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Abstract21

Prolonging life is a global trend, and more medical expenditure is being spent on chronic 22

diseases owing to population aging. Diseases commonly seen in middle-aged and elderly people, 23

such as heart disease and diabetes, have slowed mortality improvement in recent years. Diabetes is 24

a common chronic disease and comorbidity of many serious health conditions. The total estimated 25

cost of diabetes in the United States was $327 billion in 2017. However, many people are unaware26

that diabetes is common, and at least 21.4% of adults do not know that they have diabetes. The 27

number of diabetes-related deaths has been increasing, and diabetes was the 5th cause of death in 28

Taiwan in 2019. In this study, we explore the trend and influence of diabetes in Taiwan and apply 29

mortality models, such as the Lee-Carter and Age-Period-Cohort models, using data from Taiwan’s 30

National Insurance to model the incidence and mortality rates of diabetes. We found that the Lee-31

Carter model provides fairly satisfactory estimates and that people with diabetes regularly taking 32

diabetes medication have lower mortality rates. Moreover, we demonstrate how these results can 33

be used to design diabetes related insurance products and prepare the insured to face the impact of 34

incurring diabetes. In addition, we consider different criteria for judging whether people have 35

diabetes (as there is no consensus on these criteria) and investigate the issue of moral hazard in 36

designing diabetes insurance products.37

38
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Introduction42

Extending lifespan is a global trend in the 21st century, and population aging is becoming more 43

apparent in many countries. The increase in life expectancy is noticeable in many Asian countries, 44

although it is slowing in many developed countries (Fig. 1). As a result of prolonged life, people 45

are paying more attention to retirement planning, including economic, medical, and long-term care 46

needs [1]. This study focuses on the medical needs of the elderly population. Elderly individuals 47

generally have higher medical utilization for inpatient and outpatient visits. For example, the 48

proportion of elderly in Taiwan was approximately 14.6% in 2018, but their medical expenditure 49

in national health insurance was over 38.2% (Source: Ministry of Health and Welfare, Taiwan).50

51

Fig. 1. Male Life Expectancy at Birth for Selected Countries52

Source: National Development Council, Taiwan, R.O.C. 53

54

The higher medical utilization of elderly people in Taiwan is often associated with their 55

chronic conditions. For example, approximately 3/4 and 1/2 of Taiwan’s elderly population have 56

at least one and two chronic diseases, respectively. The proportion of deaths related to metabolic 57

syndromes, such as heart disease, stroke, and type 2 diabetes mellitus (T2DM), has become the 58

leading cause of death in Taiwan, surpassing that related to cancer (which is still the single cause 59

of death). Among these diseases, diabetes is often overlooked and does not receive as much 60

attention as heart disease and stroke. However, people have gradually realized its impact on health 61

[2,3,4]. The global prevalence of diabetes increased from 4.7% to 8.5% between 1980 and 201462

(World Health Organization (2016). Several factors contribute to accelerated diabetes epidemic 63

and, for example, poor diabetes management puts people into higher risk of serious complications64
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[5-9]. In general, diabetes affects Europeans in developed countries when individuals are 65 years 65

and older [10], whereas people from South Asia are more likely to have T2DM than the general 66

population [11].67

Approximately 1.5 million worldwide had died of diabetes in 2012, this number could be 68

higher considering that diabetes increases the risk of death for those with other health conditions. 69

In Taiwan, cancer remains the focus, and cancer patients with diabetes have a 40-80% higher risk 70

of death than those without diabetes [12]. Additionally, diabetes was recently identified as a 71

significant risk factor for death among COVID-19 patients [13]. Many causes of death (e.g., kidney 72

and cardiovascular diseases) are highly correlated with diabetes, although it might not be a direct 73

cause. Moreover, medical expenditures related to diabetes have become more noticeable, and are 74

likely to increase in many countries. For example, the direct expenses for diabetes were over $82.7 75

billion in 2012. According to the International Diabetes Federation (IDF) Diabetes Atlas 2019[14], 76

the total healthcare expenditure on diabetes was estimated at USD 760 billion in 2019 and is 77

expected to reach USD 845 billion by 2045.78

The influence of diabetes on health and life expectancy is predicted to increase, and the 79

insurance industry can play an important role in managing the consequences. This study explores80

the feasibility of designing diabetes-related insurance products based on datasets from Taiwan’s 81

