
A Dynamic Microsimulation 
Model for Aging and Health 
in Taiwan: The Taiwan 
Future Elderly Model
Forecasting Future Population with Dementia 
and Functional Limitations and Its Implications for 
Formal Long-Term Care Capacity

YU-AN CHEN

This document was submitted as a dissertation in July 2024 in partial fulfillment of 

the requirements of the doctoral degree in Public Policy Analysis at the Pardee RAND 

Graduate School. The faculty committee that supervised and approved the dissertation 

consisted of Roland Sturm (Chair), Bryan Tysinger, and Pei-Jung Lin. 

 

This dissertation was financially supported by the Anne and James Rothenberg 

Dissertation Award, the Charles Wolf, Jr. Dissertation Award, the Pardee Dissertation 

Award, and the Center for Advancing Sociodemographic and Economic Study of 

Alzheimer’s Disease and Related Dementias (CeASES ADRD) of the National Institutes of 

Health under grant number P30AG066589.

 

PARDEE RAND GRADUATE SCHOOL

https://www.rand.org/pubs/rgs_dissertations/RGSDA3498-1.html
https://www.pardeerand.edu


For more information on this publication, visit www.rand.org/t/RGSDA3498-1.

About the Pardee RAND Graduate School
The Pardee RAND Graduate School has specialized in graduate-level policy education since its founding in 1970. It is the original 
public policy Ph.D. program in the United States and the only program based at an independent public policy research organization. To 
learn more about the Pardee RAND Graduate School, visit www.pardeerand.edu.

Published in 2024 by the RAND Corporation, Santa Monica, Calif.

 is a registered trademark.

http://www.rand.org/t/RGSDA3498-1
http://www.pardeerand.edu


iii 

Abstract   

This dissertation starts with the development and validation of the Taiwan Future Elderly 

Model (TFEM), the first microsimulation model for aging and health in Taiwan. Adapted from 

the US Future Elderly Model framework and utilizing Taiwan Longitudinal Study on Aging data, 

TFEM performs best for hearing loss, activities of daily living limitations, and dementia. 

In the final chapter, I apply TFEM to project the future Taiwanese population with dementia 

and/or care needs, along with associated long-term care policy implications. Findings indicate a 

projected 50% increase in the living dementia population from 2023 to 2043. More notably, the 

population with care needs or severe care needs is expected to grow by approximately 90% and 

150%, respectively. Assuming static care preferences, the model predicts a necessary doubling of 

Taiwan's formal long-term care capacity by 2043 compared to 2023 levels.  

The research further explores interventions targeting diabetes incidence and hearing loss. 

Results suggest that a combined approach of reducing diabetes and hearing loss incidence, 

coupled with improved hearing aid utilization among individuals aged 50 and older, would be 

most effective in decreasing the dementia and care-needing population. However, the impact of 

these interventions on reducing required long-term care capacity is limited, highlighting the 

urgency of proactive policy measures to expand formal long-term care capacity in Taiwan.  
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1. Introduction  

In this dissertation, I adapt the U.S. Future Elderly Model using Taiwanese data to create the 

Taiwan Future Elderly Model (TFEM) to provide a better policy planning tool for Taiwan in the 

face of an aging society.1 One of the major challenges of an older population is a sustainable 

long-term care system. Increased life expectancy drives up the prevalence of chronic diseases,2 

resulting in greater demand for healthcare services and long-term care to manage complex 

comorbidities. Using TFEM, which captures the complexities of individual health trajectories 

and demographic trends, I forecast the future elderly population affected by dementia or 

functional limitations and estimate the formal long-term care capacity required to meet the need 

in Taiwan.  

Although several studies in the United States have attempted to quantify the future 

prevalence and societal burden of dementia through extrapolation based on aging and 

demographic patterns,3-5 only one study has projected future number of individuals with 

dementia in Taiwan.6 Studies rarely incorporate a wide range of factors that will impact future 

care needs for people with dementia, such as changes in mortality, comorbidities, other health 

risks, and their interactions. Microsimulation approaches can incorporate multiple trends and 

population heterogeneity for policy analysis purposes. TFEM will be the first microsimulation 

model capable of projecting population health in Taiwan. 

In this chapter, I will begin by providing an overview of the demographic and health trends 

in Taiwan, as well as the current state of caregiving in the country. This discussion emphasizes 

the importance of developing better predictive models for population health. Subsequently, I 
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introduce microsimulation modeling, discussing both its advantages and limitations. Finally, I 

outline my research objectives and the policy questions that this work aims to address. 

1.1 Demographic and Health Trends in Taiwan  

Taiwan has experienced a rapid demographic shift, transitioning from an aging society 

(elderly population ≥ 7%) in 1993 to an aged society (elderly population ≥ 14%) in 2018, making 

it one of the fastest-aging countries in the world.7 Projections indicate that by next year (2025), 

Taiwan will become a super-aged society, with at least 20 percent of its population aged 65 or 

older.7 Alongside this demographic change, life expectancy at birth has improved significantly, 

rising from 80.24 in 2002 to 84.25 in 2021 for females and from 74.58 in 2002 to 77.67 in 2021 

for males.7 Concurrently, Taiwan's birth rate has experienced a sharp decline, falling from 4.00 

in 1970 to 0.98 in 2021, which is lower than all OECD nations except South Korea.8,9 As a 

result, household sizes have been shrinking, with the average number of people per household 

decreasing from 3.29 in 2001 to 2.60 in 2021.10 Moreover, the female labor participation rate has 

been on the rise, increasing from 45.7% in 1997 to 50.9% in 2017.11  

In recent decades, Taiwan has mirrored its East Asian neighbors in achieving massive 

educational gains, particularly for women. Compulsory education began as 6-year in 1943, 

expanding to 9-year in 1968. Most recently, starting in 2019, Taiwan rolled out recommended 

12-year education while reducing high school barriers like tuition and standardized tests. As a 

result, the percentage of people over 15 who are illiterate dropped from 1.5% to 0.2% for men 

and 7.5% to 1.7% for women between 2000 and 2020.12 While higher education links to lower 

functional decline, comorbidity, and death, low education elevates dementia risk—especially for 

those with little-to-no schooling.13  
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Taiwan has experienced notable shifts in health risk factors alongside its demographic 

changes. Smoking rates plunged from 1990 levels of 59.4% for males and 3.8% for females to 

23.1% and 2.9%, respectively, by 2020.14 The share of adult population with Body Mass Index 

(BMI) equals to or greater than 27 kg/m2 nearly doubled from 11.8% in 1993-1996 to 22.0% in 

2013-2014.15 The prevalence of overweight or obese adults in Taiwan, defined as a BMI ≥ 24 

kg/m2, reached 58.8% for males and 42.8% for females in 2017-2020.16,17 These prevalence rates 

fall below the U.S. (77.1% males and 69.4% females with BMI≥25 kg/m2) yet exceeds neighbors 

like Japan (33.0% males and 22.3% females with BMI≥25 kg/m2).18,19  

Over the past decades, prevalences of chronic diseases have been rising in Taiwan. 

According to the Nutrition and Health Survey (NHS) in Taiwan, adult hypertension and diabetes 

prevalence have grown for both genders since 2005, especially among the older population.16,17 

The estimated prevalences of hypertension are among those aged 65-74 years is 59.5%, while it 

is even higher at 66.4% for those aged 75 years or older in NHS 2017-2020.16 Although the 

prevalence of diabetes is lower compared to hypertension, it still remains a significant concern, 

with 23.5% of individuals aged 65-74 years and 29.8% of those aged 75 years or older being 

affected in the latest wave of NHS.16 Despite that the age-standardized incidence rate of dialysis 

among end-stage kidney disease patients remained stable from 2010 to 2018, the overall 

prevalence of dialysis increased substantially during this period, with men aged 65 years and 

older experiencing the most notable rise.20   

Prevalence rate of dementia among older adults (≥65 years old) in Taiwan is estimated to be 

8.04% in 2011, according to Taiwan Alzheimer’s Disease Association.21 Between 2020 and 

2023, the National Health Institutes of Taiwan conducted the most recent survey to assess the 

prevalence of dementia among senior citizens living in communities, and the findings showed 
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that the prevalence remained largely unchanged at 7.99%.22 The study also found that females 

had a higher prevalence (9.36%) compared to their male counterparts (6.35%).22 Additionally, 

individuals with dementia had significantly more limitations to perform Activities of Daily 

Living (ADLs) or Instrumental Activities of Daily Living (IADLs) due to disability compared to 

cognitively normal older people.22 The most common types of dementia in Taiwan were found to 

be Alzheimer’s disease (56.88%), vascular dementia (22.91%), and Parkinson disease dementia 

(7.12%).22  

1.2 Caregiving in Taiwan  

There are four main care models for older adults in Taiwan: institutional care, community 

and home-based care, live-in migrant care and family care.23 The proportion of older individuals 

living in care institutions remains low, with only 0.56% of those aged 55-64 years and 1.90% of 

those aged 65 or older residing in such facilities, as institutional care still carry stigma in 

Taiwanese society.24 In 2017, among the Taiwanese population aged 65 or older with at least one 

functional limitation, family members were the primary caregivers in 67.08% of cases.24 Live-in 

migrant workers constituted the second largest group of primary caregivers, responsible for 

17.06% of this population.24 Formal caregivers other than live-in migrant workers, including 

local live-in carers, home health aides, and institutional care staff, were the main carers for only 

7.24% of older adults with functional limitations.24  

While family members typically serve as the primary source of care for their older members 

in Taiwan, demographic shifts that are reducing the pool of informal caregivers could lead to a 

higher demand for formal long-term care services. Past literature has suggested that caregiving 

burdens fall largely on female family members like daughters and daughters-in-law.24,25 On 
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average, Taiwanese women aged 15-64 spend around 100 minutes per week caring for senior 

family members, and this figure does not include the time they dedicate to household chores or 

caring for younger family members.26 With rising female labor participation and smaller 

household sizes,10,11 families may find it increasingly challenging to bridge the gap in unpaid 

care and may need to turn to formal assistance. This trend is likely to further intensify the already 

growing demand for paid caregivers and nursing home services in the coming years due to 

population aging, putting additional pressure on the formal long-term care workforce.  

Despite Taiwan's implementation of universal health coverage through the National Health 

Insurance Administration since 1995, long-term care services are not included, resulting in a 

significant barrier for individuals seeking formal assistance in this area. Currently, Taiwan's 

formal care workforce heavily relies on migrant labor, as the monthly cost of hiring a local 

formal caregiver can be two to three times higher than employing a foreign caregiver. In 2022, 

over 220,000 foreign caregivers lived with patients, while around 6,000 more worked in nursing 

homes.27,28 Most of the foreign caregivers came from Indonesia (76%), Vietnam (12%), and the 

Philippines (12%).29 Meanwhile, only about 30,000 Taiwanese hold formal care jobs, 

predominantly in institutions.30 This imbalance signals risks to a sustainable long-term care 

industry, as foreign supply hinges on Taiwan's immigration policies and regional competition.  

Public desire for government-supported care has been growing in recent years. In 2016, the 

Taiwanese government launched the Long-Term Care 2.0 Plan, and since then, it has allocated 

over 1.7 billion USD in tax revenue towards long-term care in 2022, which accounts for 

approximately 0.2% of Taiwan's Gross Domestic Product (GDP).31 There are also debates over 

whether to switch from the tax revenue-based support to a long-term care insurance foreseeing 

the increasing demand in the future. Nearby nations seeing comparable demographic shifts have 
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adopted long-term care insurance, including Japan in 2000 and South Korea in 2008.32,33 

Nevertheless, generous social insurance risks exacerbating moral hazard, further challenging 

Taiwan's goal of meeting care needs with adequate skilled workers.  

1.3 Microsimulation modelling   

1.3.1 Introduction of modelling methods  

There are various methods to project population health and associated burden for policy 

analysis. These include but not limited to macroeconomic models, single-equation time series 

models, cell-based models of population groups, and large-scale microsimulation models.34 

Macroeconomic models utilize a system of simultaneous equations that are estimated using 

historical data on aggregate economic indicators, such as inflation rates, to forecast and analyze 

macroeconomic outcomes, including GDP or national health expenditures. Single-equation time-

series models share similarities with macroeconomic models in their focus on aggregate factors 

and outcomes. The Autoregressive Integrated Moving Average (ARIMA) model, one of the most 

widely used method in this category, incorporates lag parameters and models forecast errors as a 

linear combination of past errors. Its application is particularly prevalent in short-term 

predictions of communicable diseases, such as cases of Dengue fever or COVID-19.35,36  

ARIMA can accommodate various assumptions at the population level; nevertheless, its 

flexibility in analyzing specific subgroups within the larger population is limited.  

Cell-based models provide more granular information by calculating estimates for specific 

subgroups or cells. However, cell-based models still operate under the assumption that all 

members within each cell will be affected by policies uniformly. Consequently, these models 

may have limited utility when the proposed policy changes target a subgroup for which 
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information is not included, and when the policy change has varying impacts on members within 

the same cell. In such cases, the cell-based approach may not adequately capture the 

heterogeneous effects of the policy on the targeted population. 

1.3.2 Advantages of microsimulation models  

Microsimulation models differ from the previously mentioned models in that they focus on 

the impact of policies on smaller decision units, such as individuals, households, or companies, 

rather than modeling aggregate outcomes. These models take into account the diverse 

characteristics of different populations, making them particularly advantageous for policy 

analysis for two main reasons. First, microsimulation models can simulate the effects of a 

targeted policy change for a specific subgroup. For instance, if the government wants to estimate 

the impact of a policy targeting the older population with diabetes, microsimulation models 

would offer more flexibility than cell-based models in addressing this type of task. Second, 

microsimulation models can simulate the complex interactions of characteristics at the individual 

unit level when a policy change affects multiple outcomes simultaneously. For example, when 

estimating the societal impact of weight-loss programs, it is essential to consider that obesity is a 

risk factor for many chronic diseases, such as hypertension, diabetes, and heart disease, and these 

diseases are also risk factors for one another. Capturing all of these interconnected impacts using 

models other than microsimulation would be challenging.  

Microsimulation models offer unparalleled flexibility and granularity when analyzing the 

potential impacts of proposed policy changes. Due to this unique capability, US government 

entities such as the Social Security Administration, the Congressional Budget Office, and 

Department of Health and Human Services frequently employ microsimulation for purposes such 
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as predicting future retirement conditions, the effects of tax rules, and impact of the Affordable 

Care Act.37-39 

1.3.3 Limitations of microsimulation models  

The flexibility and granularity offered by microsimulation models have its tradeoffs. As the 

comprehensiveness of a microsimulation model increases, so do the complexity of its structure 

and inputs. When gathering data for all subgroups on outcomes of interest from various sources, 

inconsistencies in quality and definitions across these sources often arise, requiring assumptions 

to be made when combining inputs. As a result, microsimulation models frequently rely on 

harmonized multi-wave survey data, such as the Health and Retirement Study or the Panel Study 

of Income Dynamics.1,40 While complex models provide greater flexibility, they also require 

more settings to be determined when running each simulation and demand a longer training 

period for operation. The substantial time and costs associated with constructing a functional 

microsimulation model pose the most significant barriers to entry in this field. 

Moreover, as microsimulation models become increasingly complex, their interpretability 

and explainability diminish, mirroring similar issues in artificial intelligence. When the structure 

of a microsimulation model becomes so intertwined that it essentially functions as a black box, 

users face significant challenges in explicitly explaining the underlying reasons for specific 

results. If even the users themselves struggle to disentangle the model's underlying structure, 

policymakers are likely to have little faith in the recommendations generated by such models.  

Another factor that can diminish confidence in modelling results is the lack of validation of 

microsimulation models.34 Although the use of microsimulation approaches in health has been 

growing rapidly, many models are developed and published to address policy questions before 

any validation has been conducted. Within the realm of population health microsimulation 
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models, only the Canadian Population Health Model (POHEM) and the Future Elderly Model 

(FEM) have published the validation of their findings.41,42 Unlike simpler models such as cell-

based models or macroeconomic models, where data for validation are more readily available 

and can be checked regularly, validating estimates from microsimulation models against reality 

is more challenging. This highlights the need for further methods development to ensure the 

credibility of results obtained from microsimulation models.  

1.3.4 Prediction vs. causation  

Policy analyses often involve Ceteris Paribus forecasts, where policymakers are interested in 

comparing the impact of different policies while holding all other factors constant. For instance, 

governments might want to evaluate the long-term population health impact of two distinct 

health behavior intervention programs, such as weight loss and smoking cessation. They can 

consult past literature to determine the causal effects of these interventions on various health 

outcomes based on historical data, assuming that past outcomes are indicative of future results. 

Simulations from microsimulation models also hold similar assumptions; however, they offer the 

flexibility to incorporate demographic shifts and health trends, facilitating the extrapolation and 

comparison of future impacts by providing a more plausible counterfactual scenario. 

The example above illustrates the importance of both predictions and causal effects in 

analyses using microsimulation models. Prediction focuses on the predicted values (𝑦") of 

outcome variable 𝑦 given the input variables, while causality seeks to find the causal effect (𝛽) 

of a specific variable 𝑥 on 𝑦. The primary objective of microsimulation models is prediction, 

which involves developing a model that can reliably forecast future population health. However, 

microsimulation models are most commonly used to compare the impacts of various policies. In 
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such applications, the treatment effects of a particular policy, which are often derived from 

existing literature, should ideally be based on or validated by causal estimates.  

1.4 Research Objectives and Policy Questions   

This dissertation provides a comprehensive overview of the development, validation, and 

application of TFEM, a health and aging microsimulation model for Taiwan. The study has four 

primary objectives. The first aim is to describe the data upon which TFEM is built and to outline 

the data cleaning decisions made to construct the variables that are input into the model. Aim 2 is 

to demonstrate the structure of the model, including how individuals transition between different 

health states, how it mirrors the US FEM, and the modifications made to tailor the model to the 

Taiwanese population. Aim 3 is to validate the simulated results from TFEM both internally and 

using data from external sources. The final aim involves applying TFEM to assess how policy 

interventions targeting modifiable dementia risk factors (diabetes and hearing loss) affect the 

future dementia and disability populations, as well as the required formal long-term care 

capacity. This analysis aims to inform evidence-based policymaking for a sustainable long-term 

care system through the following key questions: 

1. How many individuals ages 50 and older will have dementia and/or functional limitations 

over the next twenty years in Taiwan?  

2. To maintain the current care distribution in the future, what are the projected number of 

migrant care aids and the number of beds in long-term care institutions needed in Taiwan?  

3. What are the potential impacts of policies targeting dementia risk factors (diabetes and 

hearing loss) on the dementia and disability population, as well as formal long-term care capacity 

needed in the future? 
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2. Data and Variables   

This chapter introduces the Taiwan Longitudinal Study on Aging (TLSA), which serves as 

the foundation for the Taiwan Future Elderly Model (TFEM). The structure of TFEM parallels 

the US Future Elderly Model, which is based on the Health and Retirement Study (HRS). I 

therefore highlight differences between the TLSA and the HRS that led to modifications in the 

Taiwanese model. 

2.1 Data   

2.1.1 Taiwan Longitudinal Study on Aging  

TLSA is a publicly available nationwide representative survey conducted by the Taiwan 

Health Promotion Administration, Ministry of Health and Welfare in collaboration with the 

University of Michigan. It is structured similarly to the HRS conducted in the United States. 

Trained interviewers conduct in-home surveys, administering questionnaires that cover a wide 

range of topics including socio-demographic status, employment history, functional limitations, 

chronic conditions, risk factors for chronic conditions, health literacy, healthcare utilization, and 

social support. TLSA has been used in research on cognitive impairment, frailty, functional 

limitations, and health-related quality of life.43-45 

The first wave of TLSA recruited people aged 60 years and older living in the community 

and conducted interviews in 1989 (cohort I). Follow-up surveys were performed even when 

respondents moved into nursing homes.46 In 1996 (cohort II) and 2003 (cohort III), additional 

cohorts of individuals aged 50 to 66 years old and individuals aged 50 to 56 years old were 

recruited from non-aboriginal townships. In 2015 (cohort IV), new samples of individuals aged 
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50 years and above were recruited from non-aboriginal and aboriginal community and 

interviewed.46 Death was the major cause of the decline in the sample size.47  

2.1.2 Weights in TLSA  

 The sample weights provided in the TLSA are calculated by multiplying two components: 

the post-stratification weights specific to the wave in which respondents were initially recruited 

(cross-sectional weights) and the calibration by cohort (longitudinal weights).48 The stratification 

process takes into account sex, age groups (with the oldest age group at 85 years or older), and 

the primary sampling units, which consist of 331 non-aboriginal towns and cities in Taiwan.48 

The TLSA handbook recommends no adjustment for non-response due to the overall response 

rate of approximately 90%, after excluding deceased individuals.47 The weights provided by the 

TLSA are relative weights (i.e. they do not sum to a total population size). To scale the data to 

match the dimensions of subgroup totals, the relative weights must be multiplied by the 

population size. 

