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Proper folding of the heterocomplex is required for ligand 
binding and translocation to the cell nucleus, where the 
activated glucocorticoid receptor exhibits its effects. In 
this respect, the FK506 binding protein 51 (FKBP5), coded 
by the FKBP5 gene, is relevant as it is a co-chaperone to 
the heat shock protein 90 (hsp90) and modulates gluco-
corticoid receptor functioning (6, 7). FKBP5 acts as an in-
hibitor of the glucocorticoid-receptor-mediated glucocor-
ticoid action. In addition, glucocorticoids induce FKBP5 
expression as part of an intracellular ultrashort negative 
feedback loop for glucocorticoid receptor activity (8).

Our group (9) and others (10) have demonstrated that 
single-nucleotide polymorphisms (SNPs) in the FKBP5 
gene, including rs1360780, rs3800373, rs9296158, and 
rs9470080, are associated with an altered induction of 
FKBP5 expression by cortisol, leading to differences in 
glucocorticoid receptor sensitivity. These differences in 
receptor sensitivity correspond to other findings from 
our group, showing that three variants in the FKBP5 gene 
(rs4713916, rs1360780, and rs3800373) are associated with 
an incomplete normalization of stress-elicited cortisol se-
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O b je c t iv e :  The binding protein FKBP5 is 
an important modulator of the function 
of the glucocorticoid receptor, the main 
receptor of the stress hormone system . 
This turns the FKBP5  gene into a key 
candidate for gene-environment interac-
tions, which are considered critical for 
pathogenesis of stress-related disorders. 
The authors explored gene-environment 
interactions between FKBP5  gene vari-
ants and adverse life events in predicting 
the first occurrence of a major depressive 
episode.

M e tho d :  The analyses were based on 
884 Caucasians in a 10-year prospective 
community study. At baseline, they were 
14–24 years old and did not fulfill crite-
ria for a major depressive episode. The 
DSM-IV-based Munich Composite Inter-
national Diagnostic Interview  was used 
to assess adverse life events preceding 
baseline and major depressive episodes 
during follow-up. On the basis of previ-

ous findings, five single-nucleotide poly-
morphism s (SNPs) w ithin the FKBP5  gene 
were selected for genotyping.

R e su lts :  While the authors did not ob-
serve genetic main effects, they found in-
teractions between the five SNPs and trau-
matic (but not separation) events, w ith the 
strongest effect for severe trauma. The ef-
fect of trauma on incident major depres-
sive episodes was evident among subjects 
homozygous for the m inor alleles but not 
subjects w ith other genotypes. The find-
ings were replicated in the U.K. Environ-
mental Risk Longitudinal Twin Study.

Co n c lu s io n s :  These hypothesis-driven 
results suggest that an interaction be-
tween FKBP5  genotype and trauma is 
involved in the onset of depression. Sub-
jects homozygous for the m inor alleles of 
the investigated FKBP5  SNPs seem  to be 
particularly sensitive to effects of trauma 
exposure in term s of triggering depres-
sion onset.

The gene-environment interaction approach (1) sug-
gests that genes can control an individual’s sensitivity for 
stressful life events. After the report by Caspi et al. (2) of 
an interaction between the serotonin transporter gene 5-
HTTLPR and life events that predicts depression, most 
studies in this field focused on 5-HTTLPR. The role of oth-
er relevant genetic variants is still insufficiently explored.

Neurobiological mechanisms involved in causality of 
disease are considered to be appropriate sources for can-
didate genes. In this context, the hypothalamic-pituitary-
adrenal (HPA) axis is important, as impaired functioning 
of this neuroendocrine system has been implicated in the 
pathogenesis and course of depression (3). Since adverse 
life events might contribute to the development of depres-
sion through their effects on HPA axis functioning (4, 5), 
genes involved in the regulation of this system are prom-
ising candidates for studies of gene-environment interac-
tions.

The major regulatory element of the HPA axis is the glu-
cocorticoid receptor, whose functioning is moderated by 
chaperone proteins forming a molecular heterocomplex. 

This article is discussed in an editorial by Drs. Brzustowicz and Freedman (p. 1017)
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adverse events occurred before the first major depressive epi-
sode, which is a prerequisite for causal interpretation.

The Early Developmental Stages of Psychopathology study was 
approved by the Ethics Committee of the Bayerische Landesaerzt
ekammer Munich and the Medical Faculty of the Technische Uni-
versitaet Dresden. After complete description of the study to the 
subjects, written and oral informed consent was obtained.

