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Map	  of	  ENIGMA	  Members	  
–	  Largest-‐Ever	  Worldwide	  Analysis	  of	  	  

Brain	  Scans	  and	  GeneAc	  Data	  (33,000	  people)	  

33,000+ datasets.	  



What	  is	  ENIGMA?	  	  
3	  general	  direc<ons	  of	  ac<vity	  



Collabora<on	  and	  meta-‐analysis	  is	  
beneficial	  to	  all	  aspects	  of	  neuroimaging	  

•  ENIGMA-‐Disease	  working	  groups	  
–  Schizophrenia	  
–  Bipolar	  Disorder	  
– Major	  Depression	  
–  Au<sm	  
–  AKen<on	  Deficit	  Hyperac<vity	  Disorder	  
–  Obsessive	  Compulsive	  Disorder	  
–  Addic<on	  
–  22q11	  dele<on	  syndrome	  
–  HIV	  
–  Parkinson’s	  disease	  
–  Epilepsy	  

enigma.ini.usc.edu/ongoing/	  



1 Compute brain measures from scans 
 (harmonized protocol for image analysis + QC) 

ENIGMA Studies of Disease 

2 Patient vs control differences, moderator effects 
(harmonized protocol for covariates, QC, + analysis) 

3 Meta-analysis: combine effects across sites –  
make sure effects are reproducible, boosts power to pick up effects no site could pick 
on its own 



ENIGMA	  Disease	  Working	  Groups	  	  
Subcor<cal	  Papers	  finished	  for	  SCZ,	  MDD,	  BPD,	  ADHD	  

In	  press	  at	  Mol.	  Psych.	  	  
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Schizophrenia Bipolar Disorder Major Depression ADHD 

Cross	  Disorder	  Effects	  	  



Test-‐Retest	  Reliability	  

v5.3	   v5.1	   v5.0	   v4.5	   v4.4	   v4.2	  
Thalamus	   0.936	   0.918	   0.936	   0.951	   0.952	   0.947	  
Caudate	   0.972	   0.970	   0.975	   0.971	   0.971	   0.968	  
Putamen	   0.942	   0.938	   0.961	   0.960	   0.960	   0.951	  
Pallidum	   0.865	   0.902	   0.907	   0.872	   0.872	   0.802	  

Hippocampus	   0.962	   0.953	   0.941	   0.968	   0.968	   0.970	  
Amygdala	   0.893	   0.881	   0.899	   0.891	   0.891	   0.897	  
Accumbens	   0.853	   0.825	   0.817	   0.764	   0.763	   0.812	  

ICV	   0.853	   0.996	   0.998	   0.996	   0.996	   0.953	  

•  Intraclass	  Correla<on	  Coefficient	  (ICC)	  for	  mean	  
bilateral	  volume	  for	  different	  versions	  of	  FreeSurfer	  

•  Calculated	  in	  161	  healthy	  elderly	  controls	  from	  the	  
ADNI2	  (repeat	  scans	  3	  months	  apart)	  

Subcor<cal	  structures	  are	  reliably	  segmented	  in	  FreeSurfer	  
regardless	  of	  version;	  smaller	  structures	  tend	  to	  have	  a	  lower	  
test-‐retest	  reliability.	  



Test-‐Retest	  Reliability	  in	  the	  Cortex	  
ICC	  of	  Cor<cal	  Thickness	  in	  FreeSurfer	  ROIs	  (161	  healthy	  elderly	  controls)	  	  



Test-‐Retest	  Reliability	  in	  the	  Cortex	  
ICC	  of	  Cor<cal	  Thickness	  in	  FreeSurfer	  ROIs	  (161	  healthy	  elderly	  controls)	  	  



ENIGMA	  -‐	  DTI	  
Meta-analysis (N) 

Meta-analysis (SE) 

Mega-analysis 
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enigma.ini.usc.edu/ongoing/d<-‐working-‐group	  
Neda	  Jahanshad	  (neda.jahanshad@ini.usc.edu)	  



Novel	  shape	  modeling	  sogware	  (Surface	  TBM	  and	  Radial	  Distance	  
Measures)	  
	  
Sogware	  package	  developed	  to	  be	  plug-‐and-‐play	  for	  any	  interested	  site	  
	  
Standardized	  template	  allows	  for	  cross-‐site	  comparison	  
	  
	  
Example:	  	  
Shape	  meta-‐analysis	  in	  	  
Schizophrenia	  (2	  cohorts)	  

Gutman,	  et	  al.,	  ISBI	  2015;	  
Gutman,	  et	  al.,	  ISBI	  2012	  	  	  	  	  

Novel	  Shape	  Modeling	  Sogware	  –	  Mul<site	  
comparisons	  in	  Schizophrenia	  



-‐  GWAS	  or	  Genome-‐Wide	  AssociaAon	  Studies	  
•  MRI	  –	  ENIGMA1	  (HV,	  ICV,	  	  TBV)	  

-‐	  ENIGMA2	  (subcorAcal)	  
-‐	  ENIGMA3	  (corAcal)	  
-‐	  vGWAS	  meta-‐analysis	  (image-‐wide)	  

•  DTI	  –	  GWAS	  (N>13,500)	  	  
•  Neda	  Jahanshad	  (neda.jahanshad@ini.usc.edu)	  

•  Enrichment	  tesAng	  of	  results	  –	  AD*	  (ENIGMA2-‐CHARGE/
ADSP),	  PGC-‐SCZ;	  PD*,	  OCD*;	  ILAE,	  IMSGC*;	  “secondary	  
proposals”,	  e.g.,	  kinome,	  biological	  pathways;	  
MethylaAon	  and	  CNVs	  

Lines  of  work  in  ENIGMA:  Genetics	



ENIGMA2:	  Gene<cs	  of	  Brain	  Structure	  (Hibar	  
+287	  authors,	  Nature,	  Jan.	  2015);	  enrichment	  

tes<ng	  in	  AD,	  PD,	  OCD,	  MS,	  SCZ	  

Total	  Sample	  Size:	  30,717	  individuals	  at	  50	  sites	  



Look for genes that affect the brain by searching the 
entire brain and the entire genome: 

vGWAS 

Medland*, Jahanshad*, Neale, Thompson Nature Neuroscience 2014 



HCP$

Neda	  Jahanshad	  (neda.jahanshad@ini.usc.edu)	  
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Come	  visit	  us!	  
(Marina	  del	  Rey,	  CA)	  	  


