
© The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For permissions, please e-mail: journals.permission@oup.com.

INVITED COMMENTARY

The importance of mediation in
reproductive health studies
Leslie V. Farland1,*, Katharine F.B. Correia2, Laura E. Dodge3,4,5,
Anna M. Modest3,4, Paige L. Williams5,6, Louisa H. Smith5,
Thomas L. Toth3,4,7, Michele R. Hacker3,4,5, and Stacey A. Missmer5,8

1Department of Epidemiology and Biostatistics, Mel and Enid Zuckerman College of Public Health, University of Arizona, Tucson, AZ, USA
2Department of Mathematics & Statistics, Amherst College, Amherst, MA, USA 3Department of Obstetrics and Gynecology, Beth Israel
Deaconess Medical Center, Boston, MA, USA 4Department of Obstetrics, Gynecology and Reproductive Biology, Harvard Medical School,
Boston, MA, USA 5Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, USA 6Department of
Biostatistics, Harvard T.H. Chan School of Public Health, Boston, MA, USA 7Boston IVF, Waltham, MA, USA 8Department of Obstetrics,
Gynecology and Reproductive Biology, Michigan State University College of Human Medicine, Grand Rapids, MI, USA

*Correspondence. E-mail: lfarland@email.arizona.edu

Submitted on December 18, 2019; resubmitted on February 13, 2020; editorial decision on March 5, 2020

ABSTRACT: A mediator is a factor that occurs after the exposure of interest, precedes the outcome of interest (i.e. between the exposure and
the outcome) and is associated with both the exposure and the outcome of interest (i.e. is on the pathway between exposure and outcome).
Mediation analyses can be valuable in many reproductive health contexts, as mediation analysis can help researchers to better identify, quantify
and understand the underlying pathways of the association they are studying. The purpose of this commentary is to introduce the concept
of mediation and provide examples that solidify understanding of mediation for valid discovery and interpretation in the field of reproductive
medicine.

Introduction
In clinical and public health research, it can be useful to decompose an
association between an exposure and outcome into component parts
or pathways by conducting a mediation analysis. By understanding these
pathways of association, we can better understand the causal structure
of the association, and in doing so determine where to intervene and
where future research is needed.

By way of example, we will first introduce a scenario in which
mediation approaches would be useful. In reproductive endocrinology,
we are interested in maximizing implantation and pregnancy while also
minimizing the risk of adverse outcomes for the babies conceived using
fertility treatment. IVF has been shown to be associated with preterm
birth compared to spontaneous conception (Oberg et al., 2018). IVF
also influences the probability of multiple gestations, with IVF pregnan-
cies having a higher, albeit low, probability of multiples even when only
one embryo is transferred. It is well established that multiple gestations
increase the risk of preterm birth (Blondel et al., 2002). Thus, when
counseling IVF patients, it would be helpful to know whether the higher
risk of preterm birth among IVF patients is driven by underlying infer-
tility diagnoses, multiple gestations or if there is something about the
IVF procedure itself that increases preterm births. Mediation analysis
can quantify and separate the effect of IVF itself from the effect of
multiple gestations (a possible mediator) on preterm birth. The relative
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magnitudes of these effects may enable us to provide more precise
counseling for patients regarding the relationship between IVF and the
risk of preterm birth. Additionally, understanding this relationship may
open future research directions related to both IVF and preterm birth.
Therefore, utilizing statistical mediation approaches can help disentan-
gle complex etiology and more effectively direct resources to improve
health.

Mediation Definitions
At its simplest, a mediator is a factor that occurs after the exposure of
interest, precedes the outcome of interest and is associated with both
the exposure and the outcome of interest. In Fig. 1A, our exposure
is represented by the letter E, our outcome is represented by the
letter O and our mediator is represented by the letter M. This figure is
constructed using the assumptions of directed acyclic graphs (DAGs)
(Robins 1987; Pearl 1995; Greenland et al., 1999) and assumes that
temporality and causal association move in the direction of the arrows.
Thus, a mediator occurs after the exposure but before the outcome
and is causally associated with both.

