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Human Genome Epidemiology 
Network (HuGENet)

• Global collaboration of 
individuals and 
organizations to assess 
population impact of 
genomics and how it can 
be used to improve 
health and prevent 
disease



• Genotype prevalence
• Gene - disease association
• Gene - gene interactions
• Gene - environment interactions 
• Assessment of Genetic tests 

“Systematic application of epidemiologic 
methods and approaches to assess the 
impact of human genetic variation on 
health and disease”

Khoury, Little and Burke, HuGE 2004

HuGE problem: HuGE problem: 
25,000 genes, their 25,000 genes, their 
combinations andcombinations and

interactions with risk interactions with risk 
factorsfactors



From Genetics to Genomics

• Genetic Information

• All Diseases

• Disease Burden: 95%

• Variants/MultiGenes

• Low Disease Risk

• Environment  +++

• General Practice

• Genetic Disorders

• Mendelian Disorders

• Disease burden: 5% 

• Mutations/One Gene

• High Disease Risk

• Environment +/-

• “Genetic Services”



Human genome epidemiology:
major challenges and evolving status

• Can solve with consortia
• Have to live with it
• Better with current platforms
• Still difficult/impossible
• We are doing better (no?)
• Interesting to learn about
• Still with us, but design and 

reporting are hopefully 
improving

• Working on it

• Small sample sizes:
• Small effect sizes:
• Large number of biological factors:
• Interactions of genes:
• Questionable replication:
• Genuine variability across populations:
• Old-epidemiology problems -

confounding (population stratification), 
misclassification

• Modifiable environment:



Sample sizes

• Genetic epidemiology has evolved within a 
decade from a discipline of case series or 
case control studies of a few dozen 
participants to the accrual of large-scale 
teams and consortia of many teams 
including many thousands of participants



HuGENet “Network of Networks”

Nat Genet Jan 2006



Some examples of consortia
• Disease Consortium Teams Participants

• Parkinson GEO-PD 18 10,000
• Osteoporosis    GEFOS              40 133,000
• Osteoarthritis    TREAT-OA      20               30,000
• Preterm birth    PREGENIA       10 20,000
• Lymphoma INTERLYMPH 15 20,000
• Lung cancer     ILLCO 30 51,000
• Head & Neck   INHANCE 13 28,000
• Melanoma GENOMEL        12 3,000
• Pancreatic Ca   PACGENE         10 5,000



Challenges in setting up consortia
• Assembling teams
• Overall project design
• Harmonization vs standardization
• Outcome definitions and ascertainment
• Risk factor definitions and ascertainment
• Gene selection and measurement of genotypes
• Other biological markers
• Integrating and understanding the environmental 

variables

Seminara et al. Epidemiology 2007



Genetic risks: quanta of small effects

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



Large number of biological risk factors:
Counting fish in the sea of gene-disease associations

Multiplier Parameter
>10000000 Gene variants
>1000 Diseases
>10 Outcomes
>10 Subgroups
>10 Genetic contrasts
>10 Investigators
1 quadrillion Candidate analyses

Ioannidis, Trends Mol Med 2003



How many variants are we after?

• Assuming at least 1000 diseases/phenotypes 
involved

• Estimating typically 20-100 variants for each 
disease (range 1 to 500)

• Allowing for some genetic-phenotypic overlap 
(e.g. common variants for many autoimmune 
diseases), probably we aim for approximately 
20,000-50,000 variants in an encyclopedia of 
common genetic variants for common 
diseases/phenotypes  

• We have covered about 1% so far



Interactions between genes: not a 
task for computers beyond the basics

12,000,000 interacting variants in all 
possible combinations means… 102085

analyses

If so, “genome-wide” statistical significance 
should be claimed at p=10-2087



Questionable replication: bias or 
genuine variability

A research finding cannot reach credibility over 50% unless 

u<R

i.e. bias must be less than the pre-study odds

Ioannidis, PLoS Med 2005



Non-replicated diminishing effects

Total genetic information (subjects or alleles)
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DISEASE/GENE

Nephropathy/ACE

Alcoholism/DRD2

HTN/Angiotensinogen

Parkinson/CYP2D6

Lung cancer/GSTM1

Schizophrenia/DRD3

Down dementia/APOE

Lung cancer/CYP2D6

Ioannidis et al, Nature Genetics 2001



Breast cancer meta-analyses of 
common variants on candidate genes

Ioannidis, JNCI 2006 and Pharoah et al. JNCI 2006



Heterogeneous meta-
analyses with excess 

of statistically 
significant single 

studies in 
Alzheimer’s disease 

genetics:
genuine 

heterogeneity or 
bias?



Succession of 
early extremes: 

the Proteus 
phenomenon

Ioannidis and Trikalinos, J Clin
Epidemiol 2005



Proteus phenomenon in the GWA era:
13 SNPs proposed for Parkinson’s disease in 2-stage GWA

Elbaz et al, Lancet Neurology 2006



GWA, early replication, and late replication

Ioannidis, Human Heredity 2007



Associations: existing or not, found or not
ASSOCIATIONS

Don’t existExist

Found in GWA Missed in GWA GWA finds nothing GWA false-positive

Appropriately 
replicated

Falsely non-
replicated

Genuinely 
heterogeneous 
(non-replicable)

Falsely 
replicated

Appropriately 
refuted





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







An inconsistent association 
mirroring a different association:
FTO, type 2 diabetes, and obesity

Ioannidis, Patsopoulos, Evangelou, PLoS ONE 2007



An inconsistency for 
rheumatoid arthritis: 
bias, LD or we still 
don’t know what 

disease we are after?



