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Abstract: ADHD is a neurodevelopmental disorder that children and also adults can develop. A
complex interplay of genetic and environmental factors may underlie interindividual variability in
ADHD and potentially related aggressive behavior. Using high-resolution molecular biology
techniques, we investigated the impact of some MAOA and SLC6A4 variations on ADHD and
aggressive behavior in a group of 80 Italian children with ADHD and in 80 healthy controls.We
found that homozygous genotypes of MAOA rs6323 and rs1137070 were associated with an
increased risk of ADHD (p=0.02 and p=0.03, respectively), instead the heterozygous genotypes (GT
of 156323 and CT of rs1137030) (p=0.0002 and p=0.0006) were strongly linked to a lower risk of
developing this disorder. In patients with aggressive behavior, we highligted only a weak negative
association of both MAOA polymorphisms (heterozygous genotypes) with aggressiveness then,
suggesting that these genotypes maybe protective towards specific changes in behavior (p=0.05).
Interestingly, an increase of the GG genotype of rs6323 (p=0.01) and a decrease of GT genotype
(p=0.0005) was also found in patients without aggressive behavior compared with controls.
Regarding 5SHTT gene genotyping, no allele and genotype differences have been detected among
patients and controls. Our work shows that defining a genetic profile of ADHD may help to early
detect those patients who are more vulnerable to ADHD and/or antisocial and aggressive behavior
and to design precision-targeted therapies.
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1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a clinically heterogeneous condition, due to
both genetic and environmental factors, highly hereditary, associated with different brain
abnormalities and typically complicated by extensive comorbid conditions [1,2]. In Italy, ADHD
prevalence is estimated between 1.1% and 3.1% in individuals aged 5-17 years [3]. Main symptoms
involve inattention, hyperactivity and/or impulsivity and are more frequently observed in males than
in females (gender ratios from 3:1 to 9:1)[4,5]. A genetic component has been amply documented in
the etiology of ADHD. Genes encoding the dopamine receptors (e.g. DRD2, DRD4), the dopamine
transporter (DAT1) and the enzymes monoamine oxidase (MAOA) such as catechol-O-
methyltransferase (COMT) and dopamine beta-hydroxylase (DBH), are the most studied [6-8].
Instead, how genetics influence disease risk needs to be better understood [9].

Children with ADHD can also exhibit hostility or anger and an aggressive behavior. Indeed,
impulsive aggression is often described among comorbidities in individuals with ADHD [10,11].
There are several biologically interesting markers that play a key role in the neurophysiological
response to stressful life events[12]. Among these, MAOA, which encodes the key enzyme for the

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2024 d0i:10.20944/preprints202403.0070.v1

2

degradation of serotonin and catecholamines is the best-documented gene. Human genetic studies
associated a higher risk for antisocial and violent behavior both with congenital MAOA deficiency
and low-activity MAOA variants [13]. Moreover, a sexual dimorphic effect of MAOA in behavioral
traits beyond an increase of its activity levels with age hasbeen detected [14]. Studies indicated that
various MAOA polymorphisms are involved in ADHD and/or traits of aggressiveness. Most
prominently, rs6323 and rs1137070 polymorphisms, respectively located in the exon 8 and exon 14 of
the MAOA gene seem to be associated with ADHD and/or personality traits of aggressive behavior,
impulsivity, and anti-social behavior[15-19]. Also the serotonin transporter gene (SLC6A4) encoding
for the serotonin transporter protein (5-HTT) has been associated to impulsive-aggressive behavior
although with discordant results that reflect the importance of the environmental influence. Within
the promoter region (5-HTTLPR) of the 5-HTT there is a 44-bp insertion/deletion variable-number
tandem repeat polymorphism that generates two allelic forms, the long (1) and the short (s) variants;
the first one has a more transcriptional activity and higher serotonin uptake than the second one [20].
Even if some studies highlighted a positive association between the 1-allele and violence or aggression
[21,22], others found an excess of the s-allele among violent males[23,24]. Given the multiple factors
that contribute to aggressive behavior development, understanding every gene-contribution to
aggressiveness is crucial. Therefore, with the current study, we aim to investigate the influence of
MAOA and SLC6A4 genes polymorphisms on aggressive behavior displayed in a group of Italian
children with ADHD. Specifically, we provide a novel insight on how to define the risk level of
impulsive/aggressive personality traits through typing of a group of genetic polymorphisms.

