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Genetic Epidemiology

• Studies the disease with the aim of deciphering
– Whether it has a genetic background, 
– The heritability, 
– The mode of inheritance, 
– The genetic locus in which the responsible gene lies, 
– The gene and the allele that predisposes for the disease
– The interactions with other genes or environmental factors





Penetrance

Penetrance=P(Disease | genotype)





Study types
• Inheritance studies

– Family history
– Family studies (twins, adoptions etc)
– Segregation studies

• Linkage studies
– Aim to find the genetic locus in which the genes are 

• Genetic association studies
– Find the gene and quantify the risk
– Family-based vs. population-based
– GxG and GxE interactions
– GAS vs. GWAS





Genetic Association Studies

• Identify the allele that causes the disease
– Use effect sizes like the OR

• In families vs. in population
– case-control studies, TDT, family based studies

• Gene X Gene and Gene X environment interactions
– Special designs (πχ case-only studies)

• GAS vs. GWAS
– One candidate gene or million SNPs



Family based genetic 
association studies

 Compares the allele in cases and in healthy parents

 Use theTransmission-Disequilibrium Test (TDT) which is equivalent 
to McNemar’s χ2

 TDT tests both linkage and association

 Advantages: controls for 
confounding (population 
stratification)

 disadvantages: low statistical 
power





Extensions

• 1-TDT (one parent is available)
• Multi-allelic loci
• Sib-TDT (compares the marker genotypes in 

affected and unaffected offspring)
• Quantitative traits (cholesterol etc)
• X-linked genes
• And more…



1-TDT



• When diseases with onset in adulthood or in old age 
are studied, it may be impossible to obtain 
genotypes for markers in the parents of the affected 
offspring. This difficulty has limited the applicability 
of the TDT. 

• Instead of using marker data from affected offspring 
and their parents, this method compares the marker 
genotypes in affected and unaffected offspring. The 
S-TDT does not reconstruct parental genotypes and 
does not depend on estimates of allele frequencies





HHRR

• The haplotype-based haplotype relative risk 
(HHRR), in an effort to increase power (i.e. to 
decrease the variance), uses the unmatched 
version of Table, since, under the null 
hypothesis, the two alleles of each parent are 
independent. The transition to the unmatched 
analysis is given in Table 







Remarks

• From a historical point of view, it is worth-noting that Falk and 
Rubinstein were the first to propose the use of untransmitted
alleles to form a single pseudocontrol genotype (Falk & 
Rubinstein, 1987). 

• Later, Terwilliger and Ott extended this idea and they 
discussed, for the first time, the use of McNemar’s test, 
although they concluded that it was less powerful than the 
unmatched analysis that corresponds to the HHRR test 
(Terwilliger & Ott, 1992). 

• Few years later, the McNemar’s statistic was reformulated and 
presented as the TDT test that is now widely used (Spielman
& Ewens, 1996; Spielman et al, 1993).



Population based genetic association 
studies

• Compares the allele in cases and unrelated controls
• Typical epidemiological design

Exposed Unexposed

Cases α β

Controls γ δ

 advantages statistical power, large 
sample

 disadvantages: requires testing to 
control for confounding due to ethnicity 
(population stratification) Odds Ratio



Χ2 as criterion of association
Genotype

AA AB BB Total 

Disease

yes 140
(320*380)/890=136,6

125
(320*390)/890=140,2

55
(320*120)/890=43,2

320

no 240
(570*380)/890=243,4

265
(570*390)/890=249,8

65
(570*120)/890=76,8

570

Σύνολο 380 390 120 890



Χ2 as criterion of association

• H0: disease and exposure are unrelated
• H1: there is a relation
❖ α = 0.05
❖ df. = (r-1)*(c-1)=(2-1)*(3-1)=2

χ2 = 7,73
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Collapsing the table
Genotypes

ΑΑ ΑΒ ΒΒ

Cases α β γ

Controls δ ε ζ

 The Pearson χ2, performs a model-free approach

 In order to assume a particular model we need to have a 2x2 table, i.e. 
merging ΑΑ+ΑΒ or ΑΒ+ΒΒ
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Example 
Genotypes

