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The recent article by Bach et al. (2015), raises the issue of “parity-conditioning bias” when
assessing the effect of environmental contaminants on human fecundity, an issue previously
addressed in our manuscript on Perfluoroalkyl acids (PFAAS) and Time to Pregnancy (TTP)
(Vélez et al., 2015). Following the publication by Fei et al. (2009) that first suggested a
negative impact of selected PFAAs on human fecundity, concerns have been raised about the
possibility of reverse causation in parous women (i.e., parous women with longer TTP have
higher PFAAs levels because they have long interpregnancy intervals allowing re-
accumulation of PFAAS) (Olsen et al., 2009; Whitworth et al., 2012). Based on this, Bach et
al. restricted their sample to nulliparous women and concluded that this approach should be
adopted in future studies. We will argue that conditioning (i.e., adjusting, stratifying, or
restricting) on parity is redundant and would cause over-adjustment, as parity is the result,
among other factors, of proven fecundability.

In their supplemental material, Bach et al. (2015), present Directed Acyclic Graphs (DAgs)
to support their analytical model. Using supplementary Figure 1A in an unrestricted setting
(i.e., nulliparous and multiparous women), and assuming that the question of interest is
whether the exposure PFAA is associated with current TTP, the authors claim that the
association is not subject to parity conditioning bias because nulliparity must precede PFAA
levels (temporality must be maintained). Bach et al. argue that “considering the timely order,
nulliparity per se must precede the concentrations of PFAA at the relevant time of the
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exposure, and hence nulliparity cannot be considered an intermediate factor between the
exposure and the outcome” (Bach et al., 2015). However, we would argue that this setting is
not likely to be free of parity-conditioning bias as 1) PFAAs are persistent in the
environment and may be a relevant marker of exposure despite temporality concerns, and 2)
that restricting by nulliparity may in fact be imperfectly adjusting for an intermediate as
nulliparity could be considered a proxy for fecundability even when evaluating current TTP
(Schisterman et al., 2009).

First, since PFAAS are persistent in the environment, in nulliparous women their levels are
probably as high, if not higher, at the time of conception than during the first trimester of
pregnancy. In fact, compared to lipophilic compounds, the magnitude of changes for PFAAs
during pregnancy and lactation appear minimal, as indicated by the relatively small changes
in maternal serum concentrations during pregnancy or through 6 months postpartum
reported in a pregnancy cohort study (Fromme et al., 2010). In addition, the correlation
between repeated measurements of PFAAS in two consutive pregnancies is moderate to high,
and seems not to be affected by adjustment for reproductive factors as indicated in a recent
study reporting Pearson correlation coefficients of 0.80 for perfluorooctane sulfonate
(PFOS); 0.50 for perfluorooctanoate (PFOA); and 0.74 for perfluorohexane sulfonate
(PFHxS) (Papadopoulou et al., 2015). Moreover, PFAAs have the capacity to bind to serum
albumin (Han et al., 2003), which may account for breast milk concentrations being ~1000
times lower than blood concentrations (Fromme et al., 2010; Kato et al., 2011). Furthermore,
independently of parity, women are continuously exposed to PFAAs, not only due to the
long half-lives of these chemicals, but also through an estimated daily uptake of 2-3 ng/kg
of PFOS and PFOA, with 90% coming from dietary sources (Fromme et al., 2009).

Secondly, Bach et al. consider that it is necessary “to only study nulliparous women in order
to eliminate the risk of confounding by factors related to previous pregnancies and
childbirths, in particular when the setting is a birth cohort”. However, in fecundity studies
restriction by parity does not eliminate this potential risk even in nulliparous women because
TTP is an endpoint of several conditional processes underlying human conception,
implantation, and the viability of the conceptus (Weinberg and Wilcox, 2008). Hence,
restriction by parity, which is a marker of proven fecundity even in the first pregnancy, could
be considered as over-adjusting for all the factors that intervene in the achievement of that
pregnancy since the preconception period until birth. This concept is partially described in
their supplementary Figure 2, where fecundability is situated in the middle of PFAA and
TTP, acting as a mediator. We argue that parity could thus be considered as a marker (though
perhaps imperfect) of fecundability and could be represented as a consequence of
fecundability. By adding nulliparous women to their DAG we reinforce the concept of
potential over-adjustment bias, as this implies selection by a marker of fecundability (Fig.

1).

Thus, our conclusion differs to that of Bach et al. in that we consider that neither adjustment
nor stratification for parity should be conducted when studying the reproductive adverse
effects of PFAAS, as this will introduce over-adjustment bias. Furthermore, restriction to
nulliparous women in future studies as proposed by Bach et al. will compromise the internal
validity of the study at the expense of costly laboratory analysis such as PFAAS.
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Fig. 1.
Directed Acyclic Graph adapted from Bach et al. (2015).
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