Figure 1A and B visually represent the multiple pathways that we
are trying to disentangle with mediation analyses. Depending on the
research question of interest and the assumptions we make, we can
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Figure 1 Directed acyclic graph showing the relationship
between an exposure, outcome, mediator and confounder.

estimate different quantities related to these pathways. One pathway
is shown going directly from our exposure, IVF, to our outcome,
preterm birth. This pathway is called the direct effect and represents
the effect that the exposure has on the outcome (Fig. 1A and B, bold
line). Another pathway is through the mediator; this pathway is called
the indirect effect and represents the effect that the exposure has on
the outcome that occurs through the mediator (Fig. 1A and B, dashed
lines).

Two distinct but related quantities that express the magnitude of the
direct effect are called the natural direct effect and the controlled direct
effect. The natural direct effect represents the average extent to which
a person’s outcome would differ if they were exposed compared to if
they were unexposed if the mediator did not change, and instead, in
both settings the mediator was held constant at the value it would be
if that person had been unexposed. To put another way, the natural
direct effect is the effect the exposure has on the outcome that is
independent of the mediator. In our example, the natural direct effect is
quantifying what would happen if we blocked the associations through
the mediator, that is, if IVF had no effect on multiple gestations or
multiple gestations had no effect on preterm birth. The controlled direct
effect, in contrast, is the effect the exposure has on the outcome if
the mediator is set to the same value for every participant in the
population (i.e. independent of exposure status). For example, we
could ask specifically what the effect of IVF on preterm birth would be
if every person had a singleton gestation. Whether we are interested in
quantifying the natural or the controlled direct effect will depend on the
question that we are attempting to answer with the study design and
statistical analyses. Controlled direct effects may be of greater interest in
policy evaluation because the analysis incorporates intervening on (i.e.
removing if harmful or making ubiquitous if beneficial) the mediator
(VanderWeele, 2016).

The controlled direct effect, however, does not have an equivalent
indirect effect, while the natural direct effect does: the natural indirect
effect. This quantity reflects, on average, how a person’s outcome
would differ if their mediator value changed from what it would be
if they were exposed to what it would be if they were not, but
the exposure itself did not change. Although the natural effects have
complex interpretations, they imply our intuitive understanding of
mediation: when combined, the natural direct and natural indirect
effects comprise the total effect. In linear regression, when combined,
the natural direct and natural indirect effects sum to the total effect.
For relative measures, like odds ratios (OR) and risk ratios (RR), the
product of the natural direct and natural indirect effect is the total
effect. This total effect corresponds to the typical relation that we
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estimate in an analysis that ignored the mediator and quantified only
the overall exposure–outcome relationship.

In our example, we can estimate these informative effects. The total
effect is the overall effect that IVF has on preterm birth. The total effect
can be decomposed into the natural direct effect, which is the effect of
IVF on preterm birth that occurs independent of multiple gestations
(Fig. 1B: bold line), and the natural indirect effect, which is the effect
of IVF on preterm birth that can be attributed to multiple gestations
(Fig. 1B: dashed line).

Proportion Mediated
Another quantity we could estimate is the proportion mediated,
which quantifies how much of the total association of interest we
can attribute to the indirect effect through the mediator. In our
example, this would be the proportion of the association between
IVF and preterm birth that is explained by or is attributable to multiple
gestations. The proportion mediated ranges from 0 to 100%, with
100% representing a scenario in which the entire effect of the exposure
on the outcome is due to the mediator (occasionally, random variability
or effects in opposite directions can result in proportions mediated
outside the range of 0 to 100%). Thus, associations with a high
proportion mediated indicate that the exposure has a large effect on
the mediator, and the mediator has a large effect on the outcome
(larger natural indirect effect). Conversely, associations with a low
proportion mediated indicate that the exposure has a minor effect
on the mediator, the mediator has a minor effect on the outcome or
both (larger natural direct effect).

