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variants in the SLC6A4 and TPH genes depends on the
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The global prevalence of suicide has increased substantially over the last four decades. Suicidal behavior manifests owing to a
combination of biological, behavioral and social factors; however, the etiology of suicidality remains elusive. Even though twin
studies have reported a significant heritability of 30–50%, meta-analyses have not highlighted a common genetic variant
associated with the spectrum of suicidal behavior. Here, we performed a systematic review of the literature (n¼ 112) to assess
the association between serotonergic and non-serotonergic genetic polymorphisms and suicidal behavior. Using an inverse
variance random-effects model, we developed pooled odds ratios for the 10 most commonly studied genetic variants related to
suicidal behavior, each with at least five independent studies that met our stringent inclusion criteria. Our pooled results indicate
no significant correlation between genetic polymorphisms and overall suicidal behavior. However, subgroups of suicide
attempts demonstrated actual significance with the serotonin transporter (SLC6A4) 5HTTLPR (OR¼ 1.13 (95% confidence
interval¼ 1.05–1.21), P¼ 0.001) and reached nominal significance with the tryptophan hydroxylase rs1800532 (1.22 (1.05–1.41),
P¼ 0.007) variant. Subgroups of suicidal behavior (completions and attempts) displayed reduced heterogeneity compared with
the overall suicidal behavior spectrum. Our findings suggest that the 5HTTLPR and rs1800532 polymorphisms are significantly
associated with suicide attempts, but not associated with completed suicides. The high degree of heterogeneity in past studies
may be attributed to the lack of a phenotypic distinction between suicidal attempts and completions. Consequently, we have
identified an important source of phenotypic heterogeneity that provides a rationale for the current lack of a common genetic
variant associated with suicidal behavior.
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Introduction

Approximately one million people die by suicide each year and
it is estimated that there are ten to twenty times as many
suicide attempts.1 Suicidal behavior is a complex health and
social issue that is believed to manifest as a combination of
state-dependent factors, such as comorbid psychiatric and
medical illnesses, and trait-dependent factors, including
psychological, biological and genetic markers.2 In many
communities, personal killing has long been embedded in
culture and religion, though in the nineteenth century self-
injurious acts became widely recognized as an important
medical issue.3 When making a clinical diagnosis, the World
Health Organization describes suicide as an act of deliberate
killing; however, a majority of the scientific community refers
to suicidal behavior as the self-directed injurious acts with
some intent to end one’s own life.1 This working definition is
far more inclusive of those individuals who exhibit thoughts of
suicide and undertake suicidal attempts. Suicidal behavior
can therefore be conceptualized on a phenotypic continuum

ranging from suicidal ideation to suicidal attempt and
completed suicide.

The trait-dependent heritable factors pertaining to suicidal
pathology remain complex. Previous studies have demon-

strated familial clustering of suicide and suicidal behavior,

where the relative risk increased fivefold for relatives of suicidal

individuals.4,5 Furthermore, in a twin case study, Voracek et al.

found a significantly higher concordance rate (P¼ 4.1� 10� 8)

for suicidal behavior in monozygotic (24.1%) versus dizygotic

(2.8%) twins, establishing a significant genetic link.6 More

recently, a genome-wide association study for suicide attempt

identified a common variant (rs300774) at the ACP1 locus

associated at a close to genome-wide level of significance

(P¼ 5.07� 10� 8) with attempted suicidal behavior.7 How-

ever, as with many meta-analyses pertaining to suicidal

behavior, GWA studies of suicide are limited by their inability

to recognize complex phenotypic heterogeneity and distinct

combinations of rare variants and environmental factors that

may contribute to an increased risk of suicidal behavior.8
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Suicide is an important subject owing to its worldwide
prevalence, its burden on the health-care system and the
severity of its social impact. Understanding and identifying the
complexity of genes that may influence the progression of
suicidality will help prevent future suicidal behavior and aid in
designing more effective treatment strategies.

