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ABSTRACT

Objectives: This study aimed to develop and evaluate a deep neural network (DNN)-based predictive model for periodontal
disease expenditures using community-level health environmental factors derived from public data. Methods: A total of 1,020
monthly records from 17 regions between January 2020 and December 2024 were analyzed. Independent variables included
health behaviors, demographic characteristics, socioeconomic factors, and healthcare resource accessibility. A DNN model was
constructed and evaluated using the mean absolute percentage error (MAPE), while permutation feature importance (PFI) was
applied to quantify the relative contribution of each variable. Results: The DNN model achieved a mean MAPE of 11.01% (range:
9.35-12.51; SD: 0.83) across 10 repeated trials, indicating good predictive performance according to the Lewis (1982) criteria. PFI
analysis identified total population, proportion of single-person households, and gender ratio as the most influential predictors
of periodontal disease expenditures. Conclusions: These findings suggest that periodontal disease expenditures are shaped
by complex interactions among demographic, socioeconomic, and behavioral factors, which can be effectively captured by Al-
based predictive models. This study provides preliminary evidence that healthcare resource allocation and oral health policy
development can benefit from Al-based approaches utilizing publicly available data.
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Table 1. Definitions and data sources of variables used in the analysis

Variables Description Source
Independent variable
SR(Smoking rate) Current smoking rate among local residents
DR(Drinking rate) Drinking rate among local residents
TP(Total population) Population by region
AA(Average age) Average age by region
GR(Gender ratio) Male-to-female ratio per 100 females KOSIS
SPH(Single-person household rate) Ratio of single-person households
PCRI(Per capita regional income) Gross regional income per capita
RDH(Ratio of dental hospitals) Ratio of dental hospitals per 10,000 people in the region
RDC(Ratio of dental clinics) Ratio of dental clinics per 10,000 people in the region
Dependent variable
TME(Total medical expenditure) Periodontal disease expenditures by region HIRA

KOSIS: Korea statistical information service; HIRA: Health insurance review and assessment service.
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Table 2. Setting values in deep neural network model

Classification Setting values

Model architecture 2 hidden layers (64, 32 neurons)
Activation function ReLU (hidden layer), linear (output layer)
Optimizer Adam (learning rate = 0.001)

Data preprocessing StandardScaler

Data splitting Training data : validation data =8 : 2
Evaluation metrics MAPE

Epochs 300

Batch size 1

MAPE: Mean absolute percentage error.
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Table 3. Descriptive statistics (n=1,020)
Variables (unit) Min-Max Mean=+SD
Smoking rate(%) 13.2-22.3 19.0+1.8
Drinking rate(%) 47.4-62.4 56.9%3.0

Total population(persons) 360,907-14,162,083 3,102,9320.7+3,379,289.6
Average age(yrs) 36.9-48.6 441424
Gender ratio(males per 100 females) 93.3-106.0 100.2+2.9
Single-person household rate(%) 27.6-39.9 34.743.0

Per capita regional income(thousand KRW) 29,509-65,994 41,353.0+8,380.9
Ratio of dental hospitals(per 10,000 population) 0.0-1.6 0.1+0.2

Ratio of dental clinics(per 10,000 population) 0.1-130.1 7.2+13.9

Total medical expenditure(thousand KRW) 548,732-59,578,510 9,720,482.9+12,849,934.6

Min: Minimum; Max: Maximum, SD: Standard deviation; KRW: Korean won.
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Table 4. Mean absolute percentage error descriptive statistics for deep neural network model

Minimum Maximum Mean Standard deviation
MAPE 9.35 12.51 11.01 0.83
MAPE: Mean absolute percentage error.
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Table 5. Permutation feature importance of variables in the deep neural network model for predicting periodontal
disease expenditures

Rank Variable FIM Importance mean (%p)”
1 Total population 161.28 23.93
2 Single-person household rate 21.18 1.60
3 Gender ratio 16.48 1.87
4 Drinking rate 8.21 0.62
5 Per capita regional income 6.54 1.02
6 Average age 271 0.55
7 Smoking rate 1.91 0.21
8 Ratio of dental hospitals 0.99 0.16
9 Ratio of dental clinics 0.20 0.12

FIM: Feature importance for mean absolute percentage error (MAPE).
‘Importance mean indicates the mean increase in MAPE (%) caused by permuting each feature.
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