Confounding
It is important to recognize that a mediator differs from a confounder.
A confounder, as described previously in this series of commentaries
(Correia et al., 2020), is a variable that is associated with both the
exposure and the outcome but occurs before the exposure. When
a confounder is present and not addressed in the analysis or in the
study design, the effect estimates may be biased. In Fig. 1A, a con-
founder C is associated with both our exposure and our outcome, but
occurs before our exposure. Confounding and mediation are impor-
tant but distinct concepts that require different statistical approaches
and assumptions. Recognizing and addressing confounding is important
to ensure unbiased effect estimates. Recognizing mediation can be
important for disentangling pathways of association and constructing
targeted interventions for improved clinical success. Furthermore,
even if not conducting a formal mediation analysis, adjusting for an
intermediate variable, like multiple gestation, in a model when there are
confounders (measured or unmeasured) of multiple gestation and the
outcome will lead to bias (Hernan et al., 2002). Defining the DAGs at
the beginning of any study will help to clarify and confirm the variables
and their temporal relationship, and confirm which must be approached
as confounders or mediators.

Let us consider our initial example where we are interested in esti-
mating the extent to which the association between IVF and preterm
birth is mediated through multiple gestations (Fig. 1B). Multiple gesta-
tion is on the causal pathway between our exposure and our outcome,
as multiple gestation is a consequence of IVF as opposed to something
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Table I A hypothetical relationship between IVF and preterm birth mediated
through multiple gestations.

RR of preterm birth
.............................................................................................................................
Total effect of IVF on preterm birth 2.3

Natural direct effect (independent of multiple gestations) 1.2

Natural indirect effect (attributed to multiple gestations) 1.9

Proportion mediated by multiple gestations∗ 84%

RR: risk ratio
∗Calculated as RRNDE(RRNIE − 1)/(RRNDE × RRNIE − 1) (Vanderweele and Vansteelandt 2010).

that precedes IVF. We also may be concerned that age is associated
with both IVF and preterm birth. However, age is not on the causal
pathway between IVF and preterm birth, as it precedes both IVF and
preterm birth; thus, age should be considered a confounding variable
and accounted for in the statistical analysis (Correia et al., 2020). The
association between IVF and preterm birth may also be confounded
by the underlying infertility diagnosis or severity, so incorporating
information on infertility history as a potential confounder will help
clarify the relationship between IVF and preterm birth.

Interpreting Mediation Analyses:
A Hypothetical Example
In a hypothetical study, as shown in Table I, we can model the rela-
tionships between IVF utilization, multiple gestations and preterm birth
to quantify the total effect as well as the natural direct effect and the
natural indirect effect. Suppose we find that the total effect of IVF
on preterm birth is 2.3 on the RR scale, and we see that the natural
direct effect of IVF on preterm birth is attenuated (RR = 1.2) when
compared to the total effect, suggesting that there is an effect of
the mediator. The natural indirect effect has an RR of 1.9. When we
quantify the proportion mediated, we see that 84% of the effect of IVF
on preterm birth is mediated through multiple gestations. Thus, given
the high proportion mediated, we can infer that in our hypothetical
population, the majority of the relationship between IVF and preterm
birth is due to the mediator, multiple gestations. Understanding these
distinct components of the effect through mediation analyses can help
clarify our understanding of how IVF is related to preterm birth. When
counseling an IVF patient, this hypothetical data indicates that the effect
of IVF on preterm birth is driven primarily by multiple gestations.
When interpreting these hypothetical findings, it may be appropriate
to more closely monitor, screen or intervene on IVF patients with
multiple gestations, whereas less concern about preterm birth may be
reasonable for IVF patients with singleton gestations.

Additional Assumptions of
Mediation Analysis
As with other types of analysis, the typical study design and statistical
assumptions, which have been covered in other commentaries (Cor-
reia et al., 2020; Dodge et al., 2020), are required to make appropriate
inferences in mediation analysis as well. As with all causal inference
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Figure 2 Directed acyclic graph showing assumptions of
confounding for assessing mediation. There may be a scenario
where there was additional confounding both between the exposure
and the mediator (Ue) and/or between the mediator and the outcome
(Um).

models, we must assume that there are no unmeasured confounders of
the exposure–outcome relationship (Correia et al., 2020). However,
for mediation, we must satisfy additional confounding assumptions.
These differ depending on the types of effects we are interested in
estimating (VanderWeele, 2015). To estimate the natural direct and
natural indirect effects, we must assume the following regarding the
confounding structure of our research question:

