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Abstract 

Psychiatric disorders are multi-factorial and their symptoms overlap. Constitutional and environmental factors 
influence each other, and this contributes to risk and resilience in mental ill-health. We investigated functional 
genetic variation of stress responsiveness, assessed as FKBP5 genotype, in relation to early life adversity and 
mental health in two samples of adolescents. 
One population-based sample of 909 12-year-old adolescents (SESBiC) was assessed using the Life Incidence of 
Traumatic Events scale (LITE) and the Strengths and Difficulties Questionnaire (SDQ). One sample of 398 17-
year-old adolescents, enriched for poly-victimized individuals (USSS), was assessed using the Juvenile 
Victimization Questionnaire (JVQ) and the Trauma Symptom Checklist for Children (TSCC). The FKBP5 
rs1360780 and rs3800373 polymorphisms were genotyped using a fluorescence-based competitive allele-specific 
PCR. 
 
Most prominently among poly-victimized older male adolescents, the least common alleles of the 
polymorphisms, in interaction with adverse life events, were associated with psychiatric symptoms, after control 
of ethno-socio-economic factors. The interaction effect between rs3800373 and adverse life events on the TSCC 
sub-scales - anxiety, depression, anger, and dissociation - and with the rs1360780 on dissociation in the USSS 
cohort remained significant after Bonferroni correction. 
 
This pattern of associationis in line with the findings of clinical and neuroimaging studies, and implies 
interactive effects of FKBP5 polymorphisms and early life environment on several psychiatric symptoms. These 
correlates add up to provide constructs that are relevant to several psychiatric symptoms, and to identify early 
predictors of mental ill-health.  
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Introduction 

Adolescence is a key developmental period: the 
brain is still developing, and pubertal changes 
together with typical behavioural traits and 
environmental cues can influence susceptibility to 
the development of psychopathology and related 
behavioural symptoms [1]. Furthering knowledge 
of the underlying pathological mechanisms of 
psychiatric symptoms at an early age is of 
considerable relevance for timely identification of 
individuals at risk who might benefit from targeted 
intervention [2].  

Behavioural problems and psychiatric symptoms 
are more common among children who have been 
abused and neglected [3]. In Sweden, victimisation 
is common among adolescents with an average of 
2.5 events of victimization during the previous 
year, and of 4.5 events as lifetime victimization 
measured at the age of seventeen [4]. However, not 
all children who are exposed to early life adversity 
develop psychiatric symptoms. Suggestive evidence 
has been provided of the interactive contribution of 
the psychosocial background and genetic makeup 
of the child to proneness to clinical and subclinical 
psychiatric symptoms during adolescence [5].  

Concomitant to experimental findings on laboratory 
animals, human studies demonstrate that early life 
adversity has a strong impact on stress response, 
behaviour, and ultimately mental health. Stress 
response is a crucial link between gene, 
environment and mental health, and is very 
influential, especially during critical periods of life, 
such as during brain development. Many 
psychiatric disorders are characterized by an 
impaired stress response. Interestingly, a robust 
constellation of findings on the effects of functional 
polymorphisms of the heat-shock protein 90 FK506 
binding protein 5 (FKBP5) gene, in interaction with 
early life stress, on stress response as well as on 
psychopathology has emerged during the last 
decade [6, 7]. The FKBP5 protein is a co-chaperone 
regulator of (and regulated by) the glucocorticoid 
receptor, and thus in turn a modulator of the GR-
mediated regulatory feed-back on the 
hypothalamic-pituitary-adrenal (HPA) axis in 
response to stress [6, 7].  

Suggestive evidence of functionality has been 
provided for one polymorphism of the FKBP5 
gene, SNP rs1360780. Homozygosity for the minor 
allele T of the rs1360780 SNP is associated with 
twice the amount of FKPB5 protein levels in 
lymphocytes, relative to the other genotypes [8]. 
The T allele or TT genotype of the SNP rs1360780 
(and consequentially the minor allele of the closely 
linked SNP rs3800373) has been associated with 
endocrine correlates: higher FKPB5 protein levels 

[8]; higher FKPB5 mRNA - plasma cortisol 
positive correlation [8-12]; reduced basal cortisol 
levels [8, 9, 12-15]; differential glucocorticoid-
mediated response [12, 15, 16]; and heightened 
cortisol response after psychological stress in 
adults, adolescents and infants (in some cases 
moderated by childhood adversity) [10, 11, 17, 18]. 
Clinical associations have also been reported for 
this allele with better anti-depressant treatment 
response [8, 10, 19, 20]; greater risk of depression 
[12, 14, 15, 21, 22], suicidal tendencies [8, 23], 
comorbid anxiety-depression [24], post-traumatic 
stress disorder [6, 15, 23], and alcohol withdrawal 
severity [25]; as well as with major depression, 
aggressive behaviour, suicide attempts, and 
psychosis in an interaction with adverse life events 
[15, 26-28]. Moreover, associations with neural 
correlates of vulnerability to psychopathology have 
been demonstrated for this allele, such as higher 
amygdala reactivity [29], and increased threat and 
negative emotion-related amygdala reactivity in the 
context of childhood adversity [30]. Negative 
findings have, however, also been reported [7, 31]. 
Regarding GWAS studies, two FKBP5 SNPs were 
among the top ten hits in a GWAS study on daily 
cortisol secretion, but they did not survive 
correction for multiple testing [13], whereas no 
GWAS-significant hits corresponding to SNPs in 
the FKBP5 gene have been so far related to 
psychiatric phenotypes. All together, these 
evidences make the FKBP5 a candidate gene, and 
the rs1360780 and rs3800373 SNPs candidate 
markers for studying the effect of constitutional 
factors of stress response and early adverse life 
events on adolescent mental health [32]. 

Aims of the study  
The overall aim of the present study was to promote 
understanding of how early life stress and FKBP5 
polymorphisms related to stress response, interact 
and contribute to mental health in a population-
based sample of adolescents, and among 
adolescents exposed to multiple victimisation 
experience. This study aimed to contribute to 
answering the following questions: How do 
environment and stress-related genetic factors 
interact in relation to propensity to the development 
of psychiatric symptoms?; Is the interactive effect 
relevant for several psychiatric symptoms?; Does 
sex play a role in these interactive influences? 
 
Our hypothesis was that children who grew up in 
traumatic circumstances and with certain genetic 
variants have increased vulnerability to the 
development of psychiatric disorders, compared 
with those with protective or less environmentally 
sensitive genetic variants, and who have not 
experienced traumatic events. Furthermore, we 
hypothesize that the interaction between genotype 
and early life stress will be widespread, thus 
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indicating a vulnerability model beyond symptom 
categories.  
 

 

Materials and methods 

Two independent samples were used: i) adolescents 
from the 12-year follow-up of a longitudinal study 
of a large cohort monitored since birth (SESBiC), 
and ii) adolescents with a mean age of 17 from a 
large community-based cross-section study (USSS). 
Ethical approval was received for the SESBiC 
study (LU 439-93; LU 124-98; M51-07), and for 
the USSS study (69-07). 
 