National Health Insurance Research Databases (NHIRD). The datasets we selected covered nearly 82

50% of Taiwan’s population aged over 50, a scale not seen in previous studies. All hospital visits, 83

including inpatient, outpatient, and surgical records, were assessed using those datasets. Diabetes 84

is generally associated with a higher mortality rate in Taiwan, and individuals with diabetes find it 85

difficult to purchase life insurance. We study the mortality rates of patients with diabetes and 86

investigate whether insurance companies can cover these patients. 87

However, unlike cancer and catastrophic illness (CI) [15], the definition of diabetes has been 88
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controversial. The government, insurance industry, and doctors have different opinions on diabetes, 89

which creates difficulties in designing diabetes insurance products. Many criteria for defining 90

diabetes have been proposed in previous studies, many of which include diabetes clinic visits as a 91

necessary condition (S1Table). In other words, the incidence rates of diabetes (and possibly the 92

mortality rates of patients with diabetes and their medical utilization) depend on the criteria used, 93

and it is difficult to determine the most appropriate criteria for designing insurance products. 94

Instead, we compare different criteria for judging T2DM and choose those that can provide stable 95

and consistent estimates of incidence and mortality rates.96

The remainder of this paper is organized as follows. We briefly introduce the datasets used in 97

this study, and describe how we define T2DM and the mortality models used in Section 2. 98

Empirical data analysis, including the processes of data cleaning and big data analysis, is presented99

in Section 3. The Modelling and application of diabetes incidence and mortality rates to design 100

insurance products are presented in Section 4. The final section presents the discussion of our 101

findings.102

103

Materials and Methods104

The NHIRD is an important public resource and has been used in many research studies for 105

more than 20 years as almost the entire Taiwanese population is enrolled in it. The research topics 106

related to NHIRD include, for example, the hospital utilization and medical usage of cancer patients 107

in Taiwan [16-18]. In this study, we chose two NHIRD sample datasets, the Longitudinal Health 108

Insurance Database 2005 (LHID2005) and Elderly Longitudinal Health Insurance Database 2005 109

(ELHID2005), and used these datasets to acquire diabetes incidence rates, mortality rates, and 110

medical utilization of patients with diabetes. The datasets contained one million randomly selected 111

people who were alive in 2005, and their medical records between 1996 and 2013. The medical 112
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records included “registry for beneficiaries” (personal identification, or ID file), “ambulatory care 113

expenditures by visits” (outpatient visit or CD file), and “inpatient expenditures by admissions” 114

(DD file).115

This study has three main limitations: the data period, definition of diabetes, and death criteria. 116

We used only the datasets up until 2013 because there is a time gap in the release of diabetes data 117

as Taiwan implemented the Personal Data Protection Act in 2012, increasing the difficulty of 118

human-related research. Additionally, as mentioned in the Materials and Methods section, the 119

definition of diabetes is controversial; thus, we used outpatient records to determine whether a 120

person had diabetes. Therefore, our results may not be applicable to other studies that use different 121

definitions of diabetes. Similarly, the mortality rates of patients with diabetes were determined 122

based on medical records, which may differ from official statistics.123

The major difference between the two datasets was the age range of the samples: ages 0-99 for 124

LHID2005 and ages 65-99 for ELHID2005, and the samples selected (one million people) 125

accounted for 4.6% and 45.7% of Taiwan’s population at ages 0-99 and 65-99, respectively. 126

Notably, the age-specific prevalence rates of T2DM increased with age, especially in the elderly 127

