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ABSTRACT

The high incidence of Catastrophic diseases, especially Chronic Kidney Disease (CKD), Diabetes Mellitus (DM), hypertension, and heart disease, necessitates
Long Term Care and process a significant risk of financial loss. To minimize the risk, insurance products designed according to the characteristics of chronic disease
using a four state markov chain and calculate the single premium for Long Term Care: Annuity as A RIder Benefit insurance. The data used is sourced from disease
prevalence (Indonesia Healty Survey, 2023) and mortality table (TMI, 2019). The multi state model defines four transition states: healty, suffering from
Catastrophicdiseases, death due to Catastrophic diseases, and death due to causes other than Catastrophicdiseases, where the transition probabilities between state
are defined based on prevalence and mortality rates, assuming one way transition. The results show that the markov chain transition matrix was successfully used
to determine the probability of changing state. This probability was then implemented in the formulation of the actuarial value to calculate the single premium. It
was found that amount of the single premium is significantly influenced by the age of the insured’s age at the policy agreement and the duration of the insurance
coverage, where the older the age and the longer the coverage period, the greater the premium that must be paid.
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1. Introduction

Indonesia is confronted with a high number of non communicable diseases categorized as catastrophic diseases, which are chronic and degenerative
diseases. They are called chronic because the diseases are hidden and often unnoticed, requiring a long time for recovery. They are called degenerative
because the incidence of the diseases increases with age (Heniwati and Thabrany, 2017). Some diseases included in the catastrophic disease category are
Chronic Kidney Disease (CKD), Diabetes Mellitus (DM), hypertension, and heart disease.

One approach to modelling the progression of catastrophic diseases is the Markov Chain. The markov cahin is a stochastic process where future
occurrences depend only on the events of today and are independent of past states. A markov chain is defined by it’s transition probability matrix. The
transition probability matrix is a matrix containing information that regulates the system’s movement from one state to another. In the context of
catastrophic diseases, disease progression can be modeled through a multi state framework, which allow for the representation of the patient’s state from
healty, suffering from the disease, to death either due to the catastrophic disease or other causes (Pitacco, 2014).

The application of actuarial calculation with the multi state model is in health insurance. Health insurance is an agreement on providing health protection
guarantees against the risk of illness and accident, involving two parties: the insured and the insurer. To minimize the risk of financial loss due to
catastrophic diseases, an insurance proct is needed, one of which is Long Term Care (LTC) insurance. LTC insurance provides benefit guarantees for the
insured who requires long term medical care (Syamdena et al., 2019). The product used in this research is LTC: Annuity as a Rider Benefit insurance,
which provides medical care cost benefits for a certain period and death benefits.

2. Literature Review
2.1 Linear Interpolation for Prevalence Rate

Linear interpolation is defined as a method for connecting two points with a straight line (Munir, 2015). The equation of the straight line passing through
2 points P, (x;,y;) and P,(x,,y,) can be written as follows:
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x = the age to be interpolated

X = the starting age of the age group where x years is located
X, = the second age in the age group after x years is located
y = the prevalence rate of the age to be interpolated

vy = the prevalence rate at age group x,

Vs = the prevalence rate at age group x,

2.2 Markov Chain

The markov chain is one mathematical stochastic process with a collection of random variables that move from one state to the next based on probability
rules (Walpole et al., 2017). Pendekatan rantai markov digunakan untuk melihat dan memprediksi perubahan yang kemungkinan akan terjadi di masa
depan. The Markov Chain approach is used to view and predict changes that are likely to occur in the future. This change is represented by variables that
are dynamic over time. Based on this concept, the Markov Chain can be used to analyze certain future events in a structured manner. It is referred to as a
Discreate Time Markov Chains (DTMC) model if for every i and j in S, the following equation is satisfied (Kulkarni 2014)

P(Xn+1 :jlxn = i!XTL—l = in—lﬂ "'!XD = iu) = P(Xn+1 :jlxn = l)
Thus, the formulation for the one-step transition probability is written as follows.
pij = P(Xp41 = jlX, =D dengani,j = 1,2,...,N (2

The multi step transition probability is a conditional probability that determines the system will be in state j exactly after several unit time steps, if the
system started in state i at time . These steps can be symbolized by h steps. Therefore, the transition steps can be denoted by p; ;. Because p; ;™ isa
conditional probability, it must be non negative and thus must satisfy the properties:

1. 0<py;<1,foralliandj
2. YZipiyy =1 foralli

Therefore, the h step transition probability is for formulated as follows, with the matrix notation.

