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Meta-analysis of the serotonin
transporter promoter variant
(5-HTTLPR) in relation to adverse
environment and antisocial behavior
I don’t think aggression works like thirst or sleep. I think aggression is more elicited by particular situations. I think it can be mitigated.
Steven Pinker

It’s been proven by quite a few studies that plants are good for our psychological
development. If you green an area, the rate of crime goes down. Torture victims
begin to recover when they spend time outside in a garden with ﬂowers. So we
need them, in some deep psychological sense, which I don’t suppose anybody
really understands yet.
Jane Goodall

Based on Tielbeek, Karlsson Linnér, Beers, Posthuma, Popma,
& Polderman (2016). American Journal of Medical Genetics
Part B: Neuropsychiatric Genetics.
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Abstract
Several studies have suggested an association between antisocial, aggressive and delinquent
behavior and the short variant of the serotonin transporter gene polymorphism (5-HTTLPR).
Yet, genome-wide and candidate-gene studies in humans have not convincingly shown an
association between these behaviors and 5-HTTLPR. Moreover, individual studies examining
the effect of 5-HTTLPR in the presence or absence of adverse environmental factors revealed
inconsistent results. We therefore performed a meta-analysis to test for the robustness of the
potential interaction effect of the “long-short” variant of the 5-HTTLPR genotype and
environmental adversities, on antisocial behavior. Eight studies, comprising of 12 reasonably
independent samples, totaling 7,680 subjects with an effective sample size of 6,724, were
included in the meta-analysis. Although our extensive meta-analysis resulted in a significant
interaction effect between the 5-HTTLPR genotype and environmental adversities on antisocial
behavior, the methodological constraints of the included studies hampered a confident
interpretation of our results, and firm conclusions regarding the direction of effect. Future
studies that aim to examine biosocial mechanisms that influence the etiology of antisocial
behavior should make use of larger samples, extend to genome-wide genetic risk scores and
properly control for covariate interaction terms, ensuring valid and well-powered research
designs.
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Introduction
Antisocial behaviors, such as aggression, have a destructive effect on the lives of victims, can
disrupt communities and cause societal instability and fear. Next to these physical and
psychological costs, antisocial behavior inevitably brings enormous monetary costs. The
average costs per murder in the United States was estimated between $17.25 and $24 million
and the costs of criminal careers of the most violent and prolific offenders was estimated to be
$150–160 million1,2. Given its tremendous societal impact, the study of antisocial behavior has
been an important focus of research throughout history. Scientifically informed early
intervention strategies could potentially interfere with risk factors for antisocial development,
thereby effectively reducing the burden of antisocial behavior for society. However, despite
substantial research efforts, the complex etiology of antisocial behavior remains only partly
understood.
Environmental Adversities
Criminological research has revealed extensive and invaluable information regarding the
environmental adversities influencing antisocial behavior. An important environmental
adversity that often arises from these studies is the negative effect of exposure to stressful or
traumatic events early in life. These include physical, emotional or sexual abuse, neglect, and
a range of household dysfunctions, such as witnessing violence against mothers or incarceration
of a family member. Exposure to environmental adversities can have an immense impact on
the cognitive and emotional development of children and is associated with developing serious
mental disorders later in life and health problems throughout the lifespan, such as alcoholseeking behavior in early and mid-adolescence3, early initiation of illicit drugs and sexual risk
behaviors4. Environmental adversities also impose an increased risk of developing antisocial
outcomes, such as conduct disorder and adult criminality5,6. In addition to childhood
environmental adversities, other environmental variables such as a lower socioeconomic status
(SES) and delinquent peer affiliation are also associated with antisocial development. A recent
meta-analysis, summarizing the data of 133 studies, demonstrated that lower family SES was
associated with higher levels of antisocial behavior in children and adolescents*. Another study
showed that socialization effects of peer influences on antisocial behavior were particularly
important at the age of 16 to 20 years, after which the impact of peers seems to disappear8. This
work illustrates the importance of taking developmental periods into account when studying
the relationship between environmental adversities and antisocial behavior. Even though
environmental adversities have negative overall effects, the degree to which they affect
individual development differs.
5-HTTLPR and antisocial behavior
In addition to the influence of environmental risk factors, twin and adoption studies have shown
an important contribution of genetic factors to antisocial behavior with about 50% of the
individual differences in antisocial behavior being explained by genetic variation9–11. Together
with the MAOA and COMT gene, the serotonin transporter gene (SERT or 5-HTTLPR) is one
of the most widely studied genes in relation to the development of antisocial behavior. 5HTTLPR is a polymorphism of the serotonin transporter gene that has a long (L) or a short (S)
variant. The S variant has been found to affect the efficiency of the transcription rate of the
gene, thereby regulating the serotonergic availability in the brain12. Previous studies in monkeys
have shown that S-carriage of 5-HTTLPR leads to an altered neural stress and thread circuitry
as well as an increased hypothalamic–pituitary–adrenal (HPA) axis response to stress13,14. A
study in mice demonstrated increased vulnerability to psychosocial stress in heterozygous 5121
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HTT knockout mice15. Also human studies have reported the involvement of 5-HTTLPR in
mood and emotion regulation16. Despite the mixed findings in (generally) small samples, 5HTTLPR has been suggested as an important candidate gene influencing the development of
antisocial behavior. Recently however, Vassos et al. (2014)17 demonstrated the limitations of
candidate-gene studies with a systematic review of all published genetic association studies of
aggression and violence. Their meta-analysis did not find significant associations between any
candidate gene and aggression outcomes17. Regarding 5-HTTLPR, 19 studies were metaanalyzed, yielding a non-significant odds ratio of 0.90. Nevertheless, their meta-analysis did
not include gene-environment interactions, so it might be that moderation effects are missed
out since the interaction effects of these genes with the environment were not modeled.
Gene-environment interaction (GE) studies
Animal studies have reported individual differences in behavioral and biological responses to
environmental challenges. Suomi and others14 examined individual differences in resilience of
rhesus monkeys that were reared in different environments during infancy: with peers only (PO)
and with both mother and peers (MP). Their study revealed that rhesus monkeys carrying the S
variant of 5-HTTLPR only showed excessive aggression and other neurodevelopmental
impairments when they had been PO-reared, but not when they were MP-reared. Similarly,
another study in monkeys demonstrated that the S allele was associated with increased
reactivity to repeated, chronic stress, inclining a higher risk of developing affective
psychopathology18. In humans, a twin study found that the effect of maltreatment on conduct
problems was more severe in children at high genetic risk (i.e., having a co-twin with conduct
disorder), increasing the probability of conduct disorder with 24% compared to 2% at low
genetic risk19. Similarly, a twin study on antisocial behavior found higher estimates of
heritability in adolescents in socioeconomically more advantaged environments, compared to
adolescents in socioeconomically less advantaged environments, indicating a geneenvironment interaction20.
Scholars have suggested two distinct, but not mutually exclusive, theoretical frameworks when
interpreting these GE effects. The diathesis-stress model proposes that the impact of negative
life experiences on psychopathology depends on the individual’s pre-dispositional vulnerability
or diathesis21–23. An alternative explanation branching from the diathesis-stress model is the
differential susceptibility theory (DST) which advocates that, along with variation in
vulnerability to negative experiences, individuals also differ in their susceptibility to positive
environmental conditions24.
A landmark study by Caspi et al. (2003)25 reported that individuals possessing two S alleles of
5-HTTLPR, were most adversely affected by stressful life events, but in the absence of these
events, they showed the lowest scores on depression and suicidality. Even though these findings
fit within the DST framework, individual studies examining this interaction have shown
inconsistent effects. Moreover, meta-analyses have been inconclusive with two studies26,27
failing to support the original interaction, and one more inclusive meta-analysis finding support
for an interaction effect28. The latter study however, yielded liberal inclusion criteria
incorporating many indirect replications resulting in a higher risk of publication bias29.
Several studies in humans have examined the relationship between 5-HTTLPR, environmental
adversities and their effect on “antisocial behaviors”. Again, the findings of these candidate
gene-environment interaction studies have generally been inconclusive and are typically
characterized by underpowered samples29–31. Hence, the aim of the current study is to metaanalyze all reported studies in humans that investigated a 5-HTTLPRenvironmental
adversities interaction effect on antisocial behavior, to test for an overall effect. We defined
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environmental adversity as exposure to psychosocial risk factors associated with antisocial
conduct32, such as childhood maltreatment, lower family SES and delinquent peer affiliation.
Antisocial behavior was broadly defined and encompassed both reactive aggression as well as
instrumental forms of aggression, such as psychopathy. To assess the methodological quality
of the studies included in our meta-analysis, we performed a systematic review to guide the
interpretation of results in terms of potential for biases and sources of heterogeneity.

