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SUPPLEMENTARY MATERIAL

1. R Code

The mice.impute.2l.lmer.sens function is a modification of the mice package’s mice.impute.2l.lmer

function in R. The modification involves the addition of a delta term to the linear predictor. This

modification aims to incorporate additional sensitivity analysis into the imputation process.

mice.impute.2l.lmer.sens <- function(y, ry, x, delta, type, wy = NULL, intercept = TRUE, ...) {

install.on.demand("lme4", ...)

if (is.null(wy)) wy <- !ry

if (intercept) {

x <- cbind(1, as.matrix(x))

type <- c(2, type)

names(type)[1] <- colnames(x)[1] <- "(Intercept)"

}

clust <- names(type[type == -2])

rande <- names(type[type == 2])

fixe <- names(type[type > 0])

lev <- unique(x[, clust])

X <- x[, fixe, drop = FALSE]

Z <- x[, rande, drop = FALSE]

xobs <- x[ry, , drop = FALSE]

yobs <- y[ry]

Xobs <- X[ry, , drop = FALSE]

Zobs <- Z[ry, , drop = FALSE]

# create formula

fr <- ifelse(length(rande) > 1,
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paste("+ ( 1 +", paste(rande[-1L], collapse = "+")),

"+ ( 1 "

)

randmodel <- paste(

"yobs ~ ", paste(fixe[-1L], collapse = "+"),

fr, "|", clust, ")"

)

suppressWarnings(fit <- try(

lme4::lmer(formula(randmodel),

data = data.frame(yobs, xobs),

...

),

silent = TRUE

))

if (inherits(fit, "try-error")) {

warning("lmer does not run. Simplify imputation model")

return(y[wy])

}

# taken from lme4

sigma <- function(object, ...) {

dc <- object@devcomp

dd <- dc$dims

if (dd[["useSc"]]) {

dc$cmp[[if (dd[["REML"]]) {

"sigmaREML"

} else {

"sigmaML"
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}]]

} else {

1

}

}

# draw sigma*

sigmahat <- sigma(fit)

df <- nrow(fit@frame) - length(fit@beta)

sigma2star <- df * sigmahat^2 / rchisq(1, df)

# draw beta*

beta <- lme4::fixef(fit)

# Add delta to the linear predictor values

beta[1] <- beta[1] + delta

RX <- lme4::getME(fit, "RX")

# cov-matrix, i.e., vcov(fit)

covmat <- sigma2star * chol2inv(RX)

rv <- t(chol(covmat))

beta.star <- beta + rv %*% rnorm(ncol(rv))

# draw psi*

# applying the standard Wishart prior

rancoef <- as.matrix(lme4::ranef(fit)[[1]])

lambda <- t(rancoef) %*% rancoef

df.psi <- nrow(rancoef)

temp.psi.star <- stats::rWishart(1, df.psi, diag(nrow(lambda)))[, , 1]

temp <- MASS::ginv(lambda)

ev <- eigen(temp)

if (sum(ev$values > 0) == length(ev$values)) {
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deco <- ev$vectors %*% diag(sqrt(ev$values), nrow = length(ev$values))

psi.star <- MASS::ginv(deco %*% temp.psi.star %*% t(deco))

} else {

try(temp.svd <- svd(lambda))

if (!inherits(temp.svd, "try-error")) {

deco <- temp.svd$u %*% diag(sqrt(temp.svd$d), nrow = length(temp.svd$d))

psi.star <- MASS::ginv(deco %*% temp.psi.star %*% t(deco))

} else {

psi.star <- temp

warning("psi fixed to estimate")

}

}

# Calculate myi, vyi and drawing bi per cluster

for (jj in lev) {

if (jj %in% unique(xobs[, clust])) {

Xi <- Xobs[xobs[, clust] == jj, ]

Zi <- as.matrix(Zobs[xobs[, clust] == jj, ])

yi <- yobs[xobs[, clust] == jj]

sigma2 <- diag(sigma2star, nrow = nrow(Zi))

Mi <- psi.star %*% t(Zi) %*% MASS::ginv(Zi %*% psi.star %*% t(Zi) + sigma2)

myi <- Mi %*% (yi - Xi %*% beta.star)

vyi <- psi.star - Mi %*% Zi %*% psi.star

} else {

myi <- matrix(0, nrow = nrow(psi.star), ncol = 1)

vyi <- psi.star

}

vyi <- vyi - upper.tri(vyi) * vyi + t(lower.tri(vyi) * vyi)
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# generating bi.star using eigenvalues

deco1 <- eigen(vyi)

if (sum(deco1$values > 0) == length(deco1$values)) {

A <- deco1$vectors %*% sqrt(diag(deco1$values, nrow = length(deco1$values)))

bi.star <- myi + A %*% rnorm(length(myi))

