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Abstract

Posttraumatic stress disorder (PTSD) is a moderately heritable anxiety disorder that may develop

after exposure to trauma. However, only few genetic variants that relate to PTSD have been

studied. This study examined the relationship between 12 single nucleotide polymorphisms

(SNPs) in the corticotropin-releasing hormone receptor 1 gene (CRHR1) and post-disaster PTSD

symptoms and diagnosis in adults exposed to 2004 Florida hurricanes. CRHR1 regulates the

hypothalamic-pituitary-adrenal (HPA) axis; dysregulation of the HPA axis is characteristic of

stress phenotypes. Final analyses were conducted in the European-American (EA) subsample

(n=564) due to population stratification. After correction for multiple testing, rs12938031 and

rs4792887 remained associated with post-hurricane PTSD symptoms. Additionally, rs4792887

was associated with post-hurricane diagnosis of PTSD. This study is the first to examine CRHR1

in relation to PTSD in adults, and provides evidence for the importance of CRHR1 variation in the

etiology of PTSD. Although results are preliminary and require replication, they justify follow-up

efforts to characterize how this gene relates to PTSD.
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1. Introduction

The majority of the population (about 60-80% in the United States) will be exposed to at

least one traumatic event at some point during their lifetimes (Bonanno, 2004; Resnick,

Kilpatrick, Dansky, Saunders, & Best, 1993). Across all traumatic events, only about 8% of

those exposed will develop PTSD (Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995).

This difference between the high prevalence of exposure to a potentially traumatic event

(PTE) and the comparatively low prevalence of people who develop PTSD has led to

research efforts aimed at explaining this variation. Although most research in the field has

focused on how psychosocial factors increase risk for PTSD (Brewin et al., 2002), data from

both civilian and non-civilian twin studies also suggest that PTSD is moderately heritable

(Lyons et al., 1993; Sartor et al., 2012; M.B. Stein, Jang, Taylor, Vernon, & Livesley, 2002;

True et al., 1993). As for most complex traits, the genetic underpinnings of this phenotype

have not been thoroughly elucidated.

Two of the primary methods employed to identify molecular variants that influence the

latent genetic heritability estimates yielded from twin studies include genome-wide

association studies (GWAS) and candidate gene studies. GWAS assesses polymorphisms

across the entire genome for association with the phenotype, but does not embody an

underlying biological hypothesis. While GWAS would greatly advance the PTSD genetic

literature, existing published PTSD studies have small sample sizes (Cornelis, Nugent,

Amstadter, & Koenen, 2010).

Unlike GWAS, the candidate gene approach nominates regions of interest based on their

hypothesized biological relationship with neurobiological pathways involved with the

development or maintenance of the phenotype (or other information, such as genetic

linkage). Serotonergic and dopaminergic systems have been the focus of most genetic

studies of PTSD (Cornelis, et al., 2010), although there are other neurobiological pathways

of interest. The hypothalamic-pituitary-adrenal (HPA) axis, activated by corticotrophin-

releasing hormone (CRH), moderates the release of stress hormones such as cortisol (Claes,

2004). In most individuals, the normal stress response is followed by a return to baseline

once the stressor has passed. However, the initial stress response is altered in some

individuals, becoming chronic. Dysregulation of the HPA axis is characteristic of stress-

related phenotypes, including PTSD (Yehuda, 2009). Numerous findings suggest a

sensitized HPA axis among individuals with PTSD, such as increased corticotrophin-

releasing factor levels in cerebrospinal fluid, higher cortisol levels, and elevated

glucocorticoid receptor number and responsiveness (Yehuda, 2009). Thus, studying the

relationship between regulatory genes of the HPA axis and PTSD may be useful.

There are many genes that influence HPA axis reactivity (A. B. Amstadter, Nugent, &

Koenen, 2009; Koenen, 2007); however, CRH genes are seemingly particularly

consequential (Baker et al., 2005; Smoller et al., 2005; Tyrka et al., 2009; van Gaalen,

Stenzel-Poore, Holsboer, & Steckler, 2002). Of candidate gene studies of PTSD to date, few

have examined genes influencing the HPA axis (Bachmann et al., 2005; Binder et al., 2008),

with one prior study examining a CRH gene (A. B Amstadter et al., 2011). In this small
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study of pediatric injury patients, variants of CRHR1 were significantly associated with

acute and longitudinal PTSD symptoms, with rs12944712 significantly predictive.

