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Abstract This paper presents simple weighted and fully augmented weighted esti-
mators for the additive hazards model with missing covariates when they are missing
at random. The additive hazards model estimates the difference in hazards and has an
intuitive biological interpretation. The proposed weighted estimators for the additive

For the Alzheimer’s Disease Neuroimaging Initiative—Data used in preparation of this article were
obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). As
such, the investigators within the ADNI contributed to the design and implementation of ADNI and/or
provided data but did not participate in analysis or writing of this report. A complete listing of ADNI
investigators can be found at: http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ ADNI_
Acknowledgement_List.pdf.

Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10463-
018-0648-y) contains supplementary material, which is available to authorized users.

B Lihong Qi
Ihgi @ucdavis.edu

Division of Biostatistics, Department of Public Health Sciences, University of California Davis,
One Shields Ave, MS1C, Davis, CA 95616, USA

2 Division of Clinical and Translational Sciences, Department of Internal Medicine, Medical
School, University of Texas Health Science Center at Houston, 6410 Fannin Street, Houston,
TX 77030, USA

3 Biostatistics/Epidemiology/Research Design Core, Center for Clinical and Translational
Sciences, University of Texas Health Science Center at Houston, 6410 Fannin Street, Houston,
TX 77030, USA

4

Department of Mathematics and Statistics, University of North Carolina at Charlotte, 9201
University City Boulevard, Charlotte, NC 28223, USA

5 Department of Statistics, University of California Davis, 399 Crocker Ln, Davis, CA 95616, USA

Department of Mathematics and Statistics, Georgia State University, Room 1342, 25 Park Place,
Atlanta, GA 30303, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10463-018-0648-y&domain=pdf
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
https://doi.org/10.1007/s10463-018-0648-y
https://doi.org/10.1007/s10463-018-0648-y

366 L.Qietal

hazards model use incomplete data nonparametrically and have close-form expres-
sions. We show that they are consistent and asymptotically normal, and are more
efficient than the simple weighted estimator which only uses the complete data. We
illustrate their finite-sample performance through simulation studies and an applica-
tion to study the progression from mild cognitive impairment to dementia using data
from the Alzheimer’s Disease Neuroimaging Initiative as well as an application to the
mouse leukemia study.
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