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Abstract
Objective: To (1) develop a framework for forecasting future dental expenditures, 
using currently available information, and (2) identify relevant research and data gaps 
such that dental expenditure predictions can continuously be improved in the future.
Methods: Our analyses focused on 32 OECD countries. Dependent on the number of 
predictors, we employed dynamic univariate and multivariate modelling approaches 
with various model specifications. For univariate modelling, an auto-regressive (AR) 
dynamic model was employed to incorporate historical trends in dental expenditures. 
Multivariate modelling took account of historical trends, as well as of relationships 
between dental expenditures, dental morbidity, economic growth in terms of gross 
domestic product and demographic changes.
Results: Estimates of dental expenditures varied substantially across different model 
specifications. Models relying on dental morbidity as one of the predictors performed 
worst regardless of their specification. Using the best-fitted model specification, that 
is the univariate second-order autoregression [AR(2)], the forecasted dental expendi-
tures across 32 OECD countries amounted to US$316bn (95% forecasted interval, FI: 
258-387) in 2020, US$434bn (95%FI: 354-532) in 2030 and US$594bn (95%FI: 485-
728) in 2040. Per capita spending in 2040 was forecasted to be highest in Germany 
(US$889, 95%FI: 726-1090) and lowest in Mexico (US$52, 95%FI: 42-64).
Conclusions: The present study demonstrates the feasibility and challenges in pre-
dicting dental expenditures and can serve as a basis for improvement towards more 
sustainable and resilient health policy and resource planning. Within the limitations 
of available data sources, our findings suggest that dental expenditures in OECD 
countries could increase substantially over the next two decades and vary consider-
ably across countries. For more accurate estimation and a better understanding of 
determinants of dental expenditures, more comprehensive data on dental spending 
and dental morbidity are urgently needed.
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1  | INTRODUC TION

The policy debate on health systems has been dominated in recent 
decades by concerns about growing cost pressures and nonsus-
tainability of health systems' financing. If healthcare budgets are 
limited, increased expenditures for one type of care may mean 
that other types of care are no longer fundable to previous ex-
tents.1,2 Hence, monitoring the dynamics of health expenditures 
is relevant to inform healthcare decision-makers about potential 
challenges in the future financing of health care and to take timely 
action in the interest of population wellbeing. Up-to-date and re-
liable information on health expenditures is particularly important 
for decision-makers who aim at allocating healthcare resources 
efficiently and equitably.3

Over recent decades, per capita global spending on health has al-
most doubled, from US$472 in 2000 to US$1007 in 2015.4 There has 
also been an increase in healthcare expenditures relative to the global 
economy: spending on health care amounted to 8.6% of the gross 
domestic product (GDP) in 2000, and it increased to 9.9% of GDP 
in 2015.4 Relying on historical trends, the Global Burden of Disease 
Health Financing Collaborator Network5 estimated that the global 
health expenditure will rise from US$9.21 trillion in 2014 to US$24.24 
trillion in 2040. Against the background of increasing cost pressures in 
health care, such dynamics of rising health expenditures substantiate 
concerns about the sustainability of health systems.

Dental diseases are among the most prevalent and persistent 
diseases worldwide and impose a substantial economic burden to 
humankind.6-9 Dental expenditures currently account for the third 
highest proportion of health spending in the European Union, with 
€90bn compared to €111bn spent on diabetes and €119bn spent on 
cardiovascular diseases.9,10 Considerable proportions of dental expen-
ditures are attributable to out-of-pocket payments in many countries. 
In addition to a greater financial hardship, future increases in dental 
expenditures could imply a substantial increase in unmet needs for 
dental care among less affluent populations. Dental expenditures are 
therefore particularly relevant to the United Nation (UN) and World 
Health Organization (WHO) goals of Universal Health Coverage.11-13

Despite recent attempts to better estimate the economic 
impacts of dental diseases, considerable room for improvement 
has been documented for the international reporting of den-
tal expenditures, with mixed levels of availability of information 
across countries. The reporting of dental expenditures for mem-
ber countries of the Organization for Economic Cooperation and 
Development (OECD) appeared to be more consistent than for 
several other countries.7,8 Also, there is very little insight into 
the future economic implications of dental diseases, exceptions 
being work on dental expenditure in the US from The Centers for 
Medicare and Medicaid Services14 and by Nasseh, Vujicic.15 The 
aims of this study, therefore, are to (1) develop a framework for 
forecasting future dental expenditures, using currently available 
information, and (2) identify relevant research and data gaps such 
that dental expenditure predictions can continuously be improved 
in the future.

2  | METHODS

For the development of the forecasting framework, we collated 
publicly available data on the predictors of interest (dental expendi-
ture, morbidity, demographic changes and economic growth [GDP]). 
Dependent on the number of predictors, we employed both, dy-
namic univariate and multivariate modelling approaches with vary-
ing model specifications. The best-performing model was identified 
based on performance indicators. Further details are provided 
below.

