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EXCLUDING CONTROLS: MISAPPLICATIONS IN CASE-CONTROL STUDIES!

JAY H. LUBIN aNp PATRICIA HARTGE

In many hospital-based case-control
studies, investigators exclude from the
control group individuals hospitalized for
diseases related to the exposure under in-
vestigation. This procedure eliminates a
bias that would otherwise operate. The
underlying principle has been discussed
at length (1-3) and is treated in most ep-
idemiology texts (4, 5). Some investiga-
tors take the exclusionary principle one
step further and exclude not only those
hospitalized for diseases related to the ex-
posure under study but also those with a
history of such diseases. This exclusion
biases the estimate of the relative risk.

If the disease histories used to exclude
potential controls are positively corre-
lated with the exposure, the estimated
relative risk will be inflated. This is prob-
ably the most common situation. Con-
versely, if the disease histories are nega-
tively correlated with the exposure, the
estimates will be deflated. The same prin-

and the bias introduced by exclusion
based on disease history, quantifying the
relationship between the mistaken exclu-
sionary criterion and the resulting bias.
We also provide examples.

THE EXCLUSIONARY PRINCIPLE

The following derivations pertain to a
hospital-based case-control study, but
they can easily be extended to a death-
certificate-based case-control study. We
assume that hospital referral patterns for
the diseases under study are similar and
that patients are hospitalized either for
the disease of interest, D, or the referent
disease, D,. Let D, denote the disease-free
status in the population from which the
patients arise. Suppose X = land X = 0
denote whether a subject is or is not ex-
posed, respectively. The odds ratio (OR)
relating exposure X to the disease group,
D;, and the disease-free referent group,
D,, is given by

OR; = {P(X = 1IDY/P(X = ODYHP(X = 1DY/P(X = 0Dy}

ciples apply to other types of case-control
studies, e.g., those based on death certif-
icates.

In the next two sections, we sketch the
statistical basis of the exclusionary rule

In a hospital-based study, the D, group
is unobserved so that its exposure odds
(the denominator) must be estimated
from another source. Computing the ratio
of the D, and D, specific odds ratios gives

{P(X = 1IDY/P(X = ODPYAP(X = 1UD/P(X = 0Dy}

{P(X = 1ID)/P(X = ODYY{P(X = 1|Dy)/P(X = 0Dy}
= {P(X = 1D)/P(X = O[DYP(X = 1D/P(X = 0|Dy)}.
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The right side of this equation is precisely
the formula for the odds ratio wherein D,
is the referent group, although the esti-
mated parameter is now OR,/OR,. Since
OR,/OR, is the estimated parameter in
these types of studies, in the absence of
specific knowledge about OR,, the “exclu-
sionary” principle states that the control
diseases should be chosen from those
thought to be unrelated to the exposure
of interest, i.e., OR, 1. Note that if
analysis reveals that the odds ratio varies
by choice of specific control disease type,
valuable information concerning the as-
sociation between the exposure and the
control types may be obtained. It also

P(X|D,) = P(X|D,,C = 1) x P(C = 1)

should be pointed out that if the exposure
of interest changes, the control diseases
must be reevaluated for a relationship

P(X|D,,C = 0) = {P(X|Dy) — P(X|D,,C

with the new exposure.

CONTROL EXCLUSIONS BASED
ON CONSTRAINTS

Unfortunately, some researchers mis-
interpret the exclusionary rule and, while
selecting controls hospitalized for dis-

1~ P(C =
B - c

1ID,,X = 0) x P(C

BRIEF REPORTS

carried out only for the controls, the es-
timate of the odds ratio is biased.