} else {

# generating bi.star using svd

try(deco1 <- svd(vyi))

if (!inherits(deco1, "try-error")) {

A <- deco1$u %*% sqrt(diag(deco1$d, nrow = length(deco1$d)))

bi.star <- myi + A %*% rnorm(length(myi))

} else {

bi.star <- myi

warning("b_", jj, " fixed to estimate")

}

}

# imputation

y[wy & x[, clust] == jj] <- as.vector(

as.matrix(X[wy & x[, clust] == jj, , drop = FALSE]) %*% beta.star +

as.matrix(Z[wy & x[, clust] == jj, , drop = FALSE]) %*% as.matrix(bi.star) +

rnorm(sum(wy & x[, clust] == jj)) * sqrt(sigma2star)

)

}

y[wy]

}

2. Tables and Figure
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2.1 Estimated Effect of Confidence Score on CO level at Prenatal without Log-Transformation

Method Time Effect 95% CI P value P value (Adjusted)

CC
0 -0.79 (-1.34,-0.24) <0.01 0.08

100 -0.37 (-1.06,0.32) 0.29 0.56
200 0.04 (-1.13,1.21) 0.94 0.98

MAR
0 -0.90 (-1.37,-0.43) <0.01 0.02

100 -0.73 (-1.17,-0.29) <0.01 0.03
200 -0.56 (-1.13,0.01) 0.05 0.24

MNAR(2)
0 -1.02 (-1.54,-0.5) <0.01 0.02

100 -0.91 (-1.56,-0.27) 0.02 0.15
200 -0.81 (-1.77,0.16) 0.14 0.38

MNAR(4)
0 -0.97 (-1.64,-0.29) 0.01 0.13

100 -0.85 (-1.5,-0.2) 0.02 0.15
200 -0.74 (-1.52,0.05) 0.08 0.32

MNAR(6)
0 -1.06 (-1.66,-0.47) <0.01 0.03

100 -1.00 (-1.58,-0.42) <0.01 0.03
200 -0.94 (-1.72,-0.16) 0.03 0.16

MNAR(8)
0 -1.05 (-1.77,-0.33) 0.01 0.12

100 -0.91 (-1.81,0) 0.08 0.32
200 -0.76 (-2.01,0.49) 0.27 0.55

MNAR(10)
0 -0.98 (-1.69,-0.27) 0.01 0.13

100 -0.84 (-1.54,-0.14) 0.03 0.16
200 -0.70 (-1.6,0.19) 0.14 0.38

2.2 Estimated Effect of Confidence Score on CO Level at Postpartum Visit without Log

Transformation

Method Time Effect 95% CI P value P value (Adjusted)

CC
73 -0.38 (-1.23,0.47) 0.39 0.68

250 -0.12 (-0.59,0.35) 0.63 0.75
415 0.12 (-0.51,0.75) 0.70 0.82

MAR
73 -0.10 (-0.44,0.24) 0.58 0.74

250 -0.10 (-0.37,0.16) 0.48 0.71
415 -0.11 (-0.42,0.2) 0.53 0.71

MNAR(2)
73 -0.13 (-0.59,0.33) 0.60 0.75

250 -0.08 (-0.51,0.36) 0.75 0.83
415 -0.03 (-0.49,0.44) 0.92 0.98

MNAR(4)
73 -0.24 (-0.63,0.16) 0.29 0.56

250 -0.13 (-0.46,0.2) 0.48 0.71
415 -0.03 (-0.33,0.28) 0.87 0.93

MNAR(6)
73 -0.27 (-0.5,-0.05) 0.02 0.15

250 -0.15 (-0.32,0.03) 0.11 0.35
415 -0.03 (-0.26,0.2) 0.80 0.87

MNAR(8)
73 -0.28 (-0.73,0.18) 0.27 0.55

250 -0.13 (-0.5,0.25) 0.53 0.71
415 0.01 (-0.38,0.4) 0.96 0.98

MNAR(10)
73 -0.62 (-1.11,-0.13) 0.04 0.21

250 -0.45 (-0.96,0.07) 0.14 0.38
415 -0.29 (-0.87,0.3) 0.37 0.68
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2.5 Effect of Confident Score on CO Level throughout Prenatal Visits with Log Transformation

2.6 Effect of Confident Score on CO Level throughout Postpartum Visits with Log Transformation
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