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Interaction of the ADRB2 Gene Polymorphism
With Childhood Trauma in Predicting Adult Symptoms
of Posttraumatic Stress Disorder
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IMPORTANCE Posttraumatic stress disorder (PTSD), while highly prevalent (7.6% over a
lifetime), develops only in a subset of trauma-exposed individuals. Genetic risk factors in
interaction with trauma exposure have been implicated in PTSD vulnerability.

OBJECTIVE To examine the association of 3755 candidate gene single-nucleotide
polymorphisms with PTSD development in interaction with a history of childhood trauma.

DESIGN, SETTING, AND PARTICIPANTS Genetic association study in an Ohio National Guard
longitudinal cohort (n = 810) of predominantly male soldiers of European ancestry, with
replication in an independent Grady Trauma Project (Atlanta, Georgia) cohort (n = 2083) of
predominantly female African American civilians.

MAIN OUTCOMES AND MEASURES Continuous measures of PTSD severity, with a modified
(interview) PTSD checklist in the discovery cohort and the PTSD Symptom Scale in the
replication cohort.

RESULTS Controlling for the level of lifetime adult trauma exposure, we identified the novel
association of a single-nucleotide polymorphism within the promoter region of the ADRB2
(Online Mendelian Inheritance in Man 109690) gene with PTSD symptoms in interaction with
childhood trauma (rs2400707, P = 1.02 × 10−5, significant after correction for multiple
comparisons). The rs2400707 A allele was associated with relative resilience to childhood
adversity. An rs2400707 × childhood trauma interaction predicting adult PTSD symptoms
was replicated in the independent predominantly female African American cohort.

CONCLUSIONS AND RELEVANCE Altered adrenergic and noradrenergic function has been long
believed to have a key etiologic role in PTSD development; however, direct evidence of this
link has been missing. The rs2400707 polymorphism has been linked to function of the
adrenergic system, but, to our knowledge, this is the first study to date linking the ADRB2
gene to PTSD or any psychiatric disorders. These findings have important implications for
PTSD etiology, chronic pain, and stress-related comorbidity, as well as for both primary
prevention and treatment strategies.
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P osttraumatic stress disorder (PTSD) is a debilitating
and highly prevalent (7.6% over a lifetime) conse-
quence of trauma exposure.1,2 Recent large-scale

military deployments and high-profile traumatic events
have contributed to greater recognition of the PTSD burden
both among health professionals3 and the general public.4

Trauma exposure is presumed to constitute a key etiologic
factor in PTSD5; however, only a subset of trauma-exposed
individuals develops PTSD,2 suggesting that vulnerability
and resilience factors might have an important role in PTSD
development.

Heritable factors and trauma exposure have been impli-
cated in PTSD by twin and family studies,6-8 suggesting that
both genetic and environmental factors are involved; how-
ever, larger-scale efforts to identify specific genetic factors
are relatively nascent. A recent review of the candidate gene
studies of PTSD (approximately 40 to date) addressed 18
gene variants9; however, the majority (10 of 18) were based
on a single, relatively small discovery cohort each. Only a
few (eg, the FKBP5 gene10-14 and the SLC6A4 gene15,16) had
more than 1 positive association, showed no reported nega-
tive findings, and involved relatively large cohorts. Beyond
candidate gene studies, a small genome-wide association
study17 (GWAS) identified a single-nucleotide polymor-
phism (SNP) within the retinoid-related orphan receptor
alpha gene (RORA) as associated with PTSD, and a larger
GWAS18 identified SNPs near the Tolloid-like 1 gene (TLL1)
as associated with PTSD. Given that expected variance con-
tributed by any single genetic factor is small19 and that the
likelihood of pleiotropic and polygenic effects in psychiatric
disorders is high,20 major effort is required to both replicate
the reported findings and to identify novel risk genes if the
goal of identifying genetic risk factors for PTSD is to be
accomplished.