P = Tho1 0" o (3)
The theorem regarding multi step transition probability is known as the Chapman Kolmogorov equation as follows.
i ™ = Y i ™ P ;™ (4)

Equation (4) describes how a markov chain can transition from state i (initial) to state j (final) through state k (intermediate) in a total of h steps, with
the assumption h = n + m, then Equation (4) can be modified to:

Pi,j(h) = Ilg=1pi,k(h_m) pk,j(m) withm < h )
2.3 Long Term Care (LTC) Insurance

Long Term Care (LTC) insurance is insurance that guarantees health protection for people who need medical care. LTC insurance is often associated
with the elderly. However, in reality, this insurance can be started at any age (Haberman and Pitacco, 1998). LTC insurance provides income support in
the form of benefits paid as an annuity or through reimbursement of medical and care costs.

LTC insurance is also influenced by several types of risk, but insurance companies only focus on risks originating from morbidity and duration of life
(longevity). LTC insurance benefits can be grouped into three categories (Haberman and Pitacco, 1998):

1. Anumber of benefits in the form of an annuity offered to healty people.
2. A number of benefits in the form of an annuity offered to the elderly at the time of entering or currently entering the care period.
3. Reimbursement of care and medical expenses.

Four states are defined as follows (Baione and Levantesi, 2014):

1 : Healty status

2 : Suffering from catastrophic diseases status

3 : Death due to catastrophic diseases status

4 : Death due to causes other than catastrophic diseases status
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The illustration of the four state transition can be described as follows:

c@~@>
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Fig. 1 - Four State Transition Illustration
2.4 Probability for Discrete Time Model

Let x be the age of the insured at the policy agreement and the status space S = {1,2,3,4} as a discrete markov chain (Kulkarni, 2014). The illustration of
the four state model can be seen in Figure 1 and can be presented in the form of the transition matrix as follows.

[px' p® 0 gx*]
1o p2? g2 g2l ®)
I I
l 0 0o 1 0 |
0 0 0 1

py’" = probability that a person aged x years in a healthy state will remain in a healthy state at age x + 1 years.
px* = probability that a person aged x ears in a healthy state will move to a state of suffering from catastrophic diseases at age x + 1 years.

q+* = probability that a person aged x years in a healthy state will move to a state of death due to causes other than catastrophic diseases at age x + 1
years.

p2* = probability that a person aged x years in a state of suffering from catastrophic diseases will remain in a state of suffering from catastrophic diseases
atage x + 1 years.

q%* = probability that a person aged x t years in a state of suffering from catastrophic diseases will move to a state of death due to catastrophic diseases
atage x + 1 years.

q%* = probability that a person aged x years in a state of suffering from catastrophic diseases will move to a state of death due to causes other than
catastrophic diseases at age x + 1 years.

The h step transition probability based on the markov chain can be written as follows.

pt = P(x; = 1lxy = 1)

pa? = P(x, = 2|x, = 1), and so on 7
Thus, the Chapman Kolmogorov equation is obtained as follows.

' =Pl = 1lxg = 1)

"™ =Pl = 2lxg = 1) ®

Equation (7) and (8) can be written in matrix form, as follows.

x+h-1 11 z12 0 q;
p,® = ﬂ p? @ @t
I 0 1 o]

Pt px piil pm 0 gyt ] [Prin1 Prtnes O Axen-

p®w=|0 px qx pm Ay @il O Pitaei dither drine ©)
0 1 0 0 0 1 0
0 0 1 L o 0 0 1 ]

2.5 Annuity as a Rider Benefit

One of the Long Term Care (LTC) insurance products is Annuity as a Rider Benefit, which provides medical care cost benefits for a certain period and
death benefits if the insured dies due to illness or dies without having been sick first. In the Annuity as a Rider Benefit product, there is no transition from
the sick state to the healthy state, meaning there is no assumption of recovery. (Haberman and Pitacco, 1998).
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In this four state model, the death benefit is denoted by ¢ which is a sum of money given when the insured dies. Meanwhile, the annual payment is
denoted by b which is a benefit paid routinely every year if the insured undergoes a period of care. It is assumed that b = ; with the notation r as the
maximum value of the benefit annuity payment time (in years) if the insured is in the care period.

