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1 Four-Way Decomposition Models

1.1 Background

Let Y denote the response, A the exposure (in this case the Alzheimer’s
Disease polygenic risk score (AD PRS; continuous) ), a its realized value, M
the mediator (individual plasma proteomic marker levels or principal compo-
nent scores), m its realized value, and c the vector of confounders. Under the
assumption of no confounding, namely:

i. Yam

∐
A|C

ii. Yam

∐
M |(A,C)

iii. Ma

∐
A|C

iv. Yam

∐
A ∗ |C

that the effect of A on Y is unconfounded conditional on C (i), that the effect of
M on Y is unconfounded conditional on (A,C), (ii), the effect of A on M is un-
confounded conditional on C (iii), and that any mediator outcome confounders
are not affected by the exposure (iv), we can partition the sources of total effect
of the model into four components (Equation 1).2

TE = CDE + INTref + INTmed + PIE (1)
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We interpret this model to reflect that the total effect of the exposure, A, on the
outcome, Y , is a sum of the controlled direct effect (CDE–i.e., the effect of A on
Y not due to any interaction or mediation), the reference interaction (INTref–
i.e., the effect of interaction only), the mediated interaction (INTmed–i.e., the
effect of interaction and mediation), and the purely indirect effect (PIE–i.e., the
indirect effect only). Additional details on the four-way decomposition model
are provided in an original publication that we refer the readers to.2

1.2 Implementation

Estimating the components of the partitioned model in Equation 1 in-
volves fitting two regression models and applying the parameter estimates for
the final computation of the components. We direct the reviewers to a de-
tailed explanation of the med4way command in Stata, while we offer a concise
overview of how to apply and estimate the effects.3 Assuming no unmeasured
confounding, we can estimate the four components of the model on a population
level, but not on an individual level (as detailed above in 1.1).Two regression
models are provided: one for the expected value of Y given the exposure, me-
diator, and confounders (Equation 2), and another for the expected value of M
given the exposure and confounders (Equation 3).

E[Y |(a,m, c)] = θ0 + θ1a+ θ2m+ θ3a ∗m+ θcc (2)

E[M |(a, c)] = β0 + β1a+ βT
c c (3)

Estimates of these parameters therefore facilitate the direct computation of
estimates of the four component sources of variation for the total effect (TE):

E[CDE|c] = θ1(a− a′)

E[INTref |c] = θ3(β0 + β1a
′ + βT

c c)(a− a′)

E[INTmed|c] = θ3β1(a− a′)(a− a′)

E[PIE|c] = (θ2β1 + θ3β1a
′)(a− a′)

where a = 1 and a′ = 0 if the exposure is binary (as it is in this case).4 The
models we describe are generalizable and Med4way can handle outcome vari-
ables from several distributions (e.g., binomial, log-binomial, Poisson, negative
binomial, Weibull, Cox, etc.).3 In our analysis, E[Y |(a,m, c)] and E[M |(a, c)]
are specified as follows:

λ(t|x, v,z) = λ0(t) + θ1x+ θ2v + θ3x ∗ v + θT
z z (4)

E[V |(x, z)] = β0 + β1x+ βT
z z (5)

2



where, in Equation 4, we model the log hazard at time t as a function of x,
AD PRS, v, an individual proteomic biomarker or a principal component score,
and z, the vector of confounders/covariates discussed in the manuscript. In
Equation 5, we model the expectation of the mediator, V , as a function of AD
PRS and the other covariates using ordinary least squares.

2 Inconsistent Mediation

Inconsistent mediation can be understood as when a direct and indirect
effect operate in opposing directions.5 In cases where the association between
X and Y is not significant, a mediated effect may still exist. This can be at-
tributed to the mediator explaining part or all of the relationship through its
causal path. Goldberg et al. (1996) conducted a study investigating the im-
pact of an anabolic steroid prevention program on high school football players.6

The program, aimed at several mediators, resulted in a notable decrease in
intentions to use steroids. The mediator’s role in the use of anabolic and an-
drogenic steroids was discovered to have an inconsistent influence on mediation.
The investigation revealed that the total impact (τ∧ = -0.139) was closer to
zero than the direct effect (τ∧

′
= -0.181), and the third variable (αβ = 0.042)

and direct effects were likewise of opposite sign. This coefficient pattern sug-
gests the existence of uneven mediation or a suppressor effect. The program
seems to amplify the justifications for using anabolic steroids, thus resulting
in heightened inclinations to take steroids. Nevertheless, there were additional
substantial mediation effects linked to the intervention that decreased the in-
clination to use steroids. The study emphasizes the significance of taking into
account the mediational approach to avoid steroid use among high school foot-
ball players. Researchers examined the ”Black-White depression paradox” by
analyzing data from the National Epidemiologic Survey on Alcohol and Related
Conditions III conducted in the United States from 2012 to 2013.7 The au-
thors suggested two hypotheses to explain the connection between racial group
membership, exposure to life stressors, and major depressive disorder (MDD):
an effect modification model and an inconsistent mediator model. Evidence of
inconsistent mediation indicated a more complicated association between racial
group membership and MDD.
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