Given the centrality of trauma exposure to the etiology of
PTSD, a broad range of environmental exposures has been ex-
amined in this context, with early childhood trauma emerg-
ing as a risk factor linked to both the incident PTSD and the
course of PTSD over time.21,22 Importantly, childhood
trauma has been shown to act in interaction with the 2 most
consistently replicated PTSD risk alleles in the SLC6A4 and
FKBP5 genes,10,13,15,16 suggesting that gene × environment
(G × E) approaches utilizing continuous measures of adult
PTSD severity might be particularly useful in the study of
PTSD pathogenesis.

Finally, on the physiological level, while adrenergic and
noradrenergic abnormalities have long been believed to have
a key etiologic role in PTSD development,23,24 contributing to
exaggerated physiological reactivity and hyperarousal
symptoms,25-27 direct evidence of genetic variance in norad-
renergic and adrenergic function in PTSD has been missing.
The PTSD genetic findings so far have mainly implicated sero-
tonin, dopamine, and hypothalamic-pituitary-adrenal axis
genes. To address key open questions listed above, we have
conducted a candidate gene study in PTSD-relevant path-
ways, including the adrenergic and noradrenergic systems,
using independent discovery and confirmation cohorts and
G × E models.

Methods

Sample
All participants provided written informed consent for ge-
netic association analyses approved by the institutional re-
view boards of Veterans Affairs Ann Arbor Health System,
Emory University, or Case Western University. Table 1 lists the
demographics of the discovery and replication cohorts. The
discovery cohort included 810 active duty Ohio National Guard
soldiers. Participants of non-European ancestry by principal
components analysis (PCA) (n = 38) or with no lifetime trauma
exposure (n = 57) were excluded, leaving 715 trauma-
exposed soldiers. Soldiers were from the Ohio National Guard
Study of Risk and Resilience,28 a prospective longitudinal
study of postdeployment psychological health (n = 2616),
recruited from 6514 randomly selected Ohio National Guard
members during predeployment training and assessed over
3 annual follow-ups. Demographics, military history, details
of deployments, exposures, and psychiatric symptoms were
assessed using computer-aided telephone interviews. In
total, 72.1% of soldiers had been deployed (≤4 deployments)
to combat zones, including Iraq (61.1%), Afghanistan
(13.1%), and other combat zones, such as Bosnia and Soma-
lia (8.0%), and 42% of soldiers had been exposed to military
combat. Some soldiers had more than 1 deployment. The
replication cohort included 2083 trauma-exposed persons,
primarily African American women with low levels of
income and education, enrolled in the Grady Trauma Proj-
ect at Emory University.29-31

Assessment
The discovery cohort was assessed for exposures to 16 catego-
ries of deployment-related and 17 nondeployment adult trau-
matic events and to 4 categories of adverse childhood events
(ACEs), including physical abuse, sexual abuse, emotional
abuse, and witnessing violence between parents. Their PTSD
symptoms were assessed using a 17-item Structured Inter-
view Scale derived from the PTSD Checklist (PCL)32 (score
range, 17-85) performed as structured telephone interviews
by lay interviewers using epidemiological methods (forced
choice symptom severity range, 1-5). Reliability of the tele-
phone interview was validated against the criterion stan-
dard, in-person Clinician-Administered PTSD Scale33 inter-
view in a clinical subsample (n = 500), demonstrating high
specificity (0.92). Separate PTSD severity assessments were
performed for adult lifetime deployment-related and
nondeployment-related traumatic exposures. Because the
discovery cohort came from a longitudinal study with up to
3 assessments per individual, the highest severity score
from any available assessment was used for the highest life-
time PTSD symptom severity.

