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Abstract
Background  Cancer is a significant public health issue all over the world. The diagnosis, treatment and follow-up of 
cancer patients are a huge health, economic and social burden for societies. The link between the state of health of a 
country and its economic performance has been proven by numerous studies. The aim of this study was to examine 
the age-standardized death rate of oral cancer in relation to the economic development of 13 European countries.

Methods  Aggregated data were collected from the European Health for All (HFA-DB) database until 2019 and 
analysed using second degree polynomial functions and correlation analyses, followed by time-series analysis 
involving vector autoregressive models.

Results  We found that in 10 of the 13 surveyed countries, the age-standardized death rate of oral cancer initially 
increased with GDP growth and then showed a downward trend above a certain level of economic development. 
Austria had a weak but significant positive effect with the second lag of GDP, Hungary had a significant negative 
effect with the first lag of GDP, and Italy had a significant negative effect with the second lag of GDP. In most cases, 
both the first and second lags of GDP changes were not statistically significant, indicating that short-term fluctuations 
in GDP do not directly influence changes in oral cancer mortality rates. Overall, while there are clear long-term 
associations between GDP and oral cancer mortality rates, the immediate causal effects of GDP changes on mortality 
rates are limited, suggesting that other factors and longer-term dynamics could play a more crucial role in this 
relationship.

Conclusions  An increase in a country’s economic development alone does not guarantee a decrease in the number 
of oral cancer patients. Therefore, in order to reduce the number of cases of oral cancer, strengthening education and 
prevention are essential.
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Background
According to GLOBOCAN statistics, the number of new 
cancer cases is estimated to reach 19.3  million in 2020, 
with an estimated 10  million cancer deaths globally. 
Although Europe’s population represents only 9.7% of the 
total population, it makes up 22.8% of the cancer popula-
tion and 19.6% of cancer deaths [1].

The classic term oral cavity tumours refer to tumours 
of the oral cavity (front two-thirds of the tongue, gums, 
floor of the mouth, hard palate and mucous membrane of 
the cheek) and the palate (back one-third of the tongue, 
root of the tongue, soft palate, tonsillar fossae). Some list-
ings also include tumours of the lip in the group of oral 
cavity tumours [2].

Oral cancers were the 18th most common cancer in 
2020, with oral cavity cancers being the 26th most com-
mon. In that year, 377,713 new cases of oral cancer and 
98,412 cases of oral cavity cancer were registered world-
wide. In 2020, oral cancers caused 177,757 deaths and 
oropharyngeal cancers caused 48,143 deaths globally [1].

Current research suggests that by 2030, there will be an 
increase of 22 million in cancer incidence and 13 million 
in mortality worldwide [3]. This is due to the continuing 
growth and ageing of the world population and, in many 
cases, changes in the prevalence and distribution of risk 
factors linked to socio-economic development [4].

Although the incidence of oral cancer is decreasing in 
developed countries, it has increased in many European 
countries. Research suggests that this may be due to dif-
ferences in social habits, prevention, education and the 
quality of medical records [5].

The diagnosis, treatment and follow-up of cancer 
patients are a major health, economic and social burden 
for societies. The economic losses due to early morbid-
ity and mortality have to be taken into account: in addi-
tion to the direct health care, prevention and care costs, 
the fact that some patients are unable to return to work is 
also a problem [6].

Smoking, alcohol consumption and human papilloma-
virus (HPV) infection could be considered as the most 
important aetiological factors in the development of oral 
cancer [7]. However, other non-health related factors 
may also increase the onset of oral cancer.

GDP is the most important indicator of economic 
activity, but it does not provide an accurate measure of 
the material well-being of a country’s population, for 
which alternative indicators may be more appropriate [8]. 
Although GDP does not give a comprehensive picture of 
either general or economic well-being, it provides a vast 
amount of information closely related to well-being and 
remains one of the most important indicators in eco-
nomic statistics.

According to the Bureau of Economic Analysis, there 
are two approaches to calculating GDP. The expenditure 

approach measures GDP as the sum of consumption, 
investment, government spending and net exports. On 
the income side, GDP is measured as the sum of income 
from production [9]. The third way of calculating GDP is 
the sum of value added.

According to the Hungarian Central Bureau for Statis-
tics definition, “Gross National Income (GNI) is an indi-
cator derived from GDP, and takes into account primary 
income received from abroad and paid to abroad” [10].

