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Abstract: Reducing heath care costs is an important issue in Japan. The aim of this study was to
analyze the contribution of oral health to health care costs and to predict health care costs by statistical
modeling. Data from 46 individuals (29 men and 17 women; mean age of 44.6 ± 1.7 years) on health
care costs, dental health care costs, and the results of the salivary levels of lactate dehydrogenase
(LD) over two years were provided by the association. Multilayer perceptron neural networks were
applied to predict the health care costs from data from the previous year and included health care
costs, dental health care costs, and salivary levels of LD. Nonlinear relationships were observed
between medical health care costs, dental health care costs, and periodontal conditions. The health care
costs from the previous year were the most important predictor of health care costs. The simulation
results showed that health care costs decreased with the increase in dental health care costs from the
previous year. Health care costs increased with increasing salivary levels of LD from the previous
year. Improvements in periodontal conditions and dental health care may play some roles in reducing
health care costs.
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1. Introduction

High health care costs are a major problem in Japan. National medical expenditure in 2016
was 382 billion USD (42 trillion yen), 300 USD (33,000 yen) per capita, and 7.81% of Gross Domestic
Product [1]. The population of Japan is rapidly aging, which is increasing health care costs. We have a
national insurance system covering almost all the treatments for injuries and diseases. The provision
of funds for this national insurance system is supported in part by public expense.

Oral health status may contribute to overall health conditions through nutritional status and
dental bacteremia. In fact, some reports have shown that subjects with many teeth are expected
to live longer than subjects with few or no teeth, mainly through adequate nutritional status [2–4].
Periodontal disease can be a risk factor for various diseases, including noncommunicable diseases [5–7].
Oral bacteria that invade blood vessels can damage body tissues and cause low-grade but persistent
inflammation [8]. It has been suggested that Streptococcus mutans, a major cariogenic bacterium, may
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cause atherosclerosis [9–11]. Based on these facts, oral health status may be related to health care costs.
The treatment and prevention of dental diseases may lead to a decrease in medical costs.

Since 2000, the Japanese government has planned and implemented government policies to
extend healthy longevity through health promotion. This plan is called Healthy Japan 21. The main
target of this plan is the prevention of noncommunicable diseases. In this declaration, to prevent
noncommunicable diseases, dental health promotion is included in the six main pillars as follows:
nutrition and dietary habits, physical activity and exercise, rest, drinking of alcohol, smoking of tobacco,
and oral health [12].

In addition, the Ministry of Health, Labor, and Welfare stipulates that the insurer must analyze
medical costs and the results of the annual health checkup to make plans to prevent a rise in medical
costs. Prediction and simulation must prevent a rise in medical costs. However, there is little
information on the correlation between medical health care costs, dental health care costs, and oral
health status. The main reason is that it is almost impossible to calculate and analyze health care costs
without a national insurance system for the whole nation.

The implementation of dental checkups in annual health checkups is a burden for insurers because
of the high costs of dental work. Therefore, to evaluate the condition of periodontal disease, the
salivary levels of lactate dehydrogenase (LD) have been adopted as a biomarker [10]. In previous
studies, the salivary concentration of LD correlated with the state of periodontal disease, and the value
of LD has been shown to reflect inflammation of periodontal tissue [13–15].

The purpose of this study was to analyze the contribution of dental health care costs and oral
hygiene to health care costs and to predict health care costs by statistical modeling. Predictive models
can lead to the promotion of treatment for dental diseases to prevent systemic diseases, which ultimately
leads to preventing an increase in health care costs.

2. Methods

2.1. Study Design

The study was an observational longitudinal study. All employees of an association were followed
up for two years. Annual medical and dental costs were obtained from the insurer. Saliva tests were
carried out at the annual health checkup.

2.2. Participants

The subjects who participated in this study were individuals who worked for a health insurance
association in the Kanagawa Prefecture in Japan. This prefecture is located next to Tokyo, which is the
capital of Japan. Informed written consent was obtained from all the subjects.