The replication cohort was assessed for exposures to 14
categories of lifetime traumatic events and ACEs, including
childhood sexual, physical, and emotional abuse, using the
Traumatic Events Inventory.34,35 Their PTSD symptoms were
assessed with the 17-item PTSD Symptom Scale, a self-report
instrument (score range, 0-51).36
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Genotyping
In the discovery cohort, DNA was obtained from saliva samples
(Oragene; DNA Genotek Inc) and was extracted using a ma-

chine for rapid isolation (QuickGene-810; Autogen Inc), quan-
tified using a kit (Picogreen; Thermo Fisher Scientific Inc) and
gel electrophoresis, and normalized to 600 ng. Genotyping was
performed at the University of Michigan DNA Sequencing Core
using a custom array (Infinium; Illumina) of 3755 candidate
gene SNPs covering haplotype tagging and previously re-
ported SNPs in 295 candidate genes for PTSD (neurotransmit-
ter, neuroendocrine, and other systems associated with PTSD)
and 319 SNPs from psychiatric GWAS studies over the past 7
years.

Genome-wide genotyping of the replication cohort was
performed at Emory University using a microarray (Human
Omni1-Quad BeadChip; Illumina). DNA was obtained from sa-
liva samples (Oragene) or from whole blood, extracted using
a kit (Blood DNA Midi; Omega Biotek), quantified by gel elec-
trophoresis, and normalized to 400 ng. The rs2400707 SNP in
the replication cohort was imputed from the Human Omni1-
Quad BeadChip using unrelated individuals from HapMap37

phase 3 reference samples (reference data set range of chr5:
143185574-153183640 and replication cohort data set range of
chr5:143192222-153181562). Imputed SNPs with an estimated
r2 < 0.30 between imputed and true genotypes and those with
posterior probabilities less than 0.90 for the most likely geno-
type were excluded from subsequent analysis. The SNP
rs2400707 had a posterior probability of 0.99.

Statistical Analysis
Data were analyzed with PLINK38 and R.39 Standard data clean-
ing and quality control were performed before analysis. Some
SNPs were excluded owing to a genotyping call rate less than
0.95, minor allele frequency less than 0.05, or Hardy-
Weinberg equilibrium deviations. Ten samples with a call rate
less than 0.95 were excluded. To assess population substruc-
ture, PCA was conducted on genotype data (Eigensoft 3.0; http:
//helix.nih.gov/Applications/README.eigensoft), and princi-
pal components (PCs) were included in the association analyses
to guard against potential bias due to population stratifica-
tion. In the discovery cohort, 88 ancestry-informative SNPs and
1472 SNPs in equilibrium (linkage disequilibrium R2 < .30) from
data pruning (Structure; http://pritchardlab.stanford.edu
/structure.html) were utilized for PCA, and the top 4 PCs were
used in analyses. In the discovery cohort, the entire GWAS data
were used for PCA, and 10 PCs were included in the associa-
tion analysis.

Associations between SNPs and PTSD phenotype (high-
est reported PCL score) were evaluated using linear regres-
sion models in PLINK. Similar to previous work in PTSD ex-
amining G × E interactions,10,29 we used a quantitative trait
approach (ie, continuous measures of PTSD symptom sever-
ity) to increase sensitivity to detect potential genetic influ-
ences on the development of PTSD symptoms. Given the strong
effect of environmental factors on PTSD symptoms, we tested
linear models controlling for sex, lifetime adult trauma, and
childhood adversity (ACEs), including interaction terms for
SNP × adult trauma and SNP × ACE. The numbers of catego-
ries of childhood and adult trauma exposures were used as
predictors, as previously reported in both epidemiological22,40

and genetic association10 studies. Because we had an a priori

Table 1. Descriptive Characteristics of the Discovery Cohort and the
Replication Cohort

Characteristic

%
Discovery

Cohort
(n = 810)

