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Abstract
Adolescent suicidal behavior is a global public health issue; however, genetic studies are sparse
and diverse. A review of the current knowledge on the genetics of adolescent suicide based on an
electronic search of two databases is being presented, following PRISMA guidelines. After
identification, screening, and exclusion, 17full-text articles based on original studies were included
for the review. Studies indicate significant heritability for suicidal behavior. Aggression was found
to be associated with higher rates of suicide attempts within families. Possible genetic variants,
environmental changes, their interaction, and the timing of these interactions appear to be critical
in deciding the suicidal behavior. Several candidate genes and pathways have been implicated with
a focus on neurotransmitters, neurotrophic processes, stress response system, and the immune
system. From the results, the serotonergic system seems to be the most plausible system explaining
anxiety, impulsivity, depressed mood, and adolescent suicidal behavior. However, inconsistencies
for serotonergic genes were also reported for adolescent suicidal behavior which largely reflected
the ethnic and phenotypic variation. The serotonin transporter variant was significantly associated
with depression and suicide attempts while serotonin receptor gene variants were significantly
associated with suicide ideation. Tryptophan hydroxylase variant had a significant association with
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suicide attempts, hopelessness, and impulsivity scores. Majority of the studies had a small sample
size, and the lack of consensus on genetic studies reflected the phenotypic and ethnic variation.
We need to develop a consortium for ethnic-specific observation by considering both genetic and
epigenetic background and develop a consensus strategy to resolve phenotypic diversity for
adolescent suicide.
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Introduction
Suicide and self-harm among adolescents have been identified as a significant public health issue
worldwide. Global data show that suicide is the second major cause of death among those aged 10
to 24 years [1-3]. More than 90% of the world’s adolescent children live in low- and middleincome countries and they contribute to over 75% of global suicide deaths [1]. The tragic personal
loss and the social and economic impact of these suicides are enormous on the family, friends, and
society and demands urgent global attention.
Suicide is the fatal act of intentionally harming oneself. Suicidal behavior refers to a range of
behaviors that include thinking (or ideation), planning, attempting suicide, and suicide itself.
Etiological heterogeneity is often reflected by the significant differences in suicidal risk based on
gender, age groups, geographic regions, and socio-political realities. Adolescent suicidal behavior
is a complex human behavior, the cause of which consists of a constellation of interacting
biochemical, genetic, psychological, and social factors [4,5]. Learning more about the precursors
and risk factors of suicidal behavior is vital for preventing such high-risk behavior [6].
Clinical studies have shown that those who attempt suicide belong to a heterogeneous group
depending on age, sex, intent, and lethality of attempt, impulsivity, past and family history, and
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presence of psychiatric disorders [7]. This clinical heterogeneity may be due to an underlying
genetic heterogeneity and hence, it is important to look into the genetic variables associated with
suicide attempts in this population.
Genetic transmission may occur through specific genes and loci, and environmental transmission
may occur through abuse or socio-cultural factors that impact the host epigenome [8-11]. Familial
transmission of suicidal behavior has been explored in various studies. Twin and adoption studies
suggest that the heritability of genetic factors can cause familial transmission of suicidal behavior
to about 30-50% [12-15]. It has been shown that 11.3% of monozygotic twins and 1.8% of
dizygotic twins were concordant for suicide [16]. Suicidal behaviors maybe transmitted as a trait
within families, irrespective of psychiatric diagnosis [17]. Certain genetic association studies have
been conducted, focusing both on candidate-gene and genome-wide (among adults), but the results
were inconsistent and unsatisfactory [18]. It is suggestive of a polygenic risk model, with a large
number of risk genetic variants aggregate towards contributing to risk [19]. The large
heterogeneity within the groups of suicidal behavior compels for a call for a precise understanding
of fallacies to resolve the conflicts of genetic studies and observations.
Among environmental factors, Early Life Adversity (ELA) such as parental neglect, physical,
sexual or emotional abuse during childhood is found to increase the suicidal risk. Many studies
have shown that ELA and lifetime suicide risk are interlinked [20-24]. Teen suicides are associated
with different psychiatric disorders, including mood disorder, substance abuse, schizophrenia,
conduct disorder, anxiety, and impulsive aggressive traits [25-27]. Various environmental
stressors and psychiatric illnesses evoke changes within the biological systems of humans.
Affected individuals usually display a hyperactive hypothalamic-pituitary-adrenal axis (HPA) and
increased response to stress [28]. Reduced expression of glucocorticoid receptors in the
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hippocampus due to epigenetic alterations induced by DNA methylation can impact the HPA axis
[29]. Even the genes responsible for neuronal plasticity, neuronal growth, and neuroprotection are
reported to undergo epigenetic modification [30,31]. These findings support the stress-diathesis
model for suicidal behavior, which suggests that life stressors alone are not exclusively responsible
for such behavior but this may aggravate an individual’s genetic predisposition, which may trigger
off the attempt [32,33]. Researchers have identified life stressors as both proximal and distal risk
factors for suicide [34].
A large majority of the studies reflect the genetics of adult suicide but none specific for adolescents
except for just one, that too almost a decade back [35]. Adolescent suicides are clinically different
from adult and considering the enormous public health issue of adolescent suicide and varied
knowledge of the underlying genetic risk factors, it was decided to look at the current
understanding of the genetics of adolescent suicide. However, the scope of the present review is
restricted to genetic observations in adolescent suicide.
Methods
Literature search
A literature search was conducted through the internet to update the knowledge on the genetic
variations that lead to suicidal behavior among adolescents. An electronic systematic search of the
databases, PubMed, and Google Scholar was done. All original studies on the genetics of
adolescent suicide were included. The keywords for the search included “gene*”, “genome wide”
“association”, or “polymorphism” in association with “adolescen*”and “suicid*”. The PubMed
search term “adolescen*” was used to get search results that included adolescent and adolescence.
The term “suicid*” yielded search results that included suicidal ideation, suicide attempt, suicidal
behavior, suicide completion, and suicidality. Additional studies on the topic were identified from
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the reference section of the selected articles and also from the citation list of these articles. Major
literature reviews on adolescent suicide were searched to get any other relevant studies.
Study selection
Articles were included for the review if they satisfied the following inclusion criteria.
(1) Studies included human subjects (2) Study subjects belonged to adolescent age, 12 to 18 years
(3) Paper was published in English (4) Studies analyzed the association between any genetic
variation and adolescent suicidal behavior, including attempts and completion.
Duplicate papers and studies on non-human subjects were automatically excluded at this stage.
The further exclusion was done after going through the title and abstract, to find out whether they
fit into the inclusion criteria. The selected papers were clustered into two, “family-based studies”
and “candidate-gene association studies”. We could not identify any “genome wide association
studies” in this population and hence, this cluster which should have been there theoretically, was
absent in this review. Because genetic studies on adolescent suicide are less, it was decided not to
keep a time cut off and all available articles on the subject were selected. After screening the title
and abstract and excluding the irrelevant ones, the relevant articles were selected for full-text
review. Two reviewers did the study selection and data extraction independently. The
discrepancies were corrected by a third reviewer, who made the final selection. The summary of
the literature search strategy is shown in the flow chart (Figure 1).
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Figure-1: Flow chart showing selection of genetic studies of adolescent suicide
Records identified through
database searching and
screening n=1040

