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Sibling comparisons have a long history
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• Compared 105 “delinquents” to their “non-delinquent” siblings 
→ 8 pairs were twins

Healy, W., & Bronner, A.F. (1936). New Light on Delinquency 
and its Treatment. Yale University Press.
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Svenska 
Tvillingregistret
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Correlation does not imply causation
• Counterfactual definition of causality: 

would the outcome have been different had the exposure been different?

• Idealized counterfactual design: same person, same time, different exposure

• ’Mimicking’ the counterfactual design
→ Restriction
→ Stratification
→ Multiple regression
→ Propensity scores
→ Matching
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Matching as a quasiexperiment

• Matching on age and sex is an efficient way of removing confounding 
from the same factors

• Imagine if we matched on all factors except exposure/outcome, 
wouldn’t this give us the counterfactual outcome?

• Sure, but:
→ can only match on measured variables (or functions thereof)
→ difficult to find perfect matches
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Sibling-matching!

• Siblings (twins!) are perfect matches on all factors shared by siblings, 
whether we have measured them or not 

• Case-control study: 
• pick sibling pairs discordant in outcome and compare their exposure

• Cohort study: 
• pick sibling pairs discordant in exposure and compare their outcome

• The estimates we get from this must be free from confounding  by factors 
notoriously difficult to measure or model 

• parenting, SES, the combined effect of many alleles,…

• Even factors we never suspected of being confounders!
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Scandinavian registers: Sweden

Crime

Convictions (1973)

Suspicions (1998)

Relatedness

The multigeneration register (1932)

The Swedish Twin register (~1900)

Healthcare 

Inpatient (1973 / 1986)

Outpatient, non-primary (2001)

Prescription drugs (2005)

Cancer (1958)

Causes of death (1960)

“Quality” registries (ca 1995)Social services

Sick leave, disability pension (1992)

Financial assistance (1990)

Support for elderly (~2010)

Census data, demography

Census every 5th year (1960-1990)

LISA (1990)

Education (1985)

Migrations (1968)

Enlistment

Test results (1969)

Perinatal

Medical Birth Register  (1973) 9



Common interpretation in co-twin control studies

• By comparing the association in general to the association ”within pairs” we can tell
whether an association is confounded, and roughly what this confounding is….
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Groen-Blokhuis MM, Middeldorp CM, van Beijsterveldt CE, 
Boomsma DI. Evidence for a causal association of low birth weight 
and attention problems. J Am Acad Child Adolesc Psychiatry 2011; 
50(12): 1247-54 e2.



I picked a topic and started analyzing!
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Common interpretation in co-twin control studies

• By comparing the association in general to the association ”within pairs” we can tell
whether an association is confounded, and roughly what this confounding is….

• Simplified, vague, and (partly) wrong!
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Siblings are not like other matched controls!

• Matched controls are sampled at random, conditional on outcome status 
and matching factors

• Siblings are not sampled at random

• Siblings tend to be similar on all things, yet a sibling comparison depends on 
the exclusion of sibling pairs which have the same outcome/exposure

• Strong selection, with consequences for the effect estimates!
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In this talk

• A brief overview of how to perform a sibling comparison analysis

• Why the ”intuitive” interpretation is wrong, and how sibling comparisons
may:
→ Amplify confounding
→ Amplify measurement error
→ Introduce bias from cross-sibling interactions
→ Reduce generalizability

• Tentative recommendation for use
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Statistics for a sibling comparison design



Dichotomous outcome and exposure

• Select sibling pairs that are discordant in exposure

• Turns out only N2 and N3 will influence the within-pair association
→ The ’doubly discordant’ pairs

• Historically, analyzed with McNemar’s test
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Exposed sibling

Y=1 Y=0

Unexposed
sibling

Y=1 N1 N2

Y=0 N3 N4



Some other historical alternatives

• If either exposure or outcome is dichotomous:
→ Compare means in exposure (outcome) discordant pairs
→ Paired t-test

• Model the pair difference
→ Regress pair difference in outcome on pair difference in exposure
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General models

• Fixed effect models, conditional on family
→ Conditional logistic regression
→ Stratified Cox regression
→ …

• ”Between-within” models
→ GLM framework
→ Flexible for different types of outcomes and exposures.

