

answer “yes” (no matter the frequency) to the questions scored one and 

answer “no” to the questions scored zero.  

In the frequency version of analysis, if the participants 

answered “rarely” or “never” for the questions assessing emotional 

neglect, “many times” for the questions assessing physical abuse, 

emotional abuse, physical neglect, household member treated 

violently, bullying, community violence and collective violence, which 

scored one. An answer “yes”, “a few times” or “many times” scored 

one for the remaining ACEs. In both version of analysis, total ACE 

score was calculated by summing up the resulting scores of 13 ACE 

categories and the total score ranges from 0 to 13. Frequency version 

of analysis was employed in the pilot study. 
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Values 2 and 1 were assigned respectively to ‘yes’ and ‘no’ in 

dichotomous scale questions in the HRB questions. The values were 

summed up to get overall HRBs and these ranges from 3 to 6. 

3.3.6 Procedure 

ACE- IQ assessment tool and HRB questions were employed to 

collect data from both the groups. As it was difficult to get data from 

the offenders who were released from the prison, the investigator 

visited the Central and District prison, Thrissur, Kerala for conducting 

the pilot study among the recidivist violent offenders inside the prison. 

Similarly the investigator visited 10 numbers of age matched 

volunteers in the various departments of University of Calicut, Kerala.  

The investigator self introduced and briefed the participants 

about the research work. The participant were also assured that, the 

data collected from them will be used for research work only and will 

be kept confidential at all times. Written informed consents were 

obtained from the participants who were willing to participate 

voluntarily and then they were interviewed face-to-face individually 

with the help of ACE- IQ assessment tool and HRB questions. The 

investigator asked the participants to provide their understanding about 

the questions, whether there were any confusion, discrepancies and 

inappropriate questions in the assessment tool. The survey took a span 

of 30 to 45 minutes to complete one participant. They were asked to 

give subjective opinion about the assessment tool employed for the 

study. Response received from the offenders contained some valuable 

information, which was taken into consideration. 
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3.4 Phase- II: Main study 

This phase describes the procedure developed for accessing the 

demographic information, ACEs and HRBs of the participants. The 

procedure adopted for estimating the violent criminality is also 

explained in this phase. 

3.4.1 Hypotheses 

Based on the first and fourth objectives of this study and 

reviews of various research studies described in the previous chapter, 

the hypotheses were formulated. Following were the hypotheses 

formulated for the part- II of the study. 

ii. There will be significant difference in the frequency and 

prevalence of adverse childhood experiences (ACEs) between 

cases and controls. 

iii. There will be significant correlation between variables of 

adverse childhood experiences (ACEs) in the participants. 

iv. There will be significant correlation between adverse childhood 

experiences (ACEs) and violent criminality in cases. 

v. Adverse childhood experiences (ACEs) can significantly 

predict violent criminality in cases. 

vi. There will be significant difference in the prevalence of health 

risk behaviours (HRBs) between cases and controls. 
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vii. There will be significant correlation between adverse childhood 

experiences (ACEs) and health risk behaviours (HRBs) in the 

participants. 

viii. There will be significant correlation between health risk 

behaviours (HRBs) and violent criminality in cases. 

ix. Adverse childhood experiences (ACEs) can significantly 

predict health risk behaviours (HRBs) in the participants. 

x. There will be significant difference in the interaction of allelic 

variants of MAOA-uVNTR polymorphism and adverse 

childhood experiences (ACEs) and in cases and controls. 

3.4.2 Research design 

Simple random sampling was employed in this phase also as 

mentioned in the section 3.2.2. 

3.4.3 Participants 

The universe and population of this study was exactly same as 

mentioned in the section 3.2.3. This included the same 35 numbers of 

cases and 32 numbers of controls. 

3.4.4 Changes made in ACE-IQ for the main study  

Since the development of ACE-IQ is at the pilot stage (World 

Health Organisation, 2014), after analysing the responses and data 

obtained from the pilot study, some modifications in the response 
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categories of questions and scoring of ACE-IQ were done on expert 

opinion and applied  for the main study as follows:- 

1. Questions under the section, marriage in the demographic 

information were eliminated.  

2. The response category, ‘most of the time’ was eliminated from 

the two response categories, ‘always’ and ‘most of the time’, to 

the questions belonging to the category of emotional neglect. 

3. The response category ‘refused’ was also eliminated from all 

the questions. Thus, in the modified ACE- IQ, questions had 

four response categories only. 

4. Question regarding the involvement in physical fight was also 

included along with the bullying when the total ACE was 

calculated. 

3.4.5 Scoring used for the main study 

 Upon the expert opinion, except to the questions belonging to 

emotional neglect category, all other questions were positively scored 

on 4-point Likert-type scale according to the frequency with which 

experiences occurred (Bernstein et al., 1994; Zhang et al., 2016), 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 questions, reverse scoring was done on 4-point 

Likert-type scale by assigning the 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. 
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The total ACE score was calculated by summing up the values of each 

question in Likert scale and in dichotomous scale in 13 sub categories 

of ACEs (Zhang et al, 2016). Thus the total ACE score ranges from 30 

to 110 and categorized as given in the table 3.3. 

Table 3.3: Categorization of total ACE score 

Total ACE score ACE exposure 

Less than or equal to 40 Low 

Between 41- 50 Moderate 

Between 51- 60 Medium 

Between 61- 70 High 

Greater than or equal to 71 Extreme 

 

3.4.6 Procedure 

a) Data collection from Cases and Controls 

Demographic information of the participants was noted, which 

included age, religion, education, work status over last 12 months and 

civic status. With the help of modified and translated version of ACE- 

IQ (Appendix 4 & 4.1) and HRB questions (Appendix 5 & 5.1), 

structured face-to-face interview were conducted. The rationale for 

using this method was that, this method is one of the most efficient 

methods to gather accurate information and it is free from biasness. 

Mainly it could be used for educated as well as uneducated 

participants. Some of the participants were visited 2-3 times to 

complete the data collection process, since they were intoxicated with 

alcohol or drugs of abuse during the meetings.  The interviews were 

conducted by the investigator only during day time in the presence of 

police personnels and with the assistance of criminologist. It took a 
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span of 45 to 60 minutes to complete the interview of each participant 

with the help of modified ACE- IQ assessment tool and HRB 

questions. Name of each participants were coded and data collected 

through interview were compiled and stored in a password protected 

personal computer.  

Data were collected from the controls through the same 

procedure as mentioned in the section 3.2.4b. Two buccal swabs were 

collected from each participant just after the interview. 

b) Crime history of Cases 

The history sheet of ‘Known Depredator (K.D)’, ‘Habitual 

Offenders’ and ‘Ex-convicts and Jail release list’ maintained in the 

police stations were verified in detail by the investigator to know the 

details of the crimes committed by the offenders included in this study.  

Also, the age at which first crime committed was taken into record. As 

per the expert opinion, number of crimes committed under the sections 

in the Chapter XVI (Offences affecting the Human Body) of Indian 

Penal Code (IPC) was summed up to determine the violent criminality 

of the cases (Table 3.4). 

Table 3.4: Crimes considered for calculating violent criminality 

Crime IPC Sections 

Murder 300 

Attempt to murder 307 

Hurt 319 

Assault 351 

Wrongful restrain 339 

Rape 375 
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3.4.7 Statistical Analyses 

Data collected from participants belonging to cases and 

controls were consolidated and entered into SPSS for Windows version 

20.0. All the hypotheses were tested at both 0.05 and 0.001 level of 

statistical significance. 

Descriptive statistics, bivariate analysis and multivariable 

analysis were carried out for data processing. Initially, descriptive 

statistics included frequencies, percentages, mean and standard 

deviation which were employed to understand the demographic 

information, response of ACE questions; smoking, alcohol and drug 

abuse habits of cases and controls. Subsequently bivariate analysis was 

performed using independent sample t-test for estimating mean 

differences of scores of ACE categories, total ACE and HRBs in cases 

and controls. Pearson correlation was carried out to analyse the linear 

relationship within ACE categories in the participants and between 

ACE categories and violent criminality in cases. In addition Pearson 

correlation estimated the relationship between total ACE score and 

HRBs. Multivariable analyses were conducted with linear and multiple 

regression for predicting violent criminality (Dependent variable) 

using ACE categories or total ACE score as predictors. As well as, 

total ACE score (Predictor) was also used to predict HRBs (Dependent 

variable). Candidate gene (allelic variants of MAOA-uVNTR) - 

Environment (ACEs) interaction was evaluated by performing one-

way ANOVA, followed multiple comparisons performed using Scheffe 

procedure at 0.05 and 0.001 significance level.  
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3.5 Ethical consideration  

This study was approved by the institutional ethics committee, 

the Calicut University Human Ethical Committee (Ref. No.: 

003/CUEC/CR/2013-12-CU dated 25.04.2014) (Appendix 6). Ethical 

guidelines of Indian Council of Medical Research to involve human 

participants in research were followed throughout this study. Written 

informed consents were obtained from all the participants (Appendix 

6.1 & 6.2). Permission to conduct this research in released prisoners 

was obtained from the Department of Home, Government of Kerala 

(Letter no. 71726/B1/2014/Home of the Additional Chief Secretary, 

Government of Kerala to the Registrar, University of Calicut dated 

27.11.2014) (Appendix 6.3). 
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This chapter is presented in three parts. Part-I illustrate the 

results obtained and discuss the findings related to MAOA-uVNTR 

polymorphism. This part is divided into two sections. The results of the 

pilot study that was done to identify the best biological sample 

collection procedure for obtaining DNA for analysing allelic variants 

of MAOA-uVNTR polymorphism are given in section- I. In section- II, 

the results and discussions of the main study related to the in silico 

sequence analysis of allelic variants of MAOA-uVNTR polymorphism 

in cases and controls are given. 

 Part- II consists of the results and discussions related to adverse 

childhood experiences (ACEs), health risk behaviours (HRBs) and 

crime. This part is divided into three sections. In section-I, the 

inferences of pilot study, followed by the demographic information, 

crime history and age of onset of crime of cases; frequency and 

prevalence of ACEs of all the participants in the main study are given. 

Section- II deals with the results and discussions of the main study 

which assessed the interrelationships of ACE categories, relationship 

between ACEs and violent criminality. Prevalence, relationship 

between HRBs, ACEs and violent criminality in the cases are given in 

section- III. 

 Part- III illustrates the interaction between allelic variants of 

MAOA-uVNTR polymorphism and adverse childhood experiences 

(ACEs) in cases and controls. In all the parts, the results obtained 

during the analysis are presented through tables, graphs and figures 

along with their discussions. 
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PART- I 

GENOTYPING FOR MAOA-uVNTR POLYMORPHISM 

 

4.1  Section I: Identification of suitable method for DNA 
collection, extraction and quantification 

  This part consists of the results obtained during the pilot study 

conducted for finding out the best biological sample collection 

procedure for obtaining high quality genomic DNA. Comparison 

between the quality and quantity of DNA extracted from various 

sources and its PCR amplification results are illustrated and discussed. 

4.1.1 Yield and purity of DNA from buccal cells, saliva and dried 
blood 

 As the yield of DNA is quite high (typically 10–15 µg/ml) in 

whole blood and hence is the tissue of choice traditionally (Quinque et 

al., 2006). Obtaining blood sample is an invasive procedure that 

requires training in phlebotomy, it is painful for the donor and there are 

chances of infection too. These constraints limit the suitability of blood 

collection as a reference sample for some populations, which in turn 

has led to a search for alternative sources of DNA. Thus, many 

laboratories often use cheek swabs/ buccal swabs collection rather than 

drawing blood (Richards et al., 1993). 

 In this study the yield and integrity of DNA extracted from ten 

participants were checked by agraose gel electrophoresis. Degradation 

was observed more for the DNA from saliva samples with long smear 

when compared to the sharp bands in buccal cell DNA. No sharp bands 

were observed in the case of DNA from dried blood (Figure 4.1).  
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Figure 4.1: Representative agarose gel 
(0.9%) of genomic DNA extracted 
from saliva, buccal cells and dried 
blood. Lane 1 contains 50bp DNA 
ladder (HiMedia) of 17 bands ranging in 
size from 50 to 1500bp, with bold 
reference bands of 200, 500 and 1200 bp. 
Lanes 2-6, 7-11, 16- 20 were  DNA 
extracted from saliva (Oragene OG-500), 
buccal cells from (HiMedia foam swabs) 
and Puritan foam swabs respectively. 
Lanes 12- 14, 21 and 22 were DNA 
extracted from dried blood 
(NucleoSave).  Lane 15 and 23 were 
positive control and blank respectively. 8 
µl of DNA was mixed with 2 µl 6X 
agarose DNA loading dye prior to 
loading the gel. 

 Also, the yield and purity of extracted DNA was estimated 

spectrophotometrically. One-way ANOVA was performed to identify 

the mean difference in the yield of DNA from four collection methods. 

The average yield of DNA was found to be different across sections, 

(F(3,36) = 1354.55, p < 0.00). The Scheffe multiple comparisons 

performed at the 0.05 significance level found that the mean yield of 

genomic DNA extracted from saliva (Oragene, OG-500) (M = 362.70, 

SD = 28.23, N = 10) was significantly greater than all other sample 

types in this study.  

 There was statistically significant difference in the mean yield 

of DNA from buccal cells collected by Puritan foam swab (M = 43.86, 

SD = 8.15, N = 10) than HiMedia (M = 17.36, SD = 3.06, N = 10) 

foam swab and dried blood collected on NucleoSave (M = 0.7, SD = 

0.24, N = 10). Specifically, the Puritan swab seems to have better 

average DNA yield than the HiMedia swab and NulceoSave (Table 

4.1). It was observed that high quantity of DNA was able to be 

extracted from all the buccal cells and dried blood with a modification 
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in the final elution step in the DNA extraction protocol of Qiagen. The 

quantity of DNA was much higher than the claims of Qiagen kit 

manufacturers. The mean yield of DNA from buccal cells collected by 

Puritan foam swab in this study was much higher than the results from 

other studies using spit wads (Ehli et al., 2008), buccal swabs 

(Meulenbelt et al., 1995; Freeman et al., 1997; King et al., 2002) and 

cytobrushes (Garcia-Closas et al., 2001; Saftlas et al., 2004). The mean 

number of epithelial cells per ml of saliva is about 4.3 x 105 (Dawes, 

2003), whereas the number of nucleated cells in 1 ml of whole blood is 

about 4.5–11 x 105 (Dacie, 2006). On an average, every 2.7 hour, the 

surface layer of epithelial cells in mouth is replaced. Hence, the 

turnover of epithelial cells is quite extensive in the mouth, suggesting 

that there is likely to be intact genomic DNA in saliva and buccal 

samples (Dawes, 2003). Moreover, human genomic DNA can be 

reliably obtained from buccal cells (King et al., 2002; Brenton et al., 

2018; Buscaino et al., 2018). 

Table 4.1: Comparison of total DNA yield between collection 
methods 

Method of 
collection 

Puritan Foam 
Swab 

HiMedia Foam 
Swab 

NucleoSave 
Oragene 

 (OG-500) 

Sample type Buccal cells Buccal cells Dried blood Saliva 

N* 10 10 10 10 

Mean ± SDa 43.86 ± 8.15b,f 17.36 ± 3.06b 0.70 ± 0.24b 362.70 ± 28.23c,d,e 

Median 44.3 15.9 0.7 372 

Minimum 32.2 14 0.4 314 

Maximum 56.4 22.3 1 390 
 

*N= Number of participants; SD = Standard Deviation; aMean DNA yields (µg/ml) 
were compared using One-way ANOVA, Scheffe was done for multiple 
comparisons; bMean DNA yield was significantly different from Oragene (OG-500); 
cSignificantly different from Puritan Foam Swab; dSignificantly different from 
HiMedia Foam Swab; eSignificantly different from NucleoSave; fSignificantly 
different from HiMedia foam swab and NucleoSave. 
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 Purity of DNA can be affected by methods of collection 

(integrity and protein contamination) and extraction techniques 

(alcohol, salt and organic and protein contamination). Mean ratios of 

A260/A280 and A260/A230 for DNA extracted from dried blood were 1.81 

± 0.04 and 2.03 ± 0.03 respectively. This was in the criterion range 

(~1.8 and ~2.0-2.2 respectively) which showed that the quality of DNA 

was high. Contamination was high in the DNA extracted from saliva 

(A260/A280 ratio = 1.65 ± 0.07; A260/A230 ratio = 1.06 ± 0.07). Even if 

high molecular weight DNA was able to be extracted from saliva 

collected in Oragene DNA (OG-500) kit, the integrity and purity were 

less and it might be due to DNA degradation, carry over food particles 

and ethanol residues in the Oragene DNA extraction protocol 

(Feigelson et al., 2001).  It was found that when compared with saliva, 

the contamination of DNA was less in buccal cells in Puritan 

(A260/A280 ratio = 1.74 ± 0.10; A260/A230 ratio = 1.76 ± 0.05) and 

HiMedia foam swabs (A260/A280 ratio = 1.71 ± 0.08; A260/A230 ratio= 

1.71 ± 0.09). Also, there was not much difference in the purity between 

these collection methods (Figure 4.2).   
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Figure 4.2: Comparison of mean purity of DNA from collection methods. 
A260/A280, ratio of absorbance at 260 nm to absorbance at 280 nm (measure of protein 
and organic contamination); A260/A230, ratio of absorbance at 260 nm to absorbance 
at 230 nm (measure of salt and alcohol contamination). 

 

 It is estimated that for PCR amplification reaction of majority 

of polymorphisms, DNA fragments of nearly 1 kb is only required and 

the quality of genomic DNA can also be measured using PCR success 

(King et al., 2002). As the main purpose of collecting DNA in this 

study was for future genotyping, the quality of extracted genomic 

DNA was also assessed by PCR success using primers specific for 30 

bp uVNTR in the promoter of MAOA gene. The expected size of the 

amplified PCR products of MAOA-uVNTR polymorphism 

approximately ranges from 300bp to 400 bp (Das et al., 2006). DNA 

samples were subjected to PCR amplification and fragments were 

identified concordant in agarose gel electrophoresis (Figure 4.3). 
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Figure 4.3: Representative agarose 
gel (2 %) of MAOA-uVNTR 
polymorphism PCR products 
from genomic DNA. Lane 1 and 16 
contains 50 bp DNA ladder (Thermo 
Scientific) of 13 bands, with bold 
reference band of 250 bp and 500 
bp. Lanes 2-6, 7- 11, 12- 15 and 17; 
18- 22 were PCR products generated 
from DNA extracted from buccal 
cells collected by ‘Puritan’ and 
‘HiMedia’ foam swabs, dried blood 
on ‘NucleoSave’ and saliva in 
‘Oragene OG-500’ respectively. 
Lane 23 was a positive control of 
MAOA-uVNTR polymorphism. 6 µl 
of PCR reaction mix was mixed with 
2 µl 6X agarose DNA loading dye 
(Thermo Scientific) prior to loading 
the gel. 

 

 The success rate of PCR was 100 % with the extracted genomic 

DNA from all samples as a template. Though the PCR amplifications 

were successful for all the samples collected by four collection 

methods, on visualizing the quality of DNA bands of PCR products 

from buccal cells collected by Puritan foam swabs were better than 

other PCR products. Also, when the yield and purity of DNA collected 

by Puritan foam swabs was compared with the others, the efficacy of 

this collection method remained better. Moreover, this noninvasive 

technique was more acceptable for the participants and hence selected 

for the main study. 
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4.2  Section II: Allelic variants of MAOA-uVNTR 
polymorphism and in silico sequence analysis  

 This session illustrates the genotyping and in silico sequence 

analysis results and related discussions based on the following 

hypothesis. 

Hypothesis: There will be significant association between violent 
criminality and occurrence of allelic variants of MAOA-uVNTR 
polymorphism in the participants. 

 Yield and integrity of DNA extracted from sixty seven buccal 

swabs of the participants belonging to cases (N= 35) and controls (N= 

32) were checked by agaraose gel electrophoresis. DNA bands were 

observed in all the samples (Appendix 7). PCR amplification of the 

desired sequence of MAOA-uVNTR in the DNA of the sixty seven 

participants was checked by agarose gel electrophoresis (Appendix 8). 

Depending upon the position of the PCR products in the gel, two types 

of alleles were visually observed (Figure 4.4). PCR products of all the 

samples were found to be concordant to the range of the reported size 

of allelic variants of MAOA-uVNTR (Deckert et al., 1999; Jorm et al., 

2000; Huang et al., 2004; Das et al., 2006). Sequence analysis with 

Tandem Repeats Finder (Benson, 1999) for the presence of 30 bp 

tandem repeats revealed two variants of MAOA-uVNTR polymorphism 

only: 3.5 (252 bp) and 4.5 (297 bp) repeats (Appendix 9). In the 

samples of this study, 2, 2.5, 3, 4, 5, 5.5 and 6 repeat alleles were not 

identified. In the participants belonging to controls, 3.5 (3.5R) and 4.5 

(4.5R) repeat alleles were present. All the participants belonging to 

cases had 3.5 (3.5R) repeats only. Accession numbers were assigned 

from GenBank ® for all the 67 nucleotide sequences of this study 

(Appendix 10). 
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Figure 4.4: Representative 
agarose gel (2 %) of allelic 
variants of MAOA-uVNTR 
observed in this study. Lane 1 
contains 50 bp DNA ladder 
(HiMedia, India) of 17 bands 
ranging in size from 50 to 1500 
bp, with bold reference bands of 
200, 500 and 1200 bp. Lanes 2, 3, 
5 and 6 contains 3.5R allele and 
lanes 4 and 7 contains 4.5Rallele. 
6 μl of PCR product was mixed 
with 2 μl 6X agarose DNA 
loading dye (Thermo Scientific) 
prior to loading the gel. 

