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PTSD Criteria (DSM-5) 

•  A. Exposure to actual or threatened a) death, b) serious 
injury, or c) sexual violation, in one or more of the 
following ways:  

•  1.     directly experiencing the traumatic event(s)   
•  2.     witnessing, in person, the traumatic event(s) as they 

occurred to others 
•  3.     learning that the traumatic event(s) occurred to a 

close family member or close friend; cases of actual or 
threatened death must have been violent or accidental 

•  4.     experiencing repeated or extreme exposure to 
aversive details of the traumatic event(s) (e.g., first 
responders collecting human remains; police officers 
repeatedly exposed to details of child abuse); this does 
not apply to exposure through electronic media, 
television, movies, or pictures, unless this exposure is 
work-related. 

American Psychiatric Association, DSM-5, 2013 



Criterion A Event? 



PTSD Symptoms (DSM-IV and ICD-11) 

Reexperiencing Hyperarousal 

Avoidance 



PTSD Prevalence 

• US general population 
•   3.5% (se 0.3) in NCS-R1 

•  Lifetime 6.8% (se 0.4) in NCS-R 
•  Female:Male ~ 2:1 

• Prevalence higher in some US subpopulations 
•  2 to 3X in American Indians on reservations2 

•  Most prevalent disorder in women is PTSD (~20%) 
•  Cambodian refugees in US, 20 years later3 

•  12-month prevalence 62% 

NCS-R, National Comorbidity Survey Replication 
1Kessler RC et al. Arch Gen Psychiatry. 2005;62:617-627; 2Beals J et al. Arch Gen Psychiatry. 
2005;62:99-108; 3Marshall G et al. JAMA. 2005:294:571-579. 





PTSD Comorbidity 

TBI, traumatic brain injury 
Stein MB, McAllister TW. Am J Psychiatry. 2009;166:768-776. 
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The Interface of PTSD and Persistent Post-concussive 
Symptoms (PPCS) Following Mild TBI 

Stein MB & McAllister TW. Am J Psychiatry 2009; 166:768-776 



•  Cohort of N = 1155 mTBI patients seen in ED 
–  Comparison N = 230 non-head orthopedic trauma injury 

•  PCL-5 > 33 used to indicate probable PTSD 
–  19.2% (se 1.4) of mTBI patients at 6 months  
–    9.8% (se 2.8) of orthopedic injury patients at 6 months (p = 0.016) 

•  Risk factors for PTSD among mTBI patients 
–  Lower education (OR 0.89, 95% CI 0.82-0.97; per year) 
–  Race: African (OR 5.11, 95% CI 2.89-9.05) 
–  Pre-injury mental health problems (OR 3.57, 95% CI 2.09-6.09) 
–  Injury: Violent/Assault (OR 3.43, 95% CI 1.56-7.54) 
–  Loss of consciousness or posttraumatic amnesia 
–  CT positive (e.g., subarachnoid hemorrhage or parenchymal injury) 
–  Hospital (+/- ICU) admission 

Stein MB et al. TRACK-TBI Investigators. JAMA Psychiatry 2019 

                 mTBI and PTSD after 
                Traumatic Injury 



PTSD Risk 

HR, heart rate; IQ, intelligence quotient. 
Stein MB. Unpublished 

PTSD Symptoms 
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Million Veteran Program 
MVP is a national research program to learn how genes, lifestyle, and 
military exposures affect health and illness. Since launching in 2011, 
over 775,000 Veteran partners have joined one of the world’s largest 

programs on genetics and health 



PTSD Diagnosis Algorithm 
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Based on framework developed by 
MVP Phenomics Core 



Algorithm Performance 
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Algorithm Performance (cont’d) 
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Reexperiencing Hyperarousal 

Avoidance 

Now on BioRxiv 



Binary Case-Control GWAS 

There are 3 significant signals for the algorithmically derived 
case (N = 36,301) vs. control (N = 178,107) European meta-
analysis   

uniqID rsID chr pos P-value start end nSNPs 
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Binary Case-Control GWAS 

There are 2 significant signals for the algorithmically derived 
case (N = 48,221) vs. control (N = 217,223) trans-ancestral meta-

analysis   

uniqID rsID chr pos P-value start end 
nSNP
s 

TransAnc 
CaseCon 

7:1959634:T:TCCAGTGACACGGA
GGTCC rs137944087 7 1959634 5.74E-09 1829530 1964357 104 MAD1L1 
11:28678870:A:G rs10767739 11 28678870 1.25E-08 28583767 28710118 196 METTL15 



mtCOJO 
Binary Case-Control GWAS 

mtCOJO conditional GWAS Adjusted for PGC-MDD 
ex23andMe 
 



Binary Case-Control rg 
(LDHub) 
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Years of schooling 2016 
27225129 

Age of first birth 27798627 

College completion 23722424 

Depressive symptoms 27089181 
Intelligence 28530673 

Years of schooling 2013 
23722424 

Years of schooling (proxy cognitive performance) 
25201988 

Neuroticism 27089181 

Ever vs never smoked 20418890 

Insomnia 28604731 



PTSD Symptoms (DSM-IV and ICD-11) 

Reexperiencing Hyperarousal 

Avoidance 



PTSD Checklist (PCL-C) 
•  Widely used 17-item self-report measure of PTSD symptoms 

(DSM-IV) “in the past month…” 
–  Re-experiencing – 5 items 
–  Avoidance – 7 items 
–  Hyperarousal – 5 items 
 

•  Sample re-experiencing item: 
•  Item: In the past month, how much were you been bothered by: 

"Repeated, disturbing, and unwanted memories of the stressful 
experience?"  

