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Background: Suicide is an unresolved psychiatric and public health emergency, claiming
800,000 lives each year, however, its neurobiological etiology is still not understood. In
spite of original reports concerning the involvement of 5-HTTLPR in interaction with recent
stress in the appearance of suicidal ideation and attempts, replication studies have yielded
contradictory results. In our study, we analyzed the association between 5-HTTLPR and
lifetime suicide attempts, current suicidal ideation, hopelessness and thoughts of death as
main effects, and in interaction with childhood adversities, recent stress, and different
types of recent life events in a general population sample.

Methods: Two thousand and three hundred fifty-eight unrelated European volunteers
were genotyped for 5-HTTLPR, provided phenotypic data on previous suicide attempts,
and current suicidal ideation, hopelessness and thoughts about death, and information on
childhood adversities and recent life events. Logistic and linear regression models were
run with age, gender, and population as covariates to test for the effect of 5-HTTLPR as a
main effect and in interaction with childhood adversities and recent life events on previous
suicide attempts and current suicidal ideation. Benjamini-Hochberg FDR Q values were
calculated to correct for multiple testing.

Results: 5-HTTLPR had no significant effect on lifetime suicide attempts either as a main
effect on in interaction with childhood adversities. 5-HTTLPR had a significant main effect
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on current suicidal ideation in the dominant model (Q=0.0344). 5-HTTLPR did not interact
with childhood adversities or total number of recent life events on any phenotypes related
to current suicidal risk, however, a significant interaction effect between 5-HTTLPR and
current relationship problems emerged in the case of current suicidal ideation in the
dominant model (Q=0.0218) and in the case of thoughts about death and dying in the
dominant (Q=0.0094) and additive models (Q=0.0281).

Conclusion: While 5-HTTLPR did not influence previous suicide attempts or interacted
with childhood adversities, it did influence current suicidal ideation with, in addition, an
interaction with recent relationship problems supporting the involvement of 5-HTTLPR in
suicide. Our findings that 5-HTTLPR impacts only certain types of suicide risk-related
behaviors and that it interacts with only distinct types of recent stressors provides a
possible explanation for previous conflicting findings.
Keywords: suicide attempts, suicidal ideation, childhood adversities, recent life events, 5-HTTLPR
INTRODUCTION

Suicide remains an unresolved psychiatric and public health
emergency, claiming 800,000 lives each year, contributing to one
death happening every 40 seconds (1), and it is the second leading
cause of death in adolescents and young adults in the 15–29 age
group (1). In spite of declining trends worldwide, in young people in
the United States suicide shows an alarmingly increasing rate (2)
which, in spite of decades of research aimed at uncovering its
biopsychosocial aspects and determinants highlights that we are still
far from understanding, and even further from effectively predicting
and preventing suicidal behaviors.

Suicidal behavior occurs along a spectrum from thinking
about suicide or suicidal ideation, planning, suicidal attempts,
aborted suicides to completed suicide (3), all of which cause
significant suffering and burden. While 90% of completed
suicides occur in psychiatric patients (4), the majority of whom
suffer from affective disorders where it may be expected and thus
targeted, still quite a few nonpsychiatric subjects resort to
suicidal behavior. While suicidal behaviors, especially attempts
and completed suicides, cannot be predicted, one possible
marker heralding approaching suicide may be the appearance
of suicidal thoughts, which are often the threshold of the
downward spiral leading to more lethal suicidal manifestations.
While the frequency of suicide attempts is up to 20 times that of
completed suicides with a lifetime prevalence of 2.7%, suicidal
ideation has a 9.2% lifetime prevalence, with 29% of ideators
(and 56% of ideators with a plan) proceeding to making a
subsequent suicidal attempt (5). Thus, while there may be
some heterogeneity not only in the manifestation but also in
the neurobiology of suicidal behavior along the suicide spectrum
(6, 7), due to completed suicide being a relatively rare event in the
community other manifestations along the spectrum are used in
studies to extrapolate and estimate suicide risk (3).

Also, due to the significant suffering and burden associated with
suicidal behavior coupled with the impossibility to reliably and
effectively predict suicide as declared by the American Psychiatric
Association and the Institute of Medicine (8), there has been a surge
g 2
to identify predictors, such as suicidal ideation as well as biomarkers
including genetic variants that predict suicidality.

Family, adoption, and twin studies clearly show a substantial
role of genetic factors in suicidal behavior, contributing to a
heritability estimated between 30% and 55% in different studies
(9, 10), with an average of 43%, which is in general comparable to
the heritability of psychiatric illnesses (11, 12) but is at least in
part independent of the genetic transmission of affective
disorders (13). There is a ten-fold risk of suicidal behavior in
relatives of suicide completers (14) and a 175-time relative risk
for suicidal behaviors including attempts and completion in
monozygotic twin pairs compared to dizygotic ones (15).

Due to initial findings of an association between low 5-HIAA
levels in the cerebrospinal fluid (16, 17) of suicidal depressive
patients and subsequent reports of lower serotonin transporter
expression in various relevant regions of the suicidal brain (18,
19), the serotonergic system has been early implicated in suicidal
behavior and subsequently genes in the serotonergic system have
become prime candidates in the search for the genetic
underpinnings of suicide. Already in the early era of psychiatric
genetics, attention was focused on 5-HTTLPR, a 44-base pair
insertion-deletion polymorphisms (rs4795541), located upstream
from the transcription start site in the promoter region and playing
a role in the regulation of the serotonin transporter gene SLC6A4,
located on chromosome 17 (17q11.2) and encoding a presynaptic
transmembrane protein responsible for the reuptake of serotonin.
The 14-repeat short variant (s allele) of 5-HTTLPR, contributing to
reduced expression compared to the 16-repeat long variant (l allele)
(20, 21) has been found to be associated with several phenomena
related to the appearance of suicidal behavior including depression
(22), affective temperaments (23), aggression (24–26), and
impulsivity (27–29), especially in the context of environmental
stress. 5-HTTLPR has also been implicated in the background of
personality traits involved in increased risk of suicidal ideation,
including for example alexithymia (30, 31), which could prove
useful in prediction, screening and management of suicide risk (32–
34). While there has been a large number of subsequent studies
focusing on the role of 5-HTTLPR in suicide and related risk factors,
June 2020 | Volume 11 | Article 567
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there is a lack of agreement due to the contradictory findings of
these studies.

In addition to the substantial heritable contribution to
suicidal behavior, and in line with the commonly accepted
diathesis-stress model of suicide (35), in addition to genetic
factors there is also an equally substantial role for environmental
components including both predisposing distal and precipitating
proximal factors, which emphasises the role of both early and
current adverse experiences (7), and plays a key role in
modulating the genetic predisposition and triggering of suicide
(36). In spite of this, suicidal behaviors have been less frequently
studied in gene x environment models, although successful
prevention of suicide would require understanding of how risk
of suicide emerges in the presence of biological predispositions
triggered by external influences. In spite of Caspi and colleagues’
initial paper (22) on the interaction of serotonin transporter gene
with life events involved not only in depression but also suicide,
only a few studies approached the role of 5-HTTLPR in suicidal
behavior with gene x environment interaction models.

Thus, in our present study, we analyzed the impact of 5-
HTTLPR on previous suicide attempts, current suicidal ideation,
and other suicide risk markers such as hopelessness and death-
related thoughts in interaction with early childhood adverse
experiences and recent negative life events in a large general
European population.
MATERIALS AND METHODS

Participants
This investigation is part of the NewMood project (New
Molecules in Mood Disorders, Sixth Framework Program of
the EU, LSHM-CT-2004-503474). In total, 2,588 non-related,
European white ethnic origin volunteer participants (1,808
female and 780 male) aged between 18 and 60 from Greater
Manchester and Budapest recruited between 2005–2008 through
general practices or via the internet (www.newmood.co.uk) were
sent a questionnaire pack and a genetic sampling kit. Inclusion
criteria included voluntary participation, signing of informed
consent, providing genetic material and returning the
questionnaire pack. Inclusion was independent of any positive
psychiatric anamnesis. Subjects whose DNA sample was not
successfully genotyped as well as subjects with missing
questionnaire data were excluded from statistical tests. The
present analysis was carried out in 2,358 subjects who
provided eligible phenotypic data and could be genotyped for
5-HTTLPR. More details about the population sample can be
found in our previously published reports (37–39). The study has
been conducted in accordance with the Declaration of Helsinki
and has been approved by the local ethics committees. All
subjects gave written informed consent prior to participation
in the study.

