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Abstract

Background: It is debatable whether or not glucocorticoid receptor (GR) polymorphisms moderate susceptibility
to PTSD. Our objective was to examine the effects of stressful life events, social support, GR genotypes, and
gene-environment interactions on the etiology of PTSD.

Methods: Three tag single nucleotide polymorphisms, trauma events, stressful life events, and social support were
assessed in 460 patients with PTSD and 1158 control subjects from a Chinese Han population. Gene–environment
interactions were analyzed by generalized multifactor dimensionality reduction (GMDR).

Results: Variation in GR at rs41423247 and rs258747, stressful life events, social support, and the number of
traumatic events were each separately associated with the risk for PTSD. A gene–environment interaction among
the polymorphisms, rs41423247 and rs258747, the number of traumatic events, stressful life events, and social
support resulted in an increased risk for PTSD. High-risk individuals (a large number of traumatic events, G allele of
rs258747 and rs41423247, high level stressful life events, and low social support) had a 3.26-fold increased risk of
developing PTSD compared to low-risk individuals. The association was statistically significant in the sub-groups
with and without childhood trauma.

Conclusions: Our data support the notion that stressful life events, the number of trauma events, and social
support may play a contributing role in the risk for PTSD by interacting with GR gene polymorphisms.
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Background
Post-traumatic stress disorder (PTSD) is an anxiety dis-
order which can develop as a result of exposure to a
traumatic event. Although epidemiologic investigations
have indicated that the majority of individuals exposed
to traumatic stress will experience some kind of transi-
ent distress, only a relative minority of trauma-exposed
individuals go on to develop PTSD [1,2]. This suggests
that the heterogeneity of the effects of trauma could in
part be mediated by several environmental risk factors,
including pre-, peri-, and post-traumatic stressful life
events [3-5]. The associations between PTSD and these
stressful life events have been examined in several
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studies. For example, two prospective cohort studies in-
volving the World Trade Center disaster showed that
higher numbers of negative life events experienced be-
fore and after 9/11 were associated with PTSD among
New York City adults and rescue, recovery, and clean-up
employees on September 11, 2001 [6,7]. In several other
prospective studies involving combat-related PTSD, pre-
traumatic life events, such as multiple deployments, pre-
paredness, unit cohesion, and post-traumatic life events
(e.g., job loss, serious illness, and relationship and social
difficulties) were predictors of PTSD onset [8-11]. How-
ever, social support is considered to be a protective buf-
fer against the development of PTSD. Evidence from
several cohort studies also confirmed that social support
buffers the negative impact of exposure to trauma, and
the presence and severity of the various PTSD symptoms
may be moderated to some extent by social support
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[4,7,8]. These results seem to confirm that successive or
cumulative exposure to stressful or adverse events weaken
one’s coping ability, increase the stress -responsiveness of
the HPA axis and psychological vulnerability to trauma,
and therefore increases the risk for PTSD; perceived and
embedded social support may influence an individual’s
subjective appraisal and his/her negative internal or exter-
nal responses to a traumatic event [12].
Apart from these environmental risk factors, genetic

factors also play an important role in determining sus-
ceptibility among those who have experienced trauma.
Twin and family studies have consistently shown that
the heritability of PTSD is approximately 30-40% [13-15].
Candidate gene and genome-wide association studies
have also implicated genes in the dopaminergic system,
the hypothalamic-pituitary -adrenal (HPA) axis, the locus
coeruleus-noradrenergic system, and those encoding
neurotrophins directly regulating PTSD [16,17]. A recent
review by Zoladz et al. [18] indicated a significant inter-
action of these genes with environmental factors, such as
poor socioeconomic conditions, childhood adversity, low
social support, and prior trauma that have previously been
shown to significantly increase one’s likelihood of develop-
ing PTSD. The findings have revealed that specific genetic
polymorphisms appear to increase PTSD susceptibility
in individuals who experience the appropriate “disorder-
triggering” situations.
The HPA axis is the major constituent of the neuroen-