 

4.2.1 Allelic variation of MAOA-uVNTR polymorphism in 
different populations 

 Four different repeat alleles of MAOA-uVNTR with repeat 

numbers of 3, 3.5, 4 and 5 were reported by Sabol and colleagues 

(1998). All studies related to MAOA-uVNTR followed this pattern. 

The reference sequence available with GenBank (Accession number: 

M89636) (Zhu et al., 1992) actually contains 4.5 repeats of 30 bp 

repeat sequence of MAOA-uVNTR, 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 et al.(1988) and followed by Jorm et al., 2000; Das 

et al., 2006; Das, 2008; Bhowmik, 2010; Melas et al., 2013; Lim et al., 

2018. Allele frequencies of MAOA-uVNTR polymorphism in different 

ethnic groups are presented in table 4.2 and table 4.3. The frequencies 

of 3.5 and 4.5 repeat alleles in our study are 92.5 % and 7.5 % 

respectively. 
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Table 4.2: Allelic frequency of MAOA-uVNTR in different 
population groups (Repeat numbers as per the norms of Jorm et 
al., 2000; Das et al., 2006) 

Population groups 
Alleles  

N 2.5 3.5 4 4.5 5 

Australian Caucasianl 3 436 13 832 19 1303 

Indian, West Bengalm 1 153 0 90 1 245 

Indian, Kerala (Present study) 0 62 0 5 0 67 

Sources: lJorm et al., 2000; mDas et al., 2006; Alleles 2.5 to 5 refer to the number of 
30 bp repeat is repeated; N is the total sample size. 

 

Table 4.3: Allelic frequency of MAOA-uVNTR in different 
population groups (Repeat numbers as per the norms of Sabol et 
al., 1998). 

Population groups 
Alleles 

N 
2 3 3.5 4 5 

Hispanic/ Latinoa 0 27 0 65 0 92 
Afrikanerb 0 55 0 134 7 196 
White/non- Hispanica 0 539 8 1056 26 1629 
New Zeland, European originc 3 658 9 1238 32 1940 
German, European origind 0 47 1 80 3 131 
German, European origine 3 140 3 238 6 390 
Italian, European origind 3 72 0 102 3 180 
Chinesef 1 122 0 90 1 214 
Asian/Pacific Islandera 0 50 1 31 0 82 
African Americana 0 52 2 32 2 88 
Sweedishg 1 39 3 82 0 125 
Israelih 0 297 0 434 1 732 
British Caucasiani 1 75 4 136 7 223 
Japanesej 6 465 0 313 2 787 
Han Chinesek 0 213 0 110 0 323 
American Whitel 10 1152 52 2100 43 3356 
American Blackl 46 490 1 416 7 960 
 

Sources:aSabol et al.,1998; bErasmus et al.,2015; cCaspi et al.,2002; dDeckert et 
al.,1999; eKuepper et al.,2013; fLu et al.,2002; gJönsson et al.,2000; hManor et 
al.,2002; iLawson et al.,2003; jIto et al.,2003; kYounger et al.,2005; lHaberstick et 
al., 2014; Alleles 2 to 5 refer to the number of 30 bp repeat is repeated; N is the total 
sample size. 
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 Higher frequency of 3.5R allele was noted in cases (100 %) 

than that of controls (84.4 %). Only 15.6 % of the controls were with 

4.5R allele and none of the cases were noticed with this 4.5R. 

Eventhough 4.5R allele was not identified in cases, the noted 

difference was statistically significant (χ2 = 5.9, df = 1, N = 67, p = 

0.015). Hence the hypothesis is accepted. 

Allelic distribution pattern of MAOA-uVNTR polymorphism 

obtained in this study were compared with various populations and 

found to be similar to that of Asian/ Pacific Islander (Sabol et al., 

1998), African American (Sabol et al., 1998), Japanese (Ito et al., 

2003), Han Chinese (Younger et al., 2005), Australian Caucasian 

(Jorm et al., 2000), Indian, West Bengal (Das et al., 2006) and 

American Black (Haberstick et al., 2014). An opposite trend was 

observed in Hispanic/ Latino (Sabol et al., 1998), Afrikaner (Erasmus 

et al.,2015), White/ non- Hispanic (Sabol et al., 1998); New Zeland, 

European origin (Caspi et al., 2002); German, European origin (Decker 

et al., 1999; Kuepper et al., 2013); Italian, European origin (Decker et 

al., 1999); Sweedish (Jönsson et al.,1999), Israeli (Manor et al., 2002), 

British Caucasian (Lawson et al., 2003) and American White 

(Haberstick et al., 2014).  

Even though there were no allelic variants other than 3.5 and 

4.5 repeats of MAOA-uVNTR polymorphism in this study, the allelic 

variants and frequency pattern were similar to that of the variants 

reported by Das and colleagues (2006) in the population of West 

Bengal State in the eastern part of India. Since India is having a wide 

range of ethnic groups and diversities within population and the 
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samples of the present study were from the southern part of India, 

allelic frequency of MAOA-uVNTR polymorphism needs further 

investigation. 

4.2.2 In silico sequence analysis 

When multiple aligned and compared with the reference 

sequence (Zhu et al., 1992), sequences of this study revealed different 

single nucleotide variations in the upstream and downstream to the 

repeat region (Figures 4.5a, 4.5b, 4.6a, and 4.6b) (Appendix 11 and 

12).  

  All the nucleotide sequences obtained in this study were 

compared with the mostly cited sequence of MAOA (GenBank, 

M89636) (Zhu et al., 1992) in association to aggression and antisocial 

behaviour (Godar et al., 2016). All the base variations in the 4.5R 

allele (N = 5) as same as reported by Das et al., (2006) and also four 

extra base substitutions (at -1307C > G, -1308G > A, -1330A > G and 

-1331G > A) at the upstream flanking region before the repeat region 

were observed in this study. These extra base substitutions were 

probably also noticed by Das et al. (2006) since they had described the 

sequence variations in the flanking regions of 4.5R of MAOA-uVNTR 

that differed by three bases with the published sequence (GenBank, 

M89636) (Zhu et al., 1992); however the extra base substitutions were 

not reported by Das et al. (2006). 

 Majority of the nucleotide sequences of this study belonged to 

3.5R allele (N = 62). When compared with the reference sequence 

(Zhu et al., 1992), variation noticed in the sequences of this study was 
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only the difference in the repeat numbers. In the downstream flanking 

region after the repeat region there were two extra bases (at -1107G 

and -1118C) and absence of five bases (at -1124G, -1125G, -1126G, -

1127A and -1134C). There were three base substitutions (at -1133A > 

G, -1138A > G and -1139G > A) also. Upstream flanking region after 

the repeat region also showed base substitutions (at -1309C > G, -

1310G > C, -1332A > G and -1333G > A) and absence of one base (at 

-1284T). After the 3.5 repeat region, two base substitutions were also 

noticed (at -1153G > A and -1154A > G). Even though Das et al. 

(2006) reported 3.5 repeat allele of MAOA-uVNTR, the sequence 

variations were not mentioned. Hence, this study is reporting the 

sequence variations in the 3.5 repeat allele of MAOA-uVNTR in Indian 

population. The 4.5 and 3.5 repeats and flanking region observed in 

our study matched totally with the published sequences, GenBank, 

LN813020.1 (Erasmus et al., 2015) and GenBank, LN813022.1 

(Erasmus et al., 2015) respectively. 

 In this study, the presence of 3.5R allele was seen both in cases 

and controls. But, 4.5R allele was present only in the controls which 

indicated that 3.5 allelic variants of MAOA-uVNTR polymorphism had 

a statistically significant association (p = 0.015) in contributing to 

violent criminality in cases. However, candidate gene - environment 

interaction (cGxE) might be a reason for the development of 

psychopathology in violent offenders (Dick et al., 2015) which was 

supported by meta-analysis (Byrd & Manuck, 2014). 
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Figure 4.5a: Multiple alignment of representative 4.5R allele of MAOA-uVNTR 
(MH540360) of present study and reference sequences available with GenBank; 
M89636.1, Author: Zhu et al., 1992; LN813020.1, Author:  Erasmus et al., 2015. 
Alignment was done by using MultAlin software (Corpet, 1988). Repeat regions are 
highlighted in yellow. 

 

 

Figure 4.5b: Sequence variations in upstream and downstream flanking regions 
of 4.5R allele of MAOA-uVNTR. Repeat regions are highlighted in yellow. Symbols 
‘>’, ‘0’ and ‘v’ indicates base substitution, absence of base and addition of base 
respectively. 
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Figure 4.6a: Multiple alignment of representative 3.5R allele of MAOA-uVNTR 
(MH550379) of present study and reference sequences available with GenBank; 
M89636.1, Author: Zhu et al., 1992; LN813022.1, Author:  Erasmus et al., 2015. 
Alignment was done by using MultAlin software (Corpet, 1988). Repeat regions 
highlighted in yellow. 

 

 

Figure 4.6b: Sequence variations in upstream and downstream flanking regions 
of 3.5R allele of MAOA-uVNTR. Repeat regions are highlighted in yellow. Symbols 
‘>’, ‘0’ and ‘v’ indicates base substitution, absence of base and addition of base 
respectively. 
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PART- II 

ADVERSE CHILDHOOD EXPERIENCES (ACEs), HEALTH 
RISK BEHAVIOURS (HRBs) AND CRIME 

4.3 Section I: Pilot study for standardising data collection tools, 
demographic information of participants; crime history and 
age of onset of crime of Cases and ACEs 

 This section consists of the outcome and inferences of the pilot 

study conducted for the standardization of data collection tools, 

followed by the results of the main study obtained through the research 

on the demographic information of participants, including data 

collected on crime history of the cases, violent criminality and age of 

onset of crime. Frequency and prevalence of ACEs among cases and 

controls are also illustrated and discussed. For this purpose this section 

is sub divided into five. 

4.3.1 Pilot study and questionnaire validation 

 This part consists of the outcome and inferences of the pilot 

study conducted for the standardization data collection tools. The 

major information obtained from the participants is given below. 

1. Participants were very concerned about their identity and 

requested to keep their identity confidential.  

2. Questions about the marriage were confusing, not clear and did 

not receive proper responses from the participants.  

3. Participants responses showed that there was no difference in 

reporting between ‘always’ and ‘most of the time’, to the 

questions belonging to the category of emotional neglect. 
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4. None of the participants refused in providing the responses to 

the any of the questions in the ACE- IQ. 

5. As per the ACE- IQ analysis guidelines, physical fight under 

the section Peer violence was not included for calculating total 

ACE score. 

6. Participants reported the frequency of ACEs they faced during 

their first 18 years of life. Frequency version of analysis that 

were employed for calculating total ACE score did not give 

importance to the actual frequency of the adverse events 

experienced by the participants and hence this method of 

analysis was found to be inappropriate for the present study. 

 Based on the inferences, modifications were made in the ACE-

IQ and the scoring pattern used in this study. 

4.3.2 Demographic information of the participants 

 Demographic information of the participants belonging to 

controls and cases are provided in the table 4.4. Out of 67 participants, 

32 were controls 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 controls have completed college/ University education and    

54.30 % of cases have primary education only. Most of the participants 

belonging to cases were self-employed (80.0 %), 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. 
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Table 4.4: Demographic information of the participants 

 Controls Cases Overall 
Total No. of  participants 32 35 67 
Mean Age ±SD 29.94 

±3.82 
32.17 
±5.15 

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 
completed 

34.40  28.60  31.30  

College/University completed 65.60  8.60  35.80  
Work status over the last 12 months 

Government employee 3.10  0.0  1.50  
Non-government employee 3.10  8.60  6.00  
Self-employed 59.40  80.0  70.10  
Student 34.40  0.0  16.40  
Unemployed (able to work) 0.0  8.60  4.50  
Unemployed (unable to work) 0.0  2.90  1.50  

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  
Note: Data of education, work status over the last 12 months, civic 
status are given in percentage.  
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4.3.3 Crime history of cases 

 Table 4.5 and figure 4.7 show that among the total number of 

crimes committed by the cases, majority of the offences were against 

human body (67 %). Details of crime committed by cases are given in 

Appendix 13. Wrongful restrain (33 %) and attempt to murder (25 %) 

were the major violent crimes committed by the cases. 

Table 4.5: Total crimes committed by Cases 

Type of crimes 
Total crimes 
committed 

Percentage 
(%) 

Murder 45 4 
Attempt to murder 119 10 
Hurt 105 9 
Assault 49 4 
Wrongful restrain 153 13 
Total offenses against human 
body 

471 40 

Other IPC crimes 237 20 
Total number of crimes 
committed 

708 100 

 

 

Figure 4.7: Cumulative violent crimes committed by Cases 
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Table 4.6: Association between age of onset of crime and ACE 
exposure rate in Cases 

 

 

Figure 4.8: Association between age of onset of crime and ACE 
score in Cases 

 A significant association between age of onset of crime 

depending upon the ACE exposure in cases was found (χ2 (7, N = 35) 

= 20.8, p < 0.05), which indicates extreme exposure to ACEs favored 

the early onset of criminality (Table 4.6 and figure 4.8). 

ACE exposure 
 

Age  of  
onset of crime 

High Extreme 

Count Percentage (%) Count Percentage (%) 

17 Years 0 0.0 2 10.5 
18 Years 0 0.0 3 15.8 
19 Years 0 0.0 4 21.1 
20 Years 1 6.3 6 31.6 
21 Years 1 6.3 1 5.3 
22 Years 5 31.3 1 5.3 
23 Years 4 25.0 2 10.5 
24 Years 5 31.3 0 0.0 
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4.3.4 Frequency and prevalence of ACEs   

 This section deals with the results of the chi-square analysis of 

each category of ACEs respectively in cases and controls. Results are 

illustrated in tables and discussed. 

Hypothesis: There will be significant difference in the frequency 
and prevalence of ACEs between cases and controls. 

 As mentioned in Chapter 3, section 3.4.6, modified version of 

the Adverse Childhood Experiences-International Questionnaire 

(ACE-IQ) was used to investigate the history of adverse childhood 

events that the participants experienced during their first 18 years of 

life. ACE-IQ includes thirteen categories of ACE. Results of the chi-

square analysis of the responses to each question in the 13 categories 

are given in the tables 4.7a, 4.7b, 4.7c, 4.7d, 4.7e, 4.7f, 4.7g, 4.7h, 4.7i, 

4.7j, 4.7k, 4.7l, 4.7m and 4.7n. 

Table 4.7a: Frequency of Physical Abuse among Controls and 
Cases 

Variables Group 
Many 
times 
(%) 

A few 
times 
(%) 

Once 
(%) 

Never 
(%) χ2 p 

Did a parent, 
guardian or other 
household 
member spank, 
slap, kick, punch 
or beat you up? 

Controls 0 78.1 21.9 0 

25.06 0.000 

Cases 48.6 51.4 0 0 

Did a parent, 
guardian or other 
household 
member hit or cut 
you with an 
object, such as a 
stick (or cane), 
bottle, club, knife, 
whip etc? 

Controls 0 0 50 50 

 
42.34 

 
0.000 

Cases 14.3 57.1 28.6 0 
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 Table 4.7a shows the frequency of physical abuse. Two acts of 

parent, guardian or household member that caused physical pain or 

injury to a child indicated that the child was physically abused. Nearly 

half of the cases (48.6 %) reported that during the first 18 years of their 

life they were spanked, slapped, kicked, punched or beaten up by a 

parent, guardian or by other household member many times. Also, 

57.1% of cases were hit or cut by an object a few times. The 

association of variables were found to be significant between groups  

(p < 0.001). 

Table 4.7b: Frequency of Emotional Abuse among Controls and 
Cases 

Variables Group 
Many 
times 
(%) 

A few 
times 
(%) 

Once 
(%) 

Never 
(%) 

χ2 p 

Did a parent, 
guardian or 
other household 
member yell, 
scream or swear 
at you, insult or 
humiliate you? 

Controls 18.8 50 28.1 3.1 

 
1.72 

 
0.633 

Cases 25.7 45.7 20 8.6 

Did a parent, 
guardian or 
other household 
member threaten 
to, or actually, 
abandon you or 
throw you out of 
the house? 

Controls 0 3.1 21.9 75.0 

 
41.76 

 
0.000 

Cases 22.9 51.4 20 5.7 

  

 Table 4.7b shows the frequency of emotional abuse. Over one-

fourth (25.7 %) of cases reported that they were yelled at, screamed at 

or sworn at, insulted or humiliated many times during the first 18 years 

of their life.  Half of the cases (51.4 %) reported that a parent, guardian 
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or other household member threatened to abandon them or throw out 

of the house a few times. The association of second variable was found 

to be significant between groups (p < 0.001).  

Table 4.7c: Frequency of Contact Sexual Abuse among Controls 
and Cases 

Variables Group 
Many 
times 
(%) 

A 
few 

times 
(%) 

Once 
(%) 

Never 
(%) 

χ2 p 

Did someone touch or 
fondle you in a sexual 
way when you did not 
want them to? 

Controls 0 3.1 15.6 81.2 
15.20 0.000 

Cases 0 34.3 28.6 37.1 

Did someone make 
you touch their body 
in a sexual way when 
you did not want them 
to? 

Controls 0 3.1 9.4 87.5 

2.76 0.25 
Cases 0 14.3 11.4 74.3 

Did someone attempt 
oral, anal, or vaginal 
intercourse with you 
when you did not want 
them to? 

Controls 0 0 9.4 90.6 

3.44 0.18 

Cases 0 8.6 14.3 77.1 

Did someone actually 
have oral, anal, or 
vaginal intercourse 
with you when you did 
not want them to? 

Controls 0 0 9.4 90.6 

0.08 0.78 
Cases 0 0 11.4 88.6 

  

 Table 4.7c shows the frequency of contact sexual abuse. 

Unwanted sexual touching or fondling was experienced by 34.3 % of 

cases, a few times. Also, 14.3 % of cases reported that during the first 

18 years of their life, they were forced to touch someone’s body in a 

sexual way a few times; 14.3 % and 11.4 % reported that they had been 

attempted to and subjected to unwanted intercourse at least one time 

respectively. The association of first variable was found to be 

significant between groups   (p < 0.001).  
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Table 4.7d: Prevalence of alcohol and/or drug abuser in the 
household of Controls and Cases 

Variable Group 
Yes 

(%) 

No 

(%) 
χ2 P 

Did you live with a household 
member who was a problem drinker 
or alcoholic, or misused street or 
prescription drugs? 

Controls 18.8 81.2 

18.66 0.000 
Cases 71.4 28.6 

 

 Table 4.7d shows the prevalence of alcohol and/or drug abuser 

in the household. Majority of cases (71.4 %) reported that when they 

were growing up, they lived with a household member who was a 

problem drinker or alcoholic or misused street or prescription drugs. 

The association was found to be significant between groups                

(p < 0.001). 

Table 4.7e: Prevalence of incarcerated member in the house of 
Controls and Cases 

Variable Group 
Yes 
(%) 

No 
(%) 

χ2 p 

Did you live with a household 
member who was ever sent to jail or 
prison? 

Controls 0 100 
14.75 0.000 

Cases 37.1 62.9 
 

 Table4.7e shows the prevalence of living with a household 

member who was ever sent to jail or prison. Participants belong to 

cases (37.1 %) reported that they lived with a household member who 

was ever sent to jail or prison, whereas no such experiences were 

reported by control participants. The association was found to be 

significant between groups (p < 0.001). 
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Table 4.7f: Prevalence of someone chronically depressed, mentally 
ill, institutionalized or suicidal in the house of Controls and Cases 

Variable Group 
Yes 
(%) 

No 
(%) 

χ2 p 

Did you live with a household 
member who was depressed, 
mentally ill or suicidal? 

Controls 0 100 
7.15 0.008 

Cases 20 80 
 

 Table 4.7f shows the prevalence of living with someone 

chronically depressed, mentally ill, institutionalized or suicidal. Only 

cases (20 %) reported that they lived with a household member who 

was depressed, mentally ill or suicidal. The association was found to 

be significant between groups (p = 0.008). 

Table 4.7g:  Frequency of Household member treated violently 
among Controls and Cases 

Variables Group 
Many 
times 
(%) 

A 
few 

times 
(%) 

Once 
(%) 

Never 
(%) 

χ2 p 

Did you see or hear a 
parent or household 
member in your home 
being yelled at, 
screamed at, sworn at, 
insulted or humiliated? 

