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POSTTRAUMATIC STRESS DISOR-
der (PTSD) is a debilitating
stress-related psychiatric dis-
order, with prevalence rates of

at least 7% to 8% in the US popula-
tion, and with much higher rates among
combat veterans and those living in
high-violence areas.1-3 Initially viewed
as a potentially normative response to
traumatic exposure,4 it became clear
that not everyone experiencing trauma
develops PTSD. Thus, a central ques-
tion in research on PTSD is why some
individuals are more likely than oth-
ers to develop the disorder in the face
of similar levels of trauma exposure.5-8

Although PTSD is the single disorder
within the Diagnostic and Statistical
Manual of Mental Disorders (Fourth
Edition) (DSM-IV)9 that requires a spe-
cific environmental insult within its di-
agnostic criteria, it is becoming increas-
ingly clear that there are critical roles

for predisposing genetic and environ-
mental influences in differentially me-
diating psychological risk to the trau-
matized individual.10-13
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Context In addition to trauma exposure, other factors contribute to risk for devel-
opment of posttraumatic stress disorder (PTSD) in adulthood. Both genetic and envi-
ronmental factors are contributory, with child abuse providing significant risk liability.

Objective To increase understanding of genetic and environmental risk factors as
well as their interaction in the development of PTSD by gene � environment interac-
tions of child abuse, level of non–child abuse trauma exposure, and genetic polymor-
phisms at the stress-related gene FKBP5.

Design, Setting, and Participants A cross-sectional study examining genetic and
psychological risk factors in 900 nonpsychiatric clinic patients (762 included for all geno-
type studies) with significant levels of childhood abuse as well as non–child abuse trauma
using a verbally presented survey combined with single-nucleotide polymorphism (SNP)
genotyping. Participants were primarily urban, low-income, black (�95%) men and
women seeking care in the general medical care and obstetrics-gynecology clinics of
an urban public hospital in Atlanta, Georgia, between 2005 and 2007.

Main Outcome Measures Severity of adult PTSD symptomatology, measured with
the modified PTSD Symptom Scale, non–child abuse (primarily adult) trauma expo-
sure and child abuse measured using the traumatic events inventory and 8 SNPs span-
ning the FKBP5 locus.

Results Level of child abuse and non–child abuse trauma each separately predicted
level of adult PTSD symptomatology (mean [SD], PTSD Symptom Scale for no child
abuse, 8.03 [10.48] vs �2 types of abuse, 20.93 [14.32]; and for no non–child abuse
trauma, 3.58 [6.27] vs �4 types, 16.74 [12.90]; P� .001). Although FKBP5 SNPs did
not directly predict PTSD symptom outcome or interact with level of non–child abuse
trauma to predict PTSD symptom severity, 4 SNPs in the FKBP5 locus significantly in-
teracted (rs9296158, rs3800373, rs1360780, and rs9470080; minimum P=.0004) with
the severity of child abuse to predict level of adult PTSD symptoms after correcting
for multiple testing. This gene � environment interaction remained significant when
controlling for depression severity scores, age, sex, levels of non–child abuse trauma
exposure, and genetic ancestry. This genetic interaction was also paralleled by FKBP5
genotype-dependent and PTSD-dependent effects on glucocorticoid receptor sensi-
tivity, measured by the dexamethasone suppression test.

Conclusions Four SNPs of the FKBP5 gene interacted with severity of child abuse
as a predictor of adult PTSD symptoms. There were no main effects of the SNPs on
PTSD symptoms and no significant genetic interactions with level of non–child abuse
trauma as predictor of adult PTSD symptoms, suggesting a potential gene-childhood
environment interaction for adult PTSD.
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Child abuse occurs at disturbingly
high rates and is a major public health
problem.14 Despitetheresilienceofmany
abusedchildren,childabusesignificantly
increases risk for impaired physical and
psychologicalhealthanddecreasesadap-
tive functioninginadulthood.15-17 Amat-
terofcentral importancetopublichealth
is the identification of factors related to
risk and resilience in the wake of child
abuse. Of particular relevance to this
studyis thewell-establishedrelationship
of child abuse with adult PTSD.18-22 A
number of factors may account for this
relationship. PTSD in adults may rep-
resent a prolonged symptomatic reac-
tion to traumatic child abuse.

The experience of child abuse is as-
sociated with an increased number of
traumatic experiences across the
lifespan. Child abuse may also in-
crease vulnerability for the later devel-
opment of PTSD by altering psycho-
logical (eg, attachment) and biological
(eg, hypothalamic-pituitary-adrenal
[HPA] axis function) developmental
processes, including interaction with
genetic factors. Although other non–
child abuse types of traumatic experi-
ences in childhood23 (eg, a house fire
or being in a vehicle crash) might be
expected to negatively affect develop-
ment, the most robust research to date
points to child abuse and related family/
interpersonal stressful life events in pre-
dicting a wide range of later psycho-
logical and physical health problems.

The reasons for this are not fully un-
derstood but some possible explana-
tions are (1) compared with other types
of traumatic events, child abuse is more
likely to occur in the family context24;
(2) any 1 type of child abuse is associ-
ated with an increased likelihood of ex-
posure to other types of abuse and to
increased levels of family-related stress-
ful events/parental dysfunction (eg, pa-
rental substance abuse)25; and (3) com-
pared with some other types of trauma
exposure, child abuse may be more
likely a repeated experience rather than
a single event (eg, multiple incidents of
sexual abuse by the same perpetrator
over a number of years).25 Our study
focuses on the interplay between child

abuse and polymorphisms in the FKBP5
gene, which is involved in the gluco-
corticoid-mediated stress response, in
the prediction of adult PTSD.

The literature to date on the genetics
of PTSD has recently been reviewed,12,13

with the resulting suggestion that
gene�environment studies are needed
to focus more on distinct endopheno-
types and influences from environmen-
tal factors. A number of studies suggest
that genetic factors contribute to the de-
velopment of PTSD, with heritability es-
timates ranging from 30% to 40%.11,26-29

Candidate gene studies, however, have
been inconclusive so far, usually lim-
itedbyextremely lowpower todetect any
but the strongest possible genetic ef-
fects (current published studies in-
clude sample sizes of �100).

A recent review12 covering candi-
date genes in the serotonin, dopa-
mine, glucocorticoid receptor (GR), �-
aminobutyric acid, apolipoprotein E,
brain-derived neurotrophic factor, and
the neuropeptide Y system finds that (1)
the support for a relationship between
the serotonin transporter gene and
PTSD exists only in research on the in-
teraction of this system with stressful
life events in predicting depressive
symptoms; (2) results on the dopa-
mine system are inconsistent; (3) there
is a lack of evidence for relationships
with brain-derived neurotrophic fac-
tor, neuropeptide Y, or GR polymor-
phisms and PTSD with the exception
of a finding between GR genotype and
basal cortisol levels in a subgroup of pa-
tients with PTSD30; and finally, (4) lim-
ited evidence for the �-aminobutyric
acid system and the apolipoprotein E
system.

One of the first studies finding an in-
teraction between a genetic polymor-
phism and child abuse in predicting psy-
chopathology was the study by Caspi et
al,31 which found that maltreated chil-
dren with a monoamine oxidase A
(MAOA) genotype conferring low lev-
els of MAOA expression were more likely
to develop conduct disorder and anti-
social-personality disorder and to com-
mit violent crimes as adults compared
with those children with the high-

activity MAOA genotype. A recent
study32 has replicated this result, and a
second study33 replicated the effect in
white participants but not in other par-
ticipants (blacks, Hispanics, American
Indians, Pacific Islanders, and others) in
the sample. The largest group of
genotype�environment studies has ex-
amined the interaction between varia-
tion at the 5HTTLPR (a complex-
repeat polymorphism in the 5� upstream
region of SLC6A4, which encodes the
serotonin transporter the 5HTTLPR) and
stressful life events, including child
abuse, in predicting depression.34-40 Very
recently, Kilpatrick et al41 reported an
interaction of this polymorphism with
severity of trauma and level of social sup-
port with the development of PTSD fol-
lowing hurricane exposure as out-
come, supporting the relevance of gene
� environment interactions for this
disease.