docrine response to acute and chronic stress. Increased
negative feedback of glucocorticoids (GCs) on the HPA
axis is often considered as one of the hallmark biological
correlates of PTSD, although cortisol alterations in
PTSD are complex and somewhat inconsistent [19-21].
The increased sensitivity of the HPA axis, including al-
tered baseline cortisol levels and an increased sensitivity
of the GR, can also be induced by adulthood trauma
exposure independent of PTSD [22,23]. The increased
sensitivity of GRs and the receptor expression may be a
consequence of specific genetic backgrounds associated
with GR genotypes [24,25]. Although a number of stud-
ies have also shown that GR polymorphisms are associ-
ated with changes in GCs sensitivity or altered cortisol
[24,26,27], few studies have indicated that PTSD is asso-
ciated with the presence of single nucleotide polymor-
phisms (SNPs) in genes associated with GR. Individuals
with PTSD after intensive care therapy who carried the
homozygous G-allele of the BclI SNP (rs41423247) had
more severe PTSD than non-carriers or heterozygous
carriers [28]. Another study by Bachmann et al. [29]
showed that the N363S and BclI GR polymorphism fre-
quencies were not significantly more frequent between
PTSD patients and control subjects. However, the findings
are difficult to interpret due to the small number of sub-
jects with PTSD and a BclI GG genotype in the study.
Additionally, one recent prospective study by van
Zuiden et al. [24] examined military deployment repre-
senting pre-existing vulnerability factors for develop-
ment of PTSD symptoms. Specifically, a significant
interaction between the effect of the GR haplotype (BclI)
and a high level of childhood trauma was associated with
a higher GR number. Participants who carried the G al-
lele and reported a high level of childhood trauma also
appeared to be at increased risk for development of
PTSD symptoms, although this effect failed to reach
statistical significance. Clearly, further research is re-
quired to explain the basis for such disparate findings.
Although research has highlighted a role for both en-

vironmental factors, including trauma and stressful life
events, and the GR gene in the development of PTSD,
no investigations have specifically examined the role of
the interaction between these environmental factors
and GR gene polymorphisms in the etiology of PTSD.
On the basis of the above data, we hypothesized that
vulnerability to trauma events is accentuated by stressful
life events, social support, and variation in GR, which
may result in an increased risk for PTSD. We aimed to
elucidate the following: i) the main effect of the GR
gene, stressful life events, social support, and trauma
on PTSD; ii) the interaction between GR polymorphisms
associated with PTSD; and iii) the potential interaction
among GR gene variants and these environmental factors
on PTSD.

Methods
Subjects
Six hundred forty patients with PTSD were recruited
from the Department of Psychiatry, First Hospital of
Xinjiang Medical University and Xinjiang Mental Health
Center, Xinjiang, China, between January 2011 and
October 2012. A total of 2000 healthy subjects were also
selected randomly from local community samples as
controls. All the subjects were of Chinese Han origin
and unrelated inhabitants of northern China. All patients
were interviewed by at least two trained psychiatrists
using the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-V) criteria for PTSD [30].
To meet PTSD criteria, these patients satisfied (1) DSM-
V Criterion A event, (2) at least one symptom of Criter-
ion B, (3) at least one symptom of Criterion C,(4) at
least three symptoms of Criterion D, (5) at least three
symptoms of Criterion E, (6) duration of at least one
month (symptoms in Criteria B, C, D and E), and (7)
significant distress or impaired functioning in their
personal life, relationships, work or school due to these
symptoms. The patients with the following conditions
were excluded, including a history of head trauma,
organic brain syndrome, psychosis or bipolar disorder,
or dependence on substances other than alcohol and
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nicotine. All the control subjects underwent structured
clinical interviews to exclude those who had any current
or previous psychiatric disorders, or who had a family
history of psychiatric or neurological disorders, or who
were alcoholics or drug abusers. Because the purpose of
the present study was to explore the factors affecting the
risk for PTSD when individuals face traumatic events,
it was determined whether or not all of the control sub-
jects had witnessed or experienced traumatic life events
using the Chinese Traumatic Life Events Questionnaire
(TLEQ). Respondents who had no traumatic experiences
were excluded; finally, 1158 subjects were interviewed
for the study. The description of the case and control
groups is shown in Table 1. All participants provided
written informed consent. The study was approved by
the Ethics Committee for Xinjiang Medical University
and Xinjiang Mental Health Center.