Controls 0 37.5 43.8 18.8 

34.50 0.000 

Cases 28.6 71.4 0 0 

Did you see or hear a 
parent or household 
member in your home 
being slapped, kicked, 
punched or beaten up? 

Controls 0 9.4 12.5 78.1 

46.09 0.000 

Cases 28.6 48.6 22.9 0 

Did you see or hear a 
parent or household 
member in your home 
being hit or cut with 
an object, such as a 
stick (or cane), bottle, 
club, knife, whip etc.? 

Controls 0 12.5 6.2 81.2 

46.63 0.000 

Cases 2.9 57.1 40 0 
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 Table 4.7g shows the frequency of household members treated 

violently. Whole of the participants belonging to cases reported that 

during the first 18 years of their life, they had seen or heard that a 

parent or household member in their home being yelled at, screamed 

at, sworn at, insulted or humiliated many times (28.6 %)and a few 

times (71.4 %). About 28.6 % of cases  reported that they heard a 

parent or household member in their home being slapped, kicked, 

punched or beaten up many times and 57.1 % had seen or heard a 

parent or household member in their home being hit or cut with an 

object  a few times. The association of variables were found to be 

significant between groups (p < 0.001). 

Table 4.7h: Prevalence of one or no parents, parental separation or 
divorce among Controls and Cases 

Variables Group 
Yes 
(%) 

No 
(%) 

χ2 p 

Were your parents ever separated or 
divorced? 

Controls 3.1 96.9 
24.52 0.000 

Cases 60 40 

Did your mother, father or guardian 
die? 

Controls 18.8 81.2 
0.47 0.495 

Cases 25.7 74.3 

 

 Table 4.7h shows the prevalence one or no parents, parental 

separation or divorce. More than half of the cases (60 %) reported that 

their parents were separated or divorced and 25.7 % of cases reported 

that when they were growing up, their mother, father or guardian died. 

The association of first variable was found to be significant between 

groups (p < 0.001). 
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Table 4.7i: Frequency of Emotional Neglect among Controls and 

Cases 

Variables Group 
Always 

(%) 

Sometimes 

(%) 

Rarely 

(%) 

Never 

(%) 
χ2 p 

Did your 
parents/guardians 
understand your 
problems and 
worries? 

Controls 6.2 40.6 53.1 0 
 

21.12 

 

0.000 
Cases 0 0 68.6 31.4 

Did your parents/ 
guardians really 
know what you 
were doing with 
your free time 
when you were 
not at school or 
work? 

Controls 3.1 43.8 53.1 0 

 

22.06 

 

0.495 

Cases 0 2.9 74.3 22.9 

 

 Table 4.7i shows frequency of emotional neglect.  

Unfortunately, it was reported by the cases (68.6 %) that their parents/ 

guardians rarely understand their problems and worries. It was reported 

by 74.3 % of cases that their parents/ guardians rarely knows what they 

were doing with their free time when they were not at school or work 

and 22.9 % of cases reported that their parents never know these. The 

association of variables were found to be significant between groups    

(p < 0.001).  
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Table 4.7j:  Frequency of Physical Neglect among Controls and 
Cases 

Variables Group 
Many 
times 
(%) 

A 
few 

times 
(%) 

Once 
(%) 

Never 
(%) 

χ2 p 

How often did your 
parents/guardians not 
give you enough food 
even when they could 
easily have done so? 

Controls 0 0 0 100 
 

4.94 
 

0.176 
Cases 2.9 8.6 2.9 85.7 

Were your 
parents/guardians too 
drunk or intoxicated 
by drugs to take care 
of you? 

Controls 0 18.8 12.5 68.8 
 

20.97 
 

0.000 
Cases 28.6 42.9 5.7 22.9 

How often did your 
parents/guardians not 
send you to school 
even when it was 
available? 

Controls 0 9.4 6.2 84.4 
 

37.59 
 

0.000 
Cases 14.3 65.7 8.6 11.4 

 

 Table 4.7j shows frequency of physical neglect. Only 2.9 % of 

the cases reported that many times their parents/ guardians did not give 

them enough food even when options were available and majority of 

cases (85.7 %) never experienced any such adversity during the first 18 

years of their life. Lack of care due to parent’s/guardian’s alcoholism 

or drug intoxication were reported many times (28.6 %) and a few 

times (42.9 %) by the cases. More than half of the participants belong 

to cases (65.7 %) experienced lack of education. Except the first 

variable, all other variables showed significant association between 

groups (p < 0.001). 
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Table 4.7k: Frequency of Bullying and Physical fights among 
Controls and Cases 

Variables Group 
Many 
times 
(%) 

A few 
times 
(%) 

Once 
(%) 

Never 
(%) 

χ2 p 

How often were you 
bullied? 

Controls 3.1 28.1 37.5 31.2 
38.16 0.000 

Cases 60 37.1 2.9 0 

How often were you 
in a physical fight? 

Controls 3.1 18.8 37.5 40.6 
38.34 0.000 

Cases 42.9 51.4 5.7 0 

 

 Table 4.7k shows the frequency of bullying and Physical fights. 

The number of cases who reported being bullied many times during the 

first 18 years of their life was about 60 %. Nearly half of the cases 

(51.4 %) reported that they involved in physical fight a few times and 

42.9 % reported the involvement in physical fights many times. The 

associations of variables were found to be significant between groups 

(p < 0.001). 

Table 4.7l: Types of Bullying experienced by Controls and Cases 

How were you bullied most often? Controls Cases Overall 

I was hit, kicked, pushed, shoved around, or 
locked indoors 90.90 % 48.60 % 64.90 % 

I was made fun of because of my religion 00 % 2.90 % 1.80 % 

I was made fun of with sexual jokes, comments, 
or gestures 00 % 5.70 % 3.50 % 

I was left out of activities on purpose or 
completely ignored 00 % 11.40 % 7.00 % 

I was made fun of because of how my body or 
face looked 00 % 8.60 % 5.30 % 

I was bullied in some other way 9.10 % 22.90 % 17.50 % 

  



 132

 Table 4.7l shows the types of bullying. Even though most of the 

controls (90.90 %) experienced one type of bullying during the first 18 

years of their life, the cases reported that they were bullied in several 

ways. 

Table 4.7m: Frequency of Community violence among Controls 
and Cases 

Variables Group 
Many 
times 
(%) 

A few 
times 
(%) 

Once 
(%) 

Never 
(%) 

χ2 p 

Did you see or hear 
someone being 
beaten up in real 
life? 

Controls 0 34.4 62.5 3.1  
12.73 

 
0.005 

Cases 11.4 62.9 25.7 0 

Did you see or hear 
someone being 
stabbed or shot in 
real life? 

Controls 0 9.4 25.0 65.6  
16.48 

 
0.000 

Cases 0 28.6 54.3 17.1 

Did you see or hear 
someone being 
threatened with a 
knife or gun in real 
life? 

Controls 0 0 6.2 93.8 
 

59.93 
 

0.000 
Cases 2.9 54.3 42.9 0 

 

 Table 4.7m shows the frequency of Community violence. More 

than half of the cases (62.9 %) reported that they saw or heard 

someone being beaten up in real life a few times and at least one time 

(54.3 %) they have seen or heard someone being stabbed or shot in real 

life. Nearly half of the cases (54.3 %) reported that during the first 18 

years of their life they saw or heard someone being threatened with a 

knife or gun in real life a few times. The association of variables were 

found to be significant between groups (p < 0.001). 
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Table 4.7n: Frequency of Collective violence among Controls and 
Cases 

Variables Group 
Many 
times 
(%) 

A 
few 

times 
(%) 

Once 
(%) 

Never 
(%) 

χ2 p 

Were you forced 
to go and live in 
another place 
due to any of 
these events? 

Controls 0 0 0 100 
 

56.01 
 

0.000 
Cases 2.9 45.7 42.9 8.6 

Did you 
experience the 
deliberate 
destruction of 
your home due 
to any of these 
events? 

Controls 0 0 0 100 

 
49.67 

 
0.000 

Cases 0 14.3 71.4 14.3 

Were you beaten 
up by soldiers, 
police, militia, 
or gangs? 

Controls 0 6.2 18.8 75.0 
 

45.20 
 

0.000 
Cases 8.6 65.7 25.7 0 

Was a family 
member or 
friend killed or 
beaten up by 
soldiers, police, 
militia, or 
gangs? 

Controls 0 0 0 100 

 
67.00 

 
0.000 

Cases 28.6 34.3 37.1 0 

 

   Table 4.7n shows the frequency of collective violence. Due to 

organized violent crimes such as gang warfare, 45.7 % of the cases 

were forced to go and live in another place a few times and 42.9 % 

reported that they were forced to go and live in another place due to 

these adverse events at least once. Deliberate destruction of the house 

due to organized violent crimes was experienced at least once by 71.4 

% of cases. More than half of the cases (65.7 %) were beaten up by 
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police and gangs. Family member and friends of the all the cases were 

either many times (28.6 %), a few times (34.3 %) or once (37.1 %) 

beaten up by police and gangs. The association of variables were found 

to be significant between groups (p < 0.001). 

4.3.5 Prevalence of ACE categories in Controls and Cases 

Based on the significant association of ACEs among the 

groups, the intensity of ACEs in both the groups were examined. The 

prevalence of ACEs among the controls and cases are presented in 

table 4.8 and in figure 4.9. When ACEs of cases (M = 72.14, SD = 

6.80, N = 35) were compared with that of controls (M = 44.91, SD = 

5.39, N = 32), it was found that cases experienced significantly more 

ACEs (t (65) = -17.30, p < 0.001) and hence the hypothesis is 

accepted.  

For five ACE categories (Household member treated violently, 

physical neglect, bullying and physical fight, community violence and 

collective violence), the cases that experienced this trauma were nearly 

double the rate of the controls. The ACEs, incarcerated household 

members (M = 1.00, SD = 00, N = 32) and household mental illness 

(M = 1.00, SD = 00, N = 32) were not experienced by the controls. 

 Among both the groups, the most frequent ACE reported by the 

participants in this study was physical abuse and none of the 

participants reported that they have never subjected to physically abuse 

during childhood. This was similar to the findings of Felitti and 

colleagues (1998) and contrasting to the published study done in 

Kerala among youth (Damodaran & Paul, 2017). 
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Table 4.8: Prevalence of ACE categories in Control and Cases 

ACE categories Controls Cases t value df p 

(Mean±SD) (Mean±SD) 

ACE 1 Physical Abuse 4.28 (0.63) 6.34 (0.99) -9.98 65 0.000** 

ACE 2 Emotional Abuse 4.13 (0.94) 5.80 (1.59) -5.19 65 0.000** 

ACE 3 Contact Sexual Abuse 4.56 (1.37) 5.80 (2.04) -2.89 65 0.005* 

ACE 4 Household alcohol/substance abuse 1.19 (0.40) 1.71 (0.46) -5.01 65 0.000** 

ACE 5 Incarcerated household member 1.00 (0.00) 1.37 (0.49) -4.28 65 0.000** 

ACE 6 Household mental illness   1.00 (0.00) 1.20 (0.41) -2.79 65 0.006* 

ACE 7  Household violence 4.81 (1.55) 8.97 (1.25) -12.13 65 0.000** 

ACE 8 Parental separation or divorce 2.22 (0.42) 2.86 (0.73) -4.32 65 0.000** 

ACE 9 Emotional neglect 4.97 (1.12) 6.51 (0.82) -6.49 65 0.000** 

ACE 10 Physical neglect 3.75 (1.24) 6.89 (2.10) -7.35 65 0.000** 

ACE 11 Bullying and physical fight 3.88 (1.64) 6.94 (0.99) -9.33 65 0.000** 

ACE 12 Community violence 4.81 (1.12) 7.57 (1.27) -9.41 65 0.000** 

ACE 13 Collective Violence 4.31 (0.59) 10.17 (1.82) -17.35 65 0.000** 

Total ACE Score 44.91 (5.39) 72.14 (6.80) -18.06 65 0.000** 
Controls (N = 32), Cases (N = 35), Values are expressed as Mean ± SD. Asterisks (*) and (**) denotes significance at p < 0.05 and              
p < 0.001 respectively against controls. 



 136

 

Figure 4.9: Prevalence of ACE categories in the Controls and Cases. ACE 1- Physical Abuse, ACE 2- Emotional Abuse, 
ACE 3- Contact Sexual Abuse, ACE 4- Household alcohol/substance abuse, ACE 5- Incarcerated household member, ACE 6- 
Household mental illness, ACE 7- Household violence, ACE 8- Parental separation or divorce, ACE 9- Emotional neglect, 
ACE 10- Physical neglect, ACE 11- Bullying and physical fight, ACE 12- Community violence, ACE 13- Collective 
Violence,Controls (N = 32), Cases (N = 35),Values are expressed as Mean ± SD. Asterisk (*) denotes significance at p < 0.05 
against controls. 
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 As reported by the participants, the frequency of exposure to 

sexual abuse was least among them and similar to the prevalence 

already reported in past investigations done in Kerala among 

adolescents and youths (Nair & Devika, 2014; Damodaran & Paul, 

2017). The response rates were found to be less for the questions 

regarding sexual abuse in several studies due to the inherent nature of 

this social problem (Gorey & Leslie, 1997; Damodaran & Paul, 2017).  

 As the mean individual score of 13 categories of ACEs and 

total ACE score differed significantly among the cases and controls in 

this study, the impact of ACEs on cases were specifically analyzed. 

This helped to understand the impact that ACEs have on serious, 

violent and chronic criminal behaviour. 

 Results indicated that when the intensity of ACEs increased 

there was an early onset of violent crimes among offenders. This 

finding was similar to those reported by more than 20 longitudinal 

studies (Krohn et al., 2001; Howell, 2008; Baglivio et al., 2015; 

Howell & Griffiths 2018). On examining the official crime records of 

the offenders with highest ACE score, it was understood that the 

frequency, serious offences and gang involvement were more among 

these offenders (Tolan, 1987; Tolan & Thomas, 1995; Loeber & 

Farrington, 1998; Howell, 2008; DeLisi & Piquero, 2011; Howell, 

2012). 

 Among the recidivist violent offenders in this study, the number 

of incidents, longevity or the severities of the exposure to individual 

ACEs were significantly higher, which were supported by past 
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research (Bellis et al., 2013; Barrett et al., 2014). The major adverse 

experiences to which the offenders exposed were witnessing 

household, community and collective violence; physical neglect; 

bullying and involvement in physical fights, which were double the 

rate when compared to the control population, which indicated the 

“double whammy” or trigger compounding effect on violent behaviour 

in recidivist violent offenders (Herrenkohl et al., 2008). 

 The mean score of the ACE category, bullying and physical 

fight, was significantly high in offenders when compared to the 

controls. This showed that the offenders were subjected to frequent 

bullying and involved in physical fights when they were children. This 

might have resulted in peer adjustment problem, associating with 

deviant peers and peer conflict resolution difficulties (Margolin & 

Gordis, 2004; Chapple et al., 2005).  

 Even though the offenders in this study were convicted several 

times and presumably corrected, the rate of violent criminal recidivism 

were high in this group. This showed the similar effect of ACEs in 

offenders as reported in several other investigations (Cicchetti & 

Manly, 2001; Chen et al., 2011; Yu-Ling Chiu et al., 2011; Baglivio et 

al., 2013; Barrett et al., 2014).  Household incarceration and mental 

illness were reported only by the offender population in this study and 

the same adversity during childhood could have contributed in 

developing the violent criminal recidivism in them (Thomas et al., 

1995; Wildeman, 2009). 
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4.4  Section- II: Relationship between Adverse Childhood 
Experiences (ACEs) and violent criminality 

4.4.1 Interrelationship of ACEs 

 In this section the results of bivariate correlation of ACE 

categories among the participants are illustrated. 

Hypothesis: There will be significant correlation between variables 
of ACEs in the participants. 

 Bivariate correlations were performed to demonstrate the 

relationship between the ACE categories and results are found in table 

4.9. The correlation coefficients range from r = 0.079 to r = 0.813. 

Between the ACE items, the largest correlation was found between the 

presence of collective violence and household violence (r = 0.813). 

Whereas, between household mental illness and incarcerated 

household member, very weak correlation was found (r = 0.079). Most 

of the ACE categories were positively correlated to one another and 

hence the hypothesis is accepted.  

 Fourteen correlations were higher than 0.60. This result 

indicated that the 13 categories of ACE were correlated each other 

indicating the co-occurrence and interrelationship of ACEs in Indian 

population (Baglivio & Epps, 2015; Damodaran & Paul, 2017). In the 

land marking study conducted by Felitti and colleagues (1998) it was 

reported that 67 % of the participants experienced one or more ACEs 

together. 
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Table 4.9: Bivariate correlations showing co-occurrence of ACEs 

ACE Categories 
ACE ACE ACE ACE ACE ACE ACE ACE ACE ACE ACE ACE ACE 

1 2 3 4 5 6 7 8 9 10 11 12 13 

ACE 1:Physical Abuse 1            

ACE 2:Emotional Abuse 0.591** 1 

ACE 3:Contact Sexual Abuse 0.320** 0.2 1 

ACE 4:Householdalcohol/ substance abuse 0.473** 0.407** 0.09 1 

ACE 5:Incarcerated household member 0.466** 0.269* 0.212 0.302* 1 

ACE 6:Household mental illness 0.350** 0.505** 0.254* 0.270* 0.079 1 

ACE 7:Household violence 0.752** 0.503** 0.265* 0.570** 0.472** 0.237 1 

ACE 8:Parental separation or divorce 0.396** 0.229 0.389** 0.394** 0.325** 0.299* 0.412** 1 

ACE 9:Emotional neglect 0.479** 0.376** 0.199 0.460** 0.304* 0.260* 0.601** 0.292* 1 

ACE 10:Physical neglect 0.547** 0.536** 0.345** 0.450** 0.275* 0.489** 0.627** 0.396** 0.609** 1 

ACE 11:Bullying & physical fight 0.604** 0.444** 0.315** 0.491** 0.499** 0.257* 0.654** 0.375** 0.564** 0.573** 1 

ACE 12:Community violence 0.633** 0.341** 0.186 0.398** 0.472** 0.194 0.723** 0.385** 0.520** 0.500** 0.735** 1 

ACE 13:Collective Violence 0.744** 0.539** 0.358** 0.598** 0.493** 0.323** 0.813** 0.515** 0.592** 0.635** 0.795** 0.748** 1 

N = 67, Asteriks (*) and (**) denotes significant correlations at p < 0.05 and p < 0.001 respectively.
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4.4.2 Correlation between ACEs and violent criminality in Cases 

 In this section the results of bivariate correlation of ACEs and 

violent criminality in cases are given in table 4.10. Violent criminality 

is determined by calculating the total number of violent crimes as 

mentioned in the Chapter 3, section 3.4.6b. 

Hypothesis: There will be significant correlation between variables 
of ACEs and violent criminality in cases. 

 Table 4.10 represents the bivariate correlation analysis of 

relationship between ACE categories and violent criminality (in terms 

of total number of violent crimes committed). Emotional neglect and 

community violence did not show any significant correlation with 

violent criminality, whereas all the other ACE categories showed a 

significant correlation with violent criminality (r > 0.30). The highly 

significant correlation of total ACE score and criminality proved that 

adverse childhood experiences influence violent criminal behaviour (r 

(35) = 0.927, p < 0.001) and hence the hypothesis is accepted. 

The significant correlation of total ACE score and violent 

criminality among offenders indicated the developmental perspective 

of pathological aggression (Sroufe & Rutter, 1984; Toth & Cicchetti, 

2013). Predictions of Moffit’s developmental taxonomy is also 

supported by the findings of this study, as the offenders subjected to
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the most significant developmental risk factors and multiple adverse  

childhood experiences, became serious, violent and chronic offenders. 

It could be assumed that the recidivist violent offenders in this study 

belong to the Moffit’s LCP offending group. Also, the criminal 

trajectory of these offenders showed that these offenders belong to the 

SVC offenders who may continue to commit violence and serious 

crimes all through the life-course similar to the LCP offenders (Fox et 

al., 2015).  

Table 4.10: Bivariate correlations of ACEs and criminality in 
Cases 

Cases (N = 35), Asterisks (*) and (**) denotes significant correlations at p < 0.05 and  
p < 0.001 respectively, r = correlation coefficient.

 
r 

                     Criminality 1 
ACE 1 Physical Abuse 0.418* 
ACE 2 Emotional Abuse 0.468** 
ACE 3 Contact Sexual Abuse 0.495** 
ACE 4 Household alcohol/substance abuse 0.313* 
ACE 5 Incarcerated household member 0.370* 
ACE 6 Household mental  illness 0.355* 
ACE 7 Household violence 0.393* 
ACE 8 Parental separation or divorce 0.415* 
ACE 9 Emotional neglect 0.059 
ACE 10 Physical neglect 0.375* 
ACE 11 Bullying & physical fight 0.586** 
ACE 12 Community violence 0.222 
ACE 13 Collective Violence 0.641** 
                     ACE Total 0.927** 



 143

4.4.3 ACEs as predictors of violent criminality 

 Based on significant differences in ACE scores between 

controls and cases, followed by a significant correlation between total 

ACE score with violent criminality in cases, a series of linear and 

multiple regression analysis were performed to demonstrate whether 

scores of each ACE categories, total ACE and collective ACEs can 

successfully used as predictors for violent criminality. The results are 

presented in table 4.11 and 4.12 

Hypothesis: ACEs can significantly predict violent criminality in 
cases. 