Numerous studies have investigated CRHR1 variation and depression in the context of a

traumatic event. For example, Heim et al. (Heim et al., 2009) showed that rs110402 was

associated with cortisol levels and developing depression in adulthood in males who

experienced childhood trauma. Bradley et al. (Bradley et al., 2008) found that after

correction for multiple testing, rs110402 and rs7209436 moderated the relationship between

child abuse and adult depression, with the effect of rs110402 consistent with that reported by

Heim et al. (Heim, et al., 2009). Bradley et al. (Bradley, et al., 2008) also found a protective

effect of the CRHR1 TAT haplotype (rs7209436, rs110402, rs242924), which was later

replicated in a study by Polanczyk et al. (Polanczyk et al., 2009) examining adult depression

following childhood maltreatment.

Overall, evidence suggests that CRHR1 variation may be important in post-trauma

psychopathology. The primary aim of the current study was to test for an association

between variation in CRHR1 and PTSD symptoms in an epidemiologic sample of adults

exposed to one of the 2004 Florida hurricanes (R. Acierno, Ruggiero, Kilpatrick, Resnick, &

Galea, 2006; A. B. Amstadter et al., 2009). This disaster-exposed sample is very suitable for

genetic PTSD studies, as it controls for possible gene-environment correlations. We

hypothesized that variants in CRHR1 would be associated with post-hurricane PTSD

symptoms.

2. Methods

2.1. Data Collection

This study examined data from 626 individuals residing in Florida in 2004 who were

exposed to one of four hurricanes (Charley, Francis, Ivan, and Jeanne). A probability sample

of adults was randomly selected from telephone households in counties that were declared

“disaster zones” following the 2004 Florida hurricanes through a Random Digit Dial (RDD)

procedure. Interested individuals completed a structured telephone interview and provided a

saliva sample for genotyping. Methodological information for this Florida hurricanes study

is described elsewhere (R. Acierno et al., 2007; R. Acierno, et al., 2006; Galea, Acierno,

Ruggiero, Resnick, & Kilpatrick, 2006; Kilpatrick et al., 2007).

Participants gave verbal consent and were mailed detailed information regarding the

components of the study and consent. Participants received $20 for completion of the

interview and saliva sample for DNA extraction.

2.2. Assessment Procedure

Self-report data collection occurred 6-9 months after the hurricanes via telephone interview.

Interviews were conducted using computer-assisted telephone interview (CATI)

methodology, which allows for maximum quality control. From the phone interview, we

evaluated: 1) demographic characteristics, 2) social support, 3) exposure to hurricane(s), and

4) PTSD symptoms.
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Demographic Characteristics—Information about the participant regarding sex, marital

status, age, employment status, ethnicity, race, and household income were collected.

Social support—Participants were evaluated for social support during the six months

before the hurricanes using a modified version of the Medical Outcomes Study module

(Sherbourne & Stewart, 1991). This assesses emotional, instrumental, and appraisal social

support with five items (range=0–20). A score of 15 or less was considered “low social

support” based on the cutoff score derived from prior work (Galea et al., 2002). This scale

had excellent reliability (Chronbach’s alpha= .86).

Exposure to hurricane(s)—Hurricane exposure was evaluated using behaviorally

specific indicators identified in previous research (Freedy, Saladin, Kilpatrick, Resnick, &

Saunders, 1994): 1) being personally present during the hurricane and exposed to winds or

flooding; 2) at least one week of inadequate access to food, water, electricity, telephone

service, or clothing; 3) losses or significant damage in at least two of five categories of

hurricane-related loss (i.e., furniture, appliances, or other household contents; sentimental

possessions, such as photographs; automobiles; pets; and crops, trees, or garden); 4) one

week or longer of home displacement; and 5) un-reimbursed losses of $1,000 or more. As

used in previous research (A. B. Amstadter, Koenen, et al., 2009), high hurricane exposure

was defined as having experienced two or more of these indicators.

PTSD—The National Women’s Study (NWS) PTSD module, which is used often in

population-based research, was used to evaluate PTSD symptoms. This module has

concurrent validity and reliability (e.g., temporal stability, internal consistency, diagnostic

reliability) (Ruggiero, Rheingold, Resnick, Kilpatrick, & Galea, 2006). The NWS PTSD

module was validated in the DSM-IV PTSD field trial against the Structured Clinical

Interview for DSM (SCID), yielding an inter-rater kappa coefficient of 0.85 for the

diagnosis of PTSD. Comparisons between scores on the National Women’s Study PTSD

module and the SCID yielded a kappa coefficient of 0.71 for current PTSD (Kilpatrick et al.,

1998). Research demonstrates considerable correspondence between telephone versus in-

person administration of this module (R Acierno, Resnick, Kilpatrick, & Stark-Riemer,

2003). For our main analyses we examined post-hurricane PTSD symptom count, which had

excellent internal reliability in this sample (α=.86) (R. Acierno, et al., 2007). In a follow-up

analysis we examined post-hurricane PTSD at the diagnostic level; we defined PTSD based

on DSM-IV symptom requirements (i.e., three avoidance, one intrusion, and two arousal

symptoms), including functional impairment.