South East Sweden Birth Cohort study (SESBiC) 
All mothers of children born between 1 May 1995 
and 31 December 1996 in five counties in southern 
Sweden, with a population of just over 1% of all 
Swedes, were asked to participate in the SESBiC 
study and 1,723 mothers (88%) agreed to 
participate [33-37]. The present data come from the 
12 year follow-up (mean age 12.0 years, SD ±0.30). 
An information letter and a consent form were sent 
to the parents (i.e. legal guardians). A separate, 
simplified information letter was enclosed for the 
child.  Two children were deceased, 10 had moved 
out of the country and 24 had learning problems 
and were therefore unable to participate. A total of 
909 individuals (53.9%) agreed to participate in the 
study.  The follow-up was carried out at school 
where research assistants met with the children in 
small groups and assisted them in answering 
questionnaires and also in providing a sample of 
their saliva. The mothers were asked to fill in a 
package of questionnaires. 

 
Upper Secondary School study (USSS) 
The upper secondary school in Sweden offers three 
programmes: 1. Higher education preparatory 
programmes typically humanities, natural science, 
and social science (≈ 44% of all students); 2. 
Vocational programmes, typically health and social 
care, building and construction, hotel and tourism 
studies (≈ 54% of all students); and 3. Introductory 
programmes, typically preparatory education, 
programme-oriented individual options, vocational 
introduction, individual options, and language 
introduction, a resource-providing merit for 
students with different kinds of learning difficulties 
(≈ 2% of all students) [38]. A total of 51 out of 53 
schools participated in the survey and a total of 
6,096 students (78%) were present at the scheduled 
class-room survey.  
The USSS adolescent sample was selected from this 
community-based sample (≈ 5%), of students in the 
2nd year upper secondary school system, evenly 

distributed among structural parameters such as 
population, commuting patterns and economic 
structure [4] to represent the national average 
concerning, sex, birthplace, enrolment from other 
municipalities and educational programmes. 
Assuming that students taking the higher education 
preparatory programmes would have experienced 
less adverse life events [39], over-sampling of 
youths with more serious psychosocial problems 
was achieved by including more students from the 
vocational and introductory programmes (13% and 
23% of all students in these programmes, 
respectively). The mean age was 17.2 years (SD 
±0.68). 
 
Questionnaires 
The questionnaires were answered by the 
participants during class hours at school: data on 
demographics and psychosocial factors; history of 
the adolescent’s exposure to lifetime adverse life 
events using the Life Incidence of Traumatic Events 
(LITE) [40] in the SESBiC study, and the Juvenile 
Victimization Questionnaire (JVQ) [41] in the 
USSS study. The majority of children has 
experienced at least one adverse life events during 
childhood and adolescence [42], and in Sweden 
63.0% of children up to 12 years (no sex difference) 
had experienced at least one adverse life event 
during their lifetime, i.e. two or more events could 
be considered moderate exposure to trauma [43]. Of 
17 year olds 84.1% (83.0% young men and 85.2% 
young women) had experienced at least one 
victimization event during their lifetime, and 10.3% 
had experienced 10 or more events and were 
categorized as poly-victimized (8.1% young men 
and 12.5% young women) [4].  Since adverse life 
events were so common, the number of life events 
at and above the 90th percentile was used in the 
analyses to catch the most vulnerable group. 
Symptoms of mental ill-health were assessed by 
scientifically validated screening tools: the 
Strengths and Difficulties Questionnaire (SDQ) 
[44] in the SESBiC study, and the Trauma 
Symptom Checklist for Children (TSCC) [45] in 
the USSS study. In the SESBiC study, data on 
immigrant status and the parent’s occupation status 
were taken from questionnaires filled in by the 
mother. In the USSS study, participants were asked 
for information about birth-place, parents’ 
birthplaces, parents’ employment, and residence. 
LITE [43, 46], JVQ [4], SDQ [47], and TSCC [43, 
46] are all scientifically validated screening tools 
with good psychometric properties that have been 
translated into Swedish and for which Swedish 
norms have been established. 

Genetic analyses 
DNA was extracted according to the manual from 
saliva samples collected using DNA Self Collection 
Kit (Oragene®). Genotyping of the polymorphism 
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of interest FKBP5 SNPs rs1360780, and of the 
highly linked SNP rs3800373, was performed using 
a fluorescence-based competitive allele-specific 
PCR (KASPar) assay (KBioscience®). Allele 
discrimination was done using SNPviewer2®. The 
genotype calling was performed blind with regard 
to psychosocial data. To estimate the quality-rate of 
genotyping errors, a random repetition of ~13% of 
the population-based sample was carried out; the 
comparison indicated no inconsistencies. 
Diplotypes were estimated with the EM algorithm 
using SNP & Variation Suite 7 (GoldenHelix®). 
Genotype frequencies are shown in Table S2. The 
genotypes were in Hardy-Weinberg equilibrium 
(Table S2). 

SESBiC:  Due to internal drop-out, the number of 
DNA samples from the 909 children that could be 
analysed, together with the data from the 
instruments, was n = 888 for FKBP5 rs1360780 and 
n = 902 for rs3800373, and n = 881 in the haplotype 
analysis.  
 
USSS: In all 398 adolescents participated. The 
number of DNA samples that could be analysed 
together with questionnaire data was n = 394 for 
both FKBP5 rs1360780 and rs3800373 (four DNA 
samples were missing for each polymorphism) and 
n = 390 in the haplotype analysis. 81% of the 
students were in the vocational programme and 
19% in the introductory programme. 

 
Data analysis 

The statistical power has been computed using the 
Genetic Power Calculator 
(http://pngu.mgh.harvard.edu/~purcell/gpc/) [48]. 
Since rs1360780 has been the SNP of interest and it 
is in high LD with rs3800373, the alpha was kept at 
0.05. In an additive model, the power for a test with 
heritability equal to 1% is 85.3%. Thus, the size of 
the population-based cohort (SESBiC) outdoes the 
sample size of 781 subjects required for a power of 
80%. On the other hand, the USSS cohort is 
underpowered, although it included more 
individuals reporting adverse life events, which is a 
known risk factor for psychopathology. 
Oversampling for individuals in the high-risk strata 
has certainly high efficacy in enhancing the power 
of a study. Group differences were tested using 
crosstab statistics and Pearson chi-square (χ2) for 
categorical data and t-test (two-sided) for 
continuous variables. Bivariate correlations were 
tested, computing the Pearson's correlation 
coefficient. Genotype group differences in 
psychiatric symptoms were tested using univariate 
analysis of variance [49]. Multi-level statistical 
modelling was used to describe the interaction 
between environmental and genetic factors. The 
adjusted multivariate gene-by-environment 

interaction models were analysed by applying 
general linear models (i.e. Univariate analysis of 
variance with Covariates, ANCOVA) using 
psychiatric symptoms as a scale variable. 
Genotypes were also grouped as homozygous and 
heterozygous for the T (rs1360780) or C 
(rs3800373) allele in one group and compared with 
homozygous for the major allele addressing the 
statistical constraint imposed by the low frequency 
of the minor alleles. Descriptive statistics were 
performed and presented for all three genotype 
groups. The environmental factor - adverse life 
events - was dichotomized according to [50], into 
less than 90th percentile vs. 90th percentile and 
above for the JVQ (10 or more events) and LITE (5 
or more events) scales, respectively. As covariates: 
sex, living with both parents or not, immigrant 
status, and the parent’s occupational status were 
used to account for known bias factors. Bonferroni 
correction was applied according to the number of 
psychobiologically meaningful questions tested and 
effectively independent SNPs, which is one marker 
when testing GxE association with the sub-scales 
(for the SDQ p ≤ 0.01 and for the TSCC p ≤ 
0.0083). Effect sizes (Cohen's d) were calculated as 
the difference of mean score on SDQ/TSCC total 
scores for the risk genotype between no 
environmental load and high negative 
environmental load (90th percentile on LITE/JVQ) 
divided by the SD for the respective symptom 
measures. To further validate the findings, partial 
correlations, adjusted for sex, were performed to 
test for genotype-dependent environment effects on 
mental health using continuous measures, and to 
calculate the difference of correlation coefficients 
(z) [23]. Linkage disequilibrium (r2 and D') and 
haplotypes were estimated with the EM algorithm 
using SNP & Variation Suite 7 (GoldenHelix®).  
 
