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Abstract

Government and nongovernmental organizations need national and global estimates on the descriptive epidemiology of common oral
conditions for policy planning and evaluation. The aim of this component of the Global Burden of Disease study was to produce estimates
on prevalence, incidence, and years lived with disability for oral conditions from 1990 to 2017 by sex, age, and countries. In addition, this
study reports the global socioeconomic pattern in burden of oral conditions by the standard World Bank classification of economies as
well as the Global Burden of Disease Socio-demographic Index. The findings show that oral conditions remain a substantial population
health challenge. Globally, there were 3.5 billion cases (95% uncertainty interval [95% UI], 3.2 to 3.7 billion) of oral conditions, of which
2.3 billion (95% UI, 2.1 to 2.5 billion) had untreated caries in permanent teeth, 796 million (95% Ul, 671 to 930 million) had severe
periodontitis, 532 million (95% UI, 443 to 622 million) had untreated caries in deciduous teeth, 267 million (95% Ul, 235 to 300 million)
had total tooth loss, and 139 million (95% UIl, 133 to 146 million) had other oral conditions in 2017. Several patterns emerged when
the World Bank's classification of economies and the Socio-demographic Index were used as indicators of economic development. In
general, more economically developed countries have the lowest burden of untreated dental caries and severe periodontitis and the
highest burden of total tooth loss. The findings offer an opportunity for policy makers to identify successful oral health strategies and
strengthen them; introduce and monitor different approaches where oral diseases are increasing; plan integration of oral health in the
agenda for prevention of noncommunicable diseases; and estimate the cost of providing universal coverage for dental care.
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It is also important to assess whether there is a global socio-
economic pattern in the distribution of oral conditions. For a
long time, various international agencies, such as World Health
Organization (WHO), World Bank, UNICEF, and United
Nations Development Program, have made health inequalities
a priority issue (Ruger and Kim 2006). Several high-income
countries now incorporate reducing health inequalities in their
health policies. However, there is no global problem definition
of oral health inequalities due to a lack of comparable data. To
date, there is no comprehensive study to assess inequalities
among high-, middle-, and low-income countries.

The aim of this component of the GBD study was to pro-
duce estimates on the prevalence, incidence, and years lived

Introduction

The Global Burden of Disease (GBD) study has demonstrated
consistently that oral health represents a major neglected
global population health challenge (Marcenes et al. 2013;
Kassebaum et al. 2017). The GBD 2015 findings were used to
advocate for integrating oral conditions with noncommunica-
ble disease prevention and including dental services in univer-
sal health coverage (Peres et al. 2019; Watt et al. 2019).
Government and nongovernmental organizations will need
ongoing national and global evidence on the descriptive epide-
miology of common oral conditions.

The GBD study data and analytic tools provide a chance to
evaluate progress toward oral health goals across all world
geographies and over time in a comparable fashion. Data from

the GBD study also offer the opportunity to identify countries
achieving major success toward oral health goals, thereby
helping to identify successful oral health strategies to reduce
the burden of oral conditions. The GBD study alse indicates
the countries with the greatest needs for action and the health
conditions causing the highest burden (GBD 2017 DALY's and
HALE Collaborators 2018).

*Collaborators are listed in the Contributing Authors section at the end
of this article.

A supplemental appendix to this article is available online.
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with disability (YLDs) for untreated dental caries, severe peri-
odontitis, and total tooth loss in 1990 and 2017 by sex, age, and
countries. In addition, the study reports the global socioeco-
nomic pattern in the burden of oral conditions by GBD
Sociodemographic Index (SDI) and World Bank classification
of economies. This report supersedes the GBD 2010 and 2015
reports.

Method

The GBD 2017 study gathered data on untreated dental caries,
severe periodontitis, total tooth loss, and limited data on other
oral disorders for 195 countries and territories. Details about
the full GBD methodology can be found in the GBD capstone
manuscripts (GBD 2017 DALYs and HALE Collaborators
2018: GBD 2017 Disease and Injury Incidence and Prevalence
Collaborators 2018). This report outlines the methods in rela-
tion to oral conditions. The technical aspects of the modeling
undertaking are detailed in the Appendix. This report adheres
to the GATHER statement (Guidelines for Accurate and
Transparent Health Estimates Reporting; Stevens et al. 2016).