D iagno stic  A sse ssm en t

At each wave participants were interviewed with the comput-
er-assisted Munich version of the Composite International Diag-
nostic Interview (M-CIDI) (23), which allows for the standardized 
assessment of symptoms, syndromes, and diagnoses of DSM-IV 
disorders and information about onset, duration, and severity. It 
is supplemented by a respondent’s booklet including disorder-
specific questionnaires and symptom lists. Test-retest reliability 
and validity have been reported elsewhere (24–26). Trained clini-
cal interviewers carried out the interviews face to face, mostly 
in the respondents’ homes. At baseline, lifetime and 12-month 
disorders were assessed. At each follow-up interview, the M-CIDI 
covered the time interval since the previous interview.

Major depressive episodes and other mental disorders used as 
covariates (anxiety disorders, substance use disorders) were as-
sessed by using the M-CIDI algorithms according to DSM-IV (see 
section SA1b of Appendix SA1 in the online data supplement). 
The main outcome measure, an incident major depressive epi-
sode, was defined as meeting the DSM-IV criteria for a major de-
pressive episode for the first time during follow-up.

Adve rse  L ife  Even ts

In the evaluation of lifetime separation events, “death of a par-
ent” (identified in 40 of 884 respondents, 4.5%) and “divorce of 
parents” (N=194, 21.9%) were assessed at baseline by using items 
from the family history section of the M-CIDI. The category “any 
separation event” covers “death” and “divorce” in any parent 
(N=223, 25.2%).

Lifetime trauma exposure before baseline was assessed at the 
beginning of the M-CIDI section for PTSD. Respondents were 
presented with a list of seven categories of traumatic events (see 
section SA1c of online Appendix SA1). “Any trauma” comprises all 
traumatic events (N=118, 13.3%). “Any severe trauma” includes 
only qualified traumas, which were reported to have caused in-
tense fear, a feeling of helplessness, or horror (DSM-IV criterion 
A2 for PTSD) (N=90, 10.2%).

The category “any adverse event” (N=298, 33.7%) indicated ex-
posure to any separation or traumatic event. Lifetime events pre-
ceding baseline occurred predominantly during childhood and 
adolescence (75% of severe traumas happened by age 16).

DNA  Ex tra c tio n  and  SNP  G eno typ ing

The participants were asked to provide blood samples (40 ml) 
either at the Max Planck Institute of Psychiatry or at the practice of 
their general practitioner. Participants who did not comply were 
additionally asked for saliva samples, which were collected in four 
10-ml vials containing an alcohol-based commercial mouthwash. 
DNA was extracted from fresh blood (for 885 of the 996 total re-
spondents in the molecular-genetic study) or saliva (N=111).

Referring to our previous FKBP5 studies (9, 11), we selected 
five polymorphisms for genotyping: the three potentially func-
tional SNPs (rs3800373, rs1360780, rs4713916) and two further 
SNPs (rs9296158, rs9470080) previously identified as relevant in 
a gene-environment analysis of PTSD (10). These SNPs represent 
the FKBP5 gene region at an average pairwise r2 value (represent-
ing linkage disequilibrium) of 0.85 (see supplemental Figure SF1 
in the data supplement accompanying the online version of this 
article). Genotyping was performed on a Sequenom platform 
employing the iPlex technology (Sequenom, San Diego). Hardy-

cretion in healthy subjects after psychosocial stress (11). 
This suggests a genotype-dependent risk of chronically 
elevated plasma cortisol levels in the context of chronic or 
recurrent stress, which also may increase the risk of stress-
related disorders, such as depression. This is further sup-
ported by the association of the same gene variants with 
unipolar depression (12–14), bipolar disorder (15), and 
suicidality (16). However, other investigators have not 
found a genetic main effect of FKBP5 SNPs on depression 
(9, 17). These inconsistencies could result from a failure to 
consider moderating influences, such as interactions with 
environmental factors (18).

There are four studies published to date (10, 12, 19, 20) 
exploring gene-environment interactions with regard to 
FKBP5. Two of these indicated that FKBP5 SNPs interact 
with child abuse to influence risk of posttraumatic stress 
disorder (PTSD) (10, 20). Another study showed that the 
same FKBP5 SNPs moderate the influence of childhood 
trauma on suicide risk (19). Only one of these studies 
examined depression as an outcome, and it indicated 
a genetic main effect of one FKBP5 SNP on depression 
in males only but no interaction with retrospectively as-
sessed childhood problems (12).

The aim of the present investigation was to examine the 
interaction between adverse life events and variants in the 
FKBP5 gene in relation to predicting the first occurrence of 
a major depressive episode.

