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Counter Matching
MEHRR 2R METE  John Cologne

Counter matching' ™ is a method of selecting controls
for improving statistical efficiency of case-control studies
conducted within a cohort. The goal of the case-control study
may be estimating the risk of an exposure, or assessing
confounding or effect modification of that exposure risk by
other factors. The motivation for conducting such studies is
that, the precise exposure variable, or the confounder or
effect modifier, cannot be easily measured in the entire
cohort, so a case-control study is planned to reduce the cost
and effort by limiting the number of study subjects. Counter
matching improves statistical efficiency by increasing the
statistical variation in exposure values between cases and
controls. This is the opposite, or counter, of traditional
matching®, which seeks to improve statistical efficiency by
reducing statistical variation.

There are two basic applications of counter matching:
one is to studies where exposure itself is to be measured in
the case-control study, the other is to studies where exposure
is already known in the cohort and confounders or effect
modifiers of the exposure risk are to be measured in the
case-control study. For illustration, I will describe a simple
pair-matched study with the goal of estimating the risk of a
dichotomous exposure variable. Controls in such a study
would be matched to cases on age, sex, and other important
risk factors. Exposure is then ascertained on the cases and
controls, which gives rise to the following familiar 2x2 table
of matched-pair results:

Control:
exposed unexposed
Case: exposed a b
unexposed c d

where a, b, c, and d represent numbers of matched pairs.
Readers may recognize this as the situation where the odds
ratio is estimated by the ratio of discordant pairs, b/c, and
association between exposure and case-control status is
tested using McNemar’s test. The a+d concordant pairs
(matched pairs in which both case and control are exposed or
both are unexposed) are ignored in calculating the odds ratio.
Thus, their potentially costly and time-consuming exposure
measurements are wasted, but there is no way to know at the
time of control selection, prior to exposure measurement,
which case-control pairs will be concordant.

For such a study, counter matching seeks to increase
statistical efficiency by decreasing the number of concordant
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pairs. It does so by using a surrogate of exposure,
information already available in the cohort that is partly
correlated with the true, but unknown, exposure. For example,
in occupational studies, the surrogate might be information
on whether an individual worked in a factory where exposure
may have occurred. Using this surrogate, counter matching
would select “unexposed” controls for all “exposed” cases
and “exposed” controls for all “unexposed” cases. True
exposure would then be assessed in the case-control study
subjects. By selecting each control to have the opposite
surrogate status as its matching case, the number of
concordant pairs after assessing true exposure should be
fewer than if controls had been selected randomly. Thus, less
effort and information is wasted.

The same strategy can be applied to polytomous (three
or more categories) or numerically continuous exposures, but
I will not describe that here. The reader is referred to the
many references on this topic.

When exposure has already been measured in the
cohort (such as with radiation dose in the atomic-bomb
survivor studies), counter matching can increase statistical
efficiency for studying other risk factors and their impact on
exposure risk (confounding) as well as mechanistic
interaction between the exposure and other factors that are
costly or difficult to measure in the entire cohort (e.g., gene
polymorphisms or lifestyle factors such as smoking). In these
types of study, counter matching is applied to the actual
exposure variable, since it is already known. The risk due to
exposure can then be analyzed in the case-control study,
taking into account potential confounding and effect
modification by the additional factors, with greater
efficiency.

Using counter matching to select controls may be
counter-intuitive, because selecting controls based on
information about exposure would introduce a bias into the
estimate of exposure risk. However, counter matching is a
type of stratified sampling, so it is possible to adjust for the
selection probabilities, which corrects for the bias. Counter
matching is best implemented in studies where there are well
defined method sets, such as a nested case-control study, 7
which mimics the cohort follow-up through incidence density
sampling, or a case-control study conducted at the end of
cohort follow-up (cumulative incidence proportion sampling).
Counter matching is more difficult to implement with
frequency matched studies where there is no one-to-one
assignment of controls to cases.

In short, the counter-matched case-control study is like
a matched case-control study with the additional design
feature of counter matching on exposure or its surrogate. The
analysis is analogous to that of a matched case-control study
except for the need to adjust for the counter-matched control
selection. This additional requirement is easy to implement
with existing methods for analyzing matched case-control
studies (ie, conditional logistic regression), so counter
matching can be used quite generally.
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