Phenotypes
Previous suicidal attempts (SUIC) were recorded through self-
report. Current markers of suicidal ideation were measured via
relevant items of the Brief Symptom Inventory (40), including item
Frontiers in Psychiatry | www.frontiersin.org 3
3, “Thoughts of ending your life” to indicate suicidal ideation
(BSI03), as well as item 18, “Feeling hopeless about the future”, to
indicate hopelessness (BSI18), a well-established independent
predictor of suicide risk, and item 21, “Thoughts about death and
dying” to indicate death-related thoughts (BSI21) during the
previous week using a scale of 0–4. Childhood adversities (CHA)
were measured using a short form of the Childhood Trauma
Questionnaire (CTQ) (41) and covered emotional and physical
abuse and emotional and physical neglect. Recent negative life
events (RLE) occurring over the previous 12 months were
measured by the List of Threatening Experiences (42) which sums
life events related to four validated subscales (43) previously used in
gene-by-environment interaction models (GxE) (44, 45). The four
subscales include financial difficulties (RLE-financial), personal
problems (RLE-personal), intimate relationship problems (RLE-
relationship), and social network disturbances (RLE-social).
Intercorrelations between the subscales have also been previously
reported and were found to be either nonsignificant (between RLE-
social and RLE-financial; and RLE-social and RLE-relationship), or
significant but negligible weak (44).

Genetic Data
The extraction of the DNA from buccal mucosa cells was based
on previously applied protocol (46). For the 5-HTTLPR genotype
characterization we used Illumina CoreExom PsychChip as
described elsewhere (38). The quality control and imputation
steps are based on our previous paper (38). All laboratory work
was performed under the ISO 9001:2000 quality management
requirements and was blinded with regard to phenotype.

Statistical Analysis
IBM SPSS Statistics 25 was used to calculate descriptive statistics
and to run univariate general linear models solely for visualization
purposes. Plink v1.90 (https://www.cog-genomics.org/plink2) was
used to calculate Hardy-Weinberg equilibrium and minor allele
frequency (MAF), and to build dominant, recessive and additive
linear and logistic regression models with age, gender, and
population as covariates in all models. Analyses were supported
by scripts individually written in R 3.0.2 (R Core Team, 2013). In
case of each outcome variable including lifetime SUIC, current
suicidal ideation (BSI03-Thoughts of ending your life), current
hopelessness (BSI18-Feeling hopeless about the future), and
current thoughts of death (BSI21-Thoughts about death and
dying), first the main effect of 5-HTTLPR was tested, followed by
interaction analyses. Interaction analyses included interaction with
CHA in case of SUIC, and interaction with CHA, RLE, and subtypes
of RLE including recent relationship problems (RLE-relationship),
recent financial problems (RLE-financial), recent personal problems
(RLE-personal), and recent social network problems (RLE-social) in
case of BSI03, BSI18, and BSI21. All analyses were run according to
additive, dominant, and recessive models. Nominal significance
threshold was p < 0.05. To correct for multiple comparisons in
analyses for each of the above outcome variables, Benjamini-
Hochberg false discovery rate (FDR) Q-values (without robust
method) were calculated. Results with a Q-value ≤ 0.05 were
considered as significant. Raw data comprising the basis of the
presented analyses are available at https://doi.org/10.6084/m9.
June 2020 | Volume 11 | Article 567
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figshare.12214748.v1 (47). Only in order to facilitate visualization in
the general linear models, RLE scores were divided into three
categories as described previously (44, 45) as 0 event, 1 event, 2
or more events.
RESULTS

Descriptive Data
The descriptive data of our study population are shown in Table 1.

5-HTTLPR was in Hardy-Weinberg equilibrium in our total
sample (p=0.8942). Minor allele frequency was 0.4271 for the
short (s) allele.

Gene-environment correlations, as calculated in linear
regression models for RLE and its subscales and for CHA, are
Frontiers in Psychiatry | www.frontiersin.org 4
shown in Table 2. 5-HTTLPR genotype had no significant effect on
CHA, RLE, or on individual recent life event subtypes (Table 2).

Investigation of the Main Effect of 5-
HTTLPR on Lifetime Suicide Attempts,
Current Suicidal Ideation, and Suicide Risk
Indicators
No main effect of 5-HTTLPR was detectable on previous SUIC in
additive (Q=0.7134), dominant (Q=0.7134), or recessive models
(Q=0.7134) (Table 3). 5-HTTLPR had a significant main effect on
BSI03 Thoughts of ending your life in the dominant (Q=0.0344)
model with presence of s allele associated with higher scores, but not
in additive (Q=0.0669) or recessive (Q=0.8532) models (Table 4).
No main effect of 5-HTTLPR on other current markers of suicidal
risk including BSI18 Feeling hopeless about the future (Q=0.4320,
TABLE 2 | Main effect of 5-HTTLPR on the occurrence of environmental stressors.

ADD DOM REC

p FDR Q P FDR Q p FDR Q

CHA 0.3402 0.4862 0.5502 0.5502 0.2885 0.5709
RLE whole 0.1044 0.4534 0.0343 0.2058 0.3660 0.5709
RLE-relationship 0.7481 0.7481 0.5257 0.5502 0.5371 0.6445
RLE-
financial

0.2267 0.4534 0.0868 0.2160 0.6905 0.6905

RLE-personal problems 0.4052 0.4862 0.2098 0.3147 0.3806 0.5709
RLE-social 0.2076 0.4534 0.1080 0.2160 0.2128 0.5709
June
 2020 | Volume 11 | Art
CHA, childhood adversities; RLE, recent life events; p values for linear regression models are shown with FDR Q correction for multiple testing. Bold type denotes nominally significant (p <
0.05) values prior to correction.
TABLE 1 | Description of the study population.

Demographics

Gender Males: 723 (30.66%)
Females: 1635 (69.33%)

Age Minimum Maximum Mean SEM
18 60 32.80 0.2190

Phenotypes
Previous suicide attempts No: 2074 (88%)

Yes: 284 (12%)
Current suicidal risk factors
L1BSI03 (thoughts of ending your life) 0 4 0.32 0.0199
L1BSI18 (feeling hopeless about the future) 0 4 0.90 0.0295
L1BSI21 (thoughts of about death and dying) 0 4 0.62 0.0262

Environmental stressors
Childhood adversities 0 16 3.29 0.0694
Recent Life Events 0 8 1.22 0.0266
RLE-relationship 0 2 0.14 0.0080
RLE-financial 0 3 0.21 0.0106
RLE-personal problems 0 3 0.36 0.0128
RLE-social 0 3 0.41 0.0133

Genotypes
Ss 438 (18.58%)
Sl 1138 (48.26%)
Ll 782 (33.16%)

MAF (minor allele frequency) 0.43 (s)
BSI, Brief Symptom Inventory; RLE-relationship, intimate relationship problems; RLE-financial, financial difficulties; RLE-illness, Illness/injury; RLE-social, social network disturbances.
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Q=0.4320, Q=0.4792 for additive, dominant, and recessive models,
respectively) (Table 5) or BSI21 Thoughts about death and dying
(Q=0.1872, Q=0.4083, Q=0.1872 for additive, dominant, and
recessive models, respectively) emerged in any of the models
(Table 6).

Interaction Effect of 5-HTTLPR and
Childhood Adversities (CHA) on Lifetime
Suicide Attempts, Current Suicidal
Ideation, and Current Predictors of
Suicide Risk
5-HTTLPR had no significant interaction effect with childhood
adversities on previous SUIC in any of the models (Q=0.7134,
Q=0.7134, Q=0.7134, in additive, dominant, and recessive
models, respectively) (Table 3). Similarly, there was no significant
5-HTTLPR x CHA interaction effect detectable on current suicidal
ideation (BSI03 Thoughts of ending your life) (Q=0.9580,
Q=0.9580, Q=0.9580 for additive, dominant, and recessive
models, respectively) (Table 4); on current hopelessness (BSI18
Frontiers in Psychiatry | www.frontiersin.org 5
Feeling hopeless about the future) (Q=0.9216, Q=0.9216, Q=0.9524
for additive, dominant, and recessive models, respectively) (Table
5); or on current thoughts of death (BSI21 Thoughts about death
and dying) (Q=0.1872, Q=0.2675, Q=0.1872, for additive,
dominant, and recessive models, respectively) (Table 6).

Interaction Effect of 5-HTTLPR and Total
Number of Recent Life Events (RLE) on
Current Suicidal Ideation and Current
Predictors of Suicide Risk
No interaction effect was observed with total number of recent
life events in case of current suicidal ideation (BSI03 Thought of
ending your life) (Q=0.7455, Q=0.6052, Q=0.3540, for additive,
dominant, and recessive models, respectively) (Table 7), current
hopelessness (BSI18) (Q=0.3992, Q=0.2160, Q=0.7817, for
additive, dominant, and recessive models, respectively) (Table
8), or current thoughts about death or dying (BSI21) (Q=0.2690,
Q=0.6124, Q=0.3981, for additive, dominant, and recessive
models, respectively) (Table 9).
TABLE 3 | Main effect of 5-HTTLPR and interaction with childhood adversities (CHA) on previous suicide attempt (SUIC).

5-HTTLPR ADD DOM REC

OR SE P FDR Q OR SE P FDR Q OR SE P FDR Q

Main effect 1.049 0.0926 0.6058 0.7134 1.068 0.1405 0.6392 0.7134 1.062 0.1649 0.7134 0.7134
Interaction with CHA 1.178 0.1086 0.1312 0.4812 1.261 0.165 0.1604 0.4812 1.236 0.1964 0.2802 0.5604
June
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CHA, childhood adversities; ADD, additive model; DOM, dominant model; REC, recessive model.
TABLE 4 | Main effect of 5-HTTLPR and interaction with childhood adversities (CHA) on current suicidal ideation (L1BSI03 Thoughts of ending your life).