Replication
Cohort

(n = 2083)
Sex

Male 84.3 30.1

Female 15.7 69.9

Age, y

18-24 37.1 21.8

25-34 31.3 19.7

35-44 21.3 18.1

≥45 10.4 40.4

Educational level

Did not complete high school 2.1 22.3

Completed high school or GED 20.0 41.8

Some college 38.8 23.8

College graduate 39.2 12.2

Employment

Employed 100.0 29.9

Disability support 0.0 18.7

Unemployed 0.0 51.4

Other 0.0 0.0

Marital status

Married 47.5 11.3

Single 45.0 75.7

Other 7.5 12.9

Frequency of types of adult trauma
exposure

Military combat 41.8 2.1

Sexual assault 8.9 10.5

Physical assault 29.0 33.8

Nonperpetrated 28.2 46.5

Frequency of types of childhood trauma
exposure

Sexual abuse 2.7 26.7

Physical abuse 13.3 21.8

Emotional abuse 14.9 19.7

No. of childhood adversity categories

0 73.6 65.8

1 14.2 24.8

≥2 12.2 9.5

Lifetime diagnosis of PTSD 15.1 31.5

Household monthly income, $

0-499 0.0 35.9

500-999 0.0 26.6

1000-1999 16.3 24.9

2000-3333 21.3 12.7

3334-5000 37.4 0.0

≥5000 25.4 0.0

Abbreviations: GED, general educational development; PTSD, posttraumatic
stress disorder.
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hypothesis regarding gene × early life environment interac-
tion in PTSD, we focused primarily on the SNP × ACE term in
analyses of the discovery cohort. Inflation factors in the dis-
covery cohort analyses were calculated for each of the model
terms of main effects of SNPs, SNP × ACE, and SNP × adult
trauma interactions using ordinary least squares standard er-
rors and with robust (heteroscedasticity consistent) standard
errors using the R GWAtoolbox41 robust function.42 To con-
trol for multiple comparisons, we used 10 000 permutation
analyses permuting the PTSD symptom severity score in the
full model (containing main effects and interaction terms)10

using the most significant P value of the SNP × ACE term from
each permuted model as the null distribution.

Results
Discovery Cohort
Table 1 lists the characteristics of the primary (Ohio National
Guard) and replication (Grady Trauma Project) cohorts. Inter-
view data suggested that 15.1% of the discovery cohort had a
lifetime diagnosis of PTSD, with a PTSD symptom severity
mean (SD) PCL score of 30.4 (12.5) and a range of 17 (no symp-
toms endorsed) to 77. As expected, both lifetime adult trauma
load (number of categories of exposures endorsed, P < 10−5)
and childhood adversity (number of categories of ACE expo-
sures endorsed, P < 10−5) influenced the level of PTSD symp-
toms, with no significant interaction between these factors (in-
teraction term F1,809 = 1.2, P = .25) and a small correlation
between ACEs and adult trauma exposures (r = 0.12).

No significant main effects of SNPs on PTSD symptoms that
survived Bonferroni correction threshold for 3755 SNPs
(P = 1.33 × 10−5, data available on request) were detected. Be-
cause we had an a priori hypothesis regarding interaction with
childhood adversity, we tested SNP × ACE interactions in a lin-
ear regression model controlling for adult trauma exposure.
Associations were detected for the SNP × ACE interaction term
in rs2400707 (mean [SD] unstandardized estimate [B] = 3.07
[0.69], β = 0.243, t = 4.48, P = 1.02 × 10−5) and 6 other SNPs in
the ADRB2 locus in high linkage disequilibrium with rs2400707

(Table 2). Permutation analysis of the SNP × ACE interaction
term further confirmed a significant association with rs2400707
(P < .05 corrected for multiple comparisons). As shown in
Figure 1A, rs2400707 AA homozygotes demonstrated lower lev-
els of PTSD symptoms in the presence of 2 or more categories
of reported childhood adversity in the discovery cohort. Strati-
fication of the sample by ACEs showed an effect of rs2400707
only in persons with 2 or more reported categories of ACEs
(n = 93, mean [SD] B = −6.44 [2.08], t = −3.10, P = .003). Al-
though our primary focus was on continuous measures of PTSD
severity, a secondary analysis of binary logistic regression of
PTSD caseness confirmed an rs2400707 × ACE interaction
(odds ratio, 0.54; P = 5.16 × 10−4), indicating that the A allele
is protective in terms of adult PTSD symptoms on categorical
PTSD diagnosis.

