
Meta-analysis in GWAS and 
beyond 

Vangelis Evangelou, PhD 
Assistant Professor 
Clinical and Molecular Epidemiology 
University of Ioannina Medical School 
GREECE 
vangelis@cc.uoi.gr 
 





Meta-analysis in Complex 
Genetic Epidemiology 



Genetic epidemiology 
 

Meta-analysis’ applications in genetics 
 

• Overview of the lecture 
A second line of text could go here 

Meta-analysis 
 

Future efforts 



• What is the most cited design? 

Patsopoulos et al, JAMA,2005  



 
•  Systematic approach to information 

•  Information counts more than opinion 

•  Careful attention to study design and biases 

•  Emphasis on synthesis of data from diverse studies on 
each question of interest 

• Features of “Evidence-Based X” 



GENOME-WIDE SCANS 

•  Research based on previous 
hypothesis 

•  Biological-functional 
background 

•  Ad hoc analysis of published 
results 

•  Replication 

CANDIDATE GENES 

• Two different approaches 
A second line of text could go here 

•  Uses high-throughput 
genotyping technologies to 
essay hundred of thousand of 
SNPs 

•  Hypothesis free-agnostic 
approach 

•  Millions of associations tested 
simultaneously 

•  Adjust for multiple 
comparison  

•  Replication of most significant 
findings 

 



• Meta-analysis publications 



•  Small (OR<1.2)or moderate risks (1.2<OR<1.4) 
 

• Magnitude of genetic risks 

In the GWA era the effect sizes are even smaller 



•  To improve power 

•  To assess heterogeneity 

•  To explain heterogeneity 

•  To detect and/or exclude bias 

• Why meta-analysis 



• MODELS FOR DATA SYNTHESIS 



•  Fixed effects; all studies have a common true effect; 
difference are due to chance; we try to estimate the 
common effect and uncertainty thereof 

 
•  Random effects; all studies have variable effects that 
are derived from a population of effects; we try to 
estimate the mean and the uncertainty of the mean 
effect 

•  P-values;  most common method is Fisher’s approach  

Popular methods for data synthesis 



• Fixed effects 



• Random effects 



•  Meta-analysis of effect sizesà summary effect size, p-
value 

•  Meta-analysis of zàsummary p-value 

•  Meta-analysis of p-values àsummary p-value 

• Types of meta-analyses 



•  Bayesian approaches 
•  Need to specify priors for other parameters e.g. for between 

study variance 

•  Typically this introduces additional uncertainty 

•  Multivariate approaches 
•  Correlated phenotypes; correlated variants 

•  Alternative random effects 
•  Power boost in presence of heterogeneity 

•  Cross-phenotype meta-analysis   
•  Statistical metrics for analysis of phenotypes that may share 

a common genetic background 

 

• Other extensions 





• Fixed or random effects? 

•  Fixed effects are preferable for initial screenings and 
discovery efforts 

•  Random effects are preferable for generazibility 
applications 



RANDOM EFFECTS FIXED EFFECTS 

• Fixed or random effects? 

Pereira TV et al., AJE, 2009 



• INFERENCE 



•  P-values 
•  <5x10-8 

•  <2x10-8 in Africans 

•  ?? NGS data 

•  Q-values 
•  Bayes Factor 

•  Posterior OR=BF x Prior OR 

•  Differences can be observed for low MAF compared to P-
values 

• Inferential tools 



• HETEROGENEITY 



•  To improve power 

•  To assess heterogeneity 

•  To explain heterogeneity 

•  To detect and/or exclude bias 

• Why meta-analysis 



•  Q statistic (chi-square based, underpowered with few 
studies; overpowered with over 30 studies, considered 
significant at the p<0.1 level 

•  Between study variance (tau square) 
•  I2 statistic (Q-df/Q) (independent of the number of 
studies).  

•  The percentage of total variation across studies that is 
explained beyond chance 

•  0-25% low 

•  25-50% modest 

•  50-75% large 

•  >75% very large 

• Heterogeneity 



•  Poor/Differential phenotyping 
•  Poor genotyping 
•  Different SNP platforms (imputed vs genotyped SNPs) 
•  Unaccounted population stratification 
•  Genuine differences in the pertinent LD blocks across 
population 

•  Differences in environment exposures across 
populations 

• Sources of heterogeneity 



Differences in the phenotype 
definition may affect the 
magnitude of the effect size 
 
The effect estimates (of the 
top hits) were 0.09 log10 VL 
larger in seroconverters 
compared to seroprevalent 
subjects 
 
 

• Phenotype-based heterogeneity 
HIV GWAs 

Evangelou et al. AJE 



• Ancestral-based heterogeneity 

Trans-ethnic meta-analysis: Takes into account 
the similarility of allelic effect between related 
populations while allowing for heterogeneity 
between more diverse ethnic groups 



HapMap is biased towards 
common variants 
 
No single study should be able 
to disproportionally contribute 
in the meta-analysis 

• Incorporating Imputation uncertainty  



• Taking into account population stratification 



•  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. 

