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Abstract
Background  Edentulism, or the complete loss of teeth, is a major public health concern, particularly among older 
and economically disadvantaged populations. It affects masticatory function, nutrition, aesthetics, and psychological 
well-being, and contributes to social isolation and employment difficulties. This study aimed to assess the age-
standardized prevalence rates (ASPR) of edentulism in 28 EU member states from 1990 to 2021, focusing on health 
inequalities across countries and sexes, and identifying trends and peaks in prevalence.

Methods  Data were obtained from the Global Burden of Disease (GBD) 2021 study. ASPR per 100,000 of edentulism 
was extracted. Inequalities between countries were evaluated using the Gini Coefficient (GC) and Slope Index of 
Inequality (SII), while ASPR ratios were calculated to compare countries with the highest and lowest prevalence rates. 
Total percentage change (TPC) was also extracted and reported.

Results  The ASPR of edentulism in the EU was 4986 (95% UI: 3996 to 6041) per 100,000 in 1990 and 4441 (95% UI: 
3537 to 5387) per 100,000 in 2021. The TPC for the EU population showed significant variation, with Finland exhibiting 
decreasing prevalence rate of -27.76 (95% UI: -40.74 to -17.23), and Sweden the increased rate at 31.07 (95% UI: -8.84 
to 94.22). ASPR ratios for males in 2021 ranged from 1.00 to 2.33, while females had a narrower range, from 1.00 to 
2.07. The highest ASPR ratio was observed in 2010 (4.64), while the lowest was recorded in 2018/2019 (1.84), with 
notable peaks in 2005 (3.10) and 2020/2021 (2.19). The GC for edentulism declined from 0.121 (95% UI: 0.095 to 0.147) 
in 1990 to 0.104 (95% UI: 0.079 to 0.129) in 2021, with males consistently exhibiting higher GC values. The SII also 
decreased from 0.075 (95% UI: 0.060 to 0.090) in 1990 to 0.059 (95% UI: 0.046 to 0.071) in 2021, with the highest SII in 
2009 (0.102) and the lowest in 2016 (0.052).

Conclusions  Despite a reduction in edentulism prevalence and inequalities by 2021 in some countries, significant 
inequalities remain between member states of the EU. These findings underscore the need for targeted interventions 

Trends and inequalities in age-standardized 
prevalence rate of edentulism among 
members of European Union between 1990 
and 2021
Carlos Alexandre Soares Andrade1,2, Nour Mahrouseh1, Elena von der Lippe3, Carl Michael Baravelli4,  
Terje Andreas Eikemo5, Jeroen Spijker6 and Orsolya Varga1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12903-025-07095-8
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-025-07095-8&domain=pdf&date_stamp=2025-12-7


Page 2 of 13Andrade et al. BMC Oral Health           (2026) 26:49 

Background
Edentulism, characterized by tooth loss, serves as a 
global indicator of oral health burden, particularly affect-
ing older and economically disadvantaged populations 
[1]. Associated with pain, speech and eating difficul-
ties, reduced productivity, and a decline in quality of 
life, edentulism is mostly linked to impaired masticatory 
function (involved in the process of chewing), nutritional 
deficiency, aesthetic concerns, and psychological chal-
lenges [2, 3]. The repercussions of tooth loss can signifi-
cantly contribute to chronic temporomandibular pain, 
impact self-esteem, interfere in social integration, and 
pose challenges in employment opportunities [4]. Fur-
thermore, edentulism has a significant social impact by 
causing difficulties in work and school, while also wors-
ening loneliness and social isolation due to the stigma 
attached to tooth loss [5, 6]. Unlike many other non-com-
municable diseases (NCDs), edentulism is a definitive 
condition, representing the ultimate outcome of various 
dental issues [7]. These include dental caries and trauma, 
which are highly prevalent in younger individuals, as 
well as periodontal diseases, which are more commonly 
found in older populations [8]. Primary causes of edentu-
lism underscore the importance of preventive measures 
and policies [7]. Individuals at lower economic status 
are more susceptible to the onset of edentulism, and this 
condition is highly associated with social inequalities 
[9]. Edentulism shares several risk factors with NCDs, 
including smoking, alcohol use, and low socioeconomic 
status [10, 11].

Despite declining or stabilized age-standardized 
prevalence rates (ASPR), the absolute disease burden of 
edentulism has nearly doubled, persisting prominently 
in regions with a low socio-demographic index [1]. In 
high-income countries, the absolute number of edentu-
lous individuals is rising due to population aging [12, 13]. 
However, edentulism in old age is more than just a conse-
quence of the aging process; rather, it is a manifestation 
of the cumulative impact of oral disease over the years 
[14]. Socioeconomic factors, such as income, education, 
oral health knowledge, and attitudes toward dental care, 
contribute to the prevalence of edentulism [15, 16]. The 
high prevalence of edentulism worldwide contributes to 
both direct and indirect economic burden [1]. Beyond 
this, in 2015, dental diseases imposed a substantial global 
economic burden, totaling $544.41 billion. Direct treat-
ment costs comprised $356.80 billion, and lost produc-
tivity amounted to $187.61 billion. Notably, severe tooth 
loss contributed to 67% of the productivity losses associ-
ated with dental diseases [2].