TLSA does not provide a breakdown of the cross-sectional and longitudinal weights used in 

their calculations. The 2003 wave includes only longitudinal weights. All respondents added in 

2003 were assigned a weight of 1.25, while respondents first included in the 1996 and 1989 

waves were assigned weights of 0.48 and 1.25, respectively. To obtain descriptive statistics 

representative of the Taiwanese population aged 50 and above in 2003, these longitudinal 

weights should be combined with cross-sectional weights that account for post-stratification, but 

the necessary cross-sectional weights were not available in the data. In the subsequent waves 

(2007, 2011, and 2015), the provided weights varied across individuals, suggesting that they are 

the product of both longitudinal and cross-sectional weights.  
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All the descriptive statistics presented in Chapter 2.3 incorporate the sample weights 

provided by TLSA. However, TLSA documentation lacks explicit confirmation regarding the 

cross-wave comparability of weighted statistics.      

2.2 Variables  

2.2.1 Mortality  

Mortality information in the Taiwan Longitudinal Study on Aging (TLSA) is gathered 

through three sources: reports of deaths by family members during survey interviews, linkage to 

Ministry of Interior administrative records using national IDs, and linkage to Ministry of Health 

and Welfare vital statistics data via national IDs. The death year used in this study was complete 

and up-to-date as of 2015 based on the information collected across these sources.  

2.2.2 Demographic variables and educational levels    

Demographic variables such as sex and birth year are based on initial responses and remain 

fixed over time. To protect privacy, age is capped at 85 years in the publicly available version of 

the dataset. Educational levels also typically do not change for most respondents; however, they 

were updated in the data for the few participants who attained a higher degree in a subsequent 

wave. TLSA tracks any discrepancies across waves for the same participant and refreshes the 

data variables accordingly. When inconsistencies are found in prior reports, the educational level 

and other variables would be sourced from the latest available wave. Based on the educational 

level documented in TLSA, I categorize respondents into three groups: less than high school, 

high school, some college or more.  
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2.2.3 Chronic diseases and risk factors  

The health status variables included self-reported diagnoses for chronic diseases and risk 

factors. It follows the same approach as the U.S. Future Elderly Model: If participants indicate 

having received a physician's diagnosis for a given condition in the past, they are assigned a 

positive disease status. If a patient answered "yes" to questions on chronic conditions in earlier 

waves but "no" in later waves, I harmonize the answers to "yes" for all subsequent waves. The 

descriptive statistics section presents the prevalences of hypertension, diabetes, cancer, heart 

disease, stroke, kidney diseases (including kidney stones), and dialysis. Question on dialysis 

status was only added in wave 2003, and therefore no data is available for the 1999 wave.  

Common risk factors for chronic conditions include body mass index (BMI), smoking habits, 

and hearing loss. BMI values are based either on self-reported height and weight, or direct 

physical measurements collected during survey interviews, thus include a mix in the 2003 and 

2007 TLSA waves. For respondents participating in the latter 2011 and 2015 waves, some had 

both self-reported estimates as well as measured heights and weights. In the cases with both 

values present, priority was given to using the physical measurement-based numbers to compute 

BMIs in order to maximize accuracy. TLSA collects data on current smoking habits as well as 

past smoking history, including the duration of smoking in years. Two questions are included 

that address hearing loss: one asking whether a respondent uses a hearing aid and another 

inquiring about their ability to hear clearly. For respondents who wear hearing aids, the question 

regarding their ability to hear clearly reflects their hearing status while using the hearing aid.  

2.2.4 Functional limitations  

The TLSA assesses limitations in Activities of Daily Living (ADL) using questions based on 

the Katz scale, which typically includes bathing, dressing, toileting, incontinence, transferring, 
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and feeding.49 However, the TLSA modified the scale by excluding the question on incontinence 

and adding a question on the ability to walk across a room independently. For limitations in 

Instrumental Activities of Daily Living (IADL), the TLSA employs the Lawton scale, which 

covers using the phone, going shopping, preparing meals, housekeeping, doing laundry, using 

public or private transportation, and managing medications and finances.50 Only later waves 

(2011 and 2015) included questions on difficulty preparing meals, taking medication, and doing 

laundry. To maintain consistency across all waves, these three questions are currently excluded 

when constructing the IADL limitation variables. 

Older people with care needs are identified through the number of ADL and IADL 

limitations. I counted the number of limitations out of six ADL and six IADL limitations that are 

consistently measured across TLSA waves (Table 2.1). For limitations in ADLs, I use 

information on whether individuals have difficulties with (1) walking across a room, (2) 

dressing, (3) bathing or showering, (4) eating or cutting up food, (5) getting in and out of bed, or 

(6) using the toilet. For limitations in IADLs, I use information on whether individuals have 

difficulties with (1) shopping for groceries, (2) managing money, (3) taking public 

transportation, (4) doing heavy housework, (5) doing easy housework, or (6) making telephone 

calls. In total, older individuals can have between 0 (no disability) and 12 limitations in ADLs 

and IADLs (the most severe disability).  

Additionally, I categorize individuals into groups based on limitation counts. For ADLs, 

there are four groups: 0 limitations, 1 limitation, 2 limitations and 3+ limitations. For IADLs, 

there are three groups: 0 limitations, 1 limitation, and 2+ limitations.  
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Table 2.1. Questions on Activities of Daily Living and Instrumental Activities of Daily Living in 
Taiwan Longitudinal Study on Aging 

Activities of Daily Living 

Q1 Do you have difficulty walking across room on your own?  

Q2 Do you have difficulty dressing on your own?  

Q3 Do you have difficulty bathing or showering on your own? 

Q4 Do you have difficulty eating or cutting up food on your own? 

Q5 Do you have difficulty getting in or out of bed on your own? 

Q6 Do you have difficulty using the toilet on your own?  

Instrumental Activities of Daily Living 

Q1 Do you have difficulty shopping for groceries on your own?  

Q2 Do you have difficulty managing money on your own, e.g. paying bills?  

Q3 Do you have difficulty taking public transportation on your own?  

Q4 Do you have difficulty doing heavy housework on your own, e.g. cleaning 
windows?  

Q5 Do you have difficulty doing easy housework on your own, e.g. taking out 
trash?  

Q6 Do you have difficulty making phone calls on your own?  

2.2.5 Cognitive impairment 

TLSA uses the Short Portable Mental Status Questionnaire (SPMSQ) to evaluate cognitive 

function.51 In contrast, HRS derives cognitive status variables from the Telephone Interview for 

Cognitive Status (TICS), a telephone-adapted version of the Mini-Mental State Examination 

(MMSE).52 I calculate the number of questions respondents answered correctly then derive the 

number of errors they made. SPMSQ used in TLSA differs slightly from the US version. In the 

US version, question 1 typically asks, "What is your telephone number?" instead of "What is 

your address?" The question about address is only included when a respondent does not have a 

phone.53 In TLSA, the telephone number question was only introduced in the 2015 wave but was 

not used in this study to maintain consistency across all waves. 
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Question 9 from SPMSQ (when were you born?) was not asked in wave 1999 and 2003, but 

respondents were asked about their birthdays in the section where demographic information were 

collected, and therefore I assume all respondents answered question 9 correctly in wave 1999 

and 2003. When an answer is labeled as not applicable or unknown (with missing values), it is 

assumed that the respondent answered incorrectly. However, question 2 (What is the name of 

this place?) is an exception to this rule. In the 1999, 2003, and 2007 waves, if a respondent 

correctly answered question 1 (What is your address?), the interviewers would skip question 2.54 

For these three waves, I assume that respondents who answered question 1 correctly also 

answered question 2 correctly, even if the response to question 2 is not explicitly recorded.  

Although questions on self-reported dementia status were added in TLSA in 2015, I choose 

not to use it because dementia is often under-reported in the self-reported dementia variable. 

Instead, demented state will be identified by SPMSQ errors ≥5, and respondents with SPMSQ 

errors equals to 3 or 4 are categorized as having mild cognitive impairment (MCI) based on 

previous study in Singapore.51 The cognitive impairment categorization used in this study aligns 

with the TLSA's published statistics report, which classifies respondents as having MCI if they 

have 3-4 errors on SPMSQ, moderate cognitive impairment if they have 5-7 errors, and severe 

cognitive impairment if they have 8-10 errors.54 The cut-off points are independent of 

educational levels.  

There are additional variables related to cognitive impairment in TLSA that are not included 

in SPMSQ, such as recalling objects immediately and after a while (Table 2.2). While these 

items resemble those in TICS (Table 2.3), subtle differences make direct score comparisons 

challenging. Consequently, applying TICS-based cut-off points for dementia (0-6) and MCI (7-
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11) is problematic.42,55 Therefore, these questions are currently not used to determine the 

demented state.  

In some cases, respondents were unable or unwilling to answer questions at the beginning or 

during the course of the interview, prompting the use of a proxy respondent. TLSA documented 

the reasons for involving a proxy respondent. For the purpose of this study, I categorize 

respondents as having dementia if the reasons for switching to a proxy were related to poor 

memory, irrespective of their scores on the SPMSQ. The number of respondents categorized as 

having dementia based on proxy status was very small (wave 2003: 8, wave 2007: 17, wave 

2011: 6). Notably, the variable indicating a switch to proxy due to memory issues was not 

available in the 2015 wave. 

Table 2.2. Short Portable Mental Status Questionnaire and additional questions on cognitive 
impairment in Taiwan Longitudinal Survey on Aging 

SPMSQ questions, highest score=10 

Q1 What is your address? 

Q2 What is the name of this place? 

Q3 What are the date, month, and year? 

Q4 What is the day of the week? 

Q5 How old are you? 

Q6 What's your mother's maiden name? 

Q7 Who is the current president? 

Q8 Who was the president before him/her? 

Q9 When were you born? 

Q10 Can you count backward from 20 by 3’s? 

Additional questions on cognitive impairment, highest score=20 

Q1 Name 10 objects (10 points) 

Q2 Counting numbers backwards (5 points) 
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Q3 Name 3 objects immediately (2 points) 
      (0=all wrong, 1=correct in the second try, 2=correct in the first try) 

Q4 Name 3 objects after a while (3 points)  

NOTE: SPMSQ = Short Portable Mental Status Questionnaire. 

Table 2.3. Telephone Interview for Cognitive Status questions in Health and Retirement Study 

TICS questions, highest score=27 

Q1 Immediate 10-word free recall (10 points) 

Q2 Delayed 10-word free recall (10 points) 

Q3 Backwards counting from 20 (2 points) 

Q4 Serial 7 subtractions from 100 (5 points)  

NOTE: TICS = Telephone Interview for Cognitive Status. 

2.2.6 Imputation of missing data in TLSA    

There are 3 variables with more than 3% of people with missing values in any wave: BMI, 

years of smoking among ever smokers, and SPMSQ scores (Table 2.4). I conduct imputation for 

these variables using the multiple imputation (mi) command in Stata Version 14.0 for each wave. 

For BMI and smoking duration, I use linear regression with sex, 5-year age groups (85+ for the 

oldest), and educational level as covariates. SPMSQ scores are imputed similarly, but with age in 

years instead of age groups.  

In the 2015 wave, approximately 63% of respondents had missing values for their BMI. 

However, the missing data was not confined to any specific demographic subgroup. As shown in 

Figure 2.1, the distributions of BMI before and after imputation are comparable, indicating that 

the imputation process did not significantly alter the overall distribution. 

Table 2.4. Missingness in variables in Taiwan Longitudinal Study on Aging 

  1999 2003 2007 2011 2015 
  n % n % n % n % n % 
Number of unique respondents 4440  5376  4533  3726  8300  
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Variables                     
BMI  149 3% 281 5% 347 8% 450 12% 5235 63% 
Years of smoking (among smokers)  10 1% 16 1% 59 3% 24 2% 52 2% 
SPMSQ score 290 7% 344 6% 360 8% 391 10% 625 8% 

 
NOTE: BMI = Body Mass Index, SPMSQ = Short Portable Mental Status Questionnaire. 

 

Figure 2.1. Distribution of Body Mass Index before and after imputation, Taiwan Longitudinal 
Survey on Aging wave 2015. 

 
NOTE: BMI = Body Mass Index.   

2.3 Descriptive Statistics   

In Table 2.5, which presents the descriptive statistics of TLSA wave 1999-2015, the number 

of observations is reported without weighting and percentages are calculated using the survey 

weights provided by the TLSA. After imputation for BMI, years of smoking among ever 

smokers, and SPMSQ scores, respondents with missing values of any variable are excluded from 

this table. Wave 1999 includes respondents from 1989 (cohort I) and 1996 (cohort II), while 
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waves 2003-2011 include interviewees from cohort I-III. Wave 2015 includes all four cohorts: 

those from 1989, 1996, 2003, and the newly added 2015 cohort. The percentages in the 2003 and 

2015 waves should be representative of the Taiwanese population aged 50 and above because 

new cohorts were added in these waves (see chapter 2.1.1), and the comparison of outcomes in 

these two waves with 95% confidence intervals is shown in Table 2.6.  

2.3.1 Demographic variables and educational levels   

Between 2003 and 2015, the sex composition of the respondents in TLSA underwent a shift 

(Table 2.5). In 2003, males accounted for nearly 51% of the population aged 50 and above. 

However, by 2015, females had become the majority, constituting approximately 53% of the 50+ 

population (Table 2.6, P<0.001). The older population in TLSA also experienced a notable aging 

trend. The proportion of individuals aged 85 years or older increased significantly, from 

approximately 2% in 2003 to nearly 6% in 2015 (Table 2.6). In the 2011 wave, there were no 

respondents in the 50-54 age group because all participants from cohorts I, II, and III had 

surpassed this age range by that time (Table 2.5). 

Another significant trend observed in TLSA is the increasing level of educational attainment 

among the older population in Taiwan. In 2015, although 62% of the population aged 50 and 

above still had less than a high school degree, this represents a remarkable improvement from the 

78% observed in 2003 (P<0.001). Moreover, the proportion of the 50+ population who had 

received some college education nearly doubled, reaching approximately 18% in 2015 compared 

to the share in 2003 (Table 2.6). 
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2.3.2 Risk factors and chronic diseases 

The percentage of respondents reporting hearing loss in TLSA, which is defined as having 

difficulty hearing clearly with or without the use of a hearing aid, has shown a slight decrease 

from 7.71% in wave 2003 to 6.08% in wave 2015 (Table 2.6, P<0.001).  Smoking is fairly 

common in Taiwan two decades ago, with approximately 22.85% of respondents being current 

smokers and 35.41% having smoked during the ages of 50-59 in wave 2003 (Table 2.6). By 

2015, the percentage of respondents who were smoking had decreased to 14.70%, and the 

proportion of those who had smoked during the ages of 50-59 had also declined to 28.53% 

(Table 2.6). The proportion of interviewees who were overweight (BMI ≥ 24 kg/m2) increased 

significantly from 49.05% in the 2003 wave to 52.85% in 2015 (Table 2.6, P<0.001). It should 

be noted that the threshold for overweight classification in Taiwan (BMI ≥ 24 kg/m2) is lower 

than the standard used in the United States (BMI ≥ 25 kg/m2), resulting in a more stringent 

definition. Meanwhile, the percentage of interviewees classified as obese (BMI ≥ 30 kg/m2) 

showed a slight but not statistically significant increase from 5.98% in 2003 to 6.80% in 2015 

(Table 2.6, P=0.069). 

Based on TLSA, Taiwan has experienced an increase in the prevalence of several selected 

diseases, namely hypertension, diabetes, cancer, heart disease, stroke, and kidney disease from 

2003 to 2015 (Table 2.6). These conditions are generally more common among older age groups 

and in some cases may be classified as lifestyle diseases, indicating their association with risk 

factors such as smoking or obesity. Among all the diseases examined, hypertension is the most 

prevalent chronic condition, affecting over 33% of the elderly population in 2003 and more than 

44% in 2015 (Table 2.6, P<0.001). In contrast, cancer and stroke are the least common 

conditions, with a prevalence of almost 7% in the 2015 wave. Only respondents with kidney 
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disease or diabetes were questioned about their dialysis status. In the 2015 wave, approximately 

0.83% of all interviewees aged 50 and above received dialysis treatment, which is remarkably 

high compared to the 0.2% of the Medicare population receiving dialysis in the United States56 

2.3.3 Functional limitations     

The percentage of respondents without any limitations in ADLs has decreased over the years, 

from 94.16% in wave 2003 to 91.41% in wave 2015 (Table 2.5); moreover, the share of 

respondents with three or more ADL limitations increased significantly from 3.67% in wave 

2003 to 6.21% in wave 2015 (Table 2.6, P<0.001). On the other hand, the proportion of 

population aged 50 years or older with two or more IADL limitations have remained relatively 

stable at around 14% from 2003 to 2015, according to TLSA (Table 2.6, P=0.279). Looking 

closely at the share of people with 2 or more combined ADL/ IADL limitations, it is observed 

that roughly 15% of the population aged 50 and above in Taiwan in waves 2003 and 2015 would 

fall into this category (Table 2.6, P=0.201). However, the share of respondents with severe care 

need, which includes those with 3+ ADL limitations and 2+ IADL limitations, increased from 

3.64% to 6.14%, following a similar trend to that of three or more ADL limitations (Table 2.6, 

P<0.001).  

   The specific care needs of the elderly population in Taiwan can be better understood by 

examining the distribution of different categories of limitations. Among ADLs, dressing and 

bathing are the most common limitations for TLSA respondents across the years, whereas 

difficulty eating is the least common (Table 2.5). There has been a substantial increase in all 

types of ADL limitations from TLSA wave 2003 to wave 2015 (Table 2.6, P<0.001). Regarding 

IADLs, the most prevalent limitation is having trouble doing heavy housework, although the rate 

has decreased from 24.35% of respondents in the 2003 wave to 22.49% in the 2015 wave (Table 
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2.6, P=0.009). Difficulty managing money or making phone calls were the least common type of 

IADLs, with about 7% of the elderly population reporting these issues in the 2015 wave (Table 

2.6).  