2.3. Saliva Collection and DNA Extraction

Individuals who participated in the phone interview were given the option of providing a

saliva sample using a mouthwash protocol. A total of 637 individuals mailed their saliva

samples back to the Yale University School of Medicine laboratory for DNA extraction and

analysis, and 626 samples gave valid genotype data for CRHR1 markers (see below).

Participants who did versus did not return a saliva sample did not differ with regard to main

study variables. Details on response rate and associations of participation are described
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elsewhere (Galea et al., 2006). DNA was extracted from these samples using PURGENE

kits (Gentra Systems, Minneapolis).

2.4. Bioinformatics

The SNPs that were selected include previously studied SNPs and tagging SNPs with an r2

value greater than 0.8 using Haploview’s Tagger (Barrett, Fry, Maller, & Daly, 2005). Tag

SNPs are representative SNPs in each haplotype block at the gene locus (Zhang et al., 2004).

The following SNPs were genotyped: rs12938031, rs7209436, rs171441, rs242924,

rs4792887, rs2664008, rs242936, rs110402, rs17689966, rs242939, rs16940686, and

rs173365.

2.5. Genotyping Procedures

Ancestry Proportion Scores—A total of 36 markers were genotyped to yield ancestry

information (M. B. Stein, Schork, & Gelernter, 2004; Yang, Zhao, Kranzler, & Gelernter,

2005a, 2005b). One additional highly informative SNP marker, SLC24A5(Lamason et al.,

2005), was added to the panel. Ancestry proportion scores were created to control for

spurious associations that can occur from variation in allele frequency and prevalence of

trait by population. Bayesian cluster analysis was used to estimate participants’ ancestries

with the marker panel described above on the procedures and STRUCTURE software

developed by Falush, Stephens, and Pritchard (Falush, Stephens, & Pritchard, 2003) and

Pritchard and Rosenberg (Pritchard & Rosenberg, 1999). For the STRUCTURE analysis, the

“admixture” and “allele frequencies correlated” models were specified and we used 100,000

burn-in and 100,000 Markov chain Monte Carlo iterations.

TaqMan probe-based chemistry (Lee, Connell, & Bloch, 1993) was used to genotype the

samples at the Virginia Commonwealth University laboratory. The Taqman SNP genotyping

assays were designed and ordered from Life Technologies.

2.6. Statistical Analyses

Descriptive statistics were compiled to examine the study sample and for SNP quality

evaluation. Analyses were conducted in the full sample and the EA subsample to control for

population stratification. To test for possible gene-environment correlations, Chi-square

analyses were conducted for all stressor variables and all genotypes. The prevalence of post-

hurricane PTSD diagnosis in the full sample was 3.2%, while the prevalence of post-

hurricane PTSD diagnosis in the EA subsample was 2.8%. In order to maximize power,

symptom counts were used as the primary outcome variable. A linear regression model was

conducted to determine if there was an association between CRHR1 SNPs and post-

hurricane PTSD symptoms after adjusting for sex, age, ancestral proportion scores, social

support, and hurricane exposure. A follow-up logistic regression analysis was conducted

with the SNPs that were significantly associated with PTSD symptoms in the linear

regression analysis to examine their relation to post-hurricane PTSD diagnosis in the EA

subsample, again, controlling for sex, age, ancestral proportion scores, social support, and

hurricane exposure.
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3. Results

SNPs and their chromosomal position, minor/major alleles, minor allele frequency, Hardy-

Weinberg Equilibrium (HWE) p-values, and call rates are summarized in Table 1 for the full

sample. Call rates ranged from 90.4% to 98.6%. As shown in Table 1, 4 of 12 SNPs

nominally deviated from HWE expectations in the full sample. Given the non-homogenous

composition of the study sample, we selected the 564 participants who were EA and

calculated the HWE tests for this subsample to determine if population stratification

influenced the results in the full sample. Indeed, three of four SNPs that violated HWE in

the full sample were in HWE in the EA subsample. The fourth SNP (rs2664008) was not in

nominal HWE (p= 0.02), but with Bonferroni correction this is not considered significant.

Following, we performed the subsequent analyses in the EA participants only. Haploview

(Barrett, et al., 2005) was used to estimate the LD structure of the SNPs (Figure 1). Table 2

summarizes the LD relationship between previously studied SNPs and tag-SNPs.