The World Bank classifies countries’ economies into 
four income groups based on their per capita national 
income (GNI): low (per capita GNI of US$ 1,085 or less), 
lower middle (per capita GNI between US$ 1,086 and 
US$ 4,255), upper middle (per capita GNI between US$ 
4,256 and US$ 13,205) and high (per capita GNI of US$ 
13,205 or more). All the countries in our study are high 
income countries [11].

The relationship between health and economic per-
formance has been the subject of numerous studies. 
According to several studies, higher educational attain-
ment, higher life expectancy, declining population fertil-
ity, lower government consumption, better maintenance 
of the rule of law, lower inflation and improved external 
trade conditions increase the rate of economic growth 
[12–14]. Human capital is therefore an important com-
ponent in the growth of economic performance. The 
most noteworthy determinants of human capital are edu-
cation and health, the latter now being considered more 
important [13, 15].

The positive impact of economic well-being on human 
capital is well known. Higher incomes provide better 
access to goods and services, while a nutritious diet, safe 
drinking water, better hygienic conditions and higher 
quality health care improve the health status of the popu-
lation. There are also a number of studies on the impact 
of human capital on economic performance, showing 
that health has a significant positive impact on economic 
growth [14, 16, 17].

This is due to its direct impact on production capacity. 
Healthy workers have greater physical and mental per-
formance, so they produce more and earn higher wages, 
take less sick leave because of their own or their relative’s 
health problems. Better health also has an impact on the 
economy through education. Healthy children perform 
better and have less sick leave in school. Reductions in 
morbidity and mortality increase investment in educa-
tion. Increased life expectancy also leads to increased 
savings for retirement [17].

Taking all the aforementioned information into 
account, the aim of this study was to investigate the age-
standardized death rate of oral cancer in the context of 
economic development in European countries. In an 
earlier research meaningful conclusion could be derived 
when examining the relationship between economic 
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growth and the prevalence of mental disorders in Poland, 
Czech Republic, Slovakia and Hungary [18]; thus, the 
goal was to use a similar approach to gain better insight 
into this topic. Also, future studies can use the findings to 
identify the underlying causes and to follow and monitor 
the trend of the correlation in order to adjust the effec-
tiveness of prevention activities accordingly.

Methods
Data collection
Using minimum 27 and maximum around 50 years of 
data a study on ecological correlations was executed. 
After calculating the coefficients of determination, our 
analysis selected those European countries where R2 
regarding GDP and mortality was equal or greater than 
0.7, which implies a strong correlation [19, 20]. Coun-
tries with significant gaps or several incomplete data 
were excluded from the analysis to ensure the robust-
ness and reliability of our results. However, exclusion of 
these countries may introduce bias, as it limits the gener-
alizability of the findings to countries with less complete 
data, since countries with incomplete data may had dif-
ferent economic and health dynamics compared to those 
included. As a consequence, the following 13 countries 
were participated in the analysis: Belgium, Germany, 
Spain, Croatia, The Netherlands, Poland, Romania, Aus-
tria, France, Hungary, Portugal, Denmark and Italy.

The data and results presented in this paper follow an 
ecological and correlational study design. Data on lip/oral 
cavity/pharynx malignant cancer mortality were derived 
from the World Health Organization (WHO) European 
Health for All database (HFA-DB) online database [21], 
where information on health status and health resource 
utilization is available. The standardised indicator which 
we used shows the mortality rate from malignant neo-
plasms of the lip, oral cavity and pharynx per 100,000 
persons. Data on GDP per capita are taken from the Penn 
World Table, an online database [22] containing informa-
tion on the income of 183 countries between 1950 and 
2019.

Analysis
The trends in the age-standardized death rate of oral 
cancer in relation to GDP was initially analysed by fit-
ting second-degree curves to the examined factors in an 
ecological design. However, limitations could be inher-
ent in ecological analyses, including ecological fallacy, 
where associations observed at the population level may 
not necessarily hold at the individual level. Subsequently, 
Spearman correlation coefficients were calculated with 
their matched p-values to investigate the relationship 
between GDP and oral cancer mortality across differ-
ent countries. Since most data was initially non-station-
ary, as confirmed by the Augmented Dickey-Fuller test, 

differencing was performed to achieve stationarity. Fol-
lowing this process and the preliminary analysis, vector 
autoregressive (VAR) models were employed to further 
examine the dynamic interactions and potential causal-
ity between GDP and oral cancer mortality over time 
providing insights into the temporal dependencies and 
the directional influences between the variables anal-
ysed. This allowed for the modelling of dynamic relation-
ships between variables, accounting for lagged effects 
and influences over time, therefore it was considered as 
suitable for capturing the delayed impact of economic 
changes on health outcomes, such as the effect of GDP on 
oral cancer mortality. Statistical analyses were conducted 
using Stata statistical software (version 13.0, StataCorp, 
College Station, TX, USA), with a p-value of less than 
0.05 considered indicative of statistical significance.

