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Text S1 

 

Family history a predictor of genetic risk 

Family history is routinely recorded for diseases such as heart disease, cancer and psychiatric disorders 

to enable clinicians to improve diagnosis and is a recognised and promoted criterion for self-

presentation of patients at screening clinics [1]. For some diseases, family history reflects risk factors 

of both shared genetic and common environment etiology, but for most complex genetic diseases the 

genetic component is more important, even for diseases with known major environmental risk factors 

such as coronary artery disease [2]. Family history is cheap to record, but its value is limited by small 

family size and personal knowledge or memory. Despite this, its recognised value is reflected in the 

continuing proposal of methods [3] which aim to achieve the most accurate estimate of genetic risk 

based of family history. But the value of family history records is inherently limited, since low disease 

prevalence implies low frequency of positive family history even for diseases with high heritability 

[4,5,6] Family history has a high positive predictive value, but a low negative predictive value [5]; i.e., 

a positive family history can imply a high genetic liability to disease, but negative family history 

implies very little about genetic liability to disease.  A recent survey of the national databases of 

Sweden, reported a disease prevalence of 0.4% and sibling recurrence risk of 9 for schizophrenia 

translating to a heritability on the liability scale of 0.64. Despite this sizeable heritability, 96% of cases 

had no recorded family history. Indeed, even under idealised circumstances of full knowledge of the 

family history across three generations, and average Poisson family size of two children per couple the 

expected proportion of “sporadic” cases is still as high as 85% [4,6]. However, the major limitation of 

family history is that it can only provide the same predicted risk for all children in a nuclear family. 

Since half the genetic variance occurs within families, estimates of individual genetic risk based on 

individual genomic profiles have the potential to be much more accurate predictors of individual 

genetic risk than family history. 
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Comparing genomic profiles to family history as predictors of genetic risk 

The maximum AUC assuming complete knowledge of disease status of two parents was derived using 

equation 2 with family history scored as “yes” (at least one parent affected) or “no” (no parent 

affected):  The probability of a parent chosen at random being affected is K, the probability an 

individual has at least one parent affected (family history “yes”) is  2K – K
2
, assuming there is no 

assortative mating. Those without family history have equal rank of (1 + (1-2K+K
2
)N)/2 since they take 

up rank positions of 1 to ((1-2K+K
2
)N, whereas those with family history have equal rank of ((1-

2K+K
2
)N + 1 +N)/2. Of those with “yes” family history we expect the proportion 2KR -  KR

2
 = 2λRK – 

(λRK)
2
 to be affected and proportion (1- 2λRK + (λRK)

2
) not to be affected allowing us to calculate the 

mean rank of those affected, , and 

   .                                                                 (S1)  

This relationship makes no assumption about whether the whether the increased prevalence in the 

parents results from shared genetic or environmental risk factors. However, in order to provide an 

upper limit for AUC based on more extended family history we calculated AUC in a simulation using 

large average family size (Poisson distributed with mean 3 children per couple) and complete 

knowledge of disease status of relatives over three generations, assuming no family common 

environmental risk factors. A family history score was created  weighting the proportion of relatives of 

each type who are affected by the genetic relationship to the individual for whom the genetic risk is 

predicted i.e., ½  for first degree relatives (parents, siblings), ¼ for second degree relatives 

(grandparents, avuncular) and ⅛ for third degree relatives (cousins). 
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AUC from family history 

The AUC from classification on family history of both parents calculated from equation (S1) agreed 

well with that from simulation ±0.01 (results not presented). The AUC based on full knowledge of 

three generation family history from simulation is presented in Table S1, representing an upper limit of 

the predictive value of family history (resulting from shared genetic risk factors only). The maximum 

AUC for family history even under the most optimistic scenario is always less than 0.75 (and often 

considerably so) and accounts for only a small proportion (maximum of 0.25 for the diseases listed) of 

the known genetic variance.  
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