Materials and Methods
Literature search and selection strategy
A systematic literature search was performed to collect relevant studies. Two independent
researchers (JT, KB) conducted the search using four online databases (Google Scholar,
PubMed, Web of Science, and Psychinfo). We performed a search on the gene-environment
interaction between the serotonin transporter gene (“5-HTTLPR”, “5-HTT”, “serotonin
transporter gene”, SERT) and environmental adversity (“abuse”, “adverse childhood events”
(or “ACE”), “maltreatment”, “SES”, “socioeconomic status”, “environmental adversity”,
“parenting quality”, “peer behavior” and “peer network), on antisocial outcome measures
(“antisocial”, “aggression”, “conduct”, “criminal”, “delinquency”, “crime”). Studies were first
evaluated on their relevance based on title and abstract. Secondly, we checked for the presence
of an antisocial outcome measure, environmental adversity measure, and 5-HTTLPR measure
(for criteria, see Textbox I). In addition, we searched the reference lists of relevant papers to
find additional studies. Figure 5.1 reflects the flowchart of our search. Of the 17 potentially
suitable studies, nine did not meet our inclusion criteria and were excluded after full text
screening. No additional papers, based on reference lists, were identified. Thus, the search
resulted in the inclusion of eight suitable studies.
Inclusion
• Antisocial outcome measure
• Environmental adversity measure
• 5-HTTLPR measure
• Association test of interaction between ‘short-long’ 5-HTTLPR variant and
environmental adversity on antisocial outcome measure
Exclusion
• Subjects with severe handicaps
• Medical intervention studies
• Focus on comorbidity with a particular disorder (e.g., ADHD, anxiety)













Textbox I. Inclusion and exclusion criteria for meta-analysis

Quality assessment
To evaluate the methodological quality of the included studies we used a short version of the
quality assessment as proposed by Hayden et al. (2006)33 including the items as shown in
Textbox II. Every item was rated positive (+), average (+ -), or negative (-), by two
independent researchers (JJT, KB). In case of disagreement, an additional third researcher
(TJCP) rated that particular study. Studies were ranked based on the total sum score of all items,
with “+” being one point, “+-” being a half point, and “-” being zero points. In line with previous
studies, we did not weigh studies in the meta-analysis by their quality scores. However, to test
whether low scoring studies affected our results, we repeated the overall meta-analysis utilizing
a descending and ascending step-wise removal of the studies based on their quality score34.
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Study Participation
(1) Clear description of the key characteristics of the study population
(distribution by age, gender and ethnicity).
(2) The sampling frame and recruitment are described, including
characteristics of the place of recruitment and response rate.
(3) Inclusion and exclusion criteria are described.
Measures
(4) A clear definition of the measure of antisocial behavior and environmental
adversity is provided.
(5) The measure of antisocial behavior and environmental adversity is
adequately valid to limit misclassification (Includes when applicable: report
of the reliability of the assessment).
Covariates
(6) Age and gender are accounted for in the analysis.
(7) IQ or SES or Race are accounted for in the analysis.
(8) Covariate interaction terms are accounted for in the analysis.
Textbox II. Items of Quality Assessment, as derived from Hayden et al. (2006)

