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Abstract

In recent years, with the sustainable growth of the life expectancy in our country, 

population aging becomes more apparent. Taiwan’s population of ages 65 and over 

will exceed 20% within 10 years, before 2025. (Source: National Development 

Council - Population Projection on 2014). The population aging an prolonging life 

incurs a big demand for caring the elderly, such as the economic need after the 

retirement, medical cost, and long-term care. Among these needs, the demand of long 

term care was under-estimated and is only recognized recently.

Thus, this study focuses on predicting the need of long-term care in Taiwan. 

Specifically, the definition and standard (as well as types and amounts of subsidy) for 

juding whether one needs long-terma care is not yet determined, although Taiwan’s 

government passed the long-term care law (Long-Term Care Insurance Law) earlier 

this year. We should adapt the notion of catastrophic illness (CI) and use certain CI 

categories, which are related to long-term care, to design the long-term care 

insurance.  

Catastrophic illness (CI) is one of the key features of Taiwan’s National Health 

Insurance (NHI), and the definition and process of evaluating if one is with the CI is 

quite complete. We choose eight categories of CI and use the NHI database to obtain 

their incidence rates, mortality rates, and survival probability. Together with the 

population projection from National Development Council in 2014 and the cohort 

component method to predict the long-term care demand in Taiwan. The syudy result 

shows that the population needing long-term care will rise from about 100 thousands 

in 2013 to about 210 thousands in 2060. Moreover, if the long-term care insurance is 

funded via pay-as-you-go, the individual premium required will rise 5 times from 

2012 to 2060. This indicates that the long-term care might be too expensive and the 

commercial insurance can play an important role as a supplement. 

Keywords: Population Aging, Long-Term Care Insurance, National Health Insurance 

Database, Catastrophic Diseases, Incidence rates
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1993 65 7%

1 20

1986 70.92 75.74

2013 76.91 83.36 2 0.2~0.3 (

) 3 65 12% 2015 2 12.08%

2018 14% (Aged Society) 2025 20%

(Super-aged Society)4

(3-Tier)

65 1,700

34%5

1 http://sowf.moi.gov.tw/stat/year/list.htm 2015-03-14
2 http://sowf.moi.gov.tw/stat/Life/quary-1age.htm#taiwan-a-title.gif
3 http://www.moi.gov.tw/stat 2015-03-14
4 ( 103 150 ) 2015-04-13
5 2010
http://www.nownews.com/n/2012/03/29/4757 2015-07-26
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2003 101

65 2011 60.88%

2060 92.31%6

2010 49%

1970 4 2014

1.065

2007 4

2007

2015 5

6 102 105
2015-07-27
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ICD International Statistical Classification of Diseases and Related Health 

Problems

(ADL)7

(IADL)8 (ICF) 9 (Barthel Index)

( 1-1 1)

ADL IADL

( 1-1 )

7 ADLs(Activities of Daily Life)

8 IADLs(Instrumental Activities of Daily Life)

9 ICF International Classification of Functioning, Disability, and Health
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1-1 10

ADL CDR MMSE

Y Y Y

Y Y Y

Y Y Y Y

Y Y Y

Y Y Y Y Y Y

Y Y Y

Y Y Y

Y Y Y

Y Y Y Y

Y Y Y Y Y Y

Y Y Y Y Y Y

2015 07 17

10 1
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Kane

and Kane (1987) 

Weissert (1991) 

(2007)

(2013)

(2006)
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(nursing homes) 1971 (Medicare)

1400 850

(Medicare) (Medicaid) 11

2000 4 1 ( )

65 40~64

3,293 8,000 (2006 )

25% 12.5% 50%

(65 )

11
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ADL

(40~64 ) 15

12

60 2014 60

2.12 15.5%13

(

)

2007 65

65 IADL 55 64

50 64

2

12

13 http://www.mnw.cn/news/china/844094.html
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(

) 3

14 15

( 2007)

2000 50

ADL IADL ( 2003)

2010 (2002) ADLs 

IADLs (Short Portable mental state 

questionnaire SPMSQ) 

SPMSQ 

( 2006) GEMTEE

( 2010)

(1999) (2003) (2002) (2003) (2003)

(

2006)

14 Long-Term Care Experience Committee Intercompany Study Report 6, 1984-2007, Society of 
Actuaries, June 2011.
15 Private Long Term Care Insurance, Ulrich Pasdika, Gen Re Germany, International Actuarial 
Association Health Section 2007 Colloquium
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1996

(2012)

20%

2-1
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2-1

( )
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85

59% 99.89%16 87

89

(Codebook)

(ID)

(ID)

(HV) (HV_CD)