2.3.4 Cognitive impairment     

In the 2003 wave, 93.17% of respondents had normal cognition, while 4.81% of the 

population aged 50 or above had mild cognitive impairment, and 2.03% had dementia (Table 

2.5). The share of the elderly population with mild cognitive impairment or dementia has slightly 

risen, with 6.72% of respondents being mildly cognitively impaired and 3.03% being demented 

in the 2015 wave (Table 2.6, P<0.001). The proportion of dementia patients with three or more 

limitations in ADLs and two or more limitations in IADLs, has also increased from 0.37% in 

wave 2003 to 0.81% in wave 2015 (Table 2.6, P<0.001). 
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Table 2.5. Descriptive Statistics of Taiwan Longitudinal Study on Aging, 1999-2015 

  1999 2003 2007 2011 2015 

Characteristics n (weighted %) n (weighted %) n (weighted %) n (weighted %) n (weighted %) 

  Number of unique respondents 3617 5328 4429 3713 8227 

Socio-demographics           

Female 1,758 (49.09) 2,591 (49.10) 2,215 (50.91) 1,901 (51.91) 4,232 (52.93) 

Male 1,859 (50.91) 2,737 (50.90) 2,214 (49.09) 1,812 (48.09) 3,995 (47.07) 

Age group in years           
50-54 204 (7.53) 1,244 (29.11) 261 (6.71) 0 (0.00) 993 (14.24) 

55-64 1,224 (45.17) 1,373 (32.13) 1,562 (42.92) 1,304 (40.95) 2,714 (35.29) 

65-74 1,376 (33.59) 1,147 (24.68) 1,135 (29.76) 1,070 (32.02) 2,345 (28.02) 

75-84 744 (12.55) 1,339 (12.06) 1,140 (16.79) 893 (20.85) 1,452 (16.63) 

85+ 69 (1.16) 225 (2.02) 331 (3.81) 446 (6.19) 723 (5.82) 

Educational Level           

Less than high school graduate 3,134 (86.24) 4,275 (78.44) 3,520 (77.56) 2,903 (76.81) 5,472 (62.29) 

High school graduate 271 (7.88) 578 (11.88) 498 (12.12) 442 (12.57) 1,482 (19.69) 

Some college or more 212 (5.88) 475 (9.67) 411 (10.32) 368 (10.62) 1,273 (18.02) 

Health behavior            
    Wears hearing aid  75 (1.73) 108 (1.59) 145 (2.90) 92 (2.11) 174 (1.90) 

    Cannot hear clearly 326 (6.92) 590 (7.71) 497 (8.20) 417 (8.32) 605 (6.08) 

    Smoking at age 50-59 1,297 (35.70) 1,868 (35.41) 1,488 (33.82) 1,075 (29.35) 2,394 (28.53) 

Current smokers 868 (24.92) 1,144 (22.85) 795 (18.96) 481 (13.75) 1,214 (14.70) 

Overweight (BMI≥24 kg/m2) 1,556 (44.48) 2,493 (49.05) 2,145 (50.42) 1,923 (53.55) 4,310 (52.85) 

Obesity (BMI≥30 kg/m2) 135 (4.08) 300 (5.98) 253 (6.19) 222 (6.25) 554 (6.80) 

Chronic conditions           
    Hypertension 1,181 (30.46) 1,973 (33.35) 2,010 (42.62) 2,000 (51.65) 3,792 (44.14) 

    Diabetes 463 (12.38) 833 (14.72) 836 (18.49) 816 (22.03) 1,683 (20.05) 

    Cancer 89 (2.42) 211 (3.67) 230 (4.97) 266 (7.00) 548 (6.61) 

    Heart disease  614 (14.99) 1,129 (17.93) 1,174 (23.51) 1,135 (27.92) 1,736 (19.76) 

    Stroke 150 (3.63) 356 (5.32) 322 (6.16) 341 (7.97) 577 (6.54) 

    Kidney disease 276 (7.60) 632 (11.19) 720 (15.61) 704 (18.67) 1,207 (14.58) 

    Dialysis  N/A 31 (0.60) 37 (0.87) 42 (1.17) 73 (0.83) 

Functional limitations            
    Number of ADL limitations       

0 3,447 (96.23) 4,874 (94.16) 3,956 (92.42) 3,129 (87.95) 7,385 (91.41) 

1 33 (0.70) 93 (1.41) 74 (1.22) 96 (2.24) 118 (1.24) 

2 27 (0.62) 58 (0.75) 69 (1.20) 54 (1.35) 109 (1.15) 

3+ 110 (2.46) 303 (3.67) 330 (5.16) 434 (8.45) 615 (6.21) 

    Type of ADL limitations       

Difficulty walking across room 112 (2.47) 308 (3.75) 353 (5.56) 448 (8.97) 642 (6.40) 

Difficulty dressing 110 (2.50) 372 (4.63) 324 (5.11) 405 (7.96) 602 (6.18) 

Difficulty bathing 127 (2.76) 322 (4.06) 399 (6.27) 499 (9.86) 707 (7.19) 

Difficulty eating 55 (1.23) 172 (2.15) 181 (2.80) 249 (4.87) 355 (3.56) 
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Difficulty getting in or out of bed 114 (2.54) 277 (3.41) 334 (5.32) 418 (8.34) 601 (6.10) 

Difficulty using the toilet 97 (2.16) 291 (3.58) 331 (5.12) 420 (8.36) 581 (5.91) 

    Number of IADL limitations   
    

0 2,498 (74.19) 3,522 (74.06) 2,828 (70.84) 2,307 (67.64) 6,063 (76.07) 

1 561 (13.41) 760 (12.13) 593 (12.47) 464 (12.43) 767 (9.51) 

2+ 558 (12.40) 1,046 (13.81) 1,008 (16.69) 942 (19.94) 1,397 (14.43) 

    Type of IADL limitations   
    

Difficulty walking across room 238 (5.18) 622 (7.71) 599 (9.61) 682 (13.86) 967 (9.91) 

Difficulty managing money 183 (4.01) 437 (5.51) 381 (5.83) 425 (8.43) 709 (7.07) 

Difficulty taking public transportation 524 (11.73) 939 (12.29) 957 (15.84) 903 (19.13) 1,319 (13.57) 

Difficulty doing heavy housework 975 (22.14) 1,712 (24.35) 1,522 (27.66) 1,329 (30.37) 2,022 (22.49) 

Difficulty doing easy housework 299 (6.41) 668 (8.60) 652 (10.47) 670 (13.52) 949 (9.81) 

Difficulty making phone calls 304 (6.64) 521 (6.48) 484 (7.64) 514 (10.31) 747 (7.44) 
    Number of people with ≥ 2 combined 
limitations in ADLs/IADLs 564 (12.56) 1,064 (14.12) 1,021 (16.96) 963 (20.54) 1,432 (14.85) 

    Number of people with 3+ ADL limitations 
and 2+ IADL limitations 109 (2.42) 301 (3.64) 326 (5.10) 432 (8.38) 610 (6.14) 

Cognitive impairment            
    Normal cognition 3,286 (92.57) 4,808 (93.17) 3,660 (85.99) 3,084 (86.54) 7,243 (90.25) 

    Mild cognitive impairment 230 (5.34) 360 (4.81) 505 (9.41) 421 (8.97) 675 (6.72) 

    Dementia  101 (2.08) 160 (2.03) 264 (4.60) 208 (4.49) 309 (3.03) 

    Dementia patients with severe care need 12 (0.24) 35 (0.37) 68 (1.03) 69 (1.36) 84 (0.81) 

 
NOTE: BMI = Body Mass Index, ADLs = Activities of Daily Living, IADLs = Instrumental Activities of Daily 
Living. Prevalences are weighted by survey weights provided by Taiwan Longitudinal Study on Aging. New cohorts 
of individuals aged 50 to 56 years old and aged 50 or above were recruited from communities in year 2003 and 2015 
respectively. 
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Table 2.6. Descriptive Statistics of Taiwan Longitudinal Study on Aging, 2003 and 2015 

  2003 2015   
Characteristics % 95% CI % 95% CI P value 
Socio-demographics           
Male 50.90 [49.47 ,52.33] 47.07 [45.90 ,48.25] <0.001 
Age group in years         <0.001 
    50-54 29.11 [27.79 ,30.46] 14.24 [13.38 ,15.15] 

 

    55-64 32.13 [30.78 ,33.51] 35.29 [34.16 ,36.44] 
 

    65-74 24.68 [23.44 ,25.96] 28.02 [26.99 ,29.07] 
 

    75-84 12.06 [11.42 ,12.74] 16.63 [15.80 ,17.49] 
 

    85+ 2.02 [1.77 ,2.30] 5.82 [5.37 ,6.31] 
 

Educational Level         <0.001 
    Less than high school graduate 78.44 [77.23 ,79.61] 62.29 [61.13 ,63.44] 

 

    High school graduate 11.88 [10.97 ,12.86] 19.69 [18.75 ,20.66] 
 

    Some college or more 9.67 [8.85 ,10.57] 18.02 [17.10 ,18.97] 
 

Risk Factors           
    Wears hearing aid  1.59 [1.29 ,1.96] 1.90 [1.61 ,2.23] 0.168 
    Cannot hear clearly 7.71 [7.06 ,8.41] 6.08 [5.58 ,6.62] <0.001 
    Smoking at age 50 - 59 35.41 [34.06 ,36.79] 28.53 [27.48 ,29.60] <0.001 
   Current smokers 22.85 [21.66 ,24.08] 14.70 [13.88 ,15.55] <0.001 
   Overweight (BMI≥24 kg/m2) 49.05 [47.63 ,50.48] 52.85 [51.67 ,54.02] <0.001 
   Obesity (BMI≥30 kg/m2) 5.98 [5.33 ,6.71] 6.80 [6.22 ,7.42] 0.069 
Chronic conditions           
    Hypertension 33.35 [32.04 ,34.69] 44.14 [42.98 ,45.30] <0.001 
    Diabetes 14.72 [13.75 ,15.75] 20.05 [19.13 ,21.00] <0.001 
    Cancer 3.67 [3.18 ,4.23] 6.61 [6.05 ,7.21] <0.001 
    Heart disease  17.93 [16.90 ,19.01] 19.76 [18.86 ,20.69] 0.003 
    Stroke 5.32 [4.75 ,5.95] 6.54 [6.00 ,7.12] 0.002 
    Kidney disease 11.19 [10.33 ,12.10] 14.58 [13.77 ,15.43] <0.001 
    Dialysis  0.60 [0.41 ,0.86] 0.83 [0.64 ,1.07] 0.103 
Functional limitations            
    Number of ADL limitations  

     

0 94.16 [93.55 ,94.72] 91.41 [90.77 ,92.01] <0.001 
1 1.41 [1.13 ,1.76] 1.24 [1.01 ,1.51] 0.383 
2 0.75 [0.56 ,1.00] 1.15 [0.93 ,1.41] 0.018 
3+ 3.67 [3.24 ,4.16] 6.21 [5.70 ,6.76] <0.001 

    Type of ADL limitations  
     

      Difficulty walking across room 3.75 [3.31 ,4.24] 6.40 [5.89 ,6.96] <0.001 
      Difficulty dressing 4.63 [4.14 ,5.17] 6.18 [5.67 ,6.73] <0.001 
      Difficulty bathing 4.06 [3.60 ,4.58] 7.19 [6.65 ,7.78] <0.001 
      Difficulty eating 2.15 [1.82 ,2.54] 3.56 [3.17 ,3.98] <0.001 
      Difficulty getting in or out of bed  3.41 [3.00 ,3.88] 6.10 [5.59 ,6.65] <0.001 
      Difficulty using the toilet 3.58 [3.15 ,4.06] 5.91 [5.41 ,6.45] <0.001 
    Number of IADL limitations      

 

0 74.06 [72.86 ,75.22] 76.07 [75.07 ,77.03] 0.006 
1 12.13 [11.27 ,13.06] 9.51 [8.84 ,10.22] <0.001 
2+ 13.81 [12.95 ,14.72] 14.43 [13.66 ,15.23] 0.279 
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    Type of IADL limitations      
 

      Difficulty shopping for groceries 7.71 [7.07 ,8.39] 9.91 [9.27 ,10.59] <0.001 
      Difficulty managing money 5.51 [4.97 ,6.11] 7.07 [6.53 ,7.65] <0.001 

      Difficulty taking public transportation  
12.29 [11.47 ,13.15] 13.57 [12.82 ,14.35] 0.02 

      Difficulty doing heavy housework  24.35 [23.22 ,25.52] 22.49 [21.55 ,23.46] 0.009 
      Difficulty doing easy housework   8.60 [7.92 ,9.33] 9.81 [9.16 ,10.49] 0.012 
      Difficulty making phone calls  6.48 [5.90 ,7.12] 7.44 [6.89 ,8.03] 0.018 
    Number of people with ≥ 2 combined limitations 
in ADLs/IADLs 

14.12 [13.24 ,15.04] 14.85 [14.08 ,15.67] 0.201 

    Number of people with 3+ ADL limitations and 
2+ IADL limitations 

3.64 [3.21 ,4.12] 6.14 [5.63 ,6.69] <0.001 

Cognitive impairment            
    Normal cognition 93.17 [92.50 ,93.78] 90.25 [89.58 ,90.88] <0.001 
    Mild cognitive impairment 4.81 [4.29 ,5.38] 6.72 [6.19 ,7.29] <0.001 
    Dementia  2.03 [1.71 ,2.41] 3.03 [2.68 ,3.43] <0.001 
    Dementia patients with severe care need 0.37 [0.26 ,0.53] 0.81 [0.64 ,1.03] <0.001 

 
NOTE: CI = Confidence Interval, BMI = Body Mass Index, ADLs = Activities of Daily Living, IADLs = 
Instrumental Activities of Daily Living. Prevalences are weighted by survey weights provided by Taiwan 
Longitudinal Study on Aging. P values are from Pearson’s χ2 statistic with correction for the survey weights.  
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2.4 Comparison with external data    

2.4.1 Compare prevalences of overweight, hypertension, diabetes with the Nutrition and 

Health Survey in Taiwan 

The Nutrition and Health Survey in Taiwan (NAHSIT) is a comprehensive, nationally 

representative study assessing the health and nutritional status of Taiwanese residents aged 2 

months and older. It includes dietary and health surveys, physical examinations, and laboratory 

tests including blood and urine analyses.17 Each wave of the survey takes four years to complete, 

and currently, two waves of data are available: 2013-2016 and 2017-2020. In NAHSIT, the 

prevalence of overweight is based on BMI calculated from measured weights and heights 

obtained during physical examinations. Hypertension is defined as either (1) those reported 

taking hypertension medications or (2) those having a systolic blood pressure (SBP) ≥ 140 

mmHg or a diastolic blood pressure (DBP) ≥ 90 mmHg during physical examinations. Lastly, 

diabetes patients include (1) those reported taking diabetes medications or (2) those having a 

fasting plasma glucose ≥126 mg/dl (7 mmol/L) during physical examinations. 

The average BMI and prevalences of overweight (BMI≥24 kg/m2), hypertension, and 

diabetes among individuals aged 65 years or older in TLSA wave 2015 were compared with the 

corresponding prevalences from the Nutrition and Health Survey in Taiwan (NAHSIT) 2013-

2016.17 The comparison reveals that the average BMI in TLSA is slightly lower for the 65-74 

age group compared to NAHSIT, but the average BMI among the population aged 75 years or 

older is significantly lower in TLSA (Table 2.7). The prevalences of overweight individuals 

show similar trends, with the prevalences among those aged 65 years or older in TLSA being 

slightly lower compared to the prevalences observed in NAHSIT 2013-2016 for the 65-74 age 
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group, and significantly lower among the 75+ age group compared to the NAHSIT data (Table 

2.7). This discrepancy suggests a potential reporting bias among the TLSA respondents 

regarding BMI, particularly among the oldest population.  

In contrast, the prevalences of hypertension and diabetes by age groups in the TLSA wave 

2015 closely resemble the prevalences observed in the NAHSIT wave 2013-2016, which are 

based on physical examinations, laboratory tests, and self-reported medication history (Table 

2.7). The prevalences of hypertension for both the 65-74 and 75+ age groups are slightly lower in 

the TLSA wave 2015, while the diabetes prevalences from NAHSIT fall within the 95% 

confidence intervals of the TLSA data (Table 2.7). 

Table 2.7. Average Body Mass Index, prevalences of overweight, hypertension, and diabetes by 
age groups in Taiwan 

  age 
groups 

NAHSIT, 2013-2016 TLSA, 2015 

    Mean or % 95% CI Mean or % 95% CI 
Average BMI 65-74 25.1 [24.6, 25.6] 24.5 [24.30, 24.62]  

≥ 75 24.3 [23.6 - 25.0] 23.4 [23.22, 23.59] 
Overweight or obesity 
(BMI≥24 kg/m2) 

65-74 56.9 Not reported 53.9 [51.74, 56.07] 
 

≥ 75 53.7 Not reported 43.1 [40.80, 45.37] 
Hypertension 65-74 56.0 Not reported 51.4 [49.24, 53.58]  

≥ 75 69.8 Not reported 64.9 [62.66, 67.06] 
Diabetes 65-74 24.2 Not reported 25.2 [23.39, 27.17] 
  ≥ 75 27.5 Not reported 27.0 [24.99, 29.11] 

SOURCE: Nutrition and Health Survey in Taiwan (NAHSIT) and Taiwan Longitudinal Study on Aging 
(TLSA) 

NOTE: CI = Confidence Interval, BMI = Body Mass Index. Mean and prevalences from TLSA wave 2015 are 
weighted by survey weights provided by TLSA. 
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2.4.2 Compare prevalences of dementia by age groups with estimates from Taiwan 

Alzheimer’s Disease Association 

I compare dementia prevalences based on TLSA data with estimations from the Taiwan 

Alzheimer's Disease Association (TADA) in 2011-2013. TADA enrolled 10,432 community-

dwelling residents aged 65 and above for in-person cognitive status evaluation using the Clinical 

Dementia Rating Scale (CDR) and the Taiwanese Mental State Examination (TMSE).21 Their 

definition of all-cause dementia was based on National Institute on Aging-Alzheimer's 

Association (NIA-AA)’s recommended core clinical criteria.57 Normal TMSE results were 

defined as a score >24 in literate elders and >13 in illiterate elders.21 Very mild dementia (VMD) 

was identified in participants who met the NIA-AA criteria for all-cause dementia and a CDR 

score of 0.5.21 

Comparing the prevalences of dementia from TLSA waves 2003 and 2015 with TADA's 

estimates (including those with VMD) in 2011-2013 reveals that the rates are generally lower in 

TLSA, particularly among the oldest group (Table 2.8). However, when excluding those with 

VMD, the prevalences of dementia in TLSA wave 2015 are comparable to TADA's estimates in 

2011-2013 for those aged 65 to 79 years (Table 2.8). Nonetheless, TLSA's prevalences of 

dementia still fall short when compared to TADA's estimates, even after excluding VMD, for 

those aged 80 years or older. The extended 4-year interval between TLSA waves may lead to an 

underestimation of dementia prevalence, especially in the 80-plus age group. The lack of 

information on whether deceased respondents had dementia at the time of death means that some 

individuals might develop dementia and pass away between survey waves, thus remaining 

undetected in the TLSA dataset. 
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However, care should be taken when comparing dementia prevalences across different data 

sources. Administrative claims data may underestimate true disease burden by only capturing 

diagnosed cases. Thus, most prevalence studies directly measure cognitive function in elderly 

survey participants using tools like SPMSQ, MMSE or Montreal Cognitive Assessment 

(MoCA). While helpful for standardized screening, these instruments have variable sensitivity 

and specificity. Given such methodological differences, the dementia prevalences in TLSA 

versus measured by TADA may not be directly equivalent due to different assessment tools.  
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Table 2.8. Prevalence rates of dementia by age groups in Taiwan in % 

  TLSA, 2003 TADA, 2011-2013, including VMD TADA, 2011-2013, excluding VMD TLSA, 2015 
Age groups % 95% CI % 95% CI % 95% CI % 95% CI 
≥ 65 4.23 [3.57 ,5.10] 8.91 [8.34, 9.50] 5.4 [4.96, 5.86] 5.48 [4.79 ,6.14] 
65-69 2.11 [1.20 ,3.69] 3.4 [2.61, 4.35] 1.51 [1.00, 2.18] 1.28 [0.78 ,2.10] 
70-74 2.95 [1.82 ,4.86] 3.46 [2.82, 4.20] 1.73 [1.29, 2.28] 2.58 [1.75 ,3.81] 
75-79 5.91 [4.57 ,7.75] 7.19 [6.18, 8.33] 3.92 [3.18, 4.78] 7.29 [5.60 ,9.24] 
80-84 5.89 [4.14 ,8.50] 13.03 [11.44, 14.79] 8.38 [7.12, 9.81] 11.46 [8.83 ,14.09] 
85-89*  14.96 [11.36 ,20.94] 21.92 [19.01, 25.15] 14.36 [12.03,17.02] 12.85 [10.51 ,16.01] 
90+     36.88 [31.07, 43.47] 25.71 [20.90, 31.31]     

SOURCE: Taiwan Longitudinal Study on Aging (TLSA) and Taiwan Alzheimer’s Disease Association (TADA). 
NOTE: CI = Confidence Interval, VMD = Very Mild Dementia. Prevalences from TLSA wave 2003 and 2015 are weighted by survey weights. 
* Due to the age cap of 85 in the publicly available version of TLSA, I present the prevalence for individuals aged 85 and older as a single category, rather than 
separating them into the 85-89 and 90+ age groups.  
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3. Design of Taiwan Future Elderly Model   

Chapter 3 describes the Taiwan Future Elderly Model (TFEM), including the construction of 

starting cohorts, the selection of appropriate models for transition probabilities, and the 

calibration process. The structure of the TFEM is based on the US Future Elderly Model and I 

describe the differences between the two models, generally a consequence of differences in the 

available data sources. 

3.1 Taiwan Future Elderly Model Overview  
TFEM is a dynamic stochastic microsimulation model incorporating a web of risk factors 

related to health outcomes and care. The TFEM is based on the current US version of the Future 

Elderly Model, whose development started at RAND 20 years.1 The Future Elderly Model 

framework captures the idea of interconnected pathways, where certain risk factors are directly 

or indirectly linked to disease events. Dynamic microsimulation models like TFEM simulate 

repeated life-time trajectories for individuals based on demographic characteristics and various 

risk factors. Population projections are obtained by aggregating over (repeated) individual life 

trajectories. TFEM advances individuals in 4-year time steps, in contrast to the 2-year intervals 

of the US model, which is due to the data collection differences of the underlying data sources: 

4-year intervals between interviews in TLSA versus 2-years intervals in the Health and 

Retirement Survey.  

TFEM simulates the actual aging of individuals over time. The model applies a first order 

Markov process, meaning the probability of events or values of outcomes in year 𝑡 are 

determined by their states in year 𝑡 − 4. Transition models calculate the probabilities of 

individuals moving into different disease states. These models incorporate randomness in 
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probability calculations, introducing stochasticity when simulating individual life trajectories. 

Consequently, repeated simulations of the same individual may yield different outcomes. Details 

on transition models can be found in Chapter 3.2.  