[10,19-22] and the mortality rates in elderly patients with diabetes were also higher [23]. Therefore, 128

we focused on people aged 45-99 and chose a sampling ratio of 45.7% for the elderly (ELHID2005) 129

to provide stable estimates for those aged 65 and above. Moreover, the data quality (including data 130

format and data collection) of the NHIRD has been improving since Taiwan started the NHI in 131

1995, thus, we used data for 2003-2013 to ensure the credibility of our analysis.132

In particular, we applied frequently used mortality models to estimate the incidence and 133

mortality rates and to determine which disease criteria produce smaller estimation errors. We used134

the mean absolute percentage error (MAPE) to evaluate the different disease criteria and mortality 135

models. The MAPE is defined as136
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where iY and iŶ are the observed and estimated values of observation i, .,,2,1 ni = According to 138

Lewis [24], predictions with MAPE less than 10% and greater than 50% are considered highly 139

accurate and unacceptable, respectively. The two datasets from the NHIRD (particularly the 140

ELHID2005) were used to verify the disease criteria for diabetes.141

Note that we could not obtain the mortality rates of patients with diabetes from the NHI data 142

directly because we could not access the Cause of Death Dataset from the Department of Health and 143

Welfare when we applied to NHIRD. Nevertheless, we obtained reliable estimates of mortality rates144

from medical records. We adopted the criteria used in previous studies and judged whether a patient 145

had died (e.g., Yue et al. [15] and Chen et al. [25]). The criteria for death can be applied to people 146

with heavy medical utilization, such as patients with CI and older people (aged 50 and over). For 147

example, the average number of outpatient visits and medical costs for patients with CI are 148

approximately three and seven times the national average (2019), respectively. Most criteria are 149

based on whether those individuals stop visiting doctors and usually provide fairly accurate estimates 150

of mortality rates. We only applied the death criteria for people aged 65 and above in this study151

because the mortality estimates of the elderly were very close to official statistics[15].152

The incidence and mortality estimates can have many fluctuations for higher age groups owing153

to population size, and we introduced graduation methods to smooth age-specific rates. Two 154

smoothing techniques were used: Partial Standardized Mortality Ratio (PSMR) and stochastic 155

mortality models. PSMR [26] is a modification of the Standardized Mortality Ratio (SMR), which 156

was originally designed to smooth the mortality rates of small populations using mortality 157
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information (with respect to SMR) from a large (reference) population. The SMR is often used in 158

epidemiology to compare populations with different age structures and is defined as159
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where xd and xe are the observed and expected number of deaths for age x, respectively. If the SMR 161

is greater than 1, this indicates that the small population has higher overall mortality rates than the 162

reference population. Similarly, an SMR of < 1 indicates a lower mortality rate. Thus, SMR can be 163

treated as a mortality index. Wang et al. [27] showed that the partial SMR can be used to stabilize 164

estimates from stochastic models. 165

For the partial SMR, the graduated rates satisfy 166
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or the weighted average between raw mortality rates and SMR, where
2ĥ is the estimate of 168

parameter
2h for measuring the heterogeneity (in mortality rates) between the small area and 169

reference populations. To avoid unreasonable results, Lee [26] suggests larger
2ĥ values for 170

mortality heterogeneity between different ages. When the number of deaths is smaller, there will 171

be larger weight from the reference population to provide smoother graduated mortality rates, and 172

the graduated value equals *SMR xu when the number of deaths is zero.173
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Mortality models can be treated as a group of graduation methods. For example, the Gompertz 175

model is frequently used to assess the mortality rates among the elderly. In particular, we used the 176
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Generalized Age-Period-Cohort (GAPC) model [28] to fit the incidence rates and mortality trends 177

in patients with diabetes. We considered several stochastic mortality models in this study, including 178

the popular Lee-Carter model [29], which is a special case of the GAPC model. In addition to 179

applying mortality models, we discussed the spillover effects of diabetes by, for example, 180

considering the morbidity rates of ailments related to diabetes, as it is believed that diabetes is 181

associated with many metabolic syndrome diseases. 182

1) Lee-Carter (LC) model:183

If xtm denotes the central death rate or incidence rate for a person aged x at time t . The LC 184

model assumes that 185

txtxxxtm ,

)2()2()1()log(  ++= ,                                                  (4)186

with∑ 𝛽𝑥
(2)