Neurobiological and genetic studies have suggested that
suicidal behavior results from a complex interaction of several
genes and stressful environmental factors. This hypothesis
echoes a widely accepted stress-diathesis model among
suicide literature, which presents suicidal attempts as a
combination of stressors and abnormal familial psychological
or physiological traits.1 Under this model, psychosocial or
physiological pathologies may trigger suicidal ideation; how-
ever, it is the innate genotypic and phenotypic profile of the
individual, which determines their inability to cope with
stressors. Many specific genetic variants may exhibit an
additive effect on suicidal behavior by intensifying the impact
of a stressor. Genes involved in the serotonergic, adrenergic,
noradrenergic and dopaminergic neurotransmitter systems
have been studied in many samples of postmortem brain
tissues, and many genetic variants have shown to vary
neurotransmitter activity among suicide victims and controls.
For our review, we performed an electronic search to identify
studies that focused on the association between candidate
genes and suicidal behavior.

With many genetic variants, the high degree of disagree-
ment and variance among previous studies has presented
conflicting results, which confer both harmful and protective
effects. The aim of our study was to compile results and
develop meta-analyses for common genetic variants, which
influence suicidal behavior from studies published up to
August 2011. By examining the results of our meta-analyses,
we hoped to identify the candidate genes that are significantly
associated with suicidal behavior.

Genetic markers and suicide. Genetic markers have long
been implicated in association with suicidal behavior. A large
number of molecular genetic studies have attempted to
identify individual genes associated with suicide. However,
these studies have not provided conclusive evidence of a
common genetic variant associated with suicidal behavior.
The majority of candidate genes have investigated a link
involved in neurotransmitter processing, especially the
serotonergic system, likely owing to their established role in
emotion and behavior. A majority of these genetic studies
contain small sample sizes, a large number of independent
variables and inadequate phenotypic characterizations.

Several studies have investigated an association between
suicide and common serotonergic gene polymorphisms (for
reviews Brezo et al.9 and Arango et al.10). Many studies
suggest that a reduction of serotonin uptake and enhanced
serotonergic neurotransmission in suicides may be related to
the commonly investigated short allele (S) of the serotonin
transporter (SLC6A4) insertion/deletion polymorphism.11

Studies pertaining to the short allele of SLC6A4 have shown
a decreased protein expression of the transporter in the brain
and platelets and conflicting results with regard to suicidal
behavior.12 Research has suggested that multiple serotonin
system-related genes, including the SLC6A4, 5-HT1A

receptor (5HTR1A), 5-HT1B receptor (5HTR1B) and
5-HT2A receptor (5HTR2A), may be involved in the develop-
ment of major depression and the exacerbation of suicidal
behavior.13 In addition, genes encoding enzymes involved in
the production and metabolism of serotonin have strong
implications in suicide research. Both tryptophan hydroxylase
(TPH), the rate-limiting enzyme in the synthesis of serotonin,
and monoamine oxidase A (MAOA) have been implicated in
impulsivity, aggression and suicidal behavior.14,15

In addition, several non-serotonergic candidate genes have
been potentially associated with suicide based on their function
and role in the pathophysiology of emotion and behavior.9

Catechol-O-methyltransferase (COMT) is a major enzyme in
catecholamine inactivation, which has been shown to influence
aggressive and anger-related traits.16 Also, brain-derived
neurotropic factor (BDNF) has been implicated in neuronal
survival and plasticity and thought to be involved in various
psychiatric disorders, attempted and completed suicide.17

Finally, imbalances in dopamine signaling are thought to have
a role in the development of severe psychiatric disorders. The
D2 receptor is known for its association with addictive behavior,
while the D4 receptor has been associated with unipolar
depressive disorder and obsessive compulsive disorder.18,19

Our research explored 35 different genes associated with
suicidal behavior and multiple polymorphisms (single-nucleo-
tide (SNP), variable number tandem repeats (VNTR) and
insertions/deletions (indel)) characterized within each gene.
With the wide spectrum of suicide-associated genetic poly-
morphisms, we attempted to identify significant genetic
variants by carrying out a systematic review and meta-analysis
following the MOOSE guidelines (reporting of meta-analyses
of observational studies).

