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Topics 

Causality and confounding 

How to test for causality in the presence of familial 
confounding:  

 1. Within-family analyses 

 2. Quantitative genetic modeling 
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 Several studies have linked longer duration 
of breastfeeding with better cognitive 
ability in the offspring 

 Anderson ym. Am J Clin Nutr, 1999: Meta-
analysis confirmed the association 

 A dose-response relationship has been 
observed 

 Breast milk contains long-chain saturated 
fatty acids that are essential for brain 
development 
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Breastfeeding Child’s IQ 

Causal or spurious? 

Breastfeeding Child’s IQ 

??? 

A confounder is a factor which affects 

the outcome and correlates with the 
exposure (predictor) 

Confounders can:  

(1) Create a spurious association 
between exposure and outcome even 
though they do not have a real link  

(2) Hide a real causal association 
Mother’s IQ and 

other 
characteristics 

http://tylervigen.com/spurious-correlations 

http://tylervigen.com/spurious-correlations


Causality and the experimental method 
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Causality is the relation between an event (the cause) and a second event (the effect), 
where the second event is understood as a consequence of the first 

Cause: [from Latin causa: reason, purpose] The producer of an effect, result, or 
consequence  

Causality can be understood through a counterfactual model : 
 

 Would the ’effect’ have happened without the ’cause’? 
 

To test causal hypotheses, we need to create approximations of the counterfactual 
situation 

L'esperienza della caduta dei gravi sul piano inclinato 
G. Bezzuoli (1784-1855) 

Experiment is the keystone of the empirical scientific 
method 
 independent variables are manipulated to observe 

their effects on dependent variables 
 researcher is in control of the treatment 
 confounders are eliminated by random allocation of 

subjects into treatment and control groups 
 randomized controlled trials (RCT) in medicine 



Causal relationships 

According to a classic analysis formalized by John Stuart Mill (1806-1873), a causal 
relationship exists if: 

1) the cause was statistically related to the effect 

2) the cause preceded the effect 

3) we can find no plausible alternative explanation for the effect other than 
the cause 

So, to demonstrate that an association is causal, we should have 

1) an association 

2) the correct temporal order 

3) no plausible alternative explanations! 
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Observational (=non-experimental) studies 

Experiments are not feasible in 
–much of psychology and psychiatry 
– sociology 
– economics 
– epidemiology 

Statistical adjustment (using covariates) is 
often used in non-experimental studies to 
rule out confounding 

Does breastfeeding predict children’s 
intelligence when mothers’ intelligence is 
controlled for? 
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Cronbach 1957, American Psychologist 

Partial correlation: 
correlation between 1 and 
2 when correlations with 3 
are removed Adjustment problems 

– only measured variables can be adjusted for 
–measurement error makes adjustment less 

efficient 
– real causal relationships are assumed to be known 
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Genetic differences explain ca. 50% of variance 
in behavioral and psychological traits 



Familial confounding 
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Genetic differences between individuals explain a large proportion of 
individual differences in behavior and psychological traits! 

Same genetic variants can influence several traits (pleiotropy) 

 Genetic background may be a confounder in many observed associations! 

Also shared environmental factors may be confounders (e.g. SES) 

Gene–environment correlations 

× Passive: Parents provide both genes and rearing environment 

× Active / evocative: An individual’s genetic makeup influences her 
characteristics which, in turn, influence exposure to different 
environments 



The studied predictor variables (exposure, risk factor) can be: 

1) External to the individual 
– prenatal environment 

– rearing environment, parental behavior 

– larger environmental context 

– chemical exposures etc. 

2) Characteristics of the individual 
– psychological traits (cognitive ability, personality) 

– behavior (smoking, exercise) 

– physical / physiological measures (obesity, blood pressure etc.) 
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Types of associations 
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Causality in the context of ACE influences 

predictor outcome 

x 

y 

z 

predictor outcome 

A 

C 

E 

A 

C 

E 

outcome 

x 

y 

z 

If there is a causal association between the predictor and the outcome, all 
factors influencing the predictor should also have an effect on the outcome! 
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Causality and confounding 

How to test for causality in the presence of familial 
confounding:  

 1. Within-family analyses 

 2. Quantitative genetic modeling 
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Co-twin control method 

Japanese twin girls, Osaka 2014 

Mz twins are genetically identical 

Differences in the outcome, associated with 
differences in exposure, are not confounded by 
genetic background 

Co-twins reared together share environmental 
factors 

How to compare: 

o Mean / prevalence in the exposed vs. 
unexposed co-twins within twin pairs 

o Correlation / regression of difference scores 
of exposure and outcome within twin pairs 

 diffexp = exposuretwin1 – exposuretwin2 

 diffout = outcometwin1 – outcometwin2 

 

diffout 

diffexp 

Comparison of MZ co-twins has the most power but 
in practice DZ twins are often included to increase 
sample size 
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Early-onset cannabis use and risk of 
drop-out from education 
Verweij et al. 2013 

