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The Effect of Population Ageing on Healthcare Expenditure in Korea: From
the Perspective of ‘Healthy Ageing’ Using Age-Period-Cohort Analysis
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'Health Insurance Review and Assessment Research Institute, Health Insurance Review and Assessment Service, Wonju; *Department of Health Administration,
Yonsei University College of Health Sciences, Wonju, Korea

Background: People who were born in different years, that is, different birth cohorts, grow in varying socio-historical and dynamic
contexts, which result in differences in social dispositions and physical abilities.

Methods: This study used age-period-cohort analysis method to establish explanatory models on healthcare expenditure in Korea
reflecting birth cohort factor using intrinsic estimator. Based on these models, we tried to investigate the effects of ageing popula-
tion on future healthcare expenditure through simulation by scenarios.

Results: Coefficient of cohort effect was not as high as that of age effect, but greater than that of period effect. The cohort effect can
be interpreted to show ‘healthy ageing’ phenomenon. Healthy ageing effect shows annual average decrease of -1.74% to 1.57% in
healthcare expenditure. Controlling age, period, and birth cohort effects, pure demographic effect of population ageing due to in-
crease in life expectancy shows annual average increase of 1.61%-1.80% in healthcare expenditure.

Conclusion: First, since the influence of population factor itself on healthcare expenditure increase is not as big as expected. Sec-
ond, 'healthy ageing effect’ suggests that there is a need of paradigm shift to prevention centered-healthcare services. Third, fore-
casting of health expenditure needs to reflect social change factors by considering birth cohort effect.
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Figure 1. Separation of age, period, and cohort effects.
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Figure 2. Study model. APC, age-period-cohort.
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Table 1. Dependent/independent variables and data sources

Variables and data sources Contents
Dependent variable:
annual healthcare expenditure
InHce Healthcare expenditure per capita
InHee_i Inpatient expenditure per capita
InHce_o Outpatient expenditure per capita
InHce_p Pharmacy expenditure per capita
In Cov Expenditure per capita covered by national health
insurance
In Oop Out-of-pocket expenditure per capita
Independent variable
Age Age dummy (01, 2-3, 4-5 ... 92-93, 94-95%)
Period Year dummy ('04-05, ‘06-07, ‘08-09, "10-11, "12-13)
Cohort Birth year dummy (1910%, 1912, 1914...2010, 2012)
In death Mortality by year and age
Data sources NHI expenditures and beneficiaries (2004-2013)

NHIS survey of out-of-pocket payment (2006-2013)

Population projections by Statistics Korea
(median, 2004-2013)

Death probability in complete life table by
Statistics Korea (2004-2014)

Death probability in future mortality life table by
Statistics Korea (median, 2015-2013)

*Age 95 includes individuals aged 95 years and older, and birth year of 1910 includes
individuals born before 1910.
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Table 2. Model fit statistics

One-dimensional model Two-dimensional model

Category APC-E
A P © AP AC PC AAZP

AlC 1.3852 24812 15712 0.9577 0.9577 0.9577 08189 —-3.2917

DF 238 238 238 237 237 237 236 138

Deviance 55.22 165.22 66.51 35.71 35.71 35.71 30.83 0.2234

A, age; P, period; C, cohort; AIC, Akaike's information criterion; DF, degrees of freedom.

Table 3. Comparison of predicted values of per capita healthcare expenditure by model (unit: 1,000 won)

Predicted value Korean national health

Period Actual value Controlled mortality accounts™

APC-E AAP _ _

APC-IE AAZP Period 1- period 2

2004-2005 544 542 486 542 494 804-901
2006-2007 656 656 610 656 612 1,016-1,130
2008-2009 843 846 767 846 779 1,220-1,371
2010-2011 1,041 1,041 964 1,042 984 1,523-1,614
2012-2013 1,224 1,222 1,213 1,222 1,234 1,694-1,806
Annual increase rate (%) 94 di5 107 gl 10.7 94

A, age; P, period; C, cohort.
*Individual healthcare expenditure.