RESULTS

Records excluded after
screening titles and abstract
n= 1010

n

Full - text articles assessed
for eligibility n=30

Full - text articles excluded
n=13

Studies included n=17

A total of 17 full-text articles fulfilled the selection criteria on the genetics of adolescent suicide,
including 7 family and 10 candidate gene association studies [17,36-51]. Five of these association
studies followed a case-control design [39,43,46,48,51], and one had a combined family and casecontrol design [37]. Other studies were observational or comparative in design [41,42,45,47]. It
was observed that the assessment parameters and sub-phenotype variability also extensively varied
among study subjects.
The ethnicity of study participants was recorded which was largely Caucasian in origin. Clinical
interviews u sing appropriate scales were performed in most of the studies which differed across
studies. Blood samples were largely used while saliva samples were used in two studies [45,46]
and cheek sample (buccal cell DNA) was analyzed in one study [42]. Most of the study participants
belonged to the adolescent age group,12 to 18 years of age. Some studies however included
subjects up to 24 years and adult controls. A large majority of the participants were girls, though
most of the studies had a nearly equal representation.
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Family studies have concluded a familial transmission, independent of the presence of a
psychiatric disorder [17] though later personality disorders were proposed to have a role [36]. Twin
studies have looked into the familial aggregation of suicidal ideation, depression, and conduct
disorder in adolescence due to shared genetic and environmental effects. The highest correlation
was found between depression and adolescent suicide [44].
Genetic association studies using various candidate genes with adolescent suicidal behavior,
including attempt, completed suicide and ideation have been looked into. Several candidate genes
and pathways have been investigated with a focus on neurotransmitters, neurotrophic processes,
stress response system, and the immune system. Results suggest the serotonergic system to be the
most plausible system explaining anxiety, impulsivity, depressed mood, and adolescent suicidal
behavior. However, inconsistencies for serotonergic genes were also reported for adolescent
suicidal behavior which largely reflected the ethnic and phenotypic variation.
Details of each study, including the study design, sample characteristics, genetic variant and salient
findings are shown in Table-1. A narrative review of the literature, including all the 17 studies was
done and is given below.
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Table-1: Genetic studies on adolescent suicide
No.