2.3. Measuring Salivary Levels of Lactate Dehydrogenase (LD)

The association conducted a health check every year, including a dental examination in April.
The measurement of the saliva concentration of LD was applied instead of a periodontal examination
by pocket probing. Saliva samples were taken prior to oral clinical examinations.

According to the manufacturer’s instructions, saliva samples were collected at least 2 h after eating,
drinking, or tooth brushing. Participants were instructed to chew on a standard-sized tasteless and
odorless gum base for 5 min, during which time stimulated whole saliva was continuously collected.
Saliva was kept at 4 ◦C. Salivary levels of LD were measured using commercially available kits (L type
Wako LDH J; Wako Chemical Industry, Osaka, Japan) [13–15].

2.4. Data Collection on Health Care Costs

The association provided data on medical expenses, dental expenses, and the results of saliva
concentrations of LD over 2 years. Data on health care costs were provided as an annual sum
of expenses.
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2.5. Statistical Method

Neural network models are very flexible in building predictive models. Both continuous and
discrete variables can be used as both predictor and explanatory variables. In addition, these models
can predict nonlinear relationships. Previous reports showed that a nonlinear relationship could be
detected between oral condition and health care costs [16]. The statistical software creates the optimal
number of hidden layers and automatically weights the relationship between explanatory variables
and hidden layers, and the relationship between predictors and hidden layers.

Health care costs included medical health care costs and dental health care costs. The multilayer
perceptron neural network was applied using health care costs (2017) as the dependent variable. Health
care costs (2016), dental care costs (2016) and salivary levels of LD in the saliva (2016) were used as
independent variables.

Analyses were carried out using IBM SPSS Statistics V 24.0 and Modeler V 25.0 (IBM SPSS,
Tokyo, Japan).

3. Results

The study population was 46 individuals (29 men and 17 women; mean age pf 44.6 ± 1.7 years).
A descriptive analysis of the data used in this study is shown in Table 1. The standard deviation values
were high, and their distributions were skewed. In the Kolmogorov–Smirnov test, none of these values
were normally distributed.

Table 1. Descriptive analysis of the health care costs and salivary levels of lactate dehydrogenase (LD).

Mean ± SD Median (25th–75th Percentile)

2016
Health care costs (USD) 1035.00 ±1300.27 572.45 (220.36–1255.09)

Medical health care costs (USD) 877.27 ±248.55 482.36 (126.91–1161.73)
Dental health care costs (USD) 157.73 ±2.39 84.55 (0–279.55)
Salivary levels of LD (IU/mL) 4.09 ±2.39 3.70 (1.73–5.94)

2017
Health care costs (USD) 994.00 ±1172.27 550.45 (122–1577.27)

Medical health care costs (USD) 775.55 ±975.55 42.65 (105.45–1165.73)
Dental health care costs (USD) 218.36 ±402.64 0 (0–455.91)

Health care costs are the sum of medical health care costs and dental health care costs. One hundred and ten
Japanese yen exchanged for 1 USD. LD: Lactate dehydrogenase.

Figure 1 shows a scatter plot of health care costs (2017) against health care costs (2016), dental
health care costs (2016), and salivary levels of lactate dehydrogenase (LD) (2016). The coefficient
of determination was not sufficient to create a regression model for predicting health care costs.
A nonlinear prediction model based on a neural network model was applied. For the prediction of
health care costs (2017), we first constructed models with a single independent variable of health care
costs from the previous year (2016), dental health care costs from the previous year (2016), or salivary
levels of LD from the previous year (2016) (Figure 2A–C).

Health care costs from the previous year were a strong predictor for health care costs, and the
inclusion of dental health care costs and salivary levels of LD for health care costs improved the
prediction accuracy. Predictive values were calculated by the models shown in Figure 2A–D.