The fact that edentulism is highly preventable but also 
highly prevalent and unequal among the global popula-
tion, emphasizes the lack of prevention policies sup-
porting brushing teeth, flossing, oral health education, 
regular dental check-ups, sugar reduction policies, fluo-
ridation, and smoking prevention [17–19]. It is crucial to 
address this condition, and investing in the prevention 
and treatment of dental caries and periodontal disease 
may be pivotal in reducing the prevalence of edentu-
lism [20, 21]. While declining disease burden has been 
observed in some countries, the World Health Organiza-
tion’s goal of retaining at least 20 teeth at the age of 80 
years remains unmet in numerous regions [22]. Previous 
studies have demonstrated different levels of inequali-
ties in NCDs between European countries [23, 24]. The 
European Union (EU) has acknowledged the significance 
of oral health in its policy documents, including “An 
overview of current approaches and opportunities for 
improvement” [25]. The document stresses the need to 
monitor and address inequalities in oral health. Health 
systems are not always able to provide adequate financial 
protection, which can result in individuals being unable 
to afford healthcare or meet other basic needs. This can 
have a negative impact on access to healthcare, lead to 
or exacerbate poverty, and contribute to the perpetua-
tion of health and socio-economic inequalities [26]. A 
long tradition of universal policies, welfare and rights-
based approaches to health and to the conditions neces-
sary for a healthy lifestyle has been established in Europe. 
Over the past two decades, however, significant shifts 
have occurred in policy approaches and commitments 
which have the potential to exacerbate population health 
inequality. Nevertheless, new technical and political 
opportunities are emerging that are supporting efforts to 
move forward in terms of equity in health and life oppor-
tunities. For example, the above mentioned “An overview 
of current approaches and opportunities for improve-
ment” underscores the necessity for more efficacious 
instruments to gauge access to healthcare at the Euro-
pean level, encompassing the adaptation of the EU statis-
tics on income and living conditions (EU-SILC) to yield 
more granular data on obstacles to healthcare access and 
the cross-linking of the EU-SILC and European health 
interview survey (EHIS). Consequently, an investiga-
tion into the discrepancy in research on the patterns and 
inequalities in the prevalence of edentulism within the 
EU can facilitate the formulation of more efficacious poli-
cies and interventions with the objective of enhancing 
oral health and reducing inequalities.

and policies to address oral health inequalities, particularly for men, who showed higher levels of inequality compared 
to women.
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The objective of this study was to present the ASPR of 
edentulism across the 28 EU member states from 1990 
to 2021, encompassing both sexes. This analysis aimed 
to assess health inequalities in edentulism by comparing 
ASPR across countries. Specifically, we sought to identify 
the highest and lowest performing countries regarding 
ASPR and to investigate any significant peaks in preva-
lence during this timeframe. Furthermore, we aimed to 
analyze the distribution of edentulism and compare abso-
lute differences in ASPR among member states, while 
examining trends over time from 1990 to 2021 to eluci-
date inequalities between countries and between sexes.

Materials and methods
The Global Burden of Disease (GBD) 2021 study provides 
data on 371 diseases and injuries, 88 risk factors, includ-
ing 204 countries and regions worldwide between 1990 
and 2021 for male, female and both sexes [27]. We col-
lected data on ASPR per 100,000 of edentulism from the 
GBD 2021 database via the Global Health Data Exchange 
(GHDx) tool (Institute for Health Metrics and Evalua-
tion - ​h​t​t​p​​:​/​/​​g​h​d​x​​.​h​​e​a​l​​t​h​d​​a​t​a​.​​o​r​​g​/​g​​b​d​-​​r​e​s​u​​l​t​​s​-​t​o​o​l). The 
GBD 2021 study methodology has been published else-
where [28]. The case definition of edentulism was con-
sidered as the absence of any permanent teeth in the oral 
cavity. Remission for all age groups was set at zero due 
to the categorization of this condition as irreversible. 
Prevalence was assigned as zero during childhood, as 
edentulism in infancy was not taken into consideration. 
Estimates started from the age of 15 based on the expec-
tation that permanent teeth would have fully erupted 
in the majority of individuals. Age-standardized rates 
(ASRs) were calculated using the GBD-standardized 
population and a Bayesian meta-regression model (Dis-
Mod-MR 2.1t) was employed to ensure consistency in 
estimates.

