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PTSD Criteria (DSM-5)

A. Exposure to actual or threatened a) death, b) serious

injlury,_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) f_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?

horror movie




PTSD Symptoms (DSM-IV and ICD-11)

Avoidance

Reexperiencing




PTSD Prevalence

« US general population
.+ 3.5% (se 0.3) in NCS-R!
* 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 reservations?
» 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
'Kessler RC et al. Arch Gen Psychiatry. 2005;62:617-627; ?Beals J et al. Arch Gen Psychiatry.
2005;62:99-108; 3Marshall G et al. JAMA. 2005:294:571-579.
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PTSD Comorbidity

Substance
Abuse

TBI, traumatic brain i_rll_'wy )
Stein MB, McAllister TW.”Am J Psychiatry. 2009;166:768-776.



The Interface of PTSD and Persistent Post-concussive
Symptoms (PPCS) Following Mild TBI

* Depression/
anxiety
PTSD *Insomnia PPCS
*Reexperiencng *Irritability/anger Headache
symptoms *Trouble *Sensitivity to light

*Shame cnf!centratllng (and sound)
*Guilt *Fatigue *Memory deficit

*Hyperarousal | —

* Avoidance

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



mTBIl and PTSD after
lnﬁrﬁcllesleﬁc anlllﬂﬁcll Knowledge Tra um ati C I nj U ry

in Traumatic Brain Injury

International Traumatic Brain Injury Research Initiative

« 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% CI1 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)

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




PTSD Risk

Childhood maltreatment

Trauma?

Female “Thought Would Die”

HR > 90
Duration/severity
Low IQ \l ‘// of exposure

4+ Personal History
of Anxiety Disorder

% Family History of
o Anxiety Disorder
f

p Injury (TBl) Specifi(: Genes
e

o Disorder

P

I

e

~

PTSD Symptoms

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 Unpublished



Million Veteran Program

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

\\\\\\\\\
o DE PA

=

programs on genetics and health

3 Seattle

S g )
éQ) 7_/’__1"/ S '
,@& Fﬁ//’ r vif)

MILLION
VETERAN
PROGRAM

3 Portland

3 San Francisco
3 Palo Alto

San Diego €3

Los Angeles. v':s‘.‘:, Loma Linda

Long Beach DX

3 Tucson

3 Salt Lake City

€3 Phoenix

New England Consortium

White River Junction \

Northhampton

Bedlord f
Manchester I/}
Toqus f , \,' ~

f LX)
Af
O |

| &
3 Syracusel &% JeBoston
R I

Minneapolis &%
3Buffalo  AIbany &3 Providence
Sioux Falls % ; o~ . - West Haven
St Madison €3 C3Milvaukee ¢ Detroit '_*b-iollh;;éll
o~ P 7 Manh
lowa City £ et fCieveling X phil.,.lrll:hTm
S a G
3 Pittsburgh !
WBakmore
Indianapolis 3 o . 3 Washington, DC
Leavenworth &3 hi .3 Cincinnati b5
UL aeadia 4553 ;X 5 .3 Richmond
St. Louis €3 €7 Louisville 3Salemn ¢ Hampton
o Mountain % pyrham
Opashuitie” Home €, 1
& K Fayetteville ‘. SAREDY
M
Litde Rock m emphis .7 Columbia

Honolulu &3

Atlanta €3 3 Chatleston
. 3 Birmingham

S oalls 5
.7 Shreveport
7 Gainesville

.7 Houston €3 New Orleans

an Antonio 7
Tampa &3

Bay Pines %'
o

3 Actively Recruiting

% Temporarily Closed

MVP Enrollment Clinics
W Closed to Recruitment




April 2019, 32, 226-237

. International Society
Journal of Traumatic Stress ISTSj‘)) PO

Validation of an Electronic Medical Record-Based Algorithm for
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We developed an algorithm for identifying U.S. veterans with a history of posttraumatic stress disorder (PTSD), using the Department
of Veterans Affairs (VA) electronic medical record (EMR) system. This work was motivated by the need to create a valid EMR-based
phenotvpe to identifv thousands of cases and controls for a eenome-wide association studv of PTSD in veterans. We used manual chart
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PTSD Algorithm Development and Validation

Structured EHR Data
(~16.7 million)

Tier 1 Algorithm
¢ VAuser
¢ linpatient PTSD ICD code OR 22
outpatient PTSD ICD codes within 1
year by a mental health professional
¢ No bipolar/schizophrenia ICD codes

Initial VHA Cohort
(~7 million)

LASSO classification

method with ‘
cross-validation

(N=485)

Tier 2 Model Variables
1CD codes for PTSD
PTSD Checklist
Primary Care PTSD Screen
Service connection for PTSD
Psychiatric medications
Psychiatric comorbidities
Demographic variables

N=500
(198 “gold standard” PTSD

Chart review annotation
and validation

Cases)