M ethod

Design  and  Sam p le

The subjects were 996 respondents who participated in the 
molecular-genetic part of the Early Developmental Stages of 
Psychopathology study. This is a prospective longitudinal com-
munity study comprising a baseline and three follow-up waves 
covering an overall period of about 10 years. The representative 
baseline sample was drawn randomly from the 1994 government 
registries of all residents in Munich and surrounding counties 
between the ages of 14 and 24 years. The first follow-up, approxi-
mately 20 months after baseline, was conducted for subjects who 
were age 14–17 years at baseline; the second and third follow-ups 
included all subjects and occurred at approximately 42 and 101 
months after baseline, respectively. The rate of retention from 
baseline (N=3,021) to the third follow-up (N=2,210) was 73.2%, 
and there was no selective attrition due to age, gender, geograph-
ic distribution, major depressive episodes, or the investigated ad-
verse event categories (21, 22).

The molecular-genetic part of the study was initiated at the 
third follow-up. There were 996 respondents who were European 
Caucasians of German nationality, according to interviewer rat-
ings and respondents’ self-reports on the country of origin for 
themselves, their natural parents, and their grandparents. Five in-
dividuals were of ethnicities other than European Caucasian and 
were excluded. Sociodemographic characteristics are presented 
in section SA1a of Appendix SA1 of the data supplement accom-
panying the online version of this article.

Of the 996 participants, 112 reported a lifetime history of a ma-
jor depressive episode before or at baseline and were excluded 
from the investigation, leaving 884 individuals in the analysis. 
This prospective approach was done to prevent confounding of 
adverse event reports by depression status and to ensure that the 
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were performed when the women were on average between 33 
and 40 years (range=26–55 years, SD=5.8). The mothers complet-
ed the Childhood Trauma Questionnaire (38) at an average age of 
40 years (see section SA1e of online supplemental Appendix SA1).

In both replication samples, a major depressive episode dur-
ing adulthood was the measured outcome and was evaluated 
with the Diagnostic Interview Schedule (39) (see section SA1e of 
supplemental Appendix SA1).

DNA  e x tra c tio n  and  SNP  geno ty p in g . In both replication 
samples, genotyping was restricted to the rs1360780 SNP because 
of technical and financial restrictions. We used the Applied Bio-
systems 7900HT TaqMan genotyping platform (Applied Biosys-
tems, Foster City, Calif.). The genotypes were in Hardy-Weinberg 
equilibrium in both samples (Dunedin: p=0.94; E-Risk: p=0.88).

S ta tis tic a l an a ly se s . For replicating the findings on gene-envi-
ronment interactions, we performed a general log-linear model, 
which is a general procedure for model fitting and hypothesis 
testing in multidimensional contingency tables. We generated a 
three-dimensional contingency table that included the follow-
ing dimensions: 1) lifetime major depressive episode: yes, no; 
2) childhood maltreatment or trauma: “no, possible” or “some, 
severe”; and 3) genotype for rs1360780: CC, CT, TT. Hierarchical 
and nonstandard log-linear models were conducted by using 
the GENLOG procedure in SPSS 17.01 (IBM, Armonk, N.Y.). For 
the nonstandard log-linear analysis, the main effects of a life-
time major depressive episode, maltreatment, and genotype and 
the two-way interactions were defined as the base model. In the 
prediction model, the gene-environment interaction vector was 
additionally included to define the concurrent effects of the risk 
genotype (TT) and severe maltreatment on lifetime occurrence of 
a major depressive episode. Improvement in model fit was tested 
by using an incremental likelihood ratio test, and the significance 
of the gene-environment interaction vector was analyzed by us-
ing the z statistic. Because of the confirmatory nature of this anal-
ysis, one-sided p values are reported.

Re su lts

Re la tio n  o f  FKBP5  G eno type s and  A dve rse  L ife  
Even ts to  In c id en t M a jo r D ep re ssive  Ep iso de s

Although the incidence of a major depressive episode 
slightly varied among genotypes, no significant genetic 
main effect could be observed (p=0.22–1.00) (Table 1).

A major depressive episode occurred in 26.7% of the 
respondents with prebaseline exposure to severe trauma, 
compared to 17.0% of those without severe trauma prior 
to baseline. The association between severe trauma and 
onset of a major depressive episode was significant (odds 
ratio=1.9, 95% CI=1.16–3.22, p=0.02), even after correction 
for multiple comparisons (corrected p=0.03). The associa-
tions with onset of a major depressive episode were not 
significant for trauma or separation events (see Appendix 
SA2 in the data supplement accompanying the online ver-
sion of this article).