5-HTTLPR ADD DOM REC

Beta SE P FDR Q Beta SE P FDR Q Beta SE P FDR Q

Main effect 0.07152 0.03127 0.02229 0.0669 0.1293 0.0468 0.0057 0.0344 0.0451 0.0568 0.4266 0.8532
Interaction with CHA 0.0025 0.0386 0.9457 0.9580 0.0030 0.0573 0.9580 0.9580 0.0067 0.0699 0.9234 0.9580
CHA, Childhood adversities; ADD, additive model; DOM, dominant model; REC, recessive model.
Bold type denotes nominally significant (p < 0.05) values prior to correction; bold italics indicate significant p values surviving correction for multiple testing (p < 0.05, FDR Q < 0.05).
TABLE 5 | Main effect and interactions of 5-HTTLPR with childhood adversities (CHA) on current hopelessness (L1BSI18 Feeling hopeless about the future).

5-HTTLPR ADD DOM REC

Beta SE P FDR Q Beta SE P FDR Q Beta SE P FDR Q

Main effect 0.0608 0.0374 0.1041 0.4320 0.0818 0.0560 0.1440 0.4320 0.0797 0.0678 0.2396 0.4792
Interaction with CHA -0.0134 0.0455 0.7680 0.9216 -0.0248 0.0678 0.7148 0.9216 -0.0049 0.0822 0.9524 0.9524
CHA, Childhood adversities; ADD, additive model; DOM, dominant model; REC, recessive model.
TABLE 6 | Main effect and interactions of 5-HTTLPR with childhood adversities (CHA) on current thoughts of death (L1BSI21 Thoughts about death and dying).

5-HTTLPR ADD DOM REC

Beta SE P FDR Q Beta SE P FDR Q Beta SE P FDR Q

Main effect 0.0489 0.0313 0.1188 0.1872 0.0388 0.0469 0.4083 0.4083 0.1035 0.0567 0.0681 0.1872
Interaction with CHA 0.0633 0.0382 0.0978 0.1872 0.0694 0.0569 0.2229 0.2675 0.1062 0.0692 0.1248 0.1872
CHA, Childhood adversities; ADD, additive model; DOM, dominant model; REC, recessive model.
icle 567

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Bokor et al. 5-HTTLPR, Suicidal Ideation, Relationship Problems
Interaction Effect of 5-HTTLPR and
Different Subtypes of Current Life Events
on Current Suicidal Ideation and Other
Current Predictors of Suicide Risk
Interaction analyses for distinct recent life event subtypes
showed a strong significant effect on current suicidal ideation
(BSI03 Thoughts of ending your life) in case of recent intimate
relationship problems (RLE-relationship) in the dominant
(Q=0.0218) (Figure 1), but no effect in the additive (Q=0.2160
or recessive models (Q=0.9128). No significant interaction effect
for 5-HTTLPR with other recent life event subtypes, such as
Frontiers in Psychiatry | www.frontiersin.org 6
recent financial hardships (RLE-financial) (Q=0.4312, Q=0.9577,
Q=0.2631 for additive, dominant, and recessive models
respectively); recent personal problems (RLE-personal)
(Q=0.7455, Q=0.6052, Q=0.9128 for additive, dominant, and
recessive models respectively); or recent social network problems
(RLE-social) (Q=0.2126, Q=0.2414, Q=0.5696 for additive,
dominant, and recessive models respectively) emerged in any
models (Table 7).

In the case of current hopelessness (BSI18 Feeling hopeless
about the future), no significant interaction effect emerged with
any types of recent life events in any models such as RLE-
relationship (Q=0.39912, Q=0.2162, Q=0.7817 for additive,
TABLE 7 | Main effect and interactions of 5-HTTLPR with recent life events (RLE) and RLE subtypes on current suicidal ideation (L1BSI03 Thoughts of ending your life).

5-HTTLPR ADD DOM REC

b SE P FDR Q b SE P FDR Q b SE P FDR Q

Main effect 0.0715 0.0313 0.0223 0.1337 0.1293 0.0468 0.0057 0.0218 0.0451 0.0568 0.4266 0.6399
Interaction with RLE -0.0136 0.0419 0.7455 0.7455 0.0409 0.0613 0.5043 0.6052 -0.1242 0.0794 0.118 0.3540
Interaction with RLE-relationship 0.0483 0.0281 0.0862 0.2160 0.1212 0.0451 0.0073 0.0218 0.0071 0.0518 0.8907 0.9128
Interaction with RLE-financial -0.0415 0.0390 0.2875 0.4312 0.0032 0.0594 0.9577 0.9577 -0.1440 0.0714 0.0439 0.2631
Interaction with RLE-personal 0.0427 0.0891 0.6322 0.7455 0.0923 0.1341 0.4914 0.6052 0.0180 0.1638 0.9128 0.9128
Interaction with RLE-social 0.1829 0.1132 0.1063 0.2126 0.2612 0.1683 0.1207 0.2414 0.2270 0.2122 0.2848 0.5696
June 20
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RLE-relationship, intimate relationship problems; RLE-financial, financial difficulties; RLE-personal, personal problems; RLE-social, social network disturbances; ADD, additive model;
DOM, dominant model; REC, recessive model.Bold type denotes nominally significant (p < 0.05) values prior to correction; bold italics indicate significant p values surviving correction for
multiple testing (p < 0.05, FDR Q < 0.05).
TABLE 8 | Main effect and interactions of 5-HTTLPR with recent life events (RLE) and RLE subtypes on current hopelessness (L1BSI18 Feeling hopeless about the
future).

5-HTTLPR ADD DOM REC

b SE P FDR Q b SE P FDR Q b SE P FDR Q

Main effect 0.0608 0.0374 0.1041 0.3992 0.0818 0.056 0.144 0.2160 0.0797 0.0678 0.2396 0.7188
Interaction with RLE 0.0634 0.0494 0.1996 0.3992 0.1084 0.0726 0.1357 0.2161 0.0467 0.0928 0.6147 0.7817
Interaction with RLE-relationship 0.04728 0.0336 0.1592 0.3992 0.0962 0.0525 0.0671 0.2162 0.0278 0.0616 0.6514 0.7817
Interaction with RLE-financial -0.0174 0.0423 0.6814 0.6814 -0.0455 0.0630 0.4702 0.5642 0.0104 0.0774 0.8934 0.8934
Interaction with RLE-personal -0.0482 0.0662 0.4668 0.5602 -0.1452 0.0949 0.126 0.2164 0.0712 0.1181 0.5467 0.7817
Interaction with RLE-social 0.0615 0.0729 0.3988 0.5602 0.0216 0.1134 0.8487 0.8487 0.1719 0.1318 0.1922 0.7188
RLE-relationship, intimate relationship problems; RLE-financial, financial difficulties; RLE-personal, personal problems; RLE-social, social network disturbances; ADD, additive model;
DOM, dominant model; REC, recessive model.
TABLE 9 | Main effect and interactions of 5-HTTLPR with recent life events (RLE) and RLE subtypes on current thoughts of death (L1BSI21 Thoughts about death and
dying).

5-HTTLPR ADD DOM REC

b SE P FDR Q b SE P FDR Q b SE P FDR Q

Main effect 0.0489 0.0313 0.1188 0.2690 0.0388 0.0469 0.4083 0.6124 0.1035 0.057 0.0681 0.3981
Interaction with RLE 0.0625 0.0417 0.1345 0.2690 0.1075 0.0613 0.0795 0.6124 0.0494 0.0786 0.5297 0.3981
Interaction with RLE-relationship 0.0780 0.02755 0.0047 0.0281 0.1364 0.0431 0.0016 0.0094 0.0761 0.0506 0.1327 0.3981
Interaction with RLE-financial 0.01612 0.0352 0.6469 0.7539 0.0243 0.0524 0.6436 0.6436 0.0183 0.0644 0.7762 0.9202
Interaction with RLE-personal 0.0173 0.0550 0.7539 0.7539 -0.0428 0.0788 0.5875 0.6436 0.1200 0.0982 0.2219 0.4438
Interaction with RLE-social 0.0532 0.0604 0.3786 0.5679 0.1365 0.0938 0.1460 0.2920 -0.0110 0.1093 0.9202 0.9202
RLE-relationship, intimate relationship problems; RLE-financial, financial difficulties; RLE-personal, personal problems; RLE-social, social network disturbances; ADD, additive model;
DOM, dominant model; REC, recessive model.Bold type denotes nominally significant (p < 0.05) values prior to correction; bold italics indicate significant p values surviving correction for
multiple testing (p < 0.05, FDR Q < 0.05).
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dominant, and recessive models respectively); RLE-financial
(Q=0.6814, Q=0.5462, Q=0.8934 for additive, dominant, and
recessive models respectively); RLE-personal problems
(Q=0.5602, Q=0.2164, Q=0.7817 for additive, dominant, and
recessive models respectively); or RLE-social (Q=0.5602,
Q=0.8487, Q=0.7188 for additive, dominant, and recessive
models respectively) (Table 8).

