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Why study the genetics of PTSD?



Yehuda, R. et al. (2015) Post-traumatic stress disorder. Nat. Rev. Dis. Primers doi:10.1038/nrdp.2015.57



The idea that constitutional factors – those within the 
individual – influence response to trauma is not new.





“There was evidence that the terrifying stresses of 
war tended to provoke anxiety states to a 
significantly preferential extent, but they did so far 
from regularly.  A more important determinant of 
the type of response was the constitution of the 
individual, as shown by his family history, previous 
life, and personality.”

Eliot Slater, 1944



PTSD is heritable. 



Twin studies rely on a natural experiment to 
assess heritability

Monozygotic twins:

share 100% of their genes

Dizygotic twins:

share 50% of their genes



PTSD heritability from twin studies is similar to 
other psychiatric disorders

Sullivan, Daly, and O'Donovan. Nature Reviews Genetics. 2012

PTSD: Males

PTSD: Females



Genetics provides foundational insights into biology 
that may eventually impact clinical care.
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Finding the genes and mutations 
that cause disease is the most 
reliable means of gaining the 
insights required

PTSD psychopharmacology: Progress needed

• The only FDA approved drugs for 
PTSD are the SSRIs: sertraline (Zoloft) 
and paroxetine (Paxil).

• Overall response rate estimated at 
about 60% with only 20-30% 
achieving complete remission



So how do we find genes for PTSD?



If we knew what the genes were, they’d be easy 
to find…

▪ 1991-2015 – the era of the candidate gene 
association study in PTSD

▪ Hallmarks: poor statistical practice, optimistic data 
interpretation, few if any reproducible results

▪ Outcome: little durable knowledge



Initial attempts to identify genes were not 
successful for complex diseases broadly . . .

Dark Ages of complex trait genetics

Science 2002. Glazier, Nadeau & Aitman. Finding Genes that Underlie Complex Traits. 



Progress required an intellectual shift from 
Mendelian to complex trait genetics



Complex trait genetics

▪ Instead of one gene determining a disease or trait, 
many genes each exert a small influence

▪ None by themselves can “cause” or “explain” the 
disease or trait fully – but together with 
environmental influences combine to define an 
individual outcome



Progress also required many fundamental 
paradigm shifts

▪ Understanding the 
genome and the 
fundamental nature     
of human variation

▪ Dramatic 
technological 
advances in our ability 
to access genomes



A genomic approach: Compare variation in entire 
genome in many thousands of genomes

People with and 
without disease

Define the genetic 
basis of the disease

Human
genome

Normal

Human
genome

Tumor

Define the genetic 
basis of cancer

Cells with and 
without cancer

Microbial
genome

Resistant

Sensitive

Define the genetic 
basis of virulence

Microbes that do 
and do not kill





Consortium approach needed

PGC

Psychiatric Genomics Consortium

(and 800+ others)

Patrick Sullivan Mark Daly



Sample size accelerates discovery 

2009:  2601 cases → 0 hits

2011:  9394 cases → 5 hits

2012:  25K cases → 62 hits

2014:  36K cases → 108 hits

Numbers presented represent samples of European Ancestry



60995 cases, 102860 controls

155 genome wide significant sites

Courtesy of Stephan Ripke

Sample size accelerates discovery (2016) 



Initial molecular parts list for schizophrenia



Can the PGC provide a road map for PTSD?