Materials and methods

Literature search. The literature search was conducted by
selecting all studies on the PubMed, Embase, Psych Info and
MEDLINE databases. First, we searched the keywords
‘suicide’ and ‘genetic or gene’ to compile a list of genetic
markers associated with suicidal behavior. Subsequent
search terms included a combination of the keywords
‘suicide’ and each individual genetic marker (see
Supplementary Information S1). The references in each
study were also reviewed through Google Scholar in order to
gain any additional studies that were not elucidated in the
primary literature search. All published studies between the
years 1965 and 29 July 2011, which investigated a direct
relationship between the genetic marker and suicide, were
included for further analysis and subjected to subsequent
inclusion criteria. In these publications, the following genes
and gene variants were studied: 5HTR1A, 5HTR1B,
5HTR1D, 5HTR1E, 5HTR1F, 5HTR2A, 5HTR2C, 5HTR5A,
5HTR6, ABCG1, ADRA2A, APOE, BDNF, CCK, COMT,
CRHR1, DCP1, DHCR7, DRD2, DRD4, ESR1, GABRA3,
GS3KB, HMGCR, LDLR, LPL, MAOA, NTRK2, RGS2,
SCN8A, SLC6A4, TPH, TH, VAMP4 and WFS1.

Inclusion and exclusion criteria. An adapted MOOSE
2008 flow diagram was used to help identify, screen and
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select studies that were eligible for review and inclusion in
our study (Figure 1).20 Studies that lacked the primary focus
of a relationship between suicide and a specific genetic
marker were excluded from the review (number of studies
(n)¼ 3461). After a detailed evaluation of each study, studies
that lacked pertinent statistical information for calculating
allele frequencies or non-original studies (such as reviews,
single case reports, editorials or commentaries) were
excluded, resulting in 135 studies. Studies that investigated
multiple alleles and, as a result, were present in multiple
searches owing to our broad search terms (n¼ 52) were also

removed owing to duplication. Data were extracted from
primary studies by two independent reviewers (RCC and AZ;
agreement¼ 98%). In cases where there was a disagree-
ment on the data extraction or inclusion criteria, a third author
(ZS) was consulted to reach a consensus. Data extracted
from primary studies included a definition of suicide (ideation/
attempt/completion), the mean age and sex of the cases and
controls, comorbid psychiatric disorders, and the number of
cases and controls. The type of sample population (general
or clinical), each SNP investigated, and the minor allele
frequencies were also recorded.

Figure 1 Methods for extraction and evaluation of pertinent genetic marker studies. We used a modified MOOSE flow chart to systematically evaluate the studies
pertaining to the genetic markers associated with suicide. Each stage in the flow chart describes our inclusion criteria. From an initial screen of over 3000 studies, we found 112
high-quality case–controls for further statistical analysis.
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Study quality. Each study (n¼ 135) was rated using a
modified Newcastle–Ottawa Rating Scale, which examined
the selection, comparability and exposure of each study based
on six binary standards: case–control, community/hospital
recruitment, definition of controls, mean age of recruitment (at
least 18), definition of suicidal behavior and a method of
ascertaining suicidal behavior (see Supplementary
Information S2). Two independent authors (RCC and AZ)
assessed each study for quality and where discrepancies
existed they were resolved through discussion and consen-
sus. We assessed the initial agreement using the Cohen
kappa factor (k¼ 0.87). Suicidal behavior was often classified
by item 3 (suicidality) of the HAM-D-17 (Hamilton Depression
Rating Scale, 17 items).13,21 Most studies defined suicide
attempt as an intentional self-harm that required medical
evaluation and treatment in an emergency or intensive care
unit. Completed suicides were evaluated by the methods
used.22 Lifetime diagnoses of psychiatric disorders were made
according to DSM-IV criteria.23 Only high-quality case–control
studies (at least four criteria met on the Newcastle–Ottawa
Rating Scale) were used in the subsequent meta-analysis
(n¼ 112). Corresponding authors were contacted if more data
were required for inclusion in the analysis.

