
genotoxic and epigenetic mechanisms
may lead to better understanding of the
effects of dioxin.
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Negative Control
Exposures in

Epidemiologic Studies

To the Editor:

In their excellent review on negative
controls,1 Lipsitch and colleagues1

state they “are not aware of an exam-
ple of the use of a negative control
exposure to detect confounding” in an
epidemiologic setting. One such ex-
plicit application of this approach re-
lates to the use of paternal exposures

as a negative control exposure for ma-
ternal exposures considered to have an
intrauterine influence on offspring out-
comes.2 Paternal smoking, as a negative
control, may show associations with off-
spring outcomes similar to those of mater-
nal smoking if the associations are gener-
ated by shared familial confounding
factors or by parental genotypes transmit-
ted to the offspring. If, however, there is
an intrauterine influence, then only the
maternal exposure would be expected to
show an independent association with the
outcome.
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FIGURE 1. Effect of maternal and paternal smoking on offspring birthweight (differ-
ence in birthweight between offspring of smokers and nonsmokers in grams).
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FIGURE 2. Effect of maternal and paternal smoking during pregnancy on offspring
body mass index (difference in body mass index between offspring of smokers and
nonsmokers in kg/m2).
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Figure 1 demonstrates that the
effect of maternal smoking during
pregnancy on offspring birthweight is
considerably greater than that of pater-
nal smoking during pregnancy, and
mutual adjustment (to take account of
associative mating by smoking) atten-
uates the paternal effect to zero. This
is in line with the considerable body of
evidence that maternal smoking has a
causal effect on offspring birthweight.
There has been enthusiasm for the
proposition that fetal exposure to ma-
ternal smoking leads to increased obe-
sity in offspring.3 Although maternal
smoking during pregnancy does in-
deed demonstrate the expected associ-
ation, the strength of association with
paternal smoking during pregnancy is
similar before and after mutual adjust-
ment (Fig. 2).4 This casts doubt on the
causal nature of the association be-
tween intrauterine exposure to mater-
nal smoking and offspring adiposity.

As Lipsitch and colleagues1 argue,
the use of negative controls could be
usefully expanded in epidemiology. If
associations are found with such con-
trols, this does not invalidate the obser-
vation under interrogation but does en-
courage further intense scrutiny of
potential biases and confounding that may
underlie what is seen.
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The authors respond:

We thank George Davey Smith1 for
his thoughtful comments on our pa-

per2 and for drawing attention to his pre-
vious use of a negative control expo-
sure. We agree with his interpretation
that the lack of association of paternal
smoking during pregnancy (negative
control exposure B as shown in Fig. 3 in
our original paper,2 and reproduced here
in simplified form as the Figure) with
birth weight strengthens the causal in-
terpretation of an observed association
of maternal smoking (A) with low birth
weight (Y). Comparing Figure 1a and b
of Davey Smith, paternal smoking has a
univariate association with low birth
weight, but this association disappears
in a model including maternal smoking.
This example emphasizes why the nega-
tive control exposure (B) should be eval-
uated in a model including the exposure of
interest (A). The negative control is used
to see whether there is evidence for a
causal arrow from unobserved confound-
ers (U) to the outcome (Y). Even if no
U3Y arrow exists, B will be associated
with Y under the alternative hypothesis
(A3Y) through the path B4U3A3Y.
Conditioning on (A) by including it in the
model will close this path.

This example also nicely illus-
trates the subject-matter knowledge
needed to interpret negative controls. A
potential problem with paternal smoking
as a negative control for maternal smok-
ing is that paternal smoking causes ma-
ternal passive smoking; therefore, pater-
nal smoking might be associated with
the outcome causally. Observing an as-
sociation of paternal smoking with birth
weight would thus not invalidate in
utero effects interpretation of the mater-
nal smoking-birth weight association in
this study. Nonetheless, the lack of as-
sociation with paternal smoking in the
birth weight case is reassuring.

The later-life BMI outcome in off-
spring discussed by Davey Smith is pos-
sibly more complicated. Postnatal out-
comes could be associated with in utero
and postnatal exposures. The finding of
an association with paternal smoking

during pregnancy (B) after adjustment
for in utero exposure to maternal smok-
ing during pregnancy (A) could reflect
any combination of three nonmutually
exclusive possibilities: (i) uncontrolled
confounding of the A3Y association;
(ii) an additional causal link B3Y via
in utero exposure to passive smoke; or
(iii) that some or all of the association
A-Y and B-Y is due to effects of post-
natal exposure to smoke from either par-
ent. That is, the observed association
between parental smoking during preg-
nancy and adiposity may reflect a causal
relationship between postnatal parental
smoking and adiposity, combined with a
tendency of parents who smoke during
pregnancy to continue smoking after the
baby is born.
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FIGURE. Causal diagram showing an ideal
negative control exposure B for use in eval-
uating studies of the causal relationship
between exposure A and outcome Y, with
measured confounders L and possible un-
measured confounders U. This figure is
simplified from Figure 3 of Reference 2.
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