= 1𝑥 and∑ 𝜅𝑡
(2)

= 0𝑡 . 𝛽𝑥
(𝑖)are age related parameters (i = 1, 2), and𝜅𝑡

(2)represents the 187

time related parameter. Note that 𝛽𝑥
(1) is the general mortality level, and 𝛽𝑥

(2) is the mortality 188

improvement rate at age x, and
)2(

t is a linear function of time. The term tx, denotes the error term 189

and is assumed to be white noise with zero mean and a relatively small variance. 190

2) Renshaw-Haberman (RH) model [30]:191

The RH model can be treated as a version of the LC model with an extra cohort component,192

𝑙𝑛( 𝑚𝑥𝑡) = 𝛽𝑥
(1)

+ 𝛽𝑥
(2)

𝜅𝑡
(2)

+ 𝛽𝑥
(3)

𝛾𝑡−𝑥
(3) ,                                         (5)193

where ∑ 𝛽𝑥
(2)

= 1𝑥 , ∑ 𝜅𝑡
(2)

= 0𝑡 ,  ∑ 𝛽𝑥
(3)

= 1𝑥 , ∑ 𝛾𝑡−𝑥
(3)

= 0𝑥,𝑡 , and the parameter 𝛽𝑥
(𝑖) denotes the 194

average age-specific mortality, 
)2(

t represents the general mortality level, and
)3(

xt− reflects the 195

cohort-related effect. 196

3) Cairns-Blake-Dowd (CBD) model [31]:197
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The CBD model was designed to model mortality rates of older age groups and deal with 198

longevity risk in pensions and annuities. The CBD model assumes that the mortality rates satisfy 199

logit(𝑚𝑥𝑡) = 𝑙𝑜𝑔
𝑚𝑥𝑡

1−𝑚𝑥𝑡
= 𝛽𝑥

(1)
𝜅𝑡

(1)
+ 𝛽𝑥

(2)
𝜅𝑡

(2)
,                                      (6)200

where the parameters are 
)(i

x and 
)(i

t ( 2,1=i ) denote the average age-specific mortality and 201

general mortality levels. If we assume 1)1( =x and xxx −=)2( , then the model has a simple 202

parametric form:203

logit(𝑚𝑥𝑡) = 𝜅𝑡
(1)

+ 𝜅𝑡
(2)

(𝑥 − �̄�).                                                         (7)204

4) The Age-Period-Cohort (APC) model:205

The APC model is a popular tool for modelling disease incidence and mortality in 206

epidemiology. Heuristically, if we consider the notion of Analysis of Variance, the LC model 207

considers the effects of Age and AgePeriod (interaction), whereas the APC model considers three 208

main effects, Age, Period, and Cohort.209

𝑙𝑛( 𝑚𝑥𝑡) = 𝛼𝑥 + 𝜅𝑡 + 𝛾𝑡−𝑥,                                                   (8)210

with constraints ∑ 𝛾𝑐 =𝑐=𝑡−𝑥 0 and ∑ 𝑐𝛾𝑐 = 0𝑐 [32].211

212

Results213

As mentioned previously, in Taiwan there are no unified standards for determining whether a 214

person has diabetes. Unlike CI, Taiwan’s NHI has a concrete and rigorous, standard and review 215

process. This helps the insurance industry prevent insurance disputes and develop CI-related 216

products [15]. The CI products are among the most popular health products in Taiwan, and the 217

experienced loss ratio of CI products meets expectations. 218
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In this section we use the empirical results to provide suggestions for choosing the possible 219

criteria for diabetes. As the size of exposures from the NHI database is fairly large, we expect that220

if the criteria used are reasonable, the prevalence, incidence, and mortality rates should be 221

consistent and stable between ages and years, as well as satisfying experts’ (such as doctors’) 222

opinions. Notably, we consider consistency and moral hazard to reduce insurance risk. 223