2.1 | Data

Annual dental health expenditures (expressed as % of GDP) were 
derived from the OECD online platform—OECD Statistics (Health 
Expenditure and Financing) that relies on the Joint OECD, Eurostat 
and WHO National Health Accounts reports.16 Complete data were 
available for Denmark, Finland, Germany, Luxembourg, Switzerland, 
South Korea and the US. No dental expenditure data were available for 
Chile, Italy, Portugal and Turkey, and therefore, these countries were 
excluded from the analysis. For the remaining OECD countries, miss-
ingness of data ranged from 6% for Australia and Japan, to up to 76% 
for the United Kingdom and New Zealand (Table A1). Missing values on 
expenditure were imputed using the R package Amelia that utilizes a 

TA B L E  1   Summary of variables and data sources

Variable Year Data source

Dental morbiditya  1990 to 2016 Institute for Health 
Metrics and 
Evaluation online 
database

Prevalence

Caries in permanent 
teeth

Periodontal disease

Severe tooth loss

Incidence

Caries in permanent 
teeth

Periodontal disease

Severe tooth loss

Population sizeb  2000 to 2040 United Nations 
database

Gross Domestic Productc  2000 to 2040 OECD database

Annual spending 
on dental health 
(percentage of GDP)

2000 to 2016d  OECD database

aStratified for three age groups (young: population aged less than 
15 years; middle: population aged between 15 and 64 years; old: 
population older than 64 years). 
bPopulation aged up to 15 years; population aged between 15 and 
64 years; population older than 64 years. 
cUS $ PPP-adjusted to 2010 values. 
dThe frequency of reported information varied per country (see 
Appendix). 
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bootstrapped expectation-maximization algorithm and has been com-
monly employed for multiple imputation of time-series data.17 As a re-
sult, ten imputed datasets were created for further analysis. Absolute 
dental expenditures (in US$, adjusted for Purchasing Power Parity [PPP] 
to the 2010 price-level) were calculated by multiplying dental expendi-
tures (% of GDP) by country-specific GDP18 for the respective year.

Disease estimates (incidence and prevalence of caries, periodon-
tal disease and severe tooth loss) were obtained from the Global 

Burden of Disease database and were stratified by three age groups 
(persons younger than 15 years of age; persons age 15 or older to 
younger than 65 years of age; persons age 65 years or older) to ac-
count for demographic variations.19 Population sizes for the period 
2000 to 2040 were derived from the United Nations database.20 
Further details about the data sources used are shown in Table 1.

2.2 | Forecasting morbidities

We estimated future dental morbidity (prevalence of dental dis-
eases) for consideration as potential predictor variables in multivari-
ate models.

Firstly, following the equation described in formula 1, the 2017 
to 2040 incidence per 100 000 persons was forecasted for dental 
caries in permanent teeth, periodontal disease (ie, having a gingival 
pocket depth equal or more than 6 mm, or Community Periodontal 
Index of Treatment Needs score of 4, or a clinical attachment loss 
more than 6 mm), and severe tooth loss (ie, having less than nine 
remaining teeth). All variables were log-scaled before deriving first 
difference.

We built projection models for disease incidence using data for 
the period 1990-2006 altering the number of auto-regressive—[AR(i)] 
terms (ie, where i term denotes the number of lags of the dependent 
variable) with one or two lags. Namely, the change in incidence was 
regressed on itself lagged by one (a first-order autoregression) or 
two periods (a second-order autoregression). Thereby we estimated 

parameters forecasting future trends of dental morbidity. The model 
fitting was evaluated by their out-of-sample predictive validation with 
2007-2016 data by Root Mean Squared Error (RMSE)—the average of 
the square of the differences between predicted and original values. 
The model with the smallest RMSE was rerun using 1990-2016 data, 
and the parameters were used to extrapolate the disease incidence 
through the year 2040. Then, as shown in formula 2, the same proce-
dure was applied to forecast disease prevalence until 2040, using the 
forecasted disease incidence as an additional predictor.

where Δ: first difference, c: country, y: year, Country: country dummy 
variables.

2.3 | Forecasting future dental health expenditure

To forecast future dental health expenditures, a dynamic modelling 
approach was applied as recommended by previous literature.21,22 
For the univariate modelling approach, we used existing and im-
puted dental health expenditure values from 2000 to 2016. In the 
multivariate approach and in addition to previous trends in dental 
health expenditures, dental morbidity, demographic changes and 
GDP were included as potential predictors.

The primary condition to produce reliable statistical inferences in 
time-series analysis is data stationarity.23 The statistical properties 
(variance, mean, autocorrelation) of stationary time-series are con-
stant and do not change over time. The Augmented Dickey-Fuller 
test was performed, and in agreement with previous studies,21 data 
stationarity was confirmed.

We performed linear regression analyses using time-series data 

of the first differences (ie, a change in variable value within a period 
of one year) of log-transformed variables. In brief, we applied four 
types of models: Expenditure forecast model 1 is a univariate model 
relying exclusively on previous trends in dental health expenditure 
as predictor variable, whereas expenditure forecast models 2-4 are 
multivariate and rely on different sets of multiple predictors.

(1)Morbidity forecast formula 1:ΔIncidencec,y = ΔIncidencec,y− 1 + ΔIncidencec,y− 2. . . +ΔIncidencec,y− n + Countryc.

(2)

Morbidity forecast formula 2:ΔPrevalencec,y = ΔIncidencec,y + ΔPrevalencec,y− 1 + ΔPrevalencec,y− 2. . . +ΔPrevalencec,y− n + Country.

Expenditure forecast model 1:ΔDHEc,y = ΔDHEc,y− 1 + ΔDHEc,y− 2…+ ΔDHEc,y− n + Countryc.

Expenditure forecast model 2:ΔDHEc,y = ΔDHEc,y− 1 + ΔDHEc,y− 2…+ ΔDHEc,y− n + ΔPrevalencec,a,d,y− 1 + ΔPopc,a,y− 1 + ΔGDPc,y− 1 + Countryc.

Expenditure forecast model 3:ΔDHEc,y = ΔDHEc,y− 1 + ΔDHEc,y− 2…+ ΔDHEc,y− n + ΔPopc,a,y− 1 + ΔGDPc,y− 1 + Countryc.