To control for potential effects of population stratifica-
tion, we examined the association with the top 4 PCs from the
PCA. The PCs were not significantly associated with PTSD
symptom severity in a linear model (P > .25 for all), and addi-
tion of PCs did not alter the significant association of rs2400707
(P = 1.11 × 10−5). As previously discussed,43 linear regression
interaction terms (eg, SNP × ACE and SNP × adult trauma)
showed apparent evidence of inflation using ordinary least
squares (λ = 1.51 and λ = 1.53, respectively). This was not di-
minished by the inclusion of PCs (λ = 1.50 and λ = 1.52, respec-
tively) but was substantially diminished by the use of robust
standard errors (λ = 0.99 and λ = 0.99, respectively), suggest-
ing that the apparent inflation in the ordinary least squares
models is not due to population substructure.43

The 7 ADRB2 SNPs associated with PTSD phenotype in in-
teraction with childhood adversity were in strong linkage dis-
equilibrium within a single haploblock (Figure 2A). Haplo-
type analysis in the discovery cohort showed 3 major
haplotypes accounting for greater than 98% of those ob-
served, H1 (43.6%), H2 (37.4%), and H3 (17.4%) (Figure 2B), con-
sistent with previous findings.44 H1 is tagged by the rs2400707
A allele, which was 99.7% concordant with the H1 haplotype
(resolved by the MaCH 1.0 program45) in the discovery co-
hort. Loading of the H1 haplotype demonstrated a similar in-
teraction of H1 × childhood adversity in linear regression of

Table 2. Single-Nucleotide Polymorphisms Showing Association With Posttraumatic Stress Disorder Symptoms in Interaction
With the Level of Childhood Adversity

Chromosome SNP Size, base pair Locus Location
Position Relative

to Gene
P Value for

HWE MAF Allele

P Value

Raw Correcteda

5 rs2400707 148 205 052 ADRB2 5′-Flank −1124 .919 0.438 G:A 1.02 × 10−5 .0448

5 rs2053044 148 205 372 ADRB2 5′-Flank −804 >.99 0.439 G:A 1.37 × 10−5 .0575

5 rs1432622 148 203 762 ADRB2 5′-Flank −2414 >.99 0.440 G:A 1.42 × 10−5 .0594

5 rs1432623 148 204 008 ADRB2 5′-Flank −2168 >.99 0.440 A:G 1.42 × 10−5 .0594

5 rs11168068 148 204 121 ADRB2 5′-Flank −2055 >.99 0.440 A:G 1.42 × 10−5 .0594

5 rs1042714 148 206 473 ADRB2 Nonsynonymous E27Q >.99 0.438 G:C 2.05 × 10−5 .0786

5 rs11168070 148 205 927 ADRB2 5′-Flank −249 >.99 0.438 G:C 2.11 × 10−5 .0799

10 rs16914791 61 895 547 ANK3 Intron −1416 .87 0.050 A:G 4.23 × 10−5 .1305

21 rs420121 31 146 608 GRIK1 Intron −80 226 .95 0.392 T:C 1.01 × 10−4 .2383

Abbreviations: HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequency; SNP, single-nucleotide polymorphism.
a Corrected for multiple comparisons.
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PTSD symptoms (mean [SD] B = 3.08 [0.71], t = 4.343,
P = 1.61 × 10−5) and in logistic regression of PTSD caseness (odds
ratio, 0.53; P = 6.1 × 10−4). The next-highest SNP × ACE inter-
actions were in SNPs in the ANK3 and GRIK1 genes (Table 2);

however, these effects were not significant (P > .05) after con-
trolling for multiple comparisons. Parameter estimates and raw
and corrected P values of ACE × SNP interaction terms for all
SNPs tested are listed in eTable 1 in the Supplement.