Note that the medical records in the NHIRD follow the International Classification of Diseases, 224

9th Revision (ICD-9); thus, we used the ICD code to determine whether people were diabetic. In 225

particular, we were interested in T2DM, which accounts for 95% of diabetes cases in Taiwan226

(Source: Health Promotion Administration, Ministry of Health and Welfare). The ICD code of 227

T2DM is 250, and the cases of type 1 diabetic (ICD code 250×1, 250×3) are excluded in this study. 228

However, we did not rely solely on the ICD code to identify patients with diabetes, as it does not 229

reveal the severity of diseases. We included other conditions similar to the criteria for judging 230

diabetes in S1 Table. 231

Prescription drugs are often included in the decision to treat diabetes. Unfortunately, there are 232

concerns regarding the quality of prescription drug records, and according to our consultation with 233

doctors, some people may even use diabetes prescription drugs for weight loss. Another reason for 234

not using prescription drugs when deciding on treatment for diabetes is that patients may seek 235

alternative treatments. Garrow [33] reported that 46.7% of patients with diabetes used236

complementary and alternative medicine. Additionally, it is difficult to develop a complete list of 237

medicines for patients with diabetes. Thus, we sought another type of medical record for chronic 238

diseases such as diabetes, called refillable (continuous) prescriptions for patients with chronic 239

illness (RP). The RP has been enforced since 2003 and has significantly reduced the number of 240

hospital visits.241
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Diabetes is usually not immediately fatal, therefore, patients often stop visiting doctors or 242

forget to take regular medications when the symptoms of diabetes (such as hyperglycemia) are 243

relieved. This would make it difficult to calculate the incidence rates of diabetes, for example, 244

failure to identify first-time patients. Thus, we adapted rules similar to the idea of a washout period245

used in Taiwan’s health insurance products. In Taiwan, usually a two-year observation (or 246

probationary) period is used to reduce the possibility of moral hazard and overestimation. For 247

example, if consumers want to purchase cancer insurance, they must provide their medical records 248

over the last two years, showing that they have not yet had cancer. A two-year observation period 249

was used to determine the incidence rate of diabetes.250

251

Fig. 2. Prevalence Rates for four Outpatient Visits per Year (2008-12)252

253

With a two-year observation period, we calculated the incidence rates based on the number of 254

outpatient visits and RP’s. Logically, more outpatient visits should reduce the possibility of false 255

positive results. Lin et al. [34] showed that the accuracy of the overall diabetes diagnosis in NHI 256

claims data was 74.6%, which increased to 96.1% for cases with four or more outpatient visits. 257

Using the criterion of four outpatient visits per year, we found that the prevalence rates of T2DM 258

were stable in 2008-12 and were a reverse U-shaped curve, reaching a peak around age 80 (Fig. 2). 259

We also computed the prevalence rates of T2DM using the criteria of 2 and 3 outpatient visits per 260

year, and they were higher than those of 4 outpatient visits per year; however, the results varied 261

significantly for different years. The estimated results, based on four outpatient visits per year, 262

were more consistent and the incidence rates were stable and followed a reverse U-shaped curve 263