Expenditure forecast model 4:ΔDHEc,y = ΔDHEc,y− 1 + ΔDHEc,y− 2…+ ΔDHEc,y− n + ΔPrevalencec,a,d,y− 1 + ΔGDPc,y− 1 + Countryc.
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where Δ: first difference, DHE: dental health expenditure, Country: 
country dummy variables, Prevalence: the prevalence of dental dis-
eases, Pop: the size of population, GDP: gross domestic product, the 
subscripts c, y, a and d, indicate country, year, age group (<15 years-
old, 15-64 years-old and ≥ 65 years-old) and dental diseases (caries, 
periodontitis, and severe tooth loss), respectively. Note that all vari-
ables were log-scaled before deriving first differences.

Similar to morbidity predictions (see above), we ran models using 
data covering the period 2000-2011 and changing the number of 
AR terms with one or two lags. Model fit was assessed by means 
of the out-of-sample predictive validation in relation to 2012-2016 
data and using RMSE. We reran the model with the smallest RMSE 
using 2000-2016 data to obtain parameters for the extrapolation 
up until the year 2040. Forecast performance of the models was as-
sessed using RMSE and Mean Absolute Percentage Error (MAPE) as 
performance indicators. MAPE represents the average absolute per 
cent error for each time period minus actual values divided by actual 
values.

2.4 | Forecast uncertainty

To consider the uncertainty for the forecasting models, we esti-
mated the 95% forecasted intervals (FIs), assuming that the model 
uncertainty is constant for the period of 2017-2040. The lower and 
upper bounds of the 95% forecasted intervals (FI) of the first differ-
ence (D1) were estimated by D1(n) = D1 (±) 1.96 × RMSE, where 
RMSE was based on the difference between the predicted values 
and observed values between 2012-2016.

2.5 | Auxiliary analyses

Auxiliary analyses were conducted to assess the potential implica-
tions of additional dental care systems characteristics. In addition to 
population needs (expressed as morbidity, see above) and the num-
ber of practicing dentists per 1000 people, dental care utilization 

was captured by the number of yearly dental visits per capita. 
Further details are provided in the Appendix.

3  | RESULTS

Table 2 reports the performance of the various forecasting models. 
According to the RMSE and MAPE criterions, the best-performing 
model was yielded by the univariate second-order autoregression 
[AR(2)]. Among the multivariate models considered, a specification 
according to formula 5 performed best. Models relying on dental 
morbidity as one of the predictors performed worst regardless of 
the number of lags in their specification.

Table 3 shows baseline and forecasted OECD countries’ 
spending on dental health across different models. The dental 
expenditures for the 32 examined OECD countries amounted to 
US$247.2bn in 2015 (baseline year). Forecasted dental expen-
ditures ranged between US$307.7bn and US$331.6bn in 2020, 

TA B L E  2 

Comparison of forecast performance of four best-performing mod-
els across different variable specifications using Root Mean Squared 
Error (RMSE) and Mean Absolute Percentage Error (MAPE) as indica-
tors using in-sample data 2012-2016

Model RMSE MAPE

Model 1 UniVar (DHE) 0.0842 464.39

Model 2 MultiVar (DHE, Morbidity, GDP, 
POP)

0.0869 527.83

Model 3 MultiVar (DHE, GDP, POP) 0.0846 485.94

Model 4 MultiVar (DHE, Morbidity, GDP) 0.0867 496.23

Note: Variable used for forecasting: DHE, dental health expenditure; 
Morbidity-Prevalence of dental diseases; GDP, gross domestic product; 
POP, population size.
Abbreviations: UniVar, Univariate approach; MultiVar, Multivariate 
approach.

TA B L E  3   OECD: Dental expenditures 2015-2040 across different model specifications, US$ adjusted for PPP to the 2010 price-level, 
billion

2015 2020 2030 2040

Model 1 UniVar (DHE) 247.16 (baseline year) 316.48 (258.29-387.78) 434.18 (354.35-532.00) 594.41 (485.12-728.32)

Model 2 MultiVar 
(DHE, Morbidity, 
GDP, POP)

320.62 (260.13-395.18) 439.79 (356.82-542.06) 590.25 (478.90-727.50)

Model 3 MultiVar 
(DHE, GDP, POP)

331.62 (269.32-408.32) 472.17 (391.43-593.46) 712.33 (578.51-877.11)

Model 4 MultiVar 
(DHE, Morbidity, 
GDP)

307.74 (250.00-378.82) 407.16 (330.77-501.21) 536.71 (436.00-660.67)

Note: Variable used for forecasting: DHE, dental health expenditure; Morbidity-Prevalence of dental diseases; GDP, gross domestic product; POP, 
population size.
Abbreviations: UniVar, Univariate approach; MultiVar, Multivariate approach.
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US$407.2bn and US$472.2bn in 2030, and US$536.7bn and 
US$712.3bn in 2040.

Based on the forecasts yielded by the best-performing model 
(Model 1), spending on dental health was projected to increase from 
US$247.2bn spent in 2015 to US$316.5bn (95%FI: 258.3-387.8) in 
2020, US$434.2bn (95%FI:354.4-532.0) in 2030 and US$594.4bn 
(95%FI: 485.1-728.3) in 2040 (Table 3). In per capita terms, on aver-
age, OECD spending on dental health will grow from US$221 spent 
in 2015 to US$277 (95%FI: 226-339) in 2020, US$365 (95%FI: 298-
447) in 2030 and US$487 (95%FI: 397-597) in 2040.

As displayed in Table 4, aggregate country-level expenditures 
in 2015 were the highest for the United States (US$109.4bn), 
Germany (US$29.5bn) and Japan (US$25.6bn). Our estimates, 
based on predictions out of the best-performing model, suggest 

a similar trend for the future, with the same highest-spending 
countries across the period 2015 to 2040. The United States is 
projected to spend the highest amount with US$143.4bn (95%FI: 
117.1- 175.7) in 2020, $198.0bn (95%FI: 161.6-242.6) in 2030 
and $272.8bn (95%FI: 222.6-334.2) in 2040. The lowest aggre-
gate country-level dental spending is found for Iceland with fore-
casts of $92.9 million (95%FI: 75.8-113.8) in 2020, $123.41 million 
(95%FI: 100.7-151.2) in 2030 and $164.0 (95%FI: 133.8-200.9) in 
2040.