Effe c t o f  In te ra c tio n  B e tw een  FKBP5  G eno type s and  
A dve rse  L ife  Even ts o n  P red ic tio n  o f  In c id en t M a jo r 
D ep re ssive  Ep iso de

Table 2 shows the effects of the interaction between ho-
mozygosity for the minor allele and adverse life events on 
the subsequent incidence of a major depressive episode. 
As shown by the risk difference in percentage points (pp), 

Weinberg equilibrium was tested with Stata software (27). Online 
supplemental Table ST1 presents information on the genotyped 
SNPs, Hardy-Weinberg equilibrium, minor allele frequency, and 
call rates (proportions of unambiguous genotypes). The linkage 
disequilibrium structure of the SNPs was determined by Hap-
loview 4.0 (28) with the r2 statistic. It showed that four of the 
SNPs belong to the same linkage disequilibrium block and one 
(rs4713916) is highly associated with this block (see supplemental 
Figure SF1). The linkage disequilibrium structure in our sample is 
a good match with the linkage disequilibrium structures reported 
by the HapMap Project and in other samples (9, 11). Power calcu-
lations are provided in section SA1d of the online supplemental 
Appendix SA1.

Sta tistica l A na ly se s

The analyses followed the genotypic model, comparing the 
three possible genotypes with each other, and produced odds 
ratios based on logistic regressions adjusted for age and gender.

To examine interactions between FKBP5 polymorphisms and 
adversity on an incident major depressive episode, an additive 
statistical interaction model was used. This model determines 
interaction effects as a deviation from additivity (instead of mul-
tiplicativity), which has been recommended for testing biologic 
interaction (29–32). A superadditive risk difference interaction 
means that the combined effect of two factors is larger (or small-
er) than the sum of their individual effects (30, 33). The risk dif-
ference has been proposed as an appropriate measure in terms 
of the standard models of causality (counterfactual causality and 
the sufficient component cause model) (29–31). We used the LO-
GISTIC procedure in Stata (27) to fit logistic regressions and the 
MFX procedure to compute risk differences from the results. In 
the latter procedure, a method proposed by Joffe and Greenland 
was applied (33, 34).

To illustrate the effect over the lifetime, age-specific cumulative 
lifetime incidences for major depressive episodes were calculated 
by means of the Kaplan-Meier method (35, p. 7). Differences were 
tested with hazard ratios from stratified Cox regression (35, p. 39).

We corrected for two independent event categories (separation 
and traumatic events) and for the five SNPs. Using the conserva-
tive Bonferroni correction for multiple testing, we set the level of 
significance to 0.005 (0.05/10).

To assure that interaction findings were not confounded by 
other preexisting disorders, we additionally controlled the logis-
tic regressions for baseline anxiety and substance use disorders. 
Control variables were chosen a priori on the basis of previous 
research (21, 36). All analyses were carried out with Stata 9.0 (27).

Rep lica tio n  S tud ie s

S am p le s . Participants of the Dunedin Multidisciplinary Health 
and Development Study and the mothers of the participants in 
the Environmental Risk (E-Risk) Longitudinal Twin Study served 
as replication samples (37). Briefly, the Dunedin sample was re-
cruited from infants born in Dunedin, New Zealand, between 
April 1972 and March 1973 (N=1,037, 91% of eligible births; 52% 
male) and represents the full range of socioeconomic status in the 
general population of New Zealand’s South Island. More than 90% 
of the participants are Caucasian. Assessments were conducted 
between the ages of 3 and 32, when 96% of the 1,015 study mem-
bers still alive in 2004–2005 were interviewed. Evidence of child-
hood maltreatment was assessed between ages 3 and 11 years 
from five sources (shown in section SA1e of online supplemental 
Appendix SA1).

The base sample of the E-Risk study was formed in 1999–2000, 
when 1,116 mothers of 5-year-old twins (93% of eligible families) 
participated in home visit assessments. The participants repre-
sent the full range of socioeconomic status in the general popula-
tion of England, and more than 90% are white. Four assessments 
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trauma among homozygous minor allele carriers (rang-
es for those with and without trauma or severe trauma 
were 35.0%–63.6% and 5.6%–13.8%, respectively) but not 
among those who were heterozygous or who were ho-
mozygous for the major allele (Figure 1). Individuals ho-
mozygous for the minor allele had the lowest risk for an 
incident major depressive episode if they did not have 
baseline trauma exposure, but those exposed to trauma 
had the highest risk, compared with the other two geno-
type groups.

Figure 2 illustrates the results for the two SNPs with the 
strongest interaction effects across the age groups in terms 
of age-dependent cumulative lifetime incidences. Con-
cerning rs3800373, respondents homozygous for the mi-
nor allele (C) with severe trauma prior to baseline (group 
4) had the highest cumulative incidence of major depres-
sive episodes (up to 55% by age 34). Also for rs4713916, 
individuals who were homozygous for the minor allele (A) 
and had severe trauma (group 4) had a higher incidence 
rate than all other groups; they differed the most from 
group 3, who had the same genotype (AA) but no exposure 
to severe trauma.