We included 28 member states of the EU in this study: 
Austria, Belgium, Bulgaria, Croatia, Republic of Cyprus, 
Czechia, Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxem-
bourg, Malta, Netherlands, Poland, Portugal, Romania, 
Slovakia, Slovenia, Spain, Sweden and United Kingdom 
(UK). We chose to include the UK in the analysis, since it 
was an EU member state until 2019.

In order to calculate the ASPR ratio for edentulism for 
each year between 1990 and 2021, the ASPR of two coun-
tries were divided. The highest-ranking rate is the numer-
ator, and the lowest-ranking rate is the denominator. 
Additionally, inequalities were also calculated between 
all the countries, by using country-pairs estimations in 
2021, in which the higher-ranking country is divided by 
the lower-ranking one. For the Total Percentage Change 
(TPC), the GBD study calculates this metric by compar-
ing the prevalence rates of the disease over time, typically 

expressed as a percentage change per period. The closer 
the TPC is to zero, the smaller the difference in the ASPR 
between 1990 and 2021. The TPC can be either negative 
(indicating a decrease in ASPR) or positive (indicating an 
increase in ASPR).

The Gini Coefficient (GC) is a statistical measure used 
to assess relative measure of inequalities, and it is deter-
mined by analyzing the distribution of ASPR across 
member states using the Lorenz curve, which illustrates 
the cumulative proportion of ASPR relative to the cumu-
lative proportion of the population. Its values range from 
0 (perfect equality) to 1 (total inequality). In this study, 
Stata software and the ineqdeco module were employed 
for GC calculation, incorporating bootstrap resampling 
to derive 95% confidence intervals. The Slope Index of 
Inequality (SII) serves as an absolute measure of inequali-
ties, providing an additional metric for assessing health 
inequalities by estimating the average absolute differ-
ence in the ASPR among countries. It is derived from the 
beta coefficient (slope) of the linear regression of Pen’s 
Parade, which arranges countries based on their ASPR 
from lowest to highest, considering the share of the total 
population for each country. Higher SII values indicate 
a significant inequality in edentulism between coun-
tries with low and high ASPR, while an SII close to zero 
reflects relatively similar ASPR across countries, indicat-
ing minimal inequality in edentulism.

The 95% Uncertainty Interval (95% UI) accounts for 
variability and potential errors in the modeling process 
by reflecting a range of plausible values within which the 
true ASPR is expected to lie. The estimates are derived 
by sampling 1000 draws from the posterior distribution, 
and the reported ASPR is the mean value of these draws 
estimates. It is represented by the 2.5th and 97.5th per-
centiles of the distribution. The statistical difference was 
considered if the 95% UI of ASPR of two member states 
did not overlap.

Results
The EU ASPR for edentulism in 1990 was 4986 (95% UI: 
3996 to 6041) and in 2021 it was 4441 (95% UI: 3537 to 
5387). In 1990, the ASPR for all countries ranged from 
3060 (95% UI: 2336 to 3931) in Sweden to 7962 (95% UI: 
6405 to 9568) per 100,000 in Poland. By 2021, the ASPR 
varied between 3248 (95% UI: 2534 to 3985) in Malta and 
7101 (95% UI: 5680 to 8594) per 100,000 also in Poland. 
The ASPR trend remained relatively steady until 2000 
and after 2015. Between 2001 and 2007, there was a sig-
nificant increase in ASPR in certain countries, including 
the Netherlands, Poland, Greece, Austria, UK and Ire-
land. Conversely, Spain, Sweden, and Denmark experi-
enced a decrease during this period. From 2008 to 2013, 
there was an overall decline in ASPR across most coun-
tries, with Denmark, Spain, and Slovakia exhibiting the 

http://ghdx.healthdata.org/gbd-results-tool


Page 4 of 13Andrade et al. BMC Oral Health           (2026) 26:49 

lowest peaks. Between 1990 and 2021, the highest ASPR 
was 8378 (95% UI: 6792 to 10078) found in Poland in 
2006 and the lowest one was 1788 (95% UI: 1570 to 1986) 
found in Spain in 2010 (Table 1; Fig. 1a, and Supplemen-
tary Table 1).