Figure 1. Interaction of ADRB2 Single-Nucleotide Polymorphism rs2400707 With Childhood Adversity in Adult Posttraumatic Stress Disorder
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Exposure to childhood adversity is coded 0 for no reported abuse (521 in the
discovery cohort and 1370 in the replication cohort), 1 for 1 category reported
(101 in the discovery cohort and 516 in the replication cohort), or 2 for 2 or more
forms of child abuse reported (93 in the discovery cohort and 197 in the

replication cohort). The PTSD Checklist (PCL) and PTSD Symptom Scale (PSS)
scores are continuous measures of posttraumatic stress disorder. A, Discovery
cohort (n = 715, P = 1.02 × 10−5 for interaction). B, Replication cohort
(n = 2083, P = .0009 for interaction).

Figure 2. Linkage Disequilibrium and Haplotype Analysis of the ADRB2 Locus
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proximity to the most significant SNP
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//www.broadinstitute.org/scientific
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Replication Cohort
We confirmed the association of ADRB2 SNP rs2400707 with
PTSD symptom level (modified PTSD Symptom Scale score)
and interaction with childhood adversity in our replication co-
hort. In total, 31.5% of the replication cohort had a lifetime di-
agnosis of PTSD, with a mean (SD) PTSD Symptom Scale score
of 12.5 (12.2) and a range of 0 to 45. The observed frequency of
the A allele in the replication cohort was 0.43, and the ob-
served AA genotype was found in 417 (20.0%). As shown in
Figure 1B, rs2400707 AA homozygotes showed lower levels of
PTSD symptoms in the presence of 2 or more categories of re-
ported childhood adversity in the replication cohort. The
rs2407007 × ACE interaction in the association with PTSD
symptoms in the Grady Trauma Project (mean [SD] B = 1.80
[0.54], t = 3.328, P = .0009) remained significant when using
robust standard errors (mean [SD] B = 1.81 [0.60], t = 3.02,
P = .0026) after controlling for sex and adult trauma expo-
sure (mean [SD] B = 1.58 [0.50], t = 3.15, P = .0017) and after
controlling for the 10 PCs (mean [SD] B = 1.55 [0.51], t = 3.06,
P = .0022) (eTable 2 in the Supplement). Again, an effect of
rs2400707 was found only in persons with 2 or more reported
ACEs (n = 197, mean [SD] B = −5.34 [1.35], t = 3.95, P = .00011).
All 3 subscales of PTSD symptoms showed rs2400707 × ACE
interaction, including intrusive (mean [SD] B = 0.47 [0.17],
t = 2.79, P = .005) and hyperarousal (mean [SD] B = 0.61 [0.20],
t = 3.07, P = .002); however, the subscale for avoidance symp-
toms had the most robust interaction (mean [SD] B = 0.82
[0.24], t = 3.43, P = .0006).

Finally, we tested the same model (linear regression of SNP,
ACEs, adult trauma, and SNP × ACE and SNP × adult trauma
interaction terms) in the combined data set (adjusting symp-
tom severity measures to the same scale) of both the discov-
ery and replication cohorts. We found that the rs2400707 × ACE
interaction term had a mean (SD) B = 0.77 (0.15) (β = 0.19,
t = 5.08, P = 3.97 × 10−7).