Meta-analysis. Our a priori null hypothesis was that a
combination of studies assessing the association of genetic
markers with suicide would not display a significant correlation
with suicidal behavior. In addition, we undertook subgroup
analyses separating attempted from completed suicides in
order to explore possible phenotypic differences related to
genetic associations. Subgroup analyses were applied to
variants investigating suicide attempt or completion with at
least 10 studies and a pooled sample size of at least 500
individuals owing to a lack of statistical power and small
sample sizes. Statistical power of each sample group was
calculated using the minor allele frequencies and sample
sizes inputted into Quanto software (v1.2.4) (alpha¼ 0.05,
two-tail).24 After assessing the quality of each study, the minor
allele frequencies of both the control and suicidal groups were
recorded and entered into meta-analysis-generating software
(Stata 12, StataCorp, College Station, TX, USA). Each study
must have provided sufficient information to form 2� 2
contingency tables and calculate an odds ratio (OR) within a
95% confidence interval (CI). Also, studies were analyzed for
independent sample populations and excluded for duplicated
results. Briefly, an inverse variance random effects DerSimo-
nian and Laird model was used to calculate the effect of
pooled ORs with the corresponding 95% CI and associated P-
value.25 By employing the non-iterative DerSimonian and
Laird method, the authors accept that the studies included in
the meta-analysis may vary in terms of the patient character-
istics or study methods, and should not be weighted solely
using sample sizes. A random-effects model was preferred
over a fixed-effect model as a result of the high degree of
interstudy variance observed in the preliminary results. Under
this model, a combination of the mean effect of a population
and deviation from the pooled effect, collectively known as the
true treatment effect, was used with the s.e. to calculate a
measure of the observed treatment effect.25 The inverse
variance method was used to maximize the inclusiveness of

studies in the meta-analyses (which reported limited statistical
information). Nominal statistical significance was set a priori at
alpha¼ 0.05, with a Bonferroni correction for multiple testing
(revised alpha¼ 0.005). The statistical heterogeneity (asses-
sed by I 2 analysis) and funnel plots were used to explore the
possibility of publication bias. It is often assumed that a lack of
published studies with insignificant results or a lack of
unpublished data in meta-analyses will create a noticeable
publication bias. An asymmetrical effect on the funnel plot
signifies potential publication bias or smaller study effects,
which drive the pooled effect toward a falsely significant result.

Results

We reviewed 119 studies that investigated an association
between serotonergic or non-serotonergic genes and suicidal
behavior that met our selection and inclusion criteria
(Figure 1). Twenty-seven of these studies examined the
relationship between multiple genetic variants and suicide
leading to a total investigation of 223 genetic variants. We
chose the most common variants (analyzed in at least five
studies passing the inclusion criteria) associated with suicidal
behavior to calculate pooled ORs and investigate the
significance of their findings. This reduced the final number
of included studies to 112. In order to ensure high statistical
power in subgroup analyses, we then generated forest plots
for the variants with at least 10 studies (SLC6A4 (5HTTLPR),
TPH (rs1800532), 5HTR2A (rs6313) and 5HTR1B (rs6296)).
In addition to these four variants, we performed meta-
analyses with six additional common genetic variants
associated with suicide given their implicated roles in neuro-
transmission, psychopathology and suicidal behavior. As a
result, 10 variants were investigated for pooled effects. The
initial literature search was not restricted to studies written in
English and we did not encounter any language barriers in our
study as all of the included studies were written in or translated
to English. The results of our findings are as follows:

The study designs were mainly case–control (n¼ 104) or
nested case–controls (n¼ 8) with no cohort designs. The
eligible studies for our review compared suicidal cases with
control subjects and measured suicidal behavior as the main
outcome. Contoured funnel plots were generated and
analyzed using an Egger’s plot to quantify the potential for
bias in each meta-analysis. In some instances, the risk of
publication bias in our meta-analyses was difficult to assess
owing to the small number of studies, limited sample sizes and
the differences in selected populations. Out of the 112 studies
that we examined, 87 studies reported a known comorbid
psychiatric disorders (including schizophrenia, depression,
personality disorders and alcohol abuse), 22 studies had no
mention of comorbidities, 2 studies stated unknown psychia-
tric disorders and 1 study had no psychiatric illnesses.