Results
Country-specific descriptive analysis between oral cancer 
mortality and economic development
For 6 countries, the R2 values were equal or higher than 
0.7, but lower than 0.8, namely, for Belgium, Germany, 
Spain, Croatia, The Netherlands and Poland (Fig. 1).

We analysed data from Belgium between 1968 and 
2016, covering 49 years. We found that the age-specific 
mortality rate in 1968 was 2.58 per 100 000 inhabitants, 
rising to 3.61 in 2016. In 1997, the mortality rate reached 
its highest value, 5.13 per 100,000 inhabitants. The value 
of GDP in that year was US$ 32,135. In the previous 
years, the increase in mortality rate followed the growth 
rate of GDP, starting to decline in 1997. The coefficient 
of determination when fitting the second-degree curve 
was 0.705, indicating a good fit for the model. We anal-
ysed the data from 1990 to 2019 in Germany. In 1990, the 
GDP was US$ 27,885, in 2019 it was US$ 51,592. The age-
standardised mortality rate was initially 4.77 per 100,000 
inhabitants, in 2019 it was 3.99. In Germany, the mortal-
ity rate peaked in 1993. The death rate was 5.21 deaths 
per 100,000 inhabitants, with a GDP value of US$ 30,441. 
In the 26 years thereafter, the death rate has decreased in 
line with the increase of GDP. The coefficient of determi-
nation for the second-degree curve was equal to 0.733. 
According to data for Spain between 1968 and 2017, 
GDP was US$ 10,541 and US$ 39,730 respectively. The 
age-standardised mortality rate was 2.37 per 100,000 
inhabitants in 1968 and 3.56 in 2017. The maximum 
mortality rate in Spain was 5.31 per 100,000 inhabitants, 
measured in 1994. The value of GDP in that year was US$ 
21,152. Before 1994, the mortality rate increased, then 
decreased in line with the increase of GDP. The coef-
ficient of determination was 0.704. Croatian data from 
1990 to 2017 were examined, with a GDP of US$ 13,493 
in 1990 and US$ 25,502 in 2017. The highest value of 
the age-standardised mortality rate in 1990 was 9.07per 
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100,000 inhabitants, which decreased to 5.4 in 2017. The 
coefficient of determination was 0.720.

We examined the data between 1969 and 2018 in the 
Netherlands. In 1969, the GDP value was US$ 18,585, 
in 2018 US$ 55,094. The age-adjusted death rate was 1.8 
per 100,000 inhabitants in 1969, in 2018 it was 2.59. The 
Netherlands has the lowest maximum death rate among 
the examined countries − 3.05 per 100,000 inhabitants in 
2000. In that year, the GDP was US$ 43,442.3. In previous 
years, the rate increased slightly in line with GDP growth, 
and then decreased from 2000 onwards. The coefficient 
of determination was 0.777. When examining the data 
for Poland between 1970 and 2018, the value of GDP 

was initially US$ 5,776, in 2018 it was US$ 31,497. The 
age-adjusted death rate was 3.61 per 100,000 inhabitants 
in 1970, which increased continuously in line with the 
growth of GDP, reaching 5.95 per 100,000 inhabitants in 
2018. The coefficient of determination is 0.777.

For 5 countries, the R2 values were equal or above 0.8, 
but under 0.9, specifically, for Romania, Austria, France, 
Hungary and Portugal (Fig.  2). We examined the data 
between 1969 and 2018 in Romania. In 1969, the GDP 
was US$ 2,878, in 2018 US$ 27,323. The age-adjusted 
death rate was 2.69 per 100,000 inhabitants in 1969, and 
8.97 in 2018. The death rate peaked at 9.09 deaths per 
100,000 inhabitants in 2012, with a GDP value of US$ 