Trauma exposure
The Chinese TLEQ was used to assess the history of ex-
posure to 22 different types of traumatic experiences
that meet the DSM-IV PTSD criterion A1 definition of
trauma [31]. The traumatic events include childhood
physical and sexual abuse, combat exposure, motor ve-
hicle accidents, natural disasters, and adult sexual and
physical assault. The measure also assesses whether or
not the experience meets the DSM-IV PTSD criterion
A2 and asks the respondent to indicate the number of
times each event occurred on a 7-point scale ranging
from “never” to “more than 5times”. Participants also
identified their “worst” trauma from the list of trauma
types included on the TLEQ. The TLEQ has shown good
test–retest reliability and predictive validity with respect
to PTSD diagnoses [31,32]. The number of traumatic
events experienced was categorized into quintiles of
approximately equal size (1, 2 to 5, 6 to 9, and ≥10)
to facilitate further analysis. Participants were asked
whether, by age 13, they had witnessed or experienced a
violent crime, had been sexually abused, or had been
physically abused. Endorsement of any of these adverse
childhood experiences was coded as positive for expos-
ure to childhood trauma.

Stressful life events
Stressful life events were assessed using the life events
scale (LES) developed by Yang and Zhang [33], in which
a total of 48 items are classified into 3 categories, includ-
ing family life (28 items), work problems (7 items), social
interactions and other aspects (7 items). The LES has
been widely used in a Chinese population. These events
encompass serious illnesses, housing, relationship, and
social difficulties, relationship breakups, unemployment,
and financial crisis. This scale indicates that change
in one’s life requires an effort to adapt, then an effort
to regain stability. The questionnaire has demonstrated
high reliability and validity and was widely used in
Chinese social research [34,35]. This scale assessed the
following four aspects of negative life events: the time of
occurrence of life events (absent = 1, 1 year earlier = 2,
within the last 1 year = 3, chronicity = 4); character of life
events (good = 1, bad = 2); influence of mind (absent = 1,
mild = 2, moderate = 3, severe = 4, extreme = 5); and dur-
ation of influence (≤3 months = 1, 3–6 months = 2, 6–12
months = 3, >12 months = 4). The 75% percentile (a
score of 32) in the sample was used as a cut-off value for
grouping the moderate and severe levels of stressful life
events [35].

Social support
Social support was measured with the Chinese Social
Support Rating Scale (SSRC) [36], which consists of a
total of 10 items with 3dimensions (objective support
[three items], subjective support [four items], and the
use of social support [three items]). The Crohnbach’s α
coefficient was 0.81 and test-retest reliability was 0.92
[36]. Each of the 10 items was classified into four grades,
ranging from completely disagree (1 point) to completely
agree (4 points). Therefore, the higher the scores were,
the higher the degree of social support. A total score
<33 characterizes low social support, 33–45 equates to
moderate social support level, and scores >45 equate to
high social support [36,37].

Marker selection
SNPs within the GR gene were selected from dbSNP
(http://www.ncbi.nlm.nih.gov/projects/SNP/) and the Hap-
Map database (http://www.hapmap.org), of which the
tagSNPs were defined by Haploview (version 4.0). The cri-
teria for tagging were a linkage disequilibrium (LD) thresh-
old (r2) ≥ 0.8 and a minor allele frequency (MAF) ≥ 0.1.
According to the most recent HapMap build (HapMap-
Rel28August10 Build) among the Han Chinese in Beijing
(CHB) population, 21 tagSNPs were selected. We further
screened these tagSNPs on the basis of the reported role in
central regulation of the HPA-axis and PTSD phenotypes
[27-29]. Finally, only three taqSNPs (rs258747, rs41423247,
and rs10482605) were selected for genotyping.