2. Materials and Methods

2.1. Population sample and diagnostic assessment

This case-control study was conducted on a total of 80 subjects with ADHD, aged between 6 and
17 years, who were selected among the individuals visited at the Unit of Child Neuropsychiatry at
San Salvatore hospital in L'Aquila, Italy. The diagnosis of ADHD (inattentive, impulsive-hyperactive,
combined) was determined by DSM-V guided clinical interview and by internal DSM-V-guided
symptom checklists. Aggressive behavior was evaluated by the parent-completed Conners” Rating
Scales — III Edition. Exclusion criteria were autism spectrum disorder, intellectual disability or
previously diagnosed genetic disorders. Eighty unrelated individuals without ADHD were used for
comparison. The study was performed in accordance with the standards of the Ethics Committee
(Code 0102550) and the informed consent was obtained from all participants in the study or their
legal guardians.

2.2. Genotyping

Genomic DNA was obtained from peripheral blood (PB) cells using the QlAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany), and stored at -20°C.The genotypes of the two selected exonic
SNPs of the MAOA gene (rs6323, Arg297Arg and rs1137070, Asp470Asp) were analyzed by direct
sequencing using primers shown in Table 1.

Table 1.
5-TAATTAATGCGATCCCTCCG-3'
MAOA rs6323
5-TGAGGAAATTGACAGACCAAGA-3'
5'-GGCAACGTTTTTGGCATCTGGTC-3'
MAOA rs1137070
5'-ACTCATGCTGACAAGGAGGAACA-3'

PCR amplifications were performed in 50 pl reaction mixture containing 50ng of genomic DNA,
1X PCR buffer with MgClI2, 0.2 mM each of deoxynucleotides, 0.5 U of Taq polymerase and a 3.2
pmol/ul concentration of each primer. PCR profile consisted of an initial denaturation step at 95 °C
for 5, followed by 35 cycles at 94 °C for 30 seconds, 57 °C for 45 seconds, 72 °C for 30 seconds and a
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final elongation step at 72 °C for 7 minutes. PCR products were identified on 1.5% agarose gel
electrophoresis and subsequently purified by a PCR clean-up reagent (EXOSAP). Sequence reactions
were performed using the Big Dye Terminator Chemistry v 1.1 (Applied Biosystems, Foster City,
CA), processed on an ABI Prism 3130 Genetic Analyzer (Applied Biosystems) and then purified. Data
were collected and typing was obtained based on alignments of the processed sequences with exon
8 and exon 14 sequences of the human MAOA gene retrieved from the Genbank.5-HTTLPR gene
polymorphism study was performed with PCR using the following primers: forward 5'-
GGCGTTGCCGCTCTGAATGC-3" and reverse 5-GAGGGACTGAGCTGGACAACCAC-3'. Cycling
conditions were an initial denaturation at 94 °C for 5 minutes, followed by 35 cycles of denaturation
at 94 °C for 30 seconds, annealing at 64 °C for 30 seconds, and extension at 72 °C for 60 seconds and
a final extension at 72 °C for 7 minutes. The PCR products were subjected to electrophoresis in 2%
agarose gels, stained with ethidium bromide. Illumination with ultraviolet light allowed to visualize
bands and differentiate the 5HTT long allele (I) consisting of 528 base pair from the short one (s,
484bp).

2.3. Statistical Analysis

Allele and genotype frequencies were obtained by direct counting. Pearson’s chi-square test or
Fisher’s Exact test were used to identify allele and genotype frequency differences between ADHD
individuals and controls. Bonferroni’s correction (pc) was applied, as appropriate.The Hardy-
Weinberg equilibrium (HWE) of alleles was evaluated to test the hypothesis of a random union of
gametes. To calculate the risk that a particular genotype or allele can represent for the disease, the
odds ratio (OR) and 95% confidence interval (CI) were computed. The level of significance was set at
p=0.05. Statistical analysis was carried out using SPSS statistics software.