PGC PTSD Working Group founded

Kerry Ressler Israel LiberzonKarestan Koenen Caroline Nievergelt



PGC PTSD: Data freeze I 



Lead Analyst 
Laramie Duncan, 
PhD

PGC PTSD: Data freeze I 



Adapted from Gratten et al. 2014

Trajectories of GWAS discoveries

Freeze 1
EA

~2.4k

Freeze 1
trans-ethnic

>5k

Goal: reach inflection point



PGC PTSD: Data freeze 2 



GWAS analysis strategy needs to account for 
diverse ancestries

EUA meta-analysis
N =   174,659 

23,212  cases (13.3%)

AFA meta-analysis
N =  15,339 

4,363 cases (28.4%)

Meta-analysis across ancestry 
groups

N =  195,701 
29,556 cases (15.1%)

AMA
N =  5,703 
1,981 cases 

(34.7%)

Freeze 1

CVB RFA

GWAS 
summary data

Dataset Type
51 European Ancestry (EUA) 30 African Ancestry (AFA) 6 Latino (AMA)

MRSC FEEN
SAFR DCSR
DNHS TEIC
GSDC NIU
FSCD WACH

COGB EGHS
NSS1 ADNH
NSS2 COM1
PPDS GRAC
STRO YEHU

GTPC* BAKE
KSUD VRIS
BOBA WANG
KMCT MIRE
PORT NCPT

MRSC FEEN

ONGA DCSR

NHS2 TEIC

GSDC NIUT

FSCD NCMH

COGA EACR

COGB WACH

BRYA BETR

SATU SEEP

DEFE COM1

NHRV FTCB

NSS1 GRAC

NSS2 YEHU

PPDS BAKE
STRO VRIS

GTPC* WANG
GMFR VETSA
KSUD PRIS
BOBA INTR
KMCT DAMI
PORT DAIP
GUTS QIMR
NHSY MIRE
RING NCPT

BRY2 TRAC

UKBB

MRSC

NSS1

NSS2

PPDS

STRO

PROM

Studies 
analyzed 
together



Three major findings:



1. PTSD is heritable.



PTSD is heritable
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PGC-PTSD

Published data used for LDSC (SCZ, BIP, MDD)Heritability (h2)  Proportion of phenotypic 
variation accounted for by genetic variation.

SNP-chip heritability (h2
SNP)  Proportion of 

phenotypic variation accounted for by 
measured genetic variation.



Sullivan et al. 2017

SNP heritability is lower than twin heritability



Nievergelt et al. in prep.

Group Sample N	Cases N	Controls h2
snp 95%	CI z p-value

All PGC2 23,212	 151,447					 0.05 0.03	-	0.07 5.53 3.18E-08
PGC1.5 12,823	 35,648							 0.05 0.01	-	0.08 2.54 0.011

UKBB 10,389	 115,799					 0.17 0.14	-	0.21 8.75 2.06E-18
Men PGC2 9,908				 75,605							 0.01 -0.03	-	0.05 0.49 0.63

PGC1.5 6,364				 23,905							 0.01 -0.05	-	0.07 0.39 0.69
UKBB 3,544				 51,700							 0.15 0.05	-	0.24 2.99 0.0014

Women PGC2 12,973	 73,627							 0.10 0.07	-	0.13 6.50 8.03E-11
PGC1.5 6,128				 9,528									 0.21 0.11	-	0.31 4.20 2.66E-05

UKBB 6,845				 64,099							 0.19 0.13	-	0.25 6.36 2.00E-10

• Considerable range in SNP heritability 
• SNP heritability women > men but not in UK Biobank
• Similar findings in subjects of African ancestry (using GCTA)
• SNP heritability of major depression 8.7% (Wray, 2018, Nature Genetics)

PTSD is heritable, in the range found for major 
depression



2. PTSD shares genetic risk with other psychiatric 
disorders, as well as other traits.



Polygenic risk score (PRS)



Genetic risk for PTSD is correlated with that for 
other mental disorders and traits
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Nievergelt et al. in prep.



3. PTSD remains underpowered, but the first probable 
hits are beginning to emerge.



Adapted from Gratten et al. 2014

Trajectories of GWAS discoveries

Freeze 1
EA

~2.4k

Freeze 2
European

>23.2k

Freeze 1
trans-ethnic

>5k

Goal: reach inflection point



Summary of Freeze 2 Results

Courtesy of Caroline Nievergelt



Courtesy of Caroline Nievergelt

Summary of Freeze 2 Results



At least three challenges need to be addressed in 
moving forward . . .



