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Nested case-control designs (or equivalently, incidence
density sampling designs) are are a common approach for
reducing the costs the costs of exposure assessment in a
prospective epidemiologic study. Exposure data are obtained
from all cases and a pre-specified number of controls randomly
chosen at each failure time from all subjects who had entered the
study but had not failed or left it yet [1]. The subjects selected
across failure times are confusingly referred as ‘controls’.
However, unlike traditional matched case-control designs, these
‘controls’ may include failures and some controls may be selected
multiple times across different failure times. There can be a large
redundancy between the controls.

It is well documented that a naive Cox regression analysis
yields biased results when it is applied to nested case-control
studies. Traditionally, the conditional logistic approach [1] were
used to analyze these studies by ‘tricking’ statistical software
written for conditional logistic regression by including multiple
inputs for subjects who are selected multiple times, converting
all randomly selected failures to non-failures. The resulting
estimates of the conditional logistic approach are that of log of
hazard ratios and not odds ratios. However, as Langholtz [2]
commented, the ‘fixation’ on odds ratios is still pervasive. For
example, among sixteen nested case-control studies published in
the American Journal of Epidemiology between 2009 and 2011,
only one interpreted its estimates as hazard ratios.

When the retrospective access to the outcome and the
matching variables of the full cohort is available, several methods
can be used that are more powerful than the conditional logistic
approach. For example, Samuelsen [3] proposed a method in
which the individual log-likelihood contributions are weighted
by the inverse of the inclusion probabilities of ever being included
in the nested case-control study. This method was shown to be
more efficient than the conditional logistic regression approach.
Chen [4,5] considered the same form of the likelihood, but
refined the weights by averaging the observed covariates from
subjects with similar failure times to estimate the contribution
from unselected controls. This method was also shown to be
more efficient than the conditional logistic approach. In addition,
one may model exposures non-parametrically conditioned on
other ‘always-observed’ covariates. In some situations, these
maximum semiparametric likelihood has shown to increase the
efficiency [6,7]. However, it is surprising that these methods are
rarely used in practice. For example, all aforementioned sixteen
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nested case-control studies were analyzed by the conditional
or unconditional logistic approaches. None used Samuelsen or
Chen’s methods.

Finally, one of the main perceived limitations of nested case-
control designs in epidemiologic studies had been their inability
to re-evaluate the data to study the association between a new
outcome and the exposure data of the original study. While this
limitation existed a decade ago, valid inferences about secondary
outcomes can be made in nested case-control studies using the
inverse probability weighting approach [8-10] or the likelihood
approach [11]. To my knowledge, however, these analytical
methods are still rarely used to analyze secondary outcomes of
nested case-control studies. In addition, the inverse probability
weighting method can be used to merge data sets across varying
study designs. Large cohort studies often have numerous sub-
studies that are nested case-control designs, case-cohort-designs,
or matched case-control designs. If eligibility criteria are similar
across these studies, the existing data sets can be merged and
hypotheses can be generated and tested. It is time to let the
words get out.
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