£ 19 99 E 2615k B3 3o ArdEET Al FE AL lo] 3. Age—period—cohort2@2| EtEY ZE
A AHISS v & 7 g date] Wzt gk A-A -5 5 E 0] 37F2] 5 (three-dimensional model)
APYEES 2 HTH3,4,24,47,48).” & 5 12jgh APCRFo] thE Hof| vlal AP=Tt =245

ol olmH] X|ZAL B4 A, o, BAwo] A Bls] elol & 10719) BHE At w AT vl@slY

ofN
i
rE
B

sl AREAAA] AT 1915 of@H] AENG ofulshc 7] Tk 1915 17k olmu] A& L Famaw 3 nHY Hatrs
of whe} 9lel, ofef, oF =t olmulw, Afelof wet Az A TN, Table 20} UTk IES A8 APCREO] AICRLO] 3305 T2

o}

i3
re
i
ol
[

o2 Aleeoitt oago] W dAugololl g Wil vis) ARtert w2 g Eelnk

She B ERoRA stk
2004-201312] 9 2] AFHE THETH L TG AAH 24
o =LA A, A F ARVE HgATSE o] 191

o AR RS A5}

e R
RS T A ©|RH1E R4 Slstel AgmE el B
QI Zlsn] Ale|ate] AT 5 QT <l ol of

7HASFsI Itk T, Aol 212 Helkdh gha ARgsklT

) A2 A 0 2 Qe 2 el 4 ol Auke] W& Ojulaiek A

SRR E EE R RIEE RROE R ENE B
A2 wiua vnsuoket 2elu A e 1905 o= e
Z7hgato] umE Eo) 2 xj520] AA|A| U APCIERRO| o &
A0) Bl THehe 4= ok of7|Ae] AR AR )
QA2 1915 o] 2wl 245 ]Fo] o] EghElo] 9k APC-
IERo] AAPRFO] Hla) A o 717he: ke et
(Table 3). 21, 9l ok, AZFTo, FApHolg S0 7
BB L S AR Ao 28 23S welr

g )2 o2 le] ol SElRAL 815l $18ko] 200420114
ARE olsto] the A% 012-20133)2) 1915 =S o3
59¥T), 1 73} 1915 ©|@H| APCIER I} AAPRES) 6|23}

F2 o1 Aol A o =H] A2l FolRt YRR HILE A Ik AR o A3

(time to death) 7+ 9] 2] ] 2:0] 03+ 2210 2 -8 5h7][3,4,4748]. 21T S] T HoIA] 1Bl A Fo] & 739.0] o] 2] 2] 7} AXA Hck4)
10) 17} ¥4=41 Y= X3 (one-dimensional model)-& AF(A), A% (P), ZAT T E(C)2] 371A| & 5}, 27| =S = W (two-dimensional model)-& H5-A %= (AP) 2, ¢&-
255 EAORE, U 2T EEPORHOE TSI D02 clolol t12 oJ52ul7 33 Hee] Befel o, Sis} Maalo] uh 2 A B-QE(AA)

wye x3siak

1) 1915 A<, ofe, oF =, 27 adsgod, AR g SmR|(Rgh) Z44e S&5HUeR

Tt Aib= AEBAS AR Gk A EE T RE|E FEUPR 3 BF9

AICERE -4.52 7P 52 A =g B, of = o) &H] Wel2 AIC7}-2.2904] 0.0052 Th R0 u|af A7} Wokth oF=0] -5 AFHE-& 3717t APCH o A 2%

=7H A W

HA3ESS|X| 2018;28(4):378-391

https://kshpa.jams.or.kr/co/main/jmMain.kci 383



ChoJY,etal.  The Effect of Population Ageing on Healthcare Expenditure in Korea

of Aol igiek™ chat A & melat e 1015 ofzle] 4
A0} ]2} 20% 013 Holh ek gstol 4w AlEigick

2

1. Y o|=H| X[EFM
ATFe] 71 A B0 2 A AYE ARSI
o ol7H] X &9 Azt F7HE FolE AXEITE A7 S7HE
Aol A F+)2] grolA Rt S7 -2 20101 ol EojA]A]
A} EShE] AL Qlek E35] 40thE] 90ty o] F, AL T1E
=3} %o F=g|XItk(Figure 4).