3-1 3-2

1. ID (1997 ~2012 )

ID

16 http://www.nhi.gov.tw/Resource/Papers/221_2
.pdf 2015-07-12
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3-1

ID HV HV_CD
1997 0.64 2.83
1998 0.71 3.59
1999 0.78 4.28
2000 0.89 5.01
2001 1.07 5.91
2002 18.18 1.28 6.98
2003 6.38 1.57 7.98
2004 6.34 1.25 9.56
2005 6.58 1.34 10.46
2006 6.68 1.31 10.89
2007 6.75 1.26 10.53
2008 6.84 1.32 11.25
2009 6.78 1.49 11.95
2010 6.98 1.80 12.69
2011 7.07 1.87 13.42
2012 5.99 1.95 15.53

(GB) 84.56 20.53 142.84

2. HV (1997 ~2012 )

ID

3. HV_CD (1997 ~2012 )

ID ICD9
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1.

2.

3.

SQL Server

3-2

(ID ) 3-1

2002 2012 (ID ) 15~19

45~49

45~64
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3-2

ID HV HVCD

2002 21,886,097 26,469,187 960,894 1,558,888 475,237 11,897,206 

2003 22,303,788 22,543,413 1,089,253 1,902,392 522,503 13,590,717 

2004 22,098,040 22,226,158 959,344 1,540,915 568,457 16,287,405 

2005 22,722,580 22,921,401 1,031,834 1,646,221 607,652 17,829,171 

2006 22,843,111 23,032,200 1,089,707 1,607,937 638,173 18,550,179 

2007 22,999,844 23,129,386 1,117,292 1,518,056 649,091 17,946,054 

2008 23,141,094 23,275,717 1,176,112 1,583,622 678,532 19,173,726 

2009 23,169,144 23,282,924 1,287,467 1,785,891 712,812 20,356,854 

2010 23,252,326 24,833,316 1,363,756 1,923,687 746,732 21,619,060 

2011 23,367,551 24,964,956 1,415,136 1,996,900 779,170 22,860,498 

2012 23,564,363 25,162,597 1,472,759 2,085,158 816,521 24,423,712 

3-1 ( 2002~2012)

3-2 (HV )

(HV_CD ) 2002
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17

2012 1,529,604 ( 1,000,831 ) (

961,265 ) 43,000 ( )

3 5

3-2 ( 2002~2012)

3-1

(

17

http://www.nhi.gov.tw/webdata/webdata.aspx?menu=17&menu_id=1023&WD_ID=1023&webdata_id
=815
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) ( …)

3-2

3-2

2002 2003 2004 2005 2006 2007
23,867 26,041 25,971 26,413 25,902 13,910
2008 2009 2010 2011 2012

11,695 11,205 13,024 13,755 14,497

(ID )



18

( 2006)

)()(
)()(
tKtl

tNtI
xx

x
x �

�

)(tIx t x

)(tNx t x

)(tKx t x

)(tlx t x

( 2006)

)(
)()(
tl
tKtP

x

x
x �

)(tPx t x



19

)(
)()(
tl
tdtD

x

x
x �

)(tDx t x

)(tdx t

1

)(
)()(
tK
tdtD

x

xS
x �

)(tDS
x t x

)(
)()(
tN
tNtSurvival

x

d
x

x �



20

)(tS u r v i v ax x t

)(tNx x

)(tN d
x x t

Lee-Carter Model

Lee and Carter (1992)

Lee-Carter

xttxxxtm ���� ���)ln(

},...,,{ 21 hxxxx � , },...,,{ 21 ntttt �

xtm x t x h

t n n

x� x� t� x� x�

t� xt�

0 x�

tx��

MAPE (Mean Absolute 

Percentage Error Test) MAPE

MAPE MAPE (Lewis, 

1982)

%100|ˆ|1
1

	
�

� 

�

n

i i

ii

y
yy

n
MAPE



21
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iy
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n

Lewis (1982) MAPE MAPE

3-3

3-3 MAPE

MAPE 10% 10% ~ 20% 20% ~ 50% 50%
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ADL IADL (

2002 2003 2010 )

(2011)

(ADL)

(SOA LTC Report 6 2007)

(HV) ( 3 )

4-1



23

4-1

5-3
12
13 ( )
15
16
18
28
29

1. ( 5-3 ) -

(Rheumatoid Arthritis RA)

0.5%~1%

54,000

40-50

18( 2013)

18 http://www.kmuh.org.tw/www/kmcj/data/9601/13.htm
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2. ( 12 )

2000

1 5

6 (Injury Severity 

Score, ISS)

75

1-8 (minor) 9-15 (moderate) 16-24

(severe) 24 (very severe)

4

( 2003)

3. ( 13 )

19

4. ( 15 )

(Gas embolism)

