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Abstract—This study investigates the probability in an 

inhomogeneous multiple state with three states of the 

Markovian processes in random transitions method and the 

human mortality database (HMD) among older male and 

female aged 65 to 89 for 2009 to 2016. This approach reflects 

transition rate of disability-dead state in the old males high 

than in the old females which except for 80-84 and 85-89-year-

old males groups. Transition rate of health-disability in the old 

females high than in the old males. For transition rate of 

health-dead or disability-dead, the female's transition rate is 

less than that of the male. This empirical findings also provide 

one of reference of public long-term care programming or 

long-term care insurance pricing. 
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I.  Introduction  
The demographic and sociocultural environments can be 

particularly relevant in shaping risk perceptions and the role 
of Long-term care (hereinafter LTC) services in society. 
This issue has obvious relevance for both government- and 
market-provided economic security systems. Many 
governments face mounting costs in meeting social program 
entitlements for long term care expenditure (hereinafter 
LTCE), health care and benefits (Getzen, T.E., 2000; 
Grabowski, 2001; Wolff et al., 2008; Kaye et al., 2009; Guo 
et al., 2014). Although voters often favor continuation of 

high benefit levels, they resist the tax increases required to 
maintain them as the population ages. However, 
standardization of disability measurement is required before 
disability could replace time-to-death in LTCE projections 
models (Meijera et al., 2011).  

Despite the large literature that explores the trends in 
functional status and disability patterns among elderly 
persons, surprisingly few studies have attempted to 
characterize the set of health and disability transition 
probabilities with LTCE for care service. The potential 
impact on the medicare program is large, given how 
common such limitations are among the elderly (Donald H. 
Taylor et al., 2006). Understanding health-disability 
transition probabilities severe enough to trigger long-term 
care payouts is essential to product budgeting and 
development (Olivieri and Pitacco, 2001; de Meijer et al., 
2011). Based on each transition rate quantifies the feasible 
flow from one compartment to another. Transition intensity 
approach refers to the methods of differential equation for 
calculating transition probabilities from transition intensities 
over time (Renshaw and Haberman, 1995; Haberman and 
Pitacco, 1999; Frijters, 2008). A stochastic model to assess 
mortality and disability risk (Majer et al., 2011) in life 
annuities with LTC benefits (Levantesi and Menzietti, 2012; 
Clark et al. 2016) and to focus on transition probability 
estimates are sensitive to the definition of 'long-term care 
disability' (Fong et al., 2012).  

Three-state Markov process with states of 'the health-
disability', 'the disability-dead' and 'health-dead' has been 
conducted in the basis for modeling long-term care status 
transitions (Karlsson et al., 2006). There are fewer studies 
devoted to the construction of nationally representative 
estimates of functional status transition rates. In Taiwan, a 
population-based study, individual aged 65 years or older 
people is showed to increase from 11% of the population in 
2010 to 20% by 2025. In 2011, among all people with 
disabilities in Taiwan, individual aged 65 years and more is 
showed to increase from 37.02% of the population in 2009 
to 38.40% by 2016. 

  The goal of this paper is to estimate age-specific health-
disability transition probabilities among older adults aged 65 
to 89 for 2009 to 2016. Our analysis adopts a discrete 
inhomogeneous Markovian process. This paper focuses on 
an evidence regarding how the health-disability, the 
disability-dead and health-dead on transition rates vary by 
age and garden using stochastic and mortality models and 
these relative LTCE for each transition state. Our results are 
of interest for several reasons. Firstly, this study provides an 
evidence regarding how the health-disability, the disability-
dead and health-dead on transition rates vary by age and 
gender. Secondly, we apply estimated rates of transition and 
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determine the total public LTCE for each transition state in 
2009 and 2016 years, and as one of reference of long-term 
care programming or LTC insurance pricing. However, if 
implemented without delay, LTC program will be 
implemented in 2018 Taiwan. 