The ASPR of edentulism in the male population across 
the EU exhibited variations over the years, ranging from 
4313 (95% UI: 3446 to 5248) in 1990 to 3870 (95% UI: 
3074 to 4730) in 2021. The peak occurred in 2004 at 
4358 (95% UI: 3771 to 4958), while the lowest point was 
noted in 2010 at 3010 (95% UI: 2742 to 3305). In 1990, 
the ASPR for EU-28 member states varied, with Sweden 
at 3069 (95% UI: 2313 to 3997) and Poland at 7107 (95% 
UI: 5689 to 8615). The Netherlands reached the high-
est value at 7778 (95% UI: 6870 to 8766) in 2005, while 
Spain recorded the lowest ASPR in 2010 at 1748 (95% 
UI: 1531 to 1958). By 2021, the ASPR ranged from 2714 
(95% UI: 2095 to 3368) in Malta to 6317 (95% UI: 5025 
to 7640) in Poland. Throughout the entire period, the 
majority of countries experienced a notable rise in ASPR, 
followed by a significant decline, ultimately returning to 
an ASPR similar to that of the initial years. Poland, The 
Netherlands, Hungary, Ireland, Slovakia, and Slovenia 
consistently maintained high ASPR throughout the years. 
Conversely, Sweden, Spain, France, Malta and Denmark 
consistently exhibited the lowest ASPR throughout the 
entire period (Fig. 1b and Supplementary Table 1).

In 1990, the ASPR of edentulism in the female popula-
tion of the EU varied from 3081 (95% UI: 2354 to 3935) 
in Sweden to 8591 (95% UI: 6950 to 10298) in Poland. 

Poland consistently held the highest prevalence, peaking 
at 9272 (95% UI: 7534 to 11087) in 2010. Subsequently, 
there was a considerable decrease, and Slovenia and Slo-
vakia emerged as the countries with the highest ASPR 
from 2014 to 2018. In 2019, ASPR ranged from 3741 
(95% UI: 2919 to 4604) in Malta to 7726 (95% UI: 6215 to 
9292) in Poland, with Spain recording lowest ASPR in EU 
in 2010 at 1844 (95% UI: 1616 to 2053). Throughout the 
period, Ireland, Poland, the Netherlands, Slovenia, and 
Slovakia consistently exhibited high ASPR, while Italy, 
Malta, France, Spain, Sweden, and Denmark maintained 
lower ASPR. The ASPR trend of edentulism in the female 
population showed less homogeneity compared to the 
male population, with many countries displaying a pat-
tern of steadiness, followed by an increase, subsequent 
decrease, and ultimately returning to an ASPR similar to 
the initial years (Fig. 1b and Supplementary Table 1).

The TPC in the EU population exhibited a range of 
values, with Finland having the lowest at −27.76 (95% 
UI: −40.74 to −17.23), and Sweden exhibiting the high-
est TPC at 31.07 (95% UI: −8.84 to 94.22). Other coun-
tries with relatively low TPC included Spain and Ireland, 
with values of −27.51 (95% UI: −40.51 to −17.37) and 
− 17.43 (95% UI: −21.70 to −13.19), respectively (Fig. 2a). 
The majority of countries fell within the range of −15.1 
to 0.0, including Austria, Belgium, Croatia, Bulgaria, Por-
tugal, and Slovenia. Notably, the UK, Greece, and Swe-
den recorded the highest TPC at 0.93 (95% UI: −5.27 to 
10.47), 4.03 (95% UI: −22.23 to 47.19), and 31.07 (95% UI 
−8.84 to 94.22), respectively. The TPC between males and 

Table 1  Age‑standardized prevalence rate of edentulism per 100,000 population by EU member state for 1990, 2000, 2010, 2019, 
2020, and 2021
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females exhibited a significant similarity in terms of the 
ranking of countries. However, the TPC for males was 
slightly higher at −8.41 (95% UI: −10.38 to −6.04) for the 
EU, ranging between − 28.92 (95% UI: −41.92 to −18.15) 
in Finland and 14.86 (95% UI: −21.28 to 75.18) in Swe-
den. In contrast, for females, the EU TPC was − 9.28 (95% 
UI: −11.52 to −7.07), with a range between − 29.81 (95% 
UI: −43.55 to −17.97) in Spain and 45.26 (95% UI: 1.22 to 
114.82) in Sweden (Fig. 2b and Supplementary Table 2).

The ASPR ratio for males across all EU member states 
for 2021 exhibited a range from 1.00 (as observed in 
Germany and Italy, Austria and Lithuania, Romania 
and Greece) to 2.33 between Poland and Malta. Several 
pairs of countries did not present overlapping 95% UI, 
most of them were above a ratio of 1.59, such as Slova-
kia and Spain at 1.78, Malta and the Netherlands at 1.93, 
and France and Hungary at 1.68. For the female popu-
lation, the ASPR ratio for pairs of countries showed a 
more constrained range, varying between 1.00 (as seen 
in Estonia and Cyprus, Belgium and Austria, and Italy 
and Germany) and 2.07 between Poland and Malta. A 
number of ratios for pairs of countries exhibited statisti-
cal differences, most of them above 1.53 of ratio, includ-
ing Czechia and Lithuania at 1.58, Hungary and Malta at 

1.65, and Poland and Spain at 2.04 (Supplementary Fig. 
1).