19 http://big5.wiki8.com/jixinghuxishuaijie_21084/Similar.html
2015-04-11
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( 2011)

5. ( 16 )

20-40

,

2006

6. ( 18 )

( )

(SCI)

20

7. ( 28 )

4

3:2 1~2

20

http://www.christopherreeve.org/site/c.rwL1KfN0LvH/b.4636807/k.DD1D/33034396352561320663__
Spinal_Cord_Injury.htm 2015-04-11
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( 2005)

8. ( 29 )

0.5-1

6~12 ( 2011)

HV

DEATH_MARK( ) DEATH_DATE( ) CARD_MARK(

)

2002~2004 M

2005 Y (

2004 2009 ) 4-2

4-3

4-2 2004

[ ] ? 4 a b C D E H I
818477 34 1 4 2 6 3 3 3 22

l M n o P R S t U W
2 137665 4 2 4 5 2 5 2 1

4-3 2009

[ ] ? Y
948614 1 369399
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4-2 4-3 Y M

(

2014)

Y M

Y M

( 15%) 4-4

4-4

2005 85,029 8,277 9.73%
2006 59,341 9,635 16.24%
2007 58,566 9,185 15.68%
2008 62,009 9,416 15.18%
2009 61,326 9,014 14.70%
2010 65,630 10,052 15.32%

(HV_CD)

4-5

4-1
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4-5

2005 136,603 134,561 2,042 1.49%
2006 204,739 194,895 9,844 4.81%
2007 234,317 223,270 11,047 4.71%
2008 258,781 248,371 10,410 4.02%
2009 315,574 305,094 10,480 3.32%
2010 342,429 332,461 9,968 2.91%

4-1

(2014)

4-6 4-7
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4-8 85%

(2014)

4-2

10%

5% 3% 2%

1%

4-6

2005 101,134 4,899 4.84%

2006 104,481 6,114 5.85%

2007 96,490 5,340 5.53%

2008 102,437 5,392 5.26%

2009 103,885 5,635 5.42%

4-7

2005 105,786 10,700 10.11%
2006 109,975 12,587 11.45%
2007 100,880 11,703 11.60%
2008 105,241 11,132 10.58%
2009 106,587 11,345 10.64%
2010 108,797 11,121 10.22%
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4-8

2006 9,844 8,351 84.83%
2007 11,047 9,607 86.96%
2008 10,410 9,105 87.46%
2009 10,480 9,265 88.41%
2010 9,968 8,840 88.68%

4-2

4-3

5%

1. ( 4-4 4-6 4-7)

2. ( 4-3)

3. ( 2014)
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4-3

(HV)

(HV)

4-4

20,000 (

13) ( 5-3) ( 12) (

18) ( 16) ( 29)

( 28) ( 15) 2002

20,000

( 13) ( 5-3)

( 12)
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4-5 40

25

40

4-4

4-5 ( 2012 )

4-6
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10

40~44

10 50~54

4-7

40 (75 )

40

4-8

2002~2010

4-9
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4-6 ( 2004~2012)

4-7 ( 2002~2012)
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4-8 ( 2004~2010)

4-9 ( 2004~2010)
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8

( 2002~2012 )

( 2004 ) 2004~2006

4-10 1~5

8

20%

1~5 5

40 5 3 40 5

80 2

5

4-10 1-5 5
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2012 ( )

2012 2012

101 ~149 2024

2365

9.56% ( 11 2002~2012)

(Cohort Component Method)

)()()()(1 yDyByPyP tttt ����                    ( 1 )

)(yPt t y

)(yBt t y

)(yDt t y
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1 2

MAPE 22.09% 1.26%

Lee-Carter

5-1

2050

2053

219,144 5-2

5-1 ( 2012~2060)

5-2 ( 2012~2060)

5-3 2012 2060

78



40

78

5-3 ( 2012 2060)

5-4 20

1 20 45 2013

80% 2060 90% 20~45

65 2013

45% 60%

5-4
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2015 5 15 21

2015 6 4 22

13+1 ( 5-1 )

5-1

1. 8.
2. 9.
3. 10.
4. 11.
5. 12.
6. 13.
7. 14.