Since gene-environment correlation effects are impor-
tant for the interpretation of gene-environment interac-
tions, associations between genotype and adverse life 
events were tested. No effect withstood correction for 

significant interactions with the FKBP5 genotype that 
withstood corrections for multiple testing and adjustment 
for anxiety and substance use disorders were observed for 
trauma (range of risk differences: ppunadjusted=13.1–16.6 
[followed by “f” in Table 2], ppadjusted=12.3–16.3 [not 
shown in table]) and particularly, severe trauma (range of 
risk differences: ppunadjusted=13.3–16.7 [followed by “f” in 
Table 2], ppadjusted=12.9–15.9 [not shown in table]) in all 
five SNPs. This means that the sum of the risk differences 
for the independent effects of trauma (in the absence of 
the risk genotype) and the risk genotype (homozygosity 
for the minor allele, in the absence of trauma) was exceed-
ed by the joint effect of these factors (trauma in the pres-
ence of the risk genotype), indicating a gene-environment 
interaction effect on the first occurrence of a major de-
pressive episode. For rs3800373 (minor allele homozygos-
ity versus heterozygosity) and severe trauma, for example, 
the sum of the risk differences of the single factors was 
significantly exceeded by the joint effect of both factors 
by 16.7%. Note that the strongest interaction effects were 
revealed for rs3800373 and rs4713916 (range of risk differ-
ences: ppunadjusted=15.2–16.7), showing significant inter-
actions with any trauma after adjustment for anxiety and 
substance use disorders and Bonferroni correction.

The incidence rates for major depressive episodes 
markedly differed between participants with and without 

Table   1 . A sso c ia tion s o f  Se le c ted  FKBP5  S in g le -Nuc leo tid e  Po lym o rph ism s (SNP s) W ith  the  F irst O ccu rrence  o f  a  M a jo r 
D ep re ssive  Ep isode  in  8 8 4  Young  Com m un ity  Sub je c ts  in  a  1 0 -Year P ro spe c tive  S tudy

Incident Major 
Depressive Episode 
During Follow-Upa

Heterozygous Versus 
Homozygous for Minor 

Allele

Homozygous for Major 
Allele Versus Homozy-
gous for Minor Allele

Heterozygous Versus 
Homozygous for Major 

Allele

FKBP5 SNP and Genotype N
% of Geno-
type Group

Odds 
Ratiob 95% CI

Odds 
Ratiob 95% CI

Odds 
Ratiob 95% CI

rs3800373c 0.8 0.4 to 1.6 0.7 0.4 to 1.4 0.9 0.6 to 1.4
  Homozygous for minor allele (CC) 15 20.8
  Heterozygous (AC) 56 18.4
  Homozygous for major allele (AA) 87 17.3
rs9296158 1.0 0.5 to 1.8 0.9 0.5 to 1.8 1.0 0.6 to 1.5
  Homozygous for minor allele (AA) 16 18.0
  Heterozygous (AG) 59 18.2
  Homozygous for major allele (GG) 84 17.8
rs1360780 0.9 0.5 to 1.8 1.0 0.5 to 1.9 1.1 0.7 to 1.6
  Homozygous for minor allele (TT) 16 17.8
  Heterozygous (CT) 57 17.4
  Homozygous for major allele (CC) 86 18.4
rs9470080 1.1 0.6 to 2.1 1.2 0.6 to 2.2 1.0 0.7 to 1.6
  Homozygous for minor allele (TT) 16 15.5
  Heterozygous (CT) 64 18.9
  Homozygous for major allele (CC) 79 18.6
rs4713916 1.5 0.7 to 3.1 1.5 0.7 to 3.1 1.0 0.6 to 1.5
  Homozygous for minor allele (AA) 11 12.6
  Heterozygous (AG) 64 18.7
  Homozygous for major allele (GG) 84 18.5
a	A total of 159 individuals first met the DSM-IV criteria for a major depressive episode during follow-up. The reference group comprised the 

subjects without an incident major depressive episode during follow-up.
b	Based on multiple logistic regression including age and gender as covariates.
c	Data were missing for one individual who first met the criteria for a major depressive episode during follow-up.
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tion vector was included (Dlikelihood ratio=2.80, df=1, 
p<0.05, one-sided). Also, the hierarchical log-linear model 
suggested an additive effect of the three-way interaction 
of major depressive episode, maltreatment, and genotype 
(likelihood-ratio=11.34, df=4, p=0.03).

D iscu ssion
Stimulated by a series of investigations from our group 

(7, 9, 11) and others (10, 13, 15, 40) suggesting a promi-
nent role of FKBP5 in stress vulnerability and depression, 
we investigated FKBP5 polymorphisms as promising 
candidates for gene-environment interactions affecting 
depression onset. This was done in a prospective com-

multiple testing (see Table ST2 in the online data supple-
ment).