Next, we used all three independent variables to build a health care cost prediction model
(Figure 2D). Predictive accuracy was improved by including dental health care costs and salivary levels
of LD in addition to health care costs from the previous year (Figure 3, solid circle and empty circle).
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Figure 1. Scatter plot and linear regression line of health care costs against total health care costs, 
dental health care costs, and salivary levels of lactate dehydrogenase (LD). * The coefficient of 
determination (R2) was not high. Health care costs were not easy to predict by linear regression 
analyses. 

Figure 1. Scatter plot and linear regression line of health care costs against total health care costs, dental
health care costs, and salivary levels of lactate dehydrogenase (LD). The coefficient of determination
(R2) was not high. Health care costs were not easy to predict by linear regression analyses.
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Figure 2. Models by a single independent variable. (A) health care costs from the previous year; (B) 
dental health care costs from the previous year; (C) salivary levels of LD from the previous year (2016);  
(D) Models by multiple these three independent variable. 

Figure 2. Models by a single independent variable. (A) health care costs from the previous year;
(B) dental health care costs from the previous year; (C) salivary levels of LD from the previous year
(2016); (D) Models by multiple these three independent variable.



Appl. Sci. 2020, 10, 3140 6 of 11

The predicted values are shown in the scatter plot of the prediction values against the observed
values (Figure 3). Among the three independent variables, health care costs from the previous year
were the most important predictor of health care costs.
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Figure 3. Plot of the predictive values of health care costs against the observed values.

Then, by using the model in Figure 2D, we simulated the health care costs by health care costs,
dental health care costs, and salivary levels of LD from the previous year. Since the vector space
was four-dimensional, the results are displayed conditionally with the fixed healthcare cost data at 0,
100,000, 200,000, 500,000, and 1 million Japanese yen. The results of the response surfaces are illustrated
in Figure 4.

In the case of healthcare costs of 0 yen, if the LD levels in saliva are 0, then the medical expenses
will be 0 yen, and the health care costs the following year will be predicted near the flat surface. As LD
levels or dental health care costs increased, health care costs increased, but the gradient was moderate.

Very large pits can be observed around the diagonal by the LD levels and dental health care costs.
Pits can be observed in all response surfaces shown in Figure 4. With health care costs of 100,000 yen,
200,000 yen, and 500,000 yen from the previous year, the gradient of the response surface from the start
point to the pit became sharp as the health care costs from the previous year increased. For predicted
health care costs over the diagonal line, health care costs decreased with increasing LD levels or dental
health care costs. For the health care costs from the previous year of 1 million Japanese yen, a sharp
decrease in health care costs was observed with the increase in dental health care costs.

Predictive values were calculated by the model shown in Figure 2D. For the prediction, health
care costs from the previous year were fixed, and response surfaces were illustrated against dental
health care costs and salivary levels of LD from the previous year. Additionally, prediction model for
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the medical care cost (Subtracted dental care cost from total health care cost) was constructed by the
same strategy. Results of the model and simulation were shown in Figure 5.

Appl. Sci. 2020, 10, x FOR PEER REVIEW 7 of 11 

the medical care cost (Subtracted dental care cost from total health care cost) was constructed by the 
same strategy. Results of the model and simulation were shown in Figure 5. 

 

 

Health care costs from the previous year = 0 (Japanese 
Yen) 

Health care costs from the previous year = 500,000 
(Japanese Yen) 

(A) (D) 

 

(B) (E) 

Health care costs from the previous year = 100,000 
(Japanese Yen) 

Health care costs from the previous year = 1,000,000 
(Japanese Yen) 

 

(C) 

Health care costs from the previous year = 200,000 (Japanese Yen) 

Figure 4. Results of the simulations of predictive values of health care costs by health care costs, dental
health care costs, and salivary levels of LD.



Appl. Sci. 2020, 10, 3140 8 of 11

Appl. Sci. 2020, 10, x FOR PEER REVIEW 8 of 11 

Figure 4. Results of the simulations of predictive values of health care costs by health care costs, dental 
health care costs, and salivary levels of LD. 