 The thirteen items that make up the total ACE score were 

individually and collectively evaluated for their impact on violent 

criminality (Table 4.11 & 4.12). Except for household alcohol/ 

substance abuse and emotional neglect a marginally significant 

regression equation was found between categories of ACE scores and 

violent criminality as the dependent variable. Using total ACE score as 

the predictor variable, 86.0 % of the variability in the violent 

criminality as the dependent variable is accounted for by the regression 

(F (1, 33) = 202.71, p < 0.001) and the predictor variability of each of 

the 13 categories are presented in table 4.11. Also, in multiple 

regression analysis (Table 4.12), collective ACEs significantly 

predicted violent criminality (F (13, 21) = 34.693, p < 0.001,  

R2 = 0.956). Hence the hypothesis is accepted. 
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Table 4.11: Categories of ACEs predicting violent criminality 

ACE variables 
 

Un-stanardized Coefficients 
 

Standardized 
Coefficients (β) R2 P 

Constant 
(B) (SE) 

Variable 
 (B) (SE) 

ACE 1 Physical Abuse 4.270(6.111) 2.52 (0.952) 0.418 0.175 0.012* 

ACE 2 Emotional Abuse 9.957(3.501) 1.771 (5.583) 0.468 0.219 0.005* 

ACE 3 Contact Sexual Abuse 11.766(2.734) 1.459 (0.445) 0.495 0.245 0.002* 

ACE 4 Household alcohol/ substance abuse 13.200(3.844) 4.1 (2.168) 0.313 0.098 0.067 

ACE 5 Incarcerated household member 14.014(2.883) 4.531 (1.983) 0.37 0.137 0.029* 

ACE 6 Household mental illness 13.929(3.049) 5.25 (2.411) 0.355 0.126 0.037* 

ACE 7 Household violence 3.254(6.980) 1.892 (0.771) 0.393 0.154 0.020* 

ACE 8 Parental separation or divorce 10.519(3.826) 3.398 (1.298) 0.415 0.172 0.013* 

ACE 9 Emotional neglect 17.397(8.382) 0.435 (1.277) 0.059 0.003 0.736 

ACE 10 Physical neglect 12.819(3.324) 1.076 (0.462) 0.375 0.141 0.026* 

ACE 11 Bullying and physical fight -4.274(5.957) 3.525 (0.850) 0.586 0.343 0.000** 

ACE 12 Community violence 12.261(6.179) 1.052 (0.805) 0.222 0.049 0.2 

ACE 13 Collective Violence -1.256(4.552) 2.112 (0.441) 0.641 0.41 0.000** 

Total ACE Score -38.939(4.174) 0.820 (0.058) 0.927 0.86 0.000** 

Un-standardized Coefficients (B), Standard error (SE), Standardized coefficients (β), Coefficient of determination (R2) and significance 
levels (p) for individual ACE categories predicting violent criminality of Cases (N = 35), ACE = Adverse childhood experience;  
Asterisks (*) and (**) denotes significant correlations at p < 0.05 and p < 0.001 respectively. 



 145

Table 4.12: Multiple regression showing ACEs collectively predicting violent criminality 

ACE variables 
 

Unstandardized Coefficients 

p B SE 
  (Constant) -35.719 4.090 0.000** 

ACE 1 Physical Abuse 0.575 0.335 0.101 

ACE 2 Emotional Abuse 1.196 0.252 0.000** 

ACE 3 Contact Sexual Abuse 1.189 0.158 0.000** 

ACE 4 Household alcohol/substance abuse 2.303 0.732 0.005* 

ACE 5 Incarcerated household member 0.497 0.680 0.473 

ACE 6 Household mental illness 0.595 0.861 0.497 

ACE 7 Household violence 0.530 0.266 0.060 

ACE 8 Parental separation or divorce 0.692 0.438 0.129 

ACE 9 Emotional neglect -0.659 0.386 0.102 

ACE 10 Physical neglect 0.366 0.163 0.036* 

ACE 11 Bullying 1.364 0.374 0.002* 

ACE 12 Community violence 1.297 0.266 0.000** 

ACE 13 Collective Violence 0.873 0.191 0.000** 

Un-standardized Coefficients (B), Standard error (SE), Standardized coefficients (β) and significance levels (p) for collective ACEs   
predicting violent criminality of Cases (N = 35), ACE = Adverse childhood experience. Asteriks (*) and (**) denotes significance at     
p < 0.05 and p < 0.001 respectively.
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 Thirteen ACE categories were grouped under four main 

subcategories- abuse, neglect, violence and household challenges. 

Multipe regressions were performed in these subcategories to know 

whether these subcategories differ in strength as predictors for violent 

criminality. 

Abuse 

 The three abuse categories (Physical, Emotional and Contact 

Sexual Abuses) were found to be significant, but were weak predictors 

of violent criminality (Table 4.11). A significant regression equation 

was found when subcategories of Abuse of ACEs were collectively 

considered to predict criminality, (F (3, 31) = 9.994, p < 0.001, R2 = 

0.492) (Table 4.13). In another study, self-reported violence, emotional 

and psychological abuse had shown to be predictive of violent 

behaviour (Song et al., 1998). Mass and colleagues (2008) reported 

that physical abuse as a consistent predictor for the perpetration of 

chronic violence. This view was opposed by Yun and colleagues 

(2011) and they concluded that for chronic violence, physical abuse 

alone was unrelated, but instead sexual abuse and childhood neglect 

were each independently predictive. 

Table 4.13: Abuse category of ACEs predicting violent criminality 

ACE variables 

of abuse subcategory 

Unstandardized Coefficients 
p 

B SE 

(Constant) -5.381 5.413 0.328 

Physical Abuse 1.695 0.810 0.045* 

Emotional Abuse 1.271 0.511 0.018* 

Contact Sexual Abuse 1.290 0.380 0.002* 

Un-standardized Coefficients (B), Standard error (SE) and significance levels (p) for 
abuse subcategory of ACEs predicting violent criminality of Cases (N = 35). Asteriks 
(*) and (**) denotes significance at p < 0.05 and p < 0.001 respectively. 
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Neglect 

 Since a no significant regression equation was found for 

emotional neglect with a very weak predictor variable, this ACE 

category cannot be used as a good predictor for violent criminality (F 

(1, 33) = 0.116, p = 0.736, R2 = 0.003) (Table 4.11). Whereas, physical 

neglect showed a significant but weak regression equation (F (1, 33) = 

5.416, p = 0.026, R2 = 0.141). When these two categories were 

collectively considered as predictor, a non-significant equation was 

found (F (2, 32) = 2.64, p = 0.087, R2 = 0.142) (Table 4.14). 

Table 4.14: Neglect category of ACEs predicting violent 
criminality 

ACE variables 

of neglect subcategory 

Unstandardized Coefficients 
p 

B SE 

(Constant) 13.959 8.044 0.092 

Emotional neglect -0.193 1.235 0.877 

Physical neglect 1.093 0.482   0.030* 

Un-standardized Coefficients (B), Standard error (SE) and significance levels (p) for 
neglect subcategory of ACEs predicting violent criminality of Cases (N = 35). 
Asteriks (*) and (**) denotes significance at p < 0.05 and p < 0.001 respectively. 

 

Violence 

 Under violence subcategory, the bullying, community violence 

and collective violence were considered. Multiple regression equation 

of exposure to violence predicting criminality was found to be highly 

significant (F (3, 31) = 11.017, p < 0.001, R2 = 0.516) (Table 4.15). A 

series of linear regression found that only bullying and collective 

violence significantly predicted criminality (Table 4.11).  
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Table 4.15: Violence category of ACEs predicting violent 

criminality 

ACE variables 

of violence subcategory 

Unstandardized Coefficients 
p 

B SE 

(Constant) -12.063 6.417 0.070 

Bullying 2.074 0.891 0.027* 

Community violence 0.281 0.623 0.655 

Collective Violence 1.550 0.468 0.002* 

Un-standardized Coefficients (B), Standard error (SE) and significance levels (p) for 
violence subcategory of ACEs predicting violent criminality of Cases (N = 35). 
Asteriks (*) and (**) denotes significance at p < 0.05 and p < 0.001 respectively. 

 

Household challenges 

 Multiple regression was performed to predict the Household 

challenges category of ACE and a significant regression equation was 

found between household challenges and criminality (F (5, 29) = 

5.028, p = 0.002, R2 = 0.464) (Table 4.16). Incarcerated household 

member, household mental illness, household violence and parental 

separation or divorce significantly predicted criminality (Table 4.11). 

In a study conducted by Baglivio and colleagues (2017) it was found 

that among early onset juvenile offenders who have committed 

homicide and attempted homicide, there have a link between these 

offences and ACE such as living with household mental illness. 

Household alcohol/ substance abuse failed to predict criminality. 

Among the four ACEs parental separation or divorce predicted (R2 = 

0.172) criminality over and above the other three (Incarcerated 

household member, household mental illness and household violence). 
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Table 4.16: Category of household challenges of ACEs predicting 
violent criminality 

ACE variables 

of household challenges 
subcategory 

Unstandardized Coefficients 
p 

B SE 

(Constant) -10.678 6.963 0.136 

Household alcohol/substance 
abuse 

1.956 1.855 0.300 

Incarcerated household member 3.497 1.740 0.054 

Household mental illness 5.157 2.113 0.021* 

Household violence 1.354 0.712 0.067 

Parental separation or divorce 1.548 1.217 0.214 
 

Un-standardized Coefficients (B), Standard error (SE) and significance levels (p) for 
household challenges subcategory of ACEs predicting violent criminality of Cases (N 
= 35). Asteriks (*) and (**) denotes significance at p < 0.05 and p < 0.001 
respectively. 

 

4.5  Section III: Prevalence and relationship of Health Risk 
Behaviours (HRBs) with violent criminality and ACEs 

 Health risk behaviours (HRBs) included three categories, 

tobacco use, alcohol use and street drug/ substance abuse. As 

mentioned in the Chapter 3, section 3.3.2 (2), six questions from the 

male version of Family Health History Questionnaire of the CDC-

Kaiser Permanente Adverse Childhood Experiences (ACE) Study were 

used to investigate the history of HRBs in participants during their first 

18 years of life (The Centers for Disease Control and Prevention, 

2014). Overall HRB score ranges from 3– 6. The lowest score 3 means 

the participant did not have any HRBs during first 18 years of life. The 

highest score 6 means the participant had all the HRBs during first 18 

years of life.  



 150

Hypothesis: There will be significant difference in the prevalence 
of HRBs between cases and controls. 

4.5.1  Occurrence and prevalence of HRBs based on age of onset 
and ACE exposure in participants 

 Chi-square and percentage analysis of HRBs, age of onset 

HRBs and trend of association between exposures to ACEs are 

described in this section. This is followed by the result of t- test done 

for analyzing the prevalence of HRBs in cases and controls. 

 Table 4.17 and figure 10 shows the habit of HRBs, tobacco use, 

alcohol use and street drug/ substance abuse in all the participants. 

Most of the cases reported that they have these habits. All HRBs 

showed a significant association between controls and cases                

(p < 0.001). 

Table 4.17: Occurrence of HRBs in participants 

HRB Occurrence 
Controls Cases Total 

χ2 df p 
N % N % N % 

Tobacco 
Use 

No 22 68.8 1 2.9 23 34.3 
32.2 1 0.000** 

Yes 10 31.2 34 97.1 44 65.7 

Alcohol 
Use 

No 18 56.2 2 5.7 20 29.9 
20.39 1 0.000** 

Yes 14 43.8 33 94.3 47 70.1 

Street 
drug/ 
Substance 
Abuse 

No 23 71.9 8 22.9 31 46.3 

16.156 1 0.000** 
Yes 9 28.1 27 77.1 36 53.7 

 

Controls (N = 32), Cases (N = 35). Asterisks (**) denotes significance at p < 0.001. 
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Figure 4.10: Prevalence of HRBs in groups 

   

 Table 4.18 shows the age of onset of HRBs in the participants. 

In controls all the three habits started in the age of 16 or after. 

Whereas, onset of HRB habits in cases were found to begin from age 

12 and 14. The data are pictorially represented in figure 4.11a, 4.11b 

and 4.11c. 
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Table 4.18: Age of onset of HRBs 

Age of onset of HRBs 
Tobacco use Alcohol use Street drugs/ substance abuse 

Controls Cases Controls Cases Controls Cases 

12 years 
Count 0 1 0 0 0 0 

Percentage (%) 0.00 3.00 0.00 0.00 0.00 0.00 

13 years 
Count 0 3 0 0 0 0 

Percentage (%) 0.00 9.10 0.00 0.00 0.00 0.00 

14 years 
Count 0 4 0 3 0 6 

Percentage (%) 0.00 12.10 0.00 9.10 0.00 22.20 

15 years 
Count 0 6 0 8 0 5 

Percentage (%) 0.00 18.20 0.00 24.20 0.00 18.50 

16 years 
Count 2 12 0 14 1 11 

Percentage (%) 20.00 36.40 0.00 42.40 11.10 40.70 

17 years 
Count 4 4 3 6 3 4 

Percentage (%) 40.00 12.10 21.40 18.20 33.30 14.80 

18 years 
Count 1 3 3 1 2 1 

Percentage (%) 10.00 9.10 21.40 3.00 22.20 3.70 

19 years 
Count 1 0 2 0 0 0 

Percentage (%) 10.00 0.00 14.30 0.00 0.00 0.00 

20 years 
Count 0 0 2 1 1 0 

Percentage (%) 0.00 0.00 14.30 3.00 11.10 0.00 

22 years 
Count 2 0 2 0 0 0 

Percentage (%) 20.00 0.00 14.30 0.00 0.00 0.00 

24 years 
Count 0 0 1 0 2 0 

Percentage (%) 0.00 0.00 7.10 0.00 22.20 0.00 

26 years 
Count 0 0 1 0 0 0 

Percentage (%) 0.00 0.00 7.10 0.00 0.00 0.00 
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Figure 4.11a: Age of onset of tobacco use in participants 

 

Figure 4.11b: Age of onset of alcohol use in participants 

 

Figure 4.11c: Age of onset of street drugs/ substance abuse in 
participants 
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Table 4.19: Occurrence of HRBs based on ACE exposure in participants 

ACE 
Exposure 

Intensity 
of HRB 

Low Moderate Medium High Extreme 

Count % Count % Count % Count % Count % 

Controls 

Tobacco use 
No 5 100.0 16 69.6 1 33.3 0 0.0 0 0.0 
Yes 0 0.0 7 0.0 2 0.0 1 6.2 0 0.0 

Alcohol use 
No 4 100.0 13 52.0 1 33.3 18 56.3 0 0.0 
Yes 0 0.0 12 48.0 2 66.7 14 43.8 0 0.0 

Street 
drug/substan
ce abuse 

No 5 100.0 17 73.9 1 33.3 0 0.0 0 0.0 

Yes 0 0.0 6 26.1 2 66.7 1 100.0 0 0.0 

Cases 

Tobacco use 
No 0 0.0 0 0.0 0 0.0 1 6.2 0 0.0 
Yes 0 0.0 0 0.0 0 0.0 15 93.8 19 100.0 

Alcohol use 
No 0 0.0 0 0.0 0 0.0 1 62.0 1 5.3 
Yes 0 0.0 0 0.0 0 0.0 15 93.8 18 94.7 

Street 
drug/substan
ce abuse 

No 0 0.0 0 0.0 0 0.0 5 31.2 3 15.8 

Yes 0 0.0 0 0.0 0 0.0 11 68.8 16 84.2 
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Figure 4.12: Occurrence of HRBs based on ACE exposure in participants 
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 When ACEs influence on occurrence of HRBs were analysed in 

participants (Table 4.19 and figure 4.12), it was found that depending 

upon the intensity of ACE exposure, the number HRBs also increased.  

4.5.2 Mean HRBs in Controls and Cases 

 Based on the significant association between HRBs in controls 

and cases, an independent sample t- test in both the groups was 

performed (Table 4.20) and demonstrated significant differences in the 

mean score of HRBs for tobacco use (t (65) = -7.754, p < 0.001), 

alcohol use (t (65) = -5.332, p < 0.001), substance abuse                 

(t(65) = -4.545,  p < 0.001) and also overall HRBs (t(65) = -6.687,       

p < 0.001). Hence the hypothesis is accepted. Out of the three HRBs, 

tobacco risk behaviour seemed to have more prevalent in cases (M = 

1.97, SD = 0.17, N = 35) than controls (M = 1.31, SD = 0.47, N = 32).  

Table 4.20: Mean HRBs in Controls and Cases 

 

  Controls (N = 32), Cases (N = 35), Asterisks (**) denotes significance at p < 0.001. 

 

 

 

Types of HRBs 
Controls Cases 

t-value df p 
(Mean ± SD) (Mean ± SD) 

Tobacco use 1.31(0.47) 1.97(0.17) -7.754 65 0.000** 

Alcohol use 1.44(0.50) 1.94(0.24) -5.332 65 0.000** 

 Street drugs/  
 Substance Abuse  

1.28(0.46) 1.77(0.43) -4.545 65 0.000** 

Overall HRB 4.03(1.31) 5.69(0.63) -6.687 65 0.000** 



 157

 

Figure 4.13: Mean HRBs in Controls and Cases. Controls (N = 32), Cases   
(N = 35). Asterisk (*) denotes significance (p < 0.001) over the respective 
controls. 

 The mean prevalence of HRBs was significantly more in 

offenders when compared with the control population (Rosenfeld & 

White, 2012). HRBs in offenders elevated the chances of criminal 

recidivism and violent behaviour in several other studies (Cottle et al., 

2001; Dowden & Brown, 2002; Loeber & Farrington, 2012). 

Approximately one-third of the violent crimes, like homicide, sexual 

assault, domestic violence etc., in U.S are linked to alcohol use and 

similar results were obtained in this study also with high prevalence of 

alcohol use among recidivist violent offenders (Horvath & 

LeBoutillier, 2014). 

4.5.3  Correlation between ACEs and HRBs 

 Results of the bivariate correlation between ACEs and HRBs 

are presented and discussed in this section.  
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Hypothesis: There will be significant correlation between ACEs 
and HRBs in the participants. 

Table 4.21: Relationship between HRBs and total ACE score 
among participants 

HRBs 1 2 3 4 5 
1. Tobacco use 1 

 2. Alcohol use 0.834** 1 

3. Street drugs/ Substance Abuse 0.716** 0.638** 1 

4. Total ACE Score 0.724** 0.575** 0.559** 1  
5. Overall HRB 0.937** 0.905** 0.873** 0.684** 1 

 

N = 67, HRBs = Health risk behaviours, ACE = Adverse childhood experience, 
Asterisks (**) denotes significance at p < 0.001. 

 

 Table 4.21 represents the bivariate correlation analysis of 

relationship between HRBs and total ACE score of the participants. 

Using a series of correlations, significant relations were found between 

total ACE scores and tobacco use (r (67) = 0.724, p < 0.001), alcohol 

use (r (67) = 0.575, p < 0.001) and substance abuse (r (67) = 0.559,     

p < 0.001); all were higher than 0.50. Overall HRB and total ACE 

score were also found to be significantly correlated (r (67) = 0.684,     

p < 0.001) and hence the hypothesis is accepted. These relations 

revealed that when ACE scores increased HRBs also increased.  

4.5.4 Correlation between HRBs and violent criminality in Cases 

 The results of bivariate correlation of ACEs and violent 

criminality in cases are given in table 4.22. Violent criminality is 

determined by calculating the total number of crimes as mentioned in 

the Chapter 3, section 3.4.6b. 
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Hypothesis: There will be significant correlation between HRBs 
and violent criminality in cases. 

Table 4.22: Relationship between HRBs and Criminality in Cases 

HRBs 1 2 3 4 5 

1. Tobacco use 1 

2. Alcohol use 0.697** 1 

3. Street drugs/ Substance Abuse 0.315* 0.159 1  

4. Overall HRB 0.740** 0.667** 0.819** 

5. Total crimes 0.209 0.03 0.09 0.128 1 
 

 N = 35, HRBs = Health risk behaviours, Asterisks (*) and (**) denotes significance 
at  p < 0.05 and p < 0.001 respectively. 

 Table 4.22 represents the bivariate correlation analysis of 

relationship between HRBs, overall HRB and violent criminality in 

cases. No significant relations were found between violent criminality 

and tobacco use (r (35) = 0.209, p = 0.114), alcohol use (r (35) = 

0.030, p = 0.431), substance abuse (r (35) = 0.090, p = 0.304) and 

overall HRB (r (35) = 0.128, p = 0.232) and hence the hypothesis is 

rejected.  

 Relationship between HRBs and violent criminality were not 

found in this study and hence the hypothesis is rejected. This result is 

against the finding of many other researches where significant 

relationship was found between substance abuse and criminal 

recidivism (Cottle et al., 2001; Dowden & Brown, 2002). 