DNA sampling and genotyping
Genomic DNA was extracted from peripheral blood leu-
kocytes using a Genomic DNA extraction kit. Genotyping
was performed using multiplex SNaPshot technology with
an ABI fluorescence-based assay discrimination method
(Applied Biosystems, Foster City, CA, USA). The multi-
plex SNaPshot detection of single-base extended probe
primers was based on fluorescence and extended length
detected by capillary electrophoresis on an ABI3130XL
Sequencer (Applied Biosystems). Six primers for SNaPshot
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Table 1 Demographics and factors associated with PTSD

Variable PTSD (n = 460) Controls (n = 1158) t/x2 OR 95% CI P

Age (mean, SD) 37.87(9.85) 34.47(10.84) 4.10 <0.001

Gender (n, %)

Male 253(55.0) 662(39.9) 0.63 >0.05

Female 207(45.0) 496(60.1)

Stressful life event* (n, %)

Severe 376(81.8) 630(54.4) 52.79 3.76 2.04,6.71 <0.001

Moderate 84(18.2) 528(45.6) 1.00

Social support* (n, %)

Lower 271(58.9) 252(21.8) 1.00

Moderate 155(33.7) 614(53.0) 109.36 0.11 0.06,0.19 <0.001

Higher 34(7.4) 292(25.2) 0.45 0.25,0.79

The number of Trauma events* (n, %)

0-1 115(25.0) 486(42.0) 1.00

2-5 115(25.0) 434(37.5) 203.07 1.70 0.80,3.58 <0.001

6-9 211(45.9) 226(19.5) 5.98 2.82,12.67

≥10 19(4.1) 12(1.0) 6.69 3.16,14.18

Type of trauma (n, %)

Natural disaster 22(4.8) 68(5.9)

Motor vehicle accident 46(10.0) 165(14.3)

Other accident (e.g., workplace accident) 50(10.9) 102(8.8)

Serious illness (e.g., HIV, cancer) 64(13.9) 198(17.1)

Death of loved one 106(23.0) 207(17.9)

Injury/illness of loved one 70(15.2) 101(8.7) 109.81 <0.001

Witness family violence 84(18.3) 135(11.6)

Childhood physical assault 46(10.0) 72(6.2)

Robbed with a weapon 22(4.8) 23(2.0)

Adult physical assault (without weapon) 28(6.1) 50(4.3)

Intimate partner violence 80(17.4) 94(8.1)

Witness physical assault 66(14.3) 94(8.1)

Threatened with physical assault 40(8.7) 55(4.8)

Childhood sexual assault by adult 32(7.0) 66(5.7)

Childhood sexual assault by peer 40(8.7) 92(7.9)

Young adult sexual assault 32(7.0) 41(3.5)

Adult sexual assault 44(9.6) 46(4.0)

Unwanted sexual attention 10(2.2) 10(0.8)

Stalking 4(0.9) 15(1.3)

Miscarriage (self or partner) 10(2.2) 18(1.6)

Abortion (self or partner) 24(5.2) 60(5.2)

Other (e.g., finding dead bodies, combat, violent
death of pet, witness drug overdose of stranger)

20(4.3) 53(4.5)

*adjusted for age.
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extension reactions were designed by Primer3 online soft-
ware (v.0.4.0; http://frodo.wi.mit.edu/primer3/) according
to the reference sequences from dbSNP (http://www.ncbi.
nlm.nih.gov/SNP). For quality control, a random sample
of 5% of the cases and controls was genotyped twice by
different researchers, with a reproducibility of 100%. The
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Table 2 Association of genotype frequencies of the
glucocorticoid receptor gene in patients with PTSD
compared with controls when adjusted for age

SNPs PTSD (n, %) Controls (n, %) x2 OR 95% CI p

rs10482605

T/T 428(93.1) 1105(95.4)
4.68

1.0 0.096

C/T + C/C 32(6.9) 53(4.6) 0.66 0.43,1.01

C 49(5.3) 46(2.0)
3.92

1.0
0.087

T 871(94.7) 2270(98.0) 0.36 0.24,1.05

rs41423247

C/C 230(50.0) 684(59.1)
11.14

1.0

C/G 202(43.9) 412(35.6) 1.46 1.16,1.83 0.004

G/G 28(6.1) 62(5.3) 1.34 0.84,2.15

C 662(72.0) 1780(76.9)
8.54

1.0 0.003

G 258(28.0) 536(23.1) 1.29 1.09,1.54

rs258747

A/A 190(41.3) 562(48.5)

11.77

1.0

G/A 200(43.5) 480(41.5) 1.23 0.97,1.56 0.003

G/G 70(15.2) 116(10.0) 1.78 1.27,2.51

A 580(63.0) 1604(69.3)
11.59

1.0
0.001

G 340(37.0) 712(30.7) 1.32 1.13,1.55
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minor allele counts were compared with database (http://
www.ncbi.nlm.nih.gov/projects/SNP) and the data were
matched well. Genotyping was performed blind to group
status.