Discussion
Our data provide strong evidence that ADRB2 SNPs are asso-
ciated with PTSD in male soldiers of European American an-
cestry and in civilian women of African American ancestry who
were exposed to trauma and adverse events during child-
hood. To our knowledge, to date, this is the first direct evi-
dence of the role of genetic variance in the noradrenergic sys-
tem in PTSD. The association between PTSD symptom severity
and rs2400707 in interaction with childhood adversity in the
discovery cohort was found using robust standard errors and
correction for multiple testing with permutation analyses. The
same finding of rs2400707 genotype × childhood adversity in-
teraction was confirmed in the replication cohort, and the com-
bined data set revealed a similar effect (unadjusted
P = 3.97 × 10−7). In concert, an association was also found for
several other SNPs in the same region of the ADRB2 gene, all
in strong linkage disequilibrium with rs2400707, and haplo-
type analyses suggested that the H1 haplotype is protective.
The genetic associations were demonstrated using a G × E
model, such that individuals with different rs2400707 geno-

types show differential levels of PTSD symptoms as a func-
tion of the number of types of adverse childhood exposure
(Figure 1A). We found an essentially identical interaction in the
replication cohort (Figure 1B). Together, these findings sug-
gest that the ADRB2 gene interacts with childhood adversity,
constituting a vulnerability and resilience factor to the devel-
opment of PTSD symptoms following adult trauma. The
rs2400707 A homozygotes (from populations of approxi-
mately 19% of European ancestry and 20% of African ances-
try [Yoruba from Ibadan, Nigeria] based on International Hap-
Map Project37 data) represent the most resilient group, with
no increase in PTSD symptoms despite the exposure to more
types of childhood adversity, while the G homozygotes show
the greatest vulnerability, and the heterozygotes demon-
strate intermediate vulnerability.

The rs2400707 SNP is located in the promoter region of the
intronless ADRB2 gene, approximately 1 kilobase (kb) up-
stream of the start site. It is in strong linkage disequilibrium
with several other SNPs in an approximately 2-kb region span-
ning the promoter and part of the coding region of the ADRB2
gene, which form a single haploblock. We found 3 major hap-
lotypes accounting for greater than 98% of those observed in
our discovery cohort, consistent with previous work.44 The A
allele of rs2400707 (associated with resilience) tags H1
(HapMap37 tool TagSNP picker), whereas H2 and H3 are dif-
ferentiated by rs1042713 and rs1042717. ADRB2 haplotypes, in-
cluding nonsynonymous SNPs in the coding region (rs1042713,
Arg16Gly and rs1042714, Gln27Glu), have been linked to al-
tered agonist-induced internalization of the receptor.46 Dia-
tchenko and colleagues44 argued that these haplotypes are as-
sociated with altered transcription efficiency, with H1 (tagged
by rs2400707 A) coding for low-efficiency transcription. We
hypothesize that the AA genotype/H1H1 diplotype (resilient in
the face of childhood adversity in both cohorts) represents a
low-transcription variant of ADRB2, the gene for the β2-
adrenergic receptor. Decreased β2-adrenergic receptor levels
are believed to be associated with decreased sympathetic re-
sponsiveness, which could be protective against PTSD de-
spite trauma exposure.

Physiologically, the β2-adrenergic receptor is a major trans-
ducer of the sympathetic nervous system and the fight-or-
flight response. Increased adrenergic and noradrenergic func-
tion had been repeatedly invoked to explain exaggerated
arousal, hypervigilance, enhanced autonomic responses, and
even persistent trauma memories in PTSD,23,26,47-49 and ad-
renergic β-blockers have been tried as potential early inter-
vention and secondary prevention strategies,50,51 with mixed
results. A deletion variant in a different adrenergic system gene
(ADRA2B), leading to decreased agonist-promoted phosphory-
lation and receptor desensitization, has been associated with
altered memory for emotionally arousing events47 and in-
creased amygdala activity.52 Molecularly, the β2-adrenergic re-
ceptor is a member of the G protein–coupled receptor super-
family and associates intracellularly with the class C L-type
calcium channel Cav1.2 encoded by the CACNA1C gene.53