3.2 Transition models   
In TFEM, transition models are employed to estimate the probabilities of individuals 

transitioning from a disease-free state to a diseased state. These models are derived from data on 

individuals who were initially free from a particular disease but were observed to have developed 

that specific condition in the subsequent wave in TLSA wave 2003-2015.  

3.2.1 Variable parameterization   

The process of variable cleaning in TLSA is summarized in Chapter 2.2. To estimate the 

transition models used in TFEM, several variables have been parameterized, as outlined in the 

following sections. Potential inputs to transition models in TFEM can be found in Table 3.1.  

3.2.1.1 Age splines   

Public-release TLSA data group age into 5-year intervals and top-code age at 85 years for 

privacy constraints. As I need to have age in years to construct age spline variables for 

estimating the models used in TFEM, I assign age in years to participants using the known 

distribution of ages within each age group for a particular survey year.58 The linear age spline 

variables were constructed with knots at 65, 75, and 85. 

3.2.1.2 Risk factors   

BMI values are log-transformed and linear spline variables were constructed with knot at 

ln(30). The key smoking variable employed for estimating transition models in TFEM is 
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smoking status during the age range of 50 to 59 years old (regardless of their current smoking 

status). This variable is derived from smoking history and duration questions in TLSA.  

Although TLSA includes information on the utilization of hearing aids, it is not included in 

TFEM. For the purpose of estimating transition models, individuals are classified as having 

hearing loss if their ability to hear clearly, either with or without the use of hearing aids, is 

impaired. 

Table 3.1. Potential inputs to transition models in Taiwan Future Elderly Model  

Stationarity  Categories Measures 
Fixed  Demographics  Sex, educational levels 
 Risk factors smoking at age 50-59 
Time-
varying  Demographics  Age spline 
 Risk factors Log BMI spline, hearing loss 

 Chronic diseases  
Cancer, diabetes, heart disease, hypertension, stroke, kidney disease, 
dialysis 

 Functional limitations 
Number of ADL limitations (1, 2, 3+), number of IADL limitations 
(1, 2+) 

  Cognitive status MCI, dementia 
NOTE: BMI = body mass index, ADL = activities of daily living, IADLs = instrumental activities of daily 

living, MCI = mild cognitive impairment. 
 

3.2.2 Overview of transitioned variables  

Table 3.2 is a summary of absorbing state and model type of all transitioned variables in 

TFEM. Overall, the models used for binary outcomes, such as disease incidence or mortality, 

employ probit models. For ordered outcomes including number of ADL or IADL limitations, and 

cognitive status based on cognitive assessment scores, ordered probits are utilized. Lastly, 

continuous outcome, i.e., log BMI, is analyzed using linear regression (ordinary least squares 

estimator). Certain models are estimated specifically for sub-groups within the population. For 

instance, the model predicting dialysis status includes only individuals who either have diabetes 

or kidney disease.  
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In TFEM, disease states are considered absorbing, reflecting the nature of the questionnaire 

in TLSA – “have you ever received a physician's diagnosis for a given condition in the past?”.  

The disease status in TFEM, such as cancer, indicates that an individual reported having cancer 

at some point in their life. In contrast, ordered outcomes, such as the number of ADL or IADL 

limitations, as well as cognitive status, are not absorbing. This implies that these outcomes can 

change over time within the model. For instance, in TFEM, people can transition into and out of 

having two or more limitations in IADLs, reflecting the dynamic nature of these ordered 

outcomes.  

TFEM does not treat cognitive impairment as an irreversible state, despite the typically 

progressive nature of most dementias.59 The main reason for this choice is due to the limitation 

of underlying data. While clinical dementia diagnosis involves multiple cognitive assessments 

and imaging tests,59 TLSA only conducts one cognitive assessment every four years. Modeling 

cognitive impairment as irreversible would restrict the onset of dementia to cases with at least 

two consecutive waves of impairment or one wave followed by death before the next 

assessment.3,42 This would exclude individuals with only one recorded wave of cognitive 

impairment. Given TLSA's extended data collection intervals and the already low dementia 

prevalence rates compared to external data (see Chapter 2.4.2), TFEM currently treats cognitive 

status as non-absorbing.  

Table 3.2. Transitioned variables in Taiwan Future Elderly Model.  

Outcome Variable type Regression model 
Mortality incidence Binary, absorbing Probit 
Risk factors     
Hearing loss incidence Binary, non-absorbing Probit 
Log BMI Continuous, non-absorbing Linear (OLS) 
Chronic conditions     
Hypertension incidence Binary, absorbing Probit 
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Diabetes incidence Binary, absorbing Probit 
Cancer incidence Binary, absorbing Probit 
Heart disease incidence Binary, absorbing Probit 
Stroke incidence Binary, absorbing Probit 
Kidney incidence Binary, absorbing Probit 
Dialysis incidence Binary, absorbing Probit 
Functional limitations     
Number of ADL limitations Ordered, non-absorbing Ordered probit 
Number of IADL limitations Ordered, non-absorbing Ordered probit 
Cognitive impairment     
Cognitive status Ordered, non-absorbing Ordered probit 

 
NOTE: BMI = body mass index, ADL = activity of daily living, IADL = instrumental activity of daily living, 

OLS = ordinary least squares.
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3.2.3 To use weights or not when estimating transition models  

The transition models are estimated without using post-stratification relative weights or 

population weights, meaning each interview is given equal importance in the analysis. If the 

transition models are correctly specified, weights are not needed and lower the statistical 

precision. While sampling weights are crucial for generating population-representative 

descriptive statistics, their indiscriminate use in statistical modeling can be counterproductive. 

Applying weights unnecessarily may result in less efficient estimators without effectively 

reducing bias. Solon, Hader, and Wooldridge (2015) recommend using weights in regression 

analysis in several situations, such as controlling for heteroskedasticity, endogenous sampling, or 

unmodeled heterogeneity of effects, and when estimating average partial effects.60 Those 

situations do not apply here.  

Nevertheless, as a sensitivity test, I compared unweighted and weighted models to see if 

there are any major differences. Using the transition model of log BMI in the case of TLSA as an 

example, I estimated two models: one with unweighted data (OLS) and one using the sampling 

weights provided by TLSA (WOLS). I found that the parameter estimates from OLS and WOLS 

are substantively similar (Table 3.4). I decide to use unweighted OLS because of efficiency.  
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Table 3.3. Transition model of log body mass index, with and without weights  

  Log(BMI) 
  OLS WOLS 
Male 0.0005 

 
0.0011 

 

Educational Level (reference: high school graduate)         
    Less than high school graduate 0.0109 *** 0.0104 *** 
    Some college or more 0.0038 

 
0.0042 

 

Age spline         
    Lag age < 65 -0.0004 

 
-0.0005 

 

    Lag age 65-74 -0.0030 *** -0.0027 *** 
    Lag age ≥ 75 -0.0034 *** -0.0033 *** 
Risk Factors         
    Smoking at age 50  

    

    Lag of Log(BMI) spline, BMI < 30 0.5970 *** 0.6330 *** 
    Lag of Log(BMI) spline, BMI ≥ 30 0.5110 *** 0.4878 *** 
Constant 1.3058 *** 1.1947 *** 

 
NOTE: BMI = body mass index, OLS = ordinary least squares, WOLS = weighted ordinary least squares. 

WOLS uses sampling weights provided by Taiwan Longitudinal Study on Aging. 
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3.2.4 Model selection  

The Future Elderly Model framework has been adapted in several countries by using aging 

surveys similar to the US Health and Retirement Study.61 With the harmonized data from these 

surveys, researchers can apply nearly identical models across different countries. However, as 

Future Elderly Model was originally developed based on US institutions and behaviors, the 

structure of the transition equations should be adjusted for other countries.   

For TFEM, I choose to conduct model selection based on K-fold cross validation, Akaike 

Information Criterion (AIC), and Bayesian Information Criterion (BIC) from models with 

different covariates. To choose among competing alternative model specifications following 

cross validation, I calculate Root Mean Squared Errors (RMSE) for continuous outcomes and 

logistic loss for binary or ordered outcomes as the loss functions. The model that is identified as 

the best by the majority of the three criteria (cross validation, AIC, BIC) will be chosen as the 

final model. However, in the event that all three criteria indicate different models as the best, I 

will prioritize the model that demonstrates the highest performance based on cross-validation 

results. In most of the outcomes, all three criteria point to the same choice, and not always the 

most complicated model was chosen. Table 3.4 displays the model selection results, and below I 

provide a summary of the model selection methods.   

3.2.4.1 K-fold cross validation 

Overfitting is a prevalent issue in predictive models, particularly when dealing with small 

sample sizes or rare covariates. Limited sample sizes bring out the concern of tailoring the model 

to a specific dataset, while rare covariates might lead to overemphasis on explaining outliers. To 

solve this, cross validation, a data resampling method to evaluate the generalizability of the 

models, can be implemented for model selection. One type of cross validation is called k-fold 
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cross validation, which involves randomly dividing the set of observations into k groups of 

approximately equal size. The initial fold serves as the validation set, while the model is trained 

on the remaining k-1 folds. I follow the steps of k-fold cross validation by randomly dividing the 

TLSA sample into 10 complementary subsets, retaining one validation dataset. The remaining 9 

subsets are used to estimate the coefficients (training datasets). This process was repeated 10 

times to ensure each subset was used once for simulation. To conduct model selection, I 

combined the outcomes from the 10 simulations on the subsets. Due to the bias-variance trade-

off associated with the choice of k, 10-fold was chosen in this study.62  

3.2.4.2 Prediction error 

To choose among competing alternative model specifications following cross validation, I 

can calculate and compare the prediction error using measures such as Mean Absolute 

Percentage Error (MAPE) or Copas test. In this study, I choose RMSE for continuous outcomes 

and logistic loss for binary or ordered outcomes as the loss functions.  

RMSE is one of the most common measures to evaluate the efficacy of predictive models. It 

is the square root of the average squared difference between the estimated values and the actual 

value, decreasing as the error approaches zero, as shown in Equation 3.1:  

𝑅𝑀𝑆𝐸 = -!
"
. (𝑌# − 𝑌1#)$

"
#%!                            (3.1) 

 
Logistic loss, also known as the Bernoulli log-likelihood loss or cross-entropy loss, is used 

when selecting probit regression models for binary outcomes. In the presence of a non-convex 

loss function, there is no assurance that the global minimum will be consistently attained. 

Instead, the optimization process may become stuck in local minima, failing to reach the optimal 

solution. Logistic loss function is convex for probit regressions,63 whereas RMSE as loss 
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function for probit regressions is non-convex. Logistic loss is calculated as the negative mean of 

the logarithm of adjusted predicted probabilities for each data point. (Equation 3.2).  

	
J(θ) = 	∑ 𝐿(ℎ&"

#%! (𝑥#), 𝑦#) = 	∑ −{𝑦# log ℎ&(𝑥#)"
#%! + (1	 −	𝑦#)	log(1	 − ℎ&(𝑥#))}				(3.2) 

 
Where 𝑦# is the actual value that equals either 0 or 1, and ℎ&(𝑥#) is the predicted probability of 

𝑦"# = 1. There is scant literature on the loss function for ordered probit model; as a result, we also 

apply logistic loss for ordered probit model selection, by choosing one level to dichotomize the 

dependent variable.  

3.2.4.3 Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC)  

In addition to using cross validation and prediction errors, I also look at AIC and BIC to 

choose models. Model with the smallest AIC or BIC means that it strikes a balance between 

goodness of fit and model complexity. While both are maximum likelihood estimates that assess 

model fit and penalized for the number of estimated parameters, they differ in that AIC is 

derived from frequentist probability and BIC is derived from Bayesian probability. In essence, 

AIC operates under the assumption that there exists an unknown reality and we can use it to 

choose the model that best describes the real world. Consequently, it implies that reality lies 

outside the realm of the candidate models being evaluated. On the other hand, BIC tries to 

identify the correct model from the set of candidates. The equations of AIC and BIC can be 

found in 3.3 and 3.4 below:  

 
AIC	 = 	−2ln	(𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒𝑑	𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑) 	+ 2k     (3.3) 

BIC	 = 	−2ln	(𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒𝑑	𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑) 	+ ln(N) k     (3.4) 
 

Where N is the number of observations and k is model degrees of freedom. As Equation 3.3 

and 3.4 show, AIC and BIC penalize the free parameters differently. AIC penalizes model 
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complexity by a fixed factor of 2, while BIC penalizes it by the natural logarithm of the number 

of data points. As the sample size increases, BIC has the tendency of choosing a simpler model; 

on the other hand, AIC is more likely to select a more complex model. A simplified summary of 

AIC and BIC would be that AIC dominates if our sole objective is prediction, whereas BIC is 

good if we want to select the correct model.64 In this study, we compute both AIC and BIC for 

model selection.  
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Table 3.4. Transition Model Selection 

 
Variable Model Predictors Cross validation AIC BIC  

Mortality 

1 Age*Sex 3.441 9291.693 9351.777 
2 Age, Sex, Edu 3.431 9263.793 9316.367 
3 + all diseases 3.246 8764.582 8869.727 
4 + limitations in ADLs/IADLs 3.078 8310.252 8452.948 
5 + cognitive status 3.075 8302.110 8459.827 

Hypertension 

1 Age*Sex 4.781 6338.976 6393.378 
2 Age, Sex, Edu 4.777 6336.079 6383.681 
3 + BMI 4.700 6227.918 6289.120 
4 + smoking 4.693 6219.560 6287.563 
5 + diabetes 4.669 6188.041 6262.844 

Diabetes 

1 Age*Sex 2.413 4397.726 4454.659 
2 Age, Sex, Edu 2.419 4408.114 4457.930 
3 + BMI 2.357 4295.911 4359.960 
4 + smoking 2.358 4297.165 4368.331 

Cancer 

1 Age*Sex 1.306 2702.574 2760.539 
2 Age, Sex, Edu 1.332 2709.650 2760.370 
3 + BMI 1.344 2711.834 2777.045 
4 + smoking 1.344 2712.428 2784.885 

Heart Disease 

1 Age*Sex 3.244 5740.941 5797.647 
2 Age, Sex, Edu 3.244 5739.557 5789.175 
3 + hypertension, diabetes 3.156 5585.821 5649.616 
4 + BMI 3.146 5566.421 5644.392 
5 + smoking 3.143 5560.338 5645.397 

Stroke 

1 Age*Sex 1.571 3203.713 3261.554 
2 Age, Sex, Edu 1.586 3191.035 3241.646 
3 + heart disease, cancer, hypertension, diabetes 1.558 3116.539 3196.070 
4 + BMI 1.560 3119.065 3213.056 
5 + smoking 1.560 3118.184 3219.406 

Kidney Disease 

1 Age*Sex 2.473 4824.769 4882.257 
2 Age, Sex, Edu 2.474 4826.692 4876.994 
3 + hypertension, diabetes 2.442 4765.968 4830.641 
4 + BMI 2.443 4769.023 4848.068 
5 + smoking 2.443 4769.007 4855.238 

Dialysis 

1 Age*Sex 1.595 533.046 580.310 
2 Age, Sex, Edu 1.662 533.251 574.607 
3 + BMI 1.729 533.442 586.614 
4 + smoking 1.739 535.371 594.451 

5 + having both diabetes and kidney disease in the 
current wave 1.717 481.967 541.047 

Hearing Loss 

1 Age*Sex 2.152 4200.156 4257.647 
2 Age, Sex, Edu 2.150 4193.332 4243.636 
3 + smoking 2.150 4192.707 4250.198 
4 + BMI 2.167 4189.949 4261.812 

Log BMI 

1 Age*Sex 0.003 -10194.127 -10135.917 
2 Age, Sex, Edu 0.003 -10193.868 -10142.934 
3 + BMI 0.002 -14268.303 -14202.817 
4 + smoking 0.002 -14266.312 -14193.549 
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3+ ADL limitations 

1 Age*Sex 2.484 5783.394 5842.299 
2 Age, Sex, Edu 2.513 5810.608 5862.150 
3 + limitations in ADLs & IADLs 2.055 4748.644 4837.002 
4 + BMI 2.057 4752.356 4855.440 
5 + cognitive status 2.043 4721.085 4838.896 
6 + hearing loss 2.035 4693.364 4818.512 
7 + smoking 2.034 4689.848 4822.355 
8 + all diseases 2.012 4639.006 4823.035 

2+ IADL limitations 

1 Age*Sex 3.977 9255.341 9314.246 
2 Age, Sex, Edu 3.976 9256.567 9308.109 
3 + limitations in ADLs & IADLs 3.402 7910.730 7999.088 
4 + BMI 3.398 7902.350 8005.434 
5 + cognitive status 3.378 7854.654 7972.465 
6 + hearing loss 3.359 7799.819 7924.968 
7 + smoking 3.354 7784.635 7917.142 
8 + all diseases 3.325 7713.561 7897.591 

Dementia 

1 Age*Sex 1.861 3976.775 4034.988 
2 Age, Sex, Edu 2.113 3940.456 3991.392 
3 + cognitive status 1.846 3515.160 3580.650 
4 + BMI 1.844 3514.701 3594.743 
5 + diabetes 1.846 3511.580 3598.898 
6 + hearing loss 1.844 3510.049 3604.635 
7 + smoking 1.843 3511.057 3612.919 
8 + stroke 1.845 3512.726 3621.860 

 
SOURCE: Estimations based on Taiwan Longitudinal Study on Aging wave 2003-2015.  
NOTE: ADLs = activities of daily living, IADLs = instrumental activities of daily living, BMI = body mass index, AIC = Akaike Information 
Criterion, BIC = Bayesian Information Criterion. Model 1 includes lag age splines, sex, and the interaction terms of the two. Model 2 includes 
age splines, sex, and educational level. Models with numbers greater than 2 (N) incorporate covariates that are present in the preceding model 
(N-1). All time-varying covariates used in the models are lagged values, except the presence of both diabetes and kidney disease in the dialysis 
model. The best models according to each criterion are denoted by blue bolded text, while the final selected model is highlighted in gray. 
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3.2.5 Final transition models  

The feedback mechanisms currently incorporated in the transition models used in TFEM are 

outlined in Table 3.5. These mechanisms account for the complex interactions between various 

factors that influence an individual's health status over time. All models incorporate the key 

demographic variables of lag age splines and sex, with education levels also included in all but 

the cancer model. Table 3.5-3.10 display the marginal effects of the predictors in each transition 

model.  

Below I detailed the transition models of three critical outcomes: diabetes, cognitive status, 

and BMI. Probability of transitioning from diabetes-free state to having diabetes between 

timesteps is modelled by Probit (Equation 3.5). Where 𝛷 represents the cumulative standard 

normal distribution function. 𝑥#,( include time-varying inputs such as age spline and log BMI 

spline, which enter the model as 4-year lagged variables. 𝑧#  is a vector including fixed 

characteristics of sex and educational level. Marginal effects of the transition model of diabetes 

are shown in table 3.8. Having diabetes is then assigned when 𝛷S𝑥#,() 𝛽 + 𝑧#)𝛾U is smaller than 1 

minus a random number drawn between 0 and 1, 𝑑#,(*+. In addition to being a transitioned 

outcome, diabetes is also a predictor to mortality, heart disease, hypertension, stroke, kidney 

disease, the number of limitations in ADLs/IADLs and cognitive status (Table 3.5). 

P(𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠(*+ = 1|𝑋) = 𝛷S𝑥#,() 𝛽 + 𝑧#)𝛾U	𝑖𝑓	𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠( = 0	

	𝑑#,(*+~𝑈(0,1)	

𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠 = `
1, 𝛷S𝑥#,() 𝛽 + 𝑧#)𝛾U > 1 − 𝑑#,(*+	
0, 𝛷S𝑥#,() 𝛽 + 𝑧#)𝛾U ≤ 1 − 𝑑#,(*+

    (3.5) 

Ordered probit is used to model cognitive status. Equation 3.6 lays out all probabilities for 

the three ordered outcomes in cognitive status: dementia, MCI, and normal cognition. 𝜇, 
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represents the cutoff point between dementia and MCI, and 𝜇! is the cutoff point between MCI 

and normal cognition. To assign cognitive status to an individual, a random number drawn 

between 0 and 1, 𝑑#,(*+, is compared to 𝛷S𝜇, − 𝑥#,() 𝛽 + 𝑧#)U and 𝛷S𝜇! − 𝑥#,() 𝛽 + 𝑧#)𝛾U. If 𝑑#,(*+ is 

lower than 𝛷S𝜇, − 𝑥#,() 𝛽 + 𝑧#)U, then demented status is assigned. Similarly, if the random draw 

is in between of 𝛷S𝜇, − 𝑥#,() 𝛽 + 𝑧#)U and𝛷S𝜇! − 𝑥#,() 𝛽 + 𝑧#)𝛾U, a person is assigned to MCI. 

Otherwise, a person is deemed with normal cognition in TFEM. Cognitive status is a predictor to 

mortality, number of functional limitations, and cognitive status of the next timestep (Table 3.5).  