Inconsistency and non-replicability
threshold

• Inconsistency may be due to either bias or genuine 
between-study heterogeneity

• Beyond a given threshold of inconsistency, no 
matter how large studies we conduct, we may 
never have enough power to replicate an 
association (non-replicability threshold)

• This means that we need to decrease bias to a 
minimum so that we have to face only the genuine 
heterogeneity

• The main question is shifting from whether chance 
can create an association to whether bias of 
whatever kind can create an association of the 
observed magnitude



Mooneshinghe, Khoury, Liu and Ioannidis PNAS 2008





Measurement error: insight from a 
collaborative analysis

• Of 18 teams of investigators participating in the 
collaborative analysis of alpha-synuclein REP-I 
variation and Parkinson’s disease risk, we found 
that 7 had to be excluded from the main analyses 
because of laboratory error exceeding 10% and/or 
overt violation of HWE in the controls

• Two other teams who had published an inverse 
association apparently had miscoded the alleles in 
their databases.

Maraganore et al, JAMA 2006



Language bias and global science

Pan et al. PLoS Med 2005



Defining and harmonizing multifarious 
phenotypes: the Lernean Hydra bias

-Hercules, I think we have a serious multiplicity problem!!!



Contopoulos-Ioannidis et al, Pharmacogenetics and Genomics 2006



Talking about sex and other 
interesting subgroups

Patsopoulos et al. JAMA 2007



Calibration of credibility
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Calibration of credibility: genetic 
meta-analyses



Evolving credibility in genetic meta-
analyses

Earlier M-A 
(author 
and year)

Gene (variant); Contrast Disease OR (95% CI) 
in M-A

OR (95% CI) 
M-A2

M-A2 (author 
and year)

Differences Bayes

No substantial
support

Boekholdt 2001 FGB/FGB promoter (455G/A); AA vs
GG

MI 1.46 (1.00, 
2.13)

1.12 (0.90, 
1.41)

Smith 2005 Allele/wider 0.48/NP

Maraganore 2004 UCH-L1 (S18Y); S/S vs. other Parkinson 1.20 (1.02, 
1.40)

0.96 (0.86, 
1.08)

Healy 2006 None/None 0.48/NP

Kosmas 2004 MTHFR (677C/T); TT vs. other Preeclampsia 1.21 (1.01, 
1.45)

1.01 (0.79, 
1.29)

Lin 2005 None/None 0.60/NP

Burzotta 2004 F2 (20210G/A); other vs. GG MI 1.32 (1.01, 
1.72)

1.25 (1.05, 
1.50)

Ye 2006 Allelle 0.51/0.28

Jonsson 2003 DRD3 (Ser9Gly) SerSer vs. other Schizophrenia 1.10 (1.01, 
1.21)

1.05 (0.97, 
1.13)

Jonsson 2004 None/None 0.98/NP

Combarros 2003 IL1A (-889); 2/2 vs. Other Alzheimer 2.35 (1.03, 
5.37)

1.08 (0.98, 
1.18)

Bertram 2007 Allele/wider 0.49/NP



There is certainly great news

• The replication process is accelerating



Early genetic epi: forlorn replication 
in search for complexity

• Nature 1994
• TNFA 

associates with 
cerebral malaria

• >800 citations 
to-date

Pie chart analysis of the first 100 citations to the Nature paper

Ioannidis Eur J Clin Invest 2007



Discovery claims are a rapidly 
spreading infectious disease

• Within the first 100 citations to the Nature paper, 19 probed 
associations of TNFA genetic variability with various other 
conditions and phenotypes with 12 of these 19 studies proposing 
significant associations. 

• In all 800 citations, more than 100 new associations were 
proposed.  

• The proposing team subsequently also published on a different 
TNFA polymorphism that would modulate malarial outcomes, 
and also claimed that different alleles conferred susceptibility to 
severe anemia from malaria vs. cerebral malaria. 

• Independent teams recently found no association with the 
original proposed polymorphism with either cerebral malaria or 
severe anemia – in much larger studies. 

• What was probably a false-positive finding, not only got 
entrenched in the literature, but it also lent citation support for 
probably over 100 other proposed associations, many/most of 
which are likely to be also spurious.



Shifting attention to replication



Ultrafast replication as a sine qua non



Grading the evidence: the Venice criteria (IJE, 2007)

AAA ABA ACA

AAB ABB ACB

AAC ABC ACC

First letter = amount
Second letter = replication
Third letter = protection from bias

BAA BBA BCA

BAB BBB BCB

BAC BBC BCC

CAA CBA CCA

CAB CBB CCB

CAC CBC CCC

Strong evidence
Moderate evidence
Weak evidence



Let us add the environment

Hunter D. Nat Rev Genet 2005





SzGene synopsis: 1179 publications of common genetic 
variants and schizophrenia (including two GWA studies)



Human genome epidemiology

• Human genome epidemiology has made major 
progress in the last decade

• The pace of discovery and replication has 
accelerated a lot

• Methods and awareness of caveats has been 
heightened and solutions have been proposed for 
many of the problems of the early years

• The best is yet to come
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