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Research Possibilities with Add Health 
Genetic Data

1. “Chip” heritability (GCTA) 

2. Polygenic Scores

3. Mendelian Randomization

GOAL: Offer a structure for thinking about how 
genetically informed research can be done with 
Add Health.
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1. “Chip” heritability with GCTA

• Twins
– MZ twins should be 

more similar than 
DZ twins.

• Molecular gen
– Genetic similarity 
→phenotypic 
similarity



GCTA: A two-step process

• Step 1: Compute genetic similarities.
– Many metrics for genetic similarity are available. 

GCTA uses something akin to a weighted 
correlation. 

– Need to restrict to genetically homogenous 

group due to way genetic similarities are 
computed.



GCTA: A two-step process

• Step 2. Estimate

where 

• Covariance matrix for gamma is based on the 
genetic similarities estimated in step 1.  

• Heritability: 
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Turkheimer’s Laws

• GCTA has been used to estimate univariate 
heritabilities for a great many traits. 

• Need to think carefully about a paper 
focusing simply on univariate heritability.



More intriguing possibilities

• Genetic correlation (rG)
– Estimating pleiotropy, or the extent to which 

common genetics are influencing multiple traits. 

• GxE Analyses
– Examining changes in genetic influences over 

time.



Genes as potential 
confounder.





“Our findings imply that the 
environment strongly modifies 
genetic effects on the tempo 
and quantum of fertility, that 
currently ongoing natural 
selection is heterogeneous 
across environments, and that 
gene-environment interactions 
may partly account for missing 
heritability in fertility.”



• There is a substantial back-and-forth about 
the statistical properties of GCTA estimates.
– Kumar et al. Limitations of GCTA as a solution to 

the missing heritability problem. PNAS 2015
– bioRxiv responses: 

• Gamazon & Park
• Yang et al.

– Kumar et al. have responsed to the response!

A word of caution



• There is a substantial back-and-forth about 
the statistical properties of GCTA estimates.
– Kumar et al. Limitations of GCTA as a solution to 

the missing heritability problem. PNAS 2015
– bioRxiv responses: 

• Gamazon & Park
• Yang et al.

– Kumar et al. have responsed to the response!

• Key Question: How sensitive are GCTA 
estimates to population stratification in 
relatively homogeneous samples?

A word of caution



2. Polygenic Scores (PGS)
•Like a credit score

+



2. Polygenic Scores (PGS)
•Like a credit score

+

• They are predictors of the 
type we are accustomed 
to.

• Prediction >> Description



Examples

• Will go through examples of this type of 
research with 
– educational attainment
– BMI

• First question: how robust is prediction in 
context of educational attainment PGS? 



Predict out of sample

Important point given the 
failures of candidate gene 
studies!



Predicts net of mom’s education
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Robust prediction, now what?

Possibilities
• Developmental 

pathways & 
broader 
outcomes

• Association and 
moderation by 
environment

• Dynamics (as 
function of birth 
cohort)

And nothing is necessarily 
constant over time! 



Predicts 
academic 
performance



One obvious pathway from genetics to 
educational attainment is cognition.



But there are other candidates.
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Preliminary Evidence regarding 
developmental pathways from Add Health

• Strong associations with 
GPA and verbal ability.

• Appearance!
• No connection to # of 

friends.
• Associated with smoking, 

but not other potential 
behavioral problems.

• Not associated with 
personality factors.



What about longer term outcomes?

[data from NZ]



How well does the polygenic score predict 
over time?



How well does the polygenic score predict 
over time?

•For an individual born in 1919, an 
additional standard deviation of 
educational genetic endowment as 
measured here results in more than half 
year of schooling more on average.  By 
the 1955 birth cohort, that effect had 
been reduced by one-third.  

•Largely due to changes associated with 
finishing high school.

•Similar trend observed in Sweden 
(Okbay et al., 2016, Nature).

[Forthcoming in Sociological Science]



Switching Course to BMI











Polygenic Scores

• Exciting area of research.
• Limited by available GWAS 
– These have been performed on insufficiently 

diverse samples.

• Our knowledge of how individual genetic 
variants influence traits can be used in other 
manners as well.



3. Mendelian Randomization

• Genes as IVs

http://jamesmcm.github.io/blog/2014/08/17/mendelian/



Assumptions

• Z → X (not X → Z)
• No Z→Y
• Z not associated with U









How seriously do we 
take this 
relationship?





















Mendelian Randomization

• With small number of variants:
– Weak instrument

• With large numbers of variants
– Pleiotropy is likely to be a concern. 

– Issues regarding population stratification will 
become more difficult to address.



Quick Summary

• GCTA
– Chip heritability can be a useful concept, 

especially when exploring issues above & beyond 
simple univariate heritability.



Quick Summary

• Polygenic Scores
– How do biological differences, in form of 

genetics, (1) manifest as individual differences 
and (2) interplay with environments.

• Due to mechanics of GWAS, PGS offer conservative 
test of GxE.

• Mendelian Randomization
– How can we leverage biological differences to 

better understand other associations?
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