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Agnostic search of skyscrapers: a single 

publication with 2 million analyses

Equivalent of 10,000 publications by a prestigious cohort of nutritional/lifestyle epidemiology



“Strength of association”

Difficult to assess quanta of small 

effects

Ioannidis, Trikalinos, and Khoury, Am J Epidemiol 2006 and Zeggini et al. Science 2007



DIAGRAM results: meta-GWA
Stage 1 (DGI, FUSION, 

WTCCC)
All data

Chr
risk allele 

frequency

n samples 

for 80% 

power

nearest gene(s) OR (95%CI) P value neff

OR 

(95%CI)
P value

7 0.501 10,610 JAZF1
1.14

(1.07-1.20)
1.5E-04 59,617

1.10

(1.07-1.13)
5.0E-14

10 0.183 9,334 CDC123/CAMK1D
1.15

(1.06-1.24)
4.2E-04 62,366

1.11

(1.07-1.14)
1.2E-10

12 0.269 23,206 TSPAN8/LGR5
1.18

(1.10-1.26)
1.8E-05 62,301

1.09

(1.06-1.12)
1.1E-09

2 0.902 9,624 THADA
1.25

(1.12-1.40)
1.8E-04 60,832

1.15

(1.10-1.20)
1.1E-09

3 0.761 9,748 ADAMTS9
1.13

(1.06-1.22)
5.4E-04 62,387

1.09

(1.06-1.12)
1.2E-08

1 0.106 21,568 NOTCH2
1.30

(1.17-1.43)
1.1E-04 58,667

1.13

(1.08-1.17)
4.1E-08

12 0.733 17,808 DCD
1.15

(1.08-1.23)
3.2E-05 62,301

1.08

(1.05-1.11)
1.8E-07

3 0.927 16,370 SYN2/PPARG
1.33

(1.18-1.50)
1.0E-05 59,682

1.15

(1.10-1.21)
2.0E-07

1 0.107 17,428 ADAM30
1.14

(1.05-1.25)
1.4E-03 60,048

1.10

(1.06-1.15)
4.0E-07

6 0.282 16,696 VEGFA
1.13

(1.06-1.21)
5.4E-05 63,537

1.06

1.04-1.09)
4.0E-06

2 0.724 13,502 BCL11A
1.17

(1.10-1.26)
3.4E-05 59,682

1.05 

(1.03-1.08)
1.0E-04

Zeggini et al. Nat Genet 2008





Grading the evidence: the Venice criteria (IJE, 2008)

AAA ABA ACA

AAB ABB ACB

AAC ABC ACC

CAA CBA CCA

CAB CBB CCB

CAC CBC CCC

BAA BBA BCA

BAB BBB BCB

BAC BBC BCC

First letter = amount

Second letter = replication

Third letter = protection from bias

Strong evidence

Moderate evidence

Weak evidence



The three criteria



Options of amount of evidence

• Simple operational: sample size of the least 

common genetic group among those 

compared (it could reflect participants or 

alleles, depending on the model)

• Power

• False-discovery rate

• Bayesian credibility



Replication: have we had enough?

• Data from the National Human Genome Research Institute 
(NHGRI) GWA studies catalog as of October 14, 2008

• 233 discovered associations for binary outcome 
phenotypes with p<10-5

• Only 142 have a p-value <10-7

• Only 87 (39%) have a p-value<10-10.  

• Most GWAS-discovered loci need further exact replication 
with more large-scale evidence, before they can be 
considered sufficiently reliable even as simple markers. 



Consistency of replication: why do 

almost all GWAS use a meta-

analysis method developed in 1932 

and largely abandoned in the 1970s?



Heterogeneity 

in candidate 

gene era and 

GWA era

Mooneshinghe, et al. PNAS 2008



Uncertainty of I2 estimates of 

heterogeneity in meta-analyses 

Ioannidis, Patsopoulos, Evangelou, BMJ 2007



Protection from bias





A research finding cannot reach 

credibility over 50% unless 

u<R

i.e. all bias must be less than the 

pre-study odds

Ioannidis. PLoS Med 2005



Bias checks for retrospective meta-analysis
“Automated checks”

• Effect size <1.15-fold from the null effect

• Association lost with exclusion of first study

• Association lost with exclusion of HWE-violating studies or with 
adjustment for HWE

• Evidence for small-study effect in an asymmetry regression test with 
proper type I error (e.g. Harbord, Stat Med)

• Evidence for excess of single studies with formally statistically 
significant results (Ioannidis and Trikalinos, Clinical Trials)

“Consider whether they are problems”

• Unclear/misclassified phenotypes with possible differential 
misclassification against genotyping

• Differential misclassification of genotyping against phenotypes

• Major concerns for population stratification (need to justify for 
affecting OR>1.15-fold, not invoked to-date)

• Any other reason (case-by-case basis) that would destroy the 
association



Bias checks for a prospective 

consortium analysis

• Magnitude of effect size, small-study 

effects, excess of studies with significant 

findings are not an issue here, provided 

there is no selective reporting (basic trust)

• The other considerations still need to be 

raised



Calibration of credibility with spike 

and smear prior
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Ioannidis, Am J Epidemiol 2008 and Am J Med Genet 2008



Calibration of credibility for various 

proposed GWA associations



Subjecting traditional epidemiology 

to the same rules?



A step further: Talking about sex 

and other interesting subgroups

Patsopoulos et al. JAMA 2007



Publicly available data

Replication>Reproducibility>Repeatability

Ioannidis, Allison, Ball, et al. Nature Genetics (in press)



“Conglomerate” evidence

Various combinations of 

* scattered studies

* retrospective meta-analyses

* scattered single GWAS

* prospective consortia analyses, including multiple 
GWAS

* more scattered studies

in various time sequence: consider the highest level 
of evidence? Or all the evidence?



Summarizing and grading the 

evidence in its totality

• Field synopses, including all data from 

candidate and agnostic studies in a specific 

field



SzGene synopsis: 1179 publications of common genetic 

variants and schizophrenia (including two GWA studies)

Allen et al., Nat Genetics 2008



DNA repair genes: A thousand studies in one slide…

Vineis, Manuguerra, Kavvoura et al., JNCI in press 2008



well, maybe two slides…



Networks and Networks of Networks



Convincing predictive ability and improvement in decision-making:

it takes far more than just highly credible epidemiology, 

but is impossible without it

Ioannidis J. Personalized genetic prediction: too limited, too expensive, too soon? Ann Intern Med Jan 20, 2009



Some concluding comments

Assessment of the cumulative evidence on genetic 

associations focuses on amount of evidence, 

consistency of replication, and protection from 

bias

Evidence is often uncertain and tenuous, and the 

uncertainty is often under-appreciated

Evidence is likely to become more reliable when its 

integration is transparent and anticipated 

prospectively by all involved partners

Discovery and integration should ideally proceed in 

parallel


