eAPPENDIX 1

We first define a “completable class” under monotonicity assumption. For people with a risk factor profile of 
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 For an example with four risk factors, the completable classes for people exposed to risk factors 
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 (a risk factor profile of “0,1,1,0”) are “0,0,0,0” (a class that requires neither of the four risk factors to complete it), “0,1,0,0” (a class that requires the presence of 
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A subject with a risk factor profile of 
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 can develop disease because of the completion of any one of the completable classes under that particular risk factor profile. Under the independent competing-cause model, the conditional probability of the subject’s not developing disease during (
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Taking natural logarithm to the above equation, we find that the disease rate of people with a risk factor profile of 
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 is the sum of the completion rates of the completable classes under that risk factor profile, i.e., 
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 Alternatively, this can be represented by a sum of all possible classes: 
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eAPPENDIX 2

Assume that the 
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 possible classes of sufficient causes, such that a class contains 
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. Under the assumptions of monotonicity, independent competing causes and proportional hazards (rates), Equation (11) in text now becomes:
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            (A2.1)
with 
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The indicator functions in (A2.1), the 
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’s, represent the “incremental codes”2(p409) (as opposed to the usual “dummy codes”). For example, with a three-level smoking status (SMK) of no smoking (0), moderate smoking (1) and heavy smoking (2), the two incremental codes are 
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. The regressor terms in (A2.1), the 
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’s, also need attentions. Some of them may belong to the incremental codes of the same risk factor; while others may represent the products of the incremental codes of different risk factors (products of the incremental codes of the same risk factor are not allowed). The former taken together help characterize the dose-response relations of a risk factor, and the latter, the complex interactions between multiple multi-level risk factors.
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eAPPENDIX 4

Consider the situation when the assumption of independent competing causes fails and the arrivals of the class-specific unknown components correlate positively with one another. For any subject exposed to at least one risk factor, i.e., a subject with an exposure profile of 
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Taking natural logarithm to both sides of the inequality, we obtain 
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From Equation (11) in text, the left-hand side of (A4.1) equals 
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 Whereas the right-hand side of (A4.1) equals 
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We define the “etiologic faction” for a particular exposure profile [denoted as 
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 had developed the disease because of the completion of any class of sufficient causes that involves at least one risk factor the person was exposed to. With the definition of completable class in Appendix 1, the above (A4.2), Equations (13) and (18) in text, we see that
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eAPPENDIX 5

According to Equation (4) in Hoffmann et al’s paper3, the “proportion of diseased subjects who develop the disease due to a class of sufficient causes” (PDC) is
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