 

P(𝐶𝑜𝑔𝑛𝑖𝑡𝑖𝑣𝑒	𝑠𝑡𝑎𝑡𝑢𝑠(*+ = 𝑑𝑒𝑚𝑒𝑛𝑡𝑒𝑑|𝑋) = 𝛷S𝜇, − 𝑥#,() 𝛽 + 𝑧#)𝛾U		

P(𝐶𝑜𝑔𝑛𝑖𝑡𝑖𝑣𝑒	𝑠𝑡𝑎𝑡𝑢𝑠(*+ = 𝑚𝑖𝑙𝑑	𝑐𝑜𝑔𝑛𝑖𝑡𝑖𝑣𝑒	𝑖𝑚𝑝𝑎𝑖𝑟𝑒𝑑|𝑋)

= 𝛷S𝜇! − 𝑥#,() 𝛽 + 𝑧#)𝛾U − 𝛷S𝜇, − 𝑥#,() 𝛽 + 𝑧#)𝛾U	

P(𝐶𝑜𝑔𝑛𝑖𝑡𝑖𝑣𝑒	𝑠𝑡𝑎𝑡𝑢𝑠(*+ = 𝑛𝑜𝑟𝑚𝑎𝑙|𝑋) = 1 − 𝛷S𝜇! − 𝑥#,() 𝛽 + 𝑧#)𝛾U	

	𝑑#,(*+~𝑈(0,1)	

𝐶𝑜𝑔𝑛𝑖𝑡𝑖𝑣𝑒	𝑠𝑡𝑎𝑡𝑢𝑠 = l
𝑑𝑒𝑚𝑒𝑛𝑡𝑖𝑎, 𝑑#,(*+ < 𝛷S𝜇, − 𝑥#,() 𝛽 + 𝑧#)U

𝑀𝐶𝐼, 𝑑#,(*+ < 	𝛷S𝜇! − 𝑥#,() 𝛽 + 𝑧#)𝛾U,	𝑑#,(*+ ≥ 𝛷S𝜇, − 𝑥#,() 𝛽 + 𝑧#)U
𝑁𝑜𝑟𝑚𝑎𝑙	𝑐𝑜𝑔𝑛𝑖𝑡𝑖𝑜𝑛, 𝑑#,(*+ ≥ 𝛷S𝜇! − 𝑥#,() 𝛽 + 𝑧#)𝛾U

	    (3.6) 

 

BMI is log-transformed and modelled by linear regression in TFEM (Equation 3.7). 

Therefore, a one-unit change of each predictor can be interpreted as the predicted percent change 

in BMI (Table 3.7). The log BMI in the current timestep is predicted by log BMI splines and age 

spline from four years ago, sex, and educational level (Table 3.7). Within the simulation, 

stochasticity is introduced by drawing a random number from the root-mean square error term of 

this model. Log BMI splines in the current timestep serve as predictors to hypertension, diabetes, 
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heart disease, dialysis, the number of limitations in ADLs/IADLs, cognitive status, and the log 

BMI four years in the future (Table 3.5).  

ln(𝐵𝑀𝐼(*+) = 𝑥#,() 𝛽 + 𝑧#)𝛾 + 𝜖#,(*!	    (3.7) 
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Table 3.5. Overview of transition models in Taiwan Future Elderly Model  

    Outcome at time T 
    Heart 

disease 
Hypertension Stroke Diabetes Cancer Kidney 

disease 
Dialysis ADL 

limitations 
IADL 

limitations 
Cognitive 

status 
Hearing 

loss 
Log 
BMI 

Mortality 

Va
lu

e 
at

 ti
m

e 
T-

4 

Heart disease     x         x x       x 
Hypertension x   x     x   x x       x 
Stroke               x x       x 
Diabetes x x x     x x x x x     x 
Cancer     x         x x       x 
Kidney disease             x x x       x 
Dialysis               x x       x 
ADL limitations               x x       x 
IADL 
limitations 

              x x       x 

Cognitive status               x x x     x 
Hearing loss               x x x       
Log BMI spline x x   x     x x x x   x   
Smoking at age 
50-59 

x x         x x x x x     

 
NOTE: ADL = activity of daily living, IADL = instrumental activity of daily living, BMI = body mass index.  
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Table 3.6. Marginal effects in transition models – mortality  

  Died 
Male 0.0798 *** 
Educational Level (reference: high school graduate)     
    Less than high school graduate 0.0170 

 

    Some college or more -0.0288 * 
Age spline     
    Lag age < 65 0.0031 ** 
    Lag age 65-74 0.0060 *** 
    Lag age ≥ 75 0.0083 *** 
Chronic conditions     
    Lag of hypertension -0.0068 

 

    Lag of diabetes 0.0387 *** 
    Lag of cancer 0.0902 *** 
    Lag of heart disease  0.0100 

 

    Lag of stroke 0.0543 *** 
    Lag of kidney disease 0.0064 

 

    Lag of dialysis  0.1860 *** 
Functional limitations      
    Lag of number of ADL limitations  

  

1 0.0431 * 
2 0.0287  

3+ 0.1190 *** 
    Lag of number of IADL limitations  

  

1 0.0486 *** 
2+ 0.1160 *** 

Cognitive impairment      
    Lag of dementia  0.0202 

 

    Lag of mild cognitive impairment  0.0253 ** 
Observations 13498 

 

Pseudo R2 0.266   
* p<0.05, ** p<0.01, *** p<0.001   

 
NOTE: ADL = activity of daily living, IADL = instrumental activity of daily living.  
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Table 3.7. Marginal effects in transition models – risk factors 

  (1) (2) (3) 
  Hearing loss start Hearing loss stop Log(BMI) 
Male 0.0096 

 
-0.0465 

 
0.0005 

 

Educational Level (reference: high school graduate)             
    Less than high school graduate 0.0082 

 
-0.0143 

 
0.0109 *** 

    Some college or more -0.0087 
 

0.0973 
 

0.0038 
 

Age spline             
    Lag age < 65 0.0038 *** -0.0057 

 
-0.0004 

 

    Lag age 65-74 0.0046 *** -0.0115 * -0.0030 *** 
    Lag age ≥ 75 0.0039 *** -0.0219 *** -0.0034 *** 
Risk Factors             
    Smoking at age 50  0.0086 

     

    Lag of Log(BMI) spline, BMI < 30 
    

0.5970 *** 
    Lag of Log(BMI) spline, BMI ≥ 30 

    
0.5110 *** 

Constant         1.3058 *** 
Observations 10639 

 
1012 

 
10681 

 

Pseudo R2 0.116   0.075   0.355   
* p<0.05, ** p<0.01, *** p<0.001       

  
NOTE: BMI = body mass index.  
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Table 3.8. Marginal effects in transition models – chronic conditions  

  (1) (2) (3) (4) (5) (6) (7) 
  Hypertension Diabetes Cancer Heart disease Stroke Kidney disease Dialysis 
Male -0.0267 * 0.0052 

 
-0.0598 

 
-0.0198 * 0.0104 *** 0.0220 *** -0.0061 

 

Age spline                             
    Lag age < 65 0.0048 *** 0.0022 *** 0.0002 

 
0.0027 ** 0.0014 * -0.0007 

 
-0.0008 

 

    Lag age 65-74 0.0028 
 

-0.0009 
 

-0.0006 
 

0.0019 
 

0.0022 *** -0.0004 
 

0.0012 * 
    Lag age ≥ 75 -0.0002 

 
-0.0003 

 
0.0005 

 
0.0013 

 
-0.0008 

 
0.0009 

 
-0.0015 * 

Male X Lag age spline < 65 
    

0.0008 
         

Male X Lag age spline 65-74 
    

0.0015 
         

Male X Lag age spline ≥ 75 
    

0.0004 
         

Educational Level (reference: high school graduate)                             
    Less than high school graduate 0.0324 * 0.0011 

   
0.0036 

 
0.0122 * 0.0121 

 
-0.0011 

 

    Some college or more 0.0125 
 

0.0020 
   

0.0132 
 

-0.0026 
 

-0.0034 
 

-0.0051 
 

Risk Factors                             
    Smoking at age 50  0.0375 ** 

    
0.0196 * 

    
0.0020 

 

    Lag of Log(BMI) spline, BMI < 30 0.3130 *** 0.1780 *** 
  

0.1080 *** 
    

-0.0145 
 

    Lag of Log(BMI) spline, BMI ≥ 30 0.3990 
 

0.1330 
   

-0.0183 
     

-0.0777 
 

Chronic conditions                             
    Lag of hypertension 

      
0.0607 *** 0.0238 *** 0.0173 *** 

  

    Lag of diabetes 0.0864 *** 
    

0.0166 
 

0.0152 *** 0.0431 *** 
  

    Lag of cancer 
        

-0.0046 
     

    Lag of heart disease  
        

0.0046 
     

    Having both diabetes and kidney disease                         0.0388 *** 
Observations 6175 

 
8910 

 
10203 

 
8179 

 
10103 

 
9159 

 
3626 

 

Pseudo R2 0.032   0.029   0.007   0.043   0.07   0.019   0.105   

* p<0.05, ** p<0.01, *** p<0.001 
              

 
NOTE: BMI = body mass index.  
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Table 3.9. Marginal effects in transition models – functional limitations 

  (1) (2) 

 Number of ADL limitations Number of IADL limitations 
  No ADL 1 ADL 2 ADLs 3+ ADLs   No IADL 1 IADL 2+ IADLs   

Male  -0.0064 0.0015 0.0011 0.0039 
 

0.1400 -0.0506 -0.0899 *** 

Educational level (reference: high school graduate)                   

    Less than high school graduate -0.0102 0.0024 0.0017 0.0061 
 

-0.0476 0.0180 0.0296 ** 

    Some college or more 0.0228 -0.0055 -0.0038 -0.0135 
 

0.0353 -0.0134 -0.0219 
 

Age spline                   

    Lag age < 65 -0.0033 0.0008 0.0005 0.0020 ** -0.0138 0.0050 0.0088 *** 

    Lag age 65-74 -0.0064 0.0015 0.0011 0.0039 *** -0.0251 0.0091 0.0160 *** 

    Lag age ≥ 75 -0.0063 0.0015 0.0010 0.0038 *** -0.0243 0.0088 0.0155 *** 

Risk Factors                   

    Lag of cannot hear clearly -0.0156 0.0035 0.0025 0.0095 
 

-0.1360 0.0402 0.0956 *** 

    Smoking at age 50  -0.0036 0.0008 0.0006 0.0022 
 

-0.0547 0.0193 0.0354 *** 

    Lag of Log(BMI) spline, BMI < 30 0.0131 -0.0031 -0.0022 -0.0079 
 

0.0616 -0.0223 -0.0393 
 

    Lag of Log(BMI) spline, BMI ≥ 30 0.0201 -0.0047 -0.0033 -0.0121 
 

-0.7100 0.2570 0.4520 *** 

Chronic conditions                   

    Lag of hypertension -0.0115 0.0027 0.0019 0.0070 * -0.0455 0.0163 0.0292 *** 

    Lag of diabetes -0.0378 0.0084 0.0060 0.0234 *** -0.0733 0.0245 0.0488 *** 

    Lag of cancer -0.0017 0.0004 0.0003 0.0010 
 

-0.0697 0.0227 0.0470 ** 

    Lag of heart disease  -0.0057 0.0013 0.0009 0.0035 
 

-0.0629 0.0216 0.0413 *** 

    Lag of stroke -0.0829 0.0168 0.0124 0.0537 *** -0.1450 0.0415 0.1030 *** 

    Lag of kidney disease -0.0050 0.0012 0.0008 0.0030 
 

-0.0164 0.0058 0.0105 
 

    Lag of dialysis  -0.2050 0.0337 0.0266 0.1440 *** -0.3320 0.0492 0.2830 *** 

Functional limitations                    

    Lag of number of ADL limitations  
         

1 -0.1020 0.0198 0.0148 0.0671 *** -0.1860 0.0473 0.1390 *** 

2 -0.2520 0.0384 0.0310 0.1820 *** -0.3430 0.0487 0.2940 *** 

3+ -0.4080 0.0486 0.0417 0.3170 *** -0.3570 0.0521 0.3050 *** 
    Lag of number of IADL limitations  

         

1 -0.0391 0.0086 0.0062 0.0243 *** -0.2310 0.0596 0.1710 *** 

2+ -0.1440 0.0275 0.0207 0.0959 *** -0.4810 0.0626 0.4180 *** 
Cognitive impairment                    

    Lag of mild cognitive impairment -0.0407 0.0089 0.0064 0.0254 *** -0.1520 0.0435 0.1090 *** 

    Lag of dementia  -0.0716 0.0147 0.0108 0.0461 *** -0.1870 0.0484 0.1390 *** 

Observations 10670 10670 

Pseudo R2 0.321 0.344 

* p<0.05, ** p<0.01, *** p<0.001          
 
NOTE: ADLs = activities of daily living, IADLs = instrumental activities of daily living, BMI = body mass index.  
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Table 3.10. Marginal effects in transition models – cognitive status 

  Cognitive status 
  No cognitive impairment Mild cognitive impairment Dementia   
Male 0.0710 -0.0536 -0.0174 *** 
Educational level (reference: high school graduate)         
    Less than high school graduate -0.0825 0.0644 0.0181 *** 
    Some college or more 0.0063 -0.0048 -0.0015 

 

Age spline         
    Lag age < 65 -0.0079 0.0060 0.0019 *** 
    Lag age 65-74 -0.0110 0.0084 0.0027 *** 
    Lag age ≥ 75 -0.0050 0.0038 0.0012 *** 
Risk Factors         
    Lag of cannot hear clearly -0.0359 0.0266 0.0092 *** 
    Smoking at age 50  -0.0016 0.0012 0.0004 

 

    Lag of Log(BMI) spline, BMI < 30 0.0302 -0.0229 -0.0073 
 

    Lag of Log(BMI) spline, BMI ≥ 30 -0.2780 0.2110 0.0671 ** 
Chronic conditions         
    Lag of diabetes -0.0336 0.0251 0.0085 *** 
Cognitive impairment          
    Lag of mild cognitive impairment -0.2650 0.2190 0.0974 *** 
    Lag of dementia  -0.3970 0.1680 0.1780 *** 
Observations 10677 
Pseudo R2 0.231 
* p<0.05, ** p<0.01, *** p<0.001     

 
NOTE: BMI = body mass index.  
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3.3 Cohort simulation 
 

TFEM can do two types of simulation: a cohort population and a population simulation. A 

cohort simulation follows a specific group of people over time, making it useful for research 

questions that pertain to a particular cohort. For example, a cohort simulation could be used to 

estimate the average age at death for a group of people aged 50 years or older in 2015 by 

simulating them until everyone passes away in the model. The structure of a cohort simulation is 

shown in Figure 3.1. 

Figure 3.1. Structure of a cohort simulation. 

 

3.4 Population simulation 
A population simulation is more appropriate when the research question relates to a 

population trend, such as the prevalence of dementia in the Taiwanese population aged 50 and 

above in the future. The key difference between a cohort simulation and a population simulation 

is whether new groups of people, called replenishing cohorts, need to be added at each time step 

to maintain a representative population. In a TFEM population simulation, a replenishing cohort 

of people aged 50-53 years is added to the model every 4 years to ensure that the simulated 

population accurately represents the Taiwanese population aged 50 years or older (Figure 3.2). 

The replenishing cohorts are generated synthetically by extracting the characteristics of 
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individuals aged 50 to 53 from the TLSA 2015 wave and then adjusting their population weights 

to align with the projected population size and composition in future years. 

Figure 3.2. Structure of a population simulation. 

 

 
 

3.4.1 Assumptions about replenishing cohorts  

Educational attainment among the Taiwanese population aged 50 years or older has 

undergone a remarkable improvement, characterized by a significant decrease in the proportion 

of individuals with less than a high school degree and a steady increase in the proportion of those 

with a high school education or higher (Figure 3.3). To account for the changing educational 

attainment levels over time, I have incorporated trends in educational attainment in the 

replenishing cohorts. This is achieved by adjusting the population weights of individuals in the 

replenishing cohorts to match the official projections of population size and educational levels by 

gender for future years. Population size by gender is projected by the National Development 

Council of Taiwan,65 and educational levels (less than high school, high school, some college) 

are estimated using the data of cohorts age 25-49 years old in 2019 by the Ministry of the 

interior, assuming the highest educational level one attains does not change after age 25.58,66  
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Figure 3.3. Trends in educational level among population aged 50 years or older in Taiwan, 2007-
2022 

 
 
SOURCE: Author’s calculation based on data from Department of Household Registration, Ministry of Interior, 

Taiwan.  
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3.5 Calibration   
Transition models in TFEM are estimated using TLSA wave 2003-2015, reflecting the 

mortality rates in that period. TFEM incorporates increasing number of people with college 

degrees in replenishing cohorts, which may lead to lower future mortality rates. However, it does 

not fully capture all factors contributing to declining all-cause mortality, such as ongoing 

medical advancements and other historical trends. 

To address this issue, I incorporate the assumption about all-cause mortality improvements 

from the National Development Council of Taiwan by applying single-age adjustments to the all-

cause mortality rates within the model. 65 Adjustment rates are derived using year 2011 as the 

baseline for each age and year, which is chosen because it is the median year of the TLSA data 

we use. In TFEM, the unadjusted probability of dying for each person is first computed based on 

the mortality transition model, and the adjustment factor is later applied. As the timestep in 

TFEM is four years, the adjustment factor is the average of yearly adjustment rates since the last 

time step. Finally, TFEM will use the adjusted probability of dying to simulate death outcome.   
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4. Validation of Taiwan Future Elderly Model  

To validate Taiwan Future Elderly Model (TFEM), I adhere to the framework for model 

validation of simulation models developed by the International Society for Pharmacoeconomics 

and Outcomes Research and the Society for Medical Decision Making (ISPOR-SMDM).67-71 In 

this chapter, I focus on comparing the results generated by TFEM to actual values observed in 

the TLSA and against external data sources, including other models that examine the same 

outcomes.  

4.1 Internal validation 

4.1.1 Methodology  

In this study, internal validation refers to comparing simulated results generated by TFEM to 

the actual data from TLSA at both the population- and individual-level. To accomplish this, a 

starting cohort that closely resembles the respondents in the TLSA wave 2003 is simulated for 12 

years until 2015 using the cohort simulation methodology described in Chapter 3.3. The 

simulated results from TFEM are then compared to the actual values observed in the TLSA wave 

2015, allowing for an assessment of the model's accuracy in replicating real-world data over 

time.  

The transition models used in internal validation are still estimated from TLSA waves 2003 

to 2015, but instead of using all observations in this period, 10-fold cross validation will be 

applied. This means individuals will be divided into 10 sets, with 9 training sets and 1 testing set. 

The training data is used for estimating transition models, with the holdout sample reserved 
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strictly for validation against real outcomes. The model will run 1,000 Monte Carlo simulations 

for each unique training sets and testing set combination.  

Population-level validation involves comparing the prevalences of various outcomes among 

the cohorts with similar characteristics from TFEM and TLSA in 2015. This comparison 

includes only the individuals in TFEM starting cohort, who are mirrored after the TLSA 2003 

wave, and respondents in TLSA who are observed in waves 2003 and 2015. To obtain the 

prevalences from TFEM, the average prevalences of various outcomes among those in the 

starting cohort who are alive in 2015 in TFEM are calculated across Monte Carlo simulations. 

These prevalences are then compared with the population-weighted prevalences from the TLSA 

respondents who are observed in wave 2003 and 2015. If the simulated prevalence of an outcome 

falls within the 95% confidence interval (95% CI) of the corresponding prevalence in TLSA, I 

consider TFEM to perform well in this outcome at the population level in terms of internal 

validation.   

To evaluate the performance of TFEM at the individual level, I will generate Receiver 

Operating Characteristic (ROC) curves, a commonly used method for validating binary 

classifications in policy microsimulation models.42,72,73 ROC curves illustrate the relationship 

between sensitivity (true positive ratio) and one minus specificity (false positive ratio). The x-

axis of an ROC curve can be interpreted as a measure of the classifier's tendency to label 

individuals as positive. In contrast, the y-axis indicates the classifier's ability to correctly identify 

positive cases. A more conservative classifier, which labels fewer individuals as positive, will 

have lower sensitivity and higher specificity. As the classifier becomes more relaxed and labels 

more individuals as positive, both the true positive ratio and the false positive ratio increase. 