1. PTSD is still underpowered: Continue to increase 
sample size





2. PTSD is conditional on trauma and heterogeneous: 
Refine trauma and PTSD phenotypes



Trauma exposure is heritable
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Heritability of childhood trauma

Courtesy of Shareefa Dalvie



PTSD is heterogeneous
P
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N=146,660 European-American Courtesy of Joel Gelernter, In Press, Nature Neuroscience

Results from the Million Veterans Program CSP575b:  
GWAS of Reexperiencing in European Americans





3. GWAS hits are not an end in themselves: Translation 
needed to improve patients’ lives



Psyc– serendipity (!)

Genetic findings 

Biology

Pathways / “read outs”

Rational drug discovery



Genetic findings inform follow-up studies.
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Functional imaging and psychophysiology 
in the Grady Trauma Project

Torsten Klengel



PCG PTSD Working Group



Therapeutics

Pathophysiology

Disease associated genes

Genetics

From the population to clinical medicine

Diagnostics

Goal: to provide durable insights into disease biology 
that ultimately impact clinical care



PGC PTSD Working Group Funding

Magali Haas 
(Cohen Veterans 

Bioscience)

Caroline Nievergelt 
(Contact PI, 
NIMH grant) 

Steve Hyman  
(Stanley Center)
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Acknowledgements: PGC PTSD Freeze 2



Please enter your 

questions in the Q&A box 

and be sure to include your 
email address.

(866) 948-7880 or PTSDconsult@va.gov

The lines are muted to avoid background noise.
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Welcome users of VHA TRAIN!

To obtain continuing education credit 

please return to www.vha.train.org

after the lecture.

(866) 948-7880 or PTSDconsult@va.gov

TRAIN help desk:  VHATRAIN@va.gov

63

http://www.vha.train.org/


Registration―> Attendance ―> Evaluation ―> Certificate

(866) 948-7880 or PTSDconsult@va.gov

Register in 

TRAIN.

CEU Process for users of VHA TRAIN (non-VA)

Listen to the 

lecture.
Return to 

TRAIN for 

evaluation.

Follow the 

directions to 

print 

certificate.

TRAIN help desk:  VHATRAIN@va.gov

64



Registration Attendance Posttest Evaluation Certificate

(866) 948-7880 or PTSDconsult@va.gov

Register in 

TMS.  

CEU Process (for VA employees)

Join via TMS 

and listen to 

the lecture. 

Print 

certificate 

from “My 

History” 

section of 

TMS.

Return to 

TMS and 

complete 

evaluation. 

Search “My 

Learning” 

to find it.

Posttest is 

no longer 

required for 

this lecture.

65



(866) 948-7880

PTSDconsult@va.gov

www.ptsd.va.gov/consult 66



SAVE THE DATE: Third Wednesday of the Month from 2-3PM (ET)

UPCOMING TOPICS

(866) 948-7880 or PTSDconsult@va.gov

August 21 Focal Brain Stimulation for PTSD Paul Holtzheimer, MD

September 18 Treating PTSD and Cognitive Impairment from 

Traumatic Brain Injury

Amy Jak, PhD

October 16 Unconventional Interventions for PTSD: State of the 

Evidence

Paul Holtzheimer, MD

November 20 Addressing Sleep: A Strategy for Symptom Reduction 

& Suicide Prevention?

Wilfred Pigeon, PhD

December 18 Treating Comorbid PTSD and Borderline Personality 

Disorder

Melanie Harned, PhD, ABPP 

January 15 Dissociation, Somatization, and Other Challenging 

Presentations of PTSD

Abigail Angkaw, PhD

For more information and to subscribe to announcements and reminders go to 

www.ptsd.va.gov/consult

http://www.ptsd.va.gov/consult