(left panel of Fig. 3), reaching a peak of 2% around the age of 75. We also considered the incidence 264

rates of T2DM using the criterion of one RP per year, and the results were interesting (right panel 265
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of Fig. 3). Interestingly, the incidence rates based on four outpatient visits per year and one RP 266

visit per year were almost identical. As RP is easy to confirm, we used one RP per year to determine 267

diabetes patients for the remainder of this study.268

269

Fig. 3. Incidence Rates of T2DM (2010-12)270

271

Fig. 4 shows the age-specific mortality rates of patients with diabetes aged 71-84, compared272

with those of Taiwan’s general population and Taiwan’s cancer patients. As expected, the mortality 273

rate in patients with diabetes was much lower than that in patients with cancer. However, the 274

mortality rates of patients with diabetes were similar to those of Taiwan’s general population; only 275

female mortality rates were slightly higher. This result is somewhat different from that of previous 276

studies in which older patients with diabetes had higher mortality rates [23,35,36]. The results of 277

diabetes mortality rates associated with diabetes depend on its definition. Our definition is related 278

to the willingness to visit doctors to take medications regularly, and patients who do not visit 279

doctors or take medications have higher mortality rates.280

281

Fig. 4. Mortality Rates of Different Populations282

283

Discussion 284

In this study we used stochastic mortality models to estimate the incidence and mortality rates 285

of diabetes and selected models with the smallest estimation errors (MAPE). We use these to design 286

diabetes insurance products and discuss whether it is feasible to use commercial insurance products 287

to deal with the challenges of prolonging life in Taiwan. Patients with diabetes were defined as288
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those who have one RP per year. In addition, we considered the Generalized Age-Period-Cohort 289

(GAPC) models using the R package StMoMo. If the population sizes were small, we combined290

graduation methods, such as the PSMR method, with mortality models [27], using a combination 291

of PSMR and LC models. We conducted the model evaluation with three data periods: 2005-2013, 292

2007-2012, and 2008-2013, in order to verify if the results of model fitting were time-dependent.293

First, we present the results of the diabetes incidence rates. Two age groups were considered: 294

single-age and 5-year age groups. For the single-age case, the age ranges are 45, 46, …, 89, while 295

the age range are 45-49, 50-54, …, 95-99 for the 5-year age case; however, we do not consider 296

ages 90 and beyond (i.e., 90+) for the single-age case because the population size of 90+ is too 297

small. The results of 5-year age case (ages 45-99) are shown in Table 1. The APC model exhibits298

the best fit for all three periods. If we omit data from 2005 and 2006, the LC, APC, PSMR, and 299

PSMR+LC models have satisfactory fitting results. The results of the single-age group (ages 45-300

89) are slightly different (Table 2), and RH has the smallest MAPE value, while the LC, APC, and 301

PSMR+LC models have good fit.302

As the LC model is frequently used in prediction, we used it to demonstrate the trend of diabetes 303

incidence rates for the case of a 5-year age and years 2008-2013. We used the estimates of the LC 304

model parameters to acquire the annual increment in incidence rates. In particular, we assume 𝜅𝑡
(2)

=305

𝑎 + 𝑏𝑡 in Equation (4) and thus the annual increment of incidence rate at age x is𝛽𝑥
(2)

× 𝑏 [15]. In 306

other words, the diabetes incidence rate of age x at year t+1 is 𝑒𝛽𝑥
(2)

×𝑏 times the diabetes incidence 307

rate of age x at year t. Fig. 5 shows the annual increments of diabetes incidence rates at all age groups. 308

The annual increments are smaller for younger groups and generally increase with age, reaching 309

approximately 6% at ages 85-89. The scale of annual increments is worth noting. However, we need 310

to collect more data for long-term projections because we have six years of data. 311
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312

Table 1. Fitting MAPE of Incidence Rates (ages 45-99, 5-age groups)313

2005-2013 2007-2012 2008-2013

Average

Male Female Male Female Male Female

LC 49.87 9.80 6.12 7.97 6.04 10.00 14.97

APC 6.40 6.71 4.49 7.03 4.07 4.89 5.60

PSMR 144.64 9.46 6.98 9.72 5.91 9.47 31.03

PSMR+LC 147.49 11.69 7.56 9.92 6.29 10.13 32.18

CBD 338.46 83.92 43.80 88.21 41.59 84.65 113.44

RH ---1 78.38 68.55 68.48 37.09 74.94 65.49

1 In 2005, the incidence number of 95-99 was 0 and the RH model did not converge.314

315

Table 2. Fitting MAPE of Incidence Rates (ages 45-89, single-age)316

2005-2013 2007-2012 2008-2013

Average

Male Female Male Female Male Female

LC 10.37 10.16 7.80 7.22 8.22 7.65 8.57 

APC 10.70 9.95 7.38 7.73 7.99 7.71 8.58 
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PSMR 10.87 10.34 8.51 8.39 8.77 8.24 9.19 