In the case of thoughts about death and dying (BSI21) a
strong significant effect between 5-HTTLPR and recent
relationship problems (RLE-relationship) was found in the
additive (Q=0.0281) and dominant (Q=0.0094) (Figure 1) but
not in recessive models (Q=0.3981). In case of the other three
recent life event subtypes, that is recent financial hardships (RLE-
financial) (Q=0.7539, Q=0.6436, Q=0.9202 for additive,
dominant, and recessive models respectively); recent personal
problems (RLE-Personal) (Q=0.7539, Q=0.6436, Q=0.4438 for
additive, dominant, and recessive models respectively); or recent
social network problems (RLE-social) (Q=0.5679, Q=0.2920,
Q=0.9202 for additive, dominant, and recessive models
respectively) no significant interaction effect emerged in any
models (Table 9).

The investigated effects including the significant results are
shown in Figure 2.
DISCUSSION

Our study focused on the effect of 5-HTTLPR on lifetime suicide
attempts and current suicidal ideation and other predictors of
current suicidal risk including hopelessness and thoughts of
death, in interaction with childhood adverse experiences and
distinct types of recent negative life events in a large general
population sample. We found that 5-HTTLPR genotype did not
influence lifetime suicide attempts, but had a significant effect on
current suicidal ideation, with no effect on current hopelessness
or thoughts of death. In our present study, childhood adversities
did not interact with 5-HTTLPR either on lifetime suicide
Frontiers in Psychiatry | www.frontiersin.org 7
attempts, current suicidal ideation, or any current predictors of
suicide risk. Recent life events in total also did not interact with
5-HTTLPR on current suicidal ideation or other predictors of
current suicide risk. However, when subtypes of recent stress
were considered separately, 5-HTTLPR showed a strong
interaction with intimate relationship problems but not with
other recent stressors on current suicidal ideation and on current
thoughts about death or dying. In all cases, presence of the s allele
(ss and sl genotypes) was associated with increased scores. No
other types of recent life events, such us financial hardships,
personal problems, or social network difficulties interacted with
5-HTTLPR on current suicidal ideation or other predictors.
Furthermore, no significant effect of 5-HTTLPR or an
interaction with early childhood adversities or recent negative
life events emerged in case of hopelessness. Thus, our results
suggest that 5-HTTLPR is involved in current suicidal ideation
directly and in interaction with current relationship problems.

Presence of the s Allele of 5-HTTLPR Is
Not Associated With Increased Risk of
Lifetime Suicide Attempts, but Is
Associated With Current Suicidal Ideation
5-HTTLPR emerged as a potential genetic marker associated
with suicidal behavior in part because of its association with
several potentially related neural, clinical, and personality
characteristics including hippocampal volume (48), amygdala
reactivity (49, 50), personality traits such as neuroticism (24),
anxiety (21), affective temperaments (23), aggression (25), and a
range of psychiatric disorders beyond depression including
anxiety disorders, substance use disorders, ADHD, autism,
eating disorders, and psychosomatic disorders suggesting that
5-HTTLPR mediates a nonspecific vulnerability for mental and
behavioral disturbances, and specifically plays a role in
modulating the effects of environmental influences in the
development of mental problems (51). Following a number of
controversial results from individual studies, meta-analyses of 5-
HTTLPR in suicidal behavior have been carried out yielding
A B

FIGURE 1 | Significant effect of 5-HTTLPR genotype in interaction with recent life events related to relationship problems in the past year (RLEC-relationship) on current
suicidal ideation and thoughts about death and dying in the dominant model (ss+sl vs ll genotype). Recent life events are categorized as 0 (no recent life events reported), 1 (1
life event reported), and 2 (2 or more life events reported in the last year). Mean ± SEM is displayed. Linear regression indicated a significant interaction between 5-HTTLPR
genotype and recent life events related to relationship problems (RLE-relationship) on current suicidal ideation (BSI03 Thoughts of ending your life) (Q=0.0218) (A) and on
current thoughts of death (BSI21 Thoughts about death or dying) (Q=0.0094) (B) in the dominant model. Presence of the s allele is associated with increasing severity of
suicidal ideation and thoughts about death with increasing number of relationship problem experiences in the previous year.
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equally contradicting results, with no results reported in some
(52), but positive findings in other studies (52–55). The most
recent meta-analysis including 45 studies did not find a
significant association in the whole sample possibly due to
large clinical and sociodemographic differences between the
individual studies, however, a positive association was reported
between the s allele and increased risk of violent suicidal behavior
among substance abusers (56). Our present findings which failed
to identify an effect for 5-HTTLPR on previous suicide attempts
but show an association with current suicidal ideation reflects the
contradictory nature of findings concerning the involvement of
this variant in suicidal behavior. Our results specifically point to
the possible heterogeneity underpinning different manifestations
of suicidal behavior, especially considering that in case of
predictors of current suicidal risk, only suicidal ideation
(Thoughts of ending your life) but not hopelessness or
thoughts about death or dying showed association with 5-
HTTLPR. These latter findings also indicate that distinct
genetic factors and divergent pathways may be involved in
subtle differences between multiple processes contributing to
Frontiers in Psychiatry | www.frontiersin.org 8
the evolving risk of suicide, and draw attention to the importance
of carefully differentiating between risk factors and risk
phenotypes in studies concerning the genetic underpinnings of
suicidal behavior.
5-HTTLPR Does Not Interact With
Childhood Adversities in Influencing
Lifetime Suicide Attempts, Current
Suicidal Ideation, Thoughts About
Death, or Hopelessness
In the initial report concerning the role of the 5-HTTLPR s allele
in increasing sensitivity towards recent stressors and thus
increasing the risk of depression, as well as suicidal ideation
and attempts, in the face of stress exposure (22), a significant
interaction between early childhood trauma during the first 10
years and 5-HTTLPR genotype in predicting depression (but not
suicide) has also been shown. Later it has been hypothesized that
5-HTTLPR mainly mediates effects of early childhood stressors
impacting neurodevelopment, leading to altered brain
FIGURE 2 | Main effects and interactions of 5-HTTLPR with childhood adversities (CHA), recent life events (RLE) and subtypes of recent life events on lifetime
suicide attempts (SUIC), current suicidal ideation (BSI03 Thoughts of ending your life), current hopelessness (BSI18 Feeling hopeless about the future), and current
thoughts of death (BSI21 Thoughts about death and dying). Of the main effect and interaction effects investigated in the present study, 5-HTTLPR had a signifcant
main effect on current suicidal ideation (BSI03 Thoughts of ending your life) in the dominant model, and significantly interacted with recent relationship problems on
current suicidal ideation (BSI03 Thoughts of ending your life) in the dominant and on current thoughts about death (BSI21 Thoughts about death or dying) in the
dominant and additive models. In all cases, presence of the short allele was associated with higher scores. Solid lines indicate main effects, dashed lines with “X”
indicate interaction effects; significant effects are indicated by bold lines and significant Q values are shown in bold type. CHA, childhood adversities; SUIC, lifetime
suicide attempts; RLE, recent life events; social, recent social network stressors; financial, recent financial hardships; relationship, intimate relationship problems;
personal, recent personal problems; current suic, current suicidal risk markers; BSI03, Thoughts of ending your life; BSI18, Feeling hopeless about the future; BSI21,
Thoughts about death and dying.
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functioning in regions involved in mood and emotion regulation
and consequentially maladaptive cognitive and behavioral
patterns contributing to the manifestation of depression and
risk of suicide (57, 58). While a few studies specifically looked at
the interactions between early childhood stressors and 5-
HTTLPR on risk of suicidal behaviors, results have been
conflicting. A significant effect of 5-HTTLPR was found in
suicide attempters reporting childhood physical and sexual but
not emotional abuse in depressed patients (59), while in another
study in substance abusers, association of suicide attempts with
an interaction between 5-HTTLPR genotype and early childhood
trauma was reported (58). Interaction between 5-HTTLPR and
early trauma on suicidal behavior has also been found in another
study in major depressive patients, however, in this study the ll
genotype was found to increase risk (60). Furthermore,
specifically an association with suicidal ideation and
interaction between 5-HTTLPR and early maltreatment was
reported in children (61). Our results contradict these findings
in reporting no interaction effect between 5-HTTLPR and
childhood adversities on either lifetime suicide attempts or
current suicidal ideation, hopelessness or thoughts of death,
which may, at least in part, be due to different study samples.