MVP Cohort with
combat exposure
(N=74,091)

Apply
Threshold

Evaluate performance and
refine algorithm

Final Cohort for Genomic Analysis

Predicted Predicted
PTSD Cases Controls
(N=16,490) | | (N=33,609)

www.research.va
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Sensitivity*
(95% Cl)

Specificity *

(95% Cl)

PPV*
(95% Cl)

NPV*
(95% Cl)

Tier 1 Drop Possible 0.96 0.995 0.962 0.995
Algorithm PTSD (0.889-1) (0.986-1) (0.898-1) (0.985-1)
\LEVES Group Possible 0.753 0.976 0.884 0.94
+ Case (0.657-0.939) (0.958-0.990) (0.80-0.952) (0.915-0.963)
Group Possible 0.859 0.974 0.818 0.981
+ Control (0.754-0.945) (0.959-0.988) (0.727-0.906) (0.967-0.993)
Drop Possible 0.962 0.997 0.978 0.994
PTSD (0.9-1.0) (0.988-1.0) (0.919-1.0) (0.984-1.0)
Group Possible 0.649 0.995 0.973 0.907
+ Case (0.559-0.735) (0.986-1.0) (0.924-1.0) (0.875-0.935)
Group Possible 0.951 0.954 0.718 0.993
+ Control (0.885-1.0) (0.930-0.972) (0.609-0.829) (0.985-1.0)

* Statistics are proportionally weighted based on chart review selection

R Us. Department

www.research.va.gov of Veterans Affairs
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4

%
Prob (Cntrl) Controls | Estimated
Cut-Off # Controls | retained | misclass

0.6 48,047 95.6% 1.3%

>0.7 *46,884 93.2% 1.0%

>0.8 38,274 76.1% 0.3%

Prob (Case) % Cases Estimated

Cut-Off # Cases retained misclass | Sensitivity* | Specificity*
LASSO 22,651 100.0% 18.2% 0.83 0.92
>0.5 21,980 97.0% 18.0% 0.82 0.93
>0.6 19,058 84.1% 12.9% 0.80 0.96
>0.7 16,490 72.8% 9.2% 0.78 0.98
>0.8 15,416 68.1% 9.6% 0.77 0.98
>0.9 13,359 59.0% 3.6% 0.76 0.99

* N = 46,884 controls used for calculating sensitivity and specificity

Al Us.D t
www.research.va.gov DISCOVERY * INNOVATION * ADVANCEMENT VA‘ QRPT) Votormuns Affairs
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New Results Comment on this paper

Genomic Characterization of Posttraumatic Stress Disorder in a Large US
Military Veteran Sample
Murray B Stein, Daniel F Levey, Zhongshan Cheng, Frank R Wendt, Kelly Harrington, Kelly Cho,
Rachel Quaden, Krishnan Radhakrishnan, Matthew | Girgenti, Yuk-Lam Anne Ho, Daniel Posner,
PTSD Working Group of the Psychiatric Genomics Consortium, Traumatic Stress Brain Research Study Group,

VA Million Veteran Program, VA Cooperative Studies Program, Mihaela Aslan, = Ronald S Duman,
Hongyu Zhao, "=’ Renato Polimanti, =" John Concato, "' Joel Gelernter

doi: https://doi.org/10.1101/764001

This article is a preprint and has not been peer-reviewed [what does this mean?].

Abstract Info/History Metrics (3 Preview PDF

Abstract

Individuals vary in their liability to develop Posttraumatic Stress Disorder (PTSD), the
symptoms of which are highly heterogeneous, following exposure to life-threatening
trauma. Understanding genetic factors that contribute to the biology of PTSD is critical
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-log10 P-value
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There are 2 significant signals for the algorithmically derived
case (N =48,221) vs. control (N = 217,223) trans-ancestral meta-
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PTSD Symptoms (DSM-IV and ICD-11)

Avoidance

Reexperiencing

42 Us. Department
/8 of Veterans Affairs
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MVP

P.PTSD Checklist (PCL-C)

« Widely used 17-item self-report measure of PTSD symptoms
(DSM-1V) “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...

Wglh U.S. Department

www.research.va.gov DISCOVERY * INNOVATION * ADVANCEMENT VA‘ \ ' of Veterans Affairs
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Million Veteran Program

Lifestyle Survey

Veterans Health
Administration

RéD

WWWIESERICT NG JOv

33.Below is a list of problems and complaints that Veterans sometimes have in response to
stressful life experiences. Please read each one carefully and check the box on each line
that indicates how much you have been bothered by that problem in the PAST MONTH.

Not at all

Alittle bit

Moderately

Quite a hit

Extremely

Repeated, disturbing memories, thoughts or
images of a stressful experience from the
past?

O

O

O

O

a

Repeated, disturbing dreams of a stressful
experience from the past?