2o ool

2. 2|=H| X|Z0i cist A, AIH, 243 SESH

9] Apoli= ot B fofsirt AEA7IYA}F 1917 At
A o) H|(ZE Do vl A AIH= -0.80 (14-154))° A 1.23
(94-954] o)’ ] ML, AR A TH= -0.41 (2004-20051 )0l A
0.38 (2012-20134), Z S E a3}+= -0.86 (cohort_1910)°]| 4] 0.73
(cohort_1930)2] = Hlth

. == Under10 -+~ 50s
4 == 10s ~= 60s
40 == 205 — 70s

L == 30s 80s
3% —— 90s
30
25
20
151
10F

5r N
0 L L L L L L L L |
sl 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year
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Table 4. Forecasting results of future healthcare expenditure: 2018-2019 to 2030-2031 (unit: 100,000 people, 1 billion won, 1,000 won)

Category Year
2018-2019 20202021 2022-2023 2024-2025 2026-2027 2028-2029 2030-2031
Analysis 1-1
Population 512 515 517 519 521 521 522
Total health expenditure 71,087 74,044 77,013 79,970 82,890 85,761 88,560
Per capita 1,388 1438 1,489 1,540 1,592 1,645 1,698
Relative index 1134 1175 1216 1.258 1.301 1.344 1.387
Annual change (%) 18 1.78 1.75 1.7 1.67 164 1.61
Analysis 1-2
Population 505 505 505 505 505 505 505
Total health expenditure 59,015 56,978 55,013 53,132 51,350 49,683 48,132
Per capita 1,168 1128 1,089 1,052 1,016 983 953
Relative index 0.954 0.921 0.89 0.859 0.83 0.804 0.778
Annual change (%) -1.72 —1.74 -1.74 —1.72 -1.69 —1.64 —1.57
Analysis 1-3
Population 512 515 517 519 521 521 522
Total health expenditure 64,335 64,690 64,891 64,933 64,801 64,512 64,092
Per capita 1,256 1,256 1,254 1,250 1,245 1,237 1,229
Relative index 1.026 1.026 1.025 1.022 1.017 1.01 1.004
Annual change (%) 0.07 0 -0.07 —0.15 —0.23 -03 -0.34
Analysis 2—1
Population 512 515 517 519 521 521 522
APC-IE model
Total health expenditure 102,371 120,174 140,735 164,410 191,555 222,635 258,225
Per capita 1,999 2,333 2,720 3,166 3,679 4,270 4,951
Relative index 1.63 191 222 259 301 349 405
Annual change (%) 8.13 8.05 797 7.88 78 173 769
AP model
Total health expenditure 125,099 157,973 199,223 250934 315,707 396,706 497,906
Per capita 2443 3,067 3,851 4,832 6,063 7,608 9,547
Relative index 2 251 315 395 495 6.22 78
Annual change (%) 12.09 12.06 12.04 12.02 12.02 12.02 12.02
Analysis 2-2
Population 505 505 505 505 505 505 505
Total health expenditure 93,906 105,847 119,312 134,531 151,792 171,459 193,923
Per capita 1.859 2,095 2,362 2,663 3,005 3394 3838
Relative index 1.52 1.7 1.93 218 2.46 2.77 314
Annual change (%) 6.19 6.17 6.17 6.19 6.22 6.28 6.35
APC-IE, age-period-cohort-intrinsic estimator; AP, age-period.
3. el nstol 2 Zaf o|2H| HEHY 203020310 0.778= 7H4xd}H, o =H|e] ATF F7HE2 -1.74%
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Appendix 1. Estimation results of per capita healthcare expenditures using age-period-cohort-intrinsic estimator model