5-HTTLPR s Allele Interacts With Recent
Relationship Problems but Not Other
Types of Life Events on Suicidal Ideation
and Thoughts of Death
The initial results on the role of the 5-HTTLPR short allele in
increasing sensitivity towards recent stressors and its association
with increased depression prevalence in the face of stress exposure
(22) were followed by a large number of contradictory individual
studies and meta-analyses, and the latest and largest such meta-
analysis reported no significant effects (62). However, fewer
studies aimed at replicating the results of Caspi and colleagues
in the same study (22) reporting increased suicidal ideation and
attempts in 5-HTTLPR s allele carriers exposed to more severe
recent stress. An interaction between recent stressors and 5-
HTTLPR was demonstrated in depressed patients on suicide
attempts (63) with some other studies reporting negative results
for suicidal ideation (64). A recent longitudinal study suggested a
sex-dependent moderating effect of 5-HTTLPR genotype of
stressful life events in suicidal ideation with a strong but
nonsignificant trend in female s carriers in post hoc tests (65).
In another longitudinal study in adolescents a significant
interaction between family support and 5-HTTLPR genotype on
suicidal behavior was found in boys together with a marginally
significant effect in girls predicting a higher risk of suicidal
attempts in s carriers with poorer social support (66). One
important aspect of this study was that 5-HTTLPR s allele
increased sensitivity not only to negative environmental effects
but also towards high quality positive environmental conditions,
in line with the differential susceptibility theory (67). A similar
study but in an elderly population reported a significant
interaction between both stressful life events and deficits of
social support and 5-HTTLPR genotype on baseline prevalence
and 2-year incidence of suicidal ideation (68). Finally, in a
Frontiers in Psychiatry | www.frontiersin.org 9
community sample of young people a significant association
between non-suicidal self-injury and the interaction between s
allele and interpersonal stress was reported (69).

In contrast to some of the above studies, we found no
interaction between recent stress in general and 5-HTTLPR on
either suicidal ideation (thoughts of ending life), or other suicide
risk factors such as hopelessness or thoughts of death. A
significant interaction effect, however, emerged, in case of one
specific type of recent life event. Namely, we saw a significant
interaction effect with recent relationship difficulties in case of
suicidal ideation and thought of death, where presence of the s
allele was associated with more severe suicidal ideation when
exposed to an increasing number of relationship problems.

Thus, our results implicate the involvement of 5-HTTLPR in
increasing sensitivity towards certain types recent stressful life
events and impacting suicidal ideation and risk. In this sense,
suicidal ideation could be regarded as a measure of the subjective
impact of the difficulties which is modulated by serotonin. More
importantly, our findings also support our previous hypothesis
that the effect of distinct types of stressors are mediated via
different neurobiological pathways and may contribute to the
appearance of different phenotypes or clinical phenomena (44,
45, 70, 71). Previously, we reported a significant interaction with
recent financial stress but not other types of life events on
depressive symptoms in case of the 5-HTTLPR (44), while in a
younger subsample the s allele showed an opposite effect and was
protective in case of recent social network stressors (70). In a
similar model, but in case of variants in the CNR1 gene encoding
the endocannabinoid 1 receptor and the GABRA6 gene encoding
the alpha 6 subunit of the GABA-A receptor we found that not
only the certain genes mediate only certain types of life events
which is different in case of different genes, but also that in case of
the same genetic variant, the affected outcome phenotype (in our
study depression vs anxiety) may also be different in case of
different types of recent stress (45). Namely, we found that CNR1
rs7766029 in interaction with recent financial difficulties (RLE-
financial) increased both depression and anxiety scores, however,
GABRA6 rs3219151 interacted with social network stressors
(RLE-social) on anxiety scores and with recent personal
problems (RLE-personal) on depression scores (45). Here, we
extend our previous results on the 5-HTTLPR s allele specifically
mediating the effect of financial hardships on depression, with
our novel findings that when exposed to recent relationship
difficulties presence of the s allele leads to increased suicidal
ideation and thoughts about death.

Altogether, our present results can be interpreted
as a contribution to previous studies postulating a role for
5-HTTLR in suicidal behavior and risk, specifying that the
existing effect may be obscured by the fact that 5-HTTLPR has
an impact only on certain phenotypes of suicidal behavior and
mediates the effects of only certain types of stressors.

5-HTTLPR: No Effect on Hopelessness, an
Independent Factor of Suicide Risk
Finally, we must mention that 5-HTTLPR showed no effect either
directly or in interaction with either childhood or current
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stressors on hopelessness, which has long been established as an
independent cognitive risk factor and predictor for suicide (72,
73) and specifically for suicidal ideation (74). This lack of
association even as a main effect on the one hand contradicts a
previous report of our group in an independent sample reporting
an association between 5-HTTLPR and hopelessness as measured
by the Beck Hopelessness Scale (24), and a subsequent study
where hopelessness was also associated with 5-HTTLPR in men
with cardiovascular disease (75), while on the other hand our
present findings suggest that 5-HTTLPR is involved in suicidal
behavior and specifically ideation not via hopelessness but other
processes or trait or state markers, such as for example
increased aggression.

Limitations
There are several limitations of our study which must be
mentioned. First, our assessment concerning recent life events
and current suicidal ideation was cross-sectional, thus we could
not evaluate the longitudinal effects of recent life events on
suicidal behavior. Therefore, it is possible that suicidal ideation
or behavior occurring in a longer time following very recent life
events could not be identified in our study. Also, we did not
determine the timing of recent life events relative to current
suicidal ideation. Second, RLE and CHA were recorded
retrospectively and are thus subject to recall bias. Third, we
only subcategorized recent life events into four, although
validated, categories, it is therefore possible that some
categories should be further refined. Although correlations
between different categories of life events reported in our
previous studies were weak, it is also possible that in isolated
cases these life events are not independent of each other, which
may influence the results. Fourth, all our measures, including
current suicide risk markers, previous suicide attempts as well as
childhood adversities and current life events are based on self-
report. Fifth, our study sample is a general, non-epidemiological
and non-representative population sample based on volunteers,
therefore may be subject to sampling bias. Sixth, we used two
geographically different subsamples in our study, and ancestry
was not assessed in the present study using molecular methods
such as whole-genome SNP genotyping. Although to consider
this, we used population as a covariate in all our statistical
analyses, there may exist subtle genetic differences both
between the two subsamples and also within each sample due
to population stratification which may lead to spurious effects.
Finally, we would like to emphasize the exploratory nature of our
analyses and urge replication of the results presented here in
other cohorts.
CONCLUSION

In summary, our present study supports the involvement of 5-
HTTLPR in suicidal behavior following previous conflicting
results. Our findings show that 5-HTTLPR is involved in only
certain aspects of the suicide spectrum, namely suicidal ideation
but not previous suicide attempts, and that it interacts with only
Frontiers in Psychiatry | www.frontiersin.org 10
with certain types of recent stress but not childhood adversities.
This suggests that existing effects may be obscured in several
studies not differentiating carefully between suicidal phenotypes
and stressor types. Furthermore, our results also support
our previous findings that specific genes and variants, such as
the 5-HTTLPR may only mediate the effect of certain types of
stressors and may lead to the emergence of different phenotypes
depending on the type of stressor. Thus, our results emphasize
the importance of differentiating between types of stress in gene-
environment studies to avoid obscuring existing associations,
and also suggest that future sophisticated models of predicting
and preventing suicide should include highly specific gene-
environment interaction pathways. Further studies should
focus on the prospective association between distinct types of
current stressors and suicide attempts and completed suicides in
relation to 5-HTTLPR genotype, and should also attempt to
investigate whether the current findings can be employed in
preventive approaches to decrease suicidal ideation in short allele
carriers after exposed to distinct types of stress.
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Frontiers in Psychiatry | www.frontiersin.org 11
63 New National Excellence Program of the Ministry for
Innovation and Technology. The sponsors had no further role
in the study design; in the collection, analysis and interpretation
of data; in the writing of the report; and in the decision to submit
the paper for publication.
REFERENCES

1. World Health Organization (WHO) (2019). Suicide in the World. Global
Health Estimates. Available at: https://apps.who.int/iris/bitstream/handle/
10665/326948/WHO-MSD-MER-19.3-eng.pdf.

2. Weir K. Worrying trends in U.S. suicide rates. APA Monitor Psychol (2019)
50:24.

3. World Health Organization (WHO) (2014). Preventing suicide. A global
health imperative. Available at: https://www.who.int/publications/i/item/
preventing-suicide-a-global-imperative.

