
Can we build a flexible modelling framework for joint 
and mutually consistent conditional modeling of 
mixed data (binary, ordinal, truncated and 
continuous)? 
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Self-reported 
questionnaire data 

on dietary 
preferences, 

smoking status, 
drinking status, 
health status, 

mobility problem 
status etc. 

Physical activity, 
sleep, 

cardiometabolic 
biomarkers and 
comorbidities. 

For example, total 
activity county 
(TAC), albumin 
systolic BP etc.

Hundreds or 
thousands of 
binary (0/1), 

ordinal, truncated, 
continuous, and 

categorical
variables.

A random vector 𝑋 = 𝑋!, … , 𝑋"
#~ 𝑁𝑃𝑁 0, Σ, 𝑓 if 

there exist monotonically increasing transformation 
functions 𝑓 = 𝑓!, … , 𝑓" such that - 𝑍 = 𝑓 𝑋 =
(𝑓! 𝑋! , … , 𝑓" 𝑋" ) ~ 𝑁(0, Σ) where Σ$$ = 1 for all j. 

𝑍 = 𝑍% , 𝑍& , 𝑍' , 𝑍( #~ 𝑁𝑃𝑁 0, Σ, 𝑓
𝑋 = (𝑋% , 𝑋& , 𝑋' , 𝑋()′~ 𝐺𝐿𝑁𝑃𝑁(0, Σ, 𝑓, Δ)

• 𝑐, 𝑡, 𝑜, 𝑏 subscript denotes continuous, truncated, ordinal, 
binary respectively

Latent Observed 

Estimation
• Δ (the set of cutoffs) are estimated through method of moments.
• Kendall’s Tau 𝜏 measures concordance and is calculated as 

follows -

• (𝑎 − 𝑏) has the same sign as (𝑓 𝑎 − 𝑓(𝑏)) for any increasing 
transformation 𝑓. Makes Kendall’s Tau invariant under monotone 
increasing transformation.

• Observed Kendall’s Tau can be bridged (using known one-to-one
transformations) to the corresponding elements of the latent
correlation matrix Σ.

Traditional model
For a generalized linear model for mixed data, the 
assumption looks like –

where, g() is a pre-specified link function. 

• 𝑍) , 𝑍*~ 𝑁𝑃𝑁(0, Σ, 𝑓) are the latent variables 
corresponding to 𝑌 (outcome) and 𝑋(covariates).

• Σ can be partitioned as follows

• 𝛽 estimated as Σ**+!Σ*) from the estimated latent 
correlation matrix.   

Data Analysis (NHANES 2003-06)

Proved results
• We present bridging functions for all pairs of types of variables. 

• We prove asymptotic normality of our estimators. 

• We provide multiple imputation approaches embedded within
the framework

• Traditional regression modelling:
• Requires different model formulation (probit, 

ordinal probit, Gaussian truncated, etc.) for 
different type of outcome and those are, not, 
mutually consistent.

• Requires likelihood, time-consuming and difficult 
to optimize under certain scenarios. Sensitive to 
outliers.

• Have to manually adjust for scales before fitting 
the model. 

• SGC Regression Modelling
• One joint model and derive mutually consistent 

conditional model estimates for specific choice 
of outcome. 

• Estimation procedure (method of moments and 
rank correlation) makes it robust and fast. 

• Takes care of different scales of variables 
naturally by construction. 