II. Model and data 

A. Transition rates model 
 It proposed a stochastic environment represented by 

random transitions in the underlying multiple state model 
according to Figure 1 (Cairns et al., 2006; Levantesi and 
Menzietti, 2012). All older people may face health risk. 
They follow the underlying multiple state model process that 
involves: 

Figure 1.  Three-state Markov process 

We consider a probability in a stochastic environment 
represented by random transitions in the underlying multiple 
state model. We use a discrete and inhomogeneous multiple 
state model with three states: 1 = healthy, 2 = disabled, and  
3 = dead (Haberman and Pitacco, 1999). 

Let (t); t 0,1,2,...S  be a Markovian process describing 

the development of a single policy in discrete time with a 
finite state space and a set of transitions. Therefore, the 

random variable (t)S  represents the state of the Markov 

process at time t . In order to the usually chronic character 

of disability for elderly, we disregard the possibility of 
recovery from the disabled state. This assumption is 
consistent with the empirical evidence emerging from our 

dataset, so we assume (0) 1S  . 
ij

t xp  is the probability 

that the process, being in i state at time t ,will make a 

transition to state j  in the next stop. In particular, 
ii

t xp is the 

probability of staying in the same state i  at the next time 

moment. All of them are defined as follows: 

 (t) j | S(0)  [0,T]ij

t xp P S i t    , 

, ,i j S i j       (1) 

 (t) | S(0)  [0,T]ii

t xp P S i i t    , i S       (2) 

For t = 1, 2, . . ., we have the Chapman–Kolmogorov 
equations: 

11 11 11

1 1t x t x x tp p p         (3) 

12 12 22 11 12

1 1 1 1
+

t x t x x t t x x t
p p p p p

- + - - + -
= · ·   (4) 

22 22 22

1 1t x t x x tp p p       (5) 

Remaining probabilities can be calculated as: 

13 11 121t x t x xp p p   and  
23 221t x t xp p   

In this issue, we discuss the one step at time 0 to another 
step at time 1. There are equation we are use as the follows: 

12 1 2( 1, 1) ( , ) ( 1, 1)p t x p t x p t x        (6) 

13 1 3( 1, 1) ( , ) ( 1, 1)p t x p t x p t x           (7) 

11 12 13( 1, 1) 1 ( 1, 1) ( 1, 1)p t x p t x p t x        
          (8) 

23 2 3( 1, 1) ( , ) ( 1, 1)p t x p t x p t x        (9) 

22 23( 1, 1) 1 ( 1, 1)p t x p t x        (10) 

Using equation (6), (7) and (9), we determine the total 

LTC expenditure,
ij

tE  for each transition state ( ij ) in one 

year t  to be: 

, , , , ,

1 1

( )
C D ijij

x t d c t d c tt x

c d

E e f p
 

     (11) 

where, , ,( )
ij

d c tt x
f p is the frequency after transition 

estimated from
ij

t x
p of the elderly persons served, the sum of 

each services ( d ) in country ( c ) for each transition state 

( ij ) in x  aged group in the year t , respectively. In this 

paper, , ,d c te  is the unit cost of all items in LTC services for 

each transition state ( ij ) in x  aged group in the year t . 

B. Data 
Online reporting of National Long Term Care Program 

(NLTP) data and Human Mortality Database (HMD) for the 
health-disability or health-dead transition probabilities and 
LTC expenditures among older male and female aged 65 to 
89 for 2009 to 2016. 

III. Results 
We could calculate the health-disability, health-dead and 

disability-dead of the Markovian multi-state process in 
random transitions have an important effect on LTC 
expenditure using equations (1) - (10) presented earlier. 
However, both 2009 and 2016 were key years of LTC policy 
which LTCE for care service was full developed since 2009. 
The LTC Services Act will be the full implementation of 
2016 in Taiwan.  