Fig. 1  Relationship between the mortality rate of oral cancer and economic development (A) in Belgium, (B) in Germany, (C) in Spain, (D) in Croatia, (E) 
in the Netherlands and (F) in Poland
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19,606 in that year. In the previous years, the death rate 
increased in line with GDP growth, but decreased slightly 
for 6 years after 2012. The coefficient of determination 
is 0.876. For Austria, the data covered 51 years. In 1969, 
the GDP was US$ 14,091, in 2019 US$ 55,613. The age-
standardised death rate per 100,000 inhabitants was 2.95 
in 1969, it increased to 4.23 in 2019. The mortality rate 
peaked at 5.31 per 100,000 inhabitants in 2000, with a 
GDP value of US$ 38,984 that year. In the years before, 
the mortality rate increased in line with GDP growth. 
The coefficient of determination is 0.820 which implies a 
relatively strong correlation. The French data were anal-
ysed between 1968 and 2014. In 1968, the GDP was US$ 

15,915, in 2014 it was US$ 40,729. The age-standardised 
mortality rate was initially 7.68 per 100,000 inhabitants, 
decreasing to 4.53 in 2014. The highest mortality rate 
was measured in 1981, 11.21 per 100,000 inhabitants. In 
that year, the GDP was US$ 24,074. Between 1968 and 
1981, the death rate increased in line with GDP growth, 
then decreased. The coefficient of determination is 0.864. 
Looking at data from 1970 to 2019 in Hungary, GDP 
was US$ 6,053 in 1970 and US$ 33,265 in 2019. The age-
adjusted mortality rate was 3.65 per 100,000 inhabitants 
in 1970, rising to 10.06 in 2019. The highest death rate 
in Hungary was 15.59 per 100,000 inhabitants in 2000. 
In that year, GDP was US$ 16,567. In the previous year’s 

Fig. 2  Relationship between the mortality rate of oral cancer and economic development (A) in Romania, (B) in Austria, (C) in France, (D) in Hungary 
and (E) in Portugal

 



Page 6 of 11Boruzs et al. BMC Oral Health           (2025) 25:35 

mortality rate increased in line with GDP growth and 
then decreased. The R-squared value was 0.826. The Por-
tuguese data were analysed between 1971 and 2018. The 
value of GDP was US$ 9,093 in 1971 and US$ 33,298 in 
2018. The age-adjusted death rate was 4.02 per 100,000 
inhabitants in 1971 and 5.46 in 2018. The highest death 
rate was recorded in 2016, 5.84 per 100,000 inhabitants, 
with a GDP of US$ 31,303. In the following two years, the 
death rate decreased slightly. The coefficient of determi-
nation is 0.881.

For Denmark and Italy the R2 values were equal or 
higher than 0.9 (Fig. 3). The Danish data were examined 
from 1969 to 2018. In 1969, the GDP was US$ 21,000, in 
2018 it was US$ 54,500. The age-standardised death rate 
was 2.17 per 100,000 inhabitants in 1969, in 2018 it was 
3.79. The highest death rate was 4.84 per 100,000 inhab-
itants in 2000. The value of GDP in that year was US$ 
38,023. In the previous years, the death rate increased 
in line with GDP growth, reaching a maximum and then 
declining in line with GDP growth. The coefficient of 
determination is 0.904 which implies a very strong cor-
relation. We analysed the Italian data between 1968 and 
2017. In 1968 the GDP was US$ 11,462, in 2017 it was 
US$ 40,779. The age-adjusted mortality rate was 4.77 per 
100,000 inhabitants in 1968, in 2017 decreased to 3.02. 
The highest mortality rate was 5.1 per 100,000 inhab-
itants, in 1986. In that year was US$ 22,860. In earlier 
years, the death rate increased slightly in relation to the 
increase in GDP, and then decreased from 1986. The 
coefficient of determination is 0.912.

Overall, in 10 out of the examined 13 countries mor-
tality rate of oral cancer increased with GDP and then 
started to decrease above a certain income level.

Spearman correlation and vector autoregression regarding 
GDP and oral cancer mortality rates
Spearman correlation analysis showed a strong positive 
association between GDP and oral cancer mortality in 

Belgium, with a correlation coefficient of 0.698, which 
was statistically significant (p < 0.001), suggesting that 
higher GDP levels were associated with higher oral can-
cer mortality rates (Table  1). Further analysis using a 
Vector Autoregressive (VAR) model revealed a non-
significant relationship between changes in GDP and 
changes in oral cancer mortality within the analysed 
lags. Specifically, the coefficient for the first lag (L1) was 
− 2.92 × 10^-6 (p = 0.606) and for the second lag (L2) was 
− 1.32 × 10^-6 (p = 0.812), indicating no significant imme-
diate impact of GDP changes on oral cancer mortality 
rates.