3. Results

The study group is composed of 80 patients with ADHD (74 males and 6 females with a mean
age of 10.8 years), out of whom 3 were predominantly hyperactive-impulsive, 9 were predominantly
inattentive and 68 were both inattentive and hyperactive-impulsive (combined, according to DSM-V
categorization). The 80 cases included in the study were further stratified in two subtypes based on
the aggressive behavior presence (n=32, 40%) or absence (n=48, 60%). Eighty sex and age matched
healthy individuals were evaluated as controls. In Table 2 are summarized genotype/allele
frequencies of the two SNPs (rs6323 and rs1137070) of MAOA in cases and controls. We found GG
genotype frequency of rs6323 was significantly higher in the ADHD group than in the control group
(p=0.02, OR = 3.00, 95% CI: 1.23-7.30). Instead, GT genotype was associated with significantly lower
risk of ADHD (p=0.0002, OR = 0.15, 95% CI: 0.05-0.45). This result has been validated by Bonferroni’s
correction for multiple comparison and the p value remained significant (p=0.0006), suggesting that
GT genotype would be a biomarker of resistance to ADHD. Analysis of the rs1137070 polymorphism
revealed that the TT genotype was associated with significantly higher risk of ADHD (p=0.0344, OR
= 2.49, 95% CI: 1.05-5.91), while the presence of CT genotype was negatively associated with the
development of this disorder (p=0.0006, OR = 0.19, 95% CI: 0.07-0.53). OR indicates that the presence
of this genotype drops the risk for ADHD and p value remained significant (p= 0.002) also after
Bonferroni’s correction.

Table 2.
ADHD Controls p OR
MAOA SNP rs6323 (G891T)
Genotypes n=80 % n =80 %
1T 56 0.70 51 0.64 ns -
GT 4 0.05 21 0.26 0.0008 0.1479

GG 20 0.25 8 0.10  0.02 3.0



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2024 i:10.20944/preprints202403.0070.v1

4
ADHD Controls p OR
Alleles 2n=160 % 2n=160 %
T 116 0.73 123 077 ns -
G 44 0.27 37 023 ns -
MAOA SNP rs1137070 (T1410C)
Genotypes n=80 % n=81* %
CcC 56 0.70 51 0.63 ns -
CT 5 0.06 21 0.26 0.0006 0.19
TT 19 0.24 9 0.11 0.0344 249
Alleles 2n=160 % 2n=162 %
C 117 0.73 123 0.76  ns -
T 43 0.27 39 024 ns -

*For rs1137070 is available one more healthy control.

Interestingly, the positive association with ADHD has been also confirmed when the
predisposing genotypes of the two MAOA gene polymorphisms (GG of rs6323 and TT of rs1137030)
have been considered together (23.7% (19/80) vs. 10% (8/80) p=0.0238,0R=2.80, CI:1,15 to 6,85). As
well as, the presence of both genotypes negatively associated to ADHD (GT + CT) underscored the
reduced risk to develop ADHD (5% (4/80) vs. 25% (20/80) p=0.0004, pc=0.0012, OR:0.16, CI=0,05 to
0,49). We therefore additionally investigated if MAOA was associated with the aggressive behavior.
Considering the subtype of patients with aggressive behavior, our findings highligted the same trend
observed in the total group of patients with a prevalence of TT genotype of rs6323 and CC genotype
of rs1137070 (Table 3). However, only a weak negative association was found between both MAOA
polymorphisms and aggressiveness; GT genotype of rs6323 and CT genotype of rs1137070 were less
frequent in patients with aggressiveness than in controls, so suggesting that these heterozygous
genotypes may be protective towards specific changes in behavior, namely aggression (9% vs 26%,
p=0.05, OR=0,30, CI: 0,08 to 1,07). Furthermore, we found that individuals carrying GG genotype of
rs6323 were significantly increased among patients of subgroup without aggressive component,
compared with controls (27% vs 10%, p=0.01, pc=0.03, OR=3.34, CI:1,27 to 8,81) and GT genotype was
instead less frequent (2% vs 26%, p=0.0005, pc=0.0015, OR=0.06, CI: 0,01 to 0,46). Additionally, we
found that CT genotype of rs1137070 was less frequent in this group of patients than in controls (6.2%
vs. 26%, p=0.0055, OR=0.19, CI:0,05 to 0,68).

Table 3.