Figure 1 illustrates country-specific per capita spending on 
dental health (adjusted for PPP to the 2010 price-level). There are 
substantial country-level variations for the period 2015-2040. Per 
capita spending on dental health is depicted to grow for all OECD 
countries (2015-2040) except Lithuania, New Zealand, Slovakia and 

TA B L E  4   Dental health expenditure from 2015-2040, based on predictions out of the best-performing model (total, US$ adjusted for 
PPP to the 2010 price-level, billion)

Country Expenditure 2015 Expenditure 2020 Expenditure 2030 Expenditure 2040

Australia 5.80 6.38 (5.20-7.81) 8.69 (7.09-10.65) 11.79 (9.69-14.45)

Austria 1.86 2.38 (1.94-2.91) 3.22 (2.63-3.94) 4.34 (3.54-5.32)

Belgium 1.83 2.09 (1.70-2.56) 2.81 (2.30.3.45) 3.80 (3.10-4.65)

Canada 10.66 13.05 (10.65-15.99) 17.78 (14.51-21.78) 24.20 (19.75-29.65)

Czech Republic 1.20 1.40 (1.15-1.72) 1.89 (1.54-2.32) 2.55 (2.08-3.12)

Denmark 1.41 1.87 (1.52-2.29) 2.52 (2.06-3.09) 3.40 (2.78-4.17)

Estonia 0.17 0.17 (0.14-0.21) 0.23 (0.19-0.28) 0.31 (0.25-0.38)

Finland 0.56 0.63 (0.51-0.77) 0.84 (0.69-1.03) 1.13 (0.92-1.38)

France 11.76 15.73 (12.82-19.25) 21.46 (17.53-26.30) 29.25 (23.87-35.84)

Germany 29.47 38.41 (31.36-47.06) 52.69 (43.00-64-56) 72.12 (58.86-88.37)

Greece 1.03 1.90 (1.55-2.33) 2.59 (2.11-3.17) 3.49 (2.85-4.27)

Hungary 0.76 0.87 (0.71-1.06) 1.16 (0.95-1.42) 1.56 (1.27-1.91)

Iceland 0.08 0.09 (0.08-0.11) 0.12 (0.10-0.15) 0.16 (0.13-0.20)

Ireland 0.59 0.91 (0.74-1.11) 1.22 (1.00-1.50) 1.64 (1.34-2.02)

Israel 1.19 1.55 (1.26-1.89) 2.09 (1.70-2.55) 2.81 (2.29-3.44)

Japan 25.61 32.40 (26.44-39.69) 44.50 (36.32-54.53) 60.86 (49.67-74.58)

Latvia 0.11 0.12 (0.10-0.14) 0.16 (0.13-0.19) 0.21 (0.17-0.25)

Lithuania 0.25 0.19 (0.15-0.23) 0.25 (0.25-0.30) 0.33 (0.27-0.41)

Luxembourg 0.14 0.17 (0.14-0.21) 0.23 (0.19-0.28) 0.30 (0.25-0.37)

Mexico 3.55 4.46 (3.64-5.46) 6.04 (4.93-7.41) 8.19 (6.68-10.03)5

Netherlands 3.42 4.27 (3.49-5.24) 5.79 (4.73-7.10) 7.84 (6.40-9.61)

New Zealand 0.62 0.45 (0.36-0.55) 0.59 (0.48-0.73) 0.80 (0.65-0.97)

Norway 1.57 1.87 (1.52-2.29) 2.52 (2.05-3.08) 3.39 (2.77-4.16)

Poland 2.44 2.74 (2.24-3.36) 3.71 (3.02-4.54) 5.01 (4.09-6.13)

Slovakia 0.51 0.48 (0.39-0.58) 0.64 (0.52-0.78) 0.85 (0.70-1.04)

Slovenia 0.15 0.22 (0.18-0.27) 0.29 (0.24-0.36) 0.39 (0.32-0.47)

South Korea 6.65 4.52 (3.68-5.53) 6.04 (4.93-7.40) 8.18 (6.68-10.03)2

Spain 10.19 12.28 (10.02-15.04) 16.73 (13.66-20.50) 22.77 (18.59-27.90)

Sweden 2.63 2.94 (2.40-3.60) 3.97 (3.24-4.87) 5.37 (4.38-6.58)

Switzerland 2.81 3.58 (2.92-4.38) 4.85 (3.96-5.94) 6.56 (5.35-8.03)

United Kingdom 8.78 15.00 (12.25-18.38) 20.57 (16.79-25.20) 28.02 (22.07-34.34)

United States 109.37 143.43 (117.06-175.74) 197.99 (161.59-242.60) 272.79 (222.63-334.24)
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South Korea. The highest per capita expenditures in 2040 were 
forecasted for Germany (US$889 [95%FI: 726-1090]), followed by 
the United States (US$729 [95%FI: 595-896]), Switzerland (US$684 
[95%FI: 558-838]), Canada (US$563 [95%FI: 459-690]) and Denmark 
(US$550 [95%FI: 449-673]) (see Table A2 for detailed numeric es-
timates). By contrast, Mexico had the lowest predicted dental ex-
penditures per capita in 2040 (US$52 [95%FI: 42-64]), ranking 
lower than Latvia (US$129; 95%FI: 105-157) and Lithuania (US$129; 
95%FI: 106-159).