• The ‘selection’ of discordant pairs need not be explicit 
→ Only discordant pairs will contribute to ‘effect’ estimates
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Between-within model

• Generalized Linear Model:

𝑔 𝐸 𝑌𝑖𝑗 𝑋𝑖𝑗 = 𝛼 + 𝛽𝑋𝑖𝑗

• Add the pair mean exposure:

𝑔 𝐸 𝑌𝑖𝑗 𝑋𝑖𝑗 , 𝑋𝑖 = 𝛼𝐵𝑊 + 𝛽𝑊𝑋𝑖𝑗 + 𝛽𝐵𝑋𝑖

• Works with e.g. linear, logistic, probit, and Poisson regression.

Karolinska Institutet 14/09/2023 19

• Let 𝑌𝑖𝑗 and 𝑋𝑖𝑗 be the outcome and exposure of individual i in sibling pair j

𝑜𝑟 (𝑋𝑖𝑗−𝑋𝑖)



The BW model becomes tedious with many covariates!

𝑔 𝐸 𝑌𝑖𝑗 𝑋𝑖𝑗 , 𝑋𝑖 = 𝛼𝐵𝑊 + 𝛽𝑊𝑋𝑖𝑗 + 𝛽𝐵𝑋𝑖 +𝛽𝑐𝑊𝐶𝑖𝑗 + 𝛽𝑐𝐵𝐶𝑖 + …
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Design of sibling comparison studies

• Different terms, essentially the same design 
• Co-twin control study
• Discordant twin designs
• Between-within models
• Family fixed effects models
• …

• These designs provide a ”within-pair” estimate

• If all confounding is perfectly shared by the pair, and there is no other bias, 
the within-pair estimate is an unbiased estimate of the causal effect.
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So what’s the problem?



The problem is the selection

• Siblings are similar (correlated) on most things
→ Confounders
→ But also the exposure and outcome!

• In sibling comparison designs, only sibling pairs that differ (are discordant) in 
exposure contribute to the within-pair association
→ An implicit selection of pairs that differ on exposure, despite the fact that siblings tend to be similar on 

exposure

→ Thus, we are oversampling pairs that differ in ”factors that make siblings different” in exposure

→ Thus, exposed and unexposed in the sibling comparison will be more different on ”factors that make siblings
different” than unrelated exposed and unexposed in the complete sample

→ Thus any confounding by such factors will be increased in the sibling comparison
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Amplified confounding!



The problem is the effect size
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The equation for a simple linear regression coefficient is:

𝛽 =
𝐶𝑜𝑣 𝑋, 𝑌

𝑉𝑎𝑟(𝑋)

By restricting to sibling pairs, we reduce the variance in exposure, keeping only the within-pair variation

We also reduce the covariance. By how much?
• If the association is completely causal, by an equal proportion
• If the association is completely due to confounders shared by the pair, the covariance within-pair is zero
• What if the association is due to confounders not shared by the pair?



A special case of bias amplification
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Analytically under a linear model
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If we let the true causal model (for subject i in sib-pair j) be