Consequently, the ROC curve always exhibits a monotonic increasing trend, with the curve 
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rising from the bottom-left corner to the top-right corner of the graph as the classifier's threshold 

for labeling individuals as positive becomes more lenient. I use the Area Under the Curve (AUC) 

to assess the efficacy of binary transition models in TFEM. A perfect classification is represented 

by AUC value of 1 when comparing simulated data to real data, while a value of 0.5 indicates 

that the classification is no better than random chance. For continuous outcome (BMI) and 

ordered outcomes (number of limitations in ADLs and IADLs), I choose one binary category to 

conduct the ROC analysis at the individual level, which are obesity (BMI≥30), 3+ ADL 

limitations, and 2+ IADL limitations.  

To draw out the ROC curves, I summarize individual-level results across 1,000 Monte Carlo 

replications from TFEM then benchmarked against actual values from the 2015 TLSA data. For 

instance, consider an individual who was diabetes-free in 2003 and is simulated over a 12-year 

period to 2015. If the individual is projected to have developed diabetes by 2015 in 900 out of 

1,000 simulations, the resulting fraction of 0.9 will be used for comparison with other simulated 

individuals, and all individuals will be ranked from smallest to largest based on this fraction. At 

each level of the fraction, the ROC analysis compares the simulated outcomes to the observed 

outcomes for the corresponding individuals in the TLSA survey data, assessing the true positive 

and false positive rates. Only respondents with complete 12-year follow-up data in both the 2003 

and 2015 TLSA waves will be included in the individual-level validation of disease outcomes, 

while mortality will be validated for all respondents who were present in TLSA wave 2003. 
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4.1.2 Population level internal validation results  

4.1.2.1 Demographic composition  

To begin, I compare the demographic composition of the cohort alive in 2015 from TFEM 

with that of TLSA (Table 4.1). The sex and educational level compositions are similar across 

TFEM and TLSA. However, there are some differences in the age distribution between the two 

cohorts. Specifically, the TFEM cohort has a higher proportion of individuals aged 62-64 and a 

lower proportion of individuals in the oldest age group (85+) compared to the TLSA cohort. 

4.1.2.1 Prevalences of risk factors and chronic diseases 

When comparing the prevalences of two risk factors that are transitioned in TFEM—hearing 

loss and BMI—with the population-weighted prevalences from respondents observed in both the 

TLSA 2003 and 2015 waves, the results indicate that TFEM performs well in predicting hearing 

loss and average BMI. The model slightly overestimates the prevalence of individuals who 

cannot hear clearly and the prevalence of obesity, but the simulated prevalences still fall within 

the 95% CIs of the TLSA prevalences. On the other hand, it underestimates the percent of 

individuals who are overweight and the simulated prevalence are lower than the lower limit of 

95% CI from TLSA.  

TFEM performs well in projecting prevalences of chronic conditions and dialysis (Table 4.1). 

All simulated prevalences fall within the 95% CIs derived from the TLSA data; furthermore, the 

simulated prevalences of all diseases closely match the actual data observed in TLSA, with 

differences of less than 5%. Although the prevalences of dialysis show the highest relative 

deviations when expressed as percentages of the actual prevalences in the TLSA 2015 wave 

(24%), the absolute difference remains below 0.3 percentage points.  
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4.1.2.2 Prevalences of functional limitations and cognitive impairment 

The simulated prevalences of functional limitations and cognitive impairment in the TFEM 

generally align with the actual prevalences observed in the 2015 wave of the TLSA. However, 

the prevalence of individuals with severe care needs, defined as those with at least 3 ADL 

limitations and at least 2 IADL limitations, is underestimated by approximately 28% and outside 

of the 95% CIs from TLSA. The distribution of simulated prevalences for the number of ADL 

limitations is comparable to the population-weighted prevalences in the TLSA 2015 wave, but 

the model overestimates the prevalence of individuals with 1 or 2+ IADL limitations as well as 

those with care needs (defined as individuals with at least 2 combined limitations in 

ADLs/IADLs).  

The simulated prevalences of dementia and dementia patients with severe care needs (defined 

as dementia patients with at least 3 ADL limitations and at least 2 IADL limitations) closely 

resemble the actual TLSA data. On the other hand, the prevalence of MCI is overestimated and 

falls outside the 95% confidence intervals in TLSA.  

These results suggest that although TFEM performs well in predicting functional limitations 

and cognitive impairment overall, it has a tendency to overestimate the prevalences of people 

with any IADL limitations, the population with care needs, and the population with MCI. 

Additionally, the model underestimates the prevalence of those with the most severe care needs. 
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Table 4.1. Prevalences in Taiwan Longitudinal Study on Aging and simulated results from Taiwan Future Elderly 
Model, population aged 62 years or older, 2015 

  TLSA TFEM TFEM - TLSA 
  population weights weighted % 95% Confidence Interval % relative difference  
Socio-demographics         
Female 52.77 [50.89, 54.63] 53.49 1% 
Male 47.23 [45.37, 49.11] 46.51 -2% 
Age group in years         
    62-64 22.15 [20.62, 23.76] 23.91 8% 
    65-74 43.39 [41.53, 45.27] 43.87 1% 
    75-84 25.38 [23.78, 27.06] 24.13 -5% 
    85+ 9.08 [8.24, 9.99] 8.08 -11% 
Educational Level         
    Less than high school graduate 76.35 [74.72, 77.92] 74.86 -2% 
    High school graduate 12.52 [11.33, 13.83] 13.49 8% 
    Some college or more 11.12 [9.99, 12.36] 11.66 5% 
Risk factors         
    Cannot hear clearly 9.03 [8.06, 10.10] 9.66 7% 
    Average BMI (Mean) 24.17 [24.03, 24.31] 24.10 0% 
    Overweight (BMI≥24) 50.69 [48.82, 52.57] 48.19 -5% 
    Obesity (BMI≥30) 6.13 [5.27, 7.11] 7.02 15% 
Chronic conditions         
    Hypertension 57.07 [55.20, 58.92] 58.09 2% 
    Diabetes 24.98 [23.39, 26.64] 24.70 -1% 
    Cancer 8.94 [7.93, 10.07] 9.13 2% 
    Heart disease  31.72 [30.01, 33.48] 32.74 3% 
    Stroke 9.65 [8.61, 10.81] 9.92 3% 
    Kidney disease 22.45 [20.93, 24.05] 23.47 5% 
    Dialysis  1.07 [0.74, 1.54] 1.32 24% 
Functional limitations          
    Number of ADL limitations  

    

0 88.17 [86.98, 89.27] 87.33 -1% 
1 1.82 [1.40, 2.35] 2.18 20% 
2 1.46 [1.08, 1.96] 1.55 6% 
3+ 8.55 [7.62, 9.59] 8.94 4% 

    Number of IADL limitations  
    

0 66.82 [65.05, 68.53] 62.64 -6% 
1 12.41 [11.22, 13.70] 14.14 14% 
2+ 20.78 [19.35, 22.28] 23.22 12% 

    People with care needs (≥ 2 
combined limitations in 
ADLs/IADLs) 

21.19 [19.75, 22.71] 27.24 29% 

    People with severe care needs 8.48 [7.55, 9.51] 6.07 -28% 
Cognitive impairment          
    Normal cognition 85.40 [84.07, 86.63] 83.33 -2% 
    Mild cognitive impairment 9.64 [8.63, 10.76] 11.33 18% 
    Dementia  4.96 [4.23, 5.80] 5.34 8% 
    Dementia patients with severe 
care need 

1.41 [1.05, 1.90] 1.21 -14% 

 
SOURCE: TLSA wave 2015 and simulated results from TFEM in 2015.  
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NOTE: TLSA = Taiwan Longitudinal Study on Aging, TFEM = Taiwan Future Elderly Model, BMI = body mass index, ADLs = 
activities of daily living, IADLs = instrumental activities of daily living. People with care need are defined as those with ≥ 2 combined 
limitations in ADLs/IADLs, while people with severe care need are those with 3+ ADL limitations and 2+ IADL limitations. TLSA 
sample includes respondents observed in both wave 2003 and 2015. Prevalences from TLSA wave 2015 are weighted by population 
weights in 2003 created by author based on sex, age groups, and educational level (no college vs. college). Prevalences from simulated 
results generated by TFEM are averages from 1,000 Monte Carlo simulations among those in the 2003 starting cohort who are alive in 
2015 in TFEM. 
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4.1.3 Individual level internal validation results 

AUC values measure how well the TFEM predictions discriminate between true positive and 

false positive observations. Figures of all AUCs can be found in Appendix A. Results 

demonstrate strong discriminative accuracy, with the lowest AUC of 0.55 for cancer still 

exceeding a random classifier (AUC = 0.5). The top performing models based on AUC were 

functional disability (2+ IADL limitations or 3+ ADL limitations), dementia, and hearing loss, 

all exceeding 0.8.   

A closer examination of the outcomes of interest in Chapter 5—mortality, diabetes, hearing 

loss, and dementia—through stratified AUC analysis reveals gender-based variations in the 

model's predictive performance. TFEM demonstrates better individual-level prediction of all four 

outcomes among females than males (Figures 4.1 – 4.4). 

Table 4.2. Area under receiver operating characteristic curve of transitioned variables in Taiwan 
Future Elderly Model, from largest to smallest.  

  Area under Receiver Operating Characteristic Curve 
2+ IADL limitations  0.8593 
3+ ADL limitations  0.8397 
Dementia  0.8254 
Hearing loss 0.8024 
Mortality 0.7765 
Stroke 0.6778 
Obesity (BMI≥30 kg/m2) 0.674 
Heart disease  0.6398 
Hypertension 0.6249 
Diabetes 0.6167 
Dialysis 0.6143 
Kidney disease 0.575 
Cancer 0.5481 

 NOTE: ADL = Activity of Daily Living, IADL = Instrumental Activity of Daily Living, BMI = Body Mass Index.  



68 

Figure 4.1. Receiver operating characteristic curve of mortality, 2003-2015. 

 

Figure 4.2. Receiver operating characteristic curve of diabetes by gender, 2003-2015. 

 



69 

Figure 4.3. Receiver operating characteristic curve of hearing loss by gender, 2003-2015. 

 

Figure 4.4. Receiver operating characteristic curve of dementia by gender, 2003-2015. 
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4.1.4 Summary of internal validation  

Table 4.3 summarizes the internal validation results in TFEM. At the population level, 

outcomes with simulated prevalences falling within the 95% CIs of TLSA are labeled as "O". 

Those larger than the upper limit of the 95% CIs are labeled as "+", while those smaller than the 

lower limit are labeled as "-". At the individual level, outcomes are graded based on their AUC 

values. Outcomes with an AUC greater than or equal to 0.8 are graded as "A", those with an 

AUC between 0.6 and 0.8 are graded as "B", and those with an AUC smaller than 0.6 are graded 

as "C". 

Overall, the models for hearing loss, having three or more ADL limitations, and dementia 

exhibit the best performance in TFEM (Table 4.3). Interestingly, TFEM overestimates the 

prevalence of individuals with 2+ IADL limitations, but it is the best performing model at the 

individual-level internal validation. This might be due to assigning this functional limitation 

status to people with higher population weights in TFEM, which are determined by their sex and 

5-year age group in 2003.  

On the other hand, some outcomes, such as cancer and kidney disease, perform well at the 

population level but poorly at the individual level. TFEM is most suitable for projecting the 

future prevalence of chronic diseases at the population level. Attempting to validate the model at 

the individual level is pushing the boundaries of its intended use, and suboptimal results at this 

level do not necessarily indicate that the model is inaccurate when considering population-level 

outcomes. It is crucial to recognize that the model's primary strength lies in its ability to capture 

overall trends and patterns in disease prevalence across the population, rather than predicting the 

specific health trajectories of individuals. However, the poor performance of cancer and kidney 

disease at the individual level suggests that TFEM assigns these conditions to the wrong people. 
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In cases where TFEM is to be applied to these diseases for sub-group projections, careful 

validation of the accuracy of sub-group prevalences should be undertaken. 

Table 4.3. Summary of Taiwan Future Elderly Model internal validation results 

  internal validation 

  population level individual level 

Mortality   B 

Risk factors     
    Cannot hear clearly O A 
    Obesity (BMI≥30) O B 
Chronic conditions     
    Hypertension O B 
    Diabetes O B 
    Cancer O C 
    Heart disease  O B 
    Stroke O B 
    Kidney disease O C 
    Dialysis  O B 
Functional limitations      
    Number of ADL limitations      
        1 O   
        2 O   
        3+ O A 
    Number of IADL limitations      
        1 +   
        2+ + A 
    People with care need +   
    People with severe care need -   
Cognitive impairment      
    Mild cognitive impairment +   
    Dementia  O A 
    Dementia patients with severe care need O   

 
NOTE: BMI = Body Mass Index, ADLs = Activities of Daily Living, IADLs = Instrumental Activities of Daily 

Living. The definitions of the grades are listed below.    
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Grade Definition 
O within 95% CI of TLSA prevalences 
+ > upper limit of 95% CI 
- < lower limit of 95% CI 
A AUC ≥ 0.8 
B 0.6 ≤ AUC < 0.8  
C AUC < 0.6 



73 

4.2 Comparison of Taiwan Future Elderly Model projections with external 

sources  

The primary challenge in comparing simulated results to external sources lies in identifying 

readily available datasets that are directly comparable to the simulated outcomes. This challenge 

is particularly pronounced in the case of Taiwan, where population health projections are not as 

prevalent as they are in the United States. In this chapter, I present three comparisons to validate 

and corroborate the TFEM with sources other than TLSA: (1) population size from 2003 to 2015, 

(2) population projections from 2015-2043, and (3) number of patients with dementia from 2019-

2043. 

4.2.1 Methodology  

The methodology will be presented in two parts. The first part includes the comparison on 

population size from 2003 to 2015, where simulations from 2003 to 2015 are compared with 

external source. This section will focus on assessing the model's performance in replicating 

historical data and validating its outputs against observed trends. The second part includes the 

remaining two comparisons (population projections from 2015-2043 and the number of patients 

with dementia from 2019-2043), which utilize simulations spanning from 2015 to 2043. These 

comparisons will focus on explaining the differences of the simulated results from TFEM and 

other models. 

4.2.1.1 TFEM simulations from 2003 to 2015  

The comparison of the population size from 2003 to 2015 utilizes population simulation. In 

this approach, a starting cohort that closely resembles the population in the TLSA 2003 wave is 

simulated for 12 years until 2015, using 10-fold cross-validation. Additionally, replenishing 
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cohorts of individuals aged 50-53, incorporating increasing educational attainment, are added to 

the simulation every four years. No assumption about improvement in all-cause mortality is 

included in this exercise.  

The model runs 1,000 Monte Carlo simulations for each unique combination of training and 

testing sets. To calculate the average population size of individuals aged 50 years or older in 

2015, I first determine the population size in each of the 1,000 simulations among all 

combinations of training and testing sets, dropping the population in the training sets. Then, I 

calculate the mean across all 1,000 simulations to obtain the final average population size. This 

value is subsequently compared to the actual population size of the same age group observed in 

Taiwan during 2015.74 

4.2.1.2 TFEM simulations from 2015 to 2043  

The remaining two comparisons involve simulating a starting cohort with characteristics 

similar to the TLSA 2015 wave for a period of 28 years until 2043 and replenishing cohorts 

added every four years. Replenishing cohorts added later have higher educational attainment 

than the starting cohort (see Chapter 3.4.1). The simulations utilize transition models estimated 

from TLSA waves 2003 to 2015 and incorporate assumption about all-cause mortality 

improvements from National Development Council (as described in Chapter 3.5). However, 

TFEM currently does not account for international migration, though it only accounts for less 

than 4% of the total population in 2023 and could be less relevant to the older population.75  

Population projections generated by TFEM are compared with the projections from the 

National Development Council of Taiwan for the period spanning from 2015 to 2043. National 

Development Council publishes population size projections every two years using Cohort-

Component Method.74  In the Cohort-Component Method, the components of population change, 
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including future births, mortality, and net migration, are projected independently for each birth 

cohort, which consists of individuals born in the same year. The base population is progressed 

annually by applying age-specific projected survival rates and accounting for net international 

migration. Additionally, a new birth cohort is incorporated into the population each year, with 

the size of the cohort determined by the projected fertility rates applied to the female population 

of childbearing age. The projected rate of fertility and net international migration is kept constant 

after year 2045.76  

The final comparison focuses on the projected number of patients with dementia among 

population aged 65 years or older from 2019 to 2043. As TFEM is simulated every 4 years, there 

are two possible approaches to determine the number of patients with dementia: based on the 

population who are alive in the current timestep or those who were alive in the previous 

timestep. It is important to consider the nuance that if the calculation is conditioned on being 

alive in the current timestep, the number of dementia patients who were newly diagnosed and 

subsequently died since the last wave would not be included. When reporting the simulated 

results from TFEM, I opted to present both the number of dementia patients conditional on being 

alive in the previous and current timesteps. However, since dementia incidence is more prevalent 

in older age groups, which also coincides with an increased mortality risk, the number of 

dementia patients conditional on being alive in the previous timestep might be more relevant 

when comparing with external source. 

The simulated results from TFEM will be compared with projections from Taiwan 

Alzheimer's Disease Association (TADA).6 TADA projected the future population with dementia 

by assuming that prevalence rates within age groups would remain consistent since their 2011 

study on the prevalence of dementia in Taiwan (see Chapter 2.4.2).21 TADA identified patients 



76 

with cognitive impairment using two assessment tools: the Clinical Dementia Rating Scale 

(CDR) and the Taiwanese Mental State Examination (TMSE). Dementia patients in TADA 

include those with very mild dementia (CDR = 0.5).21 

4.2.2 Compare population size with official data, 2003-2015 

The projected population from TFEM closely follows the actual Taiwanese population over 

50 years old from 2003 to 2015 (Figure 4.5), albeit slightly overestimated about 230,000 deaths 

in 2015 (about 2.9% of the actual population in 2015, 8.1 million). This gap indicates TFEM 

may modestly overpredict mortality when no adjustments are made to all-cause mortality.  

Figure 4.5. Official and simulated population age 50 or older in Taiwan, 2003-2015. 
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4.2.3 Compare population size with official projections, 2015-2043 

Figure 4.6 illustrates projected population sizes aged 50 years and older in Taiwan from 2015 

to 2043 before and after adjusting TFEM’s model for mortality, comparing with the official 

projections from the National Development Council of Taiwan. Without any assumption about 

all-cause mortality improvements, TFEM markedly overpredicts mortality over time - resulting 

in a widening gap between projected and actual population totals that reaches nearly 1.2 million 

people in 2043 (9.8% of the official projection of 12.1 million, Figure 4.6). After incorporating 

assumptions of improvements in all-cause mortality in the future, this gap substantially contracts 

to less than 0.3 million people (2.1% of the official projected population in 2043, Figure 4.6), 

demonstrating meaningful model improvement. 

Figure 4.6. Projected population age 50 or older in Taiwan, 2015-2043. 
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4.2.4 Compare number of dementia patients with projections from TADA, 2019-2043    

TADA assumes consistent age-stratified prevalence rates post 2011 to forecast over 100% 

growth in total dementia cases among population aged 65 years or older by 2041 (Figure 4.7), 

from 308,000 in 2021 to about 650,000 in 2041.6,21 This represents a notably steeper projected 

increase than TFEM simulations. In contrast, TFEM projects a growth of almost 80% in the 

dementia population (conditional on being alive in the previous timestep), from 311,000 in 2019 

to 550,000 in 2043. By linearly interpolating TADA's estimates for 2041 and 2046, the number 

of individuals with dementia in 2043 is estimated to be around 946,000, which is 396,000 higher 

than the TFEM prediction.  

TFEM predicts a lower dementia prevalence in 2043 compared to estimates from TADA, and 

the reason could be the differences in underlying data. When comparing TADA’s estimates with 

numbers from TLSA wave 2003 and 2015 (Table 2.8), the prevalence rates are generally lower 

in TLSA, especially among the oldest group (age ≥ 80 years old). As noted in Chapter 2.4.2, 

incorporating data on dementia status at death would enhance TFEM's projections of dementia 

incidence and prevalence, but such data is currently not available in TLSA.  

The discrepancy between the simulated results from TFEM and the projections from TADA 

could also be attributed to the incorporation of increasing educational levels in TFEM. TFEM's 

dementia model treats higher education as protective against dementia (Table 3.10). Therefore, 

the rapidly growing population of highly educated seniors could contribute to TFEM's lower 

projections. Age-stratified analysis of TFEM demonstrates potential future downward trends in 

dementia prevalence and incidences specifically for populations aged 75+ years (Figure 4.8 and 

4.9). This phenomenon is consistent with the downward trends in dementia observed in the 

United States over the past two decades,77 where higher levels of education have been associated 

with a reduced risk of cognitive decline and dementia. By accounting for the changing 
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educational landscape in Taiwan, TFEM may capture the potential impact of education on 

dementia prevalence more accurately than the TADA projections, which assume consistent 

prevalence rates within age groups. 