MAOA SNP rs6323 (G891T)
Genotypes n (%) Alleles n (%)
GG GT T G T
Aggressive ADHD n=32 7(0.20) 3(0.10) 22(0.70) 17(0.26) 47(0.74)
Non-aggr. ADHD n=48  13(0.27)  1(0.02) 34(0.71) 27(0.28)  69(0.72)
Controls n=80 8(0.10) 21(0.26) 51(0.64) 37(0.23) 123(0.77)
MAOA SNP rs1137070 (T1410C)

Genotypes n (%) Alleles n (%)
CC CT T C T
Aggressive ADHD n=32 22(0.70)  3(0.10)  7(020) 47(0.73)  17(0.27)
Non-aggr. ADHD n=48 34 (0.71) 3(0.06) 11(0.23) 71(0.74)  25(0.26)

Controls n=81* 51(0.63) 21(026) 9(0.11) 123(0.76)  39(0.24)

*For rs1137070 is available one more healthy control.
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Also, a significantly greater combination of rs6323 GG and rs1137070 TT genotypes was
observed in the subtype of patients without aggressive behavior compared to controls (25% (7/32) vs.
10% (8/80) p=0.02, OR=3,00 CI:1,13 to 7,99). Moreover, the 2-marker haplotype analysis indicate a
protection profile to ADHD, in which the rs6323 GT and rs1137070 CT genotypes carriers (2% (1/48)
vs. 25% (20/80) p=0.0007, OR=0.06, CI: 0.01 to 0.49) have less chance to display an aggressive behavior.
No statistically significant differences in MAOA allele frequencies have been detected between
patients and healthy individuals. All study participants were also genotyped based on the long and
short alleles of the 5SHTT gene but no allele and genotype differences have been detected among
patients and controls. The distribution of genotypes in the 5-HTT was as follows: 14 patients (17.5%)
and 16 controls (20%) had two short alleles (ss), 22 patients (27.5%) and 16 controls (20%) had two
long alleles (1l), 44 patients (55%) and 48 controls (60%) had one long allele and one short one
(Is).Lastly, no associations between aggressive behavior and the 5-HTTLPR genotypes were found as
shown in Table 4.

Table 4.
Genotype and Allele Frequency Data for Aggressive and non Aggressive patients with ADHD
Aggressive n=32 (%) Non-aggressive n=48 (%)
Genotype
L/L 11(0.34) 11(0.23)
L/S 16(0.50) 28(0.58)
S/S 5(0.16) 9(0.18)
Allele
L 38(0.60) 50(0.52)
S 26(0.40) 46(0.48)

Both controls and patients were not in Hardy-Weinberg equilibrium at each locus investigated,
so, indicating that the population experienced evolutionary changes probably due to factors such as
genetic drift, gene flow, natural selection, mutation, and non-random mating.

4. Discussion

Biological, psychological and environmental factors imbalances are at the basis of aggressive
behavior onset. Mutations of several genes, certain mental health conditions and/or stress, fear, or a
sense of losing control may generate aggression (Figure 1) [25].
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Figure 1. Multiple genetic variants are involved in ADHD development. As in most psychiatric
diseases, genetic and environmental factors affect precociously the development of the central
nervous system. The interaction between genetic predisposition and the environment, including
adverse events that occur in the individual’s life (so-called stressors), may induce certain behaviors
or psychological disorders. The relationship between genetic and environmental risk factors that may
underlie interindividual variability and susceptibility to ADHD and/or impulsive aggressive
behavior are shown here. The Figure was created with Biorender.

In children and adolescents it is also more complex to understand the mechanisms underpinning
aggression, given their difficulty of expressing emotions in words to communicate restlessness,
anxiety or frustration. Neurodevelopmental disorder such as ADHD can also play a part in
aggressive behavior [10]. In most cases, this behavior is triggered by a particular event as also a
pandemic exposure could be [26]. Aggressiveness can happen as a natural response to pandemic-
related stressors. In addition, scientists have found a complex genetic architecture of aggressive
behavior in the context of ADHD and several potential risk genes have been identified [27]. Among
these, dopamine and serotonin, key neuromodulators involved in aggressive behavior, have received
substantial attention, even if results are unsuccessful [28,29]. Anyway, a clear relationship among the
MAOA and SLC6A4 genes and aggressiveness has been provided [30].

