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The Methodological Question Being Addressed 

Suicidality is multifactorial which may not readily be quantified with a single measure. Jointly 

modeling multiple indices of suicidality may help to understand the severity of suicidality over 

time and assess the treatment effect in clinical trials. However, there is currently a lack of 

methodology that exists to address this important clinical question.  

 

Introduction 

Major depressive disorder (MDD) is the diagnosis most commonly associated with suicide. Two 

double-blind, randomized, placebo-controlled studies were conducted among patients with MDD 

at imminent risk for suicide to evaluate the efficacy and safety of esketamine nasal spray plus 

comprehensive standard-of-care for the rapid reduction of the symptoms of MDD, including 

suicidal ideation. Suicidality may need multiple measurements to assess. In our clinical trials, it 

was measured by several indices at multiple timepoints, such as the clinical global impression - 

severity of suicidality-revised and the clinical global impression of imminent suicide risk. These 

suicidality indices are single item rating scales measuring different aspects of suicidality. Item 

response theory (IRT) model has been proposed to estimate treatment effect for single item 

rating scale. To provide a better understanding of the treatment effect, we propose to use joint 

modeling of multiple longitudinal suicidality indices.  

 

Methods 

Each suicidality index is a single item rating scale with a limited number of discrete values, 

which is not straightforward to derive and interpret the treatment effect directly from the 

differences in ordinal scores. The challenge is compounded when there are multiple suicidality 

indices. IRT can be used to transform the multiple ordinal data simultaneously to a single 

continuous scale via logit function. After transformation, many techniques that were developed 

for continuous endpoints could be applied, e.g. mixed-effect model for repeated measures 

(MMRM) analysis. The estimated treatment effect based on the single latent scale will be 

transferred back to the original scale by exponentiation and is then interpreted as an odds ratio. 

The IRT analysis could be performed using Bayesian approach.  

 

Results 

We performed extensive simulation studies to compare landmark analysis using IRT modeling 

on an individual suicidality index with joint modeling of multiple longitudinal suicidality 

indices. For landmark analysis, we used last observation carried forward (LOCF) to impute 

missing values. Three forms were considered to model the longitudinal profile of treatment 

effect: (1) non-parametric MMRM; (2) longitudinal model assuming linear form; (3) longitudinal 



model assuming exponential form.  The results were consistent across all models; however, joint 

modeling obtained a narrower credible interval, suggesting that jointly modeling helps improve 

the precision of estimation of treatment effect. By using parametric forms of longitudinal profile, 

it appears the width of credible interval was narrower than MMRM and LOCF for the estimation 

of treatment effect at later timepoints.  

 

Conclusions 

Compared to separate landmark analysis on each scale, which only use a subset of data in each 

analysis, joint modeling of multiple longitudinal suicidality indices incorporates all data from 

different aspects of suicidality in one model and therefore obtains more precise estimate of 

treatment effect.   
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