Low birth weight and autism (Losh et al. 2012) 

In conditional 
logistic regression, a 

100-gram increase in 
birth weight resulted 

in 13% reduced risk 
of ASD  



Sibling comparisons 
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 Twins comprise ca. 2% of the population 
 About one third of them are MZ 
 The co-twin control method is a special case of 

sibling comparisons 
 Comparing full siblings adjusts for 50% of genetic 

influences + all shared environmental influences 
 Half-siblings share 25% of their genes and may 

also share environmental factors 

 Causality is supported by an association when familial influences are controlled for  
 For genetic confounding the opposite is true: 

 Population > Half-sibs > Full sibs > MZ twins 
 

Comparisons can be made using: 
o Correlations of difference variables within pairs 
o ”Between-within” models, stratified models 

(e.g. linear mixed models, conditional logistic 
regression) 

y𝑖𝑗 = 𝛽0+ 𝛽1𝑥𝑖𝑗 + 𝜀𝑖𝑗 
𝒚𝒊𝒋 = 𝜷𝟎+ 𝜷𝑾 𝒙𝒊𝒋− 𝒙𝒊 + 𝜷𝑩𝒙𝒊 + 𝜺𝒊𝒋 

Between families 
effect 

Within families 
effect 
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Effect of breastfeeding in siblings? 

Colen et a. 2014, Social Science & Medicine 
 Extension of the previous study 
 Breastfeeding predicted better outcome in 10/11 of the 

studied variables (e.g. school performance) 
 The associations disappeared in sibling comparisons 

National Longitudinal Survey of Youth 
 3161 mothers, 5475 children 
 332 sib-pairs discordant for breastfeeding status 
 545 sib-pairs discordant for breastfeeding duration 



Smoking during pregnancy and child 
development 

Maternal smoking during pregnancy may cause: 
Pre-term birth 

Low birth weight and length 

Child mortality 

Poor cognitive development 

ADHD 

Behavior problems 

Substance abuse 

Obesity 

Self-destructiveness 
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Cousin comparisons 
In sibling comparisons, the exposure has to differ between siblings 

Many interesting exposures are shared by siblings, e.g. family SES, parental illness 

By comparing cousins differing on the exposure, part of the genetic background can be 
controlled 
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12.5% shared genes 6.25% shared genes 25% shared genes 



Cousin comparisons: Examples 

Does parental schizophrenia affect offspring 
 School performance? 
 Suicidality? 
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Ljung et al. 2013, Psychol Med Jundong et al. 2012, Psychol Med 

Does parental criminality affect offspring 
 Cognitive development? 

Latvala et al. 2014, Psychol Sci 



Assumptions and limitations of sibling and cousin 
comparisons (incl. co-twin control, children of twins) 

Assumptions 
– Generalizability to the population (e.g. also families without 

siblings/cousins, families with concordant exposures) 

– No carry-over effects (e.g. exposure of sibling 1 should not affect 
outcome of sibling 2) 

21 

Limitations 

– Do not rule out selection factors leading to differences between 
relatives (e.g. why are MZ co-twins discordant for X?) 

– Sensitive to random measurement error which may reduce the 
within-pair associations even when there is no familial 
confounding 

– Usually require large family datasets which can be time-
consuming and expensive to collect 
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Bivariate Cholesky decomposition 
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predictor outcome 

A1 C1 E1 A2 C2 E2 

 Assuming causality, causes of the predictor should cause changes in the outcome 
 Cholesky decomposition can be used to test shared genetic and environmental 

variance 
 The outcome may have specific ACE effects which are independent of the predictor 
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Cholesky decomposition: Genetic and environmental 
correlations 

rA 

predictor outcome 

A C E A C E 

rC 

rE 

Overlap between genetic and 
environmental variance can be 
expressed as correlations between 
the latent variance components of 
the predictor and the outcome  
 
If the association is causal and the 
predictor has A, C, and E effects, 
there should be significant A, C, 
and E correlations as well 
 
 Lack of rE is often a sufficient 
indicator of a non-causal 
association 
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Physical exercise and symptoms of anxiety and 
depression (De Moor et al. 2008) 

Music practice and musical ability (Mosing et al. 2014) 



Summary 

• Importance of familial confounding 

• Co-twin control is a powerful design but has also limitations 

• Sibling and cousin comparisons are better than nothing! 

• Quantitative genetic modeling can be used as another test of 
causality and it gives more comprehensive information 

 

• All these methods are good at detecting familial confounding 
but they cannot prove causality!  
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Kauppias Ymär Abdrahim perheineen kotonaan Helsingissä v. 1925 
Kuva: Eric Sundström 

Thank you for your attention! 
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