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LD score regression 

• Poly-genericity or population confounding 
• Genetic correlation 
• Tissue enrichment 



Poly-genericity or population 
confounding 

• The distribution of p-
values is clear in greater 
than expected 

• Is this due to very 
widespread genetic 
effects (polygenicity)? 

• Or is due to unaccounted 
for relatedness or 
population stratification? 
 
 



LD score regression 

• If there was no population stratification, then the 
genome-wide z-scores would only be related to the 
distribution of effects sizes of causal SNPs, and the 
LD of causal SNPs to those around them. 

• If there was population stratification the distribution  
of effect sizes would be inflated compared to the LD 
decay of the regions. 

(Bulik-Sullivan et al 2015a) 



• The LD score of a SNP can be calculated using the r2 
of SNPs which are in LD with that SNP. 

• Then look at the mean χ2 distribution a bin of SNPs 
with the same LD score, and the correlation between 
that and the score. 

 

LD score regression 



LD score regression 

In this framework, 
This is the 
measure of 
inflation. 



Genetic correlation 

(Bulik-Sullivan et al 2015b) 



Tissue enrichment - partitioning 

(Finucane et al 2015 and Day et al 2016) 



Tissue enrichment – using eQTLs 

(Finucane et al bioRχiv) 



LD score 

• To identify polygenicity rather than population 
stratification 

• To identify phenotypes with shared genetic 
conditions 

• T identify tissue that are relevant for a disease 



Collider bias 

• One made-up silly example 
• One not-made-up silly example 
• One made-up because it was silly 
• One real example 



Collider bias 

84 9 21 36 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝐸𝐸𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂 × 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑈𝑈𝑥𝑥𝑈𝑈𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂
𝐸𝐸𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑈𝑈𝑥𝑥𝑈𝑈𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂 × 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂 



Collider bias 

84 9 21 36 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
9 × 84

36 × 21 



Collider bias 

84 9 21 36 

 1= 9 ×84
36 ×21

 



Collider bias 

35 20 8 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝐸𝐸𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂 × 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑈𝑈𝑥𝑥𝑈𝑈𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂
𝐸𝐸𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑈𝑈𝑥𝑥𝑈𝑈𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂 × 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂

 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝐸𝐸𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂 × 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑈𝑈𝑥𝑥𝑈𝑈𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂
𝐸𝐸𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑈𝑈𝑥𝑥𝑈𝑈𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂 × 𝑈𝑈𝑈𝑈𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑂𝑂𝑥𝑥𝑂𝑂 𝑐𝑐𝑐𝑐𝑂𝑂𝑥𝑥𝑂𝑂

 

3 1 1 1 81 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
8 × 3

35 × 20
 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =

1 × 84
1 × 1

 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = 0.03 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = 84 



Collider bias 

35 20 8 3 1 1 1 81 

Running a logistic model controlling for school on the whole data: 

   Estimate Std.  Error  z value  Pr(>|z|)     
(Intercept)   -3.6903      0.7159   -5.155 2.53e-07 *** 
Sporty     -2.8885      0.6654   -4.341 1.42e-05 *** 
School      5.2493       0.9023    5.818 5.97e-09 *** 



Rolling Stone top 500 Albums 

• Rolling stone picked their top 500 Greatest Albums of All Time 
• Two sociologist did an analysis to see if better selling albums 

sold better. 
• Their findings suggested that worse selling albums were more 

critically acclaimed. 

 (Schmutz 2005 via Elwert & Winship 2014) 



Rolling Stone top 500 Albums 

Albums that sell 
in large numbers 

Albums that critics 
hear and like 

Albums that the paper 
authors new well enough 
to include in their study 



How does this relate to genetics 

• Adjustment can cause collider bias 
• Analyses often adjust for phenotypes 
• Those phenotypes may have genetic causes 
• This can induce an association with unrelated SNPs 



Sex and height 

• No autosomal SNPs for sex (people have looked). 
• Men are on average taller than women. 
• Height has a large number of known genetic 

associations. 

(Day et al 2016) 



When we run a GWAS for Sex. 



When we run a GWAS for Sex, 
adjusted for height 



When we run a GWAS for Sex, 
adjusted for height 

Height 
associated 
SNPs 

Sex 

Height 

HMGA2-rs8756  Punadjusted = 0.99  
   Padjusted = 3 × 10−34 



Genetics of BMI 

• One of the SNPs for BMI is in TCF7L2 
• TCF7L2 is a known type 2 diabetes loci 
• When we just consider diabetic cases, the diabetes 

raising allele is associated with decreased BMI. 
• Genome–wide association studies for BMI do not 

have the same proportion of individuals with 
diabetes than the general population. 
 

(Locke et al 2015 Yaghootkar et al 2016) 



Colliders – review and what to do 

• Don’t adjust without thinking 
• Run analyses without the colliders 
• Run analyses of the colliders (or look them up) 



Summary 

• LD score regression is very useful 
– Population stratification 
– Correlations among phenotypes 
– Prioritisation of tissue types 

• Collider bias 
– Can occur with selection or adjustment 
– Can results in totally spurious results 
– Check all controlled for confounders 



Stata code for an example 
set obs 10000 
* Generate constants that determine the magnitude of 
* the causal effects (that is, path coefficients). 
gen Z1toX = 1 
gen Z1toW = 1 
gen Z2toW = 1 
gen Z2toY = 1 
* Generate Z1 and Z2 as normally distributed random 
* variables. 
gen Z1 = invnorm(uniform()) 
gen Z2 = invnorm(uniform()) 
* Generate random components for all other variables: 
* W, X, and Y 
gen W_random = invnorm(uniform()) 
gen X_random = invnorm(uniform()) 
gen Y_random = invnorm(uniform()) 
 



* Generate W as a function of Z1, Z2, and a random 
* component 
gen W = Z1toW*Z1 + Z2toW*Z2 + W_random 
* Generate X as a function of Z1 and a random component 
gen X = Z1toX*Z1 + X_random 
* Generate Y as a function of Z2 and a random component 
gen Y = Z2toY*Z2 + Y_random 
* Describe the data generated means 
corr W X Y Z1 Z2 
* Run regressions with and without adjustment for W to 
* estimate the effect of X on Y. 
reg Y X 
reg Y X W 
  
*** This is modelling what you want to check 
* Running a regression on the covariates (strongly 
associated 
reg Y W 
* Generating the residuals that you would be running the 
gwas on 
predict res, res 
* Checking the associations of the residuals in with the 
problem variable 
reg res X 
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