Rep lica tio n  A na ly sis

The Dunedin sample failed to yield a significant gene-
environment interaction predicting an adult major de-
pressive episode (p=1.0, one-sided), and the inclusion of 
the prediction vector in the log-linear model did not im-
prove model fit (Dlikelihood ratio=0.63, df=1, p=0.22, one-
sided). The E-Risk sample, however, yielded a significant 
effect (p<0.05, one-sided) of the gene-environment inter-
action prediction vector in the expected direction (Figure 
3), and model fit improved significantly after the predic-

Table   2 . In te rac tion s A m ong  Se le c ted  FKBP5  S in g le -Nuc leo tid e  Po lym o rph ism s (SNP s), P rebase line  A dve rse  L ife  Even ts , 
and  the  R isk  o f  the  F irst O ccu rrence  o f  a  M a jo r D ep re ssive  Ep isode  in  8 8 4  Young  Com m un ity  Sub je c ts  in  a  1 0 -Year 
P ro spe c tive  S tudy

Additive Interaction Effect Between Prebaseline Adverse Life Event and Homozygosity for SNP  
Minor Allele on Incident Major Depressive Episode During Follow-Upb

Homozygous for Minor Allele  
Versus Heterozygous

Homozygous for Minor Allele  
Versus Homozygous for Major Allele

SNPa and Presence of Lifetime 
Adverse Event Preceding Baseline

Risk Difference in 
Percentage Pointsc 95% CI p

Risk Difference in 
Percentage Pointsc 95% CI p

rs3800373 (CC/AC/AA)
  Any adverse life event 13.0d 3.2 to 22.7 0.009 7.0 –7.6 to 21.6 0.35
  Any separation event 11.0d 0.0 to 22.0 0.05 3.7 –13.0 to 20.4 0.67
  Any trauma 15.3d–f 9.0 to 21.6 <0.001 15.2d–f 8.0 to 22.3 <0.001
  Any severe trauma 16.7d–f 12.0 to 21.4 <0.001 16.1d–f 10.1 to 22.1 <0.001
rs9296158 (AA/AG/GG)
  Any adverse life event 13.0d 3.7 to 22.4 0.006 6.4 –7.9 to 20.6 0.39
  Any separation event 12.2d 2.9 to 21.6 0.01 2.2 –14.4 to 18.7 0.80
  Any trauma 12.3d 3.5 to 21.2 0.006 14.0d–f 6.4 to 21.7 <0.001
  Any severe trauma 13.3d,e 5.6 to 21.0 <0.001 14.4d–f 7.3 to 21.4 <0.001
rs1360780 (TT/CT/CC)
  Any adverse life event 12.7d 3.1 to 22.4 0.009 6.1 –8.2 to 20.5 0.40
  Any separation event 11.6d 1.6 to 21.6 0.03 2.0 –14.6 to 18.6 0.82
  Any trauma 12.7d,e 4.1 to 21.2 0.003 14.0d–f 6.4 to 21.6 <0.001
  Any severe trauma 13.5d–f 5.9 to 21.0 <0.001 14.4d–f 7.5 to 21.3 <0.001
rs9470080 (TT/CT/CC)
  Any adverse life event 11.6d 1.3 to 21.8 0.03 2.4 –13.6 to 18.3 0.78
  Any separation event 9.4 –2.3 to 21.2 0.12 –3.4 –23.3 to 16.5 0.74
  Any trauma 13.1d–f 5.2 to 21.0 0.001 13.2d–f 5.3 to 21.1 0.001
  Any severe trauma 13.6d–f 6.7 to 20.8 <0.001 13.3d–f 5.7 to 20.9 <0.001
rs4713916 (AA/AG/GG)
  Any adverse life event 18.0d–f 10.2 to 25.7 <0.001 15.2d 3.3 to 27.1 0.02
  Any separation event 12.8d 3.0 to 22.6 0.01 5.6 –10.4 to 21.6 0.50
  Any trauma 15.9d–f 10.6 to 21.2 <0.001 16.6d–f 11.3 to 21.9 <0.001
  Any severe trauma 16.0d–f 11.5 to 20.6 <0.001 16.3d–f 11.5 to 21.2 <0.001
a	Minor allele is listed first, i.e., for rs3800373 the minor allele is C; for rs9296158 the minor allele is A; for rs1360780 the minor allele is T; for  

rs9470080 the minor allele is T; and for rs4713916 the minor allele is A.
b	A total of 159 individuals first met the DSM-IV criteria for a major depressive episode during follow-up. The reference group comprised the 

subjects without an incident major depressive episode during follow-up.
c	The amount by which the sum of the independent effects of an adverse life event (in the absence of the risk genotype, i.e., homozygosity for 

the minor allele) and the risk genotype (in the absence of adverse life events) is exceeded by the joint effect of both factors, i.e., an adverse 
life event in the presence of the risk genotype.