The Serotonin Transporter Gene (SLC6A4). As one of the
most commonly studied genetic associations, our first
analysis on the association between the serotonin transpor-
ter S allele and suicidal behavior contained 31 primary case–
control studies (number of cases (NS)¼ 6324; number of
controls (NC)¼ 10285) with a pooled OR (95% CI) of 1.06
(0.90–1.26), P¼ 0.47. When only the attempted suicide
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case–control studies were analyzed (n¼ 25), the pooled OR
reached actual significance at 1.13 (1.05–1.21) (P¼ 0.001
and power of 99%) and the heterogeneity (I 2¼ 2.5%)
decreased by 80% (Figure 2). The pooled completed suicide
case–control studies (n¼ 6) were nonsignificant (0.78 (0.31–
1.98) with a power of 98%) and had a high degree of
heterogeneity (I 2¼ 95.8%). Approximately 81% of all studies
involving the 5HTTLPR polymorphism and suicidal behavior

reported suicide attempts. A contoured funnel plot was
generated, with the studies reporting attempted suicides and
the SLC6A4 S allele, in order to assess the possibility of
publication bias or small study effects (Figure 3). The s.e.
was plotted against the estimated OR of each study and
displayed a slightly asymmetrical pattern.

The serotonin receptor genes. The family of serotonin
receptors (5HTR) contains several subtypes and isoforms
that have inconsistently been linked to suicidal behavior
through genetic associations. In this study, 4 of the 10
polymorphisms represented members of the 5HTR family
(rs6313 (5HTR2A, n¼ 18, NS¼ 3759, NC¼ 5692), rs6318
(5HTR2C, n¼ 7, NS¼ 2297, NC¼ 3431), rs6295 (5HTR1A,
n¼ 6, NS¼ 2022, NC¼ 2135) and rs6296 (5HTR1B, n¼ 10,
NS¼ 2947, NC¼ 4066)). These four SNPs displayed non-
significant pooled ORs of 0.92 (0.81–1.04), P¼ 0.11, power
of 80%; 0.90 (0.73–1.11), P¼ 0.41, power of 49%; 1.14
(0.89–1.47), P¼ 0.30, power of 84%; and 1.07 (0.85–1.35),
P¼ 0.76, power of 44%, respectively. For the rs6313 and
rs6296 variants, studies involving completed suicides were
removed from the analyses and retested. The adjusted
pooled ORs of attempt suicide for each genetic marker were
nonsignificant (n¼ 13, OR¼ 0.93 (0.82–1.06), P¼ 0.28,
power of 61%, I 2¼ 41% and n¼ 5, OR¼ 0.90 (0.75–1.09),
P¼ 0.30, power of 37%, I 2¼ 0%, respectively) as were the
pooled ORs of completed suicides (n¼ 5, OR¼ 0.85 (0.65–
1.12), P¼ 0.13, power of 56%, I 2¼ 44% and n¼ 5,
OR¼ 1.29 (0.89–1.87), P¼ 0.17, power of 99%, I 2¼ 84%,
respectively) (Figure 4, 5HTRIB rs6296).

Figure 2 A forest plot for meta-analysis of the studies relating the serotonin transporter (SLC6A4) short polymorphism (5HTTLPR) to suicide attempts, completions and
overall suicidal behavior. We applied a random-effects inverse variance model to pool the odds ratios associating the SLC6A4 short allele with suicidal behavior. This plot
describes the results for the short allele relative to the long allele.

Figure 3 A funnel plot to assess publication bias of studies relating the SLC6A4
5HTTLPR polymorphism to suicide attempts. We constructed contoured funnel
plots to assess the risk of publication bias in our meta-analyses. This plot displays
the outcome effect estimate in relation to the s.e. of the effect for each study
included in our SLC6A4 meta-analysis. The figure shows a partially asymmetrical
plot that signifies the possibility of publication bias.
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Tryptophan hydroxylase. Multiple variants in the TPH
gene have been extensively explored in relation with suicidal
behavior owing to the enzyme’s role in serotonin metabolism.
The two most studied SNPs, rs1800532 (n¼ 21, NS¼ 4829,
NC¼ 7945) and rs1799913 (n¼ 8, NS¼ 1512, NC¼ 3408),
revealed pooled ORs of 1.13 (0.99–1.28), P¼ 0.06, power
of 99% and 1.10 (0.85–1.43), P¼ 0.15, power of 56%.
When the rs1800532 variant was selected for attempted

suicides, the heterogeneity decreased slightly (from 62.5–
60.7%) and the pooled ORs showed a nominally significant
harmful trend for the minor allele (1.22 (1.05–1.41),
P¼ 0.007, power of 99%) (Figure 5). With the completed
suicides, the heterogeneity decreased considerably (from
62.5–16.0%); however, the pooled OR displayed a non-
significant protective trend of association (0.91 (0.78–1.07),
P¼ 0.31, power of 47%).