Data Input

Data to inform models for oral conditions were from systematic
reviews on the epidemiology of each oral condition (Kassebaum
ct al. 2014a, 2014b, 2015), which were updated for this new
iteration of the project. For the GBD 2017 study, a major effort
to identify unpublished survey reports was carried out in part-
nership with the WHO Oral Health Program. Chief dental offi-
cers and regional WHO officers were contacted and asked to
provide any survey carried out in their countries/regions.

The case definitions and their associated disability were in
line with earlier reports (Marcenes et al. 2013; Kassebaum
et al. 2017). Briefly, case definitions were as follows:

Untreated caries: “a lesion in a pit or fissure, on a smooth
tooth surface, has an unmistakable cavity, undermined
enamel, or a detectably softened or floor or wall (coronal
caries), or feel soft or leathery to probing (root caries).”

Severe periodontitis: “a gingival pocket depth equal or
more than 6 mm, or Community Periodontal Index of
Treatment Needs (CPITN) also referred as Community
Periodontal Index (CPI) score of 4, or a clinical attach-
ment loss (CAL) more than 6 mm.”

Total tooth loss: “complete loss of natural teeth.”

The last condition could be assessed either via clinical exami-
nation or self-reports. Only surveys based on random samples
taken from national or regional populations—with acceptable
response (>50%) and attrition (<50%) rates and reporting prev-
alence and/or incidence data—were included. Further method-
ological details, including selection criteria and data
availability, can be found in the Appendix. The sources of data
are listed in the Global Health Data Exchange (http://ghdx
‘healthdata.org).

Countries were classified by economic development
according to the standard World Bank classification of econo-
mies (high-, upper-middle-, lower-middle-, and low-income
countries) and the GBD SDI. The SDI is the geometric average
of 3 rescaled components: average income, average educa-
tional attainment for those =15 y old, and number of births per
woman aged 10 to 24 y. SDI scores were scaled from 0 (lowest
values) to 1 (highest values). Countries were then organized
into quintiles of the SDI distribution (GBD 2017 DALY's and
HALE Collaborators 2018).

Data Modeling

Estimates of prevalence, incidence, and remission were gener-
ated with DisMod-MR 2.1, a Bayesian metaregression tool that
ensures consistency among estimates (Flaxman et al. 2015).
Further DisMod-MR 2.1 details, as applied to modeling oral
conditions, are contained in the Appendix. The full time series
(1990 to 2017) was recalculated to produce comparable esti-
mates for trends.

The key population metric in the GBD study is disability-
adjusted life years (DALY's), which are estimated as the sum of
the years of life lost due to premature montality and YLDs
(Murray et al. 2012; GBD 2015 DALYs and HALE
Collaborators 2016; GBD 2017 DALYs and HALE
Collaborators 2018). Since death as a direct result of oral con-
ditions is rare, it is assumed that they do not lead to years of life
lost. All DALY's estimates for oral conditions thus reflect
YLDs only. YLDs are calculated by multiplying frequency
(prevalence), severity (disability weight), and duration of the
condition (Salomon et al. 2012; Salomon etal. 2015). The dis-
ability for untreated symptomatic caries was defined as “a
toothache, which causes some difficulty eating.” Untreated
caries was classified as asymptomatic, mild, and severe. It was
assumed that those with mild disability have episodic pain last-
ing 1 h/d. Severe disability were modeled as an “initial” stage
of episodic pain and a “terminal” stage of constant pain, the
length of which was determined by performing log-normal dis-
tribution of symptom duration from casualty ward studies
(Kassebaum et al. 2017). The distribution of the sequelae for
untreated caries was calculated via meta-analyses of the pro-
portion of individuals with symptomatic caries and the dura-
tion of their symptoms (Appendix). The disability for severe
periodontitis and total tooth loss were, respectively, “bad
breath, a bad taste in the mouth, and gums that bleed a little
from time to time, but this does not interfere with daily activi-
ties” and “great difficulty in eating meat, fruits, and vegeta-
bles.” All cases with severe periodontitis and total tooth loss
were assumed to be symptomatic. The presence of comorbidity
in each age group, sex, geography, and year was estimated
through microsimulations. YLDs for each comorbid condition
were then adjusted proportionally.

