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Abstract

The purpose of this study is to compare the prediction performance of discrete-time survival
analysis methods, with and without considering the relationship between longitudinal data observed
from the same individuals. In this research, we consider a Random Forest and CatBoost with fixed
effects, as well as a mixed-effect machine learning model that considers both fixed and random
effects. We applied these methods to predict diabetes status using a diabetes screening dataset
collected from the Thai population. It was observed that the dataset is highly imbalanced. Our
results show that, for the fixed effect model, considering the relationships among observations from
the same individuals resulted in better prediction performance when using CatBoost. However, for
the mixed effect model, only the fixed effect components extracted from the Random Forest model
achieved higher prediction performance. In summary, this research demonstrates that considering
the relationships between data does not always lead to the improvement of prediction performance
depending on various limitations and factors such as data characteristics, model selection, random
effect variables, and methods of fixed effect component extraction from tree-based models.
Therefore, while fixed-effect models are commonly used in discrete-time survival analysis, using a
mixed-effect model along with machine learning could be an alternative approach to improve

predictive performance.

Keywords: Discrete-time survival analysis; Censored data; Binary classification machine learning

models; Mixed effect model
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Table 1 Schema of Diabetes screening dataset
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Variable names Data types Description

PID_EN Text Encoded ID number

gender Nominal Gender (1=male, 2=female)

age Integer Age (years)

year Integer Year of data collection (CE)

BMI Numeric Body mass index

WAIST CM Numeric Waist circumference (centimeters)

SBP Numeric Systolic blood pressure during contraction of the heart

(mm)
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Table 1 Schema of Diabetes screening dataset (Cont.)

Variable names Data types Description

DBP Numeric Diastolic blood pressure during relaxation of the heart
(mm)

SMOKE Nominal Smoking history (1=never smoked, 2=smoked in the
past, 3=occasional smoker, d=regular smoker)

DMFAMILY Nominal Family history of diabetes (0=no, 1=yes)

HTFAMILY Nominal Family history of high blood pressure (0=no, 1=yes)

HT Nominal High blood pressure status (0=no, 1=yes)

next_event Nominal Status in the following year (O=not diagnosed with

diabetes, 1=diagnosed with diabetes)

£
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Y
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A4 Table 2 lngavUsvanuatoyagymedmiy
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AR SMOKE, DMFAMILY, HTFAMILY tag HT ¢ne
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wqaﬂiium'ﬁguqﬁ UsgIAMegunnuesf uay
ﬂmmmﬁuiaﬁmgwamﬂﬂalﬂLﬂﬁammaq

Table 2 Number of missing data in diabetes screening dataset

Variable names Data types Number of missing data (rows) Number of missing data (%)
BMI Numeric 2,506 36.5946
WAIST CM Numeric 2,506 36.5946
SBP Numeric 2,504 36.5654
DBP Numeric 2,504 36.5654
SMOKE Nominal 3,603 52.6139
DMFAMILY Nominal 3,220 47.0210
HTFAMILY Nominal 6,142 89.6904
HT Nominal 2,466 36.0105
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Table 3 Binary confusion matrix
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Model
~—*= Random Forest (Not considering relationships)
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~*= Mixed Effect Model with Random Forest

Follow-up Time

Figure 1

Time-dependent AUC of the Random Forest model on the test data. The horizontal axis

is the follow-up time, and the vertical axis is the AUCT
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Model
~—*— CatBoost (Not considering relationships)
= CatBoost (Considering relationships)

—® Mixed Effect Model with CatBoost

Follow-up Time

Figure 2 Time-dependent AUC of the CatBoost model on the test data. The horizontal axis is the

follow-up time, and the vertical axis is the AUC_
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Table 6 Conclusion of considering the relationships compared to ignoring the relationships

Models Types of effect Result
Random Forest Fixed -
Mixed Effect Model with Random Forest Mixed Better
CatBoost Fixed Better
Mixed Effect Model with CatBoost Mixed -
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