4. Arsenault-Lapierre G, Kim C, Turecki G. Psychiatric diagnoses in 3275
suicides: a meta-analysis. BMC Psychiatry (2004) 4:37. doi: 10.1186/1471-
244X-4-37

5. Nock MK, Borges G, Bromet EJ, Alonso J, Angermeyer M, Beautrais A, et al.
Cross-national prevalence and risk factors for suicidal ideation, plans and
attempts. Br J Psychiatry (2008) 192:98–105. doi: 10.1192/bjp.bp.107.040113

6. Turecki G, Brent DA. Suicide and suicidal behaviour. Lancet (2016)
387:1227–39. doi: 10.1016/S0140-6736(15)00234-2

7. Turecki G. The molecular bases of the suicidal brain. Nat Rev Neurosci (2014)
15:802–16. doi: 10.1038/nrn3839

8. Nielsen DA, Deng H, Patriquin MA, Harding MJ, Oldham J, Salas R, et al.
Association of TPH1 and serotonin transporter genotypes with treatment
response for suicidal ideation: a preliminary study. Eur Arch Psychiatry Clin
Neurosci (2019). doi: 10.1007/s00406-019-01009-w

9. Voracek M, Loibl LM. Genetics of suicide: a systematic review of twin studies.
Wien Klin Wochenschr (2007) 119:463–75. doi: 10.1007/s00508-007-0823-2

10. Tidemalm D, Runeson B, Waern M, Frisell T, Carlstrom E, Lichtenstein P,
et al. Familial clustering of suicide risk: a total population study of 11.4
million individuals. Psychol Med (2011) 41:2527–34. doi: 10.1017/
S0033291711000833

11. McGuffin P, Marusic A, Farmer AE. What can psychiatric genetics offer
suicidology? Crisis (2001) 22:61–5. doi: 10.1027//0227-5910.22.2.61

12. McGuffin P, Perroud N, Uher R, Butler A, Aitchison KJ, Craig I, et al. The
genetics of affective disorder and suicide. Eur Psychiat (2010) 25:275–7.
doi: 10.1016/j.eurpsy.2009.12.012

13. Brent DA, Mann JJ. Familial pathways to suicidal behavior –
understandingand preventing suicide among adolescents. New Engl J Med
(2006) 355:2719–21. doi: 10.1056/NEJMp068195

14. Kim CD, Seguin M, Therrien N, Riopel G, Chawky N, Lesage AD, et al.
Familial aggregation of suicidal behavior: a family study of male suicide
completers from the general population. Am J Psychiatry (2005) 162:1017–9.
doi: 10.1176/appi.ajp.162.5.1017

15. Baldessarini RJ, Hennen J. Genetics of suicide: an overview. Harv Rev
Psychiatry (2004) 12:1–13. doi: 10.1080/10673220490425915

16. Asberg M, Traskman L. Studies of CSF 5-HIAA in depression and suicidal
behaviour. Adv Exp Med Biol (1981) 133:739–52. doi: 10.1007/978-1-4684-
3860-4_41

17. Asberg M, Traskman L, Thoren P. 5-HIAA in the cerebrospinal fluid. A
biochemical suicide predictor? Arch Gen Psychiatry (1976) 33:1193–7.
doi: 10.1001/archpsyc.1976.01770100055005

18. Purselle DC, Nemeroff CB. Serotonin transporter: a potential substrate in the
biology of suicide. Neuropsychopharmacol (2003) 28:613–9. doi: 10.1038/
sj.npp.1300092

19. Bah J, Lindstrom M, Westberg L, Manneras L, Ryding E, Henningsson S, et al.
Serotonin transporter gene polymorphisms: effect on serotonin transporter
availability in the brain of suicide attempters. Psychiatry Res (2008) 162:221–9.
doi: 10.1016/j.pscychresns.2007.07.004

20. Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D, et al. Allelic
variation of human serotonin transporter gene expression. J Neurochem
(1996) 66:2621–4. doi: 10.1046/j.1471-4159.1996.66062621.x

21. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, et al.
Association of anxiety-related traits with a polymorphism in the serotonin
transporter gene regulatory region. Science (1996) 274:1527–31. doi: 10.1126/
science.274.5292.1527

22. Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H, et al.
Influence of life stress on depression: moderation by a polymorphism in the 5-
HTT gene. Science (2003) 301:386–9. doi: 10.1126/science.1083968

23. Gonda X, Rihmer Z, Zsombok T, Bagdy G, Akiskal KK, Akiskal HS. The
5HTTLPR polymorphism of the serotonin transporter gene is associated with
affective temperaments as measured by TEMPS-A. J Affect Disord (2006)
91:125–31. doi: 10.1016/j.jad.2005.12.048

24. Gonda X, Fountoulakis KN, Juhasz G, Rihmer Z, Lazary J, Laszik A, et al.
Association of the s allele of the 5-HTTLPR with neuroticism-related traits
and temperaments in a psychiatrically healthy population. Eur Arch
Psychiatry Clin Neurosci (2009) 259:106–13. doi: 10.1007/s00406-008-0842-7

25. Gonda X, Fountoulakis KN, Csukly G, Bagdy G, Pap D, Molnar E, et al.
Interaction of 5-HTTLPR genotype and unipolar major depression in the
emergence of aggressive/hostile traits. J Affect Disord (2011) 132:432–7.
doi: 10.1016/j.jad.2011.03.029

26. Gonda X, Fountoulakis KN, Harro J, Pompili M, Akiskal HS, Bagdy G, et al.
The possible contributory role of the S allele of 5-HTTLPR in the emergence
of suicidality. J Psychopharmacol (2011) 25:857–66. doi: 10.1177/
0269881110376693

27. Walderhaug E, Herman AI, Magnusson A, Morgan MJ, Landro NI. The short
(S) allele of the serotonin transporter polymorphism and acute tryptophan
depletion both increase impulsivity in men. Neurosci Lett (2010) 473:208–11.
doi: 10.1016/j.neulet.2010.02.048

28. Jimenez-Trevino L, Saiz PA, Garcia-Portilla MP, Blasco-Fontecilla H, Carli V,
Iosue M, et al. 5-HTTLPR-brain-derived neurotrophic factor (BDNF) gene
interactions and early adverse life events effect on impulsivity in suicide
attempters. World J Biol Psychiatry (2019) 20:137–49. doi: 10.1080/
15622975.2017.1376112

29. Cha J, Guffanti G, Gingrich J, Talati A, Wickramaratne P, Weissman M, et al.
Effects of Serotonin Transporter Gene Variation on Impulsivity Mediated by
Default Mode Network: A Family Study of Depression. Cereb Cortex (2018)
28:1911–21. doi: 10.1093/cercor/bhx097

30. Mandelli L, Marangoni C, Liappas I, Albani D, Forloni G, Piperi C, et al.
Impact of 5-HTTLPR polymorphism on alexithymia in alcoholic patients
after detoxification treatment. J Addict Med (2013) 7:372–3. doi: 10.1097/
ADM.0b013e31829c3049

31. Kano M, Mizuno T, Kawano Y, Aoki M, Kanazawa M, Fukudo S. Serotonin
transpor ter gene promoter po lymorphi sm and a lex i thymia .
Neuropsychobiology (2012) 65:76–82. doi: 10.1159/000329554

32. De Berardis D, Fornaro M, Orsolini L, Valchera A, Carano A, Vellante F, et al.
Alexithymia and Suicide Risk in Psychiatric Disorders: A Mini-Review. Front
Psychiatry (2017) 8:148. doi: 10.3389/fpsyt.2017.00148

33. De Berardis D, Olivieri L, Rapini G, Di Natale S, Serroni N, Fornaro M, et al.
Alexithymia, Suicide Ideation and Homocysteine Levels in Drug Naive
Patients with Major Depression: A Study in the “Real World” Clinical
June 2020 | Volume 11 | Article 567

https://apps.who.int/iris/bitstream/handle/10665/326948/WHO-MSD-MER-19.3-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/326948/WHO-MSD-MER-19.3-eng.pdf
https://www.who.int/publications/i/item/preventing-suicide-a-global-imperative
https://www.who.int/publications/i/item/preventing-suicide-a-global-imperative
https://doi.org/10.1186/1471-244X-4-37
https://doi.org/10.1186/1471-244X-4-37
https://doi.org/10.1192/bjp.bp.107.040113
https://doi.org/10.1016/S0140-6736(15)00234-2
https://doi.org/10.1038/nrn3839
https://doi.org/10.1007/s00406-019-01009-w
https://doi.org/10.1007/s00508-007-0823-2
https://doi.org/10.1017/S0033291711000833
https://doi.org/10.1017/S0033291711000833
https://doi.org/10.1027//0227-5910.22.2.61
https://doi.org/10.1016/j.eurpsy.2009.12.012
https://doi.org/10.1056/NEJMp068195
https://doi.org/10.1176/appi.ajp.162.5.1017
https://doi.org/10.1080/10673220490425915
https://doi.org/10.1007/978-1-4684-3860-4_41
https://doi.org/10.1007/978-1-4684-3860-4_41
https://doi.org/10.1001/archpsyc.1976.01770100055005
https://doi.org/10.1038/sj.npp.1300092
https://doi.org/10.1038/sj.npp.1300092
https://doi.org/10.1016/j.pscychresns.2007.07.004
https://doi.org/10.1046/j.1471-4159.1996.66062621.x
https://doi.org/10.1126/science.274.5292.1527
https://doi.org/10.1126/science.274.5292.1527
https://doi.org/10.1126/science.1083968
https://doi.org/10.1016/j.jad.2005.12.048
https://doi.org/10.1007/s00406-008-0842-7
https://doi.org/10.1016/j.jad.2011.03.029
https://doi.org/10.1177/0269881110376693
https://doi.org/10.1177/0269881110376693
https://doi.org/10.1016/j.neulet.2010.02.048
https://doi.org/10.1080/15622975.2017.1376112
https://doi.org/10.1080/15622975.2017.1376112
https://doi.org/10.1093/cercor/bhx097
https://doi.org/10.1097/ADM.0b013e31829c3049
https://doi.org/10.1097/ADM.0b013e31829c3049
https://doi.org/10.1159/000329554
https://doi.org/10.3389/fpsyt.2017.00148
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Bokor et al. 5-HTTLPR, Suicidal Ideation, Relationship Problems
Practice. Clin Psychopharmacol Neurosci (2019) 17:318–22. doi: 10.9758/
cpn.2019.17.2.318