The Spearman correlation analysis indicated a rela-
tively strong negative association between Germany’s 
GDP and oral cancer mortality rates, with the correla-
tion coefficient equal to -0.863 with a p-value lower than 
0.001, suggesting that higher GDP levels might be associ-
ated with lower oral cancer mortality rates in Germany. 
Changes in GDP did not have a significant immediate 
impact on changes in oral cancer mortality rates within 
the analysed lags, because the coefficient for L1 was 
3.86 × 10^-7 (p = 0.253) and for L2 was − 6.68 × 10^-8 
(p = 0.846). The Spearman correlation coefficient between 
Spain’s oral cancer mortality rates and GDP was 0.443, 
indicating a moderate positive association, which might 
suggest that higher GDP levels could be associated with 
higher oral cancer mortality rates in the country. The 
association was statistically significant with a p-value of 
0.002, meaning there is strong evidence to reject the null 
hypothesis of independence between GDP and oral can-
cer mortality rates. The coefficient for the first lag of GDP 
is -1.67 × 10^-6, with a p-value of 0.082. Although the 
effect size could be considered as very weak, it is close to 
being statistically significant at the 10% level, suggesting 
a potential weak inverse relationship where an increase 
in GDP might slightly reduce the rate of increase in oral 
cancer mortality in the following year. The coefficient 
for the second lag of GDP is 3.20 × 10^-7, with a p-value 

Fig. 3  Relationship between the mortality rate of oral cancer and economic development (A) in Denmark and (B) in Italy
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of 0.750, but this effect was not statistically significant. 
In Croatia the correlation coefficient derived from the 
Spearman correlation was − 0.788 with a p-value lower 
than 0.001, which indicates that a negative association 
could be observed regarding oral cancer mortality and 
GDP. However, the VAR analysis indicates that changes 
in GDP (L1 = 1.46 × 10^-5, p = 0.660; L2 = 2.09 × 10^-5, 
p = 0.416) had a very minimal and statistically insignifi-
cant effect on the changes in oral cancer mortality rates 
in Croatia. The Spearman correlation between oral can-
cer mortality and GDP in the Netherlands was 0.793 
(p < 0.001), which might indicate a strong and statisti-
cally significant positive relationship. The VAR model 
showed that changes in GDP (L1 = 6.51 × 10^-7, p = 0.594; 
L2 = 1.18 × 10^-6, p = 0.342) have no significant effect on 
changes in oral cancer mortality rates. The Spearman 
correlation coefficient regarding oral cancer mortal-
ity and GDP was 0.897 with a p-value lower than 0.001, 
indicating that a very strong and statistically significant 
positive relationship could be observed, which sug-
gests that higher GDP levels might be associated with 
higher oral cancer mortality rates in Poland. Based on 
the results obtained from the VAR model, it was found 
that changes in GDP have no statistically proven sig-
nificant effect on changes in oral cancer mortality rates. 
Specifically, the coefficients for both the first lag (L1=-
1.16 × 10^-6, p = 0.397) and the second (L2 = 1.52 × 10^-6, 
p = 0.276) lag of GDP could be considered as very weak 
and statistically not significant. The correlation coeffi-
cient from the Spearman correlation was equal to 0.935 
with a p-value lower than 0.001, which might indicate a 
very strong association between oral cancer mortality 
and GDP in Romania. However, according to the results 
of the VAR model, it was found that changes in GDP 