 
 
Results 
Descriptive characteristics 
Demographic and genotypic characteristics of the 
SESBiC (909 (50.1% boys) 12-year-old 
adolescents) and USSS (398 (54.3% boys) 17-year-
old adolescents) cohorts are presented in the 
Supplementary Tables. In the SESBiC cohort the 
mean age was 12.0 ± 0.3 years, and in the USSS 
cohort 17.2 ± 0.7 years. The adolescents in the 
USSS cohort, as expected, had a higher percentage 
of parents born outside the country of residence (p 
< 0.001), a lower percentage had both parents with 
a job (p < 0.001), and fewer of them lived with their 
biological parents (p = 0.002) compared to the 
SESBiC cohort (Table S1). Genotype frequencies 
did not differ significantly between the two cohorts 
(Table S2).  
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The number of adverse life events among the 
adolescents in the SESBiC cohort (measured as 
LITE) ranged from 0 to 10 with a mean of 2.7 ± 
1.8, while in the USSS cohort (measured as JVQ) 
ranged from 0 to 32 with a mean of 4.6 ± 5.0. The 
mean score of total psychiatric symptoms in the 
SESBiC cohort was 10.6 (SD ± 5.76) (measured as 
SDQ total) and in the USSS cohort 31.6 (SD ± 
23.50) (measured as TSCC total) (Table S3 and 
S3b). 
 
Adverse life events were as common in girls as in 
boys in the SESBiC cohort, whereas in the USSS 
cohort females reported more events (p = 0.040). 
Regarding mental health symptoms, in both cohorts 
sex differences were found in the SDQ and TSCC 
total scores as well as in the sub-scales, though 
more marked in the USSS cohort (table S3a and 
S3b). Symptoms of conduct and 
hyperactivity/inattention problems were more 
common among males, while symptoms of 
emotional problems and more positive prosocial 
behaviour were more often reported by females in 
the SESBiC cohort (Table 3a). Symptoms of sexual 
concerns were more common among males, while 
symptoms of anger, anxiety, depression, 
dissociation and posttraumatic stress were more 
often reported by females in the USSS cohort 
(Table 3b). The correlation between the SDQ total 
score in the SESBiC cohort and the different SDQ 
subscales was low to high (r = 0.363  ̶  0.912; p < 
0.001), while between the TSCC total score in the 
USSS cohort and all the different TSCC subscales 
correlation was high (r = 0.687  ̶  0.900; p < 0.001) 
(Table S4).  
 
Main effects 
Both sexes reported higher scores on SDQ and 
TSCC total score and subscales if they had 
experienced adverse life events at or above the 90th 
percentile (p = 0. 044 to p < 0. 001 and p = 0.023  
to p <0.001; respectively). The main genotype 
effects on SDQ and TSCC scores were not present, 
except in the USSS cohort, where carriers of the 
minor allele of the FKBP5 rs3800373 SNP reported 
significantly more psychiatric symptoms (p = 
0.037; F = 3.331) (Table S5).  
 
Gene-by-Environment interaction effects (GxE) 
In the SESBiC cohort, a GxE interaction effect of 
FKBP5 rs3800373 was observed on the SDQ total 
score (p = 0.019; R2 = 0.030). Among adolescents 
with adverse life events at or above the 90th 
percentile, C carriers displayed the highest SDQ 
score, compared to the AA genotype, after 
adjustment for potential confounders. No sex 
differences were present, and genotype main effects 
were absent, as well as the effects of rs1360780 
genotype (Table 1). At the sub-scales level, there 

was only a nominally significant GxE effect on 
hyperactivity/inattention (Table S6a).  
 
In the USSS cohort, both a gene main effect as well 
as a GxE interaction effect was found in the total 
TSCC score. The rs3800373 C carrier and 
rs1360780 T carrier genotypes were associated with 
higher scores among adolescents who had 
experienced adverse life events at or above the 90th 
percentile compared to individuals who were 
homozygous for the AA and CC genotypes, 
respectively, adjusted for potential confounders (p 
= 0.001; R2 = 0.260 and p = 0.007; R2 = 0.254; 
respectively) (Table 1). Nominally significant 
results in accordance with the same pattern of 
association were found for the sub-scales for Anger, 
Anxiety, Depression, Dissociation and 
Posttraumatic stress, but not for Sexual concerns 
(Table S6b). After Bonferroni correction, only the 
rs3800373xE effect on Anxiety, Depression, Anger, 
and Dissociation, and the rs1360780xE on 
Dissociation remained significant. When splitting 
the sample by sex because of its statistical 
significance in the model (p < 0.001), the GxE 
effects were only found in males (data not shown).  
 
The effect sizes were highest for the rs3800373 and 
rs1360780 SNPs in the USSS cohort (d = 0.76 and 
d = 0.56, respectively), and moderate for the 
rs3800373 SNP in the SESBiC cohort (d = 0.47), 
with individuals carrying the minor allele of these 
SNPs having greater psychiatric symptoms than 
homozygous individuals for the most common 
alleles. In both cohorts, GxE effects were present in 
a genotype dose-dependent manner, with 
heterozygous individuals displaying intermediate 
scores in the presence of adverse life events, 
compared to both homozygous genotypes (Figure 
1).  
 
Gene-dependent environment-psychiatric symptoms 
correlation effects 
Partial correlations, adjusted for sex, substantially 
corroborated these findings in the USSS cohort but 
not in the SESBiC cohort. High correlations were 
present between the adverse life events and 
psychiatric symptoms among homozygous carriers 
of the minor allele of the rs3800373 and rs1360780 
SNPs in the USSS cohort (r = 0.888; AA/CC: Z = 
4.45; and r = 0.841; CC/TT: Z = 4.19, respectively) 
(Table S7). Thus, this confirms that the interaction 
effect between genotype and adverse life events in 
psychiatric symptoms is characterized by a 
genotype, as well as a stress-dosage load on number 
of psychiatric symptoms in adolescents. 

 
Haplotype analyses 
As the two markers are in high Linkage 
Disequilibrium (D' = 0.98 and R2 = 0.86 in the 
SESBiC cohort, and D' = 0.98 and R2 = 0.82 in the 
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IUSS cohort), the analyses were re-performed using 
diplotypes, which are inferred combinations of 
haplotypes (Table S8). As expected, a significant 
GxE was only present in the USSS cohort, with 
carriers of the diplotype containing the minor 
alleles of the rs3800373 and rs1360780 SNPs 
reporting more psychiatric symptoms if exposed to 
adverse life events (p = 0.021; R2 = 0.255) (Table 
S9). Lastly, GxE effects were more evident in 
males (data not shown). 
 