Statistical analysis
All genotyped SNPs were examined using chi-square
(χ2) goodness-of-fit test for genotypic distributions in
Hardy-Weinberg equilibrium (HWE). The age of partici-
pants was analyzed as a continuous variable and tested
using a t-test. The genotypic and allelic frequencies be-
tween the patient and control groups were compared by
Pearson (χ2) using SPSS for Windows (version17.0;
SPSS, Inc., Chicago, IL, USA). Logistic regression models
were used to examine the association between PTSD,
stressful life events, and social support with adjustment
for age. The linkage disequilibrium analysis between
the patient and control groups was compared using the
UNPHASED program (Dudbridge, 2003). In addition,
gene–gene and gene–environment (GxE) interactions
were analyzed by multifactor dimensionality reduction
software (MDR 2.0 beta 6), which is a free open source
accessible at http://sourceforge.net/projects/mdr/. Previ-
ous studies showed that age may affect GR genetic effect
on PTSD susceptibility; we included age as covariates in
our GxE interaction analyses. All interactions were
tested using 10-fold cross-validations in an exhaustive
search considering all possible combinations. The model
with the highest testing balance accuracy and cross-
validation consistency was selected as the ‘best model.’
Statistical significance was determined using a 1000-fold
permutation test. To clarify the GxE results, we com-
puted the (χ2) and odds ratios (ORs) with 95% confi-
dence intervals (CIs) to determine the set of risk factors.
The significance level for all statistical tests was set at a
corrected P-value of 0.05.

Results
The genotypic distributions of the three polymorphisms
were all in HWE in the case and control groups, which
suggests that no particular genetic selection of the study
groups occurred. Allele frequencies in our sample were
similar to those reported for Caucasians in HapMap ex-
cept rs10482605 (MAF = 0.029).
The basic clinical characteristics of participants are

shown in Table 1; the mean (SD) age of cases and con-
trols was 37.87 (9.85) years and 34.47 (10.84) years, re-
spectively. The most common event for PTSD patients
was death of loved one (23.0%) followed by childhood
sexual assault by adult (20.0%). The most common event
in control group was death of loved one (17.9%). After
adjustment for age, severe stressful life events were sig-
nificantly associated with risk for PTSD. The OR of the
effect of stressful life events on the risk of PTSD was
3.76 (95% CI = 2.04-6.71). Additionally, higher and mod-
erate social support were protective for PTSD compared
with lower social support with an OR of 0.45 (95% CI =
0.25-0.79) and 0.11 (95% CI = 0.06-0.19), respectively. It
was also expected that the likelihood of developing
PTSD increased as a function of the number of reported
traumatic events. Individuals who had experienced > 5
traumatic events were 5-fold more likely to develop
PTSD than those who had experienced ≤ 5 events.
Logistic regression analysis was conducted to test

the associations between the three polymorphisms
(rs10482605, rs258747, and rs41423247) and PTSD after
adjusting for age. Significant differences in allele and
genotype frequencies were detected between healthy
control subjects and PTSD patients. As shown in Table 2,
we demonstrated that the presence of GG and GA geno-
types and the G allele (rs258747) significantly reduced
the risk of PTSD, while presence of the A allele and
AA genotype was a positive factor with respect to dis-
ease risk. Subjects with the G allele and CG genotype
(rs41423247) had an increased likelihood of PTSD com-
pared with those with the C allele and CC genotype
(OR = 1.29, 95% CI = 1.09-1.54). The rs10482605 is not
associated with PTSD. In addition, we measured linkage
disequilibrium by D’ and R2 between the three polymor-
phisms using the UNPHASED program, which showed
that the three polymorphism sites were not likely to be
linked (R2 < 0.8).