Descriptives
Data from the eight studies that met criteria for inclusion were extracted and summarized in
Table 5.1, based on the design of Munafo et al. (2009)26. Briefly, we provide the characteristics
of all samples, as well as study designs, measurements, interaction and statistical models.
Meta-analysis method
The literature search for this study resulted in eight eligible studies, comprising of 12 reasonably
independent samples. The low number of studies found in the literature search motivated the
combination of the non-independent samples; and this concerns seven of the included samples
from three of the studies. In these cases, the extracted analyses were non-independent analyses
divided per-sex or per-ethnicity from the same population. The present meta-analysis includes
studies with a variety of designs (e.g. some being case-control studies, others being extremegroup sampling), statistical models (e.g. count data, logistic regression and factor analysis) and
subtypes of analyses (e.g. within-sex and pooled-sex analysis). In addition, the degree of scaling
regarding both the phenotype and the genotype varies across studies. These different sources
of between-study variability raise an important issue regarding the assumption of heterogeneity
of the effect sizes available for meta-analysis35. Study heterogeneity introduces difficulties of
drawing a directional conclusion based on the overall meta-analysis result and this is further
discussed in the Supplementary Material. Furthermore, only five out of the 12 samples
included sufficient information on the effect size and within-study error variance for the
parameter estimate to be converted into a common effect-size metric and perform a randomeffects meta-analysis36. Based on these issues we performed a meta-analysis on the level of
significance, i.e. the P values, rather than the effect sizes. The motivation for this approach and
potential issues when trying to draw a directional conclusion are further discussed in the
Supplementary Material.
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P value extraction
All of the included samples employed two-tailed, and hence non-directional tests of parameter
significance; this is displayed in Table 5.3. The Supplementary Material explains in depth
how we extracted and converted P values from the different non-directional tests of parameter
significance into harmonized Z statistics. In summary, relevant P values were first
independently extracted from the samples by three investigators (JT, KB & RKL), and any
inconsistencies were settled by discussion. Secondly, the estimated direction of effect was
harmonized over the studies to make sure that the variable coding of the effect allele, the coding
of the environmental variable and the coding of the outcome measure had the same direction of
effect in all studies. This is explained in depth in the Supplementary Material, and the result
of this harmonization is shown in Table 5.3, column “Harmonized direction of GE” and
column “Harmonized Z statistic”. Further, the meta-analysis was performed following the often
employed methodology of combining significance levels referred to here as the non-weighted
Stouffer’s method and the weighted Liptak-Stouffer’s method described in e.g., refs. 37–39. In
summary, all extracted two-tailed P values were harmonized into Z statistics that all have the
same direction of effect in terms of the effect allele, the environmental adversity, and the
outcome measure of antisocial behavior.
Stouffer’s method and the weighted Liptak-Stouffer’s method
The meta-analysis was first performed on the Z-transformed P values employing the nonweighted Stouffer’s method implemented in the following way
ASNTGGFQ \

JH<9 H

$
where k is the number of included Z statistics. This combined metric tests the null hypothesis
of no effect in all samples and each sample is assigned the same weight (Borenstein, 2009, p.
328; Becker, 1994, p. 218-219)35,40. Positive and negative z-statistics cancel out, so that the
combined metric can be seen as a reasonable approximation of an average effect size under the
assumption that all transformed P values are derived from the same parameter estimate, as
discussed in the Supplementary Material. A clear caveat of the method is that no difference
in weight is given to the studies based on their measure of precision. At the same time, the P
value for a given effect size is a function of sample size, and hence the metric doesincorporate
information on the precision of a study (Becker, 1994, p. 227)35.
Even though the non-weighted Stouffer’s method includes information of per-sample precision
via the P value, we also performed a meta-analysis with the weighted Liptak-Stouffer’s method.
This was carried out on the Z-transformed P values in the following way
?HOSBJ;ASNTGGFQ \

JH<9 ,H H
`JH<9 ,H:

where
,H \ _FGGH
where FGGH is the effective sample-size of study " which is the full sample size except in the
case of a sample being of case-control design. In these cases, the effective sample-size was
calculated according to Willer et al. (2010)39 and rounded to closest integer.