4.5.5 ACEs as predictors for developing HRBs 

 Based on significant differences in individual and overall HRBs 

between controls and cases and significant correlation between ACEs 
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and HRBs, a series of linear regression analysis were done to check 

whether ACE scores could be used as predictors for developing HRBs.  

Hypothesis: ACEs can significantly predict HRBs in the 
participants. 

 Table 4.23 represents the linear regression results showing the 

impact of ACEs on HRBs. A highly significant regression equation 

was found between total ACE scores and tobacco use (F (1, 65) = 

71.56, p < 0.001, R2 = 0.524), alcohol use (F (1, 65) = 32.12, p < 

0.001, R2 = 0.331), substance abuse (F (1, 65) =29.53, p < 0.001, R2 = 

0.312) and overall HRB (F (1, 65) = 57.18, p < 0.001, R2 = 0.468). 

Hence the hypothesis is accepted. 

Table 4.23: ACEs predicting HRBs 

HRBs 
 

Un-standardized 
Coefficients  

R2 p 
Constant 
(B) (SE)  

Variable 
(B) (SE) 

 

Tobacco use 
0.292 (0.166) 0.023 

(0.003) 
0.524 0.000** 

Alcohol use 
0.657 (0.190) 0.018 

(0.003) 
0.331 0.000** 

Street 
drugs/Substance 
Abuse 

0.431 (0.210) 0.019 
(0.003) 0.312 0.000** 

Overall HRB 
1.381 (0.479) 0.059 

(0.008) 
0.468 0.000** 

 

Un-standardized Coefficients (B), Standard error (SE), Coefficient of determination 
(R2) and significance levels (p) for total ACE score predicting HRBs; N = 67, ACE = 
Adverse childhood experience, HRBs = Health risk behaviours, Asterisks (**) 
denotes significance at p < 0.001. 
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 Most of the participants reported that during the first 18 years 

of life they had started the health risk behaviours like smoking, 

consumption of alcohol and usage of street drugs. In the whole 

population smoking was common, followed by alcohol use and 

substance abuse. Early onsets of HRBs were seen in both the groups. 

In the participants, when the frequency of ACE exposure increased the 

number of HRBs also increased. Also, significant positive correlations 

were found between total ACE score and score of each category of 

HRBs and total HRB. These findings were supported by several 

previous researches which demonstrated a graded relationship between 

ACEs and HRBs (Harrison et al., 1997; Dube et al., 2003; Rothman et 

al., 2008). As reported in this study, ACEs also could be used as 

predictors for HRBs (Harrison et al., 1997; Anda et al., 2002). 
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PART III 

CANDIDATE GENE- ENVIRONMENT INTERACTION (cGxE) 

  This part illustrates the results of the interaction between allelic 

variants (3.5R and 4.5R) of MAOA-uVNTR polymorphism and adverse 

childhood experiences (ACEs) in all the participants. 

4.6 Interaction between allelic variants of MAOA-uVNTR  
           polymorphism and ACEs in Cases and Controls 
 

Hypothesis: There will be significant difference in the interaction 
of allelic variants of MAOA-uVNTR polymorphism and ACEs in 
cases and controls. 

  One-way ANOVA was performed to understand the interaction 

of MAOA genotype (3.5R and 4.5R of MAOA-uVNTR) and ACEs 

(environment) of controls and cases. This showed a significant 

difference in ACEs (environment) faced by participants with different 

MAOA genotype. In the presence of a significant difference, multiple 

comparisons were performed using the Scheffe procedure at p < 0.05 

and 0.001 significance level. Leven’s test was done to confirm the 

homogeneity of variance (Table 4.24 and figure 4.14).  

  These results clearly indicates that cases with 3.5R of MAOA-

uVNTR experienced significantly more ACEs   (M = 72.14, SD = 

6.80) than controls 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 < 0.001). Also, the mean total ACE score 

of the controls with 3.5R and 4.5R MAOA-uVNTR were found to be 

slightly significant (p = 0.051) between each other. Hence the 

hypothesis is accepted. 
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  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 significantly higher than that for the controls 

with 3.5R and 4.5R of MAOA-uVNTR    (p < 0.001). Also, mean ACE 

score for the controls with 3.5R and 4.5R MAOA-uVNTR were not 

found to be significantly different between each other in the ACE 

categories of physical abuse and emotional abuse (p = 0.658 and   p = 

0.974 respectively). In the case of sexual abuse, the mean ACE score 

for the controls with 3.5R MAOA-uVNTR were found to be 

significantly low between controls with 4.5R MAOA-uVNTR             

(p = 0.001) and cases with 3.5R MAOA-uVNTR (p < 0.001). 

  Under household challenges (Household alcohol/substance 

abuse, incarcerated household member, household mental illness, 

household violence and parental separation or divorce) post hoc test 

revealed that mean ACE score for these sub categories were 

significantly different between cases with 3.5R MAOA-uVNTR and 

controls with 3.5R MAOA-uVNTR (p < 0.05). 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 < 0.001). 
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Table 4.24: ACE prevalence in Cases and Controls based on MAOA-uVNTR genotype (3.5R and 4.5R 
alleles) showing   candidate Gene-Environment interaction 

 
ACE categories 

 

3.5R Cases 
(Mean ± SD) 

4.5R Controls 
(Mean ± SD) 

3.5R Controls 
(Mean ± SD) 

F df p 

ACE 1 Physical abuse 6.34 (1.00) 4.60 (0.55) 4.22 (0.64) 50.11 2, 64 0.000** 

ACE 2 Emotional abuse 5.80 (1.59) 4.00 (1.58) 4.15 (0.82) 13.31 2, 64 0.000** 

ACE 3 Contact Sexual abuse 5.80 (2.04) 7.20 (1.92) 4.07 (0.27) 13.51 2, 64 0.000** 

ACE 4 Household alcohol or drug abuse 1.71 (0.46) 1.40 (0.55) 1.15 (0.36) 13.36 2, 64 0.000** 

ACE 5 Incarcerated household member 1.37 (0.49) 1.00 (0.00) 1.00 (0.00) 9.03 2, 64 0.000** 

ACE 6 Household mental  illness 1.20 (0.41) 1.00 (0.00) 1.00 (0.00) 3.82 2, 64  0.027* 

ACE 7 Household violence 8.97 (1.25) 4.60 (1.95) 4.85(1.51) 72.59 2, 64 0.000** 

ACE 8 Parental separation or divorce 2.86 (0.73) 2.40 (0.55) 2.19 (0.39) 9.52 2, 64 0.000** 

ACE 9 Emotional neglect 6.51 (0.82) 5.20 (1.30) 4.93 (1.11) 20.98 2, 64 0.000** 

ACE 10 Physical neglect 6.89 (2.10) 4.00 (1.41) 3.70 (1.24) 26.74 2, 64 0.000** 

ACE 11 Bullying 6.94 (1.00) 5.40 (1.67) 3.59 (1.50) 52.85 2, 64 0.000** 

ACE 12 Community violence 7.57 (1.27) 5.20 (1.64) 4.74 (1.02) 44.3 2, 64 0.000** 

ACE 13 Collective violence 10.17(1.82) 5.00 (0.71) 4.19 (0.48) 152.44 2,64 0.000** 

Total ACE score 72.14 (6.80) 51.00 (6.36) 43.78 (4.47) 179.42 2, 64 0.000** 
 

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 (N = 27, 3.5 repeat allele of MAOA-uVNTR found in controls); Asterisks (*) and (**) denotes significance at         
p < 0.05 and p < 0.001 respectively. 
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Figure 4.14: MAOA-uVNTR genotype and ACE prevalence in Cases and Controls. ACE 1- Physical Abuse, ACE 2- 
Emotional Abuse, ACE 3- Contact Sexual Abuse, ACE 4- Household alcohol/substance abuse, ACE 5- Incarcerated 
household member, ACE 6- Household mental illness, ACE 7- Household violence, ACE 8- Parental separation or divorce, 
ACE 9- Emotional neglect, ACE 10- Physical neglect, ACE 11- Bullying and physical fight, ACE 12- Community violence, 
ACE 13- Collective Violence. Values are expressed as Mean ± SD. Asteriks (*) denotes significance at p < 0.05 against two 
controls (3.5R and 4.5R). 
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  When post hoc was done for 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 < 0.05).  

  In the ACE category of violence (bullying, community violence 

and collective violence), mean ACE scores for these sub categories 

were found to be significantly increased in cases with 3.5R MAOA-

uVNTR and controls with 3.5R and 4.5R MAOA-uVNTR (p < 0.001). 

  For the first time in India, this study is reporting the prevalence 

of 3.5 repeat allele of MAOA-uVNTR in offender population and the 

interaction between this allele and multiple ACEs. Also, according to 

the available data, no such studies have reported such interaction in 

any countries. 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 control group had both short allele (3.5 

repeat) and long allele (4.5R). The high frequency of this short allele in 

offenders is similar to the reports that documented the association of 

short allele with an increased risk to commit violent acts (Reif et al., 

2007).  

  Furthermore, this result is in line with the evidence highlighting 

short allele of MAOA-uVNTR as a vulnerability genetic factor for the 

tendency to violence among members of criminal gangs (Beaver et al. 

2010). At the same time it is worth noting that the gene - environment 

interaction result of this study strongly suggest the implication of 

MAOA in the genetic bases of the disposition to criminal violence, only 
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in relation to the recidivist violent offenders and not to the general 

population (Stetler et al., 2014).  

  In this study, there was a significant difference in the ACEs 

faced by the participants belonging to cases and controls, with different 

genotype (i.e. 3.5R and 4.5R) of MAOA-uVNTR. As the recidivist 

violent offenders in the present study possessed short allele of MAOA-

uVNTR which predisposed them to criminal violence by interacting 

with ACEs linked to a higher predisposition to commit crimes 

repeatedly. Also, it’s worth noting that in the present study, in the 

control group, five participants possessed long allele (4.5R) of MAOA-

uVNTR and also the total ACE score of these participants were 

slightly higher (p = 0.051) than the other participants with short allele 

(3.5R).  

  Even though the aggressiveness and antisocial behaviour in 

these five participants with long allele were not measured in this study, 

they were acceptable as controls as they did not exhibit any specified 

aggressive behaviour or antisocial acts according to the information 

from the community and Police Station in their locality. This finding 

was in line with the moderating effect of high activity allele of MAOA-

uVNTR on the impact of childhood maltreatment in the development 

of antisocial behaviour in males as reported in the seminal study 

conducted by Caspi and colleagues (2002) and replicated in many 

further studies (Huang et al., 2004; Kim-Cohen et al., 2006; Widom et 

al., 2006; Nilsson et al., 2006; Reif et al., 2007; Enoch et al., 2010). 

Also, the moderating effect of high activity alleles of MAOA-uVNTR 

could be viewed similar to the resiliency factor that resist maladaptive 

and antisocial behaviour, that was explained in the ecological-
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transactional model of child development (Cicchetti & Rogosch, 

1997). 

  The results showed that the offenders belonging to cases with 

short allele (3.5R) were antisocial and repeatedly involved in violent 

crimes. Also, they had faced significantly high ACEs than the twenty 

seven and five participants in the control group with the short allele 

(3.5R) and long alleles (4.5R) respectively. Moreover, multiple 

regressions was performed and found as the best-fitting model, with a 

predictive power of 95.6 %, revealed independent effects of ACEs on 

violent criminality (Reif et al., 2007). This showed a significant 

candidate gene- environment (cGxE) interaction in the genesis of 

antisocial social behaviour and violent criminal recidivism in the 

offenders in this study (Reif et al., 2007; Tikkanen et al., 2011; 

Fergusson et al., 2011; Sadeh et al., 2013; Kolla et al., 2014; Byrd & 

Manuck, 2014; Ficks & Waldman, 2014). 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 pathological 

aggression and related problem behaviour leading to antisocial 

behaviour, violence and criminality in these offenders. These findings 

could be viewed in line with the Moffit’s developmental taxonomy 

theory and LCP offending group (Moffitt, 1993).  

  In the early regulation of aggression circuitry, the functioning 

of serotonin, dopamine and norepinephrine neurotransmission are 

important and the role of MAOA in violence reflects 

neurodevelopmental alterations in the homeostatic regulation of these 

neurotransmissions (Bortolato & Shih, 2011).  Several studies have 

shown that low expressing or activity allele of MAOA do not confer as 

an inherent predisposition to aggression (Fowler et al., 2007). The 
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influences of these alleles of MAOA on aggressive traits are likely 

mediated by interactions with early exposure to traumatic or adverse 

childhood experiences (Caspi et al., 2002; Kim-Cohen et al., 2006; 

Williams et al., 2009; Fergusson et al., 2011; Beaver et al., 2011; 

Pickles et al., 2013). Likewise, the interaction 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 (Palumbo 

et al., 2018).  

  Recent studies have indicated that gene expression is 

modulated by the adverse events experienced, by introducing constant 

changes to DNA without modifying its sequence through a mechanism 

known as “epigenetics” (Kramer, 2005; Weinhold, 2006; Nestler, 

2012; Landecker  & Panofsky, 2013, Prasad, et al., 2016; Palumbo et 

al., 2018). Prenatal life, infancy and early adolescence are the periods 

of maximal sensitivity to environment and experiencing adversities 

during these periods of growth may introduce lasting epigenetic marks 

or scars in genes (Roberts et al., 2018). As a result, the maturational 

processes in brain are affected which favors the development of 

dysfunctional behaviours, including exaggerate aggression in 

adulthood (Palumbo et al., 2018).  In the incarcerated antisocial 

population, the discovery of elevated levels of MAOA promoter 

methylation supports the suggestion of epigenetic mechanisms of 

MAOA dysregulation in offenders (Checknita et al., 2015). Hence 

further investigations are warranted among large samples of cohorts of 

recidivist violent offenders in Indian population in order to understand 

the molecular mechanism that underlies the relationship among genes, 

brain, environment and behaviour. 
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5.1  Summary 

The primary aim of this study was to identify whether there 

was any interaction between allelic variants of MAOA-uVNTR 

polymorphism and adverse childhood experience (ACEs) in recidivist 

violent offenders. This study was conducted in two parts since both the 

MAOA-uVNTR genotype and ACEs of the participants need to be 

analyzed with same importance. Each part had two phases of which the 

1st phase is the pilot study and 2nd phase is the main study. First phase 

of the part-I standardized the various laboratory protocols for 

genotyping the DNA samples for 30 bp MAOA-uVNTR polymorphism 

and found out buccal swab as the best biological sample for obtaining 

genomic DNA from the participants in the field conditions. Second 

phase of the part-I focused on the identification of the recidivist violent 

offenders and control population, along with the genotyping of these 

participants for identifying the allelic variants of MAOA-uVNTR 

polymorphism and its association with violent criminality. 

First phase of the part-II standardized the data collection tools, 

Adverse Childhood Experiences International Questionnaire (ACE-IQ) 

and Health Risk Behaviour questions (HRBs). In the second phase, 

with the help of these data collection tools, face-to-face interview was 

conducted with the participants. The violent crime history of the 

offenders was collected from the official records in the police stations. 

Chi-square test was conducted to check the association of ACE and 

HRB categories in participants. Independent t-test was performed to 

find out the mean difference in the ACEs and HRBs of recidivist 
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violent offenders and control population. Bivariate correlations were 

done to check the interrelationship between 13 ACE categories; 

relationship between ACEs and violent criminality; HRBs and total 

ACE score; HRBs and violent criminality. Linear and multiple 

regressions were performed for predicting violent criminality and 

HRBs using ACEs. One-way ANOVA was performed to know the 

mean prevalence of ACEs in the recidivist violent offenders and 

comparing population, grouped on the basis of allelic variants of 

MAOA-uVNTR polymorphism. 

5.2  Conclusions of the study 

 In conclusion, the present findings indicate that: 

1. Occurrence of 3.5R allele of MAOA-uVNTR polymorphism is 

more in recidivist violent offenders. 

2. The frequency and prevalence of adverse childhood 

experiences (ACEs) in recidivist violent offenders is high. 

3. There is an interrelationship between the occurrences of various 

dimensions of adverse childhood experiences (ACEs). 

4. Exposure to extreme adverse childhood experiences (ACEs) 

results in early onset of criminality. 

5. Prevalence of health risk behaviours (HRBs) is high in 

recidivist violent offenders. 
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6. There is early onset of health risk behaviours (HRBs) in 

participants with extreme adverse childhood experiences 

(ACEs). 

7. Prevalence of health risk behaviours (HRBs) is more in 

participants who faced more adverse childhood experiences 

(ACEs). 

8. Total adverse childhood experience (ACE) score predicts 

violent criminality in offenders. 

9. Health risk behaviours (HRBs) failed to predict violent 

criminality in offenders. 

10. Total adverse childhood experience (ACE) score predicts 

health risk behaviours (HRBs). 

11. Individuals with 3.5R allele of 30 bp MAOA-uVNTR 

polymorphism develop violent criminal behaviour when 

exposed to extreme adverse childhood experiences (ACEs) 

during the early ages of life. 

12. In individuals with 4.5R allele of 30 bp MAOA-uVNTR 

polymorphism and exposed to adverse childhood experiences 

(ACEs) during early ages of life, this allele ameliorates the 

development of violent criminal behaviour.   

5.3 Policy and Practical implications 

  From the results of this study, a number of practical 

interventions can be drawn. The results can be used to support the 
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development of specific programs to prevent the paths toward SVC 

delinquency in juveniles who lacks proper attention. Prevention of the 

onset of childhood adverse experiences should be the primary goal of 

the intervention based on the result of this study. Since adverse 

childhood experiences (ACEs) was a salient and significant predictor 

of both health risk behaviours (HRBs) and criminality in this study, the 

ability to prevent ACEs from occurring should be of the utmost 

importance. Theoretically, by preventing the variety of ACEs early in 

the lives of children, they should be able to develop in more adaptive 

and positive ways, which equips them to avoid more problematic, 

maladaptive and violent behavioural outcomes. 

5.3.1 Prevention of ACEs 

 Developing programs to prevent children from ACEs is 

principally endorsed by the findings of this study. Cost-effective 

practices like early life interventions which provide improved prenatal 

assistance and parental care have improved the family life of those at-

risk of trauma and subsequent adverse outcomes (Zigler & Hall, 1989; 

Cohen et al., 2010). Parental and family training programs have found 

a robust effect on the lives of the children, showing a reduction on the 

antisocial behaviour and subsequent delinquency over time (Piquero et 

al., 2009). 

 Visiting the home of high-risk families were designed to 

prevent ACEs and family conflicts, which enhanced the care giving 

abilities of parent’s at risk, educated them on the effects of child 

maltreatment and teach positive problem-solving behaviours (Zigler & 



 175

Hall, 1989).  These interventions also found that nurse home visit 

during pregnancy of women in these families reduced child 

maltreatment and reduced consequent adverse behaviour, delinquency, 

arrests, convictions and running away (Olds et al., 1997; Olds et al., 

1998; Poole et al., 2014). It was found that the parent management 

training (PMT) and functional family therapy (FFT) improved family 

dynamics reduced family dysfunction and enhanced the overall 

development of the child (Wasserman & Miller 1998). Evaluation of 

such programs conducted by Bugental & colleagues (2010) found that 

the prevalence of child physical abuse was reduced significantly in 

such families. Hence, these findings suggest the effectiveness of more 

comprehensive program in preventing the ACEs will preclude children 

from a path that can lead to antisocial behaviour and criminality. 

 Preventions programs on sexual abuse was best implemented at 

the school level which included role playing, lectures, behavioural 

training, multimedia, doll or puppet shows in order to teach children 

about what constitutes sexual abuse. At school, sexual abuse 

prevention programs were found to be effective and the effectiveness 

increased with more sessions (Davis & Gidycz, 2000). In the case of 

incarcerated parents those who re-entering the family household after 

incarceration, several support programs like behavioural or attitude 

training were introduced and found effective in preventing multiple 

ACEs (Hairson & Lockett, 1985). The children experienced trauma of 

losing a parent during their formative years, when their parents were 

incarcerated for lengthy sentences. In such situations, in U.S some 

prisons have started ‘Parents in Prison’ program which improved the 
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parental skills, enhanced family relationships and thus prevented child 

maltreatment (Hairson & Lockett, 1985; Gilhuly & Taylor-Penn, 

2018). 

5.3.2 Prevention of HRBs 

 Beyond the above mentioned programs to reduce ACEs, 

interventions are also recommended to address HRBs in those who 

experienced ACEs. Also, SVC delinquency was directly related to 

substance abuse and hence their prevention and decrease would reduce 

the development of serious violent behaviours (Perez et al., 2018). 

“Drug Abuse Resistance Education” (D.A.R.E.) program implemented 

in U.S was found to be largely ineffective (Perez, 2016). Science-based 

substance abuse prevention program for at-risk high school youth, 

“Project Towards No Drug Abuse” (Project TND), were able to be 

successful in preventing the onset of substance abuse (Gorman, 2003). 