Figure 4 Forest plot for random-effects meta-analysis of the studies relating the 5HTR1B rs6296 variant to suicide attempts, completions and overall suicidal behavior. We
applied a random-effects inverse variance model to pool the odds ratios associating the 5HTR1B minor allele with suicidal behavior. This plot describes the results for the G861
allele relative to the C861 allele.

Figure 5 Forest plot for random-effects meta-analysis of the studies relating the tryptophan hydroxylase rs1800532 (A218C) variant to suicidal attempts, completions and
overall suicidal behavior. We applied a random-effects inverse variance model to pool the odds ratios associating the TPH minor alleles with suicidal behavior. This plot
describes the results for the ‘A218’ allele relative to the ‘C218’ allele.
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COMT and MAOA. COMT and MAOA are two major
enzymes involved in the metabolism of a variety of
neurotransmitters. The rs4680 SNP of COMT (n¼ 9,
NS¼ 3226, NC¼ 3055) produced a pooled OR of 1.13
(0.89–1.42) (P¼ 0.32, power of 93%). Research regarding
the two most common VNTR polymorphisms of MAOA
(VNTR3 and VNTR4) produced five primary studies
(NS¼ 862, NC¼ 1239) and a pooled OR of 0.94 (0.75–
1.19) (P¼ 0.63, power of 16%).

Brain-derived neurotropic factor. A recent meta-analysis
by Zai et al.26 indicated a strong association between the
rs6265 SNP in the BDNF gene and suicidal behavior. In total,
there were seven published studies (NS¼ 1700, NC¼ 2584)
pertaining to the rs6265 SNP and suicidal behavior that met our
inclusion criteria resulting in nonsignificant association (1.14
(0.83–1.56), P¼ 0.43, power of 78%) with suicidal behavior.

Discussion

In this study, we performed a systematic review and meta-
analysis of all published studies investigating the association
between genetic polymorphisms and suicidal behavior before
August 2011. The serotonergic system has been extensively
investigated in relation to suicidal behavior following early
reports linking serotonin to suicide.27,28 Several of these
related genes are involved in different pathways in serotonin
production (TPH), transportation (SLC6A4), transmission
(5HTR 1A, 1B, 2A and 2C) and metabolism (MAOA). For
instance, SLC6A4 encodes the serotonin transporter protein
that is expressed in platelets and a variety of neuronal
membranes and is responsible for the uptake of serotonin into
presynaptic neurons.29 A common polymorphism reported in
37 independent studies, known as the 5HTTLPR, is the result
of a 44 base pair insertion (L) or deletion (S) in the promoter
region of SLC6A4.12 The results of our random-effects meta-
analysis indicate that the minor (S) allele in SLC6A4 increased
the risk of suicide attempts by 13% (OR¼ 1.13 (1.05–1.21),
P¼ 0.001) with low heterogeneity (I 2¼ 2.5%). In addition, the
rs1800532 SNP of TPH, which encodes for the enzyme that
catalyzes the formation of serotonin, was also nominally
significantly related to suicidal attempts (1.22 (1.05–1.41),
P¼ 0.007) supporting previous research by Li et al.30 The four
most commonly reported 5HTR SNPs linking the 1A, 1B, 2A
and 2C receptor subtypes to suicidal behavior (rs6295,
rs6296, rs6313 and rs6318) produced pooled ORs that were
not statistically significant. Finally, the MAOA (VNTR 3/4),
BDNF (rs6265) and COMT (rs4680) polymorphisms also
reported no significant association with suicidal behavior.
Other non-serotonergic genes that have only recently been
studied have demonstrated promising results in literature,
including SCN8A, DRD2, ACE and CCK.31–34 All of these
genetic variants will benefit from future research with larger
sample populations.