PSMR+LC 13.21 12.46 8.95 8.66 8.95 8.62 10.14 

CBD 30.24 40.40 26.34 38.43 25.87 37.23 33.08 

RH 9.57 8.71 6.09 6.18 6.11 6.18 7.14 

317

Fig. 5. Annual Increments of Diabetes Incidence Rates (LC Model)318

319

Modelling the mortality rates of patients with diabetes followed the same process. Owing to 320

the nature of our data, we could only estimate the mortality rates for 2006-2011. This is because 321

the death criteria were based on two-year washout period; thus, we could not estimate the mortality 322

rates for 2012 and 2013. Nevertheless, we attempted to verify whether GAPC models can capture 323

trends in mortality rates. However, owing to the consideration of sample size, the age ranges for 324

the 5-year age and single-age groups were 70-74, 75-79, …, 95-99 and 70, 71, …, 89 years, 325

respectively. Table 3 lists the fit errors with respect to MAPE for all models. Except for the RH 326

model, all models had fairly accurate estimations, with an average MAPE of approximately 5%.327

We used the estimates of LC model parameters to acquire the annual increment of mortality rates 328

for elderly diabetes patients, for the 5-year age group and years 2006-2011 (Fig. 6). The annual 329

increments were 3.6% and 1.6% for male and female patients, respectively. The annual increments 330

were more stable for ages 70-89 but were reduced to 2.5% and 0.6% for male and female patients, 331

respectively. 332

333
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The results of the model evaluation of diabetes incidence and mortality rates suggest that the 334

LC and APC models are preferred. The models indicated that the incidence and mortality rates 335

increased with time; however, the increments in mortality rates (using the LC model) were much 336

smaller. As a result, we expected that the number of patients with diabetes would increase over 337

time, especially among the elderly. Patients with diabetes usually use more medical resources than 338

those without diabetes; thus, more patients with diabetes indicate more medical expenditures for 339

Taiwan’s NHI. The Taiwanese government needs to look for solutions dealing with population 340

aging and prolonging life to ensure the sustainability of the NHI and social insurance systems.341

342

Table 3. MAPE of Mortality Rates343

344

345

346

347

348

349

350

351

352

353

354

Fig. 6.355 Annual 

Increments of Diabetes Mortality Rates (LC Model)356

5-year age (70-99) Single-age (70-89)

Average

Male Female Male Female

LC 3.76 2.74 5.48 4.75 4.18

APC 3.27 2.64 4.86 5.13 3.97

PSMR 4.60 4.41 6.37 5.75 5.28

PSMR+LC 4.94 4.41 6.42 5.75 5.38

CBD 5.56 4.41 6.59 5.95 5.63

RH 24.74 11.51 3.84 4.14 11.06
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Additionally, the incidence rates (and possibly mortality rates) of diabetes depend on the 357

judgment criteria. The trends in these rates may also differ significantly. We compared the results 358

using 1 RP and 2 RP per year as the criteria. Fig. 7 shows the incidence rates of those two criteria 359

in 2012. Interestingly, for male and female patients, the diabetes incidence rates for 2 RP were 360

approximately 20% lower than those of 1 RP. Diabetes-related mortality rates showed a similar 361

pattern. As we could not compute the mortality rates for 2012, we compared the mortality rates for 362