d	Significant risk difference (p<0.05) when controlled for age and gender.
e	Significant risk difference (p<0.05) when controlled for age and gender and after Bonferroni correction for multiple testing (two independent 

event conditions, five SNPs).
f	 Significant risk difference (p<0.05) when controlled for age, gender, and baseline anxiety and substance use disorders and after Bonferroni 

correction for multiple testing (two independent event conditions, five SNPs).
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development of a major depressive episode in individuals 
with prior trauma exposure.

Several findings are noteworthy. First, whereas no ge-
netic main effects for FKBP5 polymorphisms were found, 

munity study with a 10-year follow-up covering the first 
three decades of life. In agreement with previous studies 
(9–11), we identified homozygosity for the minor allele of 
selected FKBP5 polymorphisms as a risk genotype for the 

FIGURE  1 . R e la tion  o f  P rebase line  A dve rse  L ife  Even ts to  the  F irst O ccu rrence  o f  a  M a jo r D ep re ssive  Ep isode  fo r 8 8 4  Young  
Com m un ity  Sub je c ts  in  a  1 0 -Year P ro spe c tive  S tudy, b y  G eno type  fo r Se le c ted  FKBP5  S in g le -Nuc leo tid e  Po lym o rph ism s

70

60

50

40

30

20

10

0

Separation Event Trauma Severe Trauma

rs
3

8
0

0
3

7
3

rs
9

2
9

6
1

5
8

rs
1

3
6

0
7

8
0

rs
9

4
7

0
0

8
0

rs
4

7
1

3
9

1
6

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0

70

60

50

40

30

20

10

0
No Yes No Yes

CC genotype

No Yes No YesNo Yes

AA genotype

No Yes

TT genotype

No Yes

TT genotype

No Yes No Yes

No YesNo YesNo Yes

AA genotype

No Yes No Yes

No Yes

P
e
rc

e
n

t 
o

f 
Su

b
je

ct
s 

W
it

h
 a

n
 I
n

ci
d

e
n

t 
M

a
jo

r 
D

e
p

re
ss

iv
e
 E

p
is

o
d

e
 D

u
ri

n
g 

Fo
ll
o

w
-U

p

Homozygous minor allele carriers

Heterozygous subjects

Homozygous major allele carriers



Zimmerma    nn, Brück l, Noco n, Et  A l .

Am  J Psychiatry 168 :10 , O ctober 2011 		 a jp.psychiatryonline.o rg	 1 1 1 3

the intronic FKBP5 SNP rs1360780 with exposure to severe 
childhood trauma showed the highest prevalence of adult 
major depressive episodes. No effects were found in the 
Dunedin study. In this study, however, exposure to adverse 
life events was defined in a broader fashion; in addition 
to self-reports, information about parent discipline style, 
caregiver changes, and mother-child interactions was in-
cluded.

The following methodological points should be consid-
ered. First, although the analyses were based on a large 
community sample, the number of individuals with de-
pressive episodes was still small for detecting interactions. 
However, the a priori power analysis suggested sufficient 
power for detecting gene-environment interactions with-
in the limits of a small or medium effect. Second, the pro-
spective approach required exclusion of individuals with a 
lifetime major depressive episode at baseline. This could 
have led to omission of people with depression onset 
shortly after trauma exposure, and thus the effect size of 
the association might be underestimated. Third, since ad-
verse life events occurring after baseline were not consid-
ered in our analyses, the interpretation of our findings is 
restricted to traumas before age 24 and cannot be applied 

severe trauma was a risk factor for depression onset. Sec-
ond, consistent with a recessive model, significant inter-
actions between the five FKBP5 SNPs and trauma indi-
cate that subjects homozygous for the minor alleles are 
particularly sensitive to the pathogenic effects of trauma. 
The consistent effects across all five investigated poly-
morphisms are plausible since all SNPs are in high link-
age disequilibrium. Third, while no stable interaction for 
separation events was revealed, there was an increasing 
interaction effect from trauma to severe trauma on subse-
quent depression onset. This dose-response relationship, 
together with the temporal priority, suggests a causal role 
of trauma exposure in this interaction process. Fourth, as 
variants in the five FKBP5 SNPs were not robustly associ-
ated with any of the adverse life event categories, a bias 
of interaction effects by gene-environment correlations 
is unlikely. Fifth, the interactions largely remained stable 
after we adjusted for controls (such as PTSD) and multi-
ple testing. This stability indicates that the results are not 
confounded by these factors and further supports a causal 
relationship.