125

5

Chapter 5

FGGH \

f

DBRFR Z DNMSQNKR g

If the effective sample-size would be the same in all samples, then ?HOSBJ;ASNTGGFQ converges
into ASNTGGFQ (Whitlock, 2005, p. 1369)38. We chose not to perform the meta-analysis with the
Fisher’s combined probability test, often referred to as “the sum of logs method”, since there is
a bias towards low compared to high P values with this method, as explained in Whitlock
(2005)38. Two-tailed P values of the overall Z statistic from the non-weighted Stouffer’s method
and the weighted Liptak-Stouffer’s method were calculated as  \ d[e, as in Stock and
Watson (2012)41.
Environmental adversity and sex specific meta-analysis
To perform stratified analyses, we divided the samples into two subsets: adverse childhood
environment (n = 8) as well as SES and peer rejection (n = 4). Furthermore, we conducted both
pooled-sex and within-sex analyses. Since all stratified analyses include a low number of
samples, i.e. ^ , possible outliers might drive these subset analyses.
Robustness checks
As a robustness check we tested the impact of each study on the overall significance by
removing them individually from the analysis. Additionally, we analyzed two subsets where
only studies with an effective sample-size above the median or the average were included. All
robustness checks were performed using the ?HOSBJ;ASNTGGFQ meta-analytic procedure, in order
to control for extreme values from small samples given the low number of available studies.
There is a possibility that the overall meta-analysis result is driven by false-positive findings in
samples with small sample size, this is referred to as the small-study effect (Borenstein et al.,
2009, p. 291)42. We therefore reran the meta-analysis while excluding samples with an effective
sample-size lower than the average effective sample-size (+ )! FGG \ ) or lower than
the median effective sample-size (& "'FGG \ ) and observed the effect on the overall
P value. Moreover, through step-wise removal of studies with the smallest sample size, we
tested the number of studies that could be removed before the overall P value would change to
non-significant (i.e., two-tailed P value > 0.05 for the weighted Liptak-Stouffer method). We
also performed both descending and ascending step-wise removal of the studies according to
their rated quality score, as explained in section Quality Assessment.
P-curve
As an additional robustness check we utilized the meta-analytical procedure, the P-curve as
recently introduced by Simonsohn, Nelson, & Simmons (2014)43 (see Supplementary
Material for a detailed description of this method). We employed the P-curve in comparison
with the non-weighted Stouffer’s method and the weighted Liptak-Stouffer’s since these
methods rely on the availability of null results in the published body of literature. However, if
null results are missing from the published body of literature because of publication bias then
the results of the Stouffer’s and Liptak-Stouffer’s methods are biased towards showing a larger
average effect than if the non-published null results would have been included44. We utilized
two P-curves, the first testing the hypothesis of a positive interaction effect between the S
variant and environmental adversity on antisocial behavior by including the subset of the twotailed statistically P values from significant estimates with a positive interaction effect, which
were then divided by two. The second P-curve tests the two-sided hypothesis of an interaction
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effect that can take both positive and negative values in the terms of the S variant and this was
performed on all of the statistically significant two-tailed P values in our sample.
Since the publication of this study, the reliability of the P-curve for analyses of nonexperimental data has been criticized (Bruns & Ioannidis, 2016)67.
Rosenthal’s failsafe N
The potential for publication bias was further assessed through calculation of a failsafe number
@
(GR ) using the formula GR \ WV d8 8: [ D: e, where 8 is the total number of samples in the
UX

meta-analysis, D is the two-tailed critical value of  with a type I error rate, - \  , and 8
is either the ASNTGGFQ or the ?HOSBJ;ASNTGGFQ obtained for the total sample45. The fail-safe N,
first described by46, is the number of additional “negative” statistical analyses (yielding an
average Z-statistic of zero) that would need to be added to our meta-analysis to make the
combined effect size statistically non-significant. Noteworthy, this method of publication-bias
testing is heavily criticized in the recent publication bias literature regarding issues of
interpretability under heterogeneity of included samples, the lack of underlying statistical
model and therefore varying results depending on which version of the test is employed. For
further discussion, we refer the interested reader to Becker (2005)47 and Borenstein et al., (2009,
p. 284-285)42. Based on their discussion, we interpret the results from this publication-bias
testing moderately. Nonetheless, we chose to test for publication bias with this method because
most other common publication-bias testing procedures require effect sizes and are thus beyond
the scope of this paper (Rothstein et al., 2005)48 because most of the included studies do not
report these metrics.