http://www.ncbi.nlm.nih.gov/projects/SNP
http://www.ncbi.nlm.nih.gov/projects/SNP
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The results of exhaustive MDR analysis evaluating
the combinations of the three tested SNPs are summa-
rized in Table 3. The best combination for a potential
interactive polymorphism in predicting PTSD was the
rs258747 and rs41423247 combination. The testing bal-
ance accuracy for this two-locus model was 51.72% and
cross-validation consistency was 10/10 (100%); an em-
piric P-value of < 0.01 based on 1000-fold permutations
was obtained.
To explore the potential gene-environment interac-

tions on PTSD, MDR analysis was used to search the as-
sociation of the two SNPs with stressful life events,
number of traumatic events, and social support. In the
three-way gene-environment interaction model, the
combination of stressful life events, traumatic events, so-
cial support, rs258747, and rs41423247 had the highest
testing balance accuracy (51.72%) and cross-validation
consistency (10/10) on the prediction of PTSD (Table 4).
This suggests that highly stressful life events, a large
number of traumatic events, and low social support
under specific genotypes of the GR gene may increase
the risk for PTSD. Although MDR analysis was able to
identify the presence of an association among several
factors, the results did not show detailed information
about the interactions. We then used logistic regression
analysis to determine the set of risk factors selected by
MDR. The participants were divided into the following
three groups: 1) high risk were those with a G allele
(rs258747), G allele (rs41423247), highly stressful life
events, a large number of traumatic events, and low so-
cial support; 2) low risk were those with an A allele
(rs258747), C allele (rs41423247), moderate stressful life
events, a small number of traumatic events, and high so-
cial support; and 3) medium risk was others. As shown
in Table 5, adults in the high- (OR = 3.26, 95% CI = 2.46-
4.32) and medium-risk groups (OR ranged from 2.44
to 2.94) were significantly more likely to have PTSD
that those in the low-risk group. Given the reported
significant association between the timing of trauma
exposure and PTSD in previous studies, we further an-
alyzed the above interaction according to the timing of
trauma exposure. Our population was divided into
persons with childhood trauma and without childhood
trauma. The results remained significant, and the odds
ratios very similar to those reported in the total popu-
lation, as follows: the high-risk group who experienced
childhood trauma (OR = 3.33, 95% CI =1.99-5.57); and
Table 3 MDR analyses on gene–gene interactions in PTSD pa

Mode Test accuracy OR

Rs258747 0.5125 3.23

Rs258747, rs41423247 0.5172 5.47
the high-risk group who had no childhood trauma ex-
posure (OR = 3.26, 95% CI =2.32-4.57).

Discussion
In this study, we explored the main and interaction ef-
fects of the GR gene, traumatic events, stressful life
events, and social support on the risk for PTSD. Expos-
ure to highly stressful life events, a large number of trau-
matic events, and low social support each independently
increases the risk for PTSD on exposure to trauma.
These results are consistent with the findings of Kolassa
et al. [38] and Huang et al. [32], who showed that higher
numbers of different lifetime traumatic event types led
to a higher prevalence of lifetime PTSD in a dose–re-
sponse relationship, and individuals who had childhood
adversity and adult traumatic events were more likely to
develop lifetime PTSD compared with those who experi-
enced either type of adverse event. Our study also con-
firmed the important role of social support in buffering
or aggravating the effects of trauma events and other en-
vironmental stressors. Our study further suggests that
this risk is heightened among individuals with risk alleles
of the two SNPs (rs258747 and rs41423247) of the GR
gene. Strong association between the combination of the
two SNPs and PTSD in this study gives further evidence
in support of the functional role of the GR gene in the
development of PTSD. The rs41423247 polymorphism
might affect the GR gene promoter by selectively acting
on repressor or enhancer sites within the promoter,
thereby altering GC sensitivity [39]. Previous studies
have reported an association between SNP and increased
sensitivity to glucocorticoids following a DEX-CRH test,
a lower cortisol response after psychological stress
[40,41], and more traumatic memories and major de-
pressive disorders [28,42]. Hauer et al. [28] observed that
individuals who were homozygous carriers of the minor
(G) allele of the SNP had more traumatic memories and
lower plasma cortisol levels, and were at increased risk
for development of PTSD symptoms after cardiac sur-
gery, while homozygous G allele carriers had enhanced
GR sensitivity and an increased number of GRs, which
was a strong predictor of the presence of PTSD symp-
toms. In addition, Wüst et al. [43] showed strong genetic
effects of the SNP variant on HPA-axis responsiveness
in a male twin cohort. The SNP heterozygotes had high
responses, both for cortisol and ACTH, following a
psychological challenge than “wt-type” individuals. The
tients and controls