 
 
Discussion 

The present study investigated the interactive effect 
of genetic factors of stress responsiveness and early 
life adversity on psychiatric symptoms in two 
independent samples, one population-based sample 
of young individuals (SESBiC cohort) and one 
sample of older adolescents enriched for poly-
victimised adolescents (USSS cohort). The findings 
indicate that the least common functional variations 
of the FKBP5 gene, a regulator of glucocorticoid 
receptor function, in an interaction with adverse life 
events, are associated with symptoms of mental ill-
health among both 12 and 17 year-old adolescents. 
This is in line with previous findings in adults of a 
FKBP5 genotype–by–childhood maltreatment 
interaction effect on clinical phenotypes, such as 
depression, PTSD, psychosis, suicide attempts, and 
on aggressive behaviour [18, 22, 23, 26, 28, 51, 52], 
suicidal tendencies, as well as on threat-related 
right dorsal amygdala reactivity in adolescents 
reactivity [30]. 

Key-features of psychiatric disorders, as defined by 
the DSM, are their phenotypical and biological 
heterogeneity, complexity, overlap, and 
interdependence. Our hypothesis was confirmed: 
adolescents who grew up in adverse circumstances, 
and with certain genetic variants, report a higher 
level of psychological symptoms, and that this 
interaction between genotype and early life stress 
illustrates a vulnerability model beyond symptom 
categories. On the other hand, those with protective 
or less environmental sensitive genetic variants and 
who have not experienced traumatic events display 
decreased propensity for the development of 
psychiatric disorders. 

Too little attention has been devoted to children and 
adolescents as victims, in view of the social and 
personal burden of the consequences, and the cost- 
benefit advantage of early interventions. The 
emphasis in the present study has been on 
individuals at a particularly crucial time of life and 
of brain development (i.e. adolescence), and in 
fragile conditions (i.e. poly-victimisation). 
Furthermore, sex differences which are common in 

psychiatric disease vulnerability, presentation, and 
outcomes, were also investigated. 

To our knowledge, no FKBP5 gene by adverse life 
events study on a broad spectrum of  
psychopathology symptoms has been performed for 
young adolescents and poly-victimized adolescents. 
Hence the present study presents novel findings 
valuable in the context of future meta-analyses. The 
similar results found in two independent and 
relatively large cohorts, despite the use of different 
self-reporting instruments, corroborate each other, 
providing support for their robustness. They are in 
line with the previous results of clinical, 
psychophysiological and neuroimaging studies for 
FKBP5, indicating the T allele as a risk factor for 
psychopathology [6, 8, 10, 12, 14, 15, 19-27, 29, 
30]. In fact, the TT genotype of rs1360780, which 
leads to higher FKBP5 protein levels [7, 8], has 
been associated with an altered physiological stress 
response and heightened risk of stress [6-18]. 
Binder and colleagues suggested a putative 
enhancing function on gene transcription for the T 
allele by the formation of a TATA box, as well as 
differential chromatin conformations and 
interactions of long-range enhancers with the 
transcription start site, which would influence the 
response to the glucocorticoid receptor activation 
triggered by early life adversity [6]. 

Results were more prominent in males in the USSS 
cohort. Sex differences in neuroscience exist in 
relation to brain anatomy, function, chemistry and 
also the prevalence and nature of psychiatric 
disorders [53-55].  Substantial evidence indicates 
that psychosocial factors interact with sex/sex 
hormones, and with the genetic make-up, to 
influence individual stress response to 
environmental stressors, which is an important 
factor linked to psychiatric disorders. Indeed, 
several genetic association studies on psychiatric 
symptoms reported sex effects mediating gene-by-
environmental interactions on adolescent mental 
health, thus stressing the importance of considering 
sex differences in biological psychiatry. In the 
present study, the GxE effects were more evident in 
males, although the direction of association was 
similar in females. Interestingly, the rs3800373 
genotype displayed an effect in male but not female 
young adults on cortisol response to psychosocial 
stress [56]. The FKBP5 is a co-chaperone of the 
progesterone and androgen receptor complex [7], 
thus making sex dimorphic influences plausible.  

Gene by environment interactions in psychiatry still 
debated today, and the biological underpinnings of 
these interactions remain largely unknown [2, 57, 
58]. It has been suggested that the FKBP5 gene 
variants examined in the present study have genetic 
and endocrine functional effects, and ultimately 
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predispose psychiatric disorders [7].. Differential 
cortisol recovery response after psychosocial stress 
has been demonstrated in young adults [10, 59],, 
and also cortisol reactivity to stressful situations in 
infants, depending on the FKBP5 genotype [11]. 
Binder and colleagues have recently provided 
evidence of a childhood trauma-dependent 
epigenetic mechanism [6], by demonstrating an 
allele-specific, childhood trauma, dependent DNA 
methylation of FKBP5 for proneness to stress-
related psychiatric disorders [6]. Thus, this makes it 
one putative mechanism behind the FKBP5 gene by 
adverse life events effect on mental ill-health 
observed in the present study. 

The SESBiC cohort is a representative sample of 
young Swedish adolescents [36], while the USSS 
cohort comprises a group of adolescents with a 
greater risk of having experienced more adverse life 
events [60, 61], as reflected by the fact that the ≥ 
90th percentile of ALE in the SESBiC cohort 
included 5 or more events, while in the USSS 
cohort it comprised 10 or more. The interaction 
between FKBP5 SNP rs1360780 and rs3800373 
with adverse life events was associated with mental 
health problems, after controlling for sex and ethno-
socio-economic factors. This was particularly 
prominent among poly-victimized older male 
adolescents in the USSS cohort, probably due to a 
cumulative effect of age and multiple exposure to 
adverse life events which, combined with genetic 
vulnerability, results in more psychiatric symptoms. 
Time, type, and dosage of environmental exposure 
to adverse life events are certainly of importance 
for the development of posttraumatic 
symptomatology [3]. Retrospectively assessed early 
life adversity, in interaction with FKBP5 genotype, 
but not adult trauma, has for instance been shown to 
predict psychopathology [62], thus stressing the 
importance of early investigations.  

The strengths of the present study are: i) the 
inclusion of two relatively large independent 
samples; ii) the investigation of adolescent 
individuals, which permits identification of early 
predictors and reduces the retrospective time 
interval for early life adversity recall; iii) the use of 
well-validated screening instruments; iv) the study 
of a broad range of mental health symptoms; and v) 
the comparability of results obtained with different 
study set-ups, phenotypic outcome variables, and 
the nature of the environmental factor. The 
limitations include a relatively high drop-out of 
individuals who are often at the extreme end of the 
phenotypic spectrum; the cross-sectional 
retrospective study design; and the loss of statistical 
significance of the results related to the sub-scales 
if correction for multiple-testing is applied, 
although the genetic and statistical analyses have 
been unidirectionally hypothesis-driven.  