 

 

(A) (D) 

 

(B) (E) 

 

(C) (F) 
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Figure 5. (A) Prediction model for medical health care costs; (B) medical health care costs from the
previous year = 0 (Japanese Yen); (C) medical health care costs from the previous year = 100,000 (Japanese
Yen); (D) medical health care costs from the previous year = 200,000 (Japanese Yen); (E) medical health
care costs from the previous year = 500,000 (Japanese Yen); (F) medical health care costs from the
previous year = 1,000,000 (Japanese Yen).
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4. Discussion

The main benefits of dental treatment are improvements in oral functions and quality of life.
Therefore, the outcomes of dental treatment are patients’ subjective evaluation of symptoms, pain,
chewing ability, comfort, and aesthetics based on the quality of life evaluation [17,18]. Therefore, dental
economic analyses have been focused on the quality of life for different dental conditions. Recently,
periodontal disease has been proven to be a noncommunicable disease. The prevalence or incidence of
noncommunicable disease can have important outcomes on dental treatment [5,7]. However, even
today, there is little information on this analysis evaluated by health care costs.

Many countries provide publicly funded medical care; however, dental care is predominantly
provided by the private sector on a fee-for-service basis. For dental care, the cost is the predominant
factor limiting access to care. Access to dental care is heavily influenced by the income and insurance
system [19–21]. For countries under these conditions, analysis of medical health care costs and dental
care costs may be biased by the economic status of the population. In Japan, the national insurance
system covers almost all of the medical and dental treatments. In addition, fee-free medical and dental
treatments are provided for low-income people at the same treatment levels covered by the national
insurance system. Therefore, our data may contain biases derived from low income levels.

From the simulation, for all of the response surfaces from the health care costs and medical health
care costs, large pits around the diagonal line from salivary levels of lactate dehydrogenase (LD)
and dental health care costs can be observed. A clear mountain wave and external waviness can be
observed in Figure 4A. These results indicate that the pit is not made from a single factor. There may
be a balance between factors. High salivary levels of LD indicated that the oral conditions in these
subjects, especially for periodontal tissues, were not good. The subjects located around the salivary
levels of the LD axis are the subjects with high salivary levels of LD and have no dental health care cost
expenses. These subjects may not be concerned with oral health. In addition, these subjects may not
have any health care concerns. Therefore, these subjects may not comply with dental early detection
and treatment and with medical treatment. These subjects may take action after symptoms become
severe conditions. Therefore, health care costs may be increased. The subjects located around the dental
health care costs axis are the subjects who maintain good oral conditions by professional oral care and
instructed oral health care. These subjects may be well-concerned with health care and have good
health conditions. Therefore, the increase in health care costs is almost flat or low with the increase in
dental health care costs. Around the dental health care cost axis, shown in Figure 4A,B, predictive
values of health care costs increased with the increase in dental health care costs. As health care costs
include dental health care costs, the increase in health care costs was derived from the increase in
dental health care costs. In contrast, health care costs decreased with increasing dental health care
costs for the subjects with high salivary levels of LD. This tendency indicated that dental treatments
contribute to the improvement in systemic health status.

The average health care costs for Japanese people were 333,000 yen (3027 USD) per year [1].
As shown in Figure 4A–C, predictive values of health care costs increased with increased dental
health care costs and with deteriorated periodontal conditions. These subjects were relatively healthy.
As a result of the simulation shown in Figure 4B–D or Figure 4E, subjects with severe periodontal
disease conditions, indicated by high saliva LD levels, had decreased health care costs with increasing
dental costs.

These simulations may indicate that oral hygiene treatments and promotion of oral health lead to
improved general health. The results of this research may be useful for policy makers.

5. Conclusions

Nonlinear relationships were observed between medical health care costs, dental health care
costs, and periodontal conditions. The medical health care costs from the previous year were the most
important predictor for health care costs. Improvements in periodontal conditions and dental health
care may play some role in reducing health care costs.
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