Figure 4.7. Projected number of patients 65 years or older with dementia in Taiwan in thousands, 
2019-2043. 

 
SOURCE: TADA and simulated results from TFEM. 
NOTE: TADA = Taiwan Alzheimer’s Disease Association, TFEM = Taiwan Future Elderly Model.  
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Figure 4.8. Projected prevalence rates of dementia in Taiwan by age groups from Taiwan Future 
Elderly Model, 2019-2043. 

 

SOURCE: Simulated results from TFEM.  
NOTE: TFEM = Taiwan Future Elderly Model. Prevalences from simulated results generated by TFEM are 
averages from 1,000 Monte Carlo simulations among those who are alive in the current timestep in TFEM. 
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Figure 4.9 Projected incidence rates of dementia in Taiwan by age groups from Taiwan Future 
Elderly Model, 2019-2043. 

 

SOURCE: Simulated results from TFEM.  
NOTE: TFEM = Taiwan Future Elderly Model. Incidence from simulated results generated by TFEM are averages 
from 1,000 Monte Carlo simulations among those who are alive and dementia free in the previous timestep in 
TFEM. 
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Table 4.4. Summary of comparing simulated results from Taiwan Future Elderly Model with 
external data 

 

  
TFEM External source TFEM - external source  

(% of estimates from 
external source) 

Population aged 50 years or older, 2015  ≈7.8 million ≈8.1 million - 230,491 (-2.9%) 
Population aged 50 years or older, 2043  ≈11.9 million ≈12.1 million -259,921 (-2.1%) 
Number of individuals with dementia, 2043 ≈550,000 ≈946,000* -396,000 (-41.9%) 

 
SOURCE: Simulated results from TFEM, National Development Council of Taiwan, Taiwan Alzheimer’s 

Disease Association.    
NOTE: TFEM = Taiwan Future Elderly Model.  * Projected number of individuals with dementia in 2043 from 

Taiwan Alzheimer’s Disease Association is linearly interpolated from projections for 2041 and 2046 by author. 
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4.3 Limitations of Taiwan Future Elderly Model   

4.3.1 Summary  

Internal validation reveals TFEM’s good performance in predicting the prevalence of risk 

factors and chronic conditions at the population level. The model also effectively predicts the 

number of ADLs and cognitive status among Taiwan's elderly population at both the population 

and individual levels (Table 4.3). According to the internal validation results, the models for 

hearing loss, having 3 or more limitations in ADLs, and dementia exhibit the best performance.  

However, TFEM tends to overestimate the prevalence of individuals with care needs and 

underestimate the population with the most severe care needs at the population level. To address 

this issue, TFEM could be refined by moving away from modeling the number of limitations in 

ADLs and IADLs separately. Instead, incorporating ADLs and IADLs into a single model may 

improve the capture of the union and intersection sets, leading to more accurate predictions of 

the population with varying levels of care needs.  

When comparing the simulated results from TFEM with external data sources, I found that 

TFEM's predictions align with historical data (Table 4.4). The differences between TFEM's 

projections and those from other models can be possibly attributed to variations in methodology 

and the underlying data used.  

4.3.2 Uncertainty in simulated results from TFEM  

Microsimulation results are subject to three sources of uncertainty: simulation error 

(prediction uncertainty), statistical uncertainty (including structural and estimation uncertainty), 

and policy uncertainty.78,79 Simulation errors arise from the random assignment in the simulation 

and can be mitigated by increasing the number of Monte Carlo repetitions or the number of 
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simulated individuals.78 In TFEM, I perform 1,000 Monte Carlo repetitions to reduce simulation 

uncertainty.  

Statistical uncertainty originates from the model structure and estimates of the model 

parameters.80 As TFEM’s transition models are estimated from TLSA instead of known a priori, 

the model selection process is inherently accompanied by substantial uncertainty from the model 

structures and parameters. While most studies focus on parameter uncertainty and neglect 

structural uncertainty, this study's model selection process considers model specification. 

However, I did not test different model structures, such as specific link functions in a generalized 

linear model. In the future, structural uncertainty should be assessed in TFEM. 

Currently, TFEM does not incorporate parameter uncertainty, meaning that the model 

considers the coefficients in transition models as fixed. One approach to introduce parameter 

uncertainty is through bootstrapping, which involves resampling from the underlying data of 

transition models. In each bootstrap, a new set of parameters is estimated for the simulation to 

run on. This method has been applied in the US Future Adult Model, but it is currently a time-

consuming process that takes days to obtain simulated results.78 In the future, TFEM will employ 

a similar approach to include parameter uncertainty.   

Lastly, policy uncertainty refers to the uncertainty arising from unknown treatment effects of 

a policy of interest. This is best addressed qualitatively through sensitivity analyses or validation 

with past literature. It is important to note that when policy questions involve targeting a 

subgroup, validations of simulated results of variables of interest should ideally be conducted not 

only at the total population level but also at the subgroup level. 
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4.3.3 Limitations of TFEM related to TLSA  

The accuracy of TFEM's simulated results is heavily dependent on the quality, scope, and 

relevance of the TLSA data. If the input data are of poor quality or have limitations, it will 

increase the uncertainty and decrease the validity of the model's outputs. One such limitation is 

age in TLSA. The publicly available version top-coded age at 85 years, and the sampling 

stratification are based on age groups, with the oldest group being age 85 years or older. This 

might lead to an underrepresentation of the population at the very tail end of the age distribution, 

making the simulated results from TFEM less applicable to this subgroup. The overestimation of 

mortalities by TFEM could be attributed to this limitation, and it might also contribute to 

TFEM's smaller population with dementia compared to TADA's predictions.  

Respondents in TLSA also report lower average BMI compared to estimates from the 

Nutrition and Health Survey in Taiwan, where heights and weights are measured rather than self-

reported (see Chapter 2.4.1). This discrepancy can lead to an underestimation of the number of 

individuals with chronic conditions for which obesity is a risk factor.    

Another limitation of TLSA is its four-year data collection interval, which means that 

transitions in TFEM can only occur every four years. This insufficient granularity of timescale 

can be detrimental to modeling diseases with fast progression. For instance, cancer patients can 

be diagnosed and pass away within the four-year time frame, resulting in their cases never being 

recorded in TLSA. As transition model of cancer in TFEM is based on this data potentially 

underrepresenting cancer patients, the model can end up identifying fewer individuals as cancer 

patients compared to the actual population. The interplay between risk factors and disease 

incidence, such as the impact of obesity on the development of diabetes, also usually operates on 

a timeline shorter than the four-year intervals captured by the TLSA data.  
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Furthermore, due to the nature of TLSA, where a new cohort of 50-60-year-olds is added 

every 12 years to ensure the respondents remain representative of the 50+ population, the starting 

cohort (currently resembling respondents in TLSA wave 2015) can only be updated when TLSA 

wave 2027 is released. Having a starting cohort based on more recent data offers many benefits, 

such as capturing the latest trends in disease incidence and changing risk factors. The current 

limitation makes it more challenging for TFEM to respond to changing policy analysis in a 

timely manner, as it relies on the availability of updated TLSA data to accurately reflect the most 

current population characteristics and health trends. 
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5. Application of Taiwan Future Elderly Model – Forecasting 
dementia and disability trends in Taiwan       

5.1 Introduction 

The last chapter aims to project the future population with dementia or care needs in Taiwan 

using Taiwan Future Elderly Model (TFEM). Assuming that current care preferences remain 

constant in the future, I estimate the number of migrant care workers and the number of beds in 

care institutions needed based on the simulated demand of care. In addition to the baseline 

scenario, I implement different interventions to assess their impact on population health and care 

demand. The 2020 report of the Lancet Commission has identified 12 modifiable risk factors for 

dementia, namely less education, hypertension, hearing impairment, smoking, obesity, 

depression, physical inactivity, diabetes, low social contact, alcohol consumption, traumatic 

brain injury, and air pollution.81 While many of these factors are already targets of public health 

initiatives, modeling their potential impact on reducing dementia and functional limitations could 

further emphasize their importance. Conversely, if managing these risk factors shows limited 

effect, it would stress the urgency for policymakers to swiftly address the increasing formal long-

term care demand driven by a growing population with dementia and care needs.  

In this study, I focus on three specific interventions: reducing diabetes incidence, reducing 

hearing loss incidence, and improving access to hearing aids. These interventions were selected 

for the reasons below: 

1. Diabetes and hearing loss are established dementia risk factors and are included in the 

cognitive status transition model of Taiwan (Table 3.10).  

2. They demonstrate satisfactory internal validation results (see Chapter 4.1.4). 



88 

3. They showcase microsimulation modeling's strength by interacting with other chronic 

conditions or functional limitations. 

Direct intervention on cognitive status was not considered in this study, despite the recent 

market introduction of novel pharmacologic treatments for early Alzheimer's disease (e.g., 

Leqembi and other drugs in clinical trials) in recent years.82 This decision was primarily due to 

the difficulty in modeling disease progression delays without dementia staging and given the 4-

year transition period of TFEM. 

5.2 Methods  

5.2.1 Baseline scenario  

Baseline scenario simulates health outcomes among population aged 50 years or older from 

2015 to 2043. The projections generated by TFEM have accounted for the increasing educational 

attainment levels by incorporating more educated replenishing cohorts in the population 

simulation, as outlined in Chapter 3.4. 

5.2.2 Intervention 

I rely on past literature and policy goals to set the treatment effects of different interventions. 

I apply a multiplier to the calculated transition probabilities. For instance, by multiplying the 

transition probabilities of diabetes by 50%, the incidence of diabetes will be reduced by half. In 

the following sections, I will outline the selection of treatment effects and target populations for 

each intervention.  
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5.2.2.1 Reduce the incidence of diabetes  

In this scenario, I apply a relative risk of 87.3% to the 4-year transition probabilities of 

diabetes among individuals aged 50-84 years in the TFEM, starting from 2031. This relative risk 

is derived from the United States Healthy People 2030 Goal, which aims to reduce the annual 

number of new cases of diagnosed diabetes in the population from 5.5 new cases per 1,000 adults 

aged 18 to 84 years (as reported in 2019-21) to 4.8 (4.8/5.5=87.3%).83 The 13.7% risk reduction 

falls within the 95% confidence interval reported in previous meta-analyses on the impact of 

lifestyle modifications on diabetes incidence.84 This hypothetical scenario assumes that Taiwan 

can achieve a similar risk reduction starting in 2031 and that the effects will persist until the last 

year of our simulation (2043). This conservative approach recognizes that policy implementation 

must begin before 2031 to meet goals, though the model does not account for effects prior to this 

year. 

5.2.2.2 Improve hearing loss  

There are two interventions targeting hearing loss: reducing the proportion of adults who 

have hearing loss due to noise exposure and increasing the proportion of adults with hearing loss 

who use a hearing aid. To obtain the multipliers used in the TFEM, I adopt the United States 

Healthy People 2030 Goals again as a reference. The goal for reducing the incidence of hearing 

loss is set at improving from 97.8 per 1,000 adults to 79.0 among the population younger than 70 

years old. Consequently, I apply a relative risk of 80.8% (79.0/97.8 = 80.8%) for people aged 50-

69 starting in 2031 in TFEM.85 On the other hand, I increase the proportion of the population 

aged 50 years or older who cannot hear clearly in the model to transition out of this state 

(through using a hearing aid) by 8.2% starting in 2031. This is based on the goal of increasing 
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the proportion of adults with hearing loss who use a hearing aid from 24.4 percent in 2018 to 

26.4 percent in 2030 (26.4/24.4 = 108.2%).86   

5.2.2.3 Sensitivity analysis 

To conduct a sensitivity analysis, I extend the targeted population for these interventions 

beyond the original age ranges (50-84 years for reduction in diabetes incidence and 50-69 years 

for reduction in hearing loss incidence) to include all individuals aged 50 years or older. The 

magnitude of risk reduction for each intervention remains the same in the sensitivity analysis.  

5.2.3 Outcomes  

5.2.3.1 Number of people with dementia  

To estimate the demand for long-term care in the future using the simulated population from 

TFEM, I present the dementia population as the number of individuals living with dementia in a 

specific year, excluding those who passed away within the previous four years while affected by 

the condition. By focusing on the living dementia population in a given year, this approach 

provides a lower-bound estimate of the burden of dementia, as it captures only those who are 

alive with dementia for the entire year, while excluding those who may have cognitive 

impairment for a shorter period before passing away. 

5.2.3.2 Number of people with care needs or severe care needs  

Following previous research, I define the share of population with care needs as those with at 

least two combined ADL and IADL limitations.87 Population with the most severe care needs are 

identified as those with three or more ADL limitations and two or more IADL limitations. 

Similar to the number of patients with dementia, I choose to report the number of people with 
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care needs or severe care needs living in a specific year and excluding those who passed away 

within the previous four years with care needs. 

5.2.3.3 Number of care hours and number of migrant care workers 

LaPlante et al. estimated the hours of car provided to adults living at home in the US by the 

type and total number of limitations in ADLs and IADLs.88 I use estimates of all care hours per 

week from Table 4 in LaPlante et al. to derive the total care hours demanded by the number of 

the number of ADL limitations (1, 2, 3+) and IADL limitations (1, 2+) among population aged 

50 years or older who are alive in 2043 (Table 5.1).  

The estimation of the number of migrant care workers needed in 2043 is based on the 

assumption that the share of care hours provided by these workers will remain constant in the 

future. In other words, it is assumed that the current care arrangement preferences in 2023 will be 

similar to those in 2043. However, this assumption likely leads to an underestimation of the 

actual number of migrant care workers required, as the pool of informal caregivers is expected to 

shrink due to demographic shifts. According to data from the Ministry of Labor, there are 

232,414 migrant carers in Taiwan as of 2023. Figure 5.1 illustrates the trends in the migrant 

worker population employed as carers in Taiwan from 2015 to 2023.89  

Table 5.1. Estimated Total Hours of Personal Assistance Services Provided to Adults Living at 
Home  

Number of ADL limitations All hours per week  

1 29.5 

2 45.8 

3+ 88.5 

Number of IADL limitations All hours per week  

1 10.4 
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2+ 41.6 

SOURCE: Author’s calculation based on Table 4 in LaPlante et al. (2002). 
NOTE: ADLs = Activities of Daily Living, IADLs = Instrumental Activities of Daily Living. LaPlante et al. 

included adults aged 18 years or older with at least one limitation in ADL or IADL, and the care hours per week 
were conditional on receiving care. Walking in included in the IADL list in LaPlante et al. instead of in the ADL list 
defined in this study. 

 
 

Figure 5.1. Number of migrant care workers in Taiwan, 2015-2023. 

 
SOURCE: Ministry of Labor, Taiwan.  

5.2.3.4 Number of beds in care institutions  

Care institutions in this context are defined according to the Establishment Standards of 

Senior Citizens' Welfare Institutions.90 These include long-term care institutions, nursing 

institutions, dementia care institutions, and caring organizations. In addition to the total number 

of beds in care institutions, this study emphasizes on dementia care institutions, which 

exclusively admit patients with dementia. These facilities differ from other types of care 

institutions in that they maintain a higher carer-to-patient ratio and provide 24-hour unit-based 

care. While dementia patients can be admitted to other types of care institutions, I focus on 

specialized dementia care institutions due to available data on bed capacity.91  
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There are 1,064 nursing care institutions with a total of 60,685 beds in Taiwan as of 2023, 

according to the Ministry of Health and Welfare.91 However, only two facilities (138 beds) 

specifically served dementia patients.91 The total bed pool increased from 2015-2019, but has 

reduced slightly in more recent years (Figure 5.2). On the other hand, the number of beds in 

dementia care institutions more than doubled from 64 to 138 between 2015-2023 (Figure 5.2).  

To project the future number of beds needed in care institutions and dementia care 

institutions, I use the simulated population size with the highest disability levels (defined as 

needing help with 3+ ADLs and 2+ IADLs) as a proxy for the demand for beds in care facilities. 

I assume that the current number of beds reflects the preferences for institutional long-term care 

among this population. To estimate the current preferences for institutional long-term care, I 

calculate the ratio of the total number of available beds in care institutions to the size of the 

severely impaired subgroup in 2023. Similarly, to derive the current preference for beds in 

dementia care institutions, I calculate the ratio of the total number of available beds in dementia 

care institutions to the number of individuals with dementia who have 3+ ADL limitations and 

2+ IADL limitations. By applying these ratios to the projected number of severely impaired 

individuals and dementia patients with severe care needs in future years, I can estimate the 

potential demand for beds in care institutions and dementia care institutions, assuming that the 

current preferences for institutional care remain constant over time. 
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Figure 5.2. Number of total beds in care institutions and dementia care institutions in Taiwan, 
2015-2022. 

 

SOURCE: The Ministry of Health and Welfare, Taiwan.  
NOTE: Care institutions include long-term care institutions, nursing institutions, dementia care institutions, and 
caring organizations.  

5.3 Results 

5.3.1 Baseline scenario 

Table 5.2. Simulated results from Taiwan Future Elderly Model, baseline scenario, 2043 

  Year 8: 2023 Year 28: 2043 Year 2043 - 2023 
  N N Difference 
Population in current timestep          9,490,686              11,851,076  2,360,390 
Number of deaths from the past 4 years             726,143                1,078,547  352,404 
Number of people with dementia             275,769                   407,338  131,569 
Number of people with care needs           1,496,431                2,815,297  1,318,866 
Number of people with severe care needs             322,973                   798,754  475,781 
Number of people with dementia and severe care needs               62,532                   143,163  80,631 

NOTE: The cases of a condition shown in this table include the individuals who are living with the condition in 
2023 or 2043. Care need is defined as those with 2 combined limitations in ADLs/IADLs, and severe care need 
refers to individuals with 3+ ADL limitations and 2+ IADL limitations.  
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5.3.1.1 Dementia population 

According to the simulated results from TFEM, the number of people living with dementia in 

Taiwan is projected to exceed 400,000 by 2043, representing an increase of close to 132,000 

individuals compared to the 2023 figures (Table 5.2). This growth translates to a rise in 

prevalence from 2.9% in 2023 to 3.4% in 2043, using the population aged 50 years or older who 

lived through the entire year as the denominator. Moreover, the number of dementia patients 

with severe care needs, defined as those requiring assistance with 3 or more ADLs and 2 or more 

IADLs, is expected to more than double, rising from 62,532 in 2023 to 143,163 in 2043 (Table 

5.2). The proportion of dementia patients with the most severe care needs is also projected to 

increase significantly, from 22.7% in 2023 to 35.1% in 2043 (Figure 5.3).  

Figure 5.3. Projected number of dementia patients and those with severe care needs, 2023-2043. 

 
SOURCE: simulated results from Taiwan Future Elderly Model.  
NOTE: The number of dementia patients and those with severe care needs encompasses individuals living with 

dementia in a given year. Severe care need refers to individuals with 3+ ADL limitations and 2+ IADL limitations. 
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5.3.1.2 Population of individuals with care needs  

The population requiring care, defined by their need for assistance with two or more ADLs or 

IADLs, is expected to increase from nearly 1.5 million people in 2023 (15.8%) to over 2.8 

million in 2043 (23.8%) according to TFEM predictions (Table 5.2). Out of the predicted 

population needing care, it is estimated that just under 0.8 million people will need the most 

intensive level of care and support based on requiring assistance with 3 or more ADLs as well as 

2 or more IADLs in 2043 (Table 5.2). Percent of population with care needs who require the 

most intensive care is projected to rise from 21.6% in 2023 to 28.4% in 2043 (Figure 5.4).  

Figure 5.4. Projected % of population with severe care needs in Taiwan, 2023-2043. 

 

 

SOURCE: simulated results from Taiwan Future Elderly Model.  
NOTE: Care need is defined as those with 2 combined limitations in ADLs/IADLs, and severe care need refers 

to individuals with 3+ ADL limitations and 2+ IADL limitations. 
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5.3.1.3 Projected care hours  

By 2043, the total weekly care hours needed for the projected 2.8 million elderly people 

requiring assistance with 2 or more ADLs or IADLs is estimated to reach around 208 million 

hours (Figure 5.5). This is over twice the 103 million weekly care hours estimated to be required 

in 2023 for the 1.5 million older individuals needing care (Table 5.2). The 2043 estimate 

averages out to approximately 10.6 hours of care per person per day. 

In 2043, it is projected that 50.0% of total care hours will be devoted to the 0.8 million 

individuals with the most significant needs (3+ ADL limitations and 2+ IADL limitations), even 

though they will make up only 28.4% of the care-needing population. This is an increase from 

40.8% in 2023 (Figure 5.6). For this high-needs subgroup alone, the weekly care requirement is 

predicted to reach 104 million hours by 2043 (Figure 5.7), which equates to 18.6 care hours 

needed per severely impaired person per day. 