(L1=-1.95 × 10^-6, p = 0.528; L2=-2.41 × 10^-6, p = 0.469) 
have no statistically proven effect on the changes in 
oral cancer mortality rates. The Spearman correlation 
between oral cancer mortality and GDP in Austria was 
equal to 0.590 (p < 0.001), which highlighted a moderate 
to strong and statistically significant positive association 
between the variables. The first-time lag regarding GDP 
had a negligible and statistically insignificant effect on 
changes in oral cancer mortality rates (L1=-4.96 × 10^-
8, p = 0.995), which means that GDP changes from the 
previous year did not significantly impact the observed 
year’s change in oral cancer mortality rates in Austria. 
However, the second lag of GDP (L2) had a weak, but 
statistically significant negative effect on changes in oral 
cancer mortality rates (L2 = 1.58 × 10^-5, p = 0.038), hence 
an increase in GDP two years prior was associated with a 
slight decrease in the rate of change in oral cancer mor-
tality rates. Based on a Spearman correlation coefficient 
of -0.755 (p < 0.001), there was a relatively strong inverse 
association between GDP and oral cancer mortality in 
France. The VAR model for France indicated that changes 
in GDP had no significant impact on changes in oral 
cancer mortality rates, since non-significant coefficients 
for both the first lag (L1 = 4.88 × 10^-7, p = 0.619) and the 
second lag (L2=-5.38 × 10^-7, p = 0.584) were observed. 
With a Spearman’s rho of 0.682 and a p-value less than 
0.001, there was a strong and statistically significant posi-
tive correlation between GDP and oral cancer mortality 
rate in Hungary, which indicated that as GDP increases, 
oral cancer mortality rates also tended to increase. The 
VAR model results for Hungary indicated that changes in 
GDP from the second lag did not significantly affect the 
changes in oral cancer mortality rates (L2 = 9.73 × 10^-6, 
p = 0.528). However, an increase in GDP from the first 

Table 1  Summary of Spearman correlation coefficients and vector autoregression (VAR) model results for GDP and oral cancer 
mortality rates across 13 countries
Country Spearman correlation Vector autoregression (VAR)

Lag 1 (L1) Lag 2 (L2)

Coefficient p-value Coefficient p-value Coefficient p-value
Austria 0.590 < 0.001* -4.96 × 10^-8 0.995 1.58 × 10^-5 0.038*
Belgium 0.698 < 0.001* 2.92 × 10^-6 0.606 -1.32 × 10^-6 0.812
Germany -0.863 < 0.001* 3.86 × 10^-7 0.253 -6.68 × 10^-8 0.846
Denmark 0.819 < 0.001* -6.85 × 10^-6 0.356 -4.76 × 10^-6 0.554
Spain 0.443 0.002* -1.67 × 10^-6 0.082 3.20 × 10^-7 0.750
France -0.755 < 0.001* 4.88 × 10^-7 0.619 -5.38 × 10^-7 0.584
Croatia -0.788 < 0.001* 1.46 × 10^-5 0.660 2.09 × 10^-5 0.416
Hungary 0.682 < 0.001* 3.83 × 10^-5 0.009* 9.73 × 10^-6 0.528
Italy -0.812 < 0.001* 7.75 × 10^-7 0.091 -1.12 × 10^-6 0.017*
Netherlands 0.793 < 0.001* 6.51 × 10^-7 0.594 1.18 × 10^-6 0.342
Poland 0.897 < 0.001* 1.16 × 10^-6 0.397 1.52 × 10^-6 0.276
Portugal 0.902 < 0.001* 1.13 × 10^-5 0.108 6.04 × 10^-6 0.403
Romania 0.935 < 0.001* -1.95 × 10^-6 0.528 -2.41 × 10^-6 0.469
*Significant finding (p < 0.05)
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lag was significantly associated with a reduction in the 
change of oral cancer mortality rates (L1 = 3.83 × 10^-5, 
p = 0.009). The Spearman correlation coefficient regarding 
GDP and oral cancer mortality in Portugal was 0.902 with 
a p-value of less than 0.001, which indicates a very strong 
and statistically significant positive association, suggest-
ing that as GDP increases, oral cancer mortality rates also 
tend to increase in the country. The VAR model results 
for Portugal indicated that changes in GDP did not have 
any statistically significant impact on changes in oral can-
cer mortality rates. The first lag of GDP (L1 = 1.13 × 10^-5, 
p = 0.108) and the second lag (L2 = 6.04 × 10^-6, p = 0.403) 
showed small positive effects. However, neither of these 
effects is statistically significant at conventional levels. 
The Spearman correlation analysis between oral can-
cer mortality rates and GDP in Denmark indicated a 
strong positive association with a Spearman’s coefficient 
of 0.819 and p-value lower than 0.001, the data shows 
a high degree of correlation between the two variables 
analysed, suggesting that as GDP increases, oral cancer 
mortality rates also tended to increase. The results of the 
VAR model indicated that changes in GDP did not have a 
statistically significant impact on changes in oral cancer 
mortality rates in country. Both the first (L1=-6.85 × 10^-
6, p = 0.356) and second lag (L2=-4.76 × 10^-6, p = 0.554) 
of GDP showed relatively weak negative coefficients, but 
neither was significant at conventional levels. The cor-
relation coefficient between oral cancer mortality and 
GDP in Italy was − 0.812 with a p-value lower than 0.001), 
which indicated a statistically significant and strong neg-
ative relationship. The VAR model results for Italy indi-
cated that changes in GDP had a significant impact on 
changes in oral cancer mortality rates, with the first lag 
of GDP showing a small, non-significant positive effect 
(L1 = 7.75 × 10^-7, p = 0.091) and the second lag of GDP 
showing a small, statistically significant negative effect 
(L2=-1.12 × 10^-6, p = 0.017), suggesting that while recent 
GDP changes did not have a statistically proven imme-
diate impact, GDP changes from two periods might be 
associated with a reduction in the current change of oral 
cancer mortality rates (Table 1).