 

•  Insights from a collaborative effort 
• Measurement errors 

Maraganore et al, JAMA, 2006 



• Heterogeneity can be informative 



•  Absence of statistical heterogeneity does not mean 
absence of clinical and biological heterogeneity 

•  Means almost always tremendous heterogeneity for 
single patients  

•  A single true effect at the relative scale can mean 
enormous differences in absolute risk differences for 
single patients 

• Absence of heterogeneity 



•  To improve power 

•  To assess heterogeneity 

•  To explain heterogeneity 

•  To detect and/or exclude bias 

• Why meta-analysis 



•  Begg and Mazumbar test 

•  Egger test 

•  Modified regression test (Harbord test) 

• Small study effect 



•  Winner’s curse phenomenon 
•  Early studies suggest stronger effects 

•  The magnitude of the winner’s curse in inversely related to 
the power of the study 

•  Analytical methods for estimating the amount of the 
inflation (Zollner S et al, Am J Hum Genet) <<<evaluation of 
the association in additional datasets  

 
•  Proteus phenomenon 

•  First study gives strongest effect ever observed soon 
followed by a study the least strong effect over observed 

• Early vs late studies 



•  Formulation of the research question 
•  Identification of the eligible studies  
•  Synthesis of the available evidence 
•  Assessing and addressing potential biases 
•  Interpreting the results 

• Meta-analysis stages 



GENOME-WIDE SCANS 
•  Research based on previous 

hypothesis 
•  Biological-functional 

background 
•  Ad hoc analysis of published 

results 
•  Replication 

CANDIDATE GENES 

• Two different approaches 
A second line of text could go here 

•  Uses high-throughput 
genotyping technologies to 
essay hundred of thousand of 
SNPs 

•  Hypothesis free-agnostic 
approach 

•  Millions of associations tested 
simultaneously  

•  Adjust for multiple 
comparison  

•  GW significance: 5x10-8 

•  Replication of most significant 
findings 

 





Nature 1994 
TNFA associates with cerebral 
malaria 
>1000 citations to-date 

• Evolving evidence to replication 
Early genetic Epidemiology 



• Shifting attention to replication 



• Non replicated-diminishing effects 

Ioannidis JP et al. Nat Genet, 2001 

Evangelou E et al, Am J med Genet B, 2010 



• Ultrafast replication as a sine qua non 

Easton et al, Nature 2007 



•  Global collaboration of individuals and organizations 
interested in accelerating the develpment of the 
knowledge base on genetic variation and common 
diseases 

•  HuGE reviewsà reviews and meta-analyses published 
on human genome epidemiology topics 

•  www.hugenavigator.org 

• The Human Genome Epidemiology Network 



•  Umbrella reviews 
•  Field synopsis 

•  Systematic, comprehensive synopsis of genetic association 
studies in certain diseases assembled to date 

•  Criteria suggested by HugeNet Roadmap 

•  Quantitative methods to derive summary effect estimates 
by means of meta-analyses on all variants with genotype 
data available 

•  Systematic assessment of sources of bias 

• Multiple meta-analysis 



•  SzGene 
•  AlzGene 
•  MelGene 
•  CUMAGAS 

• Continuously updated databases 



•  1179 publications of common genetic variants and schizophrenia 
• SzGene 



Chatzinasiou F et al. 2011, JNCI 
Antonopoulou K, et al. 2014, JID 
Athanasiadis E, et al. 2014, Database 



• Candidate genes and GWAs 



• Grading the evidence 
Venice criteria IJE, 2008 

AAA ABA ACA 

AAB ABB ACB 

AAC ABC ACC BAA BBA BCA 

BAB BBB BCB 

BAC BBC BCC 

CAA CBA CCA 

CAB CBB CCB 

CAC CBC CCC Strong evidence 
Moderate evidence 
Weak evidence 

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



•  Collaboration basics 
• GWAs and meta-analysis 



•  Collaboration basics 
• GWAs and meta-analysis 



•  Studies differ in design, sample collection, genotyping 
platform, association analysis methods 

 
•  Investigators should have made sensible agreements 
about phenotype definitions, necessary sample 
exclusions and appropriate covariate modeling 

•  Harmonization of dataset 
• Meta-analysis of GWAs 

Minimization of spurious heterogeneity 



•  GWAs is an effective tool in identifying signals with 
moderate effect 

 
•  Identifying risks with small effect and rare variants 
would require major new efforts 

•  iGOGs-74 new variants susceptible for different types 
of cancers using traditional methods but bringing all 
teams together  

• Have we reached our limits? 



 
•  Genetic risks are very small  
•  We are underpowered to detect such effects 
•  Gene-gene interaction- polygenic disease  
•  Rare variants?  
•  Lack of standardization of phenotypes 
•  Other environmental risk factors 

•  Add a subtitle here 
• Where are the lost variants 



•  Low event rates and zero counts 
•  Merging rare variation 
•  Genome-wide significance threshold for sequencing 

•  Whole-genome and exome sequencing 
• Meta-analysis of sequencing data and rare variants 



•  Most of the methods provide a p-value or a test 
statistic 

•  Software has been developed for the synthesis of the 
available evidence 

•  metaSKAT, rare-METAL 

• Merging rare variation 




