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Development Study of a Predictive Model for the Possibility of Collection
Delinquent Health Insurance Contributions

Young-Kyoon Na

Department of Health and Welfare, Paichai University, Daejeon, Korea

Background: This study aims to develop a “Predictive Model for the Possibility of Collection Delinquent Health Insurance
Contributions” for the National Health Insurance Service to enhance administrative efficiency in protecting and collecting
contributions from livelihood-type defaulters. Additionally, it aims to establish customized collection management strategies based
on individuals’ ability to pay health insurance contributions.

Methods: Firstly, to develop the “Predictive Model for the Possibility of Collection Delinquent Health Insurance Contributions,” a
series of processes including (1) analysis of defaulter characteristics, (2) model estimation and performance evaluation, and (3)
model derivation will be conducted. Secondly, using the predictions from the model, individuals will be categorized into four types
based on their payment ability and livelihood status, and collection strategies will be provided for each type.

Results: Firstly, the regression equation of the prediction model is as follows: phat = exp (0.4729 + 0.0392 X gender + 0.00894 X age
+0.000563 X total income - 0.2849 x low-income type enrollee - 0.2271 x delinquency frequency + 0.9714 X delinquency action +
0.0851 x reduction) / [1 + exp (0.4729 + 0.0392 x gender + 0.00894 X age + 0.000563 X total income - 0.2849 x low-income type
enrollee - 0.2271 x delinquency frequency + 0.9714 X delinquency action + 0.0851 X reduction)]. The prediction performance is an
accuracy of 86.0%, sensitivity of 87.0%, and specificity of 84.8%. Secondly, individuals were categorized into four types based on
livelihood status and payment ability. Particularly, the “support needed group,” which comprises those with low payment ability and
low-income type enrollee, suggests enhancing contribution relief and support policies. On the other hand, the “high-risk group,”
which comprises those without livelihood type and low payment ability, suggests implementing stricter default handling to improve
collection rates.

Conclusion: Upon examining the regression equation of the prediction model, it is evident that individuals with lower income levels
and a history of past defaults have a lower probability of payment. This implies that defaults occur among those without the ability
to bear the burden of health insurance contributions, leading to long-term defaults. Social insurance operates on the principles of
mandatory participation and burden based on the ability to pay. Therefore, it is necessary to develop policies that consider
individuals” ability to pay, such as transitioning livelihood-type defaulters to medical assistance or reducing insurance contribution
burdens.

Keywords: Health insurance contribution; Non-payment; Predictive model; Low income; Collection management; Default

Correspondence to: Young-Kyoon Na
Department of Health and Welfare, Paichai University, 155-40 Bagjae-ro, Seo-gu, Dagjeon 35345, Korea

Y © Korean Academy of Health Policy and Management
Tel: +82-70-4362-6114, Fax: +82-70-4362-6413, E-mail: nayk@pcu.ac.kr

(@ This is an open-access article distributed under the terms of the

"0 =2 2020 FIBHE| ROIHZISITCIO| “HZHIE RHEM MG (2B Creative Commons Attribution Non-Commercial License
HASAETA) LIZS QOF - HRI510] ZRMS5IRICT (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use,
Received: October 9, 2023, Revised: November 8, 2023, Accepted after revision: November 30, 2023 distribution, and reproduction in any medium, provided the original work is properly cited.