 
In contrast with the proportion of phenotypic 
variance estimated by heritability studies, single 
common genetic variants have been shown to 
account for only a very small proportion of variance 
for complex behavioural and psychiatric 
phenotypes [63], presumably because 
environmental factors are not taken into account of. 
False positive findings, together with the low 
statistical power of many studies, have hindered our 
understanding of the pathological underpinning of 
psychiatric disorders and have restricted advances 
in clinical practice  [2, 64]. As highlighted by 
Munafo et al. and Duncan and Keller [2, 65], well-
powered direct replications are needed to arrive at a 
robust, reliable and reproducible GxE finding, and 
also converging evidence from preclinical and 
neuroimaging studies should corroborate a GxE 
finding. Accordingly, the present study attempted to 
test a previous hypothesis and replication of 
potential findings in an independent sample, by 
using a similar set-up with regard to phenotypic 
variable, genetic polymorphisms, statistical model, 
environmental moderator, and inclusion of both 
sexes. The two studies were planned independently, 
and therefore the assessment tools differ. While, on 
the one hand, the employment of the same tools in 
both studies would have been highly desirable, it is 
a strength of the present results that similar findings 
are obtained, independently of which measure is 
used. This mirrors what often happens in the 
literature, where multi-site studies employing the 
same protocol are rare and the resources 
demanding. It is true that methodological 
differences are often claimed as the explanatory 
factor for discrepancies in the results of many 
genetic association studies. However robust results 
should not be biased by such minor variances. It is 
important to note that, subsequently to correction 
for multiple-testing, most of the results related to 
the sub-scales can only be deemed nominally 
significant, thus calling for independent 
replications. On the other hand, since the 
dimensions of the sub-scales are interrelated, the 
total SDQ and TSCC scores serve the purpose of 
the present study better, i.e. to investigate genetic 
correlates of a psychiatric dimensional measure 
across its full range. The statistically significant 
findings in the USSS cohort were associated with 
moderate effect sizes. Only a very small proportion 
of phenotypic variance can be explained by single 
common genetic variants [63],, and gene by gene 
interaction should also be considered [2], thus 
genetic score indexes and GWAS approaches are 
highly desirable. 

To conclude, these findings heighten the 
generalisability of previous results in adult clinical 
samples, and of neuroimaging findings, to 
adolescents’ behaviour and psychiatric symptoms. 
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Moreover, in line with more and more frequent 
evidence of overlapping genetic constructs across 
psychiatric disorders [49, 66], the present GxE 
findings suggest a shared GxE effect across 
different mental health problems, moving beyond 
strictly immobile psychiatric definitions and 
categories, towards a nosology informed by 
neurobiology of the disease [2], although no 
causality relationship could be addressed. 
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Figure 1 
Relation of adverse life events (<90th percentile vs. ≥90th percentile) to estimated 
marginal means of psychiatric symptoms in adolescents (SDQ in the SESBiC cohort and 
TSCC in the USSS cohort) by FKBP5 genotype 
 
SESBiC cohort 
 

   
 
GxE: p = 0.054 (0.019#)  GxE: p = 0.232 (0.127#) 

 
USSS cohort 
 

   
 
GxE: p = 0.004 (0.001#)  GxE: p =0.032 (0.007#) 
 
 
SDQ: Strength and Difficulties Questionnaire; TSCC: Trauma Symptom Checklist for Children 

GxE: gene-by-environment interaction effect based on GLM model adjusted for: sex, living with both parents v.s. separated parents, both 

parents working v.s. ≥ one parent not working, both parents born in Sweden v.s. ≥ one parent born outside Sweden 

# model with 2 levels of genotypes, homozygous for the most common allele vs. carriers of the minor allele 



FKBP5, stress and mental health 14 

Table 1 
Interaction effect of FKBP5 genotype and adverse life events associated with psychiatric 
symptoms (assessed with SDQ and TSCC) in adolescents of the SESBiC and USSS cohorts, 
respectively  
 

Cohort FKBP5 
genotypes 

Participants 
 
 

ALE <90th 
percentile 

  

Participants 
 
 

ALE ≥90th 
percentile 

 

GLM$ R2 

  N mean SDQ 
score (SD)  

N mean SDQ 
score (SD) 

p  

SESBiC  rs3800373     E = 0.010; G =0.307; 
GxE = 0.048  

0.018 

 AA 449 10.5 (6.01) 68 11.4 (5.65) E < 0.001#; G =0.156#; 
GxE = 0.019# 

0.030# 
 AC 272 9.9 (5.37) 57 13.4 (5.06)  
 CC 52 10.2 (5.56) 4 14.8 (6.02)  
 rs1360780     E = 0.010; G =0.424; 

GxE = 0.237  
0.014 

 CC 422 10.5 (5.93) 61 11.6 (5.70) E = 0.003#; G = 0.320#; 
GxE = 0.127# 

0.025# 
 CT 281 10.1 (5.62) 61 12.9 (5.29)  
 TT 58 10.3 (5.62) 5 14.8 (5.22)  

  N mean TSCC 
score (SD) 

N mean TSCC 
score (SD) 

p  

USSS  rs3800373     E < 0.001; G = 0.005; 
GxE = 0.004  

0.260 

AA 187 28.8 (19.84) 26 48.3 (26.77) E < 0.001#; G = 0.004#; 
GxE = 0.001# 

0.260# 
AC 136 25.8 (19.56) 20 61.7 (37.73)  
CC 18 32.5 (18.50) 7 71.0 (12.78)   

rs1360780     E < 0.001; G = 0.017; 
GxE = 0.032  

0.251 

CC 169 27.7 (19.68) 25 48.9 (27.13) E < 0.001#; G = 0.005#; 
GxE = 0.007#   

0.254# 
CT 146 27.3 (20.09) 20 61.0 (34.14)  
TT 25 30.7 (17.60) 9 65.0 (16.33)  

 

$ GLM adjusted for: sex, living with both parents v.s. separated parents; both parents working v.s. ≥one parent not working; both parents 

born in Sweden v.s. ≥one parent born outside Sweden 

# model with 2 levels of genotypes, homozygous for the most common allele vs. carriers of the minor allele 

G: genotype main effect; E: environment main effect; GxE: gene-by-environment interaction effect; SDQ: Strength and Difficulties 

Questionnaire; TSCC: Trauma Symptom Checklist for Children; ALE: adverse life events 
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Supplementary Table 1 
Demographic characteristics 
 

 SESBiC (%) USSS (%) pⱡ 
Sex    

Male 50.1 54.3 n.s. 
Secondary school    

Higher education preparatory programs  0  
Vocational program  81  

Introductory program  19  
Graduate school    

standard program 100   
Both parents born in Sweden 88.6 80.2 <0.001 
Living with both biological parents 75.5 67.3 =0.002 
Both parents working 81.2 61.6 <0.001 

Chi square test 
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Supplementary Table 2 
Descriptive statistics of FKBP5 SNPs 
 

Cohort dbSNP ID Genotype frequencies Minor Allele 
Frequency 

HWE  
P  

Call rate 
% 

  Males 
N (%) 

Females 
N (%) 

   

SESBiC rs3800373     96.7 
 AA 258 (49.9) 259 (50.1) 

25% (M) 
24% (F) 

0.48 (M) 
0.85 (F) 

 
 AC 164 (49.9) 165 (50.2)  
 CC 31 (55.4) 25 44.6)  
 rs1360780     95.4 
 CC 235 (48.7) 248 (51.3) 

28% (M) 
25% (F) 

0.60 (M) 
0.80 (F) 

 
 CT 173 (50.6) 169 (49.4)  
 TT 36 (57.1) 27 (42.9)  
USSS rs3800373     95.5 
 AA 110 (51.6) 103 (48.4) 

27% (M) 
29% (F) 

0.12 (M) 
0.56 (F) 

 

 AC 93 (59.6) 63 (40.4)  

 CC 12 (48.0) 13 (52.9)  

 rs1360780     95.5 
 CC 103 (53.1) 91 (46.9) 

30% (M) 
25% (F) 