CACNA1C is one of the most replicated and strongest signals
for psychiatric vulnerability identified to date53 and is associ-
ated with risk for both bipolar disorder and schizophrenia in
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large GWAS studies.54-59 The fact that ADRB2 and CACNA1C are
within the same gene network supports the idea that genetic
variation within this network could affect psychiatric vulner-
ability. The next most significant association in interaction with
ACEs in the discovery cohort was an SNP in the ANK3 gene.
While this finding did not survive multiple comparisons cor-
rection, it is intriguing in light of the recent association of ANK3
with PTSD.60

To our knowledge, this is the first report of genetic risk fac-
tors for PTSD in National Guard soldiers. The question as to
whether the genetic risks for PTSD development are similar in
different populations that are exposed to different traumas at
different periods in their lives remains to be empirically tested.
While some genetic variants (eg, ADCYAP1R1) have been iden-
tified as risk factors for women only,31 our findings suggest that
ADRB2 factor might be shared by men and women, African
Americans and European Americans, and military and civil-
ians. This is consistent with the idea that some genetic risk fac-
tors for PTSD might be common across populations and even
shared by other stress-related disorders, such as
depression.61-63 In this context, the same ADRB2 SNPs have
been linked to risk for the development of chronic pain,64,65

and it was previously suggested based on epidemiology and
shared physiology66 that common vulnerability factors for
stress-related disorders and chronic pain must exist. More re-
cently, evidence was also reported of shared vulnerability for
pain and posttrauma psychological symptoms in the COMT
gene.67 Further studies will be required to examine both shared
and unique genetic vulnerability factors, especially in mili-
tary cohorts exposed to unique sets of traumas and stressors.

Lifetime trauma exposure was a strong predictor of PTSD
symptoms, regardless of the ADRB2 diplotype. This is ex-
pected because the severity of trauma exposure had been iden-
tified as a major risk factor for PTSD in epidemiological
studies.2,21,22 We did not observe significant interaction be-
tween genetic variance and lifetime adult trauma exposure,
suggesting that genetic variance in interaction with child-
hood trauma alone can influence adult PTSD symptom sever-
ity. However, exposure to 2 or more different childhood trau-
mas predicted PTSD symptoms in rs2400707 G carriers but not

in A homozygotes, consistent with findings of interaction with
childhood adversity in FKBP5 (which regulates glucocorti-
coid regulator sensitivity).10 Exposure to 2 or more types of
childhood trauma or adversity is likely to signify a qualita-
tively different type of parental supervision and thus differ-
ent childhood experience during critical developmental peri-
ods. Lower-efficiency transcription and thus lower expression
of ADRB2 could protect against negative biological conse-
quences of chronic or repeated activation of adrenergic and nor-
adrenergic systems in childhood adversity exposure.

Certain limitations should be kept in mind when consid-
ering these findings. While we have used discovery and rep-
lication cohorts and the total number of participants in-
cluded in the analyses is substantial (n = 2798), it is still
relatively modest compared with large-scale genetic projects
involving tens of thousands. Thus, further confirmation in large
cohorts of participants will be very useful. On the other hand,
the G × E analyses used herein require detailed data collec-
tion with regard to PTSD symptoms and lifetime and child-
hood trauma exposure, the collection of which is seldom fea-
sible in very large genetic studies. With respect to
generalizability, our cohorts included both sexes, European-
ancestry soldiers, and African American civilians. Still, whether
the same risk factors are shared by other racial/ethnic groups,
various ages, or members of different branches of the mili-
tary will have to await future confirmation. Finally, physi-
ological data will help to confirm the functional effects of
ADRB2 polymorphisms on adrenergic system function.

Conclusions
In summary, we provide evidence that ADRB2 SNPs are strongly
associated with the development of PTSD symptoms in per-
sons with a history of childhood adversity. While additional
investigations (including deep sequencing) are clearly needed
to confirm the existing findings and to identify new ones, these
data provide an important lead for both examining the patho-
genesis of PTSD and developing specific and effective preven-
tion and intervention strategies.
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