The Net Single Premium value for LTC insurance is:

c
T T

b

LTC __ e 1,1 1 e 1,1..1,2 2,2 h 22 2

Bm - CZ V”e-1Px" Gx+e-1 + Z V™ e-1Px" Pxte-1 X bax+e:r + Z(C - hb)‘l? h-1Px+e9x+e+h—1
e=1 e=1 h=1

. b
=Xl V%1 Px Qhrems + DXy Vs P;'lp;feqayche:r + 00 v eapt p;fe—l }Cn/=1(c - hb)vhh_lpffe Qresn-1  (10)
It is assumed that the premium is paid at the beginning of each year for m years while the insured is still in a healthy state. P is denoted as the annual
premium, and is obtained:
BLTC

P=22l where b, = 1 veep}? a

411
Ax:m

3. Research Methodology

The type of data used in this study is secondary data obtainded from the publication of the Indonesia Health Survey (SKI) 2023 for chronic kidney disease,
diabetes mellitus, hypertension, and heart disease based on Doctor’s Diagnosis in the Population Aged = 15 years. Mortality data was obtained from the
Indonesia Mortality Table IV (TMI 1V) 2019 released by the Indonesian Life Insurance Association. The interest rate («) is assumed to be fixed according
to the Bl rate in 2025 at 4,75% annually.

The obtained data was then processed using Microsoft Excel and R Program. The steps of the data analysis in this study can be outlined as follows:
a.  Inputting Indonesia Mortality Table IV data.

b.  Inputting disease prevalence rate data. At this stage, the process of collecting prevalence data for chronic kidney disease, diabetes mellitus,
hypertension, and heart disease is carried out.

¢. Interpolating disease prevalence data. At this stage, the linear interpolation process is carried out for the prevalence data of chronic kidney
disease, diabetes mellitus, hypertension, and heart disease.

d.  Comiling the h step transition probability matrix for the multi-state model.

e.  Calculating the net premium for the LTC insurance product Annuity as A Rider Benefit.

4. Results And Discussion

In this discussion, premium calculations are performed for two cases where a male insured is 25 years old and 50 years old, taking LTC insurance for a
duration of 10 years with coverage against catastrophic diseases. The requested insurance benefit is Rp100.000.000. In the agreement, the premium is
paid for 10 years, with a fixed interest rate according to the 2025 Bl rate of 4,75% annually.

The following is the prevalence rate data used:

Table 1. Data of Catastrophic Disease Prevalence Rate

Prevalence Rate (in %) Age Group
Type of Disease  15-24  25-34  35-44  45-54  55-64  65-74 75+

% % % % % % %
CKD 0,02 0,07 0,11 0,26 0,40 0,45 0,57
DM 0,00 0,20 1,00 3,50 6,60 6,70 4,80
Hypertension 0,30 1,80 5,20 11,80 18,70 23,80 26,10

Heart Disease 0,11 0,15 0,46 1,34 2,65 4,05 4,60
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Data of Disease Prevalence Rate
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Age
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Fig. 2 - Graph of Catastrophic Disease Prevalence Rate Data

Based on Figure 2, it is seen that the catastrophic disease prevalence rate tends to increase with age. Hypertension shows the highest prevalence compared
to the other three diseases. Meanwhile, diabetes mellitus experiences a fairly rapid increase starting from the age of 35 years and reaches its peak in the
age range of 55 — 65 years. Heart disease also shows a stable increasing pattern since the age of 35 years, with a lower prevalence than hypertension.
Chronic kidney disease has the lowest prevalence among the four diseases. Overall, this pattern illustrates that age is an important factor in the increasing
prevalence of non-communicable diseases, where the highest risk is found in hypertension, followed by diabetes mellitus, heart disease, and finally
chronic kidney disease.

Based on the catastrophic disease prevalence data, the interpolation results will be determined using the interpolation formula in Equation (1)..

1. Case 1 Data Interpolation

x =25 years
x, =20 years
x, =30 years

2. Case 2 Data Interpolation

x =50 years
x, =45 years
x, =55 years

After obtaining the interpolation results for the prevalence rate, the calculation of the h step transition probability matrix is continued with the following
matrix multiplication.

pet P 0 gt [P Pat 0 @y ] [Priae: Paiaes O Qxinen
p®=| 0 p* q @*|| 0 pifi @i adh|| O Pee diiner dxine

l0 0 1 OJ 0 0 1 0 0 0 1 0

o o o 1dlo o o 1110 0 0 1

with:

prt=1- (" +ax*)
pi®=1-(qz* +qz*)
' = a"