1

Study method

Family study

Study sample
203 first- and 607
second-degree relatives
of 58 adolescent suicide
probands and 207 firstand 558 second-degree
relatives of 55
demographically similar
controls.
Relatives of 62 clinically
referred adolescent
suicide attempters and 70
never-suicidal psychiatric
controls
88 adolescent patients
admitted with recent
suicide attempt;40 family
trios;12 family duos. 172
healthy subjects for the
case control design.

Gene (variant) /
trait

Findings

Population

Reference

Familial trait of
suicidal
behavior,independent
of psychiatric
disorders

Increased suicide attempts in the firstdegree relatives of suicide probands.
Higher ratings of aggression were
associated with higher familial loading
for suicide attempts.

Western
Pennsylvania

Brent DA et
al, 1996 [17]

Familial aggregation
of adolescent suicide
attempts and
personality disorders
and aggression

Familial Personality disorder
wassignificantly associated with suicidal
risk. Relationship between
probandassaultiveness and familial
aggregation of suicidality observed.

United States

Johnson BA
et al, 1998
[36]

Tryptophan
hydroxylase A218C
polymorphism

No significant association

Jewish

Zalsman G
et al, 2001
[37]

2

Family study

3

Family based &
Case Control
methods

4

Haplotype
relative risk
(HRR)
calculation

48 inpatient adolescents

The serotonin
transporter (5HTTLPR)

No significant association. Significant
difference in violence measures between
"LL" and "LS" genotypes

Israel

Zalsman G
et al, 2001a
[38]

Case Control
study

69 inpatient of
adolescents suicide
attempters and 167
healthy controls

Dopamine receptor
subtype 4 (DRD4) 48
bp VNTR

No significant association. Significant
difference in depression severity
between suicidal inpatients homozygote
and heterozygote for the DRD4 alleles
observed.

Israel

Zalsman G
et al, 2004
[39]

Family- based
method

32 families of adolescents
suicide attempters where
parents of the study
patients served as the
control group.

5-HTR2A (T102C)

No significant association

Jewish
Ashkenazi

Zalsman G
et al, 2005
[40]

5

6
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7

Comparative
study

32 suicidal and 28 nonsuicidal adolescent
psychiatric inpatients

8

Treatment of
SSRI-Resistant
Depression in
Adolescents
(TORDIA) trial

155 treatment-resistant
depressed adolescents

Multi-centre
study

35 suicidal and 30 nonsuicidal adolescent
inpatients, 51 adolescent
suicide attempters
admitted to psychiatric
emergency rooms and a
community-based control
group (N = 95)

9

5-HTTLPR and
platelet transporter
binding

No association found. Positive
correlation between platelet SERT
density and anger scores and negative
correlation between platelet count and
trait anxiety observed.

Israel
Ashkenazi

Zalsman G
et al, 2005a
[41]

FKBP5

FKBP5 (rs1360780 "TT",
rs3800373"GG" genotype) with suicidal
events even after controlling for
treatment effects.

European

Brent DA et
al, 2010
[42]

HTR2A (T102C), 5HTTLPR, MAOA,
and plasma serotonin

Homozygous "TT" genotype of the
HTR2A 102T/C with lower impulsivity
and aggression. Low activity MAOA
genotypes with suicidality. 5-HTTLPR
and plasma serotonin levels showed no
association.