95% CI Cross-validation consistency P

1.84,5.67 7/10 <0.001

2.61,11.45 10/10 <0.001



Table 4 MDR analyses on gene–environmental interactions in PTSD patients and controls

Model Test accuracy OR 95% CI Cross-validation consistency P

Rs 41423247, stressful life events, number of traumatic events, social support 0.6491 4.06 2.76,5.98 10/10 <0.001

Rs258747, rs41423247, stressful life events, number of traumatic events, social support 0.6586 4.17 2.87,6.05 10/10 <0.001
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altered baseline cortisol levels and increased sensitivity
of the GR could reflect a pre-existing vulnerability,
which increases the probability of developing PTSD fol-
lowing trauma exposure [23].
The rs10482605 SNP is a T/C polymorphism located

in the promoter region of alternative exon 1C. The
minor C allele (rs10482605) has lower transcriptional
activity under unstimulated and different stimulation
conditions (dexamethasone, forskolin, and phorbol 12-
myristate acetate) in vitro, and the haplotype between
rs10482605 and rs6198 leads to relative GC resistance
and increased GRbeta mRNA stability, which may sig-
nificantly contribute to individual vulnerability for the
development of major depression [27]. Kumsta et al.
[44] reported that the variant C allele (rs10482605)
showed reduced transcriptional activity in a reporter
gene assay, and the C allele was also associated with re-
current major depression in a Belgian study [45], thus
suggesting possible functional effects of this SNP. There
are no published data on the relationship between the
SNP and PTSD. We did not observe a significant associ-
ation between the SNP and the risk of PTSD in our
Chinese Han sample, consistent with a previous study
[46], in which no relationship between rs10482605 and
cortisol responses to psychosocial stress was found in a
child psychiatric population. In addition, the frequency
of the minor allele of the SNP in the present study
(0.029) was lower than that among other African (0.075),
Caucasian (0.183), Belgian (0.013), Swedish (0.090), and
Mexican populations ((0.133); [45,47]). The ethnic differ-
ences in polymorphism frequencies might contribute
to inconsistent results in genetic association studies.
Table 5 Interaction effect of the glucocorticoid receptor gene
social support for risk of PTSD when adjusted for age

Variables Total With child

n PTSD % OR (95% CI) n P

A-C-ML-LT-MS 778 14.7 1.00 161 2

G-G-HL-HT-LS 418 35.9 3.26(2.46,4.32)a 130 4

A-C-HL-HT-LS 948 33.5 2.94(2.31,3.73)a 227 3

A-G-HL-LT-MS 474 29.5 2.44(1.84,3.25)a 52 3

G-G-ML-LT-LS 330 30.9 2.61(1.92,3.55)a 29 4

All Othersa 288 33.3 2.91(2.12,3.99)a 57 4

ML moderate level stressful life events, HL high level stressful life events, HT high n
of traumatic events (five or fewer events), MS moderate social support or high socia
aP<0.05.
Thus, we speculate that the polymorphism may not be
involved in the pathophysiology of PTSD in the Chinese
Han populations.
The rs258747 polymorphism is located in the 3′-flank-

ing region, which is responsible for mRNA stabilization.
Although no previous data have been published thus far
in regard to PTSD, it has been reported recently that the
variant is associated with the response to duloxetine in
major depressive disorder and the response to lamotri-
gine in bipolar depression disorder [48]. We also found
the rs258747 SNP is associated with PTSD. Moreover,
rs258747 has been chosen as a tag SNP for the NR3C1
gene region and located in the large haplotype block
[47]. The possible functional impact of the rs258747
polymorphism on NR3C1 function remains unsolved;
however, it cannot be excluded that the SNP is located
within the sequence involved in gene regulation. The
other possibility is that this SNP is in strong linkage dis-
equilibrium with other, functionally relevant variants
causative for PTSD development. Our finding may also
support the importance of the interactions between the
two SNPs in the development of PTSD. The potential
functional consequences of the investigated SNPs need
further studies to understand the genetic factors under-
lying PTSD, as well as possible interactions between the
GR gene and other plausible candidate genes.
The main finding of our work was that the GR variants

interact with the number of traumatic and stressful life
events and social support to predict PTSD; thus, the ef-
fect of trauma is different depending upon two SNPs
(rs258747 and rs41423247), stressful life events, social
support, and the number of traumatic events. The
, number of traumatic events, stressful life events, and

hood trauma Without childhood trauma

TSD % OR (95% CI) n PTSD % OR (95% CI)