ΑΑ ΑΒ ΒΒ

Cases 105 225 119

Controls 132 206 87



          Kendall's tau-b =   0.0915  ASE = 0.032
                    gamma =   0.1628  ASE = 0.056
               Cramér's V =   0.0970
 likelihood-ratio chi2(2) =   8.2524   Pr = 0.016
          Pearson chi2(2) =   8.2316   Pr = 0.016

     Total         237        431        206         874 
                                                        
         2         105        225        119         449 
         1         132        206         87         425 
                                                        
       row           1          2          3       Total
                           col

. tabi  132 206 87\ 105 225 119, all



          Kendall's tau-b =   0.0863  ASE = 0.034
                    gamma =   0.1922  ASE = 0.074
               Cramér's V =   0.0863
 likelihood-ratio chi2(1) =   6.5111   Pr = 0.011
          Pearson chi2(1) =   6.5050   Pr = 0.011

     Total         237        637         874 
                                             
         2         105        344         449 
         1         132        293         425 
                                             
       row           1          2       Total
                      col

. tabi  132 293\ 105 344, all

          Kendall's tau-b =   0.0710  ASE = 0.034
                    gamma =   0.1670  ASE = 0.078
               Cramér's V =   0.0710
 likelihood-ratio chi2(1) =   4.4277   Pr = 0.035
          Pearson chi2(1) =   4.4110   Pr = 0.036

     Total         668        206         874 
                                             
         2         330        119         449 
         1         338         87         425 
                                             
       row           1          2       Total
                      col

. tabi  338 87\ 330 119, all





GWAS
• Million of SNPs
• Different platforms (need for imputation)
• The statistical analysis is simple(i.e. OR, CATT, SMD) but there are 

complications
• Basic issues: multiple comparisons, quality control, data sharing, 

population stratification
– Teo, Y.Y. (2008) Common statistical issues in genome-wide association studies: 

a review on power, data quality control, genotype calling and population 
structure, Curr Opin Lipidol, 19, 133-143

– Zeggini, E. and Ioannidis, J.P. (2009) Meta-analysis in genome-wide association 
studies, Pharmacogenomics, 10, 191-201

– Ziegler, A., Konig, I.R. and Thompson, J.R. (2008) Biostatistical aspects of 
genome-wide association studies, Biom J, 50, 8-28















GWAS



Statistical methods

Pearson Chi-square

Logistic Regression 
(Odds Ratio)

Cochran-Armitage 
Trend Test (CATT)

Bagos PG. Genetic model selection in genome-wide association studies: robust 
methods and the use of meta-analysis. Statistical Applications in Genetic and 
Molecular Biology, 2013



Robust methods
• The methods are designed to have the maximum statistical power 

irrespective of the mode of inheritance

MERT

MAX

MIN2

Bagos PG. Genetic model selection in genome-wide association studies: robust 
methods and the use of meta-analysis. Statistical Applications in Genetic and 
Molecular Biology, 2013



Zang Y, Fung WK, Zheng G. Simple algorithms to calculate the asymptotic null 
distributions of robust tests in case-control genetic association studies in R. Journal 
of Statistical software. 2010 Feb 17;33(8).



Joo J, Kwak M, Ahn K, Zheng G. A Robust Genome Wide Scan Statistic of the 
Wellcome Trust Case–Control Consortium. Biometrics. 2009 Dec;65(4):1115-22.



Confounding



Population Stratification





Genomic Control



GxE interactions











Reproducibility 

Begley, C.G. and J.P. Ioannidis, Reproducibility in science: improving the standard for basic and
preclinical research. Circ Res, 2015. 116(1): p. 116-26.



Grading the credibility of molecular 
evidence for complex diseases (1)

Ioannidis, J.P., Commentary: grading the credibility of molecular evidence for complex diseases.
Int J Epidemiol, 2006. 35(3): p. 572-8; discussion 593-6.



Ioannidis, J.P., Commentary: grading the credibility of molecular evidence for complex diseases.
Int J Epidemiol, 2006. 35(3): p. 572-8; discussion 593-6.

Grading the credibility of molecular 
evidence for complex diseases (2)



Ioannidis, J.P., Commentary: grading the credibility of molecular evidence for complex diseases.
Int J Epidemiol, 2006. 35(3): p. 572-8; discussion 593-6.
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