Jewish,
Ethiopian,
Yemenite,
Arabs and
mixed origin

Zalsman G
et al, 2011
[43]

Virginia
Caucasian

Linker J et
al, 2012
[44]

Northeastern
United States

Doorley J et
al , 2017
[45]

10

Twin study

2814 twins from the
Virginia Twin Study of
Adolescent Behavioral
Development (VTSABD)
and young adult followup (YAFU)

11

Observational
study(Preliminary
investigation)

76 hospitalized
adolescents

DRD4 VNTR

Case Control
study

98 adolescent suicide
attempters who required
hospitalization based on
emergency assessments,
and 150 healthy
volunteers

COMT, CRHR1,
FKBP5, SLC6A4,
HTR1B, HTR2A,
TPH1,TPH2,
BDNF,NTRK2,
NOS1, IL28RA

12

Familial aggregation
of suicidal
ideation,depression&
conduct disorder

Highest correlations were between
depression and suicide within
adolescence (62). The lowest
correlations were between juvenile
depression and young adult suicidal
ideation (27) and between juvenile
conduct disorder and suicidal ideation in
young adulthood (19). There was a
moderate correlation between adolescent
and young adult suicide ideation (45)
DRD4 "L" carriers with a sexual trauma
history had more severe suicidal
ideation
NTRK2 (rs10868235,
rs1659400),NOS1(rs2682826) and
TPH2 (rs7305115) with suicide attempts
& quantitative hopelessness or
impulsivity scores.

CEU
countries

Mirkovic et
al, 2017
[46]
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13

RNA sequencing
in post mortem
brain samples

Age > 13 years;Suicides
by violent means(n=65),
non-violent
suicides(n=46),nonviolent non suicides
(n=78) & healthy
subjects with trait
aggression

14

Case Control
study

LINC01268 (Human
-specific long
intergenic non coding
RNA)

Prefrontal expression of LINC01268
was higher in suicides by violent means,
emotional regulation and aggressive
behavior.

200 adolescents with
depression and suicide
attempt &235 controls

15

Prospective,
population-based
twin study

Caucasian

Punzi G et
al,2019 [47]

5-HTTLPR

5-HTTLPR "SS" genotype with the
history of depression and suicide
attempt in adolescents

Mexican

SarmientoHernández
et al, 2019
[48]

30,444 children at 9 or
12 years and 10,269
adolescents re- assessed
at age 18 years

Association between
general
psychopathology
during childhood and
adolescent SA/SH.

General factor of psychopathology in
childhood was a statistically significant
predictor of adolescent suicide
attempt.Shared genetic overlap may
occur between the two factors.

Sweden

O'Reilly LM
et al, 2020
[49]

16

Prospective
longitudinal
family study of
third generation
offspring

478 children;330 of them
continued follow-up till
young adulthood(>19
years)

ANKK1, DRD2,
COMT, SLC6A4,
HTR2C

ANKK1(rs1800497), HTR2C(rs6318) ,
ANKK1-DRD2 complex
(AAAChaplotype) and HTR2C(CCC
haplotype) presence and onset of
child/adolescent suicidal ideation.

United States

Hill SY et
al, 2020
[50]

17

Case Control
study

97 adolescents
diagnosed with major
depressive disorder &
106 controls

LEPR (Leptin
receptor)