Demographic characteristics are presented in Table 3 for the full sample and the EA

subsample. As shown, the EA subsample consisted of 19.3% adults younger than 60 years

old, 64.0% were female, 43.8% experienced high hurricane exposure, and 35.1% had low

social support. Among EA participants with valid genotype data, the average number of

post-hurricane PTSD symptoms reported was 1.61 (SD= 2.65).

Two SNPs were nominally significantly related to social support (rs2664008 [χ2= 5.81, p=

0.02] and rs110402 [χ2= 6.01, p= 0.049]) in individual tests, but not significant after

correction for multiple testing. No SNPs were related to hurricane exposure. The following

results between SNPs and PTSD symptoms are not likely due to a gene-environment

correlation.

As shown in Table 4, psychosocial characteristics were related to post-hurricane PTSD

symptom count. The major allele (A) of rs12938031 (β= −0.33, t= −4.06, p< 0.001), the

major allele (C) of rs4792887 (β= −0.31, t= −3.22, p= 0.001), the minor allele (G) of

rs17689966 (β= 0.76, t= 1.98, p= 0.049), and the major allele (G) of rs173365 (β= −0.77, t=

−1.99, p= 0.047) were nominally associated with higher post-hurricane PTSD symptoms

(Table 4). After a Bonferroni adjustment for multiple testing was employed (α=.004),

rs12938031 and rs4792887 remained significant.1 To determine if rs12938031 and

rs4792887 were related to post-hurricane PTSD diagnosis a logistic regression was

conducted. Results indicated that rs12938031 was associated with PTSD diagnosis (OR=.18,

p=.006) and that rs4792887 was not significantly related to diagnostic status (OR=.58, ns).

4. Discussion

This is the first study to examine the relationship between CRHR1 SNPs and PTSD in

adults. The results show that four SNPs (rs12938031, rs4792887, rs17689966, and

rs173365) were nominally significantly related to post-hurricane PTSD symptoms. After an

adjustment for multiple testing, rs12938031 and rs4792887 remained significant. This

1Analyses were also run in the full sample, and the pattern of results was similar.
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implies that the major alleles of rs12938031 and rs4792887 may increase risk for symptoms

of PTSD. Further, the logistic regression results indicated that rs12938031 was significantly

associated with PTSD diagnosis.

A strength of this study is its use of a disaster-exposed epidemiologic sample, which reduces

the possible effects of a gene-environment correlation (rGE). Exposure to certain types of

PTEs (e.g., assaultive traumas) is influenced by heritable personality characteristics such as

neuroticism (Jang, Livesley, & Vernon, 1996). However, exposure to a non-assaultive

trauma (e.g., natural disaster) has been shown not to be heritable (M.B. Stein, et al., 2002).

Of note, no SNPs were related to hurricane exposure, and no control for rGE is needed for

these models.

Our results are consistent with the limited literature on CRHR1 variation and stress-relevant

phenotypes. One study that investigated SNPs in relation to PTSD symptoms following an

acute injury showed that rs12944712 was related to PTSD symptoms (A. B Amstadter, et

al., 2011). The SNP found in Amstadter et al’s (2011) investigation is in high LD (r2= 0.76)

with rs12938031, a SNP found in the current study to be related to post-hurricane PTSD

symptoms. Therefore, future studies of this gene may consider fine mapping of this region to

identify functional variants. Similar to the results in this study, Bogdan et al. (Bogdan,

Santesso, Fagerness, Perlis, & Pizzagalli, 2011) found that under conditions of stress,

individuals with the AA genotype for rs12938031 showed a reduced ability to develop a

response bias toward a more frequently rewarded stimulus, resulting in reward learning

abnormalities.

Although functional variants of CRHR1 and their downstream effects are yet to be

determined, the biologic function of this gene is relevant to PTSD and other stress-related

phenotypes due to the key role of CRH on activating the HPA axis. Demonstrations that

PTSD patients hypersuppress cortisol in response to low dose dexamethasone treatment

(Yehuda, Boisoneau, Lowry, & Giller, 1995) led to the expansion of PTSD development

models to incorporate altered post-trauma cortisol response. Exaggerated catecholamine

increases during a traumatic event without the regulatory influence of cortisol may lead to

abnormal memory formation and result in the intrusion symptoms that characterize PTSD

(Yehuda, Shalev, & McFarlane, 1998). Variation in CRHR1 may play a role in this process,

although this specific question has not yet been explored. Nevertheless, preclinical and

clinical studies support the importance of CRHR1 in stress-related pathology (Koenen, 2007;

van Gaalen, et al., 2002).

