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Competing risks frequently arise in medical research. A common approach to the competing risks
problem is to examine the effects on the cumulative incidence functions of stroke which is relevant even
in the presence of competing risks. Another issue is that the relations between exposures and health
outcomes are often subject to bias due to confounding. In particular, statistical methods for adjustment
for time-dependent confounders have not begn established in the presence of competing risks. In this
project, I conducted a methodological work from a statistical viewpoint on this common problem in
medical research collaborating with Professor Alan Brookhart and Professor Jason Fine at the
University of North Carolina at Chapel Hill.

The basic idea of our research is to derive a g-estimator of structural mean models using
pseudo-observations. Suppose a cohort study of an i.i.d. sample of n subjects which aims to estimate
the effects of exposure 4 on the time to failure 7" with J mutually exclusive failure types and right--

censoring time C. Let {X;, 4;, diei, Ai Li, i=1,..., n} be the observed data, where Xi=min(7;, C;),
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A=I(Ti<Cy), e=1,...,J is the cause of failure, L it the covariates and I() is the indicator functioﬁ. We
assume that there e;(ist potential outcomes {73, X%, 44, A} that represent the outcomes of the ith
subject that would be seen were the ith subject to have an exposure level denoted by A=a. Consider
linear structural mean models of the pofential outcomes: wo+Ly1 = E(Y44, L)-E(Y°|4, L) where w={wo, -
w11} is the causal effect of exposure 4 and the‘ interactions with L.

Suppose that it is possible to compute the nonparametric estimator of the ‘cumulative
incidence function of interest (the first failure type) C;(t) at the end of the study. Let 8 and §_; be
the estimated cumulative incidence function from‘ the entire dataset and its leave-one-out version
obtained by eliminating the ith individual. The pseudo-observation for the ith subject is defined as @; =
nd — (n — 1)8_;. It can be shown that this quantity has a useful property, that is, E(éi) = E(Y;|A;, Ly).

Define H;(p) = 0; — (Yo + Lip;)A; for estimatioh of the linear structural mean models.
It follows from the property of pseudo-observations that

E{H;(Y)|A;, L} = E(Y;|4;, L) — (Yo + Li¢1)Ai
From the consistency assumption and the linear structural mean models, we have that
E{H;¥")|A4;, L} = E(YilA, L) — (o” + L1 DA,
= E(Y;"|4; L))
where y" is the true value of y. If the no unmeasured confounders assumption holds, 4; and Y;° (thereforé
Hi(y")) are mean independent conditional on L;, and a class of moment estimating functions for y is
derived:

VW) = [d(4, 1) — E(d(4, L) ILIw(D)HW) — q(L)]
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where d(4, L) and w(L) are any vector-valued functions with the dimension of v, and g(L) is an arbitrary
scalar function. For any choices of d(4, L), w(L) and g(L), a consistent estimator of y is obtained by
solving the resulting estimating equations.

In this project, we formulated structural mean models of causal effects on the cumulative
incidence functions of potential outcomes and developed the novel estimators of structural mean models
based on pseudo-observations. We also extended the framework to proportional haza;ds structural mean
models which represents causal sﬁbdistribution hazard ratios over the éntire time span and structural
nested mean models for time-varying exposure. We also provided the finite-sample performance of the
proposed estimators in simulated datasets and applied the proposed methods to a real dataset from a

cohort study.



