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EDITORIAL COMMENT

What Is Mediation Analysis?

Linking Exposures and Outcomes Through

Intermediary Mechanisms*

Federico Angriman, MD, MPH, PuD,*" Lucas C. Godoy, MD, PuD,¢ Patrick R. Lawler, MD, MPH®¢

oth randomized controlled trials and obser-
vational research facilitate understanding of
exposure-outcome relationships and help in
optimizing care for patients with cardiovascular dis-
ease.”” However, both designs have limitations in
their ability to characterize intermediate mecha-
nisms linking exposures and outcomes. Understand-
ing such mechanisms is important for establishing
biological plausibility, identifying potential treat-
ment targets, anticipating potential off-target ef-
fects of therapy, and helping identify patient
subgroups in whom the greatest benefit of a partic-
ular treatment may be accrued. Mediation analysis
may augment randomized controlled trials and
observational designs by querying candidate mecha-
nistic links between exposures and outcomes and
assessing whether the association between an expo-
sure and outcome is mediated by the putative inter-
mediate mechanism.>* We refer the interested
reader to dedicated textbooks and reviews that
have been published elsewhere.?>°
In this issue of JACC: Advances, Hidaka et al’
present a cohort study to evaluate the association
between the blood biomarker fibroblast growth
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factor (FGF)-23 and clinical outcomes among adult
patients with chronic kidney disease. The authors
report that higher levels of FGF-23 are associated
with higher left ventricular mass and increased risk
for adverse clinical outcomes including all-cause
mortality, atrial fibrillation, and congestive heart
failure (relative to patients with lower levels).
Interestingly, in mediation analysis, most of the
association between FGF-23 and clinical outcomes
was not mediated by left ventricular mass, sug-
gesting that FGF-23 may be linked with these
adverse outcomes through other mechanisms.

The authors should be congratulated on performing
this comprehensive and thought-provoking study.
Further, the study highlights the potential for medi-
ation analysis to elucidate underlying mechanisms as
well as several of the most common limitations and
drawbacks. We anticipate that readers of the medical
literature will increasingly encounter mediation ana-
lyses, and therefore a framework for interpretation
would be useful. Accordingly, we summarize herein
the main aspects of mediation analysis with the
necessary assumptions and highlight several recent
exemplar applications in cardiovascular research.

Causal mediation analysis seeks to uncover
different mediator pathways between an exposure
and outcome of interest (Figure 1); a mediator can be
thought of as a variable that lies within the causal
pathway and links the exposure and outcome. Hence,
pathways between exposure and outcome may
include the so-called: 1) direct effect (ie, not through
the mediator); 2) indirect effect (ie, through the
mediator); and 3) total effect (ie, the combination of
both the direct and indirect effect).® Once these
pathways are estimated, several measures (such as the
percent of the association mediated by that particular
variable) can be quantified. Several methods have
been developed to estimate such quantities (eg,
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FIGURE 1 Conceptual Model
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The figure illustrates the main elements of a mediation analysis. The sum of the direct and
indirect paths would correspond to the total effect of the exposure on the outcome.
Mediation analyses assume a temporal order, with the exposure (treatment) preceding
the mediator and the mediator preceding the outcome. Additionally, mediation analyses
assume that there is no unmeasured confounding between: 1) the exposure and the
outcome, and 2) the exposure and the mediator, which are both automatically satisfied in
a clinical trial setting. Mediation analyses also assume 3) no unmeasured confounding
between the mediator and the outcome, and 4) no confounders between the mediator
and the outcome that are affected by the exposure. These last 2 assumptions might be
violated even when the exposure was randomized (clinical trials) and rely on content
expertise related to the clinical question under investigation.

product and difference methods); additional consid-
erations need to be taken depending on the measure of
association used (eg, risk ratios vs odds ratios) and
whether the outcome is common or infrequent.®

Researchers and practitioners need to be attentive
to several required assumptions. Estimating direct
and indirect effects generally requires a larger set of
assumptions than the (common) estimation of total
effects. These assumptions include no confounding
of the: 1) exposure-mediator; 2) mediator-outcome;
and 3) exposure-outcome relationships.>*® The
extent to which the chosen potential confounders are
sufficient depends solely on subject matter knowl-
edge. Since this “lack of confounding” cannot
generally be expected—and is otherwise assumed—in
observational studies, performing mediation analysis
within randomized trials (where at least baseline
exchangeability between exposed and unexposed
groups is expected) is considered more rigorous.

The study by Hidaka and colleagues deploys causal
mediation analysis in an observational cohort.
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First, the authors identify a significant association of
FGF-23 with all-cause death (ie, total effect;
HR: ~1.68). Second, when evaluating different path-
ways, the direct pathway (ie, not through left ven-
tricular mass) accounted for most of this association,
with the hazard ratio for the indirect effect (through
left ventricular mass) close to the unit (~1.03). In
other words, left ventricular mass mediated only 7%
of the effect of FGF-23 on all-cause mortality. Similar
findings were reported for other outcomes of interest.
The somewhat surprising lesser role of left ventricu-
lar mass in the pathway between FGF-23 and cardio-
vascular outcomes may not only improve
understanding of mechanisms of cardiovascular dis-
ease pathogenesis in chronic kidney disease but also
inform potential therapeutic strategies. However,
readers should be mindful that such conclusions rely
on a larger set of assumptions than the reported (to-
tal) association between FGF-23 and clinical out-
comes. We refer the readers to several recent articles
also deploying causal mediation analysis in cardio-
vascular research.”'° Notable examples showcase the
potential mediators underlying, for example, the as-
sociation between education or income with major
cardiovascular disease in adult patients.

Overall, the findings by Hidaka may inform future
avenues for research seeking to improve heart
function-related outcomes in patients with chronic
kidney disease. Their findings also exemplify the
utility of deploying mediation analysis as a tool to
interrogate mechanism. The depiction of such un-
derpinnings remains paramount if we are to continue
improving our understanding of the pathophysiology
and treatment of cardiovascular disease.
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