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



A2 of wpet M= =S A
HsEo] gl udd
o = 2o AYHYE RE WHSjok & o5} )
EP %UVV PR Fae ol vt e A7 A = E A4dt

2). BN RIS A BB A5 0
¥el %715 ﬂ% :
S F402 A8 AR R AASAE} ALEE Ao
) o9 7453} B

> 'T‘\:l%-_—v
71%0] AT Q3] WS BAES FuEtcka < 4ska glct
[3.4].
TUAEATES A5 AgAet deisto] ARIARSIEA)

ox,
>
H

1) 227} AN o S oA A 255 A Ao chet
27) $1%H 3 WA AR AdAE Helehe d7E
Lt STk A BAR AE A4o] R
el g e) 5718 2ol AR E B 2 3ol

")
filo
=

ro
1%,

2o o2 & oue
ot
38
e
)

o
)

ofol = A EE T A AaAkoll tieh 2o ok Ald
Ao Y a8 AR S SH O R A A S A= =Y
A Estint A Fakohes AR A ol A= Al g
& 7dThE sl ol “AA A=l 7 A el SR s
tod Aol 2-83kaL A ATHB.9). o] ofl =g H o5 e o]
2R ALS MIAR o] Al el flet ol S g s AN
a7t olek.

ofof| ARtz ol et AR ) E8- 7 s & HESIL @ s of
o whep jiA st AR A 7 SR G = N
WshaL, e o SRS BEste] IR R Fsdo] whe
R A A = AR LA} gk

tlo >

il

o] HF ) 77k B 2ok A 8-2] 919§ (institutional review
board) 2] 4] HAE WRITH($A-2020-HR-02-001). ©] At= =71
o] B.88111 Q)= A7 R & 5 A2 . 2.3} database (DB)
S A7 DB S AkE = S-85R3iT BA T2 2018\ 124
712 A4 1869 2,462 ok AR 3, AAe] ol Al
AT S A1 A A
olsich. S, A5 5141 ol 0194 129]) At w2 A}
10261 613035} HYbA} 8301 6332788 AT Wl o5 B4
W2 5lo] Al BER o] S vlA Roln JRee
24128 3RS B elelsik vhAke 2 A7 AN
47k o120 S S etk 51l o) 2
WA 7R oS mag el it BARA S BAZR
2l SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA)E A8-31 Tt

tg

2. BMUE

1) Mgxt E4 2M

ARt eF 1867t o] A4, A, FA5, AR =, v, A
@ oA A AR o R R 7 ‘04 1 oy b o 55 AR
S golsltKTable 1).2)

) BEEY Y NS

A7, 1861t} o] A A} 5 1 o Lh ‘EiLHf*XH%UPO:l gt )
Shel A s4to] 8 TR EI] YR ol BEHSR B F 2AL
g 3| 84S £ 57) 12E Q] Al4x(coefficient) E AFE35FI T 4,
57119] &R F S sS vlasto] 7P Adeol & RES Al
St o240 S, TR, SolE 58 Beskel B

¢

h =
% 9lek
1) AASEAE (1) R 14, ) PR 5 () B S, () AAE S9L (6) BRED, (6) GRATEAL 0) AT ©) IR FA, ) 4R A, (10)
sz, (11) i, (12) BEAROR o]oly
2) W% AAS S8 FNAGRHTG AT G el 4Esle) U SR A8 ASRE ¥e F 7MET WSS 20 57128 43S EYe

o7hel g AABHE

BZIESISIX| 2023;33(4):450-456

https://kshpa.jams.or.kr/co/main/jmMain.kci 451



Na YK ¢ Development Study of a Predictive Model for the Possibility of Collection Delinquent Health Insurance Contributions

Table 1. The characteristics of explanatory variables in the delinquency collection probability prediction model

Variable

Note

Age Age at the time in 2018

Total income Adjusted total income by dividing by 1 million won
Delinquency frequency
Non-payment frequency
Gender

Low-income type enrollee
Delinquency action
Reduction

Male=0, female=1

None=0, reduction exists=1

Number of delinquency incidents from June 2016 to November 2018
Number of incidents still unpaid from June 2016 to November 2018

Combined variable for medical assistance and enrollees in regions with 3rd quartile or lower contribution: enrollee=0, low-income type enrollee=1
Delinquency action: none=0, delinquency action exists=1

A 7]_ Est FE A AHH](odds ratio)
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Table 2. Characteristics of defaulters (observations=1,861,101)
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Variable Mean+SD Min Max