From a developmental perspective,
HPA axis genes are strong candidates
with respect to altering susceptibility
to PTSD. Exposure to trauma and stress
increase HPA axis activity, and PTSD
has been associated with long-lasting
alterations in HPA axis reactivity42,43 and
specifically higher GR sensitivity.44,45

Polymorphisms in genes regulating GR
activity may impact the acute effects of
trauma on the HPA axis and thereby
possibly impact long-term HPA axis
regulation affecting the development of
PTSD. A number of studies suggest that
child abuse and neglect affect HPA axis
functioning (reviewed by Watts-
English et al46). Several studies sug-
gest that the depression-related HPA
axis hyperactivity may be related to
early life stress. For example, plasma
corticotropin and cortisol, as well as ce-
rebrospinal fluid corticotropin-
releasing hormone (CRH) concentra-
tions, correlate with perceived early life
stress more than with current depres-
sion.47,48 Preclinical studies indicate that
the persistent hyperactivity of the HPA
axis associated with early life stress is
mediated by a hyperactive CRH recep-
tor 1 (CRHR1) system, with chronic
overactivity of CRHR1 in limbic brain
regions.49,50
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FKBP5 is a co-chaperone of hsp90. It
directly interacts with hsp90, which
binds to the GR. FKBP5 also has been
shown to regulate GR sensitivity. FKBP5
is part of the mature GR heterocom-
plex.51 On hormone binding, FKBP5 is
replaced by FKBP4, which then re-
cruits dynein into the complex, allow-
ing translocation into the nucleus where
the complex regulates expression of glu-
cocorticoid-responsive genes by func-
tioning as a transcription factor.52 FKBP5
expression is induced by glucocorti-
coids as part of an intracellular ultra-
short negative feedback loop for GR ac-
tivity.53

Overexpression of human FKBP5 in
vitro reduces hormone binding affin-
ity54 and nuclear translocation of GR.55

Naturally occurring overexpression
of FKBP5 causes GR resistance in New
World monkeys,54,56 which is accom-
panied by increased plasma cortisol
levels. Furthermore, potentially func-
tional single-nucleotide polymor-
phisms (SNPs), or SNPs in very strong
linkage disequilibrium with a func-
tional variant, appear to alter FKBP5
function. The rare homozygous geno-
types of FKBP5 SNPs (rs4713916,
rs1360780, and rs3800373) were asso-
ciated with higher FKBP5 expression
in human blood monocytes as well as
with a stronger induction of FKBP5
messenger RNA (mRNA) by cortisol.
This was accompanied by less cortico-
tropin release measured in patients
who were depressed with the com-
bined dexamethasone-CRH test.57

The same alleles of rs3800373 and
rs1360780 were associated with
increased peritraumatic dissociation
in children after medical trauma.58

Higher levels of peritraumatic disso-
ciation have been shown to be predic-
tors of PTSD in adults.10 In addition,
the extent of up-regulation of FKBP5
mRNA in peripheral blood mono-
nuclear cells only hours after a trauma
has been shown to correlate with the
development of PTSD at 4 months.59

These data suggest that FKBP5 could
be an important candidate gene in
trauma-related HPA axis disturbances.
We therefore hypothesized that the

putative functional SNPs in FKBP5
moderate the development of PTSD.
Because early trauma, PTSD, and
FKBP5 SNPs have all been shown to
influence GR resistance, we also
hypothesize that variants in this gene
may alter the impact of early trauma
or PTSD on GR sensit ivity and
address this by investigating the dexa-
methasone suppression test (DST) in
a subsample of individuals.44,57,60

Our study addresses the role of poly-
morphisms in FKBP5 in predicting
PTSD, as well as the PTSD symptom–
associated changes in GR sensitivity, in
a highly traumatized, inner city sample.
Specifically, we address whether these
polymorphisms interact with increas-
ing levels of child abuse and increas-
ing levels of non–child abuse trauma
exposure to predict PTSD symptom-
atology during adulthood.

METHODS
Sample, Recruitment,
and Procedure
Data were collected to investigate the
roles of genetic and environmental
factors in predicting the development
of PTSD in a population of urban,
low-income, predominantly black
men and women. To determine the
race/ethnicity composition of the
sample as part of the screening proce-
dures, we asked participants to self-
identify their race/ethnicity. Their
response was coded into 5 common
categories (black, white, Hispanic or
Latino, Asian, mixed) or other (par-
ticipants checked “other” when they
thought their race/ethnicity was not
included in the other 5 categories)
(TABLE 1). The mean (SD) age in the
sample was 40.8 (13.8) years, ranging
from 18 to 81 years.

Table 1. Sample Demographics

Demographics No. (%) of Participants

Sex (n = 900)
Male 384 (42.7)

Female 516 (57.3)

Self-identified race/ethnicity (n = 898)
Black 855 (95.2)

White 20 (2.2)

Hispanic or Latino 5 (0.6)

Asian 1 (0.1)

Mixed 8 (0.9)

Othera 9 (1.0)

Education (n = 897)
�12th grade 245 (27.3)

High school graduate 324 (36.1)

Graduate equivalency diploma 52 (5.8)

Some college/technical school 176 (19.6)

College/technical school graduate 85 (9.5)

Graduate school 15 (1.7)

Employment status (n = 898)
Currently unemployed 606 (67.5)

Currently employed 292 (32.5)

Disability status (n = 896)
Not currently receiving disability 692 (77.2)

Currently receiving disability 204 (22.8)

Household monthly income, US $ (n = 884)
0-249 278 (31.4)

250-499 75 (8.5)

500-999 238 (26.9)

1000-1999 205 (23.2)

�2000 88 (10.0)
aBecause race/ethnicity was self-identified, participants checked “other” when they thought their race/ethnicity was

not included in the other 5 categories (eg, American Indian).
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Screen interviews were completed
with 900 participants approached while
in the waiting rooms of primary care or
obstetrical-gynecological clinics of
Grady Memorial Hospital in Atlanta,
Georgia, between 2005 and 2007. Ap-
proximately 58% of those approached
to participate in the study agreed to do
so. Participants completed a battery of
self-report measures that took 45 to 75
minutes to complete (dependent in
large part on the extent of the partici-
pant’s trauma history and symptoms).
All measures were obtained by verbal
interview. Each person was paid US
$15.00 for participation in this phase
of the study. Each participant also pro-
vided a saliva sample for DNA extrac-
tion (participants were paid the same
amount for completion of screening
data even if they declined to provide a
DNA sample). Written and verbal in-
formed consent was obtained for all par-
ticipants, and all procedures in this
study were approved by the institu-
tional review boards of Emory Univer-
sity School of Medicine and Grady Me-
morial Hospital, Atlanta, Georgia.

Main Outcome Measures

Modified PTSD Symptom Scale. The
modified PTSD Symptom Scale (PSS) is
a psychometrically valid 17-item self-
report scale assessing PTSD symptom-
atology61-65 over the prior 2 weeks. Con-

sistent with prior literature, we summed
the PSS frequency items (0 indicates not
at all to 3 indicates �5 times a week) to
obtain a continuous measure of PTSD
symptom severity ranging from 0 to 51.
For this sample, the PSS frequency items
had standardized �=.90 (mean [SD],
13.81 [11.96]). No clearly established
PSS cutoff score for PTSD diagnosis has
been established; however, DSM-IV cri-
teria for PTSD can be applied to PSS fre-
quency items to create a proxy variable
for PTSD diagnostic status.

Clinician Administered PTSD Scale.
The Clinician Administered PTSD Scale
(CAPS) was also administered to a sub-
set of 240 participants within 2 to 6
weeks after completing the screening as-
sessment. We found a significant differ-
ence (F1,239=56.55, P�.001) between av-
erage PSS score (mean [SD], 18.20
[12.82]) for participants positive for cur-
rent PTSD based on the CAPS (apply-
ing DSM-IV decision rules with a symp-
tom considered as present with a CAPS
frequency score of �1 and intensity score
of �2) compared with those partici-
pants not meeting current CAPS PTSD
criteria (mean [SD], 7.51 [9.23]). In ad-
dition, 70% of those participants iden-
tified as PTSD positive by using the PSS-
based proxy variable were also positive
for current PTSD at the time of CAPS ad-
ministration (the criterion A traumatic
experiences used for CAPS diagnosis was

not necessarily the same one used for ob-
tainingPSSdata). Studyparticipantswere
asked to respond to the PSS items based
on the trauma exposure (inclusive of
child physical and sexual abuse and other
life trauma exposure) that they be-
lieved had impacted them the most. Be-
cause we recorded data on the type of
trauma identified for PSS score but not
the age at which it occurred and be-
cause many study participants reported
several incidents of the same type of
trauma across the lifespan, we were un-
able to determine if the PSS data was
based on a traumatic event occurring in
childhood vs adulthood.