Results
Quality assessment
Table 5.2 displays the methodological quality of the studies included in our meta-analysis,
listed in descending order. Importantly, none of the studies attained the highest possible quality
score and they all failed to control for the mandatory covariategene and
covariateenvironment interaction terms that are required for unambiguous interpretation of
the estimated interaction effect49.
Overall meta-analysis
The meta-analysis was performed over 12 samples, most of which were independent, adding
up to an effective sample-size of 6,724 subjects (Table 5.3). Analyses were conducted using
the non-weighted Stouffer as well as the weighted Liptak-Stouffer method, however we
generally restrict the report to the weighted Liptak-Stouffer method unless there is discordance
between the methods. We found support for an interaction effect of the 5-HTTLPR genotype
and environmental adversities on antisocial outcomes, with a P value of the non-weighted
Stouffer method equal to 0.0029 and the weighted Liptak-Stouffer P value of 0.0006 (Figure
5.2 and Table 5.4).
In the Supplementary Material we discuss the restrictions regarding directional inference
based on our meta-analytical approach. Since directional conclusions are to be avoided, our
results point toward a significant, non-zero interaction effect in at least one of the included
samples. Thus, the meta-analysis supports the alternative hypothesis that there is an interaction
effect between the 5-HTTPLR gene region and environmental adversities on antisocial
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behavior, however the interpretation concerning which allele does actually increases sensitivity
remains ambiguous. This is further illustrated by the analysis in ref. 50 which estimated a ushaped relationship with regards to the homozygotes.
Environmental adversity and sex specific meta-analysis
The weighted Liptak-Stouffer P value became less significant when focusing exclusively on
the subset of eight samples that used adverse childhood environment as more specific parameter
(P value = 0.020), and the choice of meta-analytic procedure gave noticeably different results
when compared to the non-weighted Stouffer P value (p-value = 0.0017). However, both
methods still resulted in statistical significance and the number of samples in the subset was
relatively low. Outliers with below-average sample size such as the female African American
sample of Douglas et al., 201151 (Z statistic = 5.00, n = 112), could therefore explain the
difference in results between the methods. When focusing on the samples with SES and peer
affiliation as the environmental adversity, the two-tailed Liptak-Stouffer P value became nonsignificant (P value = 0.055) and the two-tailed non-weighted Stouffer P value became very
non-significant (P value = 0.47). In this case the weights given to the two large samples with
positive effect, i.e. Aslund et al. (2013)52, and Kretschmer et al. (2014)53 clearly affects the
results towards statistical significance, even though both methods gave non-significant results. 
In the meta-analyses stratified by sex, we analyzed the combined male-female samples and the
exclusive male and female samples separately. The pooled sex meta-analysis included six
samples and the Liptak-Stouffer P value was significant (P value = 0.0085), however the nonweighted Stouffer P value was non-significant (P value = 0.063). The sex-specific analyses
both comprised of three samples and the analysis revealed a significant overall effect for
females (Liptak-Stouffer P value = 0.032, Stouffer P value = 0.0019) but a non-significant
interaction effect for males (Liptak-Stouffer P value = 0.27, Stouffer P value = 0.45).
Robustness checks
The robustness check showed that the results were robust against the removal of each sample
individually, as the meta-analytic two-tailed Liptak-Stouffer P value did not change to being
non-significant (i.e. P value > 0.05). The result of this robustness check is displayed in Table
IV. However, when removing Aslund et al. (2013)52, then the two-tailed Liptak-Stouffer P
value changed to be marginally significant, i.e. in the range of 0.01–0.05. This shows that the
overall result is sensitive to the exclusion of either large samples or samples with large effects
such as Aslund et al. (2013) dH \   FGG \  e.
After exclusion of the seven samples with lower than average effective sample-size the overall
Liptak-Stouffer P value remained significant (P value < 0.0001). Likewise, after exclusion of
the six samples with lower than median effective sample-size the overall Liptak-Stouffer P
value remained significant (P value ] 0.0001). Similarly, a step-wise removal of the studies
with the smallest sample size revealed that the 10 smallest of the 12 samples could be removed
before the overall two-tailed Liptak-Stouffer P value would change to non-significance (P value
> 0.05).
Step-wise removal of the samples based on the quality assessment score showed that the results
might be driven by the studies with the lowest quality. When we first removed the samples with
lowest quality the overall weighted Liptak-Stouffer P value remained significant until only the
two highest rated studies remained, i.e. Sadeh et al. (2012)54 and Cicchetti et al. (2012)55 with
a tied quality score of seven. When only these two studies remained the Liptak-Stouffer P value
equals 0.1499. When reversing the step-wise removal, starting with the highest quality studies
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first, the Liptak-Stouffer P value stayed significant until only the three studies with the lowest
quality remained. We however emphasize that the low overall number of samples in our study
makes all analyses based on exclusions very sensitive to outliers in our study.
P-curve
The result from the P-curve method regarding the P values with a positive direction of effect
in terms of the S variant supported the conclusions of the other meta-analytical methods above.
The right-skew P value (i.e. test for evidential value) for this subset of P values was <0.0001,
see Figure 5.3 P-curve – positive direction of effect. When testing the two-tailed P values the
right-skew P value was <0.0001, see Figure 5.4 P-curve – positive and negative direction of
effect. The conclusion from the P-curve method is therefore in support of the above metaanalysis results, while at the same time avoiding assumptions regarding missing studies in our
sample. Since both P-curves showed statistically significant signs of evidential value, we did
not test if the observed distributions were flatter than what would be expected at a power of
33%. The results from the left-skew test of the P-curve (i.e. testing for signs of possible Phacking) showed that neither of the P-curves were evident of possible P-hacking (both leftskew P values > 0.99).

Rosenthal’s failsafe N
The Rosenthal’s failsafe GR of 424.7 for the Liptak-Stouffer method indicated that a ratio of
35 (] 424.7 / 12) unpublished or undiscovered statistical tests with an average effect of zero
(two-tailed P value = 1) and average effective sample-size (FGG = 560) would be needed per
included test in our analysis to make the Liptak-Stouffer P value non-significant. The GR for
the Stouffer method resulted in an approximate ratio of 27 (] 321.4 / 12) and was hence in
concordance with the GR for the Liptak-Stouffer method.