0.44 (M) 
0.44 (F) 

 

 CT 95 (57.2) 71 (42.8)  

 TT 17 (50.0) 17 (50.0)  

F: females; HWE: Hardy-Weinberg Equilibrium; M: males; SNPs: single-nucleotide polymorphisms 
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Supplementary Table 3a 

Strength and Difficulties Questionnaire (SDQ) scores by sex in the SESBiC cohort 
 

 SDQ Sex N Mean SD pⱡ 

TOTAL 
  

Male 455 11 6 0.044 
Female 454 10.2 5.5   

Conduct 
  

Male 455 1.7 1.5 0.002 
Female 454 1.4 1.2   

Emotional 
  

Male 455 1.8 1.7 <0.001 
Female 454 2.6 1.9   

Hyperactivity / 
inattention 
  

Male 455 3.8 2.1 <0.001 

Female 454 3.1 1.9   

Peer problems 
  

Male 455 1.8 1.5 0.101 
Female 454 1.6 1.4   

Pro-social 
behaviour 
  

Male 455 7.7 1.7 <0.001 

Female 454 8.6 1.4   

TOTAL is the sum of the subscales: Conduct, Emotional, Hyperactivity / inattention and Peer problems 
ⱡ: T-test 
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Supplementary Table 3b 
Trauma Symptom Checklist for Children (TSCC) scores by sex in the USSS cohort 
 

 Sex N Mean SD pⱡ 

TOTAL 

Male 
216 25,6 21,92 <0.001 

Female 
182 38,7 23,38  

ANX 

Male 
216 3,0 3,66 <0.001 

Female 
182 6,6 4,42  

DEP 

Male 
216 3,1 3,92 <0.001 

Female 
182 6,6 4,92  

ANG 

Male 
216 4,6 4,90 0.044 

Female 
182 5,6 4,52  

PTS 

Male 
216 4,9 4,98 <0.001 

Female 
182 9,0 5,70  

DIS 

Male 
216 4,8 4,64 <0.001 

Female 
182 7,5 4,87  

SC 

Male 
216 6,2 5,07 

0.048 

Female 
182 5,2 4,30 

 

 
TOTAL is the sum of the subscales: ANX: anxiety; DEP: depression; ANG: anger; PTS: posttraumatic stress; DIS: dissociation; 

SC: sexual concerns 
ⱡ: T-test 
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Supplementary Table 4 

Correlation between total and subscales scores for SDQ and TSCC in adolescents of the 
SESBiC and USSS cohorts, respectively  
 
 

SDQ  conduct emotional 
 

hyperactivity 
/ inattention 

 

peer 
problems 

 

pro-social 
behaviour 

 
 N 909 909 909 909 909 

TOTAL SCORE r 0.673** 0.595** 0.912** 0.333** -0.363** 

TSCC 
 

ANX DEP ANG PTS DIS SC 

 
N 398 398 398 398 398 398 

TOTAL SCORE r 0.850** 0.873** 0.835** 0.893** 0.900** 0.687** 

 
r: Pearson correlation coefficient 
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Supplementary table 5 
Impact of FKBP5 genotype on psychiatric symptoms in adolescents by TSCC and SDQ and 
total score and sub-scales in the SESBiC and USSS cohorts, respectively 
 

Cohort FKBP5 
genotypes 

N Psychiatric symptoms 
 

N (SD) 

F  p 

SESBiC      
SDQ Total rs3800373   0.041 0.96 
 AA 517 10.6 (5.96)   
 AC 329 10.5 (5.47)   
 CC 56 10.5 (5.67)   
 rs1360780   0.014 0.986 
 CC 483 10.6 (5.91)   
 CT 342 10.6 (5.66)   
 TT  63 10.7 (5.68)   
SDQ Conduct rs3800373   0.028 0.972 
 AA 517 1.5 (1.39)   
 AC 329 1.5 (1.33)   
 CC 56 1.5 (1.28)   
 rs1360780   0.081 0.922 
 CC 483 1.5 (1.38)   
 CT 342 1.6 (1.36)   
 TT  63 1.5 (1.29)   
SDQ Emotional rs3800373   1.986 0.138 
 AA 517 2.3 (1.88)   
 AC 329 2.1 (1.78)   
 CC 56 1.8 (1.61)   
 rs1360780   1.339 0.263 
 CC 483 2.3 (1.84)   
 CT 342 2.2 (1.84)   
 TT  63 1.9 (1.66)   
SDQ 
Hyperactivity//inattention 

rs3800373   
0.196 0.822 

 AA 517 3.4 (2.10)   
 AC 329 3.4 (1.98)   
 CC 56 3.6 (2.21)   
 rs1360780   0.358 0.699 
 CC 483 3.4 (2.09)   
 CT 342 3.4 (2.02)   
 TT  63 3.7 (2.18)   
SDQ Peer problems rs3800373   0.24 0.787 
 AA 517 1.7 (1.48)   
 AC 329 1.8 (1.42)   
 CC 56 1.6 (1.51)   
 rs1360780   0.451 0.637 
 CC 483 1.7 (1.46)   
 CT 342 1.8 (1.43)   
 TT  63 1.7 (1.61)   
SDQ Prosocial rs3800373   0.913 0.402 
 AA 517 8.2 (1.63)   
 AC 329 8.1 (1.65)   
 CC 56 8.0 (1.65)   
 rs1360780   1.169 0.311 
 CC 483 8.2 (1.58)   
 CT 342 8.1 (1.71)   
 TT  63 8.0 (1.60)   
USSS rs3800373   3.331 0.037 
TSCC Total AA 213 31.1 (21.70)   
 AC 156 30.4 (25.54)   
 CC 25 43.3 (24.38)   
 rs1360780   2.313 0.1 
 CC 194 30.4 (21.90)   
 CT 166 31.4 (25.36)   
 TT  34 39.8 (22.94)   
TSCC Anxiety rs3800373   0.815 0.443 
 AA 213 4.5 (4.25)   
 AC 156 4.6 (4.65)   
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 CC 25 5.7 (4.14)   
 rs1360780   0.939 0.392 
 CC 194 4.4 (4.32)   
 CT 166 4.7 (4.54)   
 TT  34 5.5 (4.21)   
TSCC Depression rs3800373   1.453 0.235 
 AA 213 4.6 (4.60)   
 AC 156 4.6 (4.95)   
 CC 25 6.2 (4.72)   
 rs1360780   0.812 0.445 
 CC 194 4.4 (4.67)   
 CT 166 4.7 (4.84)   
 TT  34 5.6 (4.78)   
TSCC Anger rs3800373   3.761 0.024 
 AA 213 5.1 (4.70)   
 AC 156 4.7 (4.63)   
 CC 25 7.5 (5.55)   
 rs1360780   1.909 0.15 
 CC 194 5.0 (4.56)   
 CT 166 4.9 (4.90)   
 TT  34 6.6 (5.11)   
TSCC Post-trauma rs3800373   4.052 0.018 
 AA 213 6.7 (5.30)   
 AC 156 6.3 (5.96)   
 CC 25 9.8 (6.71)   
 rs1360780   2.349 0.097 
 CC 194 6.5 (5.30)   
 CT 166 6.6 (5.98)   
 TT  34 8.8 (6.27)   
TSCC Dissociation rs3800373   1.441 0.238 
 AA 213 6.1 (4.32)   
 AC 156 5.8 (5.53)   
 CC 25 7.6 (5.86)   
 rs1360780   0.568 0.567 
 CC 194 5.9 (4.39)   
 CT 166 6.1 (5.45)   
 TT  34 6.9 (5.32)   
TSCC Sexual concerns rs3800373   3.229 0.041 
 AA 213 5.5 (4.40)   
 AC 156 5.8 (5.03)   
 CC 25 8.0 (5.61)   
 rs1360780   3.866 0.022 
 CC 194 5.4 (4.53)   
 CT 166 5.7 (4.87)   
 TT  34 7.9 (5.16)   
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Supplementary tables 6a and 6b 