The auxiliary analyses revealed that additional factors such as 
utilization of dental services (eg. number of yearly dental consul-
tations per capita) and density of dental providers (eg. number of 
practicing dentists per 1000) might also be important to account 
for when quantifying future dental expenditure (see Appendix). 
Regression analyses indicated that the density of dental providers 
is significantly associated with the amount of dental expenditure in 
countries with lower economic growth (GDP per capita lower than 
the OECD mean). However, the extent to which additional analysis 
could be performed was restricted by nonavailable or incomplete 
data.

4  | DISCUSSION

Our findings highlight substantial uncertainties in forecasting fu-
ture dental expenditures on basis of currently available data and 
large variations across different specifications of prediction mod-
els. Notwithstanding, on basis of the best-performing model, dental 
expenditures in 32 OECD countries are predicted to rise substan-
tially, with an aggregated spending estimated to range between 
US$485.12bn and US$728.32bn in 2040. In addition, the findings 
highlight considerable cross-country variations in per capita dental 
expenditures, ranging from US$52 in Mexico to US$889 in Germany 
in 2040.

To our knowledge, this is the first study that provides a systemati-
cally developed framework for predicting future dental expenditures 
up until the year 2040 and facilitates cross-country comparisons. In 
addition to the historical trend in dental expenditure, we incorpo-
rated the most recent updates on the trends in dental morbidity, 
economic growth and demographic changes as potential predictors 
for future spending on dental care. In line with previous literature on 
economic forecasting,21,22 these factors were hypothesized to cap-
ture population needs and demand for dental health care. In contrast 
to our expectations, all models considered within the multivariate 
approach failed to perform better than an AR(2) based on RMSE and 
MAPE scores.

The extent and quality of currently available public data on vari-
ables of interest posed particular methodological challenges. Firstly, 

F I G U R E  1   Country-level spending on dental health from 2015-
2040, based on predictions out of the best-performing model (per 
capita, US$ adjusted for PPP to the 2010 price-level). *For better 
readability the maximum scale value was fixed at 900; the exact 
2040 estimate for Germany is $889 (95%FI: 726, 1090)
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even with targeting only the OECD countries, data on dental expen-
ditures were consistently reported only for seven (Denmark, Finland, 
Germany, Switzerland, Luxembourg, South Korea, the United States) 
out of 36 OECD countries. Having in mind that the longitudinal 
datasets on important dental healthcare factors were not identifi-
able even for developed countries, there is an urgent need to gather 
reliable and relevant information in more systematic and transpar-
ent ways. Secondly, due to the absence of comparable high qual-
ity national data on dental morbidity, we used the publicly available 
estimates of the Global Burden of Disease Study.19 Consequently, 
this might be a reason that the multivariate models relying on the 
morbidity trends were not among the better-performing.

Finally, in economic forecasting of health expenditures, the 
level of data aggregation determines the magnitude of correlation 
between potential predictors and healthcare costs.24 When aggre-
gated on a macro-level, as it was the case in our study, the magnitude 
of association between health expenditure and income/economic 
growth surpasses the one with health status/morbidity. With smaller 
units of observation, however, the effects of policy measures on a 
micro-level can be evaluated and taken into account. This is particu-
larly important to answer ‘what if’ questions when cost-containment 
measures are considered (lowering the share of publicly-financed 
dental services, increase in co-payments, reducing the coverage in 
the insurance package, etc). For example, a recent study25 has shown 
that price liberalization can change composition of dental care uti-
lization resulting in a decrease in demand for preventive services 
due to higher out-of-pocket payments. We could not differentiate 
between preventive services, cosmetic or restorative care. While 
debatable, it was assumed that population needs may also partly 
be reflected in dental care utilization. An auxiliary analysis was per-
formed to examine the effect of reported utilization in terms of the 
amount of dental visits. However, within the limitations of available 
data, no statistically significant association could be detected. In the 
future and upon availability of more granular data, it may be possi-
ble to better elucidate the determinants of dental expenditures and 
patterns of dental services consumption across different population 
groups.

The main limitation of the analyses was that time-series data 
follow relatively continuous trends whereas changes in health and 
nonhealth sectors, such as policy reforms, economic disruption or 
technological innovation can have a significant impact on health 
expenditure. As a result, possible evolvement in dental care provi-
sion was not captured by the forecasting models. As several studies 
have highlighted, role substitution26,27 and different remuneration 
systems28,29 could alter future trajectories of dental health care fi-
nancing. Moreover, the number of (dental) healthcare providers30,31 
may be an important driver of health expenditures, as corroborated 
by our auxiliary analysis. In addition, potential implications of unpre-
dictable events like the recent COVID-19 outbreak which has caused 
suspension of dental care cannot be ruled out. This may result in 
significant changes in dental spending, as suggested by Nasseh, 
Vujicic.32 All the more, forecasts of dental expenditures are highly 

important to closely monitor and predict the dynamics of dental ex-
penditure to equip oral health systems when dealing with the conse-
quences of unanticipated events (external shocks).

For a more robust assessment of the future economic trajecto-
ries, additional inputs such as the share of out-of-pocket payments, 
private insurance coverage and government spending on dental 
health are necessary. Countries with greater spending on dental 
health do not automatically have better oral health outcomes or fi-
nancial risk protection.33 Therefore, economic forecasting can also 
be a useful tool to compare and improve the performance of oral 
healthcare systems. Moreover, the pay-off of resources dedicated 
to the current preventive services could be evaluated and provide a 
guidance for future investments in oral health care.

Our findings revealed promising new avenues for future re-
search. With investing in better data collection, processing and pre-
dictive modelling, policy makers would be able to anticipate future 
needs and identify gaps with available resources. This is particularly 
relevant at the time of the increasing support to integrate oral health 
into universal health coverage.34 The present study substantiates 
both the societal relevance and the methodological challenges in-
volved in providing robust and reliable predictions of future dental 
expenditures. Health systems and resource planning could benefit 
from these findings, as they emphasize the critical importance of 
more comprehensive health economic monitoring as a key informa-
tion source for sustainable and resilient health policy and resource 
allocation.