Table 1 presents full estimates for 2009 and 2016 years 
below and as mentioned above, we can only obtain count 
data as follows and we also can see that the transition rate 
(%) and total LTC of transition in each age group in each 
state for elderly service in. Within 'the health-disability 
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state', are generally increasing age leads to increasing levels 
of transition rate of health-disability state in male and 
female.  Note that the transition rate of health-disability state 
in the old females high than in the old males and to be 
subject to larger total LTC of transition in the old females.  
In 'the disability-dead state', are showed increasing age leads 
to increasing levels of transition rate of disability-dead state 
in male and female. However, the transition rate of 
disability-dead state in the old males high than in the old 
females and to be subject to larger total LTC of transition in 
the old males which except for 80-84 and 85-89-year-old 
males groups.  Finally, In 'the health-dead state', also are 
generally increasing age leads to increasing levels of 
transition rate of health-dead state in male and female. In 
particular, have recently witnessed a trend toward large-
scale building medical health care network, long care 
communities and take-care themselves projects with 
associated positive values that loom large as a proportion of 
the country's total exposure to benefit on the old females 
better than the old males, and to be subject to reduce total 
LTC of transition in the old females. These phenomena have 
established that upon reaching the age of 65, Taiwanese men 
and women tend to live for a further 18.15 and 21.7 years 
respectively. About half of the males will live longer than 80 
years, while half of the females will live longer than 85 
years. As will be showed in Table 1, within public LTCE, 
except for the old females less than in the old males on total 
expenditures of the health-dead state, are generally the old 
females large than in the old males on total expenditures of 
the health-disability and disability-dead states. 

TABLE I.  TRANSITION RATES AND PUBLIC LTCE IN 

THREE STATES, GENDER AND AGE, 2009-2016 TAIWAN 

Year Gender Transition 

 

Age 

65-

69 

70-

74 

75-79 80-84 85-89 Total 

Health-Disability 

2009 

 

Male 

 

Transition Rate 

(%) 

3.03 4.65 7.07 10.62 11.25  

LTC of 

Transition 

(USD million) 

5.57 8.55 13.01 19.53 20.70 67.36 

female Transition Rate 

(%) 

3.76 6.42 10.75 17.46 17.42  

LTC on 

Transition 

(USD million) 

6.92 11.81 19.78 32.13 32.05 102.69 

2016 

 

male Transition Rate 

(%) 

3.09 4.80 7.30 11.25 11.89  

LTC on 

Transition 

(USD million) 

12.02 18.67 28.40 43.76 46.25 149.10 

female Transition Rate 

(%) 

3.78 6.45 10.80 17.42 18.24  

LTC on 

Transition(USD 

million) 

0.77 1.40 3.55 12.09 11.33 220.52 

Disability-Dead 

2009 male Transition Rate 

(%) 

0.42 0.76 1.93 6.57 6.16  

LTC on 

Transition(USD 

million) 

0.77 1.40 3.55 12.09 11.33 29.15 

female Transition Rate 

(%) 

0.21 0.61 2.14 8.59 10.72  

LTC on 

Transition(USD 

million) 

0.39 1.12 3.94 15.81 19.72 40.98 

2016 male Transition Rate 

(%) 

0.44 0.80 2.01 6.16 7.92  

 LTC on 

Transition(USD 

million) 

1.71 3.11 7.82 23.96 30.81 67.41 

female Transition Rate 

(%) 

0.15 0.47 1.64 7.65 8.69  

LTC on 

Transition(USD 

million) 

0.58 1.83 6.38 29.76 33.80 72.35 

Health-Dead 

2009 

 

Male 

 

Transition Rate 

(%) 

17.24 20.78 32.67 56.90 58.30  

LTC of 

Transition 

(USD million) 

31.72 38.24 60.11 104.70 107.27 342.04 

female Transition Rate 

(%) 

12.39 15.69 28.96 59.81 52.47  

LTC on 

Transition 

(USD million) 

22.80 28.87 53.29 110.05 96.55 311.55 

2016 male Transition Rate 

(%) 

18.26 21.95 34.47 58.30 74.27  

LTC on 

Transition 

(USD million) 

71.03 85.39 134.09 226.79 288.91 806.20 

female Transition Rate 

(%) 

8.34 10.96 21.65 52.47 52.45  

LTC on 

Transition 

(USD million) 