0.5 1.00 617 13.1 1.00

6.2 3.33(1.99,5.57)a 288 33.7 3.26(2.32,4.57)a

8.2 2.40(1.49,3.85)a 721 30.4 2.89(2.18,3.83)a

6.5 2.23(1.13.4.42)a 422 30.3 2.88(2.11,3.94)a

1.4 2.74(1.19,6.29)a 301 29.2 2.73(1.94,3.85)a

4.6 3.13(1.63,5.98)a 231 30.6 2.92(2.03,4.20)a

umber of traumatic events (more than five traumatic events), LT low number
l support, LS low social support.
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individuals with the G allele of GR rs258747, C allele of
GR rs41423247, high level stressful life events, large
number of traumatic events (>5 traumatic events), and
low social support were at high risk for the development
of PTSD. After dividing the trauma exposure into child-
hood trauma and non-childhood trauma, the GxE in-
teraction remained significant. This finding is partially
consistent with prior studies that have shown the GR
genotype to be associated with risk for PTSD. A ran-
domized controlled trial study by Hauer et al. [49]
showed that a pre-operatively administered minimal
cognitive behavioral intervention targeted to homozy-
gous carriers of the G high-risk allele of the SNP
rs41423247 reduces traumatic memories and post-
traumatic stress disorder symptoms after heart surgery.
In Dutch military personnel, the presence of the G allele
of the SNP rs41423247, in combination with a high level
of childhood trauma, was associated with a high GR
number in PBMCs prior to deployment, which was iden-
tified to be a vulnerability factor for PTSD [26]. A pre-
natal GxE interaction of GR rs41423247 with maternal
psychological symptoms could result in an increased risk
of child HPA-axis dysfunction [50]. Although several
previous studies highlight the importance of considering
the GxE interaction when exploring the etiology of
PTSD, few studies have reported other environmental
factors in considering GxExE effects on the risk of
PTSD, with the exception of the nature of trauma. Our
findings give further evidence suggesting that HPA-axis
related gene polymorphisms may modify the association
between environmental factors and PTSD exposure to
trauma. Therefore, future studies should be enhanced to
explore not only the GxE relationship, but also the more
complex GxGxE and GxExE for understanding genetics
and environmental influences on PTSD.
In comparison with these previous studies, the current

study had several strengths that deserve mention. In-
stead of using PTSD symptoms as an outcome, partici-
pants were directly interviewed by trained interviewers,
resulting in a reliable PTSD diagnosis. In addition, we
examined a range of lifetime traumatic events with a re-
liable and validated instrument. These events covered
most, but not all, trauma types known to cause PTSD .
Nevertheless, interpretation of this study should con-
sider the following limitation. The subjects in our study
were all from the Chinese Han population; we cannot
adequately generalize from these results to populations
with different racial backgrounds. Thus, the findings will
require further replication in other population with a
longitudinal cohort study. Stressful life events, social
support and childhood trauma data were collected retro-
spectively without using a structured interview, which
may have resulted in recall bias. Although we analyzed
the gene-environment interactions on the risk of PTSD
in groups with childhood exposure and non-childhood
exposure, the more complex GxExE including childhood
trauma or other kind trauma events was not examined
due to the small sample size. In the present study, we
investigated only three tag SNPs; therefore, it is possible
that other polymorphisms of the genes may be more
important in determining susceptibility to PTSD. Future
studies of this gene would also be strengthened by
additional mapping and sequencing to identify func-
tional variants, as well as gene expression studies.

Conclusions
We found evidence for a gene-environment interaction
involving GR polymorphisms with the number of trau-
matic and stressful life events and social support, re-
sulting in an increased risk of PTSD. These findings
emphasize the potential cumulative effect of genetics
and environmental factors on the probability of develop-
ing PTSD, and give further insight in possible mecha-
nisms accounting for the differences in the individual
vulnerability to PTSD.
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