This program was based on education about the consequences of drug 

abuse, motivation enhancement and coping skills management 

(Sussman et al., 2012). Hence such scientifically evaluated 

interventions should be done among the children who have faced 

ACEs and at-risk of substance abuse. Such scientific interventions may 

be included in the similar programs like ‘Clean Campus Safe Campus’ 

implemented in the schools of Kerala as a joint initiative of Home, 

Education and Health Departments of Government of Kerala 

(Government of Kerala, 2018). 
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5.3.3 Prevention of violent criminal recidivism 

 Based on the results of this study when a youth comes in 

contact with the juvenile justice system, coordinated primary 

interventions for assessing their ACEs, HRBs and the mediating 

factors related to their behaviour and personality should be done and 

considered for determining their risk for serious, violent and chronic 

delinquency later in life. “Positive Achievement Change Tool” 

(PACT), a program developed by Florida Department of Juvenile 

Justice, screens the youth’s overall risk for recidivism (Perez, 2016). 

Based on the PACT assessment and recommendations, these juveniles 

are directed for community-based correctional services or intensive 

attention and treatment (Vincent et al., 2012). Another program outside 

of the juvenile justice system, specifically for children who faces 

ACEs, known as “Childhaven”, which is an ecological-model 

therapeutic child caring intervention also found to be affective (Moore 

et al., 1998). “The Incredible Years Parent, Teacher, and Child” 

training series which targets children who display early indications of 

conduct problems, have also been shown to reduce the chances of 

violent offending later in adolescence (Piquero et al., 2009). In order to 

reduce the SVC delinquency in youths whom this behaviour has 

already manifested, tertiary prevention program known as 

multisystemic therapy (MST) was implanted and found as a strong tool 

in the reduction and cessation of SVC delinquency (Henggeler et al., 

1992; Borduin et al., 1995; Curtis et al., 2004). This intervention was 

individualized and highly flexible, addresses intrapersonal (cognitive) 

and systemic factors (family, peer, school) factors that were known to 
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be related with adolescent antisocial behaviour (Borduin et al., 1995). 

Results of present study also support the use of ACE assessment as an 

efficient predictor for violent criminal recidivism in juvenile 

delinquents. Also, the ACEs could be used as mitigating factors in the 

sentencing of youthful and non-youthful offenders (Trapassi, 2017). 

5.4 Strengths and limitations 

 Several scholarly researches have discussed independently the 

harmful effects of childhood traumas and HRBs on criminality, 

association between ACEs and HRBs, interactions of these traumas 

with the allelic variants of MAOA-uVNTR polymorphism in different 

populations. Majority of these studies examined only one or two ACEs 

or its interaction with MAOA gene. By including thirteen categories of 

ACEs in the ACE score, three HRBs and the interaction of these 

thirteen ACEs with allelic variants of MAOA-uVNTR polymorphism in 

recidivist violent offenders, the present study was unique to its breath. 

Also, frequency of the ACEs was measured in this study, which most 

of the studies has not yet demonstrated (Perez, 2016). More over this 

was the first behavioural genetic study conducted in Indian population 

which demonstrated candidate gene-environment (cGxE) interaction in 

the development of violent criminality in offenders. 

 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, recruitment of prison 

inmates or prison released offenders were extremely problematic due 

to the ethical limitations and significant legal hurdles (Gostin et al., 

2007). From this perspective, the sample size of this study was 
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comparable with other genetic investigations in offender population 

(Nilsson et al., 2006; Garcia et al.,2010; Tikkanen et al., 2010; Aluja et 

al., 2011; Kolla et al., 2014; Stetler et al., 2014). However, owing to 

this relatively small sample size these findings need to be considered 

as preliminary only. 

 Antisocial personality disorder (ASPD), aggression and 

impulsivity in the offenders and control population were not measured 

which might raise issue on 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 studies (Kolla et al., 2014).  

 Another issue might be regarding the retrospective assessment 

of ACEs and HRBs of the subjects using questionnaire. Many large-

scale studies in these areas have relayed upon self-complete 

questionnaires, but in this study face-to-face interview were conducted 

for each participants to know their ACEs and HRBs, a method having 

evidence of good validity (Jaffee et al., 2004; Kim-Cohen et al., 2006; 

Moffit & Caspi, 2014; Newbury et al., 2018). 

 Results of this study provide the first demonstration of an 

association between 3.5 repeat allele of MAOA-uVNTR and criminal 

violence in offenders. This evidence is in support of the genetic 

components in violent crime. Though this observed association was 

statistically significant, they tended to be limited in magnitude since 

the expression or activity of 3.5 repeat allele of MAOA-uVNTR was 

not done in this study. Conversely, 3.5 repeat allele of MAOA-uVNTR 

was referred as 3 repeat allele or low repeat allele in many other 
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studies depending upon the frequency of various alleles of MAOA-

uVNTR in the population under study (Jorm et al., 2000; Das et al., 

2006; Melas et al., 2013; Lim et al., 2018). Hence the possible effect 

of population stratification cannot be ignored (Huang et al., 2004). 

Thus it could be suggested that depending on the small magnitude of 

the interaction of 3.5 repeat 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 

Indian population, 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 U.S and Italy, extreme caution 

is necessary in the application of the findings in this study to the 

Criminal Justice ystem (Baum, 2013; McSwiggan et al., 2017). 

5.5 Suggestions for further studies 

 Today, in many communities all over the world, violence has 

become common, resulting in drastic outcomes in society such as an 

increase in drive by homicides, rapes, gang related activities etc.,. 

Hence more work is needed in understanding genetic and environment 

underpinnings of aggression and violence. The nature of the 

association between MAOA-uVNTR polymorphism and aggression in 

recidivist violent offenders need to be studied in consideration to 

several other environmental factors also in large sample size.  This will 

help in developing better psychological and psychiatric interventions in 
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the rehabilitation and reintegration of violent offenders. Similarly 

understanding the allelic variants, its frequency, sequence variations 

and epigenetic modifications in the promoter region of MAOA gene 

will help to understand the aetiology of pathological aggression and 

various psychiatric disorders which is currently a growing requirement.   

 Molecular genetics findings offer promise of development of 

biochemical approaches to control or modulation of aggressive 

behaviour. Obviously, the physiology of aggression is complex and 

many factors impinge on the biochemical system in the brain. It 

remains to be seen whether specific biochemical interventions can be 

devised to affect aggressiveness without causing problems in other 

behavioural areas. One of the advantages of the molecular biology 

approach is the ability to distinguish the effect of a specific gene on the 

spectrum of aggressive behaviour, which people as well as animals 

manifest. This perspective could result in a biologically based 

classification of aggressive behaviours that could rationally guide both 

biochemical and behavioural approaches to aggressiveness 

management. 

 Other gene polymorphisms, especially in the serotonin 

transporter gene (5-HTT) have been found significant in contributing 

to violent behaviour. Interactions of serotonin transporter promoter 

repeat length polymorphism (5-HTTLPR) and MAOA-uVNTR 

polymorphism may be studied for the better understanding of violent 

behaviour. Landmark based shape analysis of the face of offenders 

using advance technique, Geometric Morphometric (GMM) may be 

done for measuring symmetry, asymmetry and fluctuating asymmetry 
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so as to visualize and compare the dysmorphogenesis due to 

developmental and environmental noise. 

 Impulsivity, aggressiveness and associated violent behaviour 

are common traits, the expression of which must be carefully 

modulated to ensure the success of individuals, small groups and large 

societies, especially within the current framework of globalization. 

From behavioural genetics, molecular genetics and evolutionary 

models of violence, we may more fully understand which individuals 

are at greatest risk of extreme violence. We can then begin to examine 

the interaction not only between genes and environmental catalysts for 

violence, but also interaction between genes and treatment and 

prevention efforts for violence. This is the promise that behavioural 

genetics and molecular genetics may hold as it’s ultimately turns from 

treatment to outcome research. 
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3.8 

(F8) 

Xm¦-fpsS ho«nÂ h¨v Xm¦-fpsS amXm-]n-Xm-
¡Ä BÀs¡-¦nepw t\sctbm aäp IpSpw-_m-
K-¯n-s\tbm  hSn, NqcÂ, Ip¸n, I¯n apX-
emb hkvXp-¡Ä sIm­v ASn-¡p-Itbm apdn-
thÂ¸n-¡p-Itbm sN¿p-¶-Xmbn ImWp-Itbm 
tIÄ¡p-Itbm sNbvXn-«pt­m? 

]e-X-hW 
hfsc Ipd¨p XhW 
Hcn-¡Â 
Hcn-¡epw CÃ 
 

 ASp¯ tNmZy-§Ä Xm¦Ä A`n-aq-Jo-I-cn-¡m³ km[y-X-bp-Å-XmWv Nne 
Imcy-§sf ]änbmWv. 

Xm¦-fpsS hfÀ¨-bnÂ BZys¯ 18 hÀj-Im-e-L-«-¯nÂ . . . 
4  
 

4.1 

(A1) 

amXm-]n-Xm-¡Ä Bsc-¦nepw, c£n-Xmhv AsÃ-
¦nÂ asämcp IpSpw-_mKw Xm¦Ä¡p t\sc 
D -̈¯nÂ Bt{Im-in-¡p-Itbm im]-hm-¡p-IÄ 
]d-bp-Itbm, A[n-t£-]n-¡p-I-tbm, A]-am-\n-
¡p-Itbm sNbvXn-«pt­m? 

]e-X-hW 
hfsc Ipd¨pXhW 
Hcn-¡Â 
Hcn-¡epw CÃ 
 

4.2 

(A2) 

amXm-]n-Xm-¡-fnÂ Bsc-¦nepw, c£n-Xmhv 
AsÃ-¦nÂ asämcp IpSpw-_mwKw Xm¦sf Dt]-
£n¡pw AsÃ-¦nÂ ho«nÂ \n¶p ]pd-
¯m¡pw F¶v `oj-Wn-s -̧Sp-¯p-Itbm AsÃ-
¦nÂ bYmÀ°-¯nÂ A§s\ sNbvXn-
«pt­m? 

]e-X-hW 
hfsc Ipd-¨p X-hW 
Hcn-¡Â 
Hcn-¡epw CÃ 
 

4.3 

(A3) 

amXm-]n-Xm-¡Ä Bsc-¦nepw, c£n-Xmhv AsÃ-
¦nÂ asämcp IpSpw-_mwKw Xm¦sf 
ssIsIm­v ASn-¡p-Itbm, Nhn-«p-tIm, sXmgn-
¡p-I-tbm, CSn-¡p-Itbm AsÃ-¦nÂ XpSÀ -̈
bmbn tZtlm-]-{Zhw GÂ¸n-¡p-Itbm sNbvXn-
«pt­m? 

]e-X-hW 
hf-sc-Ip-d¨p XhW 
Hcn-¡Â 
Hcn-¡hpw CÃ 
 

4.4 

(A4) 

amXm-]n-Xm-¡-fnÂ Bsc-¦nepw, c£n-Xmhv, 
AsÃ-¦nÂ asämcp IpSpw-_mwKw Xm¦sf hSn, 
NqcÂ, Ip¸n, I¯n apX-emb hkvXp-¡Ä 
sIm­v ASn-¡p-Itbm apdn-thÂ¸n-¡p-Itbm 
sNbvXn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d¨p XhW 
Hcn-¡Â 
Hcn-¡epw CÃ 
hnk-½-Xn¨p 

4.5 

(A5) 

Xm¦Ä¡v th­mXn-cp¶n«pw Bsc-¦nepw 
Xm¦sf ssewKn-tIm-t±-i-t¯msS kv]Àin-¡p-
Itbm emfn-¡p-Itbm sNbvXn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d¨p XhW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

4.6 

(A6) 

Xm¦Ä¡v th­m-Xn-cn-¶n«pw Bsc-¦nepw 
Xm¦sfs¡m­v Ah-cpsS ico-c-¯nÂ 
ssewKn-tIm-t±-i-t¯msS kv]Àin-¨n-«pt­m?- - 

]e-X-hW 
hf-sc-Ip-d¨p XhW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

4.7 

(A7) 

Xm¦Ä¡v th­m-Xn-cn-¶n«pw Bsc-¦nepw 
Xm¦-fp-ambn GsX-¦nepw Xc-¯n-epÅ 
ssewKn-I-_-Ô¯n\v {ian-¨n-«pt­m? 

]e-X-hW 
hf-sc-Ip-d¨p XhW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

4.8 

(A8) 

Xm¦Ä¡v th­m-Xn-cp-¶n«pw Bsc-¦nepw 
Xm¦-fp-ambn bYmÀ°y-¯nÂ GsX-¦nepw Xc-
¯n-epÅ ssewKnI _Ô-¯nÂ GÀs -̧«n-
«pt­m? 

]e-X-hW 
hf-sc-Ip-d¨p XhW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

5 ka-{]m-b-¡mÀ¡n-S-bn-epÅ A{Iaw 
 ASp¯ tNmZy-§Ä Xm¦Ä hfÀ¶p hcp-t¼mÄ  _p-Ån-b-n§n\v  hnt[-

b³ Bbn-«pt­m F¶-dn-bp-hm³ th­n-bm-Wv. sNdp-{]m-b-¯n-epÅ 
hyàntbm hyàn-Itfm ka-{]m-b-¡m-c-\mb hyànsb No¯-hn-fn-¡p-I-
tbm, ]cn-l-kn-¡p-I-tbm, a\-¸qÀÆw amän \nÀ¯p-Itbm sN¿p¶XmWv 
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_pÅn-bn-§v. ka-{]m-b¡mÀ¡n-S-bnÂ kulr-Z-]qÀÆw C¯-c-¯nÂ \S-
¡p-¶Xv _pÅn-bn-§nÂs¸Sn-Ã. 

Xm¦-fpsS hfÀ¨-bnÂ BZys¯ 18 hÀj-Im-e-L-«-¯nÂ . . . 
5.1 

(V1) 

Xm¦Ä F{X XhW _p-Ån-bn-§n-\p hnt[-b-
\m-bn-«p­v? 

]e-X-hW 
hf-sc-Ip-d¨p XhW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

5.2 

(V2) 

]e-X-hW Xm¦Ä GXp coXn-bn-emWv 
_pÅnbn-§n-\p  hnt[-b-\m-bn-«p-ÅXv? 

Fs¶ ASn-¡p-Ibpw, 
sXmgn-¡p-Ibpw, D´pIbpw, 
XÅn-am-äp-Itbm AsÃ-¦nÂ 
apdn-bnÂ ]q«n CSp-Itbm 
sNbvXn-«p-­v. 
Fsâ PmXn-bp-sSbpw, cmPy-
¯n-sâtbm AsÃ-¦nÂ \nd-
¯n-sâtbm t]cnÂ Ifn-bm-
¡n-bn-«p-­v. 
Fsâ aX-¯nsâ t]cnÂ 
Fs¶ Ifn-bm-¡n-bn-«p-­v. 
ssewKn-I-Np-h-bpÅ Xam-i-
IÄ hnaÀi-\-§Ä 
]dtªm AsÃ-¦nÂ 
tNjvS-IÄ ImWnt¨m 
Fs¶ Ifn-bm-¡n-bn-«p-­v. 
Fs¶ a\-¸qÀÆw {]hÀ¯n-
I-fnÂ \n¶v amän \nÀ¯p-
Itbm AsÃ-¦nÂ ]qÀ®-
ambn Ah-K-Wn-¡p-Itbm 
sNbvXn-«p-­v. 
Fsâ icoctam apJtam 
F§s\ ImW-s -̧Sp¶p 
F¶-XnÂ Fs¶ Ifn-bm-¡n-
bn-«p-­v. 
aäp-X-c-¯nÂ Fs¶ `oj-
Wn-s -̧Sp-¯n-bn-«p-­v. 
 
 

 ASp¯ tNmZy-§Ä ASn-]n-Sn-Isf ]än-bm-Wv, Xpey-_-e-apÅ sNdp-{]m-b-
¯n-epÅ hyàn-IÄ X½n-epÅ imco-c-I-amb ASn-]n-Sn-bmWv Dt±-in-¡p-
¶-Xv. 

Xm¦-fpsS hfÀ¨-bnÂ BZys¯ 18 hÀj Ime-L-«-¯nÂ . . . 
5.3 

(V3) 

Xm¦Ä F{X XhW ASn-]n-S-I-fnÂ GÀs -̧«n-
«p­v? 

]e-X-hW 
hf-sc-Ip-d-¨p-X-hW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

6 kaq-l-¯nse A{I-a-§Ä¡v km£n-bm-IÂ 
 ASp¯ tNmZy-§Ä Xm¦Ä Ip«n-bm-bn-cn-¡p-t¼mÄ F{X XhW AbÂ]-

¡t¯m kaq-l-¯ntem I­tbm tI«tXm Bb Imcy-§tfm ]än-bm-Wv 
(ho«ntem, Sn.-hn-bn-tem, ]e Nn{X-§-fn-tem, tdUn-tbm-bntem AÃ) 

Xm¦-fpsS hfÀ¨-bnÂ BZys¯ 18 hÀj-Im-e-L-«-¯nÂ . . . 
6.1 

(V4) 

bYmÀ° Pohn-X-¯nÂ Bsc-¦nepw aÀ±n-¡-
s -̧Sp-¶Xv Xm¦Ä ImWp-Itbm aÀ±n-¡-s -̧«-
bmbn tIÄ¡p-btbm sNbvXn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d-¨p-Xs¶ 
Hcn-¡Â 
Hcn-¡epw CÃ 
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6.2 

(V5) 

bYmÀ° Poho-X-¯nÂ BÀs¡-¦nepw 
Ipt¯Â¡p-¶-tXm, shSn-tbÂ¡p-¶tXm 
Xm¦Ä ImWp-Itbm AXn-s\-¸än tIÄ¡p-
Itbm sNbvXn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d-¨p-X-hW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

6.3 

(V6) 

bYmÀ°¯nÂ Pohn-X-¯nÂ Bsc-¦nepw 
I¯n-bp-am-tbm, tXm¡p-amtbm `oj-Wn-s -̧Sp-
¯p-¶Xv Xm¦Ä ImWp-Itbm AXn-s\-¸än 
tIÄ¡p-Itbm sNbvXn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d-¨p-X-hW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

7 bp²w/ kwL-SnX/BÄ¡q« A{I-a-¯ns\ A`n-aq-Jo-I-cn-¨Xv 
 ASp¯ tNmZy-§Ä Xm¦Ä Ip«n-bm-bn-cn-¡p-t¼m-Ä A`n-ap-Jo-I-cn¨tXm 

AÃm-¯tXm Bb kw -̀h-§sf¸än-bm-Wv. bp²w, `oI-c-{]-hÀ¯-\w, 
cmjv{Sob/hwiob kwLÀj-§Ä, Iq«-s¡m-e, ASn-¨-aÀ¯Â,- Xn-tcm-[m-
\w, ]oU-\w, kwL-Sn-X-abm A{I-a-kz-`m-h-apÅ Ipä-Ir-Xy-§Ä, 
Kp­mkwL-§Ä X½n-epÅ A{Iaw F¶n-h. 

Xm¦-fpsS hfÀ¨-bnÂ BZys¯ 18 hÀj-Im-e-L-«-¯nÂ . . . 
7.1 

(V7) 

C¯-c-¯nÂ Gsc-¦nepw kw`-h-§Ä aqew 
Xm¦Ä asäm-cn-S-t¯¡v Xmakw amäm³ 
\nÀ_-Ôn-X-\m-bn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d-¨p-X-hW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

7.2 

(V8) 

C¯-c-¯nÂ GsX-¦nepw kw`-h-§Ä aqew 
Xm¦-fpsS hoSv Icp-Xn-¡q«n \in-¸n-¡-s -̧Sp¶ 
A\p-`hw Xm¦Ä¡p-­m-bn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d-¨p-X-hW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

7.3 

(V9) 

Xm¦sf ssk\n-I-tcm, t]meo-kp-Im-tcm, ]uc-
\-tk-\-¡mtcm Kp­-Itfm aÀ±n-¨n-«pt­m? 

]e-X-hW 
hf-sc-Ip-d-¨p-X-hW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 

7.4 

(V10) 

Xm¦-fpsS IpSpw-_mw-Ktam kplrt¯m, 
ssk\n-I-cm-tbm, t]meo-kp-Im-cmtem ]uc-
tk-\-¡m-cmtem Kp­-I-fmtem sImÃ-s -̧Sp-
Itbm aÀ±n-¡p-Itbm sNbvXn-«pt­m? 

]e-X-hW 
hf-sc-Ip-d-¨p-X-hW 
Hcn-¡Â 
Hcn-¡-ep-w CÃ 
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APPENDIX 5 & 5.1 

Health Risk Behavior questions (HRBs) 

Question 
number 

Question 
Response 
category 

During the first 18 years of your life… 

1. Do you have a habit of smoking cigarette? 
Yes 
No 

1a. 
How old were you when you began to 
smoke cigarettes fairly regularly? 

 

2. Have you ever drunk alcohol? 
Yes 
No 

2a. 
How old were you when you had first 
drink of alcohol other than few sips? 

 

3. Have you ever used street drugs? 
Yes 
No 

3a. 
How old were you the first time you used 
street drugs? 