Interaction of FKBP5 genotype and level of adverse life events predict psychiatric 
symptoms in adolescents by by TSCC and SDQ sub-scales in the SESBiC and USSS cohorts, 
respectively  
 

a) SESBiC cohort 
 

SDQ FKBP5 
Genotypes 

Participants 
 

N 

ALE <90th 
percentile 
 mean SD) 

Participants 
 

N 

ALE ≥90th 
precentile 
mean (SD) 

p $ R2 # 

Conduct rs3800373     E =0.173; G =0.663; GXE =0.519 0.033 
 AA 449 1.5 (1.40) 68 1.7 (1.27) 

E =0.041#; G =0.376#; GXE =0.235# 
 

 AC 272 1.4 (1.29) 57 2.0 (1.41) 0.0355 
 CC 52 1.4 (1.28) 4 2.0 (1.41) 
 rs1360780     E =0.091; G =0.541; GXE =0.514 0.033 
 CC 422 1.5 (1.39) 61 1.7 (1.32) 

E =0.073#; G =0.315#; GXE =0.279# 
 

 CT 281 1.5 (1.34) 61 2.0 (1.38) 0.033# 
 TT 58 1.5 (1.29) 5 2.2 (1.30) 
Emotional rs3800373     E =0.198; G =0.666; GXE =0.856 0.057 
 AA 449 2.2 (1.84) 68 2.6 (2.06) 

E =0.009#; G =0.444#; GXE =0.562#2 
 

 AC 272 2.0 (1.76) 57 2.5 (1.84) 0.057# 
 CC 52 1.8 (1.59) 4 2.3 (2.06) 
 rs1360780     E =0.113; G =0.931; GXE =0.761 0.057 
 CC 422 2.2 (1.81) 61 2.5 (2.09) 

E =0.016#; G =0.928#; GXE =0.427# 
 

 CT 281 2.1 (1.84) 61 2.5 (1.84) 0.056# 
 TT 58 1.8 (1.64) 5 2.6 (1.95) 
Hyperactivity 
/inattention 

rs3800373     E =0.010; G =0.083; GXE =0.019  0.046 

 AA 449 3.4 (2.12) 68 3.6 (1.94) 
E =0.003#; G =0.040#; GXE =0.008# 

 
 AC 272 3.2 (1.95) 57 4.5 (180) 0.045 
 CC 52 3.5 (2.20) 4 5.03(1.71) 
 rs1360780     E =0.016; G =0.277; GXE =0.229 0.040 
 CC 422 3.4 (2.11) 61 3.4 

(2.114) 
E =0.011#; G =0.268#; GXE =0.145# 

 

 CT 281 3.3 (2.01) 61 3.3 (2.01) 0.039# 
 TT 58 3.5 (2.19) 5 5.03(1.58) 
Peer 
problems 

rs3800373     E =0.404; G =0.808; GXE =0.600 0.019 

 AA 449 1.7 (1.44) 68 1.6 (1.43) 
E =0.037#; G =0.566#; GXE =0.339# 

 
 AC 272 1.7 (1.39) 57 1.7(1.40) 0.018# 
 CC 52 1.6 (1.52) 4 1.7 (1.58) 
 rs1360780     E =0.089; G =0.820; ; GXE =0.665 0.018 
 CC 422 1.6 (1.43) 61 2.1 (1.62) 

E =0.040#; G =0.815#; GXE =0.642# 
 

 CT 281 1.7 (1.41) 61 2.0 (1.56) 0.018# 
 TT 58 1.7 (1.60) 5 2.4 (1.95) 
Prosocial 
behaviour 

rs3800373     E =0.039; G =0.081; GXE =0.194 0.091 

 AA 449 8.2 (1.63) 68 8.0 (1.62) 
E =0.073#; G =0.053#; GXE =0.138# 

 
 AC 272 8.2 (1.57) 57 7.5 (1.89) 0.090# 
 CC 52 8.1 (1.61) 4 6.8 (0.96) 
 rs1360780     E =0.076; G =0.066; GXE =0.173  0.087 
 CC 422 8.2 (1.58) 61 8.1 (1.61) 

E =0.125#; G =0.027#; GXE =0.080# 
 

 CT 281 8.2 (1.66) 61 7.5 (1.85) 0.086# 
 TT 58 8.2 (1.61) 5 7.2 (1.30) 

 
$ GLM adjusted for: sex, living with both parents v.s. separated parents; both parents working v.s. ≥one parent not working; both parents 

born in Sweden v.s. ≥one parent born outside Sweden. 

# model with 2 levels of genotypes, homozygous for the most common allele vs. carriers of the minor allele 

E: environment main effect; GxE: gene-by-environment interaction effect; SDQ: Strength and Difficulties Questionnaire; ALE: adverse life 

events 
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b) USSS cohort 

 
TSCC FKBP5 

Genotypes 
Participants 

 
N 

ALE <90th 
percentile 
 mean (SD) 

Participants 
 

N 

ALE ≥90th 
precentile 
mean (SD) 

p $ R2# 

Anxiety rs3800373     E <0.001; G =0.034; GXE =0.025 0.283 
 AA 187 4.2 (3.92) 26 7.2 (5.50) 

E =<0.001#; G =0.011#; GXE =0.008#  
 

 AC 136 3.9 (3.70) 20 9.8 (6.82) 0.270# 
 CC 18 4.7 (3.60) 7 8.4 (4.47) 
 rs1360780     E <0.001; G =0.047; GXE =0.075 0.278 
 CC 169 4.0 (3.95) 25 7.3 (5.62) 

E =<0.001#; G =0.013#; GXE =0.023#  
 

 CT 146 4.0 (3.71) 20 9.5 (6.82) 0.265# 
 TT 25 4.3 (3.58) 9 8.9 (4.17) 
Depression rs3800373     E <0.001; G =0.001; GXE <0.001 0.280 
 AA 187 4.3 (4.35) 26 6.5 (5.87) 

E <0.001#; G <0.001#; GXE <0.001#  
 

 AC 136 3.7 (3.77) 20 10.5 (7.58) 0.266# 
 CC 18 4.4 (3.99) 7 10.9 (3.08) 
 rs1360780     E <0.001; G =0.003; GXE <0.001 0.275 
 CC 169 4.1 (4.38) 25 6.6 (5.97) 

E <0.001#; G <0.001#; GXE <0.001# 
 

 CT 146 4.0 (3.78) 20 10.1 (7.71) 0.260# 
 TT 25 3.6 (3.82) 9 10.9 (2.67) 
Anger rs3800373     E <0.001; G =0.039; GXE =0.038 0.185 
 AA 187 4,7 (4.43) 26 8.3 (5.44) 