Discussion
This study analysed the relationship between GDP and 
oral cancer mortality across 13 countries in an ecologi-
cal design. The findings revealed that in 10 countries, 
oral cancer mortality increased alongside GDP, in several 
cases peaking at a certain income level before declining. 
Statistical analyses highlighted significant associations, 
however, the vector autoregression analysis generally 
showed that changes in GDP had little immediate impact 
on shifts in oral cancer mortality, although some coun-
tries, like Hungary, Austria and Italy, exhibited minor 
delayed effects in later periods. However, short-term 

fluctuations in GDP do not appear to have an immediate 
impact on cancer mortality rates in the vast majority of 
countries. This might suggest that while GDP and mor-
tality could be correlated, the timing and nature of their 
interaction can vary greatly. Furthermore, as a result of 
our descriptive analysis, we found that there is a relation-
ship between the mortality rate of oral cancer and the 
economic development of a country. In the majority of 
the countries studied, there is a downward trend in oral 
cancer mortality rates as GDP increases.

Simon Kuznets, in an article entitled “Economic 
growth and income inequality”, examined the relationship 
between national income per capita and income inequal-
ity. He concluded that, in a given society, as income rises 
in the early stages of economic growth, income inequal-
ity rises in parallel. However, when per capita income 
reaches a certain level, i.e. when an income turning point 
occurs, income inequality starts to decline [23, 24]. The 
number of studies examining the health significance of 
the Kuznets curve is scarce and the available research has 
so far mainly analysed the association between economic 
well-being and obesity [25–27].

In 10 out of the examined 13 countries (Austria, Bel-
gium, Germany, Denmark, Spain, France, Portugal, 
Hungary, Italy, the Netherlands, Croatia, Italy, Romania) 
mortality rate of oral cancer increased with GDP and 
then started to decrease above a certain income level. 
While in Portugal and Romania, the mortality rate fell 
slightly at the end of the examined period, the interval 
examined after the turning point was 2 years in case of 
Portugal and 6 years in case of Romania, so assessing the 
trend requires further investigation. However, in Poland 
the age-adjusted mortality rate of oral cancer increased 
steadily in line with GDP growth during the examined 
period and did not decrease until the end of the exam-
ined period (2018). Based on our analysis, 10 countries 
met the “traditional” Kuznets hypothesis, while 3 did not. 
Thus, for the exceptions, there was no turning point in a 
country’s economic development in a given period where 
the mortality rate of oral cancer stagnated or started to 
decline.

At the population level, oral cancer mortality can be 
influenced by the characteristics of the health care sys-
tem, alcohol consumption, smoking, and the prevalence 
of HPV [28].

As studies have been written about the connection 
between alcohol consumption, smoking and economic 
status [29, 30], in countries not following the trend (such 
as Portugal, Romania, Poland), we looked at the financing 
of oral health care to identify the causes. As oral health 
is a special form of health care, where there is a close 
collaboration between dentists, general practitioners, 
dental and oral care specialists, we have to consider the 
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financing of both the general health care and specifically 
dental care.

In the early 1980s, the public health system in Portu-
gal faced a significant shortage of resources, which led to 
a high level of involvement of private providers through 
contracts and agreements. Access to dental care puts a 
significant financial burden on the Portuguese popula-
tion, as they often have to pay the full cost of treatment. 
Since 2008, as part of a national programme to improve 
oral health, the public health system has been offering so-
called “dentist vouchers”, which gave free dental care to 
women undergoing antenatal care, the elderly, children 
up to the age of 16, and patients infected with HIV/AIDS, 
with which they could receive free care from dentists 
under contract with the care system. In March 2014, in 
view of the high mortality and morbidity of oral cancer, 
the programme was extended to screening the main risk 
group. Accordingly, men over 40 years of age who smoke, 
regularly consume alcohol or have oral lesions identified 
by an oral surgeon or dentist are provided with a voucher 
every 2 years for screening and, if necessary, for biopsy 
[31].