 

 

Btcm-Ky-̄ n\v lm\n-I-c-amb kz`m-h-§Ä – Adn-bp-hm-\pÅ tNmZym-hen  

tNmZy- 

\-¼À 

tNmZyw adp-]Sn 

Xm¦-fpsS hfÀ -̈bpsS BZys¯ 18 hÀj-§-fnÂ 

1. ]pI-henioew D­m-bn-cpt¶m? 
D­v 

CÃ  

1.a F{X-h-b-Êp-ap-XÂ ]Xn-hmbn ]pI-h-en-¡m³ XpS§n   

2. aZyw Ign-¨n-«pt­m? 
D­v 

CÃ 

2.a F{X-h-b-Êp-ap-XÂ aZyw Ønc-ambn Ign-¡m³ XpS§n   

3. el-cn-]-ZmÀ°-§Ä D]-tbm-Kn-¨n-«pt­m? 
D­v 

CÃ 

3.a F{Xm-as¯ hb-Ên-emWv BZy-ambn el-cn-]-ZmÀ°-§Ä 
D]-tbm-Kn-¨Xv 
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APPENDIX  6.1 

 

Øncw Ipä-hm-fn-I-fnse tamtWm Assa³ HmIvkn-
tUkvþF (MAOA) F¶ Po\nsâ LS\m hyXn-bm-\-§fpw 

_mey-Im-es¯ {]Xn-Iqe Npäp-]m-Sp-Ifpw: Hcp 
t^md³knIv km[yXm]T\w 

]co-£-W-¯nÂ ]s¦-Sp-¡p-¶-Xn-\pÅ k½X ]{Xw 

]s¦-Sp-¡p¶ hyàn-bpsS t]cpw hnem-khpw: 

 

 

                                      

 

1. Cu Kth-jWw F´n-s\- -̧än-bmWv? 

tIc-f-̄ nse tImgn-t¡mSv kÀÆ-I-em-im-e-bnse kpthm-fPn ]T-\-hn-

`m-K-̄ nÂ Ph.D ]T-\-̄ nsâ `mK-ambn {io. inh-{]-kmZv Fw. Fkv. \S-̄ p¶ 
Kth-j-W-am-Wn-Xv. Øncw Ipä-hm-fn-I-fpsS imkv{Xo-b-amb ]p\-c-[n-hm-k-
¯nsâ km[y-X-IÄ Is-­¯p-I-bmWv Cu Kth-j-W-¯nsâ ]c-a-amb 
e£yw. Hcp hyàn-bnÂ _meyIm-e-s¯ {]XnIqe Npäp-]m-Sp-IÄ/km-l-N-cy-
§Ä, imco-cn-Ihpw am\-kn-Ihpw ssewKn-I-hp-amb ]oU-\-§Ä, tamtWm 

Assa³ HmIvkn-tUkvþF (MAOA) F¶ Po\nsâ LS-\m-hy-Xn-bm-\-§Ä 
F¶nh B hyàn-bnÂ kl-P-amb A{I-a-hm-k\ D­m-¡p-¶-XnÂ Fs -́
¦nepw ]¦p-h-ln-¡p-¶pt­m F¶-dn-bp-¶-Xn-\pÅ ]T-\-am-Wn-Xv.  

\ne-hnÂ Xm¦Ä C´y³ in£m\nb-a-{]-Imcw in£n-¡-s¸-«n-«n-
sÃ¶pw Xm¦Äs¡-Xnsc {Inan-\Â tIkp-IÄ bmsXm¶pw cPn-
ÌÀsN¿s¸«n«n-sÃ¶pw a\-Ên-em-¡p-hm³ Ign-ªp. Bb-Xn-\mÂ Cu Kth-j-
W-¯nÂ ]s¦-Sp-¡m³ Xm¦-tfmSv A`yÀ°n-¡p-¶p. Xm¦Ä Cu Kth-j-W-

¯nse \nb-{´W hn`mK¯nÂ (Control group) s]Sp-¶-Xm-bn-cn-¡pw. Cu 
Kth-jWw apJm-´ncw e`n-¡p¶ Adnhv Øncw Ipä-hm-fn-I-fpsS imkv{Xo-b-
amb ]p\-c-[n-hm-k-̄ n\pw \ne-hn-epÅ ]p\-c-[n-hmk ]²-Xn-IÄ sa -̈s¸-Sp-
¯p-¶Xn\pw kaq-l-̄ n\v Øncw Ipä-hm-fn-I-tfm-SpÅ Imgv¨-̧ m-Sp-IÄ amäp-¶-
Xn\pw  D]-I-cn-t¨¡pw. Cu Kth-j-W-̄ nsâ D¯-c-hm-Zn-Xzw {io. inh-
{]kmZv Fw. Fkn-\m-bn-cn¡pw. Cu Kth-j-W-̄ n\p th­n Xm¦-fpsS 

Control Group 
Sample No. 

……………………………………………………

……………………………………………………

……………………………………………………

……………………………………………………

……………………………………………………

……………………………………………………

…………………………………………………… 
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_mey-Im-es¯ PohnX coXn, PohnX kml-N-cy-§Ä, Zpc-\p- -̀h-§Ä Ds­-
¦nÂ AXnsâ hni-Zmw-i-§Ä, imco-cn-I-amtbm am\-kn-I-am-tbm ssewKn-I-
amtbm Gä ]oU-\-§Ä Ds­-¦nÂ AXnsâ hni-Zmw-i-§Ä, IpSpw-_mw-K-§-
fpsS hnh-c-§Ä apX-em-bh Bh-iy-am-Wv. IqSmsX Xm¦-fpsS cà-̄ n-
tâtbm hmbnse tImi-§-fp-sStbm km¼n-fp-Ifpw Bh-iy-ap­-v.  

2. Cu Kth-j-W-¯nsâ \S]Sn{Iaw F§-s\-bmWv? 

 Cu Kth-j-W-̄ nÂ Xm¦-fpw ]¦p-tNcp-hm³ A\p-aXn Xcn-IbmsW-
¦nÂ: 

i) AXmXp kÀ¡mÀ hIp-̧ p-I-fpsS A\p-aXn e`n-¨-Xn-\p-tijw {io. inh-{]-
kmZv Fw. Fkv. F¶ hyàn Xm¦-fpsS A\p-hm-Z-t¯msS ap³Iq«n \nÝ-bn-
¨n-«pÅ tNmZym-hen A\p-k-cn¨v Xm¦-fp-ambn A`n-apJ kw`m-jWw \S-¯p-
¶-Xm-bn-cn-¡pw. tNmZym-h-en-bnÂ Xm¦-fpsS _mey-Im-es¯ Pohn-X-coXn, 
PohnX kml-N-cyw, Zpc-\p- -̀h-§Ä, imco-cn-I-hpw am\-kn-I-hpw ssewKn-I-hp-
ambn Gä ]oU-\-§Ä, IpSpw-_mw-K-§-fpsS hnh-c-§Ä F¶n-h-sb-¸-än-bp-ff 
tNmZy-§-Ä D­m-bn-cn¡pw. tNmZym-hen {io. inh-{]-kmZv Fw. Fknsâ 
klm-b-t¯msS ]qcn-¸n¨v Xtc--­Xm-bn-cn-¡pw.  

ii) Xm¦-fpsS A\p-hmZ-t¯msS sNdnb kqNn (em³sk-äv) D]-tbm-Kn v̈ Xm¦-
fpsS hncÂ¯p-¼nÂ \n¶pw ct­m aqt¶m XpÅn càtam ]ªn D]-tbm-
Kn¨v hmbnse tImi-§tfm FSp-¡p-¶-Xm-bn-cn-¡pw. Cu {]{In-b-I-sf-sbÃmw 
Xm¦-fpsS Btcm-Kys¯ Hcp Xc-¯nepw lm\n-I-c-ambn _m[n-¡m¯ Xc-
¯nÂ FÃm ap³I-cp-X-ep-Ifpw ipNn-Xz-hpw ]men-¨m-bn-cn¡pw \S-¯p-I.  

3. Cu Kth-j-W-̄ nÂ Xm¦sf thZ-\n-¸n-¡p¶ Fs´-¦nepw kw`-hn-
¡ptam?  

 tNmZym-h-en-bnÂ Xm¦-fpsS _mey-Im-es¯ Zpc-\p- -̀h-§Ä, A\p- -̀hn-
t¡-n-h¶ ]oU-\-§Ä F¶n-h-sb-̧ -än-bpÅ tNmZy-§-fp­-v. AXv Xm¦Ä¡v 
Nne-t¸mÄ thZ-\-bp-WÀ¯p¶ HmÀ½-IÄ D­m-¡n-tb-¡mw. Xm¦Ä¡v adp-
]Sn Xcm³ XmÂ]-cy-an-Ãm¯tXm thZ-\n-¸n-¡p-¶tXm Bb tNmZy-§Ä¡v 
adp-]Sn Xtc--­Xn-Ã. hncÂ¯p-¼nÂ \n¶pw cà-sa-Sp-¡p-t¼mÄ sNdnb 
thZ\ (c-à-̄ nse ¥qt¡mkv Af-¡m-\pÅ ]cn-tim-[-\¡v kam-\w) A\p- -̀
h-s¸Spw. A`n-ap-J-̄ n-\n-S¡v AÂ]-t\cw hn{iaw thW-sa-¦ntem A`n-apJw 
]n¶o-sSmcp ka-b-t¯¡v amän-sh-bv¡m³ XmÂ¸-cy-s¸Smt\m Xm¦Ä¡v 
FÃm kzmX-{´y-hp-ap­v.  

4. Cu Kth-jWw F{]-Imcw klm-bn¡pw? 

 Cu Kth-j-W-̄ nÂ ]s¦-Sp-¡p-¶-Xp-sIm­v Xm¦Ä¡v hyàn-]-c-
amb em -̀§-sfm-¶p-an-Ã. Xm¦-fp-tSbpw Øncw Ipä-hm-fn-I-fp-tSbpw_mey-Im-
es¯ {]Xn-Iqe kml-N-cy-§fpw P\n-XI hyXn-bm-\-§fpw X½n-epÅ Xmc-
X-ay-]-T\w Bbn-cn¡pw Cu Kth-j-W-¯nÂ \S-̄ p-I. Xm¦Ä Xcp¶ hnh-c-
§Ä Hcp ]t£ hcpw Xe-ap-dsb {]Xn-Iqe kml-N-cy-§-fnÂ \n¶pw ]oU-\-
§-fnÂ \n¶pw kwc-£n-¡p-hm³ th­ ]²-Xn-IÄ hn -̀mh\w sN¿m³ A[n-

Im-cn-Isf t{]cn-¸n-t -̈¡mw. tamtWm Assa³ HmIvkn-tUkv-þF (MAOA) 
Po\nsâ LS\mhyXn-bm-\-§Ä A{I-a-hm-k-\sb km[q-I-cn-¡p¶p F¶v Cu 
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Kth-j-W-̄ n-eqsS a\-Ên-em-¡p-hm³ km[n-̈ mÂ C¯cw P\n-X-I-hy-Xn-bm-\-
§Ä DÅ-hsc imkv{Xo-b-ambn ]p\-c-[n-h-kn-̧ n-¡p-¶-XnÂ DNn-X-amb Xocp-am-
\-§Ä FSp-¡p-hm³ sshZy-im-kv{X-s¯bpw in£m-\n-b-a-s¯bpw klm-bn-
t -̈¡mw.  

5. Xm¦-fpsS kzIm-cyX F§s\ ]cn-c-£n-¡-s¸Spw? 

Xm¦-fnÂ \n¶p e`n-¡p¶ FÃm- hn-h-c-§fpw (P\n-XI hnh-c-§Ä 
DÄs¸-sS) C´ym-K-h¬saânsâ kzIm-cyX \nb-a-§Ä¡-\p-k-cn¨v kzIm-cy-
ambn sh¡p-¶-Xm-bn-cn-¡pw. Cu Kth-jWw \S-̄ p¶ {io. inh-{]-kmZv Fw. 
Fkv, Kth-jW {]hÀ¯-\-§Ä¡p taÂ t\m«w hln-¡p¶ tUm. jn_p 
hÀ²-\³, Atkm-kn-tbäv s{]m^kÀ, kpthm-fPn ]T-\-hn-`mKw, Imen-¡äv 
kÀÆ-I-em-ime F¶n-hÀ¡pw, Imen-¡äv kÀÆ-I-em-im-e-bnÂ Cu Kth-j-W-
hp-ambn _Ô-ap-Å-aäpÅhÀ¡pw Xm¦-Ä \ÂIp¶ hnh-c-§Ä, Xm¦-fpsS 
P\n-XI hnh-c-§Ä F¶nh ]¦p-h-bv¡p-hm³ Cu k½-X-]{X{]Imcw A\p-
hmZw Xm¦Ä Xcp-¶-Xm-bn- A\p-am-\n-¡pw. 

6. Xm¦-fpsS hnh-c-§Ä e`y-am-Im-hp¶ aäp hyàn-IÄ: 

1) Imen-¡äv kÀÆ-I-em-im-e-bnse Kth-j-W-§-fpsS [mÀ½n-IX ]cn-
tim-[n¨v Kth-j-W-§Ä¡v A\p-aXn \ÂIp¶ lyqa¬ F¯n-¡Â 
kanXn AwK-§Ä 

Cu k½-X-]{Xw Xm¦Ä H¸v hbv¡p-¶-Xp-sIm­v Cu Kth-jWw apJm-
´ncw tiJ-cn¨ Xm¦-fpsS hnh-c-§Ä taÂ]-dª hyàn-I-fp-ambn ]¦p-sh-
bv¡m³ A\p-hmZw X¶-Xm-bn- A\p-am-\n¡pw.  Xm¦-fnÂ \n¶v Hcp Xh-Wtb 
A`n-apJw \S¯n hnh-c-§Ä, càw AsÃ-¦nÂ hmbnse tImi-§fpsS 
km¼nÄ F¶nh tiJ-cn-¡p-I-bp-Åq. Cu Kth-j-W-¯nÂ Xm¦Ä ]s¦-Sp-
¡p¶Xv XnI¨pw kz´w Xocp-am\-{]Im-c-am-bn-cn¡pw. F¶n-cp-¶m-epw, Cu 
k½-X-]-{X-̄ nÂ H¸p-h-bv¡msX Cu Kth-j-W-̄ nsâ `mK-am-Ip-hm³ km[y-
a-Ã.  

7. Cu Kth-j-W-̄ nÂ ]s¦-Sp-¯mÂ {]Xn-^ew e`n-¡ptam? 

Cu Kthj-W-¯nÂ ]s¦-Sp-¡p-¶-Xnsâ {]Xn-̂ -e-ambn Xm¦Ä¡v 
bmsXm¶pw e`n-¡p-¶-X-Ã. 

8. Rm³ Cu Kth-j-W-¯nÂ  ]s¦-Sp-t¡--Xpt­m? 

 Xm¦Ä¡v XmXv]-cy-an-sÃ-¦ntem, aäv Fs´-¦nepw _p²n-ap-«p-IÄ 
Ds­-¦ntem Cu Kth-j-W-¯nÂ ]s¦-Sp-t¡--Xn-Ã. AXv XnI¨pw Xm¦-fpsS 
Xocp-am-\-am-Wv. Cu Kth-j-W-̄ nÂ ]¦p-tN-cm-Xn-cn-¡p-¶-Xp-sIm­v 
Xm¦Ä¡v Hcp hn[-¯n-ep-apÅ _p²n-ap-«p-IÄ BcnÂ \n¶pw A\p- -̀hn-t¡--
­Xmbn hcn-Ã.  
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9. Cu Kth-j-W-̄ nÂ ]¦p-tN-cp-¶n-sÃ-¦nÂ thsd F´v sN¿m³ ]äpw? 

Cu Kth-j-W-̄ nÂ ]¦p-tN-cp-I-b-ÃmsX asäm-cp klm-bhpw 
Xm¦Ä¡v sN¿p-hm³ km[n-¡n-Ã.  

10. Cu Kth-j-W-̄ nÂ Fsâ Ah-Im-i-§sf¡pdn¨v IqSp-XÂ Adn-b-W-
sa-¦nÂ Rm³ Bsc kao-]n-¡-Ww? 

Cu k½-X-]-{X-¯nÂ H¸phbv¡p-¶-Xn-\p-ap¼v Xm¦Ä¡v kwi-b-
§Ä tNmZn-¡mw. IqSp-XÂ kwi-b-§Ä Ds-­¦nÂ Xmsg-Im-Wp¶ hnem-k-
¯nÂ _Ô-s¸-Smw:  

Shri. P. M. Vijayakumar, 
(Rtd. District Judge, Thrissur) 
(Chairman – Calicut University Human Ethical Committee), 
Chairperson,  
Kerala State Commission for Scheduled Caste & Scheduled Tribes, 
Vellayambalam, Thiruvananthapuram - 3 
Mob: 9447767520 
 

Head of the Department & Member Secretary,  
Calicut University Human Ethical Committee, 
Department of Zoology, 
University of Calicut, 
Thenjipalam – 673635, 
Malappuram, Kerala, India. 
Phone No. 04942407420. 
11. Cu Kth-j-W-s¯-¡p-dn¨v Fs -́¦nepw tNmZy-§-fp-s­-¦nÂ  Bsc 
kao-]n-¡Ww? 

 
Dr. Y. Shibu Vardhanan, 
Associate Professor, 
Department of Zoology, 
University of Calicut, 
Malappuram, Kerala, India. 
Mob:- 9447108980.  
 
Mr. Siva Prasad M. S, 
Ph.D Research Scholar, 
Department of Zoology, 
Universtiy of Calicut,  
Malappuram, Kerala, India. 
Mob:- 9895086515. 
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ssIs¿m-¸p-IÄ 

 Cu Kth-j-W-s¯-¡p-dn¨v Xm¦Ä¡v Fs -́¦nepw tNmZy-§Ä Ds-

­¦nÂ Zb-hmbn tNmZn-¡p-I. ssIs¿m¸p Xcp-¶-Xn\v ap¼v Cu Kth-j-W-

s¯-̧ än \¶mbn a\-Ên-em¡n F¶v Dd¸v hcp-̄ p-hm³ At]-£n-¡p-¶p.  

 Cu ]co-£-W-¯nÂ ]s¦-Sp-¡p-hm³ ]qÀ®k½Xw X¶p-sIm-­pÅ 

ssIs¿m¸v AsÃ-¦nÂ hnc-e-S-bm-fw.  

____________________     _________________          _______________       

H¸v/ hnc-e-S-bmfw      t]cv           Xo¿Xn 

 

]s¦-Sp-¡p-¶-h-cnÂ \n¶v ssIs¿m v̧ hm§p¶ hyàn ]qcn-¸n-t¡­-Xv:  

Xmsg ssIs¿m-¸p-h-bv¡p-¶-Xp-sIm­v Cu Kt-h-j-W-s -̄¡p-dn v̈ 

]s¦-Sp-¡p-hm³ XmÂ]-cy-apÅ hyàn¡v apgp-h-\mbn hni-Zo-I-cn v̈ sImSp-

s¯¶pw Cu k½-X-]{Xw apgp-h-\mbn hmbn-¨p-sIm-Sp-s¯¶pw At±-l-

¯nsâ FÃm tNmZy-§Ä¡pw  adp-]Sn sImSp-s¯¶pw k½-Xn-¡p-¶p.   

 

___________________                   ______________            ____________ 

k½-X-]{Xw H¸n«p 

hm§p¶ hyàn-bpsS H¸v          t]cv                     Xo¿Xn 

_____________                                 ____________               _____________ 

Kth-j-W-̄ nsâ                          t]cv                        Xo¿Xn 
taÂt\m«w hln-¡p¶  
hyàn-bpsS H¸v 
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APPENDIX  6. 2 

 

ØncwIpä-hm-fn-I-fnsetamtWm Assa³ HmIvkn-tUkvþF 

(MAOA) F¶ Po\nsâ LS\m hyXn-bm-\-§fpw_mey-Im-
es¯ {]Xn-IqeNpäp-]m-Sp-Ifpw: Hcp t^md³knIv 

km[yXm]T\w 

]co-£-W-̄ nÂ]s¦-Sp-¡p-¶-Xn-\pÅ k½X ]{Xw 

]s¦-Sp-¡p¶ hyàn-bpsS t]cpwhnem-khpw: 

 

 

 

 

 

 

1. Cu Kth-jWwF´n-s\-̧ -än-bmWv? 

tIc-f-̄ nse tImgn-t¡mSv kÀÆ-I-em-im-e-bnse kpthm-fPn ]T-\-hn-

`m-K-̄ nÂ Ph.D ]T-\-̄ nsâ `mK-ambn {io. inh-{]-kmZvFw. Fkv. \S-̄ p¶ 
Kth-j-W-am-Wn-Xv. ØncwIpä-hm-fn-I-fpsS imkv{Xo-b-amb ]p\-c-[n-hm-k-
¯nsâ km[y-X-IÄ Is­-¯p-I-bmWv Cu Kth-j-W-¯nsâ ]c-a-
ambe£yw. Hcphyàn-bnÂ _meyIm-e-s¯ {]XnIqeNpäp-]m-Sp-IÄkm-l-N-
cy-§Ä, imco-cn-Ihpw am\-kn-Ihpw ssewKn-I-hp-amb ]oU-\-§Ä, tamtWm 

Assa³ HmIvkn-tUkvþF (MAOA) F¶ Po\nsâ LS-\m-hy-Xn-bm-\-§Ä 
F¶nh Bhyàn-bnÂ kl-P-amb A{I-a-hm-k\ D­m-¡p-¶-XnÂ Fs´-
¦nepw ]¦p-h-ln-¡p-¶pt­m F¶-dn-bp-¶-Xn-\pÅ ]T-\-am-Wn-Xv.  