Coefficient SE Coefficient SE
Age (yr) Cohort

0-1 0.49*** 0.034 1910 —0.86*** 0.051
2-3 0.47%** 0.031 1912 —0.52*** 0.040
4-5 0.26%** 0.029 1914 —0.23*** 0.034
67 —0.06%* 0.028 1916 —0.05 0.031
8-9 —0.35%** 0.026 1918 0.15%** 0.028
10-11 —0.57%** 0.025 1920 0.33%** 0.027
12-13 —0.73%%* 0.024 1922 0.46%** 0.025
14-15 —0.80%** 0.024 1924 0.58%** 0.024
16-17 —074%* 0024 19%6 065+ 0024
18-19 —0.741: 0.024 1928 0.70%** 0024
20-21 076" 0024 1930 073+ 0024
22-23 —0.65 0.024 1932 0.73%** 0024
24-25 —0.58%** 0.025 1934 0.71%%* 0.024
26-27 —0.51%** 0.026 ’ ’
2899 47+ 0,026 1936 0.70%** 0.025

' ' 1938 067*** 0.025
30-31 —0.37%%* 0.027
03 a7 0027 1940 063" 0026
.35 039+ 0028 1942 059 0027
38-39 —0.40%** 0.029 1946 048" 0028
40-41 _(.37%** 0.029 1948 043" 0.029
4243 —0.33%** 0.029 1950 039 0029
44-45 —0.30%** 0.029 1952 0.32%%* 0.029
46-47 —0.25%%* 0.029 1954 0.26*** 0.030
48-49 —0.18%** 0.029 1956 0.217%** 0.030
50-51 0177 0.029 1958 0.15%** 0.030
52-53 —0.05% 0.029 1960 0.09*** 0.030
54-55 0.00 0.029 1962 0.03 0.030
56-57 0.04 0.029 1964 003 0.030
58-59 0.08*** 0.028 1966 —0.08*** 0.030
60-61 0.13%%* 0.028 1968 _0.13%* 0,030
62-63 0.17%%* 0.027 1970 Qg7 0029
66-67 023" 0026 1974 020" 0028
?Eﬁ? gg gggg 1976 021 0028
72-73 0'35*** D. 024 1978 —0.23*%* 0.027

P ! 1980 —0.27%** 0.027
74-75 038 0024
76-77 0.40%** 0.024 1982 —0.30*M 0.026
7879 0.42++* 0024 1984 033 0025
80-81 048+ 0024 1986 ~036*** 0025
82-83 054+** 0024 1988 —038™ 0.024
84-85 0.61%* 0025 1990 —039™ 0024
86-87 0.68%** 0.026 1992 04277 0024
88-89 0.78%** 0.028 1994 —0.45*** 0.024
90-91 0.88"** 0.029 1996 —0.48%** 0.024
92-93 1.03%** 0.031 1998 —0.48*** 0.024
94-95 1.23%** 0.034 2000 —0.49%** 0.025

Period 2002 —0.50%** 0.026

20042005 —0.477%** 0.005 2004 052 0.028
2006-2007 —0.22%** 0.005 2006 —0.56"** 0.031
2008-2009 0.03*** 0.005 2008 —0.57*** 0.034
20102011 0.23*** 0.005 2010 —0.56"** 0.040
20122013 0.38*** 0.005 2012 —0.57*** 0.052

Intercept: coefficient=6.812***, SE=0.003. Model fit: AIC=-3.2917, deviance (1/df)=0.0016, df=138.
SE. standard error; AIC, Akaike's information criterion; DF, degrees of freedom.
*p<0.1. ***p<0.01.
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