In eastern Europe - the Czech Republic, Estonia, Hun-
gary, Latvia, Lithuania, Poland, Slovakia and Slovenia 
- publicly funded oral health care had shifted to private 
care in the past, following political changes starting in 
1989. The extent of this varies from country to country. 
Several countries are already planning to introduce insur-
ance-based care [28].

In Poland, an additional problem is that only 15% of 
the adult population used the remaining publicly funded 
oral health services in 2014, which can be explained by 
the poor health awareness of the Polish society and the 
under-representation of oral care and oral health in Pol-
ish health policy. The level of public spending on oral 
health is relatively low and dentists providing publicly 
funded dental services mainly perform restorative treat-
ment, with only a small number of preventive procedures 
due to underfunding [32].

In Romania, after the change of regime, the lack of 
state resources shifted dental care from being entirely 
state-funded to the private sector, with publicly funded 
dental care now only available at universities and the 
armed forces. In recent years, Romania has had the low-
est oral health expenditure per capita in the European 
Union. Both the number of dentists under contract with 
the National Health Insurance House and the amount of 
state support have fallen dramatically, and between April 
2013 and June 2014, no financial support was received 
by the public sector. During this period, the number of 
estimated dental visits decreased by a tenth, partly due 
to underfunding and partly due to underreporting by 
the private sector. According to 2007 data provided by 
the National Public Health Institute-National Centre for 

Statistics and Informatics in Public Health from the Min-
istry of Public Health, only 0.6% of the public budget for 
oral health care was spent on preventive activities [33].

Compared to the descriptive and Spearman correlation 
analysis, only a very few countries showed statistically 
significant lagged effects. Austria had a weak but signifi-
cant positive effect with the second lag of GDP, Hungary 
had a significant negative effect with the first lag of GDP, 
and Italy had a significant negative effect with the sec-
ond lag of GDP. In most cases, both the first and second 
lags of GDP changes were not statistically significant, 
indicating that short-term fluctuations in GDP do not 
directly influence changes in oral cancer mortality rates. 
Overall, while there are clear long-term associations 
between GDP and oral cancer mortality rates, the imme-
diate causal effects of GDP changes on mortality rates are 
limited, suggesting that other factors and longer-term 
dynamics could play a more crucial role in this relation-
ship. Further research is needed in order to explore these 
mediating factors and the complex interplay between 
economic conditions and health outcomes.

Strengths and limitations
This study could be considered unique due to its topic. 
The possible relationship between the variables of inter-
est could be observed based on univariate analyses; how-
ever, the conclusions drawn should not be interpreted on 
individual level data in order to avoid ecological fallacy. 
Although, the analyses revealed valuable associations, it 
should be noted that all analyses were univariate and did 
not include multiple analyses adjusted for potential con-
founders. Nevertheless, it is important to note that a clear 
causal link cannot be established because of the many 
other factors that could influence the results. The Health 
for All explorer uses interactive online tools to visualise 
regional and national differences of health indicators, so 
all data, graphs, charts and maps could be exported and 
are available free of charge for publication. The primary 
strength of the study is that around 50 years of data could 
be examined for several factors.

Conclusion
The findings suggest that higher GDP levels are associ-
ated with higher oral cancer mortality rates in most coun-
tries, while a few countries exhibited the opposite trend. 
However, the VAR models indicated that changes in GDP 
generally did not have significant immediate impacts on 
changes in oral cancer mortality rates, highlighting the 
complexity of the relationship and suggesting that the 
effects of GDP on mortality may involve longer-term 
dynamics and other mediating factors. Specifically, while 
long-term associations were found, immediate economic 
changes did not directly influence mortality rates, high-
lighting the public health need for further investigation 
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into the temporal and causal relationships between eco-
nomic conditions and health outcomes.

Taking these into consideration, it can be said that an 
increase in a country’s economic development alone does 
not guarantee a decrease in the number of oral cancer 
patients. In order to reduce the number of cases of oral 
cancer, education and prevention are essential, as well as 
adequate financing of health care, including dental care, 
and the provision of optimally functioning primary den-
tal care, accessible to the population free of charge.
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