LEPR (rs1171276) with the suicide
probability scores in depressed
adolescents

Turkey

Acikel BS et
al, 2020
[51]
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Initial literature on the familial trait of adolescent suicidal behavior came from Brent et al (1996)
who studied 810 relatives of 58 adolescent suicide victims and 765 relatives of 55 adolescent
controls [17]. After adjusting for differences in familial psychiatric disorders, the study reported
that the rates of suicide attempts in first-degree relatives of the suicide victims were more (odds
ratio 4.3) [17]. Similar familial aggregation of adolescent suicidal behavior was later reported for
the presence of familial personality disorder and proband assaultiveness [36]. Significantly higher
rates of suicide attempts and completion were observed in the first-degree relatives of adolescent
attempters with higher scores on assault subscales of the Buss-Durkee Hostility Inventory [36].
Familial aggregation of depression and suicide has also been reported from the Virginia Twin
Study of Adolescent Behavioral Development, involving 2814 twins [44]. A population based twin
study from Sweden reported that the general factor of psychopathology in childhood was a
significant predictor of adolescent suicide attempts as compared with other factors of inattention,
impulsivity, anxiety, emotional symptoms, or oppositional behavior [49].
The major contributions to the understanding of the genetics of adolescent suicide came from the
studies by Zalsman’s group. First study was on an ethnically homogeneous group of Jewish origin,
comprising of both families based on 40 family trios, 12 family duos and, a case-control method
using 88 adolescents with a recent suicide attempt, and 172 healthy controls. The first study in
2001 explored the A218C variant in intron 7 of Tryptophan hydroxylase (TPH) gene and 5HydroxyTryptamine Transporter Gene-Linked Polymorphic Region (5-HTTLPR) in adolescent
suicide attempt [37,38]. They used haplotype relative risk (HRR) and the transmission
disequilibrium test (TDT) methods and did not find any significant association of the A218C TPH
polymorphism with suicide attempt (P=0.76 by HRR method and P=0.61 by TDT method) [37].
They also did not find any significant allelic association with 5-HTTLPR for adolescent suicidal
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behavior (p>0.05). However, measurements of violence showed a significant difference (P=0.029)
between adolescents having “LL” and “LS” genotypes [38]. Almost a similar lack of significant
observations was reported with dopamine receptor subtype 4 (DRD4) gene exon III 48 bp repeat
polymorphism in a case-control study by the same team. However, the authors observed a
significant difference in depression severity among those homozygous and heterozygous for the
DRD4 allele [39]. Within the suicidal group (n=32), platelet serotonin transporter density showed
a significant positive correlation with anger scores (r = 0.40; p =0 .027), and platelet count showed
a negative correlation with trait anxiety (r =0.42; p =0.034) but no association was observed
between 5-HTTLPRvariants and suicidality or platelet transporter binding [41]. Family-based
studies did not reveal any association of the T102C5-Hydroxy Tryptamine Receptor 2A gene
variant (5-HTR2A) with clinical variables like depression and impulsive-aggressive traits [40]. The
same group using serotonergic and adrenergic candidate gene variants of HTR2A, 5HTTLPR, and
Monoamine Oxidase A, (MAOA) in a multicenter study comprising of Jewish, Ethiopian,
Yemenite, Arab, and mixed origin population, carried out an association study with clinical
phenotypes of adolescent suicidality, psychopathology, and aggression. The study sample included
suicidal, non-suicidal, those with recent suicide attempts, and community-based controls. All the
subjects were genotyped, and measurements of plasma serotonin content were taken and relevant
psychological domains, like impulsivity, aggression, and anxiety were also assessed. The group
reported that the homozygous “TT” genotype of the HTR2A 102T/C variant was associated with
lower impulsivity (P=0.03) and aggression (P=0.01) and this finding was in contrast to the results