•  Response: 5-point Likert (1 = "Not at all" to 5 = "Extremely") 
 

•  Whereas hyperarousal and avoidance are 
characteristic of many anxiety-related disorders, 
reexperiencing symptoms are largely unique to PTSD.  
They are core to the diagnosis… 
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Re-experiencing GWAS –  
European-Americans 

N=146,660 European-American  

Gelernter et al., Nat Neurosci 2019 



Extended region containing CRHR1 –   
lead SNP rs2532252 (4.5E-10), closest to KANSL1  



GTEX v7 – 53 tissue types 



Re-Experiencing GWAS: 
European Americans 

N=146,660 European-American  

GTEx 

KI 

Gelernter J et al., Nat Neurosci, 2019 









rg = 0.93 (se 
0.01)  

rg = 0.93 (se 
0.01)  

rg = 0.94 (se 
0.01)  



Phenotypic (above diagonal) and genetic (below the diagonal) 
correlations between algorithmic case-control diagnosis, PCL-total, 
and PCL-subscores 

Algorithm* Total PCL Reexp Avoid Hyper

Algorithm* 
h2: 6.4%

0.86
0.857-0.860
n=111362

0.83
0.831-0.835

n=91879

0.82
0.824-0.826
n=110739

0.8
0.796-0.800
n=112133

Total PCL 
h2: 9.2%

0.959
0.903-1.014

0.92
0.923-0.925
n=141076

0.96
0.964-0.965
n=160504

0.93
0.932-0.934
n=162348

Reexp 
h2: 9.3%

0.977
0.903-1.014

0.973
0.966-0.979

0.85
0.849-0.852
n=130341

0.80
0.801-0.805
n=145990

Avoid 
h2: 9.3%

0.915
0.856-0.974

0.984
0.98-0.988

0.931
0.916-0.946

0.85
0.849-0.852
n=159002

Hyper 
h2: 10.1%

0.953
0.896-1.009

0.979
0.972-0.987

0.935
0.919-0.951

0.943
0.929-0.958

0.85
0.849-0.852
n=159002



Polygenic risk score (PRS) from MVP to PGC-PTSD 2.0 case-
control phenotype with varying P-value thresholds  

MVP EUR case-control                                   MVP EUR PCL-total  



PTSD MVP GWAS Summary 
• Case-control phenotype in PTSD has several solid 

GWS hits 
•  Given experience with other mental health disorders, larger N 

likely to yield many more 
•  Collaboration with PGC, UKB should get us there 

•  Disorder heterogeneity may be an issue 

• GWAS of symptom subphenotypes in MVP 
•  Sample size advantages of quantitative trait over case-

control 
•  GWS SNPs in multiple loci 

•  Some novel and some well worn “candidates” 
•  Overlapping (and some distinct) risk variants by 

subphenotype 
•  rg very high! 

•  Suggests subphenotyping may be less relevant than adequately 
characterizing symptom burden 

•  Some evidence of cell-type specificity 
•  Medium spiny neurons (GABA, DA)…. 



Overall Summary: Questions… 

•  Posttraumatic stress is a consequence of exposure 
to emotionally traumatic events 

•  Postconcussive symptoms are a consequence of 
exposure to concussive forces to the brain 

•  PTS and PCS frequently co-occur following 
traumatic injury 

•  And incidence of either increases risk of the other 
•  Similar risk factors for PTS and PCS 
•  Could this response to trauma represent a distinct “disease”? 

•  With shared genetic risk factors? 
•  GWAS in TRACK-TBI in process 

 



PTSD MVP GWAS 
Summary (1) 

• SUMMARY 
•  Case-control phenotype in PTSD has several 

solid GWS hits 
•  Given experience with other mental health disorders, 

larger N likely to yield many more 
•  Disorder heterogeneity may be an issue 

•  GWAS of symptom subphenotypes in PTSD 
•  Sample size advantages of quantitative trait over case-

control 
•  GWS SNPs in multiple loci 

•  Some novel and some well worn “candidates” 
•  Overlapping risk variants by subphenotype 

•  rg very high! 
•  Suggests subphenotyping may be less relevant than adequately 

characterizing symptom burden 

•  Some evidence of cell-type specificity 
•  Medium spiny neurons (GABA, DA)…. 

•  May point to therapeutic targets 



PTSD MVP GWAS 
Summary (2) 

• Next steps 
•  Investigation of relationship with other highly 

comorbid medical phenotypes 
•  CVD (collaboration of MVP MH Working Group with 

CVD, Lipids, and Metabolic WGs) 
•  TBI (collaboration of TRACK-TBI with other groups) 
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