Discussion
To circumvent the issue of statistical power typical for single GE studies, we conducted the
first meta-analysis summarizing the results of individual studies that examined the potential
interaction effect between 5-HTTLPR and environmental adversity on the level of antisocial
behavior. Despite the overall significant interaction effect found in this study, the results should
be interpreted in the light of some important limitations. First, the use of the meta-analytical
methods based on pooled P values limits the interpretation in terms of direction of the effect.
Therefore, our analyses cannot demonstrate whether the significant interaction effect is driven
by the S or L allele or a combination of both. Scholars have argued that significance of the
Liptak-Stouffer test merely indicates that the GE interaction is statistically different from zero
in at least one of the included studies37,56. Therefore, once well-powered direct replication
studies, employing hierarchical regression designs and reporting effect sizes, become available,
more informative meta-analyses utilizing common effect-size metrics could further examine
these results. Secondly, and most importantly, the moderate quality of the individual studies,
and specifically the heterogeneity of their different tests and statistics undermines the reliability
of our meta-analytical findings.
An important methodological shortcoming in most GE studies is insufficient inclusion of
potential confounding effects of covariates on the GE interaction term. Even though most of
the studies in our meta-analysis included confounding variables such as ethnicity, gender, age
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in the regression equation to control for these covariates on the main effects of genotype and
environment, they did not control for the effects of the covariates on the GE interaction.
Controlling for covariate interaction terms in the full model is preferred and yields more power
than creating subsets of data based on the covariate and then examining the GE term.
Therefore, it is essential to include all relevant covariategene and covariateenvironment
interactions in the same model that tests the GE term in order to properly control for the
confounding effects of covariates49. Thus, GE studies that improperly model covariates do
not rule out alternative explanations for their findings.
Next, most studies included in our meta-analysis utilize ethnically heterogeneous samples
(Table 5.1) and since allele frequencies of the 5-HTTLPR polymorphism differ across
ethnicities, stratification could be a potential confounding variable as an ethnicity-byenvironment interaction offers an alternative explanation for the reported GE effect49,57. None
of the studies corrected for population structure at the genetic level, as genome-wide data were
not available in these samples at the time of analysis. Besides cross-ethnic differences in allele
frequencies, a study by Willams et al. (2003)58 also demonstrated differential effects of 5HTTLPR on central nervous system serotonin function, with the short allele being associated
with higher CSF 5-HIAA levels in African Americans, but lower levels in Caucasians. These
differential effects across ethnicity of 5-HTTLPR on central nervous system serotonin function,
could explain why the study of Douglas et al. (2011)51 found a significant interaction effect in
the African Americans but not in the European Americans (see Table 5.3). Hence, the use of
admixed samples in the present study confines the validity and generalizability of our results
and emphasizes the need of future GE studies to employ ethnically homogenous samples or
correct for population structure by using genome-wide data. The above concerns are supported
by our systematic review and quality assessment revealing that all of the studies included had
methodological shortcomings, such as absence or improper controlling for covariates. Lastly,
given the heterogeneity in the type of measures, design, sex and age range across studies, the
studies cannot be considered as direct replication attempts testing the same underlying
hypothesis, necessitating further caution in the interpretation and generalization of the results59.
Although the interpretation of our findings requires carefulness in the light of the
aforementioned limitations, they are in line with previous animal studies showing a
differentiated reactivity to environmental stressors between S and L carriers of 5-HTTLPR14,60.
The interaction effect on antisocial behavior found in this study offers several possible routes
of explanation. An explanation is that L carriers of 5-HTTLPR are somehow more resilient to
environmental adversity than S carriers. This hypothesis is particularly interesting in view of
research suggesting that the L allele might be a potential risk factor for psychopathy61.
Psychopathy is associated with the more instrumental type of aggression and may have a
different underlying etiology than reactive aggression62. Therefore, the L allele of 5-HTTLPR,
which is linked with hypo-responsivity to environmental factors, may thus predispose to
instrumental aggression, whereas the S allele, associated with hyper-responsivity to the
environment, may predispose to reactive aggression61. The study of Sadeh et al. (2010)63,
included in our meta-analysis, supports this line of reasoning. They reported a significant
interaction between the L allele and callous-unemotional and narcissistic features of
psychopathy in the presence of environmental adversity. This might explain why we did not
find evidence for a directional effect in our meta-analysis, since we employed a broadly
conceptualized outcome measure that included psychopathy.
Moreover, due to the liberal inclusion criteria because of the small number of studies identified
in the literature, the meta-analysis comprises both population-based and clinical samples, which
differ in severity and may thus have distinct neurobiological underpinnings. An alternative
explanation for the interaction effect would be that a positive environment (i.e. secure
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attachment relationships), somehow protects S or L carriers for their increased risk on
developmental problems. Thus far, GE research has predominantly focused on the genetic
vulnerability towards negative environmental factors, such as maltreatment or harsh parenting.
However, in potential, those individuals who are more malleable through their increased genetic
plasticity, could also be more receptive to treatment and may benefit more from positive
environments64. To what extent significant GE effects fit into the framework of differential
susceptibility or diathesis-stress remains to be understood as it cannot be inferred from the
current meta-analysis whether the 5-HTTLPR polymorphism resembles the characteristics of a
differential susceptibility or risk gene. Further research in the exact etiological mechanisms
underlying these differences in susceptibility or genetic risk is warranted, as more insights into
the gene-environment interplay could improve prevention programs and could potentially lead
to more tailored-based treatment65. Cohen & Piquero (2009)65 estimated that preventing a highrisk youth from developing a criminal career could save society $2.6 million to $4.4 million.
By increasing our knowledge on the etiological risk factors contributing to antisocial
development, we could reduce the societal and financial burden of antisocial behavior.
Concerning the external validity, since our meta-analysis result is mainly based on studies that
used adverse childhood environment as a source of environmental adversity (five out of eight
studies), it is too early to conclude that the impact of other environmental factors, such as SES
or peer affiliation is dependent on the 5-HTTLPR genotype. It is thus important to further
examine the relative contribution of specific environmental stressors in the GE interaction
model on antisocial behavior. A recent study that made use of genome-wide meta-analysis
results from the Psychiatric Genomics Consortium showed that the effect of polygenic risk
scores on depression was increased in the presence of childhood trauma66. Using the same
approach, future research should examine whether individuals with high polygenic
vulnerability exposed to childhood environmental adversity are particularly at risk for
developing antisocial behavior.
To conclude, taking advantage of the rapid technological advancements in the field of
genomics, including the rise of genome-wide data and polygenic risk score analysis, future
studies should focus on how a broader polygenic profile interacts with environmental adversity
factors to achieve a more sophisticated understanding of how biosocial interactions impact on
antisocial development. Naturally, these polygenic studies should acknowledge the statistical
issues accompanying GE research, and properly control for potential confounders using wellpowered study designs.
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Figure 5.1. Flowchart of study selection.
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5

Figure 5.2. Forest plot – Harmonized z-statistics and meta-analysis estimates. Forest plot
of the harmonized z-statistics, as well as the overall Stouffer and Liptak-Stouffer z-statistics.
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Figure 5.3. P-curve – positive direction of effect. P-curve testing the one-tailed hypothesis of
a positive effect in terms of the S allele by including the subset of two-tailed statistically
significant P-values from estimates with a positive interaction effect divided by two.

