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1 Brief Introduction of Japanese LTCI
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 The long-term care (LTC) insurance established in 2000 has 
been one of the three pillars of social security for the elderly.



Certification of LTCI
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 Certification process 
consists of 2 parts.

 Primary:Investigator+
Computor

 Secondary:Certification
review board

⇒ LTC status



Flow of LTC insurance services
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Insured persons who have received the required care level 
certification have the right to receive care services based on 
their needs.



2 Experience Transition Probability: H city
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 H city is 
situated in 
Shiga 
prefecture
in the 
middle of 
mainland 
Japan.



Estimation method
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 The transition probability is estimated from the empirical rate 
with the number of elapsed cases as the denominator and the 
number of event occurrences as the numerator. 

 Non-parametric, semi-parametric, parametric methods.

 For two different ages x>y, P(x,y) is the matrix of transition 
probabilities between ages x and ｙ.

 The transition probability matrix P(x,y) may be written as a 
matrix product:P(x,y)=P(x,x+1)P(x+1,x+2)…P(y-1,y)

 A state vector π(x) will move to π(y)=P(x,y)π(x) in (y-x) years. 



Experience Probability Transition Matrix
(Above : Male, Below : Female)
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NA RS1 RS2 RC1 RC2 RC3 RC4 RC5 Death
NA 88.66 1.45 1.37 1.62 1.19 0.85 0.83 0.51 3.51
RS1 1.67 62.74 9.79 8.67 3.69 2.11 2.07 1.00 8.26
RS2 0.46 6.20 63.00 6.81 7.18 3.68 2.66 1.17 8.85
RC1 0.14 2.20 4.41 58.88 9.73 5.64 4.36 2.47 12.16
RC2 0.05 0.69 1.89 4.59 59.39 8.33 5.60 2.95 16.51
RC3 0.08 0.32 0.68 1.84 5.35 56.86 7.95 4.51 22.41
RC4 0.01 0.19 0.25 0.96 2.29 4.22 55.48 6.36 30.23
RC5 0.06 0.02 0.13 0.35 0.71 1.36 4.08 51.19 42.11
Death 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00

NA RS1 RS2 RC1 RC2 RC3 RC4 RC5 Death
NA 86.64 2.22 2.03 2.21 1.27 0.83 0.72 0.43 3.64
RS1 1.16 68.32 11.47 8.28 3.29 1.60 1.52 0.63 3.73
RS2 0.37 6.54 68.73 7.69 5.99 2.62 2.51 1.15 4.40
RC1 0.10 1.60 4.70 64.75 10.39 5.24 4.04 2.39 6.79
RC2 0.03 0.44 2.01 4.93 63.40 9.25 6.56 3.37 10.00
RC3 0.04 0.16 0.62 1.62 5.07 63.83 10.40 5.27 12.99
RC4 0.00 0.09 0.27 0.76 1.89 4.31 63.82 8.94 19.91
RC5 0.00 0.03 0.11 0.32 0.53 0.90 3.91 65.85 28.36
Death 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00



Mortality rates by required care levels
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Male                                    Female



Transition probability from non-applicable 
to other states
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Male                                        Female



Multistate survival functions 
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 Starting at age 65, 
non-applicable

 Green:Non-applicable
survivors

 Yellow:Required-Care
1 survivors

 Earth:Required-care
4 survivors



3. Prototype multistate life table for Japanese 
population
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1. The weighted average of the mortality rate of each state by population in an age group 
must agree with that of the 22nd Life Table. Therefore, the data of population of each 
state obtained from the LTC insurance business situation report (annual report) and 
total age-specific population obtained from the national population statistics were used 
as constraint conditions.

2. The population data of each state show continuity only for eight years, from 2009 to 
2016.Therefore, for example, if for the 65-69 years population, the transition matrix is 
M, we can obtain the 66-70 years population, that is, the population one year later, by 
multiplying this by M; note that this is suitable for H city, and does not apply to 
changes in the national population.

3. The number of deaths will be determined from the death rate of the 22nd Life Table. 
Estimate each element of the matrix under these constraints using the Elastic Net 
method described in the next section.



4. LASSO,Ridge and Elastic Net
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Calibration by Elastic Net
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1. First, replace the problem of estimating the coefficients of the error matrix 
E=(eij) with 𝐸 =  𝑀 −𝑀.

2. 𝑙𝑡 = 𝑙𝑡
𝑗
, ｊ ∈ C , C: a set of required care states is a required care state vector 

in year t.
3. One year later, lt will become lt+1; this can be obtained by using the integral 

interpolation method .
4. For an exact expression,

① 𝑙𝑡+1 =  𝑀𝑙𝑡 = 𝑀 + 𝐸 𝑙𝑡 = 𝑀𝑙𝑡 + 𝐸𝑙𝑡.

② Also, given that the death rate is the mortality rate q, 𝑞  𝑗 𝑙𝑡
𝑗
=  𝑗

 𝑀 𝑙𝑡
𝑗

can be established.
③ This is estimated by the Elastic Net method as the constraint condition 

of the matrix E.



Regression by Elastic Net
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5. Future Japanese Population with required 
care levels by sex (Unit: thousands)
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Male Female



6. Concluding Remarks
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 we presented a systematic methodology to calibrate the 
probability transition matrix of H city based on the total 
population and LTC insurance data across the country using 
the Elastic Net method.

 The future population estimates are announced on a national 
basis and are also published by prefectures, municipalities, etc. 
As a future task, the micro-based care conditions in the LTC
insurance business are important and can be estimated. This 
seems to have great utility value to policy making.
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