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We assessed the statistical significance of the change in regression coefficients using nonparametric 

bootstrap methods. This involved randomly sampling twin pairs with replacement to obtain the same sample 

size as the original dataset, then fitting the models to this new data set to get a new set of estimated 

parameters. We then repeated the process 1,000 times to estimate the sampling distribution of the parameter 

estimates from which a standard error was estimated by computing the standard deviation. 
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[8]   Hopper JL, Bui QM, Erbas B, Matheson MC, Gurrin LC, Burgess JA, Lowe AJ, Jenkins MA, 

Abramson MJ, Walters EH, Giles GG, Dharmage SC. Does eczema in infancy cause hay fever, 

asthma, or both in childhood? Insights from a novel regression model of sibling data. J Allergy Clin 

Immunol. 2012;130:1117-22. 
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A path diagram representing the casual association between BRCA1 mutation status 

and breast cancer for pairs of sisters. Squares represent measured variables, circles 

represent unmeasured variables, and the arrows indicate the direction of causation 

between variables. Let Y1 and Y2 represent the breast cancer status of sisters 1 and 2, 

respectively, within the same pair, and X1 and X2 represent their corresponding 

mutation status for the breast cancer susceptibility gene, BRCA1. SY represents the 

risk factors for breast cancer, other than BRCA1 mutation status, that are shared by 

sisters; i.e. the causes of Y shared by the sisters. SX represents the cause of X shared 

by the sisters, namely their shared parenthood. Causal pathways, and therefore 

correlations or associations, between two variables are established by proceeding 

backwards along causal arrow(s), then forwards along causal arrow(s). Consider 

going from Y1 to X2. There is a causal pathway from Y1 to X1 to SX to X2. Note, 

however, that if X2 is known, this pathway from Y1 to X2 is ‘blocked’. While there is 

a causal pathway from Y1 to SY to Y2, it stops there (one cannot reverse direction 

more than once) so there is no connection between Y1 and X2 through this route. 

Therefore, given knowledge of X1, there is no association between Y1 and X2; see 

text. 
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More haversian canals and larger medullary canal
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