Our preliminary results suggest that polymorphisms in the CRHR1 gene are related to post-

hurricane PTSD symptoms and for rs12938031 PTSD diagnosis in adults. The current study

is not without limitations. Recall bias may exist, as these data were collected 6-9 months

following hurricane exposure. In addition, DNA samples were returned for less than one half

of the sample. However, there were no significant differences between returners and non-

returners of saliva samples on a number of key variables (Galea, Acierno, Ruggiero,

Resnick, & Kilpatrick, 2006; Kilpatrick, et al., 2007). Results from this study are not

definitive and additional replication is needed, especially in a more diverse sample with

ample power to analyze subsamples other than EAs. The major limitation is the small
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sample size we obtained, only a fraction of which is informative with respect to the

phenotype of interest; therefore we were underpowered. Although a disaster-exposed sample

has advantages, the generalizability of the results may be limited. Future studies should

examine a wide range of traumatic events to determine if the results in the current study can

be applied to other traumas. Future studies of this gene would also be strengthened by

additional mapping and sequencing to identify functional variants, as well as gene

expression studies. Overall, these results along with other literature on CRHR1 and stress-

related health suggest that this gene is implicated in the development of anxiety disorders.
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Figure 1.
LD plot of all tested SNPs in the EA subsample using r2 as the measure of LD. Higher

numbers indicate a greater amount of LD.
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Table 1

List of CRHR1 SNPs and their chromosomal position, minor/major alleles, minor allele frequency, Hardy-

Weinberg p-values, and call rates for the full sample.

SNP Chromosomal
Position

Minor/major
alleles

Minor allele
frequency

Hardy-
Weinberg p-

value

Call
rate %

rs12938031 41210268 G/A 0.35 0.462 90.4

rs7209436 41225913 T/C 0.43 0.018 92.7

rs171441 41249125 A/G 0.07 0.343 92.0

rs242924 41241147 T/G 0.44 0.047 95.4

rs4792887 41232791 T/C 0.09 0.114 97.3

rs2664008 41238883 A/G 0.08 0.016 94.4

rs242936 41254990 A/G 0.09 0.814 96.6

rs110402 41235818 A/G 0.44 0.059 97.1

rs17689966 41266236 G/A 0.47 0.566 96.2

rs242939 41251360 C/T 0.07 0.028 98.6

rs16940686 41268811 T/G 0.04 1.000 97.1

rs173365 41256855 A/G 0.47 0.681 95.2
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Table 2

LD relationship (r2) between previously studied SNPs (x-axis) and tag-SNPs (y-axis).

rs7209436 rs242924 rs4792887 rs110402 rs173365

rs12938031 0.448 0.455 0.055 0.474 0.190

rs171441 0.055 0.056 0.622 0.057 0.081

rs2664008 0.116 0.125 0.009 0.120 0.088

rs242936 0.003 0.003 0.355 0.004 0.117

rs17689966 0.472 0.486 0.031 0.480 0.977

rs242939 0.047 0.048 0.597 0.049 0.073

rs16940686 0.037 0.038 0 0.038 0.054
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Table 3

Sample characteristics.

Full Sample
n= 626

EA Subsample
n= 564

Variable n % n %

Age

<60 years 140 22.6 108 19.3

≥60 years 479 77.4 451 80.7

Sex

 Male 224 35.9 203 36.0

 Female 400 64.1 361 64.0

Race/Ethnicity

 European American 564 90.8 564 100

 African American 23 3.7 — —

 Hispanic 23 3.7 — —

 Other 11 1.8 — —

Hurricane Exposure

 Low 343 55.0 317 56.2

 High 281 45.0 247 43.8

Social Support

 Low 227 36.5 197 35.1

 High 395 63.5 365 64.9
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Table 4

Linear regression results for post-hurricane PTSD symptoms in the EA subsample.

Variable B t p-value

Sex 0.03 0.61 0.54

Age 0.11 2.30 0.02

Ancestry 0.01 0.16 0.87

Hurricane Exposure 0.14 3.09 0.002

Social Support 0.23 4.93 <0.001

rs12938031 −0.33 −4.06 <0.001*

rs7209436 0.05 0.22 0.83

rs171441 0.33 0.96 0.34

rs242924 −0.40 −1.62 0.11

rs4792887 −0.31 −3.22 0.001*

rs2664008 0.06 1.13 0.26

rs242936 −0.05 −0.51 0.61

rs110402 0.03 0.09 0.93

rs17689966 0.76 1.98 0.049

rs242939 −0.19 −0.57 0.57

rs16940686 0.04 0.81 0.42

rs173365 −0.77 −1.99 0.047

*
Note: SNPs significant after Bonferroni correction.
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