The ASPR ratios for the highest and lowest-ranking 
countries for both sexes exhibited a hectic trend, ranging 
between 1.84 as the lowest ratio in 2018/2019 and 4.64 as 
the highest in 2010. There were notable peaks from 1990 
to 2021: 3.10 in 2005, 4.64 in 2010, and 2.19 in 2020/2021. 
The ASPR ratio for females held the highest position until 
2003 and between 2008 and 2013, in which the ASPR 
ratio for male surpassed it. Additionally, the ASPR ratio 
for females reached the highest ratio, above males and 
both sexes, in 2010 at 5.03. Starting in 2007, all ASPR 
ratios experienced a significant increase, with the ASPR 
ratios for females, males, and both sexes reaching 5.03, 
4.04, and 4.64 at 2010, respectively. Between 2014 and 
2019, the trend reverted to a pattern similar to the initial 
one, with ratios ranging from 1.72 to 2.04. However, after 
2019 there was a sudden increase in the trend for female, 
male, and both sexes. None of the ASPR ratios between 
1990 and 2019 presented overlapping 95% UI (Fig. 3 and 
Supplementary Table 3).

The GC for both sexes was 0.121 (95% UI: 0.095 to 
0.147) in 1990 and decreased to 0.104 (95% UI: 0.079 to 
0.129) by 2021. Throughout the entire period, the male 

Fig. 1  a. Age‑standardized prevalence rates of edentulism by EU member states for both sexes between 1990 and 2021 (Blue line: European Union; 
Orange line: Member state). b. Age‑standardized prevalence rates of edentulism by EU Member States for males and females between 1990 and 2021 
(Purple: female; Green: male; Solid line: European Union; Dashed line: Member state)
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Fig. 2  a. Total percentage change of age‑standardized prevalence rate for edentulism for 1990–2021. Legend: TPC: Total Percentage Change; values in 
parentheses are age-standardized prevalence rates (ASPR). b. Total percentage change of age‑standardized prevalence rate for edentulism for 1990–2021

 



Page 7 of 13Andrade et al. BMC Oral Health           (2026) 26:49 

population consistently exhibited higher GCs com-
pared to the female population. The GC showed a slight 
increase in 1995, reaching 0.130 (95% UI: 0.099 to 0.161) 
for both sexes. Subsequently, there was a decline, reach-
ing 0.112 (95% UI: 0.086 to 0.138) in 2000. The highest 
GCs were observed in 2010, reaching 0.178 (95% UI: 
0.129 to 0.228) for both sexes, 0.179 (95% UI: 0.131 to 
0.228) for females and 0.180 (95% UI: 0.136 to 0.225) for 
males, marking the highest values in this analysis. An 
abrupt decrease in the trends is apparent between 2010 
and 2014. Between 2015 and 2019, the trend exhibited 
lower and more steady values in the analysis, ranging 
from 0.107 (95% UI: 0.087 to 0.128) for females in 2015 
to 0.105 (95% UI: 0.086 to 0.124) for males in 2019. There 
is a sudden increase in the trends in 2020 and a slight 
decrease in 2021 (Fig. 4 and Supplementary Table 4).

The SII ranged from 0.075 (95% UI: 0.060 to 0.090) in 
1990 to 0.059 (95% UI: 0.046 to 0.071) in 2021, for both 
sexes. The highest SII was in 2009 (0.102, 95% UI: 0.075 
to 0.128) and the lowest was observed in 2016 (0.052, 
95% UI: 0.044 to 0.059). The female population presented 
higher SII, with peaks in 1995 (0.091, 95% UI: 0.075 to 
0.106), 2005 (0.090, 95% UI: 0.071 to 0.110), and 2010 
(0.112, 95% UI: 0.086 to 0.138). The SII for males in the 
same years were respectively 0.077 (95% UI: 0.062 to 
0.091), 0.081 (95% UI: 0.065 to 0.096), and 0.104 (95% 

UI: 0.079 to 0.129). A sudden decrease in the trend was 
found between 2000 and 2015. The SII reached the lower 
values between 2015 and 2019, ranging from 0.052 (95% 
UI: 0.045 to 0.060) and 0.054 (95% UI: 0.044 to 0.063) for 
both sexes. Similarly to GC, the trend also showed an 
increase in 2020, reaching 0.059 (95% UI: 0.046 to 0.072) 
for both sexes (Fig. 4 and Supplementary Table 4).

Discussion
Our analysis of the trends in ASPR edentulism in the 
EU reveals important levels of inequalities in edentu-
lism across space and time. The similarity in prevalence 
rates of 1990 and 2021 is marked by relatively low levels 
of inequality. However, the fluctuations in ASPR around 
2005, followed by a decrease in 2010 and an increase 
from 2010 to 2015, indicate inconsistencies in edentulism 
trends. Inequalities in prevalence peaked in 2005 and 
further escalated in 2010, with the highest rate country 
exhibiting a prevalence 5.03 times higher than the low-
est rate country for the female population and 4.64 times 
for both sexes. However, there is a reduction in these 
inequalities by 2019, with the highest rate country having 
a prevalence only 1.84 times higher than the lowest rate 
country for both sexes.