21,300 237 ( 19~93

)

2018 1,100

82 40

15 23

21

http://www.mohw.gov.tw/CHT/Ministry/DM2_P.aspx?f_list_no=7&fod_list_no=5312&doc_no=49334

22 http://www.cna.com.tw/news/firstnews/201506045014-1.aspx

23
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(

1.19%) 5-2

5-3

5-2

30%
40%
30%

5-3

40%

60%

30,000

1.19% 30% $108

5-4

0.48% 24

24



43

5-4

( )
30,000/ 108/
40,000/ 140/
50,000/ 180/

120/

5-4 120 $120

$400 25

( 10

) 6 26

20,000

27 2% 65

12

12)(
02.11220,000

	�
			

�
n

2013 $530

$400 1.33 1487 ( 2013

) 5-5 1100 (

2018 28)

5-6

25

26

27

28
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$120

5-5 10

5-6 10

(Pay-as-you-go)

($400 )

6

2013 160,241

240,000 2023 110,202 31%

5-8
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5-8 10

($20,000/ )

( 2009)

15,000 ~18,000

15,000 5-8

5-1

$120

5-8 15000
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65 65

65 65

5-10 65 2013

13% 2060 109%

5-9 65

5-9 2013~2060

8

( 100 )

240,000 2%

8

5-5
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5-5

2002 ~2012
2004 ~2012

2004 ~2010

2004 ~2005

(Level Premium)

0 100
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�xt p x t

�C
xt p x t 8

��txH x+t 8

��txe x+t 8 5

�S

�v

�w 100

5

( 20% ) 6 (

5 2~3 )

240,000

2%

x

x
x a
AP
��

�                                 ( 6 )

�xP x

5-10

60

90

90

400
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0~78

5-10
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65

2015 12% 2025 20%

4-10 5
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20% 1 2

2012 (

)

(Cohort Component Method)

( 3000 ) 2013 10 2060 21 (

2.1 ) 40

50

20,000

2012 $530 / ( ) 2060 2,728

/

400

2012 160,241 / 2060

42,669 / ( 20,000 )

( 15,000~18,000 )

(78 )

( )
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70

ADL IADL
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2018

2016
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1. 2011

2. 2006 (Incidence) (Prevalence)
49 4

3. 1999
- 135-151

4. 2007
5. 2006
6. 2002

7. 2013
141 26-44

8. 2006
9. 2005

6 1 36-44
10. 2003

2 1 59-81
11. 2013

12 6 66-74
12. 2014

13.
2002

-
14. 2014 103 150

15. 2011
136 426-444

16. 2003

17. 2010 GEMTEE

18. 2003
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19. 2004
29 35-70

20. 2011 38 3
241-244

21. 2013
142 304-316

22. 2012

23. 2003

24. 2007
15 167-218

25. 2007 -1976 2004 2007

26. 2006
15 75-112

27. 2013

28. 2010 2010
29. 2014

1. Copes, W.S., Sacco, W.J., Champion, H.R., and Bain, L.W. (1989).

“Progress in Characterising Anatomic Injury”, In Proceedings of the 33rd 

Annual Meeting of the Association for the Advancement of Automotive 

Medicine, Baltimore, MA, USA 205-218.

2. Germany, G.R. (2007). “Private Long Term Care Insurance, Ulrich Pasdika”,  

International Actuarial Association Health Section 2007 Colloquium.

3. Kane, R.A. and Kane, R.L. (1987). Long-Term Care: Principles, Programs and 
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4. Lee, R.D., and Carter, L.R. (1992). “Modeling and forecasting US mortality”,

Journal of the American Statistical Association, 87(419): 659-671.

5. Society of Actuaries (2011). “Long-Term Care Experience Committee 
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6. Wang, J.Z. (2007). “Fitting and Forecasting Mortality for Sweden: Applying the 

Lee-Carter Model”, Mathematical Statistics Stockholm University Examensarbete
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7. Weissert, W.G. (1991). Quality and Cost Containment in Care of the Elderly: 

Health Services Research Perspectives, New York: Springer.
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1

(ADLs)
1.
2.
3.
4.
5.

6. ( )

(
(ICD-9-CM)
)

(Clinical Dementia Rating Scale, CDR)
( ) ( 2 )

(Mini Mental State Examination, MMSE)
( ) ( 18 )

1. :
2. :
3. :
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2

( ) 1.
25 IADLs

50
90

2. 180
3.

( ) 2
2

1,300
( )

1,000
1

( ) 10 10

( ) IADLs

50
( ) 1. 14

2. 21
3. 1,000
4.
5. 1,000

4
( )

4 ( 8 ) 190
( ) 1.

1.5

2.
1.5

3. 18,600
( 2007)
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3

1
2 ( )

3
4 ( )

5
6
7
8
9
10

11
( )

12
13

14

15

16
17

18
( )

19
20
21
22
23 ( )

24
25
26
27
28
29
30
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4

(AIS) (AIS2) (AIS2)

30c.c. 3 9 9
0 0 0
4 16 16
2 4

25
5 25
3 9 9
0 0 0

(ISS)=9+16+25=50
-

2013 1 Brohi(2007) Injury Severity 
Score-Overview and Desktop Calculator

http://www.trauma.org/index.php/main/article/38
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1 Lee-Carter

2 Lee-Carter