Figure 5.4. P-curve - positive and negative direction of effect. P-curve testing the two-tailed
hypothesis of a positive or negative effect in terms of the S allele by including all of the
statistically significant two-tailed P-values in our sample.
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T1: M=11.1

M=15.7 (12-20)

Violent group
(N=72, M=32.1 ±
12.1)
Non-violent group
(112, M=35.4 ±
11.3)
M= 14.3, SD=1.5

58.9

Not
stated

48.0

100

42.0

Cross-sectional - Subjects
dependent on alcohol, cocaine
or opioids at 4 sites

Longitudinal -Prospective
cohort Dutch adolescentsTracking
Adolescents’ Individual Lives
Survey (TRAILS)
Cross-sectional - National
Longitudinal Study of
Adolescent Health - random
sample of youth from US
high schools

Cross-sectional - Volunteers
in forensic examination to the
Institute of Forensic
Psychiatry of the University
of the Saarland for evaluation
of legal responsibility or risk
assessment
Cross-sectional - Youth from
treatment or legal agencies
and general community

Douglas et
al. 2011

Kretschmer
et al. 2014

Reif et al.
2007

Sadeh et al.
2010

Li et al.
2010

European
American/African
American
M= 38.2/41.0 (3742)

49.8

Cross-sectional - Children
participating in summer camp
research programme for
school-aged low-income
children

Cicchetti et
al. 2012

M= 11.3 (10-12)

51.3

Cross-sectional - Survey of
Adolescent Life Vestmanland

Aslund et
al. 2013

Mean Age (M),
Age Range or SD
17-18

% Male

Sampling

Study

Mixed

Caucasian

184

118

Mixed

Mixed

European
American
and
African
American

Mixed

Mixed

Ancestry

2488

1118

1381

627

Total
N
1467

Table 5.1 | Baseline characteristics of all included studies

20-item self-report
Antisocial Process
Screening Device-

Subjects assigned to a
violent or nonviolent
group by experts

In-home interview on
frequency of 7 overt
ASB items, converted to
summed score

31 items of ASBQ at T1

44-item SSADDA,
specific ASPD criteria;
dichotomous score

Pittsburgh Youth Survey
self-report; Peer ratings;
teacher report form

Antisocial Measure &
Design
Sum score based on 15item delinquency scale

Grouping:
Genotype
SS vs LS vs
LL

SS vs LS vs
LL

SS vs LS vs
LL

SS vs LS vs
LL

SS vs SL vs
LL

S/S and S/L vs.
L/L

LL vs. SL vs.
SS

Environmental
adversity (EA)
SES, 7-point Likert
scale; divided in low,
medium and high SES

MCS based on DHS
records (physical abuse,
neglect, emotional
maltreatment)

ACE (violent crime,
exposure, sexual abuse,
physical abuse)
Ordinal score 0-3

Peer rejection &
acceptance; nomination
assessment

Retrospective
In-home interview on
maltreatment (neglect,
physical abuse, sexual
abuse)
Childhood Adverse
Environmental Indexmean score calculated 02

Family income level
(three categories) and
occupation (coded 1-7)

Hierarchical linear
regression

Stepwise logistic
regression

Latent class
multinomial
logistic regression

Regression models

Logistic
generalized
estimating
equations
regression

ANCOVA

General linear
model

Statistical Model
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5

140

Cross-sectional - Selected on
high rates of antisocial
behaviour and high
psychosocial adversity.
Recruited via
probation/parole agencies,
county jail, and mandated
treatment centers, as well as
via newspaper
advertisements targeting
individuals with legal
convictions

100

M=30.9 (18-61)

237

Mixed

Psychopathy Checklist:
Screening Version Composite score of twofactor and
three-factor model

Callous-Unemotional;
narcissism; impulsivity

Childhood abuse, CTQ
Composite scale,
continuous

SS vs. LL

Hierarchical
regression analyses

Note: ACE: adverse childhood events; ASB: antisocial behaviour; ASBQ: antisocial behaviour questionnaire, ASPD: antisocial personality
disorder; CTQ: Childhood trauma questionnaire; DHS: department of human services; M: mean; MCS: maltreatment classification; SES: social
economic status; SSADDA: Semi-structured Assessment for Drug Dependence and Alcoholism.

Sadeh et al.
2012

recruited via agency referrals,
newspaper advertisement and
posted flyers
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Table 5.2 | Quality assessment results of included studies
Domain Criterion
Cichetti et al., 2012
Sadeh et al., 2012
Aslund et al., 2013
Li et al., 2010
Sadeh et al., 2010
Douglas et al., 2011
Reif et al., 2007
Kretschmer et al.,
2014

A
+
+
+/+
+
+
+
+/-

B
+
+
+
+
+
+
+
+/-

C
+
+
+
+/+
-

D
+
+
+
+
+
+
+/+

E
+
+
+
+/+
+
+

F
+
+
+
+
+
+
+
+/-

G
+
+
+
+
+
+/+
-

H
-

Total
7
7
6.5
6
6
5.5
5.5
3.5

Note: A: Clear description of the key characteristics of the study population. B: The sampling
frame and recruitment are described. C: Inclusion and exclusion criteria are described. D: Clear
definition of the measure of antisocial behavior and EA is provided. E: The measure
of antisocial behavior and EA is adequately valid to limit misclassification. F: Age and gender
are accounted for in the analysis. G: IQ or SES or Race are accounted for in the analysis. H:
Covariate interaction terms are accounted for in the analysis.

141

5

142

t

752, M, Mixed

627, M/F, Mixed

315, M/F, EA

112, F, AA

261, M, AA

1118, M/F, Mixed

1294, F, Mixed

1194, M, Mixed

172, M/F, Caucasian

178, M/F, Mixed

237, M/F, Mixed

Cicchetti et al., 2012

Douglas et al., 2011

Douglas et al., 2011

Douglas et al., 2011

Kretschmer et al., 2014

Li et al., 2010

Li et al., 2010

Reif et al., 2007

Sadeh et al., 2010

Sadeh et al., 2012

NA

L

L

L

L

L

S

S

S

NA

NA

NA

Effective sample-size calculated as reported in methods section.

