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Abstract

Background: Missing data imposes significant challenges in clinical epidemiology, particularly when the missingness
mechanism is missing not at random (MNAR). Although substantial progress has been made in addressing missing completely at
random (MCAR) and missing at random (MAR) mechanisms, methods for handling MNAR data remain underexplored.
Galimard et al.[12] (2018) proposed a multiple imputation method using Heckman's One-Step Maximum Likelihood Estimation
for binary MNAR outcomes with continuous MAR covariates (MIHEmI). A detailed exploration of MIHEmMI’s performance is
crucia to assess its potential to produce more reliable inference when the outcome is MNAR and the covariates are MAR.

Objective: This study aims to upgrade the method of MIHEmI, assess its performance comparing to a traditional missing data
method, complete case analysis (i.e., CCA) and then validate its effectiveness through extensive simulations. We hope to provide
researchers with a more robust and reliable tool for addressing missing data challenges, especially when data are missing not at
random.

M ethods: The simulation study began by generating datasets with no missing values as the full datasets. The datasets included a
binary outcome and various types of covariates. Missingness was assigned to the outcomes under MNAR and to the covariates
under MAR. Five sample sizes and five missing rates were combined to create 25 scenarios. Therefore, twenty-five different
imperfect datasets were generated. CCA and MIHEmI were applied to correct the missingness situation in the imperfect datasets.
A logistic regression was separately fit to the full datasets, datasets with only observed values under CCA and multiply-imputed
datasets under MIHEmI. Estimation accuracy was compared in terms of the absolute value of the percent relative bias, root mean
squared error, coverage and average confidence interval length. Prediction accuracy was measured by accuracy from a
classification table.

Results: Comparing to CCA, MIHEmI presents a comprehensively better performance with the less absolute value of the percent
relative bias, smaller RMSE, narrower average 95% confidence interval, and higher coverage probability. MIHEmMI also
effectively improves the prediction accuracy when the types of missing variables, sample sizes and missing rates are varying.

Conclusions: MIHEmI showed the expected clear-cut superiority over CCA when the binary outcome is assumed MNAR and
different types of covariates are assumed MAR.
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Figure 1 — Absolute Value of the Percent Relative Bias
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Figure 2 — Root Mean Squared Error (RMSE)
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Root Mean Squared Error
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Figure 3 — Confidence Interval Length with the Transformation of log,,
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Figure 4 — Coverage
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Figure 5 — Prediction Accuracy
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