(i) no unmeasured confounders of the exposure–outcome relation-
ship

(ii) no unmeasured confounders of the exposure–mediator relation-
ship

(iii) no unmeasured confounders of the mediator–outcome relation-
ship

(iv) no mediator–outcome confounder that is affected by exposure
Consider again our example of the relationship between IVF and

preterm birth. We discussed the possibility of age confounding the
association between IVF and preterm birth. We may also be concerned
that age is associated with multiple gestations, independent of con-
ception by IVF (Knopman et al., 2014; Busnelli et al., 2019). In that
circumstance, age would be a potential confounder of the primary
relationship between IVF and preterm birth, but it would also be a
confounder of the exposure to mediator relationship and a confounder
of the mediator to outcome relationship (Fig. 2). We could also imagine
a scenario where there was additional confounding both between the
exposure and the mediator (Ue) and/or between the mediator and
the outcome (Um) (Fig. 2). If we ignored these confounders while
applying mediation analyses, the effect estimates we produced would
be incorrect. If these confounding relationships exist, we would have
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residual confounding between our exposure and our mediator and also
between our mediator and our outcome. This potential confounding
will violate the additional assumptions required of mediation and lead
to incorrect estimates if not addressed in the analysis.

The appropriate method for mediation analysis depends on the con-
founding structure and on the research question. Additionally, for valid
mediation analysis, it is important to understand whether there is inter-
action between our exposure and mediator, that is, whether the effect
of the exposure on the outcome varies by the level of the mediator
and whether the effect of the mediator on the outcome varies by level
of the exposure. In a scenario where exposure–mediator interaction
is present, classical regression mediation approaches may not yield
equivalent findings as counterfactual causal inference approaches to
mediation (VanderWeele, 2015).

Mediation Analyses
Historically, several classic regression approaches have been utilized to
confirm and quantify mediation and conduct mediation analyses, includ-
ing the difference method and the product method (Baron and Kenny,
1986; Mackinnon et al., 1995; Judd et al., 2001; VanderWeele, 2016). In
recent years, epidemiologic and statistical methodologists have placed
greater emphasis on mediation to yield causal effect estimates (e.g. RR,
OR) corresponding with these pathways, and the simple regression
approaches have been generalized to allow for causal interpretation
under certain assumptions (Valeri and Vanderweele, 2013; Vander-
Weele, 2016). Other methods for causal mediation are valid under
different modeling or causal assumptions and include weighting (Lange
et al., 2012), simulation (Imai et al., 2010), imputation (Vansteelandt
et al., 2012) and parametric g-formula (VanderWeele and Tchetgen
Tchetgen, 2017) approaches. The details of these statistical approaches
are beyond the scope of this commentary; however, we encourage
readers to seek advanced training and utilize multidisciplinary teams
that include collaborators with this skillset to conduct mediation anal-
yses.

Concluding Remarks
Mediation analyses are a useful tool to consider when addressing
research questions. However, the required assumptions differ from
those of traditional exposure–outcome approaches that account for
confounding, and these assumptions must be addressed to yield valid
estimates (VanderWeele, 2015; VanderWeele, 2016). Research disci-
plines differ in their analytic approaches to quantify meditation (Van-
derWeele, 2016). However, in some scenarios, these methods can
yield equivalently valid estimates. The purpose of this primer is to
recognize the utility of mediation in many contexts of reproductive
health. Questions are often posed or results interpreted in repro-
ductive medicine that are, in fact, incorporating mediation without
realizing that that invocation means that these specific design and
analysis tools should be applied. Unless a researcher is specifically
addressing a mediation hypothesis, it would not be appropriate to add a
mediator to your regression model. Additional resources regarding the
assumptions, strengths and differences of these approaches have been
published in the statistical methods literature (Valeri and Vanderweele,
2013; VanderWeele, 2015). We hope this brief commentary supports

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

readers as they consider mediation, and we again encourage readers
to seek advanced training around mediation and utilize multidisciplinary
teams to conduct mediation analyses.
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