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Intellectualizing Real-world Data to Develop Taiwan Type 2 Diabetes
Complication Model
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(# =) According to the 2019 Taiwan Diabetes Annual Report, approximately 160, 000 new cases
of type 2 diabetes develop in Taiwan each year (an incidence rate of 7.4%), and one in 16
adults aged 20 and over has type 2 diabetes (a prevalence proportion of 6.38%). Because of the
significant improvements in care, the cumulative five-year survival rate for newly diagnosed
diabetes patients between 2005 and 2009 improved by 2.3% compared to the period between 2000
and 2004. This significant increase in life expectancy for diabetes patients raises an
important issue in diabetes complication prevention. In Taiwan, 32.2% of patients with type 2
diabetes develop cardiovascular disease, approximately 7% have a stroke, 14% have kidney
disease, 5% have retinopathy, and 1.91% require dialysis. These complications compromise
patients’ lives and quality of life, placing a significant burden on national health
expenditures. Approximately 48,000 diabetic patients in Taiwan undergo long-term dialysis
costing nearly NT$20 billion in National Health Insurance expenditures annually. Therefore, it
is urgent to enhance diabetes management and control.

Appropriate diabetes care that relies on collaboration between care providers and patients can
delay the onset of complications. A decision-support system that facilitates communication
between healthcare workers and patients will contribute to effective disease control. The type
2 diabetes complications prediction model represents the team’ s first major innovation. It
was developed using data from more than 163, 000 patients newly diagnosed with type 2 diabetes
between 2002 and 2017 in Taiwan, constructing functions through a mathematical framework that
integrates both time-fixed and dynamic factors such as age and HbAlc levels. The model allows
users to input common patient parameters and effectively generate a possible sequence of
diabetic complication incidence. By adjusting these parameters, future complication trends can
be visualized, helping physicians and patients make informed care decisions and improving the
quality of care.

The model was followed for an average of 13.5 years to estimate the probability of first major
complications (atherosclerotic heart disease, ischemic stroke, congestive heart failure, limb
amputation, kidney disease, eye disease) and death from the time of diabetes diagnosis. This
model allows caregivers of patients with type 2 diabetes (including physicians, nurses, and
health educators) to input common basic patient information to assess the risk of future
complications, providing valuable information for disease management and control. While the
model is consistent with relevant mathematical theory, its predictions are intended only as a
guide for healthcare decision-making and cannot replace the judgment and outcomes of
clinicians.

Several key features distinguish this model from previous ones. First, it simultaneously
incorporates six major complications, mortality (absorbed state), and their dynamic temporal
relationships within a single analytical framework. Second, it establishes and integrates
dynamic interactions between age and HbAlc, allowing greater flexibility for real-world
applications. Third, the underlying mathematical framework has been published in an academic
journal (DOI: 10.3390/infol2080326), patented by the Taiwan government (Patent No. 1827184),
and visualized through a computer system (https://weishiang. shinyapps. io/dm_system _final/).
Finally, the visualized platform has been evaluated by the Taiwan Society of Diabetes
Educators through a large-scale efficacy test
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1. The model parameters are derived from national health insurance data and are representative
of Asian populations

2. The algorithm utilizes a tree-based structure, which differs from traditional calculation
methods.

3. This technology simultaneously considers different competing lifelong complications, making
the prediction model more realistic than a single-complication prediction equation.

4. The Taiwan Diabetes Education Association has completed testing on 180 patients, demonstrating
the ability to distinguish different complications and provide education more precisely.
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(#<) The il (instrument, information, intelligence, Health, Humanities, Harmonization)
research team comprises experts from diverse fields, primarily from Kaohsiung Medical
University and its affiliated hospitals, with additional members from the National Center for
Instrumentation Research, National Sun Yat-sen University, National Chengchi University, and
the National Health Research Institutes. The team members’ backgrounds and expertise include
biomedical instrument development, information collection and management, mathematics,
biostatistics, machine learning, clinical care, and public health
(https://ih3.mis. nsysu. edu. tw/ ). The team’ s core mission is to develop decision-support
systems that enhance health and care. The strategy is to extract information from universal
healthcare databases and translate it into actionable intelligence, then guide patients to
achieve better health and a higher quality of life
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(# =) The specific achievements of the team members in cross-disciplinary collaboration in
the past include:

A. Prediction model of type 2 diabetes complications

1. Wan, T. T., Lin, M. Y., & Wan, H. S. (2025). Theoretical and Methodological Imperatives
in Longitudinal Healthcare Design and Research. Journal of Integrated Design and Process Science
28(3), 176-184.

2. Luh, H., Lin, M. Y., & Wu, P. H. (2023). A single framework of precision surveillance
of diabetes disease prognosis for better care with collaboration. Journal of Integrated Design
and Process Science, 27(1), 27-39

3. Lin, M. Y., Liu, J. S., Huang, T. Y., Wu, P. H., Chiu, Y. W., Kang, Y., ... & Luh, H
(2021). Data analysis of the risks of type 2 diabetes Mellitus complications before Death using
a Data-Driven Modelling Approach: Methodologies and challenges in prolonged diseases
Information, 12(8), 326.

4. Cheng, L. J., Chen, J. H., Lin, M. Y., Chen, L. C., Lao, C. H., Luh, H., & Hwang, S. J.
(2015). A competing risk analysis of sequential complication development in Asian type 2 diabetes
mellitus patients. Scientific Reports, 5(1), 15687

5. Diabetes Risk Assessment and Prevention Care Course at National Chengchi University

B. Taiwan Annals of Nephrology 2015-2024

1. Chinese version (https://www. tsn. org. tw/twrds. html )

2. English version (https://www. sciencedirect. com/ journal/ journal-of-the-formosan-
medical-association/vol/121/suppl/S1)

C. Taiwan’'s first high-precision skin color analyzer (Taiwan Patent No. 1683287)

1. Chen, C. C., Chung, C. Y., Chiu, Y. W., Lin, Y. H., Tse, L. S., Wu, C. Y., ... & Lin,
M. Y. (2023). Reliability analysis of a novel measurement system for quantifying human skin
color. Skin Health and Disease, 3(1), ski2-182

D. Taiwan’s first narrow-wavelength ultraviolet B irradiator tested in animals

1. Lin, M. Y., Lim, L. M., Tsai, S. P., Jian, F. X., Hwang, S. J., Lin, Y. H., & Chiu, Y
W. (2021). Low-dose ultraviolet B irradiation at 308 nm with light-emitting diode device
effectively increases serum levels of 25 (OH) D. Scientific reports, 11(1), 2583

E. Future Development

The team members have further devoted their three-year research to developing a Taiwan Kidney
Disease Model for guiding more precise health policy decisions
(https://papers. ssrn. com/sol3/papers. cfm?abstract_i1d=5311177 ). In the future, we will focus
on preventing and caring for non-communicable diseases, utilizing instruments, data, and
information to inform accurate decision-making recommendations for health events throughout
the life course. The action will contribute to healthy lives for individuals, sustainable
productivity for society, alleviate pressure on caregivers, and strengthen the resilience and
sustainability of the government
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