Malta and Poland were the top two countries showing 
the highest ASPR ratios for female and male population 

Fig. 3  Ratio of age‑standardized prevalence rate of edentulism in EU Member States between 1990 and 2021
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in 2021. This is due to the fact that Malta had a remark-
ably low ASPR of edentulism; conversely, Poland had the 
highest ASPR for edentulism. Furthermore, our results 
show that Poland has one of the highest rates of edentu-
lism among all countries, peaking in 2006 before gradu-
ally declining until 2015 and another sudden increase in 
2020. The consistently higher ASPR of edentulism among 
females, particularly in Slovenia, Portugal, Poland, and 
Austria, may reflect a combination of demographic and 
socioeconomic factors [1]. In Slovenia and Austria, wom-
en’s longer life expectancy and limited public dental cov-
erage are potential influences [29–31]. In Portugal, older 
women had poor access to dental care before early 2000 s 
reforms, especially in rural areas [32, 33]. In Poland, post-
communist healthcare changes and high out-of-pocket 
costs may have disproportionately affected low-income 
women with limited health literacy [34, 35].

Our study showed that the ASPR inequalities between 
countries was mostly higher in the male population in 
comparison to the female population in 2021. The ratio 
of ASPR for edentulism in 2021 reached 2.33 for the 
male population (Malta and Poland), while for the female 
population, it reached 1.87 (Malta and Poland). A simi-
lar trend was found for DALY rates of NCDs in European 
Economic Area (EEA), where the highest ratio for female 
population was 1.50, while the highest ratio for male 
was 1.90 [23]. The same association was found between 
1990 and 2019 for NCDs, since the rates for males pre-
sented extensive differences between the highest and the 

lowest rates [23]. Gender inequalities play a significant 
role in both overall NCDs [23, 36] and edentulism [14]. 
Research suggests that men are generally more prone to 
engaging in riskier behaviors such as smoking, excessive 
alcohol consumption, and drug use [37], which increase 
the likelihood of developing NCDs [38] and exacerbate 
oral health problems leading to edentulism. Additionally, 
men are increasingly less likely to utilize regular check-
ups and preventive healthcare visits [37].

Other NCDs and edentulism share several common 
risk factors, primarily revolving around lifestyle choices 
and underlying health conditions: poor diet, tobacco 
use, excessive alcohol consumption, and medical adher-
ence [39–41]. Moreover, systemic conditions like dia-
betes compromise oral health by weakening the body’s 
ability to fight infection, leading to periodontal disease, 
dental caries, and eventual tooth loss [42, 43]. Cardiovas-
cular disease is closely linked to oral health, as poor oral 
hygiene may increase the risk of heart conditions, while 
systemic health issues from cardiovascular diseases can 
also negatively impact oral health, creating a bidirectional 
relationship between the two [44]. A study found a high 
prevalence of 97.5% in individuals over 65 years with less 
than 28 natural teeth. The outcome of the study suggests 
a negative correlation between tooth retention and socio-
economic status indicators, while a positive correlation 
was observed with employment status in Irish adults in 
2002 [45]. In Ireland, associations between tooth reten-
tion and factors such as exposure to fluoridated water 

Fig. 4   Gini Coefficient and Slope Index of Inequality of age‑standardized prevalence rate of edentulism in EU Member States between 1990 and 2021. 
Legend: SII: Slope Index of Inequality; GC: Gini Coefficient
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supplies, regular dental checkups, and consistent brush-
ing habits have also been found [45].

Previous research has shown that there are significant 
disparities in adult dental health care financing and statu-
tory coverage throughout European countries [46]. A 
study including 11 European countries show that even 
though public sources typically pay for one-third of den-
tal care costs, out-of-pocket paying is still very prevalent 
[47]. This frequently results in untreated dental issues 
and uneven access, especially for low-income groups 
[48]. Dental care in many European countries is generally 
focused on treatment despite early prevention initiatives, 
underscoring the need for evidence to guide policy-mak-
ing and strengthen preventative measures [49].

Relatively low levels of inequality in edentulism ASPR 
were found between 1990 and 2000, and also between 
2013 and 2021. In the past decades, dental healthcare 
management in the EU went through many changes and 
differed significantly among member states due to differ-
ences in healthcare systems and policies [50, 51]. Each 
EU member state has its own healthcare system, which 
has resulted in different approaches to dental healthcare. 
For instance, countries such as the UK and Sweden have 
publicly funded healthcare systems that cover dental 
services to varying degrees. Other countries rely more 
heavily on private insurance or out-of-pocket payments 
[52]. Additionally, a study revealed that countries with-
out public dental care coverage had higher inequalities in 
the use of dental care services than countries with some 
degree of public coverage [46]. Even in countries with full 
universal healthcare systems covering dental care, evi-
dence has shown that persistent inequalities remain in 
access to dental care [53, 54].