Since the exclusions occur only among
the control group, D,, we need only focus
on its exposure odds. Suppose a con-
straint, C, is applied to the selection of
eligible D, patients. Intuitively, if C is
positively associated with exposure, ex-
cluding controls with C would reduce the
probability of exposure in the control
sample, thus deflating the control expo-
sure odds and biasing the observed odds
ratio upward. To be explicit, let C be 1 if
the constraint is present and 0 if not. In
terms of C, the probability of observing X
can be written as

+ P(X|D,,C = 0) x P(C = 0). Q)

Rewriting equation 1, we obtain the prob-
ability of observing X for a D, control
without the constraint

= 1) X P(C = D}P(C = 0). (2)

Exclusion based on the constraint C
amounts to use of equation 2 for the con-
trol exposure odds rather than equation
1. These odds can be expressed as {P(X =
1|D,)/P(X = 0|Dy)}/B, implying that the
odds ratio being estimated is (OR,/OR,)
times a bias B, where

1l

1)/P(C = 1|D,) 3)

"1 - P

)

eases unrelated to exposure, reject pa-
tients who have a history of exposure-
related illnesses. If this type of exclusion
were applied consistently in the selection
of both cases and controls, the odds ratios
would be unbiased (the observed OR,/OR,
being conditional on the occurrence of a
negative history), although perhaps of
limited interest. However, if exclusion is

1ID,X = 1) x P(C

1)YP(C = 1Dy

The bias is seen to be a function of the
prevalence of the constraint within the
population and the strength of the asso-
ciation between the constraining condi-
tion and the exposure. When one takes C
to be the prevalence of some disease, an
inflationary bias is introduced when dis-
ease C occurs more often with exposure
than without.
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JLLUSTRATION

Hypothetic data on lung cancer and cig-
arette use serves to illustrate the degree
to which the bias can act. Suppose there
are 90 cases of lung cancer (D;) and an
equal number of controls with a condition
unlikely to be related to tobacco use, for
example, accidents (Dy). Assuming no
hospital referral differences, the associa-
tion between lung cancer and cigarette
smoking may be represented in a 2 x 2
table

D,
D,

90
90

60 30

where X = 1 denotes smoker and X = 0
denotes nonsmoker. The observed odds
ratio is 8.5. Suppose accident patients
were excluded if they have a history of
cardiovascular disease (C = 1). In this in-
stance, we can make the additional as-
sumption that a history of cardiovascular
disease and accidents are unrelated, so
that P(C = 1) = P(C = 1|D,) and B re-
duces to the ratio of the probability of no
cardiovascular disease history among
nonsmokers and smokers. Among acci-
dent victims, suppose the probability of
cardiovascular disease is 0.6 for smokers
and 0.2 for nonsmokers. We would expect
that among 90 controls, 0.6 X 60 = 36 of
the smokers and 0.2 X 30 = 6 of the non-
smokers have a positive disease history,
leaving 24 in each cell without a history.
Thus, the exposure probability among ac-
cident patients without a history of car-
diovascular disease is one-half, and with
a sample of 90 subjects, the expected
number in each cell would be 45. This
would give an odds ratio of 17.0; the com-
puted bias B is (1.0 - 0.2)1.0 — 0.6) =
2.0. Suppose the exclusion is based on a
history of a disease of low prevalence, e.g.,
bladder cancer. If disease prevalence is
0.06 for smokers and 0.02 for nonsmokers
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(the prevalence rate ratio being the same
as for cardiovascular disease), then B =
1.04 and the expected odds ratio is 8.9.

DiscUSSION

A proper control series has an exposure
experience that reflects that of the popu-
lation from which the cases arise. A hos-
pital control series may fail to reflect the
population at risk because it includes
people admitted to the hospital for con-
ditions caused (or prevented) by the ex-
posures of interest. Therefore, hospital
controls admitted for exposure-related
diseases should be excluded. By contrast,
the exclusion from the control group of
hospital patients because of a history of
exposure-related diseases may render the
controls incomparable to cases, because
the selection of controls is subject to con-
straints which are not imposed equally on
case selection. Such restrictions on the
control series which are based on expo-
sure-related criteria can induce an esti-
mation bias, B, which may be quite
marked depending on the prevalence of
the constraint and its relationship to the
exposure.

The formula for B provides a method of
evaluating the possible bias with this
type of exclusion; however, the case-
control study does not provide data for its
estimation from equation 3.
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