Beck Depression Inventory. The 21-
item Beck Depression Inventory (BDI)66

is a psychometrically validated, com-
monly used measure of depressive
symptoms.67 In our sample, the BDI had
a standardized � coefficient of .99 and
a mean (SD) of 14.4 (13.2).

TraumaticEventsInventory.Thetrau-
maticevents inventory(TEI)64,65 assesses
lifetime history of trauma exposure and
isourprimarymeasureofbothchildabuse
andnon–childabusetrauma.TheTEIas-
sesses past experience and frequency of
13 separate types of traumatic events as
wellas feelingsof terror,horror,andhelp-
lessness with such events.

For the measure of child abuse, 2 of
the TEI questions assessed physical
abuse and sexual abuse occurring be-
fore age 14 years. Based on these ques-
tions, 17.6% of the sample reported a
history of childhood physical abuse and
18.8% reported a history of childhood
sexual abuse. With these data, we cre-
ated a 3-level categorical variable re-
flecting number of types of child abuse:
no child abuse (70.5% of sample), 1
type of either physical or sexual abuse
(22.7%), or 2 types of both physical and
sexual abuse (6.8%).

For the measure of non–child abuse
trauma, the remaining TEI questions ad-
dressed other types of trauma exposure
(TABLE 2). To summarize level of expo-
sure to trauma other than child abuse,
we summed total number of different
types of non–child abuse trauma expo-
sure reported by each participant. The
mean number of types of non–child

Table 2. Percentage of Sample Reporting Exposure to Non–Child Abuse Traumatic
Experiences Assessed by Traumatic Events Inventorya

Trauma Type Experienced

No. (%) of Participants

Total Sample
(N = 900)

Male
(n = 384)

Female
(n = 516)

Natural disaster 170 (19.4) 101 (26.9) 69 (13.7)

Serious accident or injury 351 (42.9) 183 (53.0) 168 (35.4)

Sudden life-threatening illness 226 (25.9) 113 (30.1) 113 (22.7)

Military combat 28 (3.2) 26 (7.0) 2 (0.4)

Attacked with knife, gun, or other weapon by
someone other than spouse, romantic
partner, or boyfriend/girlfriend

324 (37.2) 204 (54.5) 120 (24.2)

Attacked without a weapon by someone other
than spouse, romantic partner, or
boyfriend/girlfriend

261 (30.5) 142 (38.5) 119 (24.4)

Witness of murder of friend or family member 79 (9.2) 43 (11.6) 36 (7.3)

Forced sexual contact �14 y of age 132 (15.5) 18 (5.1) 114 (23.9)

Any significant trauma 746 (84.9) 337 (89.6) 409 (81.3)
aBecause some participants declined to answer some questions, the total number in each trauma-type category may

vary slightly. A subset of the trauma types queried within the Traumatic Events Inventory are listed.
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abuse trauma reported in our sample was
2.46 types (SD, 1.92). Using the same
data, we created a 4-level categorical vari-
able reflecting number of types of non–
child abuse trauma experienced re-
ported with 19.9% of participants in the
no non–child abuse trauma exposure cat-
egory, 22.3% of participants reporting 1
type, 31.7% of participants reporting 2
to 3 types, and 26.7% of participants re-
porting 4 or more types of non–child
abuse trauma. The total number or types
of trauma exposure variable was cho-
sen because in our prior research64,65 and
in other research on impact of trauma ex-
posure68 it relates in a predictable and
consistent manner with a number of
measures of adaptive functioning and
trauma-related functioning.

Althoughthenon–childabusevariable
assesses traumaticexperienceother than
childabuseacross the lifespan,data from
oursamplesuggests that thesenon–child
abusetraumaticexperiencesprimarilyoc-
curinadulthood.Specifically,wehavedata
from a subset of study participants
(n=322) asking them the earliest age at
whichallof thetraumaticeventsassessed
by the TEI occurred. Averaged across all
ofthenon–childabusetraumacategories,
themean(SD)foryoungestageoftrauma
exposure in the sample was 25.1 (10.6)
yearsandthemedianyoungestof trauma
exposure was 23 years.

Childhood Trauma Questionnaire.
The Childhood Trauma Question-
naire (CTQ)69 is a 28-item psychometri-
cally validated, self-report inventory as-
sessing self-reported level of child abuse
and neglect.70 We used the total score
from this scale in our secondary analy-
ses as a separate continuous measure
of child abuse exposure.

Dexamethasone Suppression Test.
A total of 80 participants were charac-
terized using a low-dose DST.60 Blood
samples in the fasting state were ob-
tained for baseline serum cortisol con-
centration and were drawn between 8 AM

and 9 AM on day 1. Participants then re-
ceived 0.5-mg dexamethasone by mouth
at 11 PM before the second day blood
draw, and blood samples for serum cor-
tisol concentration was collected again
in the fasting state between 8 AM and 9

AM for the day 2 collection. Using the cor-
tisol concentration values from day 1 and
day 2, the percentage suppression was
calculated by 100�[(cortisol day 1−cor-
tisol day 2)/cortisol day 1]. Serum cor-
tisol concentration was measured by
using commercially available radioim-
munoassay kits (Diagnostic Systems
Laboratories, Webster, Texas) from rep-
licate samples and with interassay qual-
ity control measures. Significance of the
interaction effect of FKBP5 SNPs and
PTSD on percentage suppression was de-
termined by using permutation-based
methods with age and sex as covariates
(10 000 permutations) to avoid inflated
P values due to outlier or small cell sizes.
In addition, we used repeated measures
analysis of variance to examine the in-
teraction between probable PTSD diag-
nosis and FKBP5 genotypes on the
change in serum cortisol suppression
from day 1 to day 2. For cortisol analy-
ses, a probable PTSD diagnosis was de-
termined from the DSM-IV criteria ap-
plied to the modified PSS interview, as
described previously.64,65

TheindividualswithavailableDSTpre-
sent only a subset of the whole sample.
However, these80individualsarenotdif-
ferentcomparedwiththerestofthesample
in PSS total score for samples with and
without DST (mean [SD], 11.30 [11.5]
vs 10.15 [11.4]; P=.40), BDI total score
(13.55[12.1]vs14.57[12.1],P=.45),race
(93.7%vs96.0%black,P=.92),degreeof
childhood trauma (28.8% and 10.0% in
the 1 and �2 types of severe child abuse
vs23.7%and6.7%,respectively;P=.28),
andalsonon–childabusetraumaandsex.
We also found no differences in the
monthlyhouseholdincomeandrelation-
shipstatus.However, theendocrinologi-
cally characterized individuals are older
(meanage[SD],43.3[11.1]vs39.3[11.1];
P=.01).Dueto thehighcomparabilityof
all other variables and because all our
analysesarecorrectedforageandsex,this
subsample isrepresentativeof thesample
as a whole.

Genetic Data

DNA Extraction. DNA was extracted
from saliva collected into Scope mouth-
wash (n=46) or into Oragene saliva kits

(DNAGenotek, Ottawa, Ontario,
Canada) by using the Qiagen M48 au-
tomated extraction system. DNA was
available for 762 individuals. One hun-
dred thirty-eight individuals with no
genotype information consisted of 11 in
which DNA was not collected, 88 in
which we attempted to collect DNA
using Oragene-spit samples but DNA ex-
traction failed completely in 2 separate
extraction trials (these failureswereeither
due to noncompliance of the study par-
ticipants or failure to correctly break the
seal that releases the stabilizing solu-
tion in the Oragene saliva kits), and 39
for which DNA had been collected but
not extracted at the time of analysis.
When comparing the 762 individuals
with genotypes to those 138 partici-
pants without, we found no significant
difference in age, sex, self-described race,
income, employment status, relation-
ship status, child abuse, and non–child
abuse trauma exposure as well as PTSD
and depression severity.