from earlier studies. Suicidality was also reported to be associated with low activity MAOA
genotypes (P= 0.04). However, plasma serotonin levels did not show any association with these
variants [43].
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Another study explored whether the carrier status of the Dopamine D4 Receptor (DRD4) variable
number of tandem repeat (VNTR) polymorphism affected the connection between sexual trauma
and suicidal behavior in an adolescent inpatient sample (n=76). DRD4 VNTR variant was
significantly associated with severe suicidal ideation in DRD4“L” carriers with a sexual trauma
history when compared to DRD4 “SS” homozygotes, while suicide attempts did not show any
such interaction [45].
Mirkovic and team did an extensive study of 22 SNPs in about a dozen genes [Catechol-o-methyl
transferase gene (COMT), Corticotropin-releasing hormone receptor 1 gene (CRHR1), gene
encoding FK 506 binding protein 5 (FKBP5), solute carrier family 6 members 4 or serotonin
transporter gene (SLC6A4), serotonin receptor genes (HTR1B, HTR2A), tryptophan hydroxylase
gene (TPH1, TPH2), brain-derived neurotrophic factor gene (BDNF), neurotrophic tyrosine kinase
gene (NTRK2), nitric oxide synthase1 gene (NOS1) and interleukin28receptor alpha-subunit
gene(IL28RA)] with attempts to suicide, hopelessness and impulsivity in a European adolescent
inpatient sample of suicide attempters (n=98), and 150 healthy volunteers. They report significant
associations with suicide attempts were rs10868235, rs1659400 (NTRK2), rs2682826(NOS1), and
rs7305115(TPH2) and some of these variations also showed association with clinical phenotypes
of hopelessness or impulsivity. However, they caution that the small sample size and possible
gene-environment interactions could also have affected the results [46].
The FKBP5 gene that codes for a protein-producing glucocorticoid receptor sub-sensitivity was
studied by Brent et al in a group of adolescents with antidepressant-resistant depression. The study
reported a significant association with rs1360780 “TT” genotypes and rs3800373G allele of the
FKBP5 gene with suicidal events, even after controlling for other relevant variables including
treatment effects. It was also seen that the linkage disequilibrium between these two SNPs was
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significant (r=0.91). They report that glucocorticoid receptor sub-sensitivity caused by these SNPs
may suggest the link between hypothalamic-pituitary-adrenal (HPA) axis changes and suicidality
[42].
Another unique and interesting observation came from RNA sequencing data of Long Intergenic
Non-Coding RNA (LINC01268) of post mortem brain samples on violent suicides in adolescents
followed up with an evaluation of a genetic variant in LINC01268 associated with altered
expression in healthy subjects with trait aggression and prefrontal physiology related to behavioral
control. LINC01268 was differentially expressed with higher expression in the prefrontal brain
areas in suicides by violent means when compared to both non-suicides and suicides by nonviolent
means. Aggression scores were found to be higher in a living cohort with the same risk genotypes
(P=0.01). In these subjects, functional neuroimaging was performed while viewing angry faces
interestingly they show reduced prefrontal engagement (Brodmann area 10). The authors
concluded that these results suggest the influence of LINC01268 in the regulation of emotion,
aggression, and violent suicide. Weighted gene co-expression network analysis indicated
modulation of genes involved in the immune response [47].
A recent case-control study in 2019, on 200 Mexican adolescents with clinical depression and
suicide attempts and 235 healthy controls, showed that statistically, a significant difference existed
between the frequencies of ss genotypes (p=0.004) and (s) allele (p=0.0009) of the 5HTTLPRvariant among the groups. The findings suggest that these genetic variants may be related
to adolescent depression and suicide attempts [48].
A prospective longitudinal family study involving three generations, among 478 participants,
based on varying family history (high vs low) for alcohol and other substance use disorders was
carried out by Hill et al. (2020) [50]. The subjects included third-generation children/ adolescents