2009. The mortality rates of patients with diabetes using 2 RP were approximately 7% lower than 363

those using 1 RP (Fig. 8). It appears that using RP can produce fairly stable estimates of incidence 364

and mortality rates. Regarding the gaps between 1 RP and 2 RP, we used methods such as the spill-365

over effect, similar to the car insurance no-claim discount method, to design medical policies with 366

discounts for the insured who continue receiving treatment.367

368

Fig. 7. Diabetes Incidence Rates in Taiwan369

Fig. 8. Diabetes Patients Mortality Rates370

371

Conclusions372

Population aging is a common demographic phenomenon in the 21st century, and an increasing373

proportion of elderly people are expected due to prolonged life expectancy. Chronic diseases such 374

as metabolic syndrome and the replacement of infectious and acute diseases have become the main 375

health concerns in many countries. Diabetes is a major metabolic syndrome; however, many people 376

do not know whether they have diabetes. Unlike stroke and cardiovascular disease, diabetes has377

not received much attention, probably because it does not directly lead to death. It has received378
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increasing attention in recent years because previous studies have shown that diabetes is associated 379

with many diseases. The 2016 annual report of the US Renal Registry [37] showed that the 380

incidence and prevalence of kidney disease in Taiwan were the highest worldwide in 2014, with 381

455 and 3,219 people per million people per year, and 45% of dialysis patients were diagnosed 382

with diabetes. Diabetes will have a larger influence on the health and medical expenditure of 383

Taiwanese people; thus, we used Taiwan’s National Health Insurance Research Database to 384

explore trends in T2DM.385

In this study, we evaluated the criteria for diabetes and calculated its incidence and mortality 386

rates based on NHI records as it covered approximately 99.9% of Taiwanese citizens by the end of 387

2023. Using RP, we obtained stable incidence and mortality rates that could be used to design 388

diabetes insurance products. Our results show that when patients with diabetes continue to receive 389

treatment, their mortality rates are not significantly different from those of the general population. 390

This discovery can be regarded as an application of big data that provides new insights for 391

insurance companies in product design, and provides policyholders with more opportunities to 392

purchase insurance products. In addition, among all GAPC models for fitting the incidence and 393

mortality rates, the APC model had the smallest MAPE errors, and the LC model was a feasible 394

choice. When we used the LC model to measure the time trend, we found that the incidence rates 395

of T2DM gradually increased with time, whereas the mortality rates of elderly patients with 396

diabetes changed with a stable path.397

An aging population and unhealthy lifestyle can lead to changes in the main causes of death in 398

many countries, such as Taiwan [38]. Diabetes appears to be a good indicator for the degree of 399

unhealthy level. According to the National Diabetes Statistics Report (2020), complications in400

adults in the U.S. (aged 18 and above) diagnosed with diabetes in 2013-2016 included overweight 401

and obesity, physical inactivity, high blood pressure, high cholesterol, and high blood glucose, 402
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which are related to metabolic syndrome diseases. Thus, the increasing incidence of diabetes in 403

Taiwan and the U.S. indicates increasing medical demands and expenditures, not restricted to the 404

number of deaths. In order to maintain the sustainability of the NHI, we suggest that Taiwan’s 405

government provide more incentives for diabetes patients to pay extra attention to their health, such 406

as free health examinations every two or three years.407

For commercial insurance, diabetes can be considered a sign of potential health problems; thus,408

we treated it as a risk factor (i.e., those with diabetes as part of the sub-standard group) for insurance 409

products. However, a health exam is usually not required for commercial insurance in Taiwan, and 410

it is difficult to verify whether the insured have diabetes, similar to verifying whether they are over-411

weight or use tobacco regularly. Alternatively, the concept of insurance product options can be 412

adopted when designing diabetes products. For example, consumers can purchase options to treat 413

diabetes. When the insured are diagnosed with diabetes, instead of receiving a benefit payment, 414

they can purchase new policies at the standard price rate. This is feasible for life insurance products415

because the mortality rates of patients with diabetes can be determined. For health insurance 416

products, further studies and more information regarding the relationship between diabetes and 417

other health conditions are needed.418
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