Yij ∶= βYXXij +βYC Cij +ϵYij
Xij ∶= βXCCij +ϵXij ,

the confounded ordinary regression coefficient is 𝛽 =
𝐶𝑜𝑣 𝑋,𝑌

𝑉𝑎𝑟(𝑋)
= 𝛽𝑌𝑋 +

𝛽𝑌𝐶𝛽𝑋𝐶𝜎𝐶
2

𝛽𝑋𝐶
2 𝜎𝐶

2+𝜎𝜖𝑋
2 ,

and the confounded within-pair coefficient is 𝛽𝑊 =
𝐶𝑜𝑣 𝑋𝑖𝑗−𝑋𝑖,𝑌

𝑉𝑎𝑟(𝑋𝑖𝑗−𝑋𝑖)
= 𝛽𝑌𝑋 +

𝛽𝑌𝐶𝛽𝑋𝐶𝜎𝐶
2

𝛽𝑋𝐶
2 𝜎𝐶

2+𝜎𝜖𝑋
2 1−𝜌𝜖𝑋

1−𝜌𝐶

We see that:
𝜌𝐶=1 ⇒ 𝛽𝑊 = 𝛽𝑌𝑋
𝜌𝐶=𝜌𝜖𝑋 ⇒ 𝛽𝑊 = 𝛽
𝜌𝐶< 𝜌𝜖𝑋 ⇒ 𝛽𝑊 more confounded than 𝛽

βYX

𝛽𝑋𝐶 𝛽𝑌𝐶

Frisell T, Öberg S, Kuja-Halkola R, Sjölander A. Sibling comparison designs: bias from non-shared confounders and measurement error. 
Epidemiology. 2012 Sep;23(5):713-20. doi: 10.1097/EDE.0b013e31825fa230. PMID: 22781362.



Simulations under logistic model

Results from between-within model on simulations under a logistic model. 
Non-confounded causal OR = 5.0.

Confounding
Cor(X1, X2) Cor(C1, C2) OR

0.6 1 8.0
0.6 0.6 8.0
0.6 0.3 8.0
0.6 0 8.0
0.3 1 8.0
0.3 0.6 8.0
0.3 0.3 8.0
0.3 0 8.0
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Simulations under logistic model

Results from between-within model on simulations under a logistic model. 
Non-confounded causal OR = 5.0.

Confounding
Cor(X1, X2) Cor(C1, C2) OR ORW

0.6 1 8.0 5.0
0.6 0.6 8.0 8.0
0.6 0.3 8.0 12.2
0.6 0 8.0 19.9
0.3 1 8.0 5.0
0.3 0.6 8.0 6.5
0.3 0.3 8.0 8.0
0.3 0 8.0 10.1

14 september 2023 38Frisell T, Öberg S, Kuja-Halkola R, Sjölander A. Sibling comparison designs: bias from non-shared confounders and measurement error. 
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Amplified measurement error!



Random measurement error

• X* is our measure of X

• May contain ”noise”, from factors not associated to the outcome. 

• ”Non-differential misclassification”
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Random measurement error

• Say X is almost perfectly shared by siblings, but there is substantial random 
measurement error

• We select sibling pairs discordant in X*
→ the most likely reason why the siblings are discordant is measurement error

• We have increased the noise in X!
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Analytically under a linear model

Let there be random measurement error in X:
Xij*=Xij+ϵMij

The ordinary regression coefficient is then 
𝛽*=Var(Xij)/Var(Xij*) 𝛽𝑌𝑋= γ𝛽𝑌𝑋 = 𝛽𝑌𝑋 1 − (1 − γ)

and under no confounding, the within-pair coefficient is

𝛽𝑊
∗ (𝛽𝑋𝐶 = 0) = 𝛽𝑌𝑋 1 −

1 − 𝛾

1 − 𝐶𝑜𝑟(𝑋𝑖1
∗ , 𝑋𝑖2

∗ )

where γ is the reliability of our measure of X. 

In presence of confounding 𝛽𝑊∗ is more complicated, but somewhat more attenuated.
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Simulations under logistic model
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Results from between-within model on simulations under 
a logistic model. Non-confounded causal OR = 5.0.

Measurement error in 
exposure

Sensitivity Specificity OR ORW
1 1 5.0 5.0
1 0.8 4.4 3.5
1 0.6 3.9 3.0

0.8 1 3.0 2.6
0.8 0.8 2.3 1.9
0.8 0.6 1.8 1.5
0.6 1 2.3 1.9
0.6 0.8 1.7 1.5



Bias from cross-sibling interactions! 