Results of a number of studies show that the prevalence 
of edentulism was not linked to a country’s economic sit-
uation or the number of dentists per capita. Edentulism 
was uncommon among people of working age, according 
to studies conducted in various European countries [55]. 
There has been a documented reduction in edentulism, 
but significant differences remain between countries and 
within countries’ geographical regions, as well as among 
groups with varying backgrounds [55, 56].

According to a cross-sectional study with data from 
2006, there were significant inequalities in the use of 
dental services among people above 50 years of age in 
Europe, depending on their socioeconomic position. This 
implies that even if achieving universal coverage is a cru-
cial first step toward ensuring equal access, some groups 
may still be unable to fully benefit from these services due 
to other obstacles like income, education, or geographic 
location [57, 58]. Edentulism already has high levels of 
inequalities, and it is indicated that inequalities persist 
in denture-wearing rates among different socioeconomic 
levels [30, 59]. In 2006/7, denture-wearing was found 

to be disproportionately concentrated among the poor 
elderly populations in Denmark and Sweden, aligning 
with the highest levels of inequality. In contrast, Poland 
was the only country where denture use was more prev-
alent among individuals at the upper end of the income 
scale compared to those at the lower end [30].

In 2007, financial barriers led to high non-use of den-
tal care in Estonia, Greece, Latvia, and Iceland; while 
Czechia, Luxembourg, the UK, and the Netherlands had 
higher use linked to financial accessibility. The study also 
found that higher education levels correlated with greater 
dental care use in Europe [60]. Some analysis show that 
individuals from Poland belonging to the highest income 
group exhibited a nearly twofold higher likelihood of 
accessing dental services compared to those in the lowest 
income [35, 61]. Education level and place of residence 
also showed that higher education and urban residen-
cies had higher rates of dental care utilization compared 
to their counterparts [35, 61]. Countries like Denmark, 
Norway, Iceland, and Poland show increased rates of peo-
ple not accessing dental care when their direct contribu-
tion to dental expenses exceeds 50% of the total cost [60]. 
The differences are evident even in countries that tend 
to have comparable social and economic circumstances, 
such the Nordic countries, where the rates of edentulism 
among 75-year-old participants in the cities of Sweden, 
Denmark, and Finland were 27%, 45%, and 58%, respec-
tively, in the early 1990 s [62]. Several studies report that 
there was no consistent reduction in inequalities of non-
utilization of dental care in Scandinavian nations, even 
with all the egalitarian political and social systems [60, 
63]. However, public funding for oral health varies signif-
icantly across countries, with Norway and Sweden cover-
ing most major healthcare expenses but offering limited 
coverage for dental care, which remains expensive in the 
Nordic region [64].

The TPC in edentulism according to the ASPR was 
considered low, primarily because the countries exhib-
ited similar ASPR values in both 1990 and 2021, despite 
significant fluctuations in-between. Except from Swe-
den, Greece, and the UK, all the other countries slightly 
decreased the ASPR for edentulism. For this reason, most 
TPC were presented as negative values. Our results sug-
gest that most countries in the EU have improved their 
dental healthcare systems, contributing to a decrease 
in the ASPR of edentulism over the past three decades. 
However, the increase in ASPR observed in Sweden, 
the UK, and Greece may indicate a deterioration in oral 
healthcare or inconsistencies in data collection methods. 
Potential reasons for the worsening ASPR in these coun-
tries since 1990 could include reduced access to afford-
able dental care, shifts in public health policies, economic 
constraints affecting dental services, or demographic 
changes leading to higher-risk populations.
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Sweden, Denmark, Spain, and Malta consistently 
showed the lowest ASPR rates over the study period. 
In Sweden, where dental care is free for those under 24, 
mean tooth loss ranged from 0.4 to 1.8 between 1972 
and 2002 [65] and edentulism dropped from 16% in 1973 
to 0.3% by 2013, mainly due to reductions in caries and 
periodontitis [66]. Denmark’s low rates may be linked 
to major reforms, starting with the 1986 Act on Dental 
Care, which expanded services and integrated dental care 
into primary healthcare by 2005, reducing oral diseases 
[67–69]. Spain maintained low ASPR rates, supported 
by a comprehensive national oral health plan, univer-
sal healthcare coverage, and a strong focus on preven-
tive care [46, 70–72]. Although the 2008 economic crisis 
impacted vulnerable groups, Spain’s strong healthcare 
system helped sustain low rates of edentulism [73]. In 
contrast, Poland had the highest ASPR through 2013 and 
again in 2020–2021. After its 1990 s market transition, 
it introduced reforms to modernize healthcare, improve 
access, and promote preventive and oral care [74, 75], 
including subsidized dental services for children and 
low-income families and incentives for dentists in under-
served areas [34]. Despite this, Poland remained highest 
in ASPR of edentulism, reflecting persistent challenges in 
reducing tooth loss and improving oral health [70, 76].