148

between the ages of 8-18 years who were assessed repeatedly until age 19. Out of this sample, a
further follow-up of 330 individuals to young adulthood was done to look for the emergence of
depression. Clinical assessment of aggression, using Child Behavior Checklist (CBCL) aggression
scale scores brought out significant association with child/adolescent suicidal ideation. Two SNPs
rs1800497 in the ankyrin repeat and kinase domain containing 1 gene (ANKK1 gene), and rs6318
in the HTR2C gene, and two haplotypes (AAAC in the ANKK1-DRD2 complex, and CCC in the
HTR2C gene), were found to be significantly associated with the presence and onset of adolescent
suicidal ideation. Assessments in young adulthood showed that adolescent suicide ideation had a
significant association with young adult depression [50].
The latest case-control study comprising of 97 adolescents (between the age of 12 and 18 years)
with major depressive disorder and 106 controls was reported in Turkish adolescents with leptin
receptor (LEPR) variant and adolescent suicidal behavior by Acikel et al. [51] Linear regression
analysis showed that the leptin receptor polymorphism rs1171276 had an association with suicidal
behavior, in depressed adolescents (B=4.346 t=2.220 P=0.048). Depressive scores (by Children
Depression inventory) were significantly predicted by a family history of depression (P<0.0001,
OR= 4.2) and the number of stressful life events (P=0.001, OR= 1.7). The study concluded that
the LEPR variant may lead to higher adolescent impulsive behavior and suicide probability scores,
through leptin resistance [51].
Discussion
Though suicidal behavior among adolescents is a global concern, the genetic studies in this area
have been sparse. It has been cited that the difficulty in getting genetic research consent for minors
could be a possible reason [19]. The large heterogeneity of suicidal behavior is a big challenge to
those exploring the underlying genetic mechanisms. The contributions from gene, environment,
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and potential gene-environment interactions need to be considered. Genetic association studies
detecting small effects are considered useful, as multiple genes are known to contribute to small
modulation of suicidal risk. Research on suicidal behavior is mostly based on the hypothesis of
“common-disease common variant” [19].
Study Design
Studies on the genetic dissection of suicidal behavior in adolescent children have followed
different study design that involves family-based, case-control, or population-based design
strategies. Family-based studies are common in genetic research. Many researchers claim this
method to be advantageous over case-control association studies, as they yield lower false-positive
and false-negative results [52]. Methods employed include the haplotype relative risk (HRR) and
the transmission disequilibrium test (TDT). The HRR method examines samples based on “trios”
of the affected child and both biological parents [53]. In this method, a comparison is made
between the alleles transmitted to the patient from the parents with the non-transmitted alleles,
which are taken as controls. Sometimes, parent-child duos may be assessed if only one parent is
available. HRR has the advantage of utilizing smaller samples than the case-control design [53].
The TDT is another useful method where linkage disequilibrium is examined through transmitted
versus non-transmitted alleles from heterozygote parents [54]. Though many family-based studies
exploring the genetics of adolescent suicide have been done, results have been contradictory and
no single locus was found to be significantly associated with adolescent suicidality [35].
Serotonergic genes
Data from various studies suggest the serotonergic system as the most relevant neurobiological
system connected to impulsivity, anxiety, and adolescent suicidal behavior[4,35,43].Tryptophan
hydroxylase (TPH) which is the rate-limiting enzyme involved in serotonin (5-HT) synthesis,
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serotonin transporter (5-HTT) which regulates 5-HT signaling at the synapses, and serotonin
receptors (from 5-HT1 to 5-HT7 with several subtypes and isoforms 5-HT1A, 5-HT2A, and others)
have been the focus of study over time. Zalsman and colleagues found no significant association
for most of the serotonergic genes among Jewish adolescents. However, in a recent multicentric
study with a genetically heterogeneous sample, Zalsman and colleagues reported homozygosity
(TT) for the serotonin receptor polymorphism was associated with lower impulsivity and
aggression [43]. Postmortem brain studies of teenage suicide victims showed higher expression of
serotonin 5-HTR2A receptors in the prefrontal cortex [55].
The serotonin transport gene, SLC6A4 is situated on chromosome 17 (17q11.2). The common
functional genetic variation (5-HTTLPR, rs4795541), consists of a short (s) and a long allele (l).
The efficiency of the L allele to transcribe the genes two to three times more than the S allele [56].
Different research teams have studied this candidate gene in detail, yielding divergent results.
Zalsman and tea m reported that 5-HTTLPR polymorphism did not have any significant
association with adolescent suicidality [38]. Sarmiento-Hernández et al showed that 5-HTTLPR
polymorphism (S allele and the SS genotype) were related to a history of depression and suicide
attempts in Mexican adolescents [48]. Caspi et al found that subjects who were carriers of the S
allele of the 5-HTTLPR polymorphism reported more depressive symptoms and suicidality about
stressful life events, especially among adolescents and young adults [57].
Dopaminergic receptors
The association of dopaminergic receptor gene polymorphism and adolescent suicide was explored
by several investigators with contrasting observations. One study investigating the role of
Dopamine receptor subtype 4 (DRD4) gene exon III 48 bp repeat polymorphism did not show any
significant association with adolescent suicidal behavior [39]. Contrast the same VNTR
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carryingDRD4 (L) carriers with an antecedent sexual trauma reported significantly more severe
suicidal ideation [45]. A study with DRD2-ANKK1region suggested a potential association in a
study comparing a group of children, with high or low familial risk for alcohol dependence. The
haplotype AAAC in this region was significantly associated with suicidal ideation. The SNP
rs1800497 oftheANKK1 gene also exhibited a strong association with suicidal ideation, this