5  | CONCLUSION

In conclusion, our findings show that given the expected future dy-
namics of dental expenditures and continuing uncertainties in oral 
health systems planning (including due to unexpected events such 
as the COVID-19 pandemic), coordinated health policy action is 
needed to attenuate the predicted economic burden and to warrant 
efficiency and sustainability of dental care systems.

CONFLIC T OF INTERE S T
The authors did not receive any financial support and declare no po-
tential conflicts of interest with respect to the publication of this 
manuscript.

AUTHOR CONTRIBUTIONS
MJ contributed to conception, design, data acquisition and inter-
pretation, performed analyses, drafted and critically revised the 
manuscript. SL contributed to conception, design, interpretation and 
critically revised the manuscript. MB contributed to interpretation, 
performed analyses and critically revised the manuscript. MR con-
tributed to interpretation and critically revised the manuscript. YM 
contributed to conception, design, interpretation, performed analy-
ses and critically revised the manuscript. All authors gave their final 
approval and agreed to be accountable for all aspects of the work.



     |  263JEVDJEVIC Et al.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Milica Jevdjevic  https://orcid.org/0000-0002-2443-401X 
Stefan Listl  https://orcid.org/0000-0002-8176-3397 
Yusuke Matsuyama  https://orcid.org/0000-0002-6114-5604 

R E FE R E N C E S
 1. Birch S, Gafni A. Economics and the evaluation of health care pro-

grammes: generalisability of methods and implications for general-
isability of results. Health Policy. 2003;64(2):207-219.

 2. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance 
GW. Methods for the economic evaluation of health care programmes. 
Oxford, UK: Oxford University Press; 2015.

 3. OECD. Fiscal sustainability of health systems: Bridging health and fi-
nance perspectives. Paris, France: OECD; 2015.

 4. World Health Organization. Global spending on health. Global 
Health Expenditure database, World Health Organization. https://
apps.who.int/nha/database. Accessed May 11, 2020.

 5. Global Burden of Disease Health Financing Collaborator Network. 
Future and potential spending on health 2015–40: develop-
ment assistance for health, and government, prepaid private, 
and out-of-pocket health spending in 184 countries. Lancet. 
2017;389(10083):2005-2030.

 6. Kassebaum NJ, Smith AGC, Bernabe E, et al. Global, regional, and 
national prevalence, incidence, and disability-adjusted life years for 
oral conditions for 195 Countries, 1990–2015: a systematic analysis 
for the global burden of diseases, injuries, and risk factors. J Dent 
Res. 2017;96(4):380-387.

 7. Listl S, Galloway J, Mossey PA, Marcenes W. Global economic im-
pact of dental diseases. J Dent Res. 2015;94(10):1355-1361.

 8. Righolt AJ, Jevdjevic M, Marcenes W, Listl S. Global-, regional-, and 
country-level economic impacts of dental diseases in 2015. J Dent 
Res. 2018;97(5):501-507.

 9. Peres MA, Macpherson LMD, Weyant RJ, et al. Oral diseases: a 
global public health challenge. Lancet. 2019;394(10194):249-260.

 10. Listl S, Grytten JI, Birch S. What is health economics? Community 
Dent Health. 2019;36(4):262-274.

 11. Thomson S, Cylus J, Evetovits T. Can people afford to pay for health 
care? New evidence on financial protection in Europe. Geneva, 
Switzerland: World Health Organisation; 2019.

 12. Bernabe E, Masood M, Vujicic M. The impact of out-of-pocket pay-
ments for dental care on household finances in low and middle in-
come countries. BMC Public Health. 2017;17(1):109.

 13. Watt RG, Daly B, Allison P, et al. Ending the neglect of global oral 
health: time for radical action. Lancet. 2019;394(10194):261-272.

 14. The Centers for Medicare and Medicaid Services. National Health 
expenditure accounts. https://www.cms.gov/Resea rch-Stati stics 
-Data-and-Syste ms/Stati stics -Trend s-and-Repor ts/Natio nalHe 
althE xpend Data/Natio nalHe althA ccoun tsPro jected. Accessed 
December 7, 2018.

 15. Nasseh K, Vujicic M. Dental expenditure expected to grow at a much 
lower rate in the coming years. Health Policy Institute Research Brief. 
Chicago, IL: American Dental Association; 2013.

 16. Health Expenditure and Financing. OECD Statistics. https://stats.
oecd.org/Index.aspx?DataS etCod e=SHA. Accessed August 6, 2018.

 17. Honaker J, King G, Blackwell M. Amelia II: A program for missing 
data. J Stat Softw. 2011;45(7):1-47.

 18. OECD. Real GDP long-term forecast (indicator). 2018, DOI:10.1787/
d927bc18-en. Accessed October 30.

 19. GBD Results Tool. Global health data exchange, Institute for Health 
Metrics and Evaluation. http://ghdx.healt hdata.org/gbd-resul 
ts-tool/resul t/90396 e9dc3 14289 9ad93 97d1a e7f8b5a. Accessed 
August 8, 2018.

 20. World Population Prospects: The 2017 Revision, custom data ac-
quired via website. UN Population Division. https://popul ation.un-
.org/wpp. Accessed August 13, 2018.

 21. Zhao J. Forecasting health expenditure: Methods and applications to 
international databases. Centre for Health Economics and Policy 
Analysis (CHEPA). Hamilton, ON: McMaster University; 2015.

 22. Tsounis N, Vlachvei A. Advances in panel data analysis in applied eco-
nomic research: 2017 International Conference on Applied Economics 
(ICOAE). Berlin, Germany: Springer; 2018.

