Simulated Power Calculations for Mediation Effects with Covariates
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Motivation Simulation Results Application to Psychiatric Studies

« Power Analysis [4] [3] is crucial for study design. With the increasing emphasis For covariate-adjusted partial mediation (o #£ 0, 5 # 0,7 # 0), in general the power Two real-world case study demonstrate the usefulness of covariate-adjusted

on understanding mechanisms, models for mediation are commonly used. would be pro.porhonal to the increase of the sample-size as well as the effect-size power calculation for both linear model and glm.
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= Our work Is motivated by studies in psychiatry: researchers aim to understand
. . . . . . Partial Mediation P C LM Partial Mediation P C : GLM
neural mechanisms underlying the risk for bipolar disorder in young adults by . e . e
studying impulsive sensation seeking and emotional dysregulation to help T P | e —
identify targets to guide treatments. | _ ; s
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( 0.251 / - " / Figure 4. (a) Small (a)-Medium () effect-size for mediation analysis with linear model (b) Small
% M, } B, | ,, 0.25 () - Small (B) effect-size for mediation analysis with logistic regression. Blue line: power curve.
L 3 - Red line: desired power(0.8) and green line: required sample-size.
T M T 200 300 400 500 100 200 300 400 500 . . . . .
[ X W Y } sample size sample eize The curve demonstrates that in estimating the required sample size for a planned
) N cifoct Lovel of alpha and beta  '2/081arge  — smalllarge  — small_medium study, one can start from a small sample size and increment by a certain step
freatments a, 8 Respanse medumarge - medummedum - smalsmal iteratively until reaching a desirable power level.
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( | Figure 2. Power curve for simulated Linear and Generalized Linear Model The results above are based on an ongoing study at the Department of Psychi-
M o ] atry, University of Pittsburgh.
Y Sensitivity Analysis
We simulate Z by corrupting Y with progressively increasing Gaussian noise, Future work
Figure 1. The Mediation structure with covariates thereby reducing the dependence of Y on Z.
What'’s new?
The Mathematical Model Power vs Noise In case of Partial Mediation

= We developed a way to do power calculation for covariate-adjusted mediation
large-large medium-medium small-small analysis and demonstrated the efficiency and robustness.

M mediators with dimension py, Y responses with dimension py, g is the link 2 | | - |
function of the generalized linear model. Identity link for linear model. /—f’ = We extended the R* effect-size [1] for testing mediation effects to generalized

inear model (glm) and non-normal responses.
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= Adapt the covariate-adjusted R? into causal framework for non-normal

enij ~ N(O,0%), T ~ N(pr,02), ey ~ N(0,0%); i =1...n; s,k =1...pap; 1 = 1...py. ' . . . L | | | L | | | | response and continuous treatments.
Many effect sizes 2] ?ave bee.n in use, eg. Sobel .(N.ormal) Test, Joint Tesgng. 05 10 15 20 25 U.IE\}I 1.0 Z1.5 2.0t_ 2505 10 15 20 25 = Extend the R2 to deal with the mediation analysis including longitudinal
VYe use Z-adjusted R- effect size to evaluate mediation effect. Pseudo-R* for OIse In £ generation observations with non-normal response.
5 : : : : Power vs Noise in case of Full Mediation = Establish the large-sample properties for covariate-adjusted R? effect-size for
R, =R + R — R . it i
|z NéYNM}|Z~2 {YN)g}Q\z (Y~IMX]MZ large-large diurm-redium erallsmall more complex mediation designs.
=ty Ty x = RY/N[M;X] 0 -
Where Y is the residual of Y on Z. —~ /f- References
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