After completing a systematic search for all published
studies relating to the 35 genetic markers, we found 10
genetic variants that have been extensively studied in suicide
(5HTTLPR, rs6295, rs6296, rs6313, rs6318, rs1800532,
rs1799913, VNTR3/4, rs4680 and rs6265). Our modified
Newcastle–Ottawa Rating Scale helped determine the quality

of each study to narrow the inclusion of high-quality
independent studies in our meta-analyses (Supplementary
Information S2). From the 112 studies that remained, we
derived pooled ORs with 95% CIs using the random effects
DerSimonian and Laird inverse variance method.25 There was
initially no association with the broad suicidal behavior trait for
any variant reported in the literature; however, the degree of
between-study heterogeneity was extremely high in most
cases. Our subgroup analysis hypothesis stemmed from the
small number of whole-genome linkage studies that indenti-
fied chromosomal regions of linkage for suicide attempts and
that were not shared for fatal suicides. Theoretically, if the
suicidal behavior continuum is driven by an increasing load of
genetic markers, then fatal attempts (completions) and
nonfatal attempt may exhibit a high level of redundancy in
the context of linkage studies. However, this was not the case.
Chromosomes 2p, 5q, 6q, 8p, 11q and Xq, with varied
psychiatric comorbidities, were linked to nonfatal attempters
whereas suicide completions identified only one linkage
(MLOD42.50, Po0.05) at chromosome 6q.9,35,36 As a result
of this preliminary evidence, we chose a priori to undertake
subgroup analyses by separating studies that included suicide
attempts from suicide completions.

A true statistical independence between the two subgroups
was not observed with these variants (w2420, Po0.01)
implicating a limited power in most suicide completion and two
suicide attempt subgroups. However, the heterogeneity
decreased significantly, in some cases by over 80%, and
two subgroup analyses (SLC6A4 5HTTLPR and TPH
rs1800532) became at least nominally significant. Under
conditions of high between-study heterogeneity, true associa-
tions with genetic variants may not be practically possible to
replicate with consistency, no matter how many large studies
are conducted.37 In part, the systematic pooling of these two
distinct phenotypic subgroups may explain why no common
variant contributing to suicide risk has been identified thus far.
The results of these meta-analyses support this theory, and by
separating suicide attempts from completions, we were able
to identify genetic variants associated with suicide attempt,
which will benefit from future research.

Despite the large number of studies included in our review,
certain limitations are important to consider when interpreting
our analyses. For instance, there was a lack of accessibility to
studies dealing with suicidal behavior in individuals without
psychiatric comorbidities. Only one study included a suicidal
population without any comorbid psychiatric illnesses. As a
result, a large majority of the studies we investigated involved
suicidal behavior with varying psychiatric comorbidities that
may contribute to the heterogeneity of the sample popula-
tions. In our systematic review of the literature, we were
surprised by the number of genetic markers that showed
nonsignificant results and a modest number of studies
(no10). This low density of candidate gene studies in the
suicide field may have severe consequences on the statistical
power and the conclusiveness of some of our smaller meta-
analyses. The 5HTR1B rs6296 polymorphism, as an exam-
ple, had a low power of 44% and a sample size of 2948
(compared with the SLC6A4 5HTTLPR polymorphism with a
power of 99% and sample size of 6324), which may have
contributed to the inconclusiveness of the pooled effect. It is
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also possible that an accumulation of smaller studies had a
large effect on driving pooled significance toward a false-
positive result. Future studies should aim to examine these
genes with larger sample size and adjusting for varying
psychiatric comorbidities to increase the statistical power of
results. Finally, future research should focus on larger
population-based cases with matched controls as it is difficult
to draw conclusions from small studies with a large number of
confounding variables (including ethnicity, age, comorbidities
and sex).

This study indicates that suicide attempts and completions
should be considered as two distinct phenotypes and confirms
that the reasons of between-study variation need to be
carefully addressed in meta-analyses to produce unbiased
conclusions. Although suicidal behavior may be a complex
phenomenon resulting from the interplay of several genes,
proteins, metabolites, environmental factors and psychiatric
disorders, this paper has helped identify the significant genetic
variants in hopes of finding those with a true association with
suicidal behavior. Regardless of the limitations of the current
literature, the results of our meta-analyses suggest that there
are significant associations between the polymorphisms in the
SLC6A4 and TPH genes and suicide attempts. The increasing
amount of effort spent on genome-wide studies will help
improve our understanding of the genetic architecture of
suicidal behavior, an important pre-requisite to better target
individual risk factors for proper intervention and aid the at-risk
population in managing the manifestation of suicidal behavior.
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