 23. Stock JH, Watson MW. Introduction to econometrics. 2015.
 24. Getzen TE. Aggregation and the measurement of health care costs. 

Health Serv Res. 2006;41(5):1938-1954.
 25. Trescher A-L, Listl S, van der Galien O, Gabel F, Kalmus O. Once bit-

ten, twice shy? Lessons learned from an experiment to liberalize price 
regulations for dental care. Eur J Health Econ. 2019;21(3):425-436.

 26. Brocklehurst P, Tickle M. Is skill mix profitable in the current NHS 
dental contract in England? Br Dent J. 2011;210(7):303-308.

 27. Mustafee N, Katsaliaki K, Gunasekaran A, et al. Cost-effective 
workforce planning: optimising the dental team skill-mix for 
England. J Enterp Inf Manag. 2013;26:91-108.

 28. Grytten J. Payment systems and incentives in dentistry. Community 
Dent Oral Epidemiol. 2017;45(1):1-11.

 29. Brocklehurst P, Price J, Glenny AM, et al. The effect of different 
methods of remuneration on the behaviour of primary care den-
tists. Cochrane Database Syst Rev. 2013;2013(11):CD009853.

 30. Samadi A, Rad EH. Determinants of healthcare expenditure in 
Economic Cooperation Organization (ECO) countries: evidence 
from panel cointegration tests. Int J Health Policy. 2013;1(1):63-68.

 31. Sen A. Is health care a luxury? New evidence from OECD data. Int J 
Health Care Finance Econ. 2005;5(2):147-164.

 32. Nasseh K, Vujicic M. Modeling the impact of COVID-19 on US den-
tal spending. Health Policy Institute Research Brief. Chicago, IL: 
American Dental Association; 2020.

 33. Grigoli F, Kapsoli MJ. Waste not, want not: the efficiency of health 
expenditure in emerging and developing economies. Washington, DC: 
International Monetary Fund; 2013.

 34. Fisher J, Selikowitz H-S, Mathur M, Varenne B. Strengthening 
oral health for universal health coverage. Lancet. 
2018;392(10151):899-901.

How to cite this article: Jevdjevic M, Listl S, Beeson M, 
Rovers M, Matsuyama Y. Forecasting future dental health 
expenditures: Development of a framework using data from 
32 OECD countries. Community Dent Oral Epidemiol. 
2021;49:256–266. https://doi.org/10.1111/cdoe.12597

https://orcid.org/0000-0002-2443-401X
https://orcid.org/0000-0002-2443-401X
https://orcid.org/0000-0002-8176-3397
https://orcid.org/0000-0002-8176-3397
https://orcid.org/0000-0002-6114-5604
https://orcid.org/0000-0002-6114-5604
https://apps.who.int/nha/database
https://apps.who.int/nha/database
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsProjected
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsProjected
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsProjected
https://stats.oecd.org/Index.aspx?DataSetCode=SHA
https://stats.oecd.org/Index.aspx?DataSetCode=SHA
http://ghdx.healthdata.org/gbd-results-tool/result/90396e9dc3142899ad9397d1ae7f8b5a
http://ghdx.healthdata.org/gbd-results-tool/result/90396e9dc3142899ad9397d1ae7f8b5a
https://population.un.org/wpp
https://population.un.org/wpp
https://doi.org/10.1111/cdoe.12597


264  |     JEVDJEVIC Et al.

APPENDIX 
Forecasting future dental health expenditures: Development of a framework using data from 32 OECD countries

Milica Jevdjevic, Stefan Listl, Morgan Beeson, Maroeska Rovers, Yusuke Matsuyama

AUXILIARY ANALYSE S

We have searched for information on additional factors that could potentially drive dental health expenditures (eg, utilization, the percent-
age of the population with a yearly dental visit, the number of dentists per population, out-of-pocket payments). We have found a high rate 
of discrepancy in data availability between the countries. Data on the number of yearly dental consultations per capita and the number 
of dentists per 1000 people were the most consistent.16 However, information on dental utilization was completely missing for Iceland, 
Israel, Latvia, Norway, Slovenia and Switzerland. On the other hand, data on providers density was not available for Greece, Ireland, New 
Zealand, Slovak Republic, South Korea, Spain and the United States. Taking into account already limited data on dental expenditures, 
the scarcity of information on all variables of interest across multiple time-points deterred more comprehensive analysis. On all avail-
able observations, a multiple linear regression was performed to explore the correlation between per capita dental expenditures, GDP 
per capita, dental utilization as well as the dentist density. As shown in Table A1, when applied on the entire sample only GDP per capita 
appeared to be a significant determinant of dental health expenditures (β = 1.147, P = .000), whereas dental utilization (β = 0.084, P = .245) 
and dentist density (β = 0.252, P = .067) were not significant. If the analysis was performed exclusively on the countries whose GDP per 
capita was lower than the OECD mean in the respective year, in addition to economic growth (GDP per capita; β = 1.668, P = .000), dentist 
density was positively correlated with dental expenditures (β = 0.817, P = .007) while dental utilization remained nonsignificant (β = 0.031, 
P = .780). However, that was not the case among the countries with GDP per capita higher than the OECD mean for which utilization 
shown the strongest relationship, although not statistically significant.

All countries
Countries with GDP per 
capitaa  <OECD mean

Countries with GDP per 
capitab  >OECD mean

β (GDP per 
capita)

β (dental 
utilization)

β (dentist 
density)

1.147 (P = .000)
0.084 (P = .245)
0.252 (P = .067)

1.668 (P = .000)
0.031 (P = .780)
0.817 (P = .007)

0.216 (P = .082)
−0.132 (P = .399)
0.154 (P = .556)

R-squared 0.9806 0.8962 0.9745

Number of 
observations

205 69 87

aEstonia, Hungary, Lithuania, Mexico, Poland. 
bGermany, Luxembourg, Netherlands, Austria, Denmark, Finland. 