Given the paucity of epidemiological research on eden-
tulism and tooth loss in numerous European countries 
[55], this study represents a significant contribution to 
the existing literature. It is the first study to comprehen-
sively report trends in the prevalence rate of edentulism 
and the related health inequalities within all EU mem-
ber states. The paper employs several methodological 
strengths. The inclusion of a 31-year follow-up period, 
ranging from 1990 to 2021, adds a longitudinal dimen-
sion, providing a thorough examination of how edentu-
lism and its inequalities have evolved over time. One of 
the strengths of our paper is the utilization of very recent 
data and estimates from the GBD 2021, ensuring that 
our findings are based on the most current and reliable 
information available. The decision to use age-standard-
ized rates enhances the study’s reliability, offering a more 
harmonized and validated measure for cross-country and 
temporal comparisons. Another noteworthy strength lies 
in the methodology’s incorporation of three inequality 
measures: the GC, SII, and ASPR ratios. This multifac-
eted approach enables a nuanced interpretation of how 
inequalities manifest throughout the years. Furthermore, 
the inclusion of sex-specific analysis adds depth to the 
findings, by focusing on the differential impact of eden-
tulism and its inequalities across sexes, and both sexes 
together.

It is, however, of the utmost importance to acknowl-
edge and address the limitations of the present study. The 
GBD estimates include issues related to the availability 

of primary data, variations in case definitions, non-
standardized measurement methods, collinearity prob-
lems, and inconsistencies in prevalence rates [1]. As we 
utilized data from the GBD study, some of their limita-
tions are inherently present in our analysis, as detailed 
in the source publication [77]. The GBD data, estimated 
using mathematical models and data from neighbor-
ing countries, may exhibit deviations and biases due 
to varying data quality and economic conditions across 
countries, leading to potential heterogeneity in edentu-
lism estimates. The observed fluctuations in edentulism 
prevalence may reflect methodological artifacts related 
to variations in data availability, modeling assumptions, 
or estimation procedures used by the GBD study, rather 
than true changes in population-level morbidity. Fur-
thermore, the approach of employing an overlapping 95% 
UI to assess statistical significance has its strengths and 
weaknesses. While effective in confirming significance 
when two countries do not overlap, it may lead to poten-
tial bias when there is slight overlap, possibly resulting in 
falsely claiming absence of significance. Thus, it is crucial 
to recognize the limitations of relying solely on UIs for 
determining statistical significance. Even with this limita-
tion, using the 95% UI is still more favorable than the 95% 
CI because it incorporates model uncertainty, making it 
a more significant measure. Another limitation is related 
to the ratio of ASPR being assessed using only the high-
est and the lowest-country for each year. To enhance the 
robustness of our findings, we performed cross-compar-
isons among all countries in 2021 and incorporated GC 
and SII to provide more accurate measures of inequal-
ity. It is important to note, however, that our study did 
not delve into subnational inequality analysis, a critical 
aspect given the presence of intra-country inequalities. 
However, these estimates are not currently estimated by 
the GBD for the EU. Future studies should prioritize sub-
national analyses to gain a more nuanced understanding 
of healthcare needs within specific regions of a country.

Conclusions
Our analysis of the age-standardized prevalence rates 
of edentulism in the European Union reveals significant 
levels of inequalities between member states over the 
past three decades. The prevalence rates between 1990 
and 2021 show a remarkable degree of stability between 
countries, but we identified important peaks during this 
period. However, the prevalence fluctuations around the 
years 2000 and 2007, followed by a subsequent overall 
decrease between 2007 and 2013, highlight a dynamic 
nature in the trends of edentulism prevalence. The 
inequalities in edentulism prevalence reached a peak in 
2005, escalating even further in 2010, with the highest 
rate country exhibiting a prevalence 5 times higher than 
the lowest rate country. The male population showed a 
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higher level of inequality when compared to the female 
population. This high level of inequality underscores the 
need for targeted interventions and policy measures to 
address oral health inequalities across European nations. 
It is encouraging, however, to observe a reduction in 
these inequalities by 2021, with the highest rate country 
having a prevalence only 2.33 times higher than the low-
est rate country. These findings prompt reflection on the 
potential impact of various factors, including socio-eco-
nomic factors, healthcare policies, and public awareness 
initiatives, on the prevalence of edentulism. It is crucial 
for policymakers and public health officials to consider 
employing evidence-based strategies to further narrow 
the existing gaps in oral health outcomes.
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