Example for Case 1, for a 25 year old male, the one step transition matrix is desired:
1. The 'total' result of catastrophic disease prevalence interpolation for a 25 year old for the value p21(52 is 0,02910
2. The mortality rate for a 25 year old male for the value q;; is 0,00052
3. py =1-(ps +q;3) =0,97038
4.  The mortality rate for a 25 year old male multiplied by the catastrophic disease prevalence interpolation result for the value q§:53 is 0,00002

5. 3¢ =q;4 =0,00052

24

pys = 1—(az5 +a55) = 099946

The one step transition probability matrix is obtained as follows.
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0,97038 0,02910 0 0,00052
0 0,99946 0,00002 0,00052
0 0 1 0
0 0 0 1

Pys =

Then, using the same calculation method, the one-step transition matrices for ages 26 to 34 are obtained.

After obtaining the one-step transition matrices, the h step transition matrix calculation is performed using Equation (9). In Case 1, a 10 year insurance
duration is used, so the transition matrix up to 9 steps ahead is calculated. The 9-step transition matrix calculation for a 25 year old male is as follows.

s [Pt w0 @)
P25(9>=H| 0 p* ¢ ¢
0o 1

z:25[ 0 0 0 1 J

P25 pzlsz 0 qzs] Pre P 0 @i [P P O q“
P®=| 0 P ai @G| 0 pi 4 @il 0 P ah @
0 o0 1 0 1 0 0 0 1 0
L O 0 0 1 J[ 0 0 0 1J |_O 0 0 1J
[0,68006 0,31354 0,00004 0,00636
p®_| 0 099337 000027 000636
25 0 0 1 0
[ o 0 0 1

Example for Case 2, for a 50 year old male, the one step transition matrix is desired:
1. The 'total' result of catastrophic disease prevalence interpolation for a 50 year old for the value pg is 0,22625
2. The mortality rate for a 50-year-old male for the value g7 is 0,00508
3. psy =1—(psy +4dsp) = 0,76867
4.  The mortality rate for a 50-year-old male multiplied by the catastrophic disease prevalence interpolation result for the value q§§ is 0,00115

5. g% =qyt=0,00508

3

pid =1-(q2 + qZ) = 0,99377
The one step transition probability matrix is obtained as follows.

0,76867 0,22625 0 0,00508
0 0,99377 0,00115 0,00508
0 0 1 0
0 0 0 1

Psy =

Then, using the same calculation method, the one step transition matrices for ages 51 to 59 are obtained.

After obtaining the one-step transition matrices, the h langkah ke depan menggunakan Persamaan (9). step transition matrix calculation is performed
using Equation (9). In Case 2, a 10 year insurance duration is used, so the transition matrix up to 9 steps ahead is calculated. The 9 step transition matrix

calculation for a 50 year old male is as follows.

58 Pz Pz qz

0 = 1—[ 0 pz qz'3 "
0
Lo

0
0 0 1J

D55 pso 0 qso psi s 0 agt] [pss P O dss
Poo®=|0 P @ anf| O vt @ @[] O b as ase
0 0 1 0 1 0 0 0 1 0
L 0 0 0 1”0 0 0 1J 0 0 0 1J
[0,05424 0,87100 0,01145 0,06310
P O® — 0 0,91967 0,01726 0,06310
50 0 0 1 0
L O 0 0 1

The examples to be carried out are 2 cases in determining the net premium value for a person participating in the Long Term Care: Annuity as a Rider
Benefit insurance product at ages 25 and 50, who wishes to receive a benefit of Rp 100,000,000 if they pass away. The insured also desires other benefits
in the form of an annuity payment for a maximum of 10 years if they undergo care (state 2). The premium is paid at the beginning of each year for 5
years, while the insured is in a healthy state (state 1), with an effective interest rate of 4.75%. The annual premium that must be paid by the insured during
the agreement period to receive the benefits according to the agreement will be calculated.

1. Premium Calculation Case 1
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r r c/b
LTC e 1,1 1 e 1,1..1,2 22,2
Bx_ﬂ = CZ Ve1Px" Qxte-1 T bz V%e—1Dx Prxre-19xrer T Z v, 1px px+e 1 Z(C - hb)v h— 1px+e qx+e+h 1
e=1 e=1 =

10 e 10 e

1 1
BUIC = 100.000.0002(m) e-1P2s Bsve-1 T 10-000-0002(m) e-1P25 Pr5re1liz5ser
e= e=

10 e 10 .
+ 1 11,12 (c — hb) 1 22
1 + 0,0475 € 1p25 p25+e 1 1 + 0,0475 h— 1p25+e q25+e+h 1
e=1 =1

BETC_ = 100.000.000(0,004742) + 10.000.000(2,235472) + 6982,93157

25:10|

LTC  _
BZSlOI 22.835.903

The periodic annual premium amount is calculated using Equation (11).

