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ABSTRACT

Objectives: The demand for dental care is expected to increase as the population ages. This study aimed to predict the utilization
of dental implant care following the expansion of national health insurance benefits for dental implants. Methods: Multiple linear
regression analysis was performed on HIRA big data open portal data and DNN-based artificial intelligence models to forecast
the utilization of dental care in relation to the national health insurance coverage for dental implants. Results: National health
insurance coverage of dental implants was found to be associated with the number of patients using dental implant services and
demonstrated a statistical significance. The dental implant services utilization increased with the increased dental implant health
insurance benefits for the elderly population, increased mean by region, increased number of dental institutions by region, and
increased health insurance coverage rate for dental implants. However, the dental implant services utilization decreased with the
increased number of older people living alone and increased size of dental institutions. Conclusions: With the expansion of the
national health insurance coverage for dental implants, it is predicted that the utilization of dental implant medical services will
increase in the future.
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Table 1. Variables

Variable type Variables Source
Dependent variable Number of dental implant patients HIRA®
Independent variable Number of elderly population covered by insurance KWDI

Average age by region MOIS®

Number of elderly living alone by region

Ratio of elderly women to elderly men

Gross regional domestic product per capita KOSIS?
Type of dental institution " HIRA®
Tertiary hospital

General hospital

Dental hospital

Dental clinic

Community health center

Number of dental hospitals and clinics by region MOIS*
Insurance coverage rate” HIRA?

! Dummy variable 1: Dental Clinic=0, Tertiary hospital, General hospital, Dental hospital, Community health center=1

Dummy variable 2: July 2014-June 2018=0, since July 2018=1
HIRA?® Health Insurance Review and Assessment service, KWDI’; Korean Women's Development Institute, MOIS®; Ministry Of the
Interior and Safety, KOSIS®; Korea Statistical Information Service
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NDIP; Number of Dental Implant Patients, NEPC; Number of elderly population covered by insurance, AAR; Average Age by
Region, NEPL; Number of elderly people Living Alone by Region, RWM; Ratio of Elderly Women to Elderly Men, GRDPC; Gross
Regional Domestic Product per Capita, DVTH; Dummy variable Tertiary Hospital, DVGH; Dummy variable General Hospital, DVDH;
Dummy variable Dental Hospital, DVCHC; Dummy variable Community Health Center, NDHC; Number of dental Hospitals and
clinics by region, DVI; Dummy variable Insurance Coverage Rate
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Table 2. Hyperparameters for deep neural network model

Hyperparameter Value
Parameter Value
Number of layers 11
Activation function ReLu
Batch size 1
Epochs 100

HpA|RO 2 o F0] A} 22ke AHE W MAPE: ofef A& Z-8=itt.

MAPE = 100

R, Real Value
F: Forecasting Value
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Table 3. Descriptive statistics (N=15,606)
Variables Min, Max Mean=+SD
Number of dental implant patients 0-11,481 217.73£946.06
Number of elderly population covered by insurance 8,573-1,992,807 410,896.707+405,371.30
Average age by region 36.6-48 42.14+2.49
Number of elderly people living alone by region 0-347,809 103,155.40£79,733.56
Ratio of elderly women to elderly men 1.17-2.24 1.43£0.20
Gross regional domestic product per capita 19,725-69,392 36,000.83£10791.91
Type of dental Institution”
Tertiary hospital 01 0.2240.42
General hospital 0.2240.42
Dental hospital 0.33+0.47
Dental clinic 0
Community health center 0.11£0.31
Number of dental hospitals and clinics by region 31-4,966 1,047.99+1,296.05
Insurance coverage rate’ 0/1 0.5310.50

"Dummy variable 1: Dental Clinic=0, Tertiary hospital, General hospital, Dental hospital, Community health center=1
"Dummy variable 2: July 2014-June 2018=0, since July 2018=1
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Table 4. Factors influencing the utilization of dental implants in the elderly

Variables coefficient t
(Constant) 1,171.045" 7.2416
Number of elderly population covered by insurance 0.0006" 12.8576
Average age by region 9.3632" 2.6410
Number of elderly people living alone by region -0.0014™ -5.0083
Ratio of elderly women to elderly men 2.2444 0.0575
Gross regional domestic product per capita 0.0002 0.4006
Type of dental institution”
Tertiary hospital -1,792.377 -85.1315
General hospital -1,781.64" -84.6219
Dental hospital -1,770.74™ -89.2063
Community health center -1,802.47" -74.1417
Number of dental hospitals and clinics by region 0.0912" 6.6205
Insurance coverage rate” 471824 2.9828

"Dummy variable 1: Dental Clinic=0, Tertiary hospital, General hospital, Dental hospital, Community health center=1
"Dummy variable 2: July 2014-June 2018=0, since July 2018=1

by multiple linear regression analysis at a=0.05

“p<0.01, p<0.001
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