464, F, Mixed

statistical test

Aslund et al., 2013

Effect allele in

Effective Nt, Sex,

Ethnicity

Aslund et al., 2013

Study, Year

Reported p-

0.011
0.023
0.31

Logit Beta = -1.65, SE = 0.65
Linear regression Beta = 0.16
Linear regression t-statistic = 1.02

<0.05
0.62

Log-linear Beta = 0.37, SE = 0.76

0.019

<0.001

<0.001

0.5

0.02

0.001

0.065

value

Log-linear Beta = 1.82, SE = 0.82

from correspondence with author]

Standardized beta = 0.021 [Table 4, and p-value

OR in Table 6, p. 20]

Logit beta = 1.0296, SE = 0.3083 [Calculated from

OR in Table 6, p. 20]

Logit beta = 1.8181, SE = 0.3422. [Calculated from

Chi-square statistic = 1.4, df = 2

F(2, 586) = 3.91

F(2,689) = 6.67

F(2, 661) = 2.74

Extracted test statistic of the GxE interaction

Table 5.3 continues on next page.

CTQ Childhood abuse

Socio-economic status

Childhood adverse environment

Maltreatment

Maltreatment

Peer rejection

Adverse Childhood events

Adverse Childhood events

Adverse Childhood events

Maltreatment

Socio-economic status

Socio-economic status

Environmental adversity measure

Table 5.3 | Extracted and harmonized values of the meta-analysis sample, in total 12 samples derived from eight studies
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Not significant (L decreases ASB in EA when interacted with E [Table 5,

L increases ASB in AA males when interacted with E. [Table 6, p. 20]

L decreases ASB when interacted with E [Table 4, p. 205]

L decreases ASB in females when interacted with E [p. 795]

Not significant (L decreases ASB in males when interacted with E) [p.

Douglas et al., 2011

Kretschmer et al., 2014

Li et al., 2010

Li et al., 2010

G x E (S variant)

Negative

Negative

Positive

Positive

Positive

Positive

Negative

Positive

Positive

Positive

Positive

Negative

5.0064
-3.3016
2.3455
2.2170
0.4867

<0.0001
0.0010
0.01904
0.0266
0.6265

0.3088

u
Positive indicates greater sensitivity among S variant 5-HTTLPR subjects to environmental adversity, as presented in the original study report. Negative indicates a greater sensitivity among L
variant 5-HTTLPR subjects to environmental adversity. For further discussion of the extraction and calculation of the harmonized z-statistics, see methods section.
v
The values displayed in the table are rounded; exact p-values were provided in all calculations and analyses.
w
Study does not report the required information in order to calculate an exact p-value; hence the reported p-value is included in the meta-analysis.

-1.0178

2.5115

0.6799

0.4966

-2.2734

2.3159

0.0206

0.0120

3.2047

0.0014

0.0230w

-1.8432

0.0653

value

z-statistic2

v

two-tailed p-

u

direction of

Table 5.3 cont.
Harmonized

Calculated

Harmonized

Note: AA: African Americans; ASB: Antisocial Behavior; EA: European Americans; F: Female; M: Male; NA: Not Available

Not significant (L increases ASB when interacted with E) [p. 7]

however SES reverse coded [p. 6]

LL decreases ASB when interacted with E, which SL and SS does not,

Sadeh et al., 2010

Sadeh et al., 2012

L decreases ASB when interacted with E [p. 2379]

Reif et al., 2007

795]

L decreases ASB in AA females when interacted with E. [Table 6, p. 20]

Douglas et al., 2011

p. 19]

L decreases ASB when interacted with E [Fig 8. p. 920]

Douglas et al., 2011

coded [p. 59; Fig. 2, p. 58]

L increases ASB in males when interacted with E, however SES reverse

coded [p. 59; Fig. 2, p. 58]

L decreases ASB in females when interacted with E, however SES reverse

Direction of interaction effect [Reference to original study]

Cicchetti et al., 2012

Aslund et al., 2013

Aslund et al., 2013

Study, Year
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Table 5.4 | Results of Stouffer’s z meta-analysis
Study, Year

Aslund et al., 2013
Aslund et al., 2013
Cicchetti et al., 2012
Douglas et al., 2011
Douglas et al., 2011
Douglas et al., 2011
Kretschmer et al., 2014
Li et al., 2010
Li et al., 2010
Reif et al., 2007
Sadeh et al., 2010
Sadeh et al., 2012

Effective
sample-size,
sex,
ethnicity
464 F
752 M
627 M/F
315 M/F, EA
112 F, AA
261 M, AA
1118 M/F
1294 F
1194 M
172 M/F
178 M/F
237 M/F

Direction
of effect*

Harmonized
z-statistic

Negative
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive

-1.8432
3.2047
2.3159
0.6799
5.0064
-3.3016
2.3455
2.2170
0.4867
2.5115
-2.2734
-1.0178

Positive

Negative
Negative

Two-tailed p-value of
weighted Liptak-Stouffer
z-statistic after Study
Exclusion
<0.0001
0.0130
0.0045
0.0008
0.0053
<0.0001
0.0071
0.0066
0.0004
0.0023
0.0001
0.0002

Overall two-tailed p-value 0.0006
of weighted LiptakStouffer
Note: F: female; M: male; EA: European Americans; AA: African Americans
*
Positive indicates greater sensitivity among S variant 5-HTTLPR subjects to environmental adversity,
as presented in the original study report. Negative indicates a greater sensitivity among L variant 5HTTLPR subjects to environmental adversity. For further discussion of the extraction and calculation of
the Harmonized z-statistic, see methods section and Supplementary Materials III) Transformation of
p-values into a common z-statistic.
Total effective sample
size
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6724