TA B L E  A 1   Results of the multiple 
linear regression analyses of the 
determinants associated with dental 
health expenditure per capita
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TA B L E  A 2   Information on annual dental health expenditure per OECD country

Country First year reported Latest year reported No. of years reported Percentage of missing information

Australia 2000 2015 16 5.9%

Canada 2003 2016 14 17.7%

Czech Republic 2003 2016 14 17.7%

Denmark 2000 2016 17 0.0%

Estonia 2003 2016 14 17.7%

Finland 2000 2016 17 0.0%

France 2003 2016 14 17.7%

Germany 2000 2016 17 0.0%

Greece 2009 2016 8 52.9%

Hungary 2003 2016 14 17.7%

Iceland 2003 2016 14 17.7%

Ireland 2011 2016 6 64.7%

Israel 2006 2014 9 47.0%

Japan 2000 2015 16 5.9%

South Korea 2000 2016 17 0.0%

Latvia 2004 2016 13 23.5%

Lithuania 2004 2016 13 23.5%

Luxembourg 2000 2016 17 0.0%

Mexico 2003 2016 14 17.7%

Netherlands 2003 2016 14 17.7%

New Zealand 2004 2007 4 76.4%

Norway 2003 2016 14 17.7%

Poland 2003 2016 14 17.7%

Slovakia 2005 2016 12 29.4%

Slovenia 2003 2016 14 17.7%

Spain 2003 2016 14 17.7%

Sweden 2011 2016 6 64.7%

Switzerland 2000 2016 17 0.0%

United Kingdom 2013 2016 4 76.4%

United States 2000 2016 17 0.0%
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TA B L E  A 3   OECD ranking; Dental health expenditure from 2015-2040, 95%FI, per capita, Int.-$ (2010)

Germany 361 Germany 465 (380, 570) Germany 641 (523, 786) Germany 889 (726, 1090)

United States 342 United States 433 (353, 530) United States 558 (456, 684) United States 729 (595, 894)

Switzerland 337 Switzerland 412 (337, 505) Switzerland 527 (430, 645) Switzerland 684 (558, 838)

Norway 303 Canada 347 (283, 425) Canada 438 (357, 536) Canada 563 (459, 690)

Canada 297 Norway 343 (280, 420) Norway 422 (345, 518) Denmark 550 (448, 673)

Sweden 269 Denmark 322 (263, 395) Denmark 419 (342, 513) Norway 530 (432, 649)

Luxembourg 253 Sweden 291 (237, 356) Sweden 371 (303, 454) Japan 528 (431, 647)

Denmark 248 Luxembourg 282 (230, 346) Japan 366 (299, 448) Spain 500 (408, 613)

Australia 244 Austria 271 (221, 332) Spain 363 (296, 445) Austria 485 (395, 594)

Iceland 241 Iceland 271 (221, 332) Austria 360 (293, 441) Sweden 481 (393, 590)

Spain 220 Spain 264 (216, 324) Iceland 338 (275, 414) Netherlands 443 (362, 543)

Austria 214 Japan 256 (209, 341) Luxembourg 337 (275, 413) Iceland 430 (351, 527)

Netherlands 202 Australia 251 (205, 308) Netherlands 329 (269, 403) France 420 (343, 515)

Japan 200 Netherlands 249 (203, 305) France 316 (258, 387) Luxembourg 410 (335, 503)

France 182 France 239 (195, 293) Australia 308 (251, 377) Australia 383 (313, 470)

Belgium 162 United 
Kingdom

223 (182, 273) United 
Kingdom

291 (238, 357) United 
Kingdom

383 (313, 470)

Israel 147 Ireland 185 (151, 227) Greece 240 (196, 294) Greece 334 (272, 409)

New Zealand 135 Belgium 180 (147, 220) Ireland 234 (191, 287) Belgium 309 (252, 378)

United 
Kingdom

134 Israel 177 (145, 217) Belgium 234 (191, 287) Ireland 297 (243, 364)

South Korea 131 Greece 171 (140, 210) Israel 209 (170, 256) Estonia 258 (210, 316)

Estonia 131 Estonia 134 (109, 164) Estonia 185 (151, 227) Israel 249 (203, 305)

Ireland 126 Czech Republic 132 (108, 162) Czech Republic 180 (147, 220) Czech Republic 248 (202, 304)

Czech Republic 113 Finland 112 (92, 137) Finland 146 (120, 179) Finland 194 (158, 238)

Finland 103 Slovenia 104 (85, 128) Slovenia 141 (115, 173) Slovenia 193 (158, 237)

Slovakia 93 New Zealand 92 (75, 113) Hungary 125 (102, 154) Hungary 178 (145, 218)

Greece 92 Hungary 90 (73, 110) Slovakia 118 (96, 145) Slovakia 164 (134, 201)

Lithuania 85 South Korea 88 (72, 107) South Korea 115 (94, 140) South Korea 156 (127, 191)

Hungary 78 Slovakia 87 (71, 107) New Zealand 114 (93, 140) New Zealand 145 (118, 177)

Slovenia 72 Poland 72 (59, 89) Poland 101 (83, 124) Poland 144 (118, 177)

Poland 64 Lithuania 66 (54, 81) Lithuania 91 (75, 112) Lithuania 129 (106, 159)

Latvia 56 Latvia 62 (51, 76) Latvia 89 (73, 110) Latvia 128 (105, 157)

Mexico 28 Mexico 33 (27, 41) Mexico 41 (33, 50) Mexico 52 (42, 64)