The proportion of care hours attributed to dementia patients among the overall care-needing 

population has remained relatively stable from 2023 to 2043 at around 13%. However, the 

percentage of care hours required by dementia patients with severe care needs, within the 

severely impaired population, has shown a slight decline from 19.4% in 2023 to 17.9% in 2043 

(Figures 5.5 and 5.7). 
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Figure 5.5. Projected number of care hours for individuals with care needs in Taiwan, 2023-2043. 

 

SOURCE: simulated results from Taiwan Future Elderly Model.  
NOTE: Care need is defined as those with 2 combined limitations in ADLs/IADLs. 
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Figure 5.6. Projected share of care hours from population with severe care needs in Taiwan, 2023-

2043. 

 

SOURCE: simulated results from Taiwan Future Elderly Model.  
NOTE: Care need is defined as those with 2 combined limitations in ADLs/IADLs, and severe care need refers 

to individuals with 3+ ADL limitations and 2+ IADL limitations. 
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Figure 5.7. Projected share and number of care hours for individuals with severe care need in 

Taiwan, 2023-2043. 

 

SOURCE: simulated results from Taiwan Future Elderly Model.  
NOTE: Severe care need refers to individuals with 3+ ADL limitations and 2+ IADL limitations. 
 

5.3.1.4 Projected need for migrant care workers in 2043 

Rather than directly extrapolating trends or population with functional limitations, future 

migrant care worker demands are quantified based on projected hours of care required to reflect 

the intensity of care from different ADL/IADL limitation levels. Given estimated 103 million 

hours of weekly care needed in 2023, the 232,414 migrant caregivers available in 2023 would 

have addressed roughly 9.0% of total demand if they work 40 hours per week. Applying this 

9.0% constant migrant worker care capacity to future projections, Taiwan will need at least 
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235,586 additional migrant care workers, for a total of 468,000, to provide the projected 208 

million weekly care hours by 2043 (9.0%*208,000,000/40 = 468,000).  

5.3.1.5 Projected need for beds in care institutions in 2043 

The preference for long-term care institutions in 2023 is determined by dividing the total 

number of beds in care institutions by the number of people with severe care need 

(60,685/322,973 ≈ 18.8%). Extrapolating this 18.8% preference rate to future projections 

suggests that Taiwan will need to expand long-term care institution capacity by at least 89,480 

beds (18.8%*798,754= a total of 150,165 beds,) to meet demand growth among the severely 

disabled demographic. Making the same assumption that dementia patients with intensive needs 

(3+ ADL limitations and 2+ IADL limitations) will have similar preferences for memory care 

beds in the future as of 2023 (138/62,532 = 0.2%), projections indicate 148 additional beds in 

dementia care institutions should be dedicated solely for this patient subgroup over the next 20 

years (0.2%*143,163 = 286). 
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Table 5.3. Simulated results from Taiwan Future Elderly Model at baseline and by policy scenario, 2043 

  Baseline Scenario 1: reduce diabetes 
incidence 

Scenario 2: improve hearing loss Scenario 3: combine scenario 1 and 2 

Variable N N Difference from 
baseline 

N Difference from 
baseline 

N Difference from 
baseline 

Population in 2043 11,851,076 11,858,343 7,267 11,851,706 630 11,858,970 7,894 
Number of deaths from 2039-2043 1,078,547 1,074,933 -3,614 1,078,164 -383 1,074,552 -3,995 
Number of people with diabetes  2,952,604 2,780,946 -171,658 2,952,888 284 2,781,219 -171,385 
Number of people who cannot hear clearly 931,464 932,834 1,370 880,671 -50,793 881,985 -49,479 

Number of people with dementia 407,338 406,095 -1,243 406,585 -753 405,344 -1,994 

Number of people with care needs  2,815,297 2,809,725 -5,572 2,811,354 -3,943 2,805,767 -9,530 

Number of people with severe care needs 798,754 795,794 -2,960 797,398 -1,356 794,441 -4,313 
Number of people with dementia and severe care 
needs 

143,163 142,512 -651 142,738 -425 142,088 -1,075 

NOTE: The cases of a condition shown in this table include the individuals who are living with the condition in 2043. Care need is defined as those with 2 combined 
limitations in ADLs/IADLs, and severe care need refers to individuals with 3+ ADL limitations and 2+ IADL limitations.  

 

Table 5.4. Projections of long-term care capacity required in 2043 based on simulated results from Taiwan Future Elderly Model at baseline and by 
policy scenario 

  Baseline Scenario 1: reduce diabetes incidence Scenario 2: improve hearing loss Scenario 3: combine scenario 1 and 2 
Variable N N Difference from baseline N Difference from baseline N Difference from baseline 
Number of migrant care workers  468,000 466,261 -1,739 466,901 -1,099 465,611 -2,389 
Number of beds in care institution 150,165 149,609 -556 149,911 -254 149,355 -810 
Number of beds in dementia care institution 286 285 -1 285 -1 284 -2 

NOTE: The projections are based on care preferences in 2023.  
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5.3.2 Compare 3 policy scenarios to the baseline   

The first simulated scenario involves reducing the incidence of diabetes by 13.7% among the 

population aged 50-84 years old starting from 2031. Despite decreasing the diabetes population 

by more than 171,000 people and increasing life years by 3,614 in 2043, this policy scenario 

only prevents 1,243 individuals from developing dementia and 651 dementia patients from 

having the most severe care needs. Additionally, it reduces the number of people requiring care 

assistance by 5,572 and those needing the most intensive care assistance by 2,960 in 2043. 

However, this only translates to a reduction of about 773,000 care hours, which would result in a 

decreased need for approximately 1,739 migrant care workers in 2043. The required number of 

beds in care institutions to meet demand would be reduced by 556, but there would be almost no 

impact on the number of memory care beds needed. 

The second simulated scenario involves two components: reducing the incidence of hearing 

loss among the population aged 50-69 by 19.2% and increasing the proportion of individuals 

aged 50 or older with hearing loss who use a hearing aid by 8.2%. In 2043, this policy scenario 

effectively reduces the population who cannot hear clearly by 50,793. However, the dementia 

population is only decreased by 753, and the number of dementia patients requiring the most 

intensive care is reduced by 425. Overall, the population with care needs is decreased by 3,943, 

and 1,356 fewer people will need the most intensive care. These figures are lower than those in 

the first policy scenario, and unsurprisingly, they lead to an even more modest reduction in the 

required number of migrant care workers and beds in care institutions compared to the diabetes-

related scenario. 

The final simulated scenario combines the interventions targeting both diabetes and hearing 

loss. In 2043, the number of dementia patients will decrease by 1,994, and 1,075 of those with 
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severe care needs will be prevented. The population with care needs will be reduced by 9,530, 

while those with severe care needs will decrease by 4,313. As a result, the projected care hours 

will be decreased by over 1 million, indicating that Taiwan will require 2,389 fewer migrant care 

workers to meet the current care preferences. Additionally, the number of beds needed in care 

institutions will also be reduced by 810. The results of this combined scenario are similar to the 

sum of the previous two scenarios, suggesting that there is little synergy or discord between the 

interventions targeting diabetes and hearing loss. 

5.3.3 Sensitivity analysis  

 
In the sensitivity analysis, I run three more scenarios where I extend the target population to 

include all individuals aged 50 years or older (Table 5.5). Out of the 6 scenarios, the best 

performing one in all outcomes is scenario 6, where interventions on diabetes and hearing loss 

are targeted at all 50+ population in Taiwan. Number of people with dementia will be reduced by 

4,533, and population with care needs can drop by nearly 15,000 (Table 5.5). This policy 

scenario can potentially alleviate the demand for migrant care workers and beds in care 

institutions by 3,498 and 1,455, respectively (Table 5.5).  

Surprisingly, the second-best performing scenario is scenario 5, in which hearing loss 

incidence reduction is expanded to include the entire population aged 50 years or older. This 

scenario outperforms even scenario 3, which combines diabetes incidence reduction targeting the 

population aged 50-84 with hearing loss reduction among the population aged 50-69 and 

improved hearing aid access for those aged 50 or older (Table 5.5). This unexpected finding 

highlights the potential impact of addressing hearing loss across a broader age range in 

mitigating the care needs of the aging population. 
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A closer examination of scenario 4, which focuses on reducing diabetes incidence among the 

entire population aged 50 and above, reveals that the reductions in the number of people with 

dementia or care needs are actually smaller compared to scenario 1, where the diabetes incidence 

reduction policy only targets the population aged 50-84 years old (Table 5.5). This 

counterintuitive result is likely because scenario 4 lengthens life expectancy for some older 

individuals, thereby increasing the number of people with dementia or care needs who are alive 

in 2043.
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Table 5.5. Summary of simulated results from Taiwan Future Elderly Model by policy scenario 

  Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 
Interventions             
    Intervention 1: reduce diabetes incidence among those aged 50-84 X   X       
    Intervention 2: reduce incidence of hearing loss among those aged 50-69   X X       
    Intervention 3: increase use of hearing aid among those aged 50+   X X   X X 
    Intervention 4: reduce diabetes incidence among those aged 50+       X   X 
    Intervention 5: reduce incidence of hearing loss among those aged 50+         X X 
Population health outcomes in 2043 compared to the baseline             
    Change in the number of people with dementia -1,243 -753 -1,994 -1,101 -3,229 -4,533 
    Change in the number of people with care needs -5,572 -3,943 -9,530 -4,928 -9,475 -14,866 
    Change in the number of people with severe care needs -2,960 -1,356 -4,313 -2,148 -4,764 -7,741 
    Change in the number of people with dementia and severe care needs -651 -425 -1,075 -492 -2,042 -2,766 
Estimated long-term care capacity needed in 2043 

      

    Change in the number of migrant care workers  -1,739 -1,099 -2,389 -1,507 -2,219 -3,498 
    Change in the number of beds in care institution -556 -254 -810 -403 -895 -1,455 
    Change in the number of beds in dementia care institution -1 -1 -2 -1 -4 -5 

NOTE: Care need is defined as those with 2 combined limitations in ADLs/IADLs, and severe care need refers to individuals with 3+ ADL limitations and 2+ IADL 
limitations. Cells coded in darker green indicate larger reduction in change compared to the baseline. 
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5.4 Discussion 

5.4.1 Summary  

This study applies TFEM to compare the impact of various interventions on the dementia and 

disability populations and their care needs in 2043. The findings reveal that, at the baseline, 

Taiwan will experience an almost 50% increase in the living dementia population, from 275,769 

in 2023 to 407,338 in 2043. The growth rates for the population with care needs or severe care 

needs are even steeper. Among the six policy scenarios examined in this study, the most 

effective approach would be a combination of reducing diabetes incidence, reducing hearing loss 

incidence, and improving the use of hearing aids, all targeting the population aged 50 years or 

older. However, even the most effective policy scenario can only decrease the dementia 

population by about 1.1% and the population with care needs by 0.5% in 2043.  

At the baseline, I predict that Taiwan will require 468,000 migrant care workers, 150,165 

beds in care institutions, and 286 beds in dementia care institutions by 2043, representing more 

than a twofold increase compared to the capacity in 2023. While the projected numbers decrease 

under all policy scenarios, the magnitudes of these reductions are only a small fraction of the 

total capacity needed. This marks the significant challenges faced in mitigating the impact of an 

aging population on long-term care needs, even with the implementation of targeted policy goals 

in diabetes and hearing loss. 

This study's findings on interventions targeting diabetes and hearing loss, both known risk 

factors for dementia,81 align with previous research suggesting that changes in prevalence 

attributable to trends in risk factor prevalence were small.92 Previous projection using the US 

FEM has explored the impact of reducing diabetes by 50% for a cohort of 51 or 52-year-olds in 
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the future and found that although life expectancy improves, years living with dementia do not.3 

Research has associated hearing aid use with a reduced risk of cognitive decline;93,94 moreover, 

hearing aids may offer a cost-effective approach to dementia prevention.95 However, no 

microsimulation projections of future dementia prevalence have quantified the impact of 

intervening on hearing loss, which this study found to be a relatively effective intervention when 

targeting all populations aged 50 years or older.  

5.4.2 Limitations  

The projections for the number of migrant workers and beds in care institutions needed to 

meet future care demands are based on the assumption that current care preferences will remain 

unchanged. However, these estimates are likely to be on the conservative side, as the demand for 

formal long-term care may rise over time due to the shrinking pool of informal caregivers. 

Moreover, care preferences themselves may evolve in the future. According to the Report of the 

Senior Citizen Condition Survey 2022, 34.6% of those aged 65 years or older are willing to 

consider care institutions if they experience difficulties with daily life, while a higher proportion, 

52.6%, of those aged 55-64 would consider this option.96 This disparity suggests that the new 

cohort of older individuals in Taiwan may be more receptive to institutional care when in need of 

assistance, potentially leading to a greater demand for formal long-term care services than 

currently projected. 

The estimation of care hours in this study is based on the number of limitations in 

ADLs/IADLs derived from a US study published in 2002.88 To the best of my knowledge, there 

is no more recent study utilizing Taiwanese data that provides a breakdown of care hours by the 

number of functional limitations. Care intensity and norms may vary across countries and over 

time. Therefore, the estimated care hours from this study should be updated when such research 
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becomes available. In addition, this study's focus on the number of functional limitations may 

not fully capture the varying care intensities required for different types of limitations and 

patients. For instance, older individuals who have difficulty shopping for groceries might need 

assistance once a week, while senior citizens who struggle with eating or cutting up food will 

require daily assistance. Moreover, these tasks may demand more time when performed for 

cognitively impaired patients.97  

The effects of interventions on transition probabilities for all policy scenarios in this study 

are based on the Healthy People 2030 goals set by the United States, as similar policy goals 

specific to Taiwan were not found. Ideally, policy goals tailored to Taiwan should be used, since 

the Healthy People 2030 goals are established by the US Office of Disease Prevention and 

Health Promotion based on observed trends in the US population and are considered feasible and 

meaningful targets for that specific context. Taiwan's incidence of diabetes, which was 8.8 per 

1,000 people aged 20-79 years in 2014, is higher than the US incidence of 5.5 new cases per 

1,000 adults aged 18 to 84 in 2019.83,98 If Taiwan were to set up similar long-term objectives, it 

would be essential to discuss how the baseline differences in incidence rates and other factors 

specific to the different populations in Taiwan and the US might affect the determination of 

appropriate policy goals. 

Projections from TFEM are subject to several limitations. Firstly, TFEM is based on data 

from the Taiwan Longitudinal Study on Aging, which reports lower prevalences of certain risk 

factors and chronic conditions compared to other surveys of similar populations, particularly 

among the oldest age group, as discussed in Chapter 2.4. This discrepancy may lead to an 

underestimation of the future number of individuals with dementia or diabetes, consequently 

underestimating the care burden and long-term care requirements associated with these 
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populations. Secondly, despite the generally good validation results of the TFEM, it has a 

tendency to overestimate the number of people with care needs while underestimating those with 

severe care needs. This bias may lead to an underestimation of the overall care-needing 

population, potentially affecting projections of care hours and migrant care worker demand. 

Conversely, the underestimation of the population with the most intensive care needs could 

impact forecasts for required beds in care institutions, including those specializing in dementia 

care.   

In its current state, TFEM does not account for systematic shocks, such as fluctuations in 

macroeconomic conditions or the impact of the COVID-19 pandemic. Previous studies have 

shown that during economic recessions in the US, deaths from cardiovascular disease tend to 

decrease, with some supporting trends like increased exercise and improved diet quality.99-101 

Rising suicide rates were observed during the Asian economic crisis (1997-1998) in neighboring 

countries such as Japan and South Korea, although a similar trend was not seen in Taiwan.102 

The COVID-19 pandemic has been a significant recent shock, with death tolls in Taiwan 

reaching close to 15,000 in 2022, and over 85% of these mortalities occurring in the population 

aged 65 or older.103 While this accounts for less than 8% of the total mortalities for this age 

group, people with higher COVID-19 death risk also have a higher risk for comorbidities and 

dementia. Consequently, excluding COVID-19 related deaths might lead to an overestimation of 

the projected population size with dementia and/or disability. On the other hand, many COVID-

19 patients face the risk of long-term impairment, with individuals reporting symptoms such as 

fatigue and cognitive impairment persisting for more than 6 months after infection.104 This 

suggests that the pandemic's impact could also contribute to a higher care burden.   
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5.4.3 Policy implications  

This study highlights the potential long-term care capacity gap that Taiwan must address 

based on the projected number of individuals with dementia and/or disability in the coming 

years. Among the six policy scenarios examined, interventions targeting both diabetes and 

hearing loss in individuals aged 50 and above prove most effective. Notably, reducing the 

incidence of hearing loss and increasing the use of hearing aids among this population alone 

shows promise in diminishing the future population with dementia and/or care needs. While the 

current model doesn't factor in costs, future cost-effectiveness studies are recommended to guide 

the Taiwanese government's policy implementation decisions. 

Nevertheless, the impact of achieving the policy goals examined in the scenarios is minimal 

in terms of reducing the long-term care capacity required to meet future care needs. A simple 

calculation using the largest annual growth of beds in care institutions in recent years indicates 

that the capacity can be expanded to approximately 90,000 beds by 2043, assuming an annual 

addition of about 1,300 beds.91 This falls significantly short of the projected 150,165 beds 

required to meet the needs in 2043 based on TFEM’s simulated results.  

The number of migrant care workers Taiwan can recruit is contingent upon various factors, 

with a major concern being the future competitiveness of the market. Japan, South Korea, and 

China have either already entered or are on the verge of becoming super-aged societies, likely 

leading to competition in recruiting carers from neighboring countries in the future.105 

Meanwhile, Southeast Asia, the primary source of Taiwan's migrant care workers, is also 

experiencing an unprecedented rate of aging despite currently having a relatively young 

population.105 This stresses the urgent need for timely policies that foster sustainability of the 

live-in home care model.  
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A crucial aspect of formal long-term care that this study does not address is the role of local 

formal health aids. Despite the fact that there are only 30,000 Taiwanese working as formal care 

workers, which is approximately one-tenth of the number of migrant care workers, local care 

workers account for more than half of the staff employed in care institutions.28 The difficulty in 

finding staff is a tangible issue affecting the supply of beds in care institutions, as the number of 

care institutions and the beds provided have been declining since 2018, with many citing worker 

shortages as a contributing factor.91 Given the potential increasing competitiveness in recruiting 

migrant care workers due to demographic shifts in Asia, Taiwan should not overlook policies 

that encourage more locals to take on jobs in the long-term care industry. 

Although Taiwanese government has implemented policies to improve long-term care access 

for dementia patients, the number of beds in dementia care institutions remains limited. Since 

2017, the government has expanded eligibility for long-term care subsidies to include dementia 

patients as young as 50 years old. Additionally, patients with moderate or severe dementia can 

apply for a monthly subsidy of 3,000 TWD to support their enrollment in residential dementia 

care institutions.106 The Ministry of Health and Welfare has further supported these institutions 

by providing maintenance fees, facility subsidies, and special subsidies for certain dementia 

cases.106 More detailed public data on care institution bed capacity by patient type would enable 

a better assessment of these policies' impact on long-term care access for dementia patients. 

Future research should explore the barriers to establishing dementia-dedicated beds in existing 

care facilities and creating new specialized dementia care institutions. 

In the future, the long-term care market might be disrupted by new care models. For instance, 

the rise of artificial intelligence's application in the healthcare industry has the potential to 

address unmet care needs in the future through care coordination, assisted living, and health 
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monitoring; however, it is difficult to predict whether the labor-intensive nature of caring can be 

replaced by robots or devices in the next 20 years.107 Given this unpredictability, near-term 

research should prioritize assessing the impact of existing policy options. For instance, studies 

could focus on evaluating whether relaxing immigration laws or increasing subsidies for care 

institutions would effectively bridge the gap in formal long-term care needs, and if so, whether 

the associated costs would be sustainable. Such analyses would provide valuable insights for 

immediate policy decisions while the potential of disruptive technologies continues to evolve. 
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Appendix A. Receiver Operating Characteristic curves 

Figure A.1. Receiver operating characteristic curve of hypertension, 2003-2015. 

 
 

Figure A.2. Receiver operating characteristic curve of cancer, 2003-2015. 
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Figure A.3. Receiver operating characteristic curve of heart disease, 2003-2015. 

 

Figure A.4. Receiver operating characteristic curve of stroke, 2003-2015. 
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Figure A.5. Receiver operating characteristic curve of kidney disease, 2003-2015. 

 
 

Figure A.6. Receiver operating characteristic curve of dialysis, 2003-2015. 
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Figure A.7. Receiver operating characteristic curve of three or more limitations in activities of 
daily living, 2003-2015. 

 

Figure A.8. Receiver operating characteristic curve of two or more limitations in instrumental 
activities of daily living, 2003-2015. 
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Figure A.9. Receiver operating characteristic curve of obesity, 2003-2015. 
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