SNP Genotyping. Eight SNPs within
FKBP5 were selected from dbSNP (http:
//www.ncbi.nlm.nih.gov/projects
/SNP/) to include the 3 potentially func-
tional SNPs (rs4713916, rs1360780,
and rs3800373)57; the other 5 SNPs
were selected to span 120 kb covering
the remainder of the FKBP5 locus
(NM_004117). We also genotyped 3
SNPs wi th in the CRHR1 gene
(rs110402, rs242924, and rs7209436),
which have been recently reported to
show strong interaction with child-
hood abuse on adult depression symp-
toms.71 All SNPs were genotyped using
a TaqMan allelic discrimination as-
say72 on an ABI 7900HT instrument
(Applied Biosystems, Foster City, Cali-
fornia), using predesigned and vali-
dated TaqMan assay reagent kits con-
taining 1 pair of polymerase chain
reaction primers and 1 pair of fluores-
cently labeled probes (Applied Biosys-
tems). Polymerase chain reactions were
performed in 5-µL reaction volumes in
a 384-well plate and contained 5 ng of
DNA. The standard protocol that was
provided with the kit was followed.
Thermal cycler conditions were 95°C
for 10 minutes, 40 cycles of 92°C for
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15 seconds, and 60°C for 1 minute. The
SDS version 2.2 software (Applied Bio-
systems) was used for allelic discrimi-
nation. For quality control, 9% of the
samples were genotyped as duplicates
across and within a 384-well plate. Only
0.03% of discordances were recorded
and excluded from the analyses. Call
rates for SNPs ranged from 93% to 97%,
which included some samples that
failed all assays and for which DNA
quality was inferior. We used Haplo-
view73 to determine the linkage-
disequilibrium structure of the SNPs
within the FKBP5 gene and to test for
Hardy-Weinberg Equilibrium. The SNP
identifications, their location, the
Hardy-Weinberg Equilibrium test P val-
ues, minor allele frequencies, and call
rate percentages are shown in TABLE 3.

Ancestry Informative Markers.
Population stratification is a potential
confounder in association studies of
complex traits. If such allele-frequency
heterogeneity within a population is
coupled to similar population hetero-
geneity in the outcome of interest,
naive tests of interaction could yield
spurious results if the resulting con-
founding is neglected in analysis.
Because 95.2% of our sample partici-
pants were self-identified as being of
black race (which is known to contain
varying degrees of genetic admixture
of sub-Saharan African, European, and
Native American ancestry), we took
steps to ensure our results were robust
to potential confounding from popula-
tion stratification by genotyping 134
ancestry informative markers74,75 in a

subset of 280 individuals from our
sample using single-base primer
extension and a Beckman SNPstream
instrument (Beckman-Coulter, Fuller-
ton, California). Genotyping of ances-
try informative markers and data
analysis for estimates of ancestry were
performed by DNA Print Genomics,
Sarasota, Florida (http://www.dnaprint
.com). Maximum likelihood estimates of
individual biogeographical ancestry ad-
mixture were determined by using meth-
ods described previously76 and by using
a 4-continental population model. The
choice of a 4-continential population
model was based on previously pub-
lished hypothesis-free cluster analyses
ofworldwidepopulations.77,78 Thismodel
lent itself to use the terms European
(genetic ancestry shared among Euro-
peans, Middle Eastern, and to a lesser ex-
tent South Asians), sub-Saharan Afri-
can, East Asian, and Indigenous
American (genetic ancestry shared
among American Indians, Latin and
South American Indians, and certain
Central Asian populations). The names
of these parental populations were cho-
sen to describe extant elements of ge-
netic structure and are arbitrary in that
they are reflective of modern popula-
tion distributions—not necessarily the
distributions of the original parental
populations 15 000 to 50 000 years ago.
Individuals with more than 35 failed an-
cestry informative marker genotypes
were excluded from the analysis (7%),
because their individual biogeographi-
cal ancestry admixture could not be
estimated with sufficient certainty.

Statistical Analyses
Primary, Descriptive, and Secondary
Analyses.Ourprimaryanalyseswerethe
mainFKBP5SNPeffectsonPTSDsymp-
tomseverityand their interactioneffects
with child abuse and non–child abuse
trauma (690 participants for interaction
withnon–childabusetraumaand678par-
ticipantsforinteractionwithchildabuse).
Secondary analyses included BDI scores
asoutcome(numbersameas forPSSout-
come),FKBP5SNPgenotypedependent
correlation of child abuse severity and
PTSDsymptomseverity(n=728),andef-
fectsontheDST(n=80),aswellasanaly-
sisusingCRHR1genotypes(numbersame
as forFKBP5SNPinteractions).Descrip-
tiveanalyseswererunonasampleof900
individuals with valid PTSD measures.

RegressionAnalyses.Weusedavaria-
tion of linear regression to examine the
effectsof traumaexposure,FKBP5geno-
types, and their potential interaction on
PSSscores.ForFKBP5genotype,wemod-
eledaparticipant’sgenotypeateachSNP
under an additive model that is equiva-
lent to coding of the number of copies of
areferenceallele that theparticipantpos-
sesses.Fortraumaexposure,weincluded
bothchildabuse (the3-level childabuse
TEI score) and non–child abuse trauma
exposure (using the 4-level non–child
abusetraumaTEIscore)aspredictors.We
chose to separate these2 typesof trauma
exposure based on the above described
research,suggestingthatexposuretochild
abuse increases risk for development of
PTSDbothasaresponsetothechildabuse
itself and in response to other non–child
abusestressors.Becausechildabuse is re-
latedtoincreasedlikelihoodofsubsequent
exposuretoadditionaltraumaticstressors,
we wanted to control for the possibility
thateffectsassociatedwithourchildabuse
variables were not artifacts of increased
overalltraumaexposurealone.Withinthe
regressionmodel,wefurthermodeledthe
potential confoundingeffectsofage, sex,
level of depressive symptoms (BDI total
score), totalnumberofexperiencednon–
childabusetraumatypes,andgenetican-
cestry (by incorporating the ancestry es-
timates based on analysis of the ancestry
informativemarkers).Duetomissingphe-
notypeandgenotypeinformationonsome

Table 3. List of Tested FKBP5 SNPs, Their Positions on Human Chromosome 6 According to
University of California Santa Cruz Genome Browser Version hg17, Hardy-Weinberg
Equilibrium Test P Value, Minor Allele Frequency, and Call Rate

dbSNP ID Position
Hardy-Weinberg

Equilibrium Test P Value
Minor Allele
Frequency

Call Rate,
%

rs3800373 35650460 .45 0.45 95.0

rs992105 35663160 .94 0.18 97.1

rs9296158 35675060 .60 0.49 95.3

rs737054 35683460 �.99 0.07 97.3

rs1360780 35715550 .51 0.42 97.5

rs1334894 35723110 �.99 0.02 96.3

rs9470080 35754410 .34 0.47 93.3

rs4713916 35777960 .53 0.11 94.5
Abbreviation: SNPs, single-nucleotide polymorphisms.
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participants, amaximumnumberof676
individuals and a minimum of 633 indi-
vidualswereinformativeintheregression
models for the interactioneffects.Thein-
dividuals in the group with 676 and 633
thatactuallyenteredtheanalyseswerenot
different in age, sex, self-described race,
income,employmentstatus, relationship
status, child abuse trauma exposure, as
wellasPTSDanddepressionseverityfrom
the remainder of the total 900 individu-
als.Theydid,however,havehigherchild
abuserates.Intheindividualsenteringthe
analyses, thenoabusegroupsize ranged
from 67.5% to 68.6% (and were not dif-
ferent)vs77.1%to79.0%intheexcluded
individuals (P=.01 to P=.14).

Permutation Analyses. As the non-
normality of PSS and possible sparse-
cell counts in the FKBP5-trauma inter-
action strata could each invalidate the
asymptotic P values produced by re-
gression models, we established the sig-
nificance of main environment, geno-
type, or genotype-trauma interaction
effects using permutation procedures
that randomly assigned the sample PSS
scores to participants (sampled with-
out replacement), while holding each
participant’s genotype and environmen-
tal variables fixed.79,80 For each analy-
sis, we based inference on 10 000 to
100 000 permutations. We conducted
these analyses by using appropriate
components of SAS version 9.1 (SAS

Institute, Cary, North Carolina). Due to
smaller cell sizes, we also used these
permutation-based analyses to estab-
lish the main genotype or genotype and
PTSD interaction effects on the DST.

