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Figure 1 Causal diagram for an ideal negative control exposure study
testing in utero programming effects. A: fetal exposure in utero to the
maternal environment. B: paternal exposure during the pregnancy
term. L1, L2, L3: measured confounders, shared (L1) and parent-specific
(L2, L3). U1, U2, U3: unmeasured confounders, shared (U1) and parent-
specific (U2, U3)Y: outcome in the offspring.®

unmeasured confounders that allow the researcher to con-
sider all possible confounding scenarios as well as the pos-
sibility that paternal exposure may influence maternal
exposure, such as Cohen et al. found in their data with

both parents taking anti-depressants (see Figure 1). It is
likely that the results found by Cohen et al. would be the
same using this tool as with the diagram they drew, however,
they may also have considered adding paternal smoking and
paternal education to their models as shared confounders
(L1 in Figure 1) and unshared maternal factors (L2), which
may have reduced the potential for residual confounding
further.
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We agree with Brew, et al.' that the way we presented the
paternal negative control directed acyclic graph (DAG) has
the potential for confusion, and appreciate the opportunity
to clarify our reasoning. Lipsitch’s original negative control
DAG includes nodes for measured and unmeasured con-
founders L and U, with a dashed line between L and U indi-
cating that either may cause the other, and they may share
common causes.” The utility of paternal exposure B as a
negative control depends on the extent to which paternal
exposure shares common causes with maternal exposure A.

Brew et al.® split their confounding nodes into shared,
maternal and paternal factors (1, 2 and 3), each including
both measured (L) and unmeasured (U) variables. In addi-
tion, paternal exposure B may have an effect on maternal
exposure, but not the converse. Incoming arrows to mater-
nal exposure A come from L1/U1, L2/U2 and B, and incom-
ing arrows to paternal exposure B come from L1/U1 and
L3/U3. By definition then, A and B are not U comparable.

By contrast, our paper includes a single U that includes
all unmeasured confounders shared by the parents.* The
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concept of ‘sharedness’ allows us to add strength to our
assumptions about U-comparability. Brew et al.' are cor-
rect that there might be an arrow between paternal meas-
ured confounders and maternal antidepressant use, as well
as with shared confounders. We separated measured con-
founders (L in the original Lipsitch paper) into maternal
and paternal (L1 and L2) to facilitate the connection with
the two steps in model adjustment. We presented a simpli-
fied DAG that omits arrows from L2 to B and U because,
in order to find a biased association between paternal anti-
depressants and the outcome after adjustment for meas-
shared

confounders were necessary. We prefer our DAG, com-

ured confounders, only the arrows with
bined with the hierarchical analytical approach used to
estimate paternal negative exposure effects, as shown in
Table 1 of our paper. These estimates allow readers to
sequentially add control for U, L1 and L2, showing
increasing attenuation of associations to demonstrate the
potential for residual confounding.

However, we recognize that our choice of labels for L1
and L2, in which we equate paternal factors with being
non-shared and maternal factors with being shared, invites
confusion and is in need of revision. The formulation in
Brew et al. readily lends itself to thinking carefully about
multiple potentially overlooked sources of confounding,
and we appreciate their bringing it to our attention. Impor-
tantly, although our papers differ in the conceptualization
of splitting L and U into multiple nodes, the DAGs in both
papers result in identical analytical approaches and
assumptions about U-comparability.

With respect to the omitted confounders suggested by
the authors, breastfeeding and indeed any postnatal factors
cannot be confounders, and so are not a concern here.
Maternal chronic illnesses other than depression, as well
as any other unmeasured parent-specific or non-shared
factor, may additionally confound the maternal effect
estimates. As discussed in Lipsitch® as well as our paper*
and the article from Brew and Gong,” the paternal negative
control is designed to control confounding that is a com-
mon cause of maternal exposure, paternal exposure and
the outcome. We should not expect the paternal control to
address other forms of confounding, and must rely on
other methods, such as quantitative bias analysis.®

The authors additionally suggest that the results of the
maternal exposure analysis do not support the need for a
negative control, and further, that the results of the pater-
nal control analysis do not suggest residual confounding.
We respectfully disagree. In our study, estimates were
essentially null for all antidepressants, but remained ele-
vated for selective serotonin reuptake inhibitors for both

maternal and paternal exposure models, albeit with confi-
dence intervals that included the null. It is important to
note, however, that we undertook this study in the context
of multiple studies on the association between prenatal
exposure to antidepressants and risk of childhood neurode-
velopmental problems which have consistently observed
elevated risks.® Given concerns that this area of research is
particularly vulnerable to confounding by indication, espe-
cially heritable risk of depression,” we used data from the
Norwegian Mother Father and Child Cohort Study as an
example to illustrate the paternal control method for pre-
natal medication exposures.

The study of medication safety during pregnancy often
involves confronting intractable confounding. Negative
control studies are an important component of triangulat-
ing causal effects to provide bounds for sources of bias. We
hope that this clarification of our paper, as well as the
paper from Brew and colleagues, will prove helpful to
researchers interested in applying the paternal negative
control design to their own studies.
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