The interaction finding is supported by data from the 
E-Risk study: Subjects homozygous for the minor allele of 

FIGURE 2 . Cum ula tive  In c idence  o f the  F irst O ccu rrence  o f a  M ajo r D ep re ssive  Ep isode  in  8 84  Young  Com m unity  Sub je cts in  
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a	Hazard ratios were adjusted for age, gender, and baseline anxiety and substance use disorders.
* p<0.05.
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revealed a nominal deviation from the Hardy-Weinberg 
equilibrium. The high call rates (>99%) and further quality 
checks support the validity of the genotyping results (see 
Table ST1 in the online data supplement).

We did not find main effects of the five FKBP5 SNPs on 
depression. This is in accordance with findings in some 
studies (9, 17, 41) but not in others (13–15). The inconsis-
tencies could be explained by the failure of these studies 
to consider trauma as an environmental factor. Moreover, 
the studies indicating a genetic main effect were based on 
clinical samples (13, 14) and a sample with a high familial 
load for mood disorders (15), who were probably suffering 
from more severe forms of depression than our commu-
nity subjects. As negative life events and mood disorders 
are linked (36, 42), trauma rates might tend to be higher 
in clinical samples, and consequently there might be a 
higher chance of determining genetic main effects. Fur-
thermore, our findings are in contrast to results in a study 
by Lavebratt et al. (12), who did not observe elevated de-
pression rates among adult carriers of the TT genotype for 
rs1360780 who had a history of childhood problems. This 
discrepancy could be due to important methodological 
differences between our study and theirs (e.g., retrospec-
tive and different measures of childhood problems and 
depression, different age groups).

Regarding the underlying biological mechanisms, our 
results conform to those of functional studies showing 
a greater induction of FKBP5 expression by cortisol and, 
accordingly, an impaired glucocorticoid receptor sensitiv-
ity after stress in individuals who are homozygous for the 
minor alleles of these FKBP5 SNPs (9, 10). In a study with 
healthy subjects, we demonstrated an insufficient recov-
ery of the cortisol secretory response to psychosocial stress 
in homozygous minor allele carriers of the same FKBP5 
SNPs (11). This can be interpreted as a predisposition to 
chronically elevated cortisol levels in response to stress 
and thus may lead to long-lasting detrimental effects of 
chronically elevated cortisol levels. Since hypercortisolism 
due to an impaired regulation of the HPA axis can be re-
garded as a prominent feature of depression (3, 43, 44), 
our result (elevated risk of major depressive episodes in 
trauma-exposed homozygous minor allele carriers) can be 
explained by direct effects of the investigated genotypes 
on FKBP5 expression. The increased expression might re-
duce glucocorticoid receptor sensitivity, subsequently im-
pair the regulation of the HPA axis in response to stress, 
and therefore increase the risk for the development of a 
major depressive episode in trauma-exposed individu-
als. On the other hand, in nonexposed individuals it ap-
pears that carrying the risk genotype of the promoter SNP 
rs4713916 protects against the development of depression 
(see Figure 2). Such opposing effects of the genotype de-
pending on stress exposure level, which translate into a 
disordinal gene-environment interaction, have also been 
reported by Xie et al. (20). In their participants who were 
homozygous for the minor allele of FKBP5 SNP rs9470080, 

to traumas that occur beyond early adulthood. Fourth, be-
cause of the young age of our sample, some of the subjects 
without depression onset during follow-up could develop 
depression later in life. Such potentially false negatives 
may have led to more conservative results. Fifth, the SNPs 
of the respondents without a major depressive episode 
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a	Past-year diagnosis of a major depressive episode was assessed at 
four time points: ages 18, 21, 26, and 32 years. Of the original group 
of participants, 52% were male and 48% were female. The num-
bers of subjects for each combination of rs1360780 genotype and 
maltreatment history were as follows: CC/no maltreatment, N=273; 
CC/severe maltreatment, N=35; CT/no maltreatment, N=256; CT/
severe maltreatment, N=40; TT/no maltreatment, N=61; TT/severe 
maltreatment, N=5.

b	In a group of women who were mothers of twins, the past-year diag-
nosis of a major depressive episode was assessed at four time points, 
which were ages 33, 35, 38, and 40 years on average. The numbers 
of subjects for each combination of rs1360780 genotype and mal-
treatment history were as follows: CC/no maltreatment, N=348; CC/
severe maltreatment, N=28; CT/no maltreatment, N=294; CT/severe 
maltreatment, N=33; TT/no maltreatment, N=60; TT/severe mal-
treatment, N=6.

c	z=1.69, p<0.05.
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