Correlation Analyses. For descrip-
tive and quantitative examination of
genotype � continuous environment
(CTQ total score) interaction of PTSD
symptom severity, we used partial cor-
relation controlling for age and sex, cor-
relatingthesemiquantitativechildabuse
measuresof theCTQtotal scorewith the
current continuous PSS score in the
wholesampleaswellas thesamplestrati-
fied by FKBP5 SNP genotype. The sig-
nificanceoftheinteractionofFKBP5SNP
genotype and CTQ total scores on PSS
wasestablishedusingpermutation-based
methods, and the post hoc genotype-
dependentdifferencesof thecorrelation
coefficientswereestablishedbyconvert-
ing the correlation coefficients of each
genotype group to Fisher Z scores by
Z=ln[(r�1)/(r-1)]/2.Wethenestimated
the standard error of difference between
the2correlationsbySE={[1/(n1-3)]�[1/
(n2-3)]}1/2 anddivided thedifferencebe-
tween the 2 Z scores by the standard er-
ror. If the Z value for the difference was
1.96 or higher, the difference in the cor-
relation was significant at P=.05 level.
If the difference was 2.58 or higher, the
difference in the correlation was signifi-
cant at P=.01 level.81

Correction for Multiple Testing. To
ensure an overall significance level of
P	 .05 for the primary analyses (main
FKBP5 SNP effects on PTSD symptoms,
interaction of FKBP5 SNPs with child
abuse or non–child abuse trauma expo-
sure on adult PTSD symptoms), we cor-
rected for the examination of 24 tests (8
testsofthemaineffectsoftheFKBP5SNPs,
8 tests of interaction between each SNP
and non–child abuse trauma exposure,
and 8 tests of interaction between each
SNP and categorical measure of child
abuse).WeusedtheconservativeBonfer-
roni method for such a multiple-testing
correction, which yielded a significance
thresholdof�=.002.Inanexploratoryap-
proach,wealsogenotyped3CRHR1SNPs
basedonpreviousresults fromourgroup
inexaminingdepression.71 Whenwecor-
rected for this additional set of 9 tests (3
CRHR1SNPs,maineffectandinteraction
ofSNP�childabuseornon–childabuse
trauma exposure), the � level after cor-
rection was .05/33=.0015.

RESULTS
Descriptive Analyses

Non–Child Abuse Trauma Exposure
and PTSD Symptoms. To analyze the
differential roles of gene � environ-
ment interaction with PTSD in adult
participants, we first had to demon-
strate that within our participant popu-
lation, the level of total non–child abuse

Table 4. Non–Child Abuse Trauma Exposure and PTSD Symptoms

PTSD Symptom Scale

Level of Non–Child Abuse Traumaa

None (n = 159) 1 Type (n = 183) 2-3 Types (n = 265) �4 Types (n = 215)

Mean (SD) [95% CI] 3.58 (6.27) [2.60-4.56]b,c 7.30 (10.04) [5.83-8.76]c,d 11.57 (11.66) [10.16-12.98]c 16.74 (12.90) [15.00-18.47]c

Abbreviations: CI, confidence interval; PTSD, posttraumatic stress disorder.
aNo. of types of non–child abuse (primarily adult) trauma experienced.
bP � .005 difference in PTSD Symptom Scale from 1 type of trauma.
cP � .001 difference in PTSD Symptom Scale from other groups.
dP � .005 difference in PTSD Symptom Scale from no trauma.

Table 5. Child Abuse Trauma Exposure and PTSD Symptoms

PTSD Symptom Scale

Level of Child Abuse Traumaa

None
(n = 566)

1 Type
(n = 189)

2 Types
(n = 54)

Mean (SD) [95% CI] 8.03 (10.48) [7.17-8.90]b 14.65 (11.92) [12.94-16.36]c 20.93 (14.32) [17.02-24.84]d

Abbreviations: CI, confidence interval; PTSD, posttraumatic stress disorder.
aNo. of types of child abuse trauma experienced.
bP � .001 difference in PTSD Symptom Scale from other groups.
cP � .001 for both differences in PTSD Symptom Scale from no abuse and 2 types.
dP � .001 for both differences in PTSD Symptom Scale from no abuse and 1 type.
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traumatic exposure contributes signifi-
cantly to current PTSD symptoms. To
perform these analyses, we first used a
general linear model (controlling for age
and sex), using the PSS total score as
the dependent variable and the TEI cat-
egorical variable representing number
of types of non–child abuse traumatic
experiences as the independent vari-
able. We found a significant sex effect
(F1,818=29.5, P� .001) and a very ro-
bust non–child abuse trauma expo-
sure effect (F3,818 = 61.9, P � .001)
(TABLE 4). In the zero types of non–
child abuse trauma group, the mean
(SD) PSS score was 3.58 (6.27) and in
the 4 or more types of trauma group,
we found continuous increases by more
than 5-fold to 16.74 (12.90).

Child Abuse Trauma Exposure and
PTSD Symptoms. We next examined
whether child abuse exposure also pre-
dicted the level of current PTSD symp-
tomatology (TABLE 5). We performed the
same analyses as above with the categori-
cal child abuse variable (none, 1 type
[physical or sexual], and 2 types [physi-
cal and sexual]). Similar to the effect of
non–child abuse trauma, we also found
a significant effect in the presence of child
abuse (F2,806=50.9, P� .001). The expe-
rience of child abuse increased the mean
(SD) PSS scores from 8.03 (10.48) in the
no child abuse group to 14.65 (11.92)
in the 1 type and 20.93 (14.32) in the 2
types of child abuse group.

Non–Child Abuse Trauma Expo-
sure , Chi ld Abuse, and PTSD
Symptoms. Using a general linear
model that included both non–child
abuse trauma and child abuse trauma
(TABLE 6) and their interaction term as

predictors of adult PTSD symptoms, we
observed significant main effects of the
2 terms (non–child abuse trauma:
F3,806 = 16.2, P � .001; child abuse
trauma: F2,806=14.4, P� .001) and sex
(F1,806=20.2, P � .001) as described
above, but no significant interaction
(F6,806=0.51, P=.79) between the 2 main
predictors. The presence of 1 type of
child abuse increases the PSS score at
each non–child abuse trauma level by
4.58 points on average (range, 2.03-
6.51) and the presence of 2 types of
child abuse increases the PSS score at
each non–child abuse trauma level by
9.04 points on average (range, 7.79-
10.20), suggesting that exposure to
child abuse increases risk for higher lev-
els of PTSD symptoms in response to
non–child abuse trauma exposure.

Primary Genetic Analyses

Main Effect of FKBP5 Polymor-
phisms on PTSD Symptoms. Based on
previous data supporting a clear role of
FKBP5 in modulating the glucocorti-
coid response to stress, as well as evi-
dence supporting association of FKBP5
variants with risks for and rate of recov-
ery from affective disorders,52 we hy-
pothesized that genetic variation at
FKBP5 may influence liability to PTSD.
We examined 8 SNPs spanning 120 kb
of the FKBP5 locus (Table 3) but found
no significant main effect of FKBP5 geno-
types on PSS total score (FIGURE 1).

Interaction of FKBP5 Polymor-
phisms With Non–Child Abuse
Trauma to Predict PTSD Symptoms.
We next examined whether FKBP5 poly-
morphisms interact with increasing lev-
els of non–child abuse (primarily adult)

trauma to predict adult PTSD symp-
toms. We regressed PSS scores on FKBP5
genotype,non–childabuse trauma(using
the 4-level variable), and the interac-
tion between genotype and non–child
abuse trauma, adjusting for age and sex.
We did not find any significant interac-
tion effects using permutation-based
methods (Figure 1). These data demon-
strate that FKBP5 polymorphisms do not
appear to have a simple role in moder-
ating the effects of non–child abuse
trauma exposure on PTSD outcomes.