Xm¦Ä sNbvX Ipä-Ir-Xy-§-fpsS hni-Zmw-i-§Ä, in£n-¡-s¸-«-Xnsâ 
tcJ-IÄ F¶nh ]cn-tim-[n-¨-XnÂ \n¶pw Xm¦Ä tIc-f-m t]m-eo-knsâ 
ØncwIpä-hm-fn-I-fpsS ]«n-I-bnÂs¸-Sp¶psh¶v a\-Ên-em-¡m³ Ign-ªp. 
Bb-Xn-\mÂ Cu Kth-j-W-¯nÂ ]s¦-Sp-¡m³ Xm¦-tfmSvA`yÀ°n-¡p-¶p. 
Cu Kth-jWw apJm-´ncw e`n-¡p¶ Adnhv Øncw Ipä-hm-fn-I-fpsS 
imkv{Xo-b-amb ]p\-c-[n-hm-k-¯n\pw \ne-hn-epÅ ]p\-c-[n-hmk ]²-Xn-IÄ 
sa -̈s¸-Sp-¯p-¶Xn\pw kaq-l-̄ n\v Øncw Ipä-hm-fn-I-tfm-SpÅ Imgv¨-̧ m-Sp-
IÄ amäp-¶-Xn\pw  D]-I-cn-t¨¡pw. Cu Kth-j-W-¯nsâ D¯-c-hm-Zn-Xzw {io. 
inh-{]kmZv Fw. Fkn-\m-bn-cn¡pw. Cu Kth-j-W-̄ n\p th­n Xm¦-fpsS 
_mey-Im-es¯ PohnX coXn, PohnX kml-N-cy-§Ä, Zpc-\p- -̀h-§Ä Ds­-
¦nÂ AXnsâ hni-Zmw-i-§Ä, imco-cn-I-amtbm am\-kn-I-am-tbm ssewKn-I-
amtbm Gä ]oU-\-§Ä Ds­-¦nÂ AXnsâ hni-Zmw-i-§Ä, IpSpw-_mw-K-§-

Experiment Group 
Sample No. 

……………………………………………………

……………………………………………………

……………………………………………………

……………………………………………………

……………………………………………………

……………………………………………………

…………………………………………………… 
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fpsS hnh-c-§Ä apX-em-bh Bh-iy-am-Wv. IqSmsX Xm¦-fpsS cà-̄ n-
tâtbm hmbnse tImi-§-fp-sStbm km¼n-fp-Ifpw Bh-iy-ap­-v. 

2. Cu Kth-j-W-¯nsâ \S]Sn{Iaw F§-s\-bmWv? 

 Cu Kth-j-W-̄ nÂXm¦-fpw ]¦p-tNcp-hm³ A\p-aXnXcn-IbmsW-
¦nÂ: 

i) AXmXp kÀ¡mÀ hIp-̧ p-I-fpsS A\p-aXn e`n-¨-Xn-\p-tijw {io. inh-{]-
kmZvFw. Fkv. F¶ hyàn Xm¦-fpsS A\p-hm-Z-t¯msS ap³Iq«n \nÝ-bn-
¨n-«pÅ tNmZym-hen A\p-k-cn¨v Xm¦-fp-ambn A`n-apJkw`m-jWw \S-̄ p-¶-
Xm-bn-cn-¡pw. tNmZym-h-en-bnÂ Xm¦-fpsS _mey-Im-es¯ Pohn-X-coXn, 
PohnXkml-N-cyw, Zpc-\p- -̀h-§Ä, imco-cn-I-hpw am\-kn-I-hpw ssewKn-I-hp-
ambn Gä ]oU-\-§Ä, IpSpw-_mw-K-§-fpsS hnh-c-§Ä F¶n-h-sb-¸-än-bp-ff 
tNmZy-§-Ä D­m-bn-cn¡pw. tNmZym-hen {io. inh-{]-kmZvFw. Fknsâ klm-
b-t¯msS ]qcn-¸n¨v Xtc-­-Xm-bn-cn-¡pw.  

ii) Xm¦-fpsS A\p-hmZ-t¯msS sNdnbkqNn (em³sk-äv) D]-tbm-Kn¨v Xm¦-
fpsS hncÂ¯p-¼nÂ \n¶pw ct­maqt¶m XpÅn càtam ]ªn D]-tbm-
Kn¨v hmbnse tImi-§tfm FSp-¡p-¶-Xm-bn-cn-¡pw. Cu {]{In-b-I-sf-sbÃmw 
Xm¦-fpsS Btcm-Kys¯ HcpXc-¯nepw lm\n-I-c-ambn _m[n-¡m¯ Xc-
¯nÂFÃm ap³I-cp-X-ep-Ifpw ipNn-Xz-hpw ]men-¨m-bn-cn¡pw \S-¯p-I.  

3. Cu Kth-j-W-̄ nÂXm¦sfthZ-\n-¸n-¡p¶ Fs´-¦nepw kw`-hn- 
¡ptam? 

 tNmZym-h-en-bnÂ Xm¦-fpsS _mey-Im-es¯ Zpc-\p- -̀h-§Ä, A\p- -̀hn-
t¡-­n-h¶ ]oU-\-§Ä F¶n-h-sb-̧ -än-bpÅ tNmZy-§-fp-­v. AX vXm¦Ä¡v 
Nne-t¸mÄ thZ-\-bp-WÀ¯p¶ HmÀ½-IÄ D­m-¡n-tb-¡mw. Xm¦Ä¡v adp-
]Sn Xcm³ XmÂ]-cy-an-Ãm¯tXm thZ-\n-̧ n-¡p-¶tXm Bb tNmZy-§Ä¡vadp-
]SnXtc-­-Xn-Ã. hncÂ¯p-¼nÂ \n¶pwcà-sa-Sp-¡p-t¼mÄ sNdnb thZ\     
(c-à-̄ nse ¥qt¡mkvAf-¡m-\pÅ ]cn-tim-[-\¡v kam-\w) A\p- -̀h-s¸Spw. 
A`n-ap-J-¯n-\n-S¡v AÂ]-t\cw hn{iaw thW-sa-¦ntem A`n-apJw ]n¶o-
sSmcp ka-b-t¯¡v amän-sh-bv¡m³ XmÂ¸-cy-s¸Smt\m Xm¦Ä¡v FÃm 
kzmX-{´y-hp-ap-­v.  

4. Cu Kth-jWw F{]-Imcw klm-bn¡pw? 

 Cu Kth-j-W-̄ nÂ ]s¦-Sp-¡p-¶-Xp-sIm­v Xm¦Ä¡v hyàn-]-c-
amb em -̀§-sfm-¶p-an-Ã. ]t£, Xm¦-fpsS _mey-Im-es¯ {]Xn-Iqe 
PohnXkml-N-cy-§fpw Pohn-X-co-Xnbpw ]oU-\m-\p- -̀h-§fpw tamtWm 

Assa³ HmIvkn-tUkv-þF (MAOA) Po\nsâ LS\m hyXn-bm-\-§fpw 
tNÀ¶ A-h-Ø-bmtWm Xm¦-fpsS A{I-a-hm-k-\bv¡v Imc-W-sa-¶Xp a\-Ên-
em-¡m³ km[n-t -̈¡mw. Xm¦Ä Xcp¶ hnh-c-§Ä Hcp ]t£ hcpw Xe-ap-
dsb {]Xn-Iqekml-N-cy-§-fnÂ \n¶pw ]oU-\-§-fnÂ \n¶pw kwc-£n-¡p-
hm³ th­ ]²-Xn-IÄ hn -̀mh\w sN¿m³ A[n-Im-cn-Isf t{]cn-̧ n-t -̈¡mw. 

tamtWm Assa³ HmIvkn-tUkv-þF (MAOA) Po\nsâ LS\mhyXn-bm-\-§Ä 
A{I-a-hm-k-\sb km[q-I-cn-¡p¶p F¶v Cu Kth-j-W-¯n-eqsS a\-Ên-em-
¡p-hm³ km[n-̈ mÂ C¯cw P\n-X-I- hy-Xn-bm-\-§Ä DÅ-hsc imkv{Xo-b-
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ambn ]p\-c-[n-h-kn-̧ n-¡p-¶-XnÂ DNn-X-amb Xocp-am-\-§Ä FSp-¡p-hm³ 
sshZy-im-kv{X-s¯bpw in£m-\n-b-a-s¯bpw klm-bn-t -̈¡mw.  

5. Xm¦-fpsS kzIm-cyX F§s\ ]cn-c-£n-¡-s¸Spw? 

Xm¦-fnÂ \n¶pe`n-¡p¶ FÃm -hn-h-c-§fpw, P\n-XI hnh-c-§Ä 
DÄs¸sS C´ym-K-h¬saânsâ kzIm-cyX \nb-a-§Ä¡-\p-k-cn¨v kzIm-cy-
ambnsh¡p-¶-Xm-bn-cn-¡pw. Cu Kth-jWw \S-¯p¶ {io. inh-{]-kmZv Fw. 
Fkv, Kth-jW {]hÀ¯-\-§Ä taÂt\m«whln-¡p¶ tUm. jn_p hÀ²-
\³, Atkm-kn-tbäv s{]m^kÀ, kpthm-fPn ]T-\-hn-̀ mKw, Imen-¡ävkÀÆ-I-
em-ime F¶n-hÀ¡pw, Imen-¡äv kÀÆ-I-em-im-e-bnÂ Cu Kth-j-W-hp-ambn 
_Ô-ap-Å-aäpÅhÀ¡pw Xm¦-Ä \ÂIp¶ hnh-c-§Ä, Xm¦-fpsS P\n-XI 
hnh-c-§Ä F¶nh]¦p-h-bv¡p-hm³ Cu k½-X-]{X{]Imcw Xm¦Ä A\p-
hmZwXcp-¶-Xm-bn- A\p-am-\n-¡pw. 

6. Xm¦-fpsShnh-c-§Ä e`y-am-Im-hp¶ aäphyàn-IÄ: 

1) Imen-¡ä vkÀÆ-I-em-im-e-bnse Kth-j-W-§-fpsS [mÀ½n-IX ]cn-
tim-[n¨v Kth-j-W-§Ä¡v A\p-aXn \ÂIp¶ lyqa¬ F¯n-¡Â 
kanXnAwK-§Ä.  

Cu k½-X-]{Xw Xm¦Ä H¸v hbv¡p-¶-Xp-sIm­v Cu Kth-jWw apJm-
´ncw tiJ-cn¨ Xm¦-fpsShnh-c-§Ä taÂ]-dª hyàn-I-fp-ambn ]¦p-sh-
bv¡m³ A\p-hmZw X¶-Xm-bn- A\p-am-\n¡pw. Xm¦-fnÂ \n¶v HcpXh-Wtb 
A`n-apJw \S¯nhnh-c-§Ä, càw AsÃ-¦nÂ hmbnse tImi-§fpsS 
km¼nÄ F¶nh tiJ-cn-¡p-I-bp-Åq. Cu Kth-j-W-¯nÂ Xm¦Ä ]s¦-Sp-
¡p¶Xv XnI¨pw kz´w Xocp-am\-{]Imcam-bn-cn-¡pw. F¶n-cp-¶m-epw, Cu 
k½-X-]-{X-̄ nÂ H¸p-h-bv¡msX Cu Kth-j-W-̄ nsâ `mK-am-Ip-hm³ km[y-
a-Ã.  

7. Cu Kth-j-W-̄ nÂ ]s¦-Sp-¯mÂ {]Xn-^ewe`n-¡ptam? 

Cu Kthj-W-̄ nÂ ]s¦-Sp-¡p-¶-Xnsâ {]Xn-^-e-
ambnXm¦Ä¡vbmsXm¶pwe`n-¡n-Ã. 

8. Rm³ Cu Kth-j-W-¯nÂ  ]s¦-Sp-t¡-­-Xpt­m? 

Xm¦Ä¡v XmXv]-cy-an-sÃ-¦ntem, aäv Fs´-¦nepw _p²n-ap-«p-IÄ 
Ds­-¦ntem Cu Kth-j-W-¯nÂ ]s¦-Sp-t¡-­-Xn-Ã. AXvXnI¨pw Xm¦-
fpsSXocp-am-\-am-Wv. Cu Kth-j-W-̄ nÂ ]¦p- tN-cm-Xn-cn-¡p-¶-Xp-sIm­v 
Xm¦Ä¡v Hcphn[-¯n-ep-apÅ _p²n-ap-«p-IÄ BcnÂ \n¶pw A\p- -̀hn-t¡-­-
Xmbnhcn-Ã.  

9. Cu Kth-j-W-̄ nÂ ]¦p-tN-cp-¶n-sÃ-¦nÂ thsd F´v sN¿m³ ]äpw? 

Cu Kth-j-W-̄ nÂ ]¦p-tN-cp-I-b-ÃmsX asäm-cp klm-bhpw 
Xm¦Ä¡v sN¿p-hm³ km[n-¡n-Ã.  
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10. Cu Kth-j-W-̄ nÂ Fsâ Ah-Im-i-§sf¡pdn¨v IqSp-XÂ Adn-b-W- 
sa-¦nÂ Rm³ Bsckao-]n-¡-Ww? 

Cu k½-X-]-{X-¯nÂ H¸phbv¡p-¶-Xn-\p-ap¼v Xm¦Ä¡v kwi-b-
§Ä tNmZn-¡mw. IqSp-XÂ kwi-b-§Ä Ds­-¦nÂ Xmsg-Im-Wp¶ hnem-k-
¯nÂ _Ô-s¸-Smw: 

Shri. P. M.Vijayakumar, 
(Rtd. District Judge, Thrissur), 
(Chairman – Calicut University Human Ethical Committee), 
Chairperson,  
Kerala State Commission for Scheduled Caste & Scheduled Tribes, 
Vellayambalam, Thiruvananthapuram – 3, Kerala, India. 
Mob: 9447767520 
 

Head of the Department & Member Secretary, 
Calicut University Human Ethical Committee, 
Department of Zoology, 
University of Calicut 
Thenjipalam – 673635 
Malappuram, Kerala, India. 
Phone No. 04942407420. 
 

11. Cu Kth-j-W-s¯-¡p-dn¨v Fs´-¦nepw tNmZy-§-fp-s­-¦nÂ Bsc 
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ssIs¿m-¸p-IÄ: 

 
 Cu Kth-j-W-s -̄¡p-dn¨v Xm¦Ä¡v Fs -́¦nepw tNmZy-§Ä Ds­-
¦nÂ Zb-hmbn tNmZn-¡p-I.ssIs¿m¸pXcp-¶-Xn\v ap¼v Cu Kth-j-W-s¯-
¸än \¶mbn a\-Ên-em¡nF¶vDd¸vhcp-̄ p-hm³ At]-£n-¡p-¶p.  
 Cu ]co-£-W-̄ nÂ ]s¦-Sp-¡p-hm³ ]qÀ®k½Xw X¶p-sIm-
­pÅssIs¿m¸vAsÃ-¦nÂhnc-e-S-bm-fw.  
 
 
____________              ________________                         ____________ 
H¸v/hnc-e-S-bmfw   t]cv    Xo¿Xn 
 
]s¦-Sp-¡p-¶-h-cnÂ \n¶vssIs¿m¸v hm§p¶ hyàn ]qcn-¸n-t¡-­Xv: 
XmsgssIs¿m-¸p-h-bv¡p-¶-Xp-sIm­v Cu Kt-h-j-W-s¯-¡p-dn¨v ]s¦-Sp-¡p-
hm³ XmÂ]-cy-apÅhyàn¡vapgp-h-\mbnhni-Zo-I-cn¨vsImSp-s¯¶pw Cu 
k½-X-]{Xwapgp-h-\mbnhmbn-¨p-sIm-Sp-s¯¶pw At±-l-¯nsâFÃmtNmZy-
§fÄ¡pwadp-]SnsImSp-s¯¶pwk½-Xn-¡p-¶p.   
 
 
_____________                        ____________                          ____________ 
k½-X-]{XwH¸n«p  
hm§p¶ hyàn-bpsS H¸v    t]cv                      Xo¿Xn 
 
   
 
___________                         ____________                          _____________ 
Kth-j-W-̄ nsâ                     t]cv                             Xo¿Xn 
taÂt\m«whln-¡p¶  
hyàn-bpsS H¸v 
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Figure (a), (b), (c), (d): Agarose gel (0.9 %) of genomic DNA extracted 

from buccal swabs of 32 participants. CG = Controls, L = DNA ladder, B = 

Blank.

a b 

d c 
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Figure (e), (f), (g), (h): Agarose gel (0.9 %) of genomic DNA extracted from 
buccal swabs of 35 participants. EG = Cases, L = DNA ladder, B = Blank,       
C = Positive control. 

e f 

g h 

i j 
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Figure (a), (b), (c), (d), (e): Agarose gel (2 %) of PCR products from 32 

participants. CG = Controls, L = DNA ladder, B = Blank, C = Positive 

control.

a b 

c d 

e 



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications- Siva Prasad. M. S. 

 xlviii

 

 

 

Figure (f), (g), (h), (i): Agarose gel (2 %) of PCR products from 35 

participants. CG = Controls, L = DNA ladder, B = Blank, C = Positive 

control. 

f g 

h i 



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications- Siva Prasad. M. S. 

 xlix

APPENDIX 9 

 

Cont...  



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications- Siva Prasad. M. S. 

 l



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications- Siva Prasad. M. S. 

 li

Cont...  



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications- Siva Prasad. M. S. 

 lii

Cont...  



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications- Siva Prasad. M. S. 

 liii

 



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications- Siva Prasad. M. S. 

 lv

APPENDIX 10 

 

 



Effect of adverse childhood experiences and occurrence of uVNTR polymorphism in monoamine oxidase A 
gene in recidivist violent offenders: Forensic implications

APPENDIX 11

Multiple alignment of 3.5R allele of MAOA
of present study and reference sequences available with GenBank; M89636.1, 
Author: Zhu et al., 1992; LN813022.1, Author:  Erasmus 
was done by using MultAlin software (C
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APPENDIX 11 

 

alignment of 3.5R allele of MAOA-uVNTR (MH550379) of 62 samples 
of present study and reference sequences available with GenBank; M89636.1, 

., 1992; LN813022.1, Author:  Erasmus et al., 2015. Alignment 
was done by using MultAlin software (Corpet, 1988).  
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APPENDIX 12 

 

Multiple alignment of 4.5R allele of MAOA-uVNTR of 5 samples of present 

study and reference sequences available with GenBank; M89636.1, Author: Zhu 

et al., 1992; LN813020.1, Author:  Erasmus et al., 2015. Alignment was done by 

using MultAlin software (Corpet, 1988). 
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APPENDIX 13 
Details of crimes committed by cases 

Case  Murder Attempt to murder Hurt Assault Wrongful restrain Total offences against human body Other crimes Total crimes committed 
1. 5 7 4 2 6 24 6 30 
2. 4 5 5 3 2 19 9 28 
3. 0 3 3 1 6 13 7 20 
4. 1 4 4 2 4 15 9 24 
5. 1 2 2 2 4 11 6 17 
6. 3 4 4 1 7 19 8 27 
7. 0 4 2 1 5 12 7 19 
8. 0 2 2 0 3 7 6 13 
9. 2 4 2 2 8 18 9 27 
10. 1 2 3 1 4 11 8 19 
11. 0 3 4 1 3 11 7 18 
12. 1 2 3 0 4 10 6 16 
13. 3 4 3 1 6 17 9 26 
14. 0 3 2 2 3 10 5 15 
15. 4 5 4 2 6 21 8 29 
16. 1 3 3 1 4 12 6 18 
17. 0 3 3 2 4 12 8 20 
18. 2 4 4 2 8 20 5 25 
19. 1 3 5 0 2 11 6 17 
20. 0 2 2 1 2 7 6 13 
21. 0 4 3 1 4 12 9 21 
22. 0 3 2 0 2 7 4 11 
23. 1 5 3 3 7 19 8 27 
24. 1 2 2 1 2 8 3 11 
25. 0 2 1 1 2 6 4 10 
26. 2 5 2 2 5 16 8 24 
27. 0 1 1 0 3 5 5 10 
28. 2 4 3 2 3 14 11 25 
29. 0 3 1 3 5 12 8 20 
30. 3 5 5 3 7 23 5 28 
31. 3 6 4 2 7 22 4 26 
32. 1 2 3 1 2 9 3 12 
33. 1 3 3 1 5 13 8 21 
34. 0 2 3 2 4 11 6 17 
35. 2 3 5 0 4 14 10 24 