Cross-sibling effects

• Sibling comparison designs assume that the siblings have no causal effects 
on each other

• What if they do?
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Cross-sibling effects
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Imagine a sibling study of interpregnancy interval and late miscarriage

• What if women with a late miscarriage wait longer before having their next child than women without a late 
miscarriage?

• We select only discordant women, so those with late miscarriage in second pregnancy will have longer interval as 
exposure for their third pregnancy, where there will not be a late miscarriage

→ Longer interpregnancy interval will be associated with fewer late miscarriages among discordant women!

First 
pregnancy

Third 
pregnancy   

Second 
pregnancy

Interval 1
Interval 2

Miscarriage?



Cross-sibling effects
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Cross-sibling effects

• The exposure of the first sibling influence the exposure of the second: 
No problem

• The exposure of the first sibling influence the outcome of the second sibling:
Problem, but often conservative (estimate of causal effect biased towards the null)

• The outcome of one sibling influence the exposure or outcome of the other: 
Big problem

• Good news: you can often assess the presence of cross-sibling effects with 
observed data
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Reduced generalizability!



Generalizability

• Are discordant sibling pairs representative of the population?

• NO, that’s the whole point of the sibling comparison!

• Are people with siblings different from those without?
• What about the distribution of effect modifiers?
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Are twins generalizable?
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Dufendach, K. (Artist). (2008). Placentation. [Web]. Retrieved 

from http://commons.wikimedia.org/wiki/File:Placentation.svg
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Distribution of effect modifiers

• We “select” pairs discordant on exposure/outcome

• Under several plausible scenarios, this may alter distribution of other factors 
linked to exposure/outcome

• Do income discordant siblings more often come from high income families?

• The target population may not be clear!
→ And are we estimating conditional or marginal effects??
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More on generalizability
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Summary

• The ‘selection’ of discordant pairs will 
→ Remove all confounding by perfectly shared factors
→ Reduce confounding by factors more shared than the exposure
→ Amplify confounding by factors less shared than the exposure

→ Increase attenuation from random measurement error

→ Possibly introduce bias due to sibling interactions

→ Raise questions about the generalizability
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Where does this leave us?



Conclusions

• Sibling comparisons may both increase and decrease bias compared to the ”unpaired”, cohort
estimate

• Even if an association remains unchanged in a sibling/twin comparison, it may be substantially
confounded by factors influenced by genetics and family environment

• Even if an association is attenuated in a sibling comparison, it may be completely causal

• Important quantities in a sibling comparison:
→ Reliability of exposure measurement
→ The correlation in exposure (different for different relatives!)
→ The degree that one sibling’s outcome influences the other sibling

• All this applies equally to other ”within-cluster” analyses, like case-crossover studies 
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But perhaps its not that bad?

• Sibling comparisons may:
→ Amplify confounding

• But we can adjust for non-shared confounders
→ Amplify measurement error

• But we can account for different degrees of error
→ Introduce bias from cross-sibling interactions

• But we can assess the asymmetries indicating such interactions
→ Reduce generalizability

• But this isn’t that big of a deal?
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The major problem is the low power?
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Whole-population cohort study in Denmark:

1,294,906 persons, including 993,301 siblings

Adjusted HR:     1.17 (1.13-1.22)

Within sibling:   0.86 (0.64-1.15) 

Statewide population-based cohort and sibling-comparison 

design using California birth records (n = 2,015,104)

Adjusted OR:     1.15 (1.04-1.26)

Within siblings: 1.03 (0.64-1.68)



Tentative recommendations

• Sibling comparisons may be most useful when you honestly suspect that a 
completely shared factor, e.g. childhood SES, explains the whole association

• Sibling comparisons should still be adjusted for confounders when possible!

• Consider estimating measurement error in exposure, or performing quantitative bias 
analysis

• Sibling comparisons should not be used when the outcome of one sibling influences
the exposure or outcome of the second

• You need well powered studies to separate the different possible explanations!
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Thank you for your attention!
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