Interaction of FKBP5 Polymor-
phisms With Child Abuse to Predict
PTSDSymptoms.WethenregressedPSS
scores on FKBP5 genotype, child abuse
(3-levelvariable), andthe interactionbe-
tween genotype and child abuse, adjust-
ing for age and sex. In this analysis, we
identified4SNPsthatshowedsignificant
interactionswithchildabuseaftercorrect-
ing for multiple testing (interaction
P�.002)(Figure1).All4associatedSNPs
are in fairlyhigh linkagedisequilibrium,
withpair-wiser2 valuesrangingfrom0.53
to 0.87 (Figure 1). The most significant
SNP,rs9296158,islocatedinintron5with
an interaction P� .0004. Two of the as-
sociatedSNPs,rs3800373andrs1360780,
have previously been reported to associ-
ate with differential glucocorticoid-
mediatedresponsesbyBinderet al.57 For
all4significantSNPs,weobservedasimi-
laradditivemodeofinteraction,andthere
appears tobeagenedose-dependentpro-
tectionfromseverechildabuse–associated
increases inadultPTSDscores(TABLE7).
In the group of individuals with 2 types
of child abuse, individuals homozygous
for the protective G allele of rs9296158
had a mean (SEM) PSS score of 13.54
(3.76); in the heterozygous group, the
mean PSS score was 21.25 (2.03); and in
thegrouphomozygous for the riskallele
A, the mean PSS score was 31.11 (5.37).
The PSS scores of more than 20 indicate
clinicalsignificantPTSDandhigherscores
indicatemore severePTSD,withamaxi-
mum of 51 points that can be reached in
thatscale.61-63 Interestingly, thegenotypes
previouslyassociatedwithahighernum-
ber of previous depressive episodes and
faster response to antidepressant treat-
ment57 werethegenotypeswiththehigh-

Table 6. Interaction of Child Abuse Trauma and Non–Child Abuse Traumaa

Non–Child Abuse Trauma

PTSD Symptom Scale, Mean (SEM)b

No
Child Abuse

1 Type
of Child Abuse

2 Types
of Child Abuse

None 3.18 (0.50) 5.24 (1.73) 11.00 (5.57)

1 Type 5.80 (0.78) 12.32 (1.98) 14.44 (2.21)

2-3 Types 9.90 (0.81) 15.78 (1.42) 18.00 (4.49)

�4 Types 13.77 (1.15) 17.70 (1.45) 23.97 (2.49)
Abbreviation: PTSD, posttraumatic stress disorder.
aNote that significant effects are observed for both non–child abuse trauma (F3,806=16.2, P� .001) and child abuse

trauma (F2,806=14.4, P� .001).
bThe PTSD Symptom Scale ranges from 0 to 51.
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est level of adult PTSD symptoms in the
presence of child abuse.

Exploratory/Secondary
Genetic Analyses

FKBP5 and Child Abuse Interaction.
Given the prior data on FKBP5 and ma-
jor depression, and the observation that
in our sample the 3-level child abuse
variable is significantly and positively
correlated with our 4-level non–child
abuse trauma variable (n=851, Pear-
son correlation=0.271; controlling for
age and sex, P� .001), we reexamined
the above interaction controlling for
BDI score as a continuous measure of
depression symptoms or the 4-level
non–child abuse trauma variable in ad-
dition to age and sex. After adjusting
for these variables, the interaction terms
of child abuse and FKBP5 SNPs re-
mained significant for 2 of the 4 SNPs
(rs9296158 and rs3800373; interac-
tion P=.07 for rs1360780 and interac-
tion P=.06 for rs9470080). In addi-
tion, we also conducted a regression
analysis with BDI as the dependent vari-
able. None of the FKBP5 SNPs showed
a significant interaction of genotype and
child abuse to predict depression out-
come (controlling for age and sex) af-
ter controlling for multiple testing.
Thus, these data suggest that the FKBP5
genotype may interact with childhood
trauma to predict adult PTSD severity,
even when controlling for age, sex,
non–child abuse trauma level, and se-
verity of depressive symptoms.

Genotype-Dependent Correla-
tions of Child Abuse and PSTD Symp-
tom Severity. We explored the geno-
type-dependent correlations of child
abuse and PSTD symptom severity in-
teraction effect using an ordinal vari-
able of child abuse, which contains 154
points ranging from a CTQ score of 25
to 120. This allowed us to examine cor-
relation analysis without having to group
individuals into only 3 child abuse lev-
els, which can lead to small group sizes.
There is also importance in validating
these effects with a separate, broader, and
more continuous measure of child abuse.
Thus, we investigated the interaction of
the genotypes of the 4-associated

FKBP5 SNPs with the CTQ total score
to predict PTSD symptom severity. Per-
mutation-based analyses showed an in-

teraction effect with rs9296158 geno-
type and the continuous environment
measure with P= .01 and P= .03 for

Figure 1. FKBP SNPs and Main Genetic Effect on PTSD Symptoms and Interaction Effects
With Non–Child Abuse Trauma Levels and Child Abuse
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rs3800373 and P=.07 for rs1360780. To
better describe and quantify these dif-
ferences, we reinvestigated positive cor-
relations of child abuse severity and PSS
and BDI scores stratifying by the geno-
types of the 4-associated FKBP5 SNPs.

Partial correlation (controlling for age
and sex) of CTQ total score and PSS
scores yielded highly significant corre-
lations of child abuse and PTSD symp-
tom severity in the whole sample
(r=0.347, P=3.7�10−27). However,

when stratifying this analysis by the
rs9296158 genotypes (Table 7), we ob-
served significantly higher correlation
coefficients in the AA vs GG group (z
value for difference of correlation coef-
ficient=3.00, P� .01) and the AG vs GG
group (z value for difference of correla-
tion coefficient=2.35, P� .05) for cor-
relations between CTQ total score and
PSS score. Similar effects were ob-
served with 2 other SNPs, rs1360780
and rs3800373 (TABLE 8). Interest-
ingly, although BDI scores and the CTQ
total scores also showed highly signifi-
cant positive correlations (R =0.39,
P=6.9�10−33), there were no signifi-
cant differences of the correlation coef-
ficients among the 3 rs9296158 geno-
type groups.

Genetic Admixture and Popula-
tion Stratification. Based on statistical
analysisoftheancestryinformativemarker
genotype data from the subsample, we
foundthat sub-SaharanAfricanancestry
estimatesforparticipantsrangedbetween
41%and100%,withameanof83.6%;Eu-
ropeanancestryestimatesrangedbetween
0%to54%,withameanof10.9%; Indig-
enousAmericanancestryestimatesranged
between0%to19%,withameanof3.3%;
andEastAsianancestryestimatesranged
from0%to33%,withameanof2.3%.We
found that the degrees of ancestry from

Table 8. FKBP5 SNP Genotype-Dependent Correlations of CTQ Total Score and PSS Scores

CTQ Correlation With PSS Score
Dependent on FKBP5 Genotype Genotype

rs9296158
AA AG GG

No. of participants 164 360 172

Pearson correlation R value 0.470 0.374 0.169

Z values for difference AA/AG = 1.17 AG/GG = 2.35a AA/GG = 3.00b

rs1360780
CC CT TT

No. of participants 238 347 125

Pearson correlation R value 0.210 0.390 0.455

Z values for difference CC/TT = 2.46a CT/CC = 2.33a TT/CT = 0.74

rs3800373
AA AC CC

No. of participants 171 352 156

Pearson correlation R value 0.248 0.350 0.435

Z values for difference AA/CC = 2.59b AC/AA = 2.30a CC/AC = .83

rs9470080
CC CT TT

No. of participants 222 336 135

Pearson correlation R value 0.215 0.392 0.465

Z values for difference CC/TT = 1.91 CT/CC = 1.20 TT/CT = 1.03
Abbreviations: CTQ, Childhood Trauma Questionnaire; PSS, PTSD Symptom Scale; PTSD, posttraumatic stress dis-

order; SNP, single-nucleotide polymorphism.
aP � .05.
bP � .01.

Table 7. Interaction of FKBP5 Genotype and Level of Child Abuse Predicts PTSD Symptoms in Adults

FKBP5 Genotypes

PTSD Symptom Score, Mean (SEM)

No. of
Participants

No Child
Abuse

No. of
Participants

1 Type of
Child Abuse

No. of
Participants

2 Types of
Child Abuse

rs9296158
AA 107 7.28 (0.93) 42 16.92 (1.85) 9 31.11 (5.37)a

AG 223 7.89 (0.69) 88 12.89 (1.16) 24 21.25 (2.03)

GG 107 8.80 (1.08) 31 14.33 (2.28) 14 13.54 (3.76)

rs3800373
CC 89 7.03 (0.98) 35 17.65 (2.04) 8 29.00 (5.60)b

AC 210 8.11 (0.74) 77 12.71 (1.24) 23 22.96 (2.35)

AA 137 7.97 (0.89) 49 15.17 (1.75) 16 13.75 (3.31)

rs1360780
TT 81 7.17 (1.02) 36 16.82 (2.08) 7 31.00 (6.04)b

CT 222 7.97 (0.70) 77 13.12 (1.23) 26 21.28 (2.32)

CC 150 8.23 (0.87) 50 14.51 (1.73) 15 14.00 (3.53)

rs9470080
TT 94 6.76 (0.99) 44 16.40 (1.84) 10 31.20 (4.69)b

CT 224 8.25 (0.69) 88 13.23 (1.17) 23 20.05 (2.26)

CC 109 8.42 (1.07) 28 14.90 (2.39) 13 14.38 (3.97)
Abbreviation: PTSD, posttraumatic stress disorder.
a Interaction P � .001.
b Interaction P � .002.
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these subpopulations were not signifi-
cantlycorrelatedwithtotalPSSscore,level
of non–child abuse trauma exposure or
presence of child abuse (all Pearson cor-
relation coefficients between 0.01 and
−0.04). Inaddition,using thepercentage
ancestryestimatesforthese4populations
ascovariate intheinteractionanalysisdid
notaltertheobservedSNP�environment

interactions.Thisevidencesuggests that
populationstratificationisnot likelycon-
founding in our analyses.