E <0.001#; G =0.078#; GXE =0.008#  
 

 AC 136 3.9 (3.79) 20 10.1 (6.16) 0.162 
 CC 18 5.4 (4.02) 7 12.9 (5.52) 
 rs1360780     E <0.001; G =0.191; GXE =0.258  0.169 
 CC 169 4.4 (4.19) 25 8.5 (5.39) 

E <0.001#; G =0.102#; GXE =0.084#  
 

 CT 146 4.3 (4.28) 20 9.9 (6.32) 0.153# 
 TT 25 5.0 (3.73) 9 11.2 (5.78) 
Post-trauma rs3800373     E <0.001; G =0.007; GXE =0.011 0.319 
 AA 187 6.0 (4.94) 26 11.5 (5.39) 

E <0.001#; G =0.039#; GXE =0.010#  
 

 AC 136 5.3 (5.16) 20 12.8 (7.09) 0.295# 
 CC 18 6.7 (4.86) 7 17.6 (3.78) 
 rs1360780     E <0.001; G =0.045; GXE =0.072 0.311 
 CC 169 5.8 (4.85) 25 11.6 (5.48) 

E <0.001#; G =0.032#; GXE =0.053#  
 

 CT 146 5.8 (5.31) 20 12.8 (7.06) 0.294 
 TT 25 6.3 (4.62) 9 15.7 (5.03) 
Dissociation rs3800373     E <0.001; G =0.020; GXE =0.001 0.266 
 AA 187 5.6 (3.96) 26 9.4 (5.34) 

E <0.001#; G =0.005#; GXE <0.001#  
 

 AC 136 4.8 (4.31) 20 12.6 (7.87) 0.251# 
 CC 18 5.1 (4.30) 7 14.0 (4.32) 
 rs1360780     E <0.001; G =0.023; GXE =0.008 0.259 
 CC 169 5.4 (3.96) 25 9.4 (5.44) 

E <0.001#; G =0.005#; GXE =0.003#  
 

 CT 146 5.2 (4.37) 20 12.6 (7.87) 0.244# 
 TT 25 4.8 (3.86) 9 12.6 (4.72) 
Sexual 
concerns 

rs3800373     E <0.001; G =0.060; GXE =0.376 0.093 

 AA 187 5.2 (4.19) 26 7.4 (5.43) 
E <0.001#; G =0.068#; GXE =0.123#  

 
 AC 136 5.3 (4.26) 20 9.2 (7.95) 0.069# 
 CC 18 7.1 (5.62) 7 10.3 (5.25) 
 rs1360780     E <0.001; G =0.087; GXE =0.266 0.094 
 CC 169 5.1 (4.30) 25 7.4 (5.54) 

E <0.001#; G =0.072#; GXE =0.219#  
 

 CT 146 5.2 (4.09) 20 9.3 (7.91) 0.065# 
 TT 25 7.5 (5.15) 9 8.89 (5.35) 

 
$ GLM adjusted for: sex, living with both parents v.s. separated parents; both parents working v.s. ≥one parent not working; both parents 

born in Sweden v.s. ≥one parent born outside Sweden. 

# model with 3 levels of SNPs and with 2 levels  

E: environment main effect; GxE: gene-by-environment interaction effect; TSCC: Trauma Symptom Checklist for Children; ALE: adverse life 

events 
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Supplementary Table 7 

FKBP5 rs3800373 and rs1360780 genotype-dependent correlation effects between 
adverse life events and psychiatric symptoms assessed with SDQ and TSCC in adolescents 
of the SESBiC and USSS cohorts, respectively  
 
 

 rs3800373 rs1360780 

 AA AC CC CC CT TT 

SESBiC       
N 517 329 56 483 342 63 

r 0.125** 0.314*** 0.052 0.128** 0.273*** 0.083 
Z value for difference AA/AC=2.82b  AC/CC=1.86 AA/CC=0.51 CC/CT=2.14a CT/TT=1.42 CC/TT=0.33 

USSS       
N 213 156 25 194 166 34 

r 0.392*** 0.542*** 0.888*** 0.391*** 0.593*** 0.841*** 
Z value for difference AA/AC=1.81 AC/CC=3.53b AA/CC=4.45b CC/CT=1.78 CT/TT=3.17b CC/TT=4.19b 

 
r: Pearson correlation coefficient, *=p<0.05, **=p<0.01, ***=p<0.001 

a p<0.05, b p<0.01 
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Supplementary Table 8 
Diplotypes of FKBP5 SNPs 
 

Cohort rs3800373- rs1360780 diplotypes Diplotype frequencies 
  Males 

N (%) 
Females 

N (%) 
SESBiC    
 Homozygous for major allele at both loci 229 (48.4) 244 (51.6) 
 All other combinations 183 (51.7) 171 (48.3) 
 Homozygous for minor allele at both loci 30 (55.6) 24 (44.4) 
USSS    
 Homozygous for major allele at both loci 100 (52.4) 91 (47.6) 
 All other combinations 102 (58.6) 72 (41.4) 
 Homozygous for minor allele at both loci 12 (48.0) 13 (52.0) 
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Supplementary Table 9 
Interaction effect of FKBP5 diplotypes and adverse life events associated with psychiatric 
symptoms (assessed with SDQ and TSCC) in adolescents of the SESBiC and USSS cohorts, 
respectively  
 

Total 
score 

FKBP5  
rs3800373 - rs1360780 
diplotypes 

Participants 
 

N 

ALE <90th 
percentile 

  

Participants 
 

N 

ALE ≥90th 
percentile 

 

p $  R2 

SDQ   
 mean SDQ 

score (SD)  mean SDQ 
score (SD) 

 
 

 
 E < 0.017; G =0.478 

GxE = 0.275  

 

 Homozygous for major 
allele at both loci 413 10.4 (5.94) 60 11.6 (5.75)  

0.014 
 All other combinations 291 10.1 (5.61) 63 12.9 (5.21) 
 Homozygous for minor 

allele at both loci 50 10.2 (5.63) 4 14.8 (6.02) 

TSCC   
 mean TSCC 

score (SD)  mean TSCC 
score (SD) 

 
 
 
 
E < 0.001; G = 0.007 

GxE = 0.021 
 

 

Homozygous for major 
allele at both loci 166 27.9 (19.66) 25 48.9 (27.13)  

 
0.255 All other combinations 153 27.0 (20.03) 21 60.3 (37.31) 

Homozygous for minor 
allele at both loci 18 32.5 (19.75) 7 71.0 (12.78) 

$ GLM adjusted for: sex, living with both parents v.s. separated parents; both parents working v.s. ≥one parent not working; both parents 

born in Sweden v.s. ≥one parent born outside Sweden. ALE: adverse life events 
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Supplementary Figure 
Relation of adverse life events (<90th percentile vs. ≥90th percentile) to estimated 
marginal means of psychiatric symptoms in adolescents (SDQ in the SESBiC cohort and 
TSCC in the USSS cohort) by FKBP5 diplotypes 
 

SESBiC cohort  USSS cohort 
 
 

   
 

GxE: p = 0.275   GxE: p = 0.021 
 

SDQ: Strength and Difficulties Questionnaire; TSCC: Trauma Symptom Checklist for Children 

GxE: gene-by-environment interaction effect based on GLM model adjusted for: sex, living with both parents v.s. separated parents, both 

parents working v.s. than one parent not working, both parents born in Sweden v.s. more than one parent born outside Sweden 

 

 
Homozygous for major allele at both loci 

All other combinations 

Homozygous for minor allele at both loci 

 

 

 