34. De Berardis D, Vellante F, Fornaro M, Anastasia A, Olivieri L, Rapini G, et al.
Alexithymia, suicide ideation, affective temperaments and homocysteine
levels in drug naive patients with post-traumatic stress disorder: an
exploratory study in the everyday ‘real world’ clinical practice. Int J
Psychiatry Clin Pract (2020) 24:83–7. doi: 10.1080/13651501.2019.1699575

35. Mann JJ, Waternaux C, Haas G, Malone KM. Towards a clinical model of
suicidal behavior in psychiatric patients. Am J Psychiat (1999) 56:181–9. doi:
10.1176/ajp.156.2.181

36. Roy A, Sarchiapone M, Carli V. Gene–environment interaction and suicidal
behavior. J Psychiatr Pract (2009) 15:282–8. doi: 10.1097/01.pra.0000358314.
88931.b5

37. Juhasz G, Chase D, Pegg E, Downey D, Toth ZG, Stones K, et al. CNR1 gene is
associated with high neuroticism and low agreeableness and interacts with
recent negative life events to predict current depressive symptoms.
Neuropsychopharmacology (2009) 34:2019–27. doi: 10.1038/npp.2009.19

38. Lazary J, Lazary A, Gonda X, Benko A, Molnar E, Juhasz G, et al. New
evidence for the association of the serotonin transporter gene (SLC6A4)
haplotypes, threatening life events, and depressive phenotype. Biol Psychiatry
(2008) 64:498–504. doi: 10.1016/j.biopsych.2008.03.030

39. Juhasz G, Dunham JS, McKie S, Thomas E, Downey D, Chase D, et al. The
CREB1-BDNF-NTRK2 Pathway in Depression: Multiple Gene-Cognition-
Environment Interactions. Biol Psychiatry (2011) 69:762–71. doi: 10.1016/
j.biopsych.2010.11.019

40. Derogatis LR. (1993). BSI: Brief Symptom Inventory: Administration, Scoring,
and Procedures Manual. Minneapolis, MN: National Computer Systems.

41. Bernstein DP, Fink L, Handelsman L, Foote J, Lovejoy M, Wenzel K, et al.
Initial reliability and validity of a new retrospective measure of child abuse and
neglect. Am J Psychiatry (1994) 151:1132–6. doi: 10.1176/ajp.151.8.1132

42. Brugha T, Bebbington P, Tennant C, Hurry J. The List of Threatening
Experiences: a subset of 12 life event categories with considerable long-term
contextual threat. Psychol Med (1985) 15:189–94. doi: 10.1017/
s003329170002105x

43. Rijsdijk FV, Sham PC, Sterne A, Purcell S, McGuffin P, Farmer A, et al. Life
events and depression in a community sample of siblings. Psychol Med (2001)
31:401–10. doi: 10.1017/s0033291701003361

44. Gonda X, Eszlari N, Kovacs D, Anderson IM, Deakin JF, Juhasz G, et al.
Financial difficulties but not other types of recent negative life events show
strong interactions with 5-HTTLPR genotype in the development of
depressive symptoms. Transl Psychiatry (2016) 6:e798. doi: 10.1038/
tp.2016.57

45. Gonda X, Petschner P, Eszlari N, Sutori S, Gal Z, Koncz S, et al. Effects of
Different Stressors Are Modulated by Different Neurobiological Systems: The
Role of GABA-A Versus CB1 Receptor Gene Variants in Anxiety and
Depression. Front Cell Neurosci (2019) 13:ARTN 138. doi: 10.3389/
fncel.2019.00138

46. Freeman B, Smith N, Curtis C, Huckett L, Mill J, Craig IW. DNA from buccal
swabs recruited by mail: evaluation of storage effects on long-term stability
and suitability for multiplex polymerase chain reaction genotyping. Behav
Genet (2003) 33:67–72. doi: 10.1023/a:1021055617738

47. Gonda X. (2020). Raw data. doi: 10.6084/m9.figshare.12214748.v1
48. Eker MC, Kitis O, Okur H, Eker OD, Ozan E, Isikli S, et al. Smaller

hippocampus volume is associated with short variant of 5-HTTLPR
polymorphism in medication-free major depressive disorder patients.
Neuropsychobiology (2011) 63:22–8. doi: 10.1159/000321834

49. Pezawas L, Meyer-Lindenberg A, Drabant EM, Verchinski BA, Munoz KE,
Kolachana BS, et al. 5-HTTLPR polymorphism impacts human cingulate-
amygdala interactions: a genetic susceptibility mechanism for depression. Nat
Neurosci (2005) 8:828–34. doi: 10.1038/nn1463

50. Munafo MR, Brown SM, Hariri AR. Serotonin transporter (5-HTTLPR)
genotype and amygdala activation: a meta-analysis. Biol Psychiatry (2008)
63:852–7. doi: 10.1016/j.biopsych.2007.08.016

51. Mandelli L, Serretti A. Gene environment interaction studies in depression
and suicidal behavior: An update. Neurosci Biobehav Rev (2013) 37:2375–97.
doi: 10.1016/j.neubiorev.2013.07.011
Frontiers in Psychiatry | www.frontiersin.org 12
52. Lin P-Y, Tsai G. Association between serotonin transporter gene promoter
polymorphism and suicide: results of a meta-analysis. Biol Psychiat (2004)
55:1023–30. doi: 10.1016/j.biopsych.2004.02.006

53. Anguelova M, Benkelfat C, Turecki G. A systematic review of association
studies investigating genes coding for serotonin receptors and the serotonin
transporter: II. Suicidal behavior. Mol Psychiatry (2003) 8:646–53.
doi: 10.1038/sj.mp.4001336

54. Clayden RC, Zaruk A, Meyre D, Thabane L, Samaan Z. The association of
attempted suicide with genetic variants in the SLC6A4 and TPH genes
depends on the definition of suicidal behavior: a systematic review and
meta-analysis. Transl Psychiatry (2012) 2:e166. doi: 10.1038/tp.2012.96

55. Schild AH, Pietschnig J, Tran US, Voracek M. Genetic association studies
between SNPs and suicidal behavior: a meta-analytical field synopsis. Prog
Neuropsychophopharmacol Biol Psychiatry (2013) 46:36–42. doi: 10.1016/
j.pnpbp.2013.06.014

56. Fanelli G, Serretti A. The influence of the serotonin transporter gene 5-
HTTLPR polymorphism on suicidal behaviors: a meta-analysis. Prog
Neuropsychopharmacol Biol Psychiatry (2019) 88:375–87. doi: 10.1016/
j.pnpbp.2018.08.007

57. Valderrama J, Pato CN, Pato MT. A relationship between early life stress and
depression:the role of the serotonin transporter gene polymorphism (5-HTTLPR).
Int J Clin Neurosci Ment Health (2017) 4:S09. doi: 10.21035/ijcnmh.2017.4
(Suppl.3).S09

58. Roy A, Hu X-Z, Janal M, Goldman D. Interaction between childhood trauma
and serotonin gene variation in attempting suicide. Neuropsychopharmacol
(2007) 32:2046–52. doi: 10.1038/sj.npp.1301331

59. Gibb BE, McGeary JE, Beevers CG, Miller IW. Serotonin transporter (5-
HTTLPR) genotype, childhood abuse, and suicide attempts in adult
psychiatric inpatients. Suicide Life Threat Behav (2006) 36:687–93.
doi: 10.1521/suli.2006.36.6.687

60. Shinozaki G, Romanowicz M, Passov V, Rundell J, Mrazek D, Kung S. State
dependent gene–environment interaction: serotonin transporter gene–child abuse
interaction associated with suicide attempt history among depressed psychiatric
inpatients. J Affect Disord (2013) 147:1–3. doi: 10.1016/j.jad.2012.11.043

61. Cicchetti D, Rogosch FA, Sturge-Apple M, Toth SL. Interaction of child
maltreatment and 5-HTT polymorphisms: suicidal ideation among children
from low-SES backgrounds. J Pediatr Psychol (2010) 35:536–46. doi: 10.1093/
jpepsy/jsp078

62. Culverhouse RC, Saccone NL, Horton AC, Ma Y, Anstey KJ, Banaschewski T,
et al. Collaborative meta-analysis finds no evidence of a strong interaction
between stress and 5-HTTLPR genotype contributing to the development of
depression. Mol Psychiatry (2018) 23:133–42. doi: 10.1038/mp.2017.44

63. Peyrot WJ, Middeldorp CM, Jansen R, Smit JH, de Geus EJ, Hottenga JJ, et al.
Strong effects of environmental factorson prevalence and course of major
depressive disorder are not moderated by 5-HTTLPR polymorphisms in a large
Dutch sample. J Affect Disord (2012) 146:91–9. doi: 10.1016/j.jad.2012.08.044