Effects of CRHR1 SNPs on PTSD
Symptom Severity. Because we have re-
cently reported interactions of CRHR1
SNPs with child abuse on adult depres-
sion,71 we tested the 3 SNPs with the
strongest interaction effects (rs110402,

rs242924, and rs7209436) for the effect
on PTSD symptom severity. None of the
3 SNPs showed a significant main effect
or interaction effect with child abuse or
non–child abuse trauma exposure on
PTSD symptom severity.

DST, PTSD, and FKBP5 SNP. To as-
sess whether FKBP5 SNPs had a func-
tional consequence on GR sensitivity

Figure 2. Glucocorticoid Receptor Sensitivity, PTSD, and FKBP5 SNPs

18

6

12

10

8

14

16

4

2

0
S

er
um

 C
or

tis
ol

, µ
g/

dL

No PTSDNo PTSD

No.
GG genotype
A risk allele

11
44

GG genotype
A risk allele

7
15

Baseline Post-
dexamethasone

Suppression

rs9296158

Probable PTSDProbable PTSD

Baseline Post-
dexamethasone

Suppression

18

6

12

10

8

14

16

4

2

0

rs3800373

S
er

um
 C

or
tis

ol
, µ

g/
dL

No.
AA genotype
C risk allele

16
38

AA genotype
C risk allele

7
14

Baseline Post-
dexamethasone

Suppression

Baseline Post-
dexamethasone

Suppression

18

6

12

10

8

14

16

4

2

0

S
er

um
 C

or
tis

ol
, µ

g/
dL

No PTSDNo PTSD

No.
CC genotype
T risk allele

9
45

CC genotype
T risk allele

7
15

Baseline Post-
dexamethasone

Suppression

rs9470080

Probable PTSDProbable PTSD

Baseline Post-
dexamethasone

Suppression

18

6

12

10

8

14

16

4

2

0

rs1360780

S
er

um
 C

or
tis

ol
, µ

g/
dL

No.
CC genotype
T risk allele

18
37

CC genotype
T risk allele

9
14

Baseline Post-
dexamethasone

Suppression

Baseline Post-
dexamethasone

Suppression

T risk allele

CC genotype

T risk allele

CC genotype

C risk allele

AA genotype

A risk allele

GG genotype

PTSD indicates posttraumatic stress disorder; SNPs, single-nucleotide polymorphisms. Mean serum cortisol concentration with 95% confidence interval (CI) is shown
in participants who were tested at baseline and after 0.5 mg of dexamethasone (postdexamethasone suppression). The 4 panels represent the mean cortisol concen-
trations at baseline and postdexamethasone for individuals without probable PTSD (no PTSD) or with probable PTSD stratified by rs3800373, rs9296158, rs1360780,
and rs9470080 genotypes. Individuals were categorized as risk allele carriers when they carried the C, A, T, or T alleles of these SNPs, respectively. Carriers of the AA,
GG, CC, or CC homozygote genotypes of rs3800373, rs9296158, rs1360780, and rs9470080, respectively, were labeled as carrying the presumed protective geno-
types. We found a significant interaction of genotype carrier- and PTSD-status on cortisol suppression (repeated measures analysis of variance: rs3800373, F1,76=6.03,
P=.02; rs9296158, F1,78=8.76, P� .004; rs1360780, F1,79=3.95, P=.05; rs9470080, F1,77=5.32, P=.02; but also using permutation-based methods on percentage
cortisol suppression). Although the risk alleles seem to be associated with less suppression (ie, glucocorticoid receptor resistance) in the no PTSD group, they are as-
sociated with greater suppression of cortisol from baseline to postdexamethasone in the group with PTSD. For rs9296158 GG carrier with no PTSD and rs9470080 CC
carrier with no PTSD, the lower bound of the 95% CI had a negative value and was truncated at zero.
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changes observed in PTSD, we exam-
ined the interaction of probable PTSD
diagnosis and the 4 FKBP5 SNPs with
significant gene � environment inter-
actions on the change in cortisol con-
centration before and after 0.5-mg dexa-
methasone. These data were available
for 80 individuals and, for any given
genotype, we had full genotype, phe-
notype, and DST data for 75 to 78 in-
dividuals. In this sample, the mean (SD)
serum concentrations of cortisol on day
1 were 12.08 (5.06) µg/dL (to convert
to nmol/L, multiply by 27.588) and fol-
lowing dexamethasone, mean (SD) con-
centrations were 3.65 (4.38) µg/dL.
When we examined the change from
baseline cortisol to the dexamethasone-
suppressed cortisol concentration using
repeated measures analysis of vari-
ance, we found significant interac-
tions between risk allele carrier status
and PTSD categorical diagnosis (prob-
able diagnosis based on PSS inven-
tory), with repeated measure of corti-
sol (rs9296158: F1,78=8.76, P� .004;
rs3800373: F 1 , 7 6 = 6 .03, P = .02;
rs1360780: F1,79= 3.95, P = .05; and
rs9470080: F 1 , 7 7 = 5.32, P = .02)
(FIGURE 2), but no significant main ef-
fects. These data suggest that the ma-
jority of the patients with the risk alleles
with PTSD show enhanced suppres-
sion to dexamethasone or enhanced GR
sensitivity, which has been reported to
be a possible endocrine signature of
PTSD. In contrast, those individuals
with the putative resilience genotype
with PTSD appear to show the oppo-
site effect. These results are supported
by permutation-based analyses using
percentage suppression as outcome and
FKBP5 risk allele carrier status and
probable PTSD as predictors.

COMMENT
Our results indicate that levels of child
abuse and non–child abuse trauma each
independently predicted the level of
adult PTSD symptomatology. Al-
though polymorphisms in FKBP5 did
not directly predict the level of PTSD
symptoms or interact with the level of
non–child abuse trauma to predict
PTSD symptoms, SNPs within the

FKBP5 locus robustly interacted with
the level of child abuse to predict the
level of adult PTSD symptoms.

The most novel and important find-
ing of our study was the interaction be-
tween FKBP5 polymorphisms and child
abuse history to predict the levels of adult
PTSD symptoms. The polymorphisms
seem to belong to the same bin of SNPs,
all in high linkage disequilibrium, which
is associated with functional differ-
ences in FKBP5 expression and conse-
quent alterations in GR function. Nota-
bly, all 4 SNPs showing a significant
interaction effect had either been re-
ported to be associated with higher
FKBP5 protein levels or a stronger in-
duction of FKBP5 mRNA by cortisol in
healthy probands (rs1360780 and
rs3800373),57 or were in strong linkage
disequilibrium with these SNPs
(rs9296158 and rs9470080). The SNP
genotypes that were associated with the
highest FKBP5 mRNA induction in pe-
ripheral blood mononuclear cells by cor-
tisol57 were also the ones that were as-
sociated with the highest vulnerability to
PTSD symptoms following child abuse.
Individuals carrying the other allele
seemed to be protected from the devel-
opment of PTSD symptoms in a gene-
dose dependent manner. This is in agree-
ment with the finding of Segman et al59

who showed that trauma-induced in-
creased levels of FKBP5 mRNA expres-
sion in peripheral blood mononuclear
cells immediately following medical
trauma were predictors of the presence
of PTSD at 4 months after the trauma.

