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In this study, we consider recurrent events of the same type, which are frequently occurring

in longitudinal studies and are collected from a group of independent subjects experiencing

recurrent events, with the information of time-independent covariates. For the ith subject,

i = 1, · · · , n, let Ni(t), Xi = (Xi1, · · · , Xip)
T , Yi and {Tij}mi

j=1 separately denote the recurrent

event process, the p× 1 covariate vector, the minimum value of the censoring time (i.e., the

time to the end of follow-up) and the end of study time T0, and the ordered event times in

the time interval [0, Yi] with mi being the number of the recurrent events occurring at or

prior to Yi. Generally, the main interest in this type of data is to estimate the occurrence

rate function in the target population and to evaluate the effects of possible risk factors on

the recurrent event process. In some applications, it is unreasonable to assume the censoring

time to be independent of the recurrent event process because each subject’s recurrent events

could be terminated before or at the end of study by loss to follow-up or informative drop-out.

Motivated by an epidemiological example from the AIDS Link to Intravenous Experiences

cohort study, Wang, Qin and Chiang (2001) proposed an informative censoring model, which

avoids the complexity of modeling the censoring distribution, to model the recurrent event

process and the censoring mechanism as below.

(A1) Suppose there exists a nonnegative-valued latent variable Zi so that, conditioning on

(xi, zi), Ni(t) is a non-stationary Poisson process with the subject-specific rate func-

tion λi(t) = ziλ0(t) exp(βTxi), where the baseline rate function λ0(t) is a continuous

function and β is a p × 1 parameter vector.

(A2) Conditioning on (xi, zi), Ni(·) is independent of Yi.

Moreover, the expectation of Z conditioning on x is reasonably assumed to be 1. Based

on the above model with or without using the information of covariates, Chiang and Wang

(2002), Wang, Qin and Chiang (2001), and Wang and Chiang (2002) suggested the estimation

methods for the baseline rate function λ0(t) and the regression parameters β. From their

works, it was shown that the moments of the estimators are influenced by a latent variable.

Thus, the selection of bandwidths and the construction of confidence intervals, which are

separately based on the asymptotic mean squared errors and the asymptotic distributions

of the estimators, become impractical to directly estimate the unknown quantities in the

1



moments of the estimators. To overcome these difficulties, we develop a random weighted

bootstrap procedure which is simple and fast to implement from a practical point of view, and

is at least as accurate as other bootstrap methods. Since the considered estimators involve

vectors of observations, the traditional bootstrap methods, such as the naive bootstrap and

the wild bootstrap procedures, in this setting are impractically slow in terms of Monte-

Carlo simulations. However, in our proposed approach, the weighted bootstrap framework

identifies alternative scheme without resampling from the data or generating the bootstrap

data from the shape function of the recurrent event times and is markedly superior in terms

of practical computational efficiency. One can find that the weighted bootstrap framework

discussed here encompasses many of the known bootstrap methods and can be applied to

many other similar settings as well. The method which we highlight here can be seen as

an extension of the Bayesian bootstrap and Bayesian Bootstrap clones (BBC) discussed in

Rubin (1981), Lo (1987, 1991), among others.

In the current status, we have accomplished the following works:

1. We summarize the estimation methods for the baseline rate function λ0(t) and the re-

gression parameters β.

2. The random weighted bootstrap analogues are proposed and used to approximate the

sampling quantities of interest related to the estimators. Based on the behaviors of the

proposed random weighted bootstrap estimators, a class of approximated confidence

intervals are constructed.

3. The distributional properties of the random weighted bootstrap estimators are derived.
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