Indeed, it is known that MAOs have a key role in the metabolism of neurotransmitters (e.g.
serotonin) involved in aggressive behavior [31,32]. Many studies investigated the relationship
between the aggressive phenotype and the MAO system and have found that specific allelic
variations in the genes encoding MAO are associated with aggressive traits [33]. In 1993, aggressive
phenotypes of Brunner syndrome have been related to mutations in the MAOA gene which lead to a
complete or partial loss of the MAOA enzyme activity [34]. More recently, it has been understood
that these mutations increase the activity of dopaminergic neurons through upregulation of the N-
methyl-D-aspartate receptor (NMDAR) function and this might explain impulsivity and the
maladaptive behavior associated to the Brunner syndrome [34].

Rs6323 variant of MAOA, located in the exonic region, is associated with altered enzyme
activity; the G allele is linked with higher levels of the enzyme and the T allele with lower levels [35].
Some research groups reported that the low-activity MAOA genotype (TT) is associated with a more
aggressive behavior [36], while others have reached the opposite conclusion, identyfing the high-
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activity MAOA genotype (GG) as the one associated with a more aggressive behavior[37]. With
regard to rs1137070, it has been shown that the T variant is associated with higher activity than that
of the C allele [35].

Based on these observations, we investigated genetic variations in MAOA that underlie
aggressive phenotypes in the ADHD context. Our study highlighted a different distribution of both
MAOA 156323 and rs1137070 genotypes between ADHD patients and healthy controls. The
homozygous genotypes (GG and TT respectively) were significantly associated to ADHD risk.
Conversely, heterozygous genotypes (GT and CT) resulted associated to a lower risk of ADHD
development. Furthermore, a detailed study of rs6323 and rs1137070 genotype combinations allowed
to identify that the combination of rs6323 GG and rs1137070 TT genotypes has an additional
predisposing effect to the development of ADHD, while that of heterozygous (GT and CT) genotypes
shows a protective association toward the disorder. When we performed subtype analysis
(aggressive behavior/non-aggressive behavior) of ADHD, we found a protective association between
heterozygous genotypes of both SNPs of the MAOA gene and aggressive subtype. Moreover, the GG
genotype of rs6323 was a risk factor for the development of aggressive behavior in the non-aggressive
patients. Instead, GT genotype of 156323 and CT genotype of rs1137070 resulted protective toward
aggressive symptoms of ADHD. This finding could appear opposite to the expected one; anyway, in
support of this, Zhao et al. demonstrated that individuals carrying G allele seem more easily affected
by environment than those carrying T allele. They also reported that adolescents with G genotype
may be more sensitive to certain environmental situations because they recall emotion-related brain
regions and neurophysiological over activation [38]. Furthermore, Johnson et al. suggested that the
exposure to different environments alters the genetic vulnerability of adolescents by influencing the
expression of genetic factors [39]. In this regard, it is of interest that a significantly positive
relationship between the exposure to COVID-19 and an increased risk of stress has been detected and
that this can lead to emotional/behavioral outcomes, such as anxiety, which might represent a
mediating factor for aggressive behavior development [40].

In addition, since an interactive effect of MAOA and 5-HTT gene polymorphisms on the brain
activity has been previously reported [41] and given the strong allele-allele interaction in the anterior
cingulate cortex (implicated in the pathophysiology of impulsive/aggressive behavior), we also
wanted to investigate if the polymorphism in the promoter region of the serotonin transporter (SHTT)
was implicated to impulsive/aggressive behavior in our study group. Since no differences in 5-HTT
genotype/allele frequencies among patients and controls have been found, at the moment we can't
confirm this hypothesis.

5. Conclusions

The complex etiology of ADHD is still in part unknown. Sometimes, ADHD symptoms are linked
with physical comorbidities as asthma in early childhood, injuries, sleep disturbances, epilepsy, and
excess weight that can mask the early diagnosis. It follows that a late diagnosis of cognitive and
functional defects associated with ADHD can lead to adults with social and interpersonal difficulties.
Understanding how patients with ADHD respond to specific environmental changes and identifying
genetic markers associated with phenotypic plasticity might help to create and validate new tools as
the algorithms [42] able to identify ADHD children, classify them and distinguish those who are at
highest risk for aggressive behavior.
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