32.44 42.63 84.22 204.11 200.14 563.54 

) 

IV. Conclusion and discussion 
Most of developed countries, as the number of elderly 

people with disabilities or requiring support in their 
activities of daily living (ADLs) increase, the demand for 
LTC services has also increased and consequently, the 
expenditures of the LTC system are growing steadily, 
threatening the financial sustainability of the system (de 
Meijer et al., 2011). Standardization of disability 
measurement is required before disability could replace 
time-to-death in LTCE projections models (Meijera et al., 
2011).  Incorporation of proximity to death into health 
expenditure projection models will prove critical to more 
accurate estimation of future health expenditure trends, 
which will better meet the challenge of population ageing 
(Seshamani and Gray, 2004; Majer et al., 2011). Several 
studies have shown to varying degrees that excluding TTD 
results in overestimation of future HCE if future mortality 
rates are expected to decrease (Stearns and Norton, 2004; 
Polder et al., 2006; Meijera et al, 2011). These estimation 
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problems may also show in LTCE and for concern. 
However, if implemented without delay, LTC program will 
be implemented in 2018 Taiwan. 

This paper assesses health-disability, health-dead or 
disability-dead of transition rates for elderly individuals 
within a multi-state model for health policy with long-term 
care applications for older adults between age 65 to age 89. 
We use the Markovian multi-state process in random 
transitions of the health-disability, health-dead or disability-
dead to estimate the transition probabilities of health-
disability, health-dead or disability-dead in the age-specific. 
Among all people with disabilities in Taiwan, individual 
aged 65 years and more is showed to increase from 37.02% 
of the population in 2009 to 38.40% by 2016.  

We find gender difference in incident disability is an 
important determinant of the higher prevalence of disability 
generally observed among female. In other words, females 
not only have a higher probability of being LTC disabled, 
but also have a higher probability of becoming disabled 
(Yena et al. 2014).  Based on the transition rate of health-
disability, the female's transition rate is higher than that of 
the male's and indicates that health-disability transition rates 
are increasing by years. Although the transition rate of 
health-dead or disability-dead, the male's transition rate is 
higher than that of the female's. In Taiwan, older women are 
similarly more likely to live alone than men of the same age 
and might thus have less access to informal care: older men 
perhaps still live with a spouse who can act as an informal 
caregiver, whereas older women are more often widowed 
(Schwarzkopf et al. 2011; Yena et al. 2014). However, 
within public LTCE, except for the old females less than in 
the old males on total expenditures of the health-dead state, 
are generally the old females large than in the old males on 
total expenditures of the health-disability and disability-dead 
states. We know that older people needs for LTC services 
are usually not satisfied. More well-factors such as lifestyle 
and access to medical care systems are associated with a 
decrease in the transition rate of health-dead or disability-
dead of both male and female, and therefore the adverse 
consequences of transition rate that do occur has 
decreased—thus leading to lower risk in Taiwan.  

Another possible explanation is that upon reaching the 
age of 65, Taiwanese men and women tend to live for a 
further 18.15 and 21.7 years respectively. About half of the 
males will live longer than 80 years, while half of the 
females will live longer than 85 years, the statistics showed.  
Compared with data from the US and European nations, 
according to Ministry of the Interior's statistics report show 
that the life expectancy for Taiwanese men is closest to their 
American and German counterparts, but lower than other 
advanced European nations. The average lifespan for 
Taiwanese women is three years higher than that of 
American women, and close to that their Canadian, British, 
German and French counterparts. Compared with 
neighboring Asian nations, the life expectancy in Taiwan is 
lower than in Japan, South Korea and Singapore, but higher 
than in China, Malaysia and the Philippines.  

In summary, this empirical findings also provide a basis 
for pure premium of long-term care insurance dependent 
transition rate of the health-disability, health-dead or 
disability-dead among older adults using the pricing 
decision scenario analysis in the different market share, and 
thus fill a gap to the literature of multi-state actuarial models 

of the health-disability, health-dead or disability-dead for the 
long-term care insurance and long-term care policy. 
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