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2 Marquart and Verbeke

Supplementary Material 1

To assess the impact of the choice of the initial starting values and the initial

grid used in Vertex Exchange Method (VEM) estimation of the random intercept

logistic models, a sensitivity analysis was performed by re-fitting the VEM algo-

rithm to the case study with alternative starting values and initial grids. Two

sets of starting values were considered, parameter coefficients of the equivalent

model with random intercepts assumed to be normally distributed (random inter-

cept logistic-normal model) (Table S1), or no random intercepts (binary logistic

model) (Table S2). A total of eight different combinations of initial grid size and

grid range were considered, consisting of four initial number grid points, K=101,

201, 301 or 401, and the range of the grid was either 5 or 7 standard deviations of

the equivalent model with assumed normal random intercepts.

The VEM approach produced similar deviance for all models. There were some

minor differences observed for coefficients relating to the random effects. The in-

tercept coefficient ranged from 3.526 to 3.900, and the random intercept variance

estimate ranged from 9.93 to 20.47. The larger random intercept variance esti-

mates were for the fits with the binary logistic model as starting values and grid

sizes of 301 and 401 with range defined as ±7σb. These fits had support for the

random intercept at extreme values near the boundary. For the two different start-

ing values, there were minimal differences for the coefficients and standard errors
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for the parameters unrelated to the random intercept, particularly for the larger

grid points of 301 and 401. The computational time for estimating the model was

dependent on the number of initial grid points, with models based on 101 initial

grid points required approximately an hour of CPU time, compared to over 8 hours

required for the models with 401 initial grid points.

Hence, we conclude that the VEM applied to estimate the unspecified distribution

of the random intercept logistic model is generally robust to the choice of initial

grid, including the grid size and the range of grid points, and the choice of starting

values. The parameters related to the random intercept were sensitive to the num-

ber of grid points, with boundary solutions identified for three scenarios resulting

in large random intercept variance estimates.
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Supplementary Material 2

To assess the impact of the initial starting values and the initial grid used in VEM estimation

for the random intercept and random slope logistic mixed model, a sensitivity analysis was

performed by re-fitting the VEM algorithm to the case study with alternative initial grids

and starting values of the fixed effect parameters. Two alternative sets of starting values for

the fixed effect parameters were considered, either the starting values were the estimated

coefficients of the equivalent logistic mixed model assuming bivariate normal random effects

(Table S3), or the standard binary logistic model (Table S4). A total of eight different com-

binations of initial grid size and grid range were considered. The initial grids consisted of

either 11, 21, 31 or 41 initial grid points in each dimension, such that the two dimensional

grid for the two random effects were either K=11 × 11, 21 × 21, 31 × 31 or 41 × 41, and the

range of the grid was based on the Cholesky decomposition multiplied by a factor of 5 or

7, ±5Ŝb or ±7Ŝb. Therefore eight different combinations of the initial grid and two initial

starting values were considered.

The VEM approach was robust to the initial grid choice, though coefficient estimates differed

depending on the initial starting values of the coefficients. Although there were differences

in the coefficients and standard error estimates, at the 5% significance level, the same in-

ferential conclusions would be made for all VEM models. Within each initial starting value

subgroup, the VEM approach was robust to the number of initial grid points resulting in

similar deviances. The deviance ranged from 10738 to 11114 for models with starting val-

ues based on the logistic mixed model, and ranged from 10745 to 11071 for models with

starting values based on the standard logistic model. The VEM approach was susceptible

to boundary solutions, and therefore, the choice of the initial grid range impacted the es-

timation of parameters related to the random effects. In comparison to the grid range of

±5Ŝb, the larger grid range of ±7Ŝb resulted in larger estimates for all components of the
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variance-covariance matrix. The CPU time required for model convergence increased with

the initial number of grid points and the grid range.

The VEM used to estimate the random intercept and random slope logistic model was robust

to the choice of starting values and to the choice of the initial grid, including the number

of grid points and the range of the initial grid. Increasing the number of initial grid points

to consist of 41 equally spaced support points resulted in a marginal improvement of the

residual deviance, however the CPU time required to fit the model was approximately 4

times longer.
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