FKBP5 expression is induced by glu-
cocorticoids as part of an intracellular ul-
trashort negative feedback loop for GR
activity,53 with increased expression of
FKBP5 reducing glucocorticoid bind-
ing affinity54 and nuclear translocation
of the GR,55 resulting in resistance to glu-
cocorticoid activation. Thus, the alleles
previously associated with high FKBP5
protein/mRNAexpression57 shouldbeas-
sociated with GR resistance. This is pre-
cisely what we observed in individuals
without PTSD symptoms. The healthy
carriers of these alleles showed less dexa-
methasone suppression and thus more
GR resistance.

This functional association appears
to be switched in patients with PTSD
symptoms. These same alleles were as-
sociated with a higher dexamethasone
suppression ratio and thus increased GR
sensitivity, which is associated with
PTSD,43,45 while the protective geno-
type was associated with relative GR re-
sistance in patients with PTSD symp-
toms. This environment-dependent
reversal of the functional association
may be similar to the effects previ-
ously reported in patients with depres-
sion, where less cortisol response in the
dexamethasone-CRH test (an indica-
tion of increased GR sensitivity) was ob-
served with the same alleles that had
been associated with more FKBP5 pro-
tein and thus presumably GR resis-
tance in healthy controls.57

Our study is the first to our knowl-
edge to provide evidence directly sup-
porting a developmental or symptom-
dependent difference in the functional
consequences of these FKBP5 SNPs on
GR sensitivity. We hypothesized that
specific FKBP5 alleles may enhance the
effects of acutely released cortisol fol-
lowing child abuse on FKBP5 mRNA
expression and that abnormal FKBP5
expression leads to maladaptive changes
in GR sensitivity. These changes re-
sulted in long-term alterations of HPA
axis sensitivity, such as GR hypersen-
sitivity that effect adult response to
trauma. Consistent with this notion, al-
terations of HPA axis responsive-
ness43,45 have been previously identi-
fied as risk factors for PTSD.

PTSD has been suggested to result in
part from initial overconsolidation of
traumatic memories82,83 or, conversely,
abnormal extinction of such memo-
ries.8,84 Thus, alterations in FKBP5 func-
tion could conceivably be involved in ab-
normal GR-mediated signaling in
neurons involved with stress response
and memory formation. Polymor-
phisms within the FKBP5 gene that lead
to altered GR responsiveness could pro-
mote sensitization of the neural sys-
tems involved in stress response and
emotional memory processing, thereby
placing children who have been abused
with specific genetic variants at higher
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risk for PTSD or PTSD-spectrum symp-
toms when exposed to other types of
traumas. This hypothesis may be sup-
ported by the finding that the alleles of
rs3800373 and rs1360780, which are as-
sociated with higher risk for PTSD symp-
toms following severe child abuse in our
study, were also associated with higher
levels of peritraumatic dissociation in
children after medical trauma.58 Nota-
bly, peritraumatic dissociation has pre-
viously been identified as another risk
factor for the development of PTSD.10

It is presently not clear if the associ-
ated polymorphisms represent the ac-
tual functional variants that lead to the
differential FKBP5 expression patterns
or are in linkage disequilibrium with a
so far untyped, potential functional vari-
ant. Denser fine-mapping of this region
combined with resequencing and in vitro
and in vivo functional studies may al-
low definitive identification of the ge-
netic variants mechanistically respon-
sible for the interactions and associations
observed herein. The fact that in our
study rs4713916, located in a potential
regulatory region 5� upstream of FKBP5,
did not show a significant interaction
effect, although in Binder et al52 it had
similar association patterns to rs1360780
and rs3800373, is likely due to the dif-
ferent extent of linkage disequilibrium
observed among these SNPs in the pre-
sent sample of black individuals vs the
previous sample of ethnic German indi-
viduals (linkage disequilibrium was sub-
stantially stronger in the German
sample).

Depression and PTSD show a high
comorbidity,85 so that concurrent de-
pressive symptoms could confound our
genetic interaction analysis for PTSD
symptom outcome. However, control-
ling for current depressive symptoms,
which were measured with the BDI, did
not alter the observed interaction effect
on PTSD symptoms and there was no
gene � child abuse effect observed
when BDI score was used as the out-
come. Although the PSS and BDI scores
strongly and significantly correlate in
our sample (Pearson correlation=0.68,
P� .001), our observation of a PTSD
symptom-specific effect suggests that

interaction of FKBP5 genotypes with
child abuse history might influence
PTSD symptoms not captured by the
BDI, and thereby not shared with de-
pression. Additional evidence suggest-
ing separate gene � environment in-
teractions for depression and PTSD
symptomatology also comes from the
lack of an interaction effect between
SNPs in the CRHR1 gene and child
abuse on PTSD symptom severity, de-
spite the fact that these SNPs show
strong interaction effects on the symp-
tom severity of adult depression.71

One major limitation of our study is
that we cannot present an independent
replication, so that at this level of vali-
dation, it can only be considered hypoth-
esis generating. The supporting evi-
dence from functional effects of the
polymorphisms in the DST serve to
strengthen our finding that awaits inde-
pendent replication. Another limita-
tion is the lack of ancestry informative
marker data on the complete sample. We
do, however, feel the existing ancestry
results among our sample of 280 par-
ticipants genotyped for the 134 ances-
try informative markers help to allevi-
ate the concern of confounding by
populationstratification.Theancestryes-
timates in our subsample genotyped for
the ancestry informative markers are not
correlated with PSS or BDI scores.71 Be-
cause confounding due to population
stratification only occurs when there is
both correlation between outcome and
ancestry as well as correlation between
SNP genotypes and ancestry, our re-
sults are not likely susceptible to bias aris-
ing from confounding due to popula-
tion structure.

Limitations in the phenotype side are
that we used retrospective reports of
child abuse. It is well-documented that
reports of trauma are correlated with
PTSD symptoms,86,87 and we have to ac-
knowledge that the retrospective re-
ports of child abuse and also non–
child abuse trauma can therefore be
biased in favor of an association be-
tween these reports and PTSD symp-
toms. A similar limitation is the lack of
examination of the time since the in-
dex trauma. Furthermore, because we

have used PTSD symptom severity and
not diagnosis as an outcome measure
and our sample has very high levels of
multiple trauma exposure, our results
may not be comparable with those ob-
tained in studies with PTSD diagnosis
as outcome and studies with less varia-
tion in trauma type or fewer overall
types of trauma exposure. However,
several studies have now indicated that
multiple trauma exposure across the
lifespan is the rule rather than the ex-
ception in samples similar to our
study3,88,89 (eg, low income, urban, high
percentage of black or Latino partici-
pants) and that multiple trauma expo-
sure is related to increased mental and
physical health risk.65,90,91 Understand-
ing risk and resilience in response to
multiple trauma exposures is of high
public health importance.

Our sample was also derived from
primarily impoverished, inner-city out-
patient primary care clinics and par-
ticipants were not presenting for treat-
ment for PTSD so that we cannot
directly generalize our findings to a
clinical or epidemiological setting.
Comparability with other studies and
populations may be further limited as
methods of assessment and defini-
tions of child abuse vary greatly across
studies. Finally, the mechanisms ac-
counting for the relationship of child
abuse to increased risk for PTSD in
adulthood are not well understood. It
may be that child abuse directly im-
pacts psychological and biological de-
velopmental processes or that child
abuse is associated with other vari-
ables (child/parental temperament,
broader family environment, attach-
ment) that impact psychological and
biological development or an interac-
tion of the 2.

CONCLUSIONS
Data reported herein suggest that ge-
netic variation in the FKBP5 gene,
which is involved in glucocorticoid sig-
nal transduction, may alter sensitiza-
tion of the stress-response pathway dur-
ing development, placing those
individuals who have had significant
child abuse at significant risk for PTSD
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in the face of other traumatic experi-
ences. These genotypes potentially serve
as predictors of both risk and resil-
ience for adult PTSD among survivors
of child physical and sexual abuse.

Ourgeneticresultssupportthehypoth-
esis that theglucocorticoidresponsesys-
temmoderatestheeffectsofearlylifestress
onadultPTSDsymptomsandthatGRhy-
persensitivity may be important in the
pathophysiology of this disorder. These
results suggest the possibility that heri-
table differences in glucocorticoid-
mediated neural functioning exacerbate
or dampen the effects of child abuse on
thestresshormonesystem, thusaltering
HPAaxis sensitivityandrisk forPTSDin
adulthood.
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