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Preconception exposures and
postconception outcomes:
selection bias in action

As the COVID-19 pandemic continues to wreak havoc across
the globe, many unanswered questions remain about the vi-
rus’s specific health effects. Chief among these are its un-
known impacts on infertility, pregnancy, birth, and infant
health. Because of this, the recent work by Kasman et al. (1)
published in Fertility and Sterility on severe systemic infec-
tions before conception and pregnancy outcomes is timely
and valuable research. Using a large insurance claims data-
base, the authors examined associations between preconcep-
tion indicators of parental systemic infection and outcomes
such as pregnancy loss and preterm birth. Although the
data were collected before the COVID-19 pandemic, the
research has important implications for the reproductive ef-
fects of a virus with severe infectious consequences. The au-
thors observed that several indicators of both maternal and
paternal severe infection before conception were related to
pregnancy loss and preterm birth. However, as the authors
mention, these results are only generalizable to couples who
were able to successfully conceive after systemic infection.
Given what we know about SARS-CoV-2 and similar viruses,
it seems likely that there may also be potential effects on gam-
etes and the ability to conceive (2). If exposure to a virus in-
fluences a couple’s ability to conceive in the near future, then
any cohort of pregnant women is a select group that may be
different in many ways from those who were not able to
conceive, and examining the effects of preconception expo-
sures on pregnancy outcomes in this group can lead to selec-
tion bias. The analysis by Kasman et al. (1) highlights some
important methodological concerns that are relatively com-
mon in work examining the effects of preconception expo-
sures on postconception outcomes.
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To understand these concerns, it is helpful to understand
that inherently there are several selection steps that occur
during the process of reproduction. Among those trying to
conceive, only a portion will achieve pregnancy, and even
fewer will go on to have a live birth. While the selection steps
of conception and birth are the most obvious, this process can
be thought of in more detail: any step where attrition occurs
(e.g., fertilization, implantation, each week of gestation) is a
step at which the population of ongoing pregnancies is sub-
ject to selection. Doing research on pregnancy outcomes re-
quires the investigator to carefully consider these selection
processes. This is most crucial when the research concerns
an exposure and outcome that are separated by one or more
selection steps, such as when examining the effect of a pre-
conception exposure like systemic illness and postconception
outcome like pregnancy loss. In such scenarios, it is necessary
to consider the potential for selection bias and to take steps to
address this bias.

The source of potential selection bias is due to the fact
that a preconception exposure can have an effect not only
on pregnancy outcomes but also importantly on the chance
of becoming pregnant in the first place (i.e., selection into
the pregnancy population). To illustrate, we can easily ima-
gine a scenario in which preconception maternal illness influ-
ences a woman’s chance of conceiving (shown by arrow A in
Fig. 1). We can also think of additional factors that may be
related to both becoming pregnant and having a pregnancy
loss (represented by arrows B and C in Fig. 1), such as age, life-
style, and uterine receptivity. If we only evaluate women who
successfully conceived and we are not able to account for all
of the factors that may be associated with becoming pregnant
and pregnancy loss (which is likely given that we are rarely
able to account for uterine receptivity and other genetic fac-
tors), then selection bias is in action. Intuitively, if we assume
that illness reduces the chance of conception, then women
who experience a preconception illness but still manage to
gnancy, and pregnancy loss. Arrows represent causal relationships (an
it points to). Here we assume that preconception illness influences a
tors, such as age, lifestyle, and uterine receptivity that may be related
ow C). The box around pregnancy indicates that selection into the
xposure among women who successfully conceived and are not able
ction bias is in action.
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conceive are likely to also have other characteristics that in-
crease their chance of conception (e.g., younger age, greater
uterine receptivity, healthier lifestyle, etc.), given that they
have become pregnant despite the detrimental influence of
preconception illness. We could imagine that some of these
characteristics also decrease their risk of pregnancy loss.
Therefore, in a group of women who have all conceived, those
who had a preconception illness are more likely to have, for
example, high uterine receptivity and are thus less likely to
experience a loss. This selection on pregnancy may thus
induce an association between preconception illness and
lower risk of pregnancy loss through a mechanism that has
nothing to do with the actual causal effect of illness on loss.
Importantly, although in this example we have assumed
knowledge of the direction of the various effects involved,
this will typically not be the case, and thus the extent of the
selection bias typically remains unmeasured and unexplored.

To address this selection bias, the first steps are to care-
fully determine the causal question of interest and to deter-
mine whether such a question can be answered with the
available data. Identifying the question requires consider-
ation of how the research is intended to be used (e.g., clinical
decision-making, policy development, etc.) and what pieces
of information are required by relevant stakeholders (e.g.,
what would a physician need to know to counsel a patient
who recently contracted COVID-19 and wanted to conceive?).
Several types of causal questions in the context of reproduc-
tion have been proposed (3), which may be useful in different
scenarios. For example, for counseling patients attending an
infertility clinic, often the question being asked is, What is the
influence of a preconception exposure on the chances of hav-
ing a live birth? This question is perhaps most fully addressed
by considering the full population of couples trying to
conceive and answering the question in a real-world setting
where some women will not conceive or maintain a preg-
nancy to live birth. In this way we can estimate the total effect
of a preconception exposure through all of the selection pro-
cesses at play on the outcome of live birth. In some situations,
it may be more important to counsel patients about the role of
a preconception exposure on pregnancy loss, and in that case
the question of interest may be, What is the association be-
tween an exposure while trying to conceive and pregnancy
loss among women who successfully achieved pregnancy,
while removing any potential effect of the preconception
exposure on the ability to conceive? Where possible, using
data sets that include women enrolled before conception
can be a powerful tool for doing this type of research, because
they include information on a population of women before
selection by pregnancy occurs. This allows us to use tech-
niques such as inverse probability weighting to account for
the factors associated with selection and remove the influence
of the exposure’s effect on conception. However, in many
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cases, data are not available on the full population of couples
planning a pregnancy because of the difficulty of conducting
such a study. When this is the case, it is impossible to know
the extent or direction of selection bias (4), and thus it may
be better to identify other causal questions that can be
answered by the available data, such as the effect of exposures
during pregnancy on pregnancy loss. In that case the expo-
sure would not be able to affect selection into a pregnancy
population.

Preconception exposures are an influential class of preg-
nancy health determinants, and exposures during this critical
window also influence long-term health. The work by Kas-
man et al. (1) addresses an important gap in our knowledge
of systemic infection and pregnancy outcomes, especially in
light of the current pandemic. Given the likelihood for infec-
tion and other preconception exposures to influence infer-
tility, it is critical to consider the selection bias at work
when evaluating preconception exposures and postconcep-
tion outcomes. Carefully defining the causal questions of in-
terest, and addressing the role of selection bias, will ensure
that we are validly estimating unbiased associations to
directly answer the most relevant public health concerns.:
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