O

a

O

O

O

Suddenly acting or feeling as if a stressful
experience were happening again (as if you
were reliving it)?

Feeling very upset when something reminded
you of a stressful experience from the past?

Having physical reactions (e.g., heart
pounding, trouble breathing, sweating) when
something reminded you of a stressful

experience from the past?
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Re-experiencing GWAS —
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N=146,660 European-American

Gelernter et al., Nat Neurosci 2019



Extended region containing CRHR1 —
lead SNP rs2532252 (4.5E-10), closest to KANSL1
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GTEX v7 — 53 tissue types
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Brain - Frontal Cortex (BA9)

Brain — Anterior cingulate cortex (BA24)
Brain — Cortex

Brain — Hypothalamus

Brain — Amygdala

Brain - Hippocampus

Brain - Nucleus accumbens (basal ganglia)
Brain - Putamen (basal ganglia)

Brain — Caudate (basal ganglia)

Brain — Substantia nigra

Brain - Spinal cord (cervical c-1)

Brain — Cerebellar Hemisphere 4

Brain - Cerebellum

Heart — Atrial Appendage
Muscle — Skeletal 4

Nerve — Tibial
Whole Blood

Heart - Left Ventricle

Ovary

Pituitary

Adrenal Gland

Cells - EBV-transformed lymphocytes
Cervix — Ectocervix

Uterus

Esophagus — Muscularis

Colon — Sigmoid

Artery — Tibial

Esophagus — Mucosa

Esophagus - Gastroesophageal Junction
Spleen

Breast — Mammary Tissue

Artery — Coronary

Cells - Transformed fibroblasts

Testis

Cervix — Endocervix

Bladder

Artery — Aorta

Adipose — Subcutaneous

Skin — Sun Exposed (Lower leg)

Skin — Not Sun Exposed (Suprapubic)
Minor Salivary Gland

Prostate

Vagina

Adipose - Visceral (Omentum)
Thyroid

Kidney — Cortex

Lung

Pancreas

Stomach

Liver

Colon — Transverse 4

Fallopian Tube
Small Intestine — Terminal lleum

Significant
Soth
MAGMA

I osc

. None

GTEx

o

2 4
—logio(pvalue)

Medium Spiny Neuron 4

Striatal Interneuron 4

interneurons

pyramidal CA1

Dopaminergic Adult

Hypothalamic Glutamatergic Neurons
Hypothalamic GABAergic Neurons
pyramidal SS 4

Embryonic GABAergic Neuron 4
Oligodendrocytes -

Oxytocin / Vasopressin Expressing Neurons 4
Serotonergic Neuron 1

Hypothalamic Dopaminergic Neurons 4
Oligodendrocyte Precursor 4
Embryonic midbrain nucleus neurons -
Embryonic Dopaminergic Neuron 4
Neuroblasts 4

microglia

Radial glia like cells

Vascular Leptomeningeal Cells
Neural Progenitors 1

Dopaminergic Neuroblast
endothelial-mural
astrocytes_ependymal 4

2 3
-logqg(pvalue)

o._
—EEEny III

—_

Significant

I Both
B wacma
B wosc
. None

Kil

N=146,660 European-American

Gelernter J et al., Nat Neurosci, 20
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Phenotypic (above diagonal) and genetic (below the diagonal)
correlations between algorithmic case-control diagnosis, PCL-total,
and PCL-subscores

Algorithm* Total POL  Reexp Avoid Hyper
0.86 0.83 0.82 08
Algorithm® 0.857-0.860 |0.831-0.835| 0.824-0.826 | 0.796-0.800
he: 6.4% n=111362 | n=91879 | n=110739 | n=112133
e 0.92 0.96 0.93
Toal AL et o4 0.923-0.925 | 0.964-0.965 | 0.932-0.934
h: 9.2% T n=141076 | n=160504 | n=162348
0.85 0.80
0.977 0.973
Reexp 0.849-0.852 | 0.801-0.805
2oay | 00101 | 00097 n=130341 | n=145990 |
. 0.915 0.984 0.931 085
Ao 0.856-0974 | 0.98-0.988 |0.916-0.946 08430852
h*: 9.3% T o e n=159002
Hyper 0.953 0.979 0.935
2 100, | 08%-1.009 | 09720987 | 0.919-0.951) 0.929.0.956




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

. Sarrt1plle size advantages of quantitative trait over case-
contro
« GWS SNPs in multiple loci
« Some novel and some well worn “candidates”
» Overlapping (and some distinct) risk variants by
subphenotype
* 1y 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



 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
* 14 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



* 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)



Thanks!

« MVP and TRACK-TBI Participants!

* MVP PTSD Genomics Co-PIl Joel Gelernter
MD (Yale) and colleagues

« TRACK TBI Team
« Geoff Manley MD, PhD (UCSF) and colleagues
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