Dependent variable

Payment status 0.55¢0.50 0 1
Explanatory variables

Age (yr) 4856+13.24 0 1

Total income (million won) 14.05+58.69 0 36,982

Delinquency frequency (frequency/yr) 14.02+10.53 0 30

Non-payment frequency (frequency/yr) 7.58+10.64 0 29

Gender (binary: 0 or 1) 0.33+0.47 0 1

Low-income type enrollee (binary: 0 or 1) 0.08+0.27 0 1

Delinquency action (binary: 0 or 1) 0.52+0.50 0 1

Reduction (binary: 0 or 1) 0.70+0.46 0 1

SD, standard deviation.
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Table 3. Coefficients estimated by model
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Variable Coefficient
Model 1 Model 2 Model 3 Model 4 Model 5
Intercept 0.7037" -02109" 1.0544" 04729 11097
Age 0.0087" 0.0071° 0.0097" 0.0089" 0.0048"
Total income 0.0048° 0.0061° 0.0004" 0.0006" 00118
Delinquency frequency 00713 -0.0537" - -
Non-payment frequency - - -0.249%" 020117 -
Gender 02147 0.1690° 0.0742° 0.0392° 0.2369°
Low-income type enrollee -0.3209" -0.5968" -0.1029° -0.2849° -0.7769°
Delinquency action 1.3609° 09714 1.6551"
Reduction 0.1126° 0.0851° 01279
"p<0.05.
Table 4. Comparison of accuracy by prediction models
Accuracy (%)
Threshold Model 1 Model 2 Model 3 Model 4 Model 5
05 669 706 833 843 696
06 648 712 85.0 858 69.1
0.7 599 67.2 86.7 86.0 66.7
08 482 59.1 832 770 487
Table 5. Comparison of accuracy, sensitivity, and specificity between model 3 and model 4
Threshold Model 3 - Model 4 —
Accuracy Sensitivity Specificity Accuracy Sensitivity Specificity
05 833 936 706 843 934 731
06 85.0 924 759 858 9.1 780
07 86.7 907 818 86.0 870 848
08 832 766 912 710 65.0 97
Values are presented as %.
5) AEE AR BEAL 3 BgolA JRS H&E ofujslal, Bolke AA| niga} F et vlEd

HASHESISIX| 2023;33(4):450-456

https://kshpa.jams.or.kr/co/main/jmMain.kci 453



Na YK ¢ Development Study of a Predictive Model for the Possibility of Collection Delinquent Health Insurance Contributions
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Table 6. Estimated odds ratios of the prediction model

Variable Odds ratio (95% confidence interval)
Age 1.0090 (1.0090-1.0090)
Total income 1.0010 (1.0000-1.0010)
Non-payment frequency 0.7970 (0.7960-0.7980)
Gender 1.0400 (1.0310-1.0490)

Low-income type enrollee
Default handling
Relief status

0.7520 (0.7400-0.7650)
2.6420 (2.6190-2.6640)
1.0890 (1.0780-1.0990)
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Table 7. Estimated marginal effect of the prediction model

Variable Marginal effect (95% confidence interval)
Age 0.0049 (0.0049 to 0.0049)
0.0003 (0.0003 to 0.0003)
Non-payment frequency 01251 (-0.1253 to -0.1250)
Gender 0.0048 (0.0048 to 0.0048)
Low-income type enrollee -0.0360 (-0.0361 to -0.0360)
Default handling 0.1302 (0.1301 to 0.1303)
Relief status 0.0104 (0.0104 to 0.0104)

Total income
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Table 8. Collection strategy considering the possibility of defaulting
on insurance contribution payments and livelihood status

Payment probability

Livelihood stat
ivelihood status Low High

Non-low-income type
Low-income type

High-risk group Low-risk group
Support needed group  Moderate-risk group
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