BHS: 22835903

all, 431370

P= = 5.293.805

Therefore, if the insured wants to pay the premium periodically at the beginning of each year for 5 years, the annual premium amount that must be paid
by the insured is Rp 5.293.805.

2. Premium Calculation Case 2

c/b
C . , 1,2 2,2
B%TH Z e— lpx qx+e 1 +b Z e—1 px px+e 1ax+e r + Z v e—lp; ! Pxte-1 Z(C - hb)vhh_lpx+e qJ%+e+h—1
e=1 h=1

10 e 10 e

Bgio = 100.000. OOOZ(m) 1P Gaise-s 10000 OOOZ(m) e APS0 Piie-sises

10 L . 10 1 e
+ Z (m) e— 1p;01p202+e 1 Z(C - hb) (m) h— 1p§02+e q50+e+h 1
e=1 ’ =1 ’

Bé‘OTle =100.000.000(0,019946) + 10.000.000(6,3216295) + 604675,048

B¢ _ = 65.815.529

50:10]

The periodic annual premium amount is calculated using Equation (11).

pP= Biorol _ 65815529 _ 22.656.730
Toalls T o290490 T T

Therefore, if the insured wants to pay the premium periodically at the beginning of each year for 5 years, the annual premium amount that must be paid
by the insured is Rp 22.656.730.

5. Conclusion

The single premium for LTC: Annuity as A Rider Benefit insurance can be determined by implementing the markov chain transition matrix that has been
constructed. The amount of the LTC: Annuity as A Rider Benefit single premium shows that the annual net premium value increases with the age of the
insured, meaning the older the age, the greater the single premium that must be paid. Furthermore, the longer the desired coverage period, the greater the
single premium that must be paid by the insured.

In this discussion, premium calculations are performed for two cases where a male insured is 25 years old and 50 years old, taking LTC insurance for a
duration of 10 years with coverage against catastrophic diseases. The requested insurance benefit is Rp100.000.000. In the agreement, the premium is
paid for 10 years, with a fixed interest rate according to the 2025 Bl rate of 4,75% annually.

References

Baione, F., & Levantesi, S. (2014). A Health Insurance Pricing Model Based on Prevalence Rates: Application to Critical lliness Insurance. Insurance:
Mathematics and Economics, 58(1), 174-184.

Gumauti, C. P., Wilandari, Y., & Rahmawati, R. (2016). Calculation of Long Term Care Insurance Premiums for Multi Status Models. Gaussian Journal,
5(2), 259-267.

Haberman , S., & Pitacco, E. (1998). Actuarial Models for Disability Insurance. Bristol: Chapman & Hall/CRC.

Heniwati, H., & Thabrany, H. (2017). Comparison of Catastrophic Iliness Claims of National Health Insurance Participants in DKI Jakarta and East Nusa
Tenggara Provinces. Indonesian Journal of Health Economics, 1(2).



International Journal of Research Publication and Reviews, Vol 6, Issue 12, pp 2058-2065 December, 2025 2065

Indonesian Life Insurance Association (2019). Indonesian Mortality Table 1V, Jakarta: AAJI.

Kemenkes BKPK. (2023). Indonesian Health Survey Report in Figures. Jakarta.

Kulkarni, V. G. (2014). Modeling, Analysis, Design, and Control of Stochastic systems. Chapel Hill: Springer.
Munir, R. (2015). Numerical Methods. Unindra.

Pitacco, E. (2014). Health Insurance Basic Actuarial Models. Trieste: Springer.

Otoritas Jasa Keuangan. (2018). Getting to Know Insurance Companies. Jakarta: OJK.

Syamdena, L., Devianto, D., & Yozza, H. (2019). Actuarial Present Value in Long Term Care Insurance in Multistate Cases. Unand Mathematics Journal,
8(3), 47-54.

Walpole, R. E., Myers, R. H., Myers, S. L., & Ye, K. (2017). Probability & Statistics for Engineers & Scientists Ninth Edition. New York.