significance was not altered in the survival model, even after taking familial alcohol dependence
as a covariate [50].
Metabolism of catecholamines
Catecholamine degradation is mainly done by Catechol-O-methyltransferase (COMT).The
enzyme is encoded by a single gene located on chromosome 22q11.1-q11.2.Another enzyme
involved in neurotransmitter (serotonin, dopamine, and norepinephrine)degradation is monoamine
oxidase A (MAOA). A large majority of the studies were on adult suicide; however, few have
studied adolescent suicide. Catechol-O-methyltransferase variation showed no association with
suicidal ideation among children/adolescents unlike adult suicide [50]. Another study has shown
that MAOA genotypes with less activity were associated with suicidal behavior among adolescents
[43].
Hypothalamic-Pituitary-Adrenal axis
Blunted HPA axis activity, especially among individuals with psychopathology may reduce the
ability to respond adaptively to ongoing stressors and may increase the suicidal risk [58]. As part
of the Treatment of SSRI-Resistant Depression in Adolescents (TORDIA) trial in a group of
European adolescents (n=155), rs1360780TT and rs3800373G SNPs of the FKBP5 gene were
reported to be associated with suicidal events, even after controlling for treatment effects and other
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relevant variables. The glucocorticoid receptor sub-sensitivity caused by these variations may be
the link between the alterations in the HPA axis and suicidal behavior [42].
Genes associated with neurotrophic processes
Though genes engaged in neurotrophic processes have been proposed to have a role in suicidal
behavior, very few studies have been done among adolescents. A low level of brain-derived
neurotrophic factor (BDNF), obstructs the normal development of serotonin neurons during brain
development and this may lead to adolescent suicidal behavior [59]. Two variants, rs10868235
and rs1659400 on the neurotrophic receptor kinase (NTRK2)gene, showed significant associations
for adolescent suicide attempts. However, this association did not stand the statistical correction
tests and the authors concluded that the role of these SNPs was not supported in adolescent suicide
attempts and cited small sample size and gene-environment interactions as possible confounders
[46].
Other genes
Impulsivity and aggression are suggested as behavioral substrates for adolescent suicidal behavior.
Leptin receptor gene polymorphism may lead to an increase in impulsive behavior and adolescent
suicidal behavior. A recent study has identified an association between rs1171276 SNP of the
leptin receptor and the suicide probability scores among adolescents with depression [51].
Prefrontal expression of long intergenic noncoding RNA (LINC01268) was found to be higher in
suicides by violent means, when compared to no suicides and suicides by nonviolent means,
highlighting its role in emotional regulation, aggressive behavior, and violent suicide. Further
network analysis suggested the underlying biological mechanism to be the modulation of genes
involved in the immune response [47].
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Genetic observations on adolescent suicidal behavior are sparse but hint at several candidate genes
that associate with various pathways. A large majority of the results are preliminary or
inconsistent, probably due to the smaller sample size or the effects of interaction (gene-gene
interaction or gene-environment) on suicidal behavior [46]. Existing psychopathology may have
been a potential confounder and may have influenced the findings. It had been opined that for
properly controlling psychopathology, studies have to compare subjects who committed suicide
and those who had other causes of death within the same psychopathological group. To find such
a group may be practically difficult [60]. Gene-environment interactions have largely been pointed
out in the case of stressful life events leading to suicidal behavior. It has also been reported that
the timing is critical in understanding the gene, environment, and timing interactions in adolescent
suicidal behavior [9]. During the critical period of adolescent brain development, suicidality may
occur when particular genotypes are exposed to specific environment-related risks [9]. Little focus
was given to this combined gene-environment interaction and timing, in research done so far.
Follow-up studies were few [50] and the literature search did not yield any genome-wide studies
done on adolescent suicide.
Available literature has several limitations. The majority of the studies had a small sample size
and different genetic variants were studied which may have led to diverse observations.
Heterogeneity in the definition of suicidal behavior, ideation, and the attempt was another
significant variable that needs to be controlled. The limitation exists concerning extrapolating the
results of an ethnically homogeneous population to other population groups. In this review, an
extensive and thorough comparison with the genetics of adult suicidal behavior was not attempted,
as the studies are numerous and recent review articles are available. Technological considerations
of individual studies were also not made.
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To conclude, genetic research on adolescent suicidal behavior has been sparse. Though a strong
genetic component has been identified, there is no consensus on specific genetic markers for
adolescent suicidal behavior. Association studies have brought out the likely candidate genes and
various neurobiological pathways contributing to the behavior. Gene-gene, gene-environment
interactions, and the timing of these interactions seem to affect adolescent suicidality. Different
candidate genes were explored by different research teams, and this may have led to diverse
observations. Hence it becomes important to focus future research on the same genetic variants or
plan a genome-wide study to find the significant associations. Advances in genetic and statistical
methodologies may bring in even more consistent findings. Future research may incorporate these
changes. Considering the huge global public health issue of adolescent suicide, it is important to
conduct more research for better understanding of the underlying genetic factors and their
interaction with other genetic and non-genetic factors. It will further help in effective
identification, prevention, and management of adolescent suicidal behavior.
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