64. Coventry WL, James MR, Eaves LJ, Gordon SD, Gillespie NA, Ryan L, et al.
Do 5HTTLPR and Stress Interact in Riskfor Depression and Suicidality? Item
Response Analyses of a Large Sample. Am J Med Genet B (2009) 135B:757–65.
doi: 10.1002/ajmg.b.31044

65. Haberstick BC, Boardman JD, Wagner B, Smolen A, Hewitt JK, Killeya-Jones
LA, et al. Depression, Stressful Life Events, and the Impact of Variation in the
Serotonin Transporter: Findings from the National Longitudinal Study of
Adolescent to Adult Health (Add Health). PloS One (2016) 11:e0148373.
doi: 10.1371/journal.pone.014837310.1371/journal.pone.0148373

66. Li JJ, Berk MS, Lee SS. Differential susceptibility in longitudinal models of
gene-environment interaction for adolescent depression. Dev Psychopathol
(2013) 25:991–1003. doi: 10.1017/S0954579413000321

67. Pluess M, Belsky J, Way BM, Taylor SE. 5-HTTLPR moderates effects of
current life events on neuroticism: differential susceptibility to environmental
influences. Prog Neuropsychopharmacol Biol Psychiatry (2010) 34:1070–4.
doi: 10.1016/j.pnpbp.2010.05.028

68. Kim J-M, Stewart S, Kim S-W, Kang H-J, Kim S-Y, Lee J-Y, et al. Interactions
between a serotonin transporter gene, life events and social support on
suicidal ideation in Korean elders. J Affect Disord (2014) 160:14–20:. doi:
10.1016/j.jad.2014.02.030
June 2020 | Volume 11 | Article 567

https://doi.org/10.9758/cpn.2019.17.2.318
https://doi.org/10.9758/cpn.2019.17.2.318
https://doi.org/10.1080/13651501.2019.1699575
https://doi.org/10.1176/ajp.156.2.181
https://doi.org/10.1097/01.pra.0000358314.88931.b5
https://doi.org/10.1097/01.pra.0000358314.88931.b5
https://doi.org/10.1038/npp.2009.19
https://doi.org/10.1016/j.biopsych.2008.03.030
https://doi.org/10.1016/j.biopsych.2010.11.019
https://doi.org/10.1016/j.biopsych.2010.11.019
https://doi.org/10.1176/ajp.151.8.1132
https://doi.org/10.1017/s003329170002105x
https://doi.org/10.1017/s003329170002105x
https://doi.org/10.1017/s0033291701003361
https://doi.org/10.1038/tp.2016.57
https://doi.org/10.1038/tp.2016.57
https://doi.org/10.3389/fncel.2019.00138
https://doi.org/10.3389/fncel.2019.00138
https://doi.org/10.1023/a:1021055617738
https://doi.org/10.6084/m9.figshare.12214748.v1
https://doi.org/10.1159/000321834
https://doi.org/10.1038/nn1463
https://doi.org/10.1016/j.biopsych.2007.08.016
https://doi.org/10.1016/j.neubiorev.2013.07.011
https://doi.org/10.1016/j.biopsych.2004.02.006
https://doi.org/10.1038/sj.mp.4001336
https://doi.org/10.1038/tp.2012.96
https://doi.org/10.1016/j.pnpbp.2013.06.014
https://doi.org/10.1016/j.pnpbp.2013.06.014
https://doi.org/10.1016/j.pnpbp.2018.08.007
https://doi.org/10.1016/j.pnpbp.2018.08.007
https://doi.org/10.21035/ijcnmh.2017.4(Suppl.3).S09
https://doi.org/10.21035/ijcnmh.2017.4(Suppl.3).S09
https://doi.org/10.1038/sj.npp.1301331
https://doi.org/10.1521/suli.2006.36.6.687
https://doi.org/10.1016/j.jad.2012.11.043
https://doi.org/10.1093/jpepsy/jsp078
https://doi.org/10.1093/jpepsy/jsp078
https://doi.org/10.1038/mp.2017.44
https://doi.org/10.1016/j.jad.2012.08.044
https://doi.org/10.1002/ajmg.b.31044
https://doi.org/10.1371/journal.pone.014837310.1371/journal.pone.0148373
https://doi.org/10.1017/S0954579413000321
https://doi.org/10.1016/j.pnpbp.2010.05.028
https://doi.org/10.1016/j.jad.2014.02.030
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Bokor et al. 5-HTTLPR, Suicidal Ideation, Relationship Problems
69. Hankin BL, Barrocas AL, Young JF, Haberstick B, Smolen A. 5-HTTLPR x
interpersonal stress interaction and nonsuicidal self-injury in general
community sample of youth. Psychiatry Res (2015) 225:609–12.
doi: 10.1016/j.psychres.2014.11.037

70. Gonda X, Eszlari N, Anderson I, Deakin B, Juhasz G, Bagdy G. 5-HTTLPR
‘social sensitivity’ short allele may protect against depression after exposure to
social network stressors in young people. Eur Neuropsychopharmacol (2019)
29:S581–2. doi: 10.1016/j.euroneuro.2018.11.861

71. Gonda X, Hullam G, Antal P, Eszlari N, Petschner P, Hokfelt TG, et al.
Significance of risk polymorphisms for depression depends on stress exposure.
Sci Rep (2018) 8:3946. doi: 10.1038/s41598-018-22221-z

72. Beck AT, Kovacs M, Weissman A. Hopelessness and suicidal behavior. An
overview. JAMA (1975) 234:1146–9. doi: 10.1001/jama.234.11.1146

73. McCullumsmith CB, Williamson DJ, May RS, Bruer EH, Sheehan DV, Alphs
LD. Simple Measures of Hopelessness and Impulsivity are Associated with
Acute Suicidal Ideation and Attempts in Patients in Psychiatric Crisis. Innov
Clin Neurosci (2014) 11:47–53.

74. Smith JM, Alloy LB, Abramson LY. Cognitive vulnerability to depression,
rumination, hopelessness, and suicidal ideation: multiple pathways to self-
injurious thinking. Suicide Life Threat Behav (2006) 36:443–54. doi: 10.1521/
suli.2006.36.4.443
Frontiers in Psychiatry | www.frontiersin.org 13
75. Neudoerffer Kangelaris K, Vittinghoff E, Otte C, Na B, Auerbach AD,
Whooley MA. Association Between a Serotonin Transporter Gene Variant
and Hopelessness Among Men in the Heart and Soul Study. J Genet Int Med
(2010) 25:1030–7. doi: 10.1007/s11606-010-1403-0

Conflict of Interest: BD has recently received fees for scientific advice from
Autifony and he has share options in P1vital. IA has received consultancy fees
from Servier, Alkermes, Lundbeck/Otsuka, and Janssen, an honorarium for
speaking from Lundbeck and grant support from Servier and AstraZeneca.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Bokor, Krause, Torok, Eszlari, Sutori, Gal, Petschner, Anderson,
Deakin, Bagdy, Juhasz and Gonda. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
June 2020 | Volume 11 | Article 567

https://doi.org/10.1016/j.psychres.2014.11.037
https://doi.org/10.1016/j.euroneuro.2018.11.861
https://doi.org/10.1038/s41598-018-22221-z
https://doi.org/10.1001/jama.234.11.1146
https://doi.org/10.1521/suli.2006.36.4.443
https://doi.org/10.1521/suli.2006.36.4.443
https://doi.org/10.1007/s11606-010-1403-0
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	“Out, out, brief candle! Life’s but a walking shadow”: 5-HTTLPR Is Associated With Current Suicidal Ideation but Not With Previous Suicide Attempts and Interacts With Recent Relationship Problems
	Introduction
	Materials and Methods
	Participants
	Phenotypes
	Genetic Data
	Statistical Analysis

	Results
	Descriptive Data
	Investigation of the Main Effect of 5-HTTLPR on Lifetime Suicide Attempts, Current Suicidal Ideation, and Suicide Risk Indicators
	Interaction Effect of 5-HTTLPR and Childhood Adversities (CHA) on Lifetime Suicide Attempts, Current Suicidal Ideation, and Current Predictors of Suicide Risk
	Interaction Effect of 5-HTTLPR and Total Number of Recent Life Events (RLE) on Current Suicidal Ideation and Current Predictors of Suicide Risk
	Interaction Effect of 5-HTTLPR and Different Subtypes of Current Life Events on Current Suicidal Ideation and Other Current Predictors of Suicide Risk

	Discussion
	Presence of the s Allele of 5-HTTLPR Is Not Associated With Increased Risk of Lifetime Suicide Attempts, but Is Associated With Current Suicidal Ideation
	5-HTTLPR Does Not Interact With Childhood Adversities in Influencing Lifetime Suicide Attempts, Current Suicidal Ideation, Thoughts About Death, or Hopelessness
	5-HTTLPR s Allele Interacts With Recent Relationship Problems but Not Other Types of Life Events on Suicidal Ideation and Thoughts of Death
	5-HTTLPR: No Effect on Hopelessness, an Independent Factor of Suicide Risk
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