One DALY (YLDs = DALY's for oral conditions) reflects a
year of “healthy life” lost due to diseases or injuries, whereas
the sum of DALY’ reflects the gap between the population’s
current health status and an ideal situation where people live
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the standard life expectancy in full health (i.e., disease-free;
GBD 2017 DALYs and HALE Collaborators 2018). The
DALY s metric is commonly used to identify the top causes of
burden and monitor changes over time (GBD 2017 DALY's and
HALE Collaborators 2018). We report YLDs and YLD rates
(per 100,000 population), prevalent and incident cases, and
age-standardized prevalence and incidence (per 100). Age
standardization, based on the GBD reference population (GBD
2017 Mortality Collaborators 2018), was used to account for
variations in population size and age structure (GBD 2015
DALYs and HALE Collaborators 2016). Percentage change,
[(estimate,,, — estimate ) / estimate, ,, ] x 100, was used to
assess trends.

Uncertainty in all estimates was derived from 1,000 draws
at every step of the computational process. Uncertainty comes
from sampling error in data sources, the distribution of condi-
tion severity and disability weights, and model coefficients.
The final estimates are calculated as the average across the
1,000 draws, with the 95% uncertainty interval (UL) computed
as percentiles 25th and 975th in the distribution (GBD 2017
Disease and Injury Incidence and Prevalence Collaborators
2018).

Results

No gender differences at the global level were identified.
Therefore, results are presented for both sexes together. The
global patterns in prevalence and incidence of oral conditions
by age in 2017 are depicted in Figure 1. Estimates for 1990 are
reported in Appendix Table 11. The prevalence of untreated
caries in deciduous teeth peaked at age 5 y, and that in perma-
nent teeth was the highest at age 20 to 24 y. The prevalence of
severe periodontitis peaked at age 60 to 64 y. For total tooth
loss, it increased up to age 85 to 89 y and then flattened out.
The geographic distribution of the burden of oral conditions is
presented in Figure 2. Country-level data are presented in
Appendix Tables 12 to 17.

Untreated Dental Caries in Deciduous Teeth

The age-standardized prevalence of caries in deciduous teeth
was 7.8% (95% Ul, 6.5% to 9.1%) in 2017, while the number
of prevalent cases was 532 million (95% Ul, 443 to 622 million;
Table 1). Their corresponding percentage changes between
1990 and 2017 were —7.9% (95% UI, -9.8% to —6.6%) and
1.3% (95% UL, —-0.9% to 3.0%: Table 2). The age-standardized
YLD rate was 2.0 per 100,000 population (95% UL, 0.9 to 4.1)
in 2017, and the number of all-ages YLDs was 0.1 million
(95% UL 0.06 to 0.3 million). Their corresponding percentage
changes were —9.0% (95% UL, —11.0% to —7.3%) and 0.2%
(95% Ul, -2.3% to 2.2%) between 1990 and 2017.

In 2017, the lowest numbers of prevalent cases and all-ages
YLDs were observed in high-income countries (41 million cases
[95% UL 32 to 49 million] and 0.02 million YLDs [95% UL
0.01 to 0.03 million]) and the highest in lower-middle-income
countries (265 million cases [95% UL, 222 to 311 million] and

0.06 million YLDs [95% UL, 0.03 to 0.13 million]). Similarly,
the lowest age-standardized prevalence and YLD rate were
found in high-income countries (6.1% [95% Ul, 4.8% to 7.3%)]
and 2.3 per 100,000 population [95% UL, 1.0 to 4.6], respec-
tively; Table 3).

Between 1990 and 2017, the percentage change in the num-
ber of prevalent cases and all-ages YLDs decreased in high- and
upper-middle-income countries and increased in low- and
lower-middle-income countries. The age-standardized preva-
lence and YLD rate decreased in all World Bank groups of
countries; however, it decreased the least in low-income coun-
tries (Table 3). A similar pattern emerged with the SDI as the
measure of economic development: the number of prevalent
cases and all-ages YLDs decreased in high, high-middle, and
middle SD1 countries and increased in low-middle and low SDI
countries. Decreases in age-standardized prevalence and YLD
rate were observed in all SDI quintiles of countries (Table 4).

Untreated Caries in Permanent Teeth

The age-standardized prevalence of caries in permanent teeth
was 29.4% (95% UL, 26.8% to 32.2%) in 2017, while the num-
ber of prevalent cases was 2.3 billion (95% UL 2.1 to 2.5 billion;
Table 1). Their corresponding percentage changes between
1990 and 2017 were —8.8% (95% UL, —9.5% to —7.9%) and
35.9% (95% UL, 33.5% to 38.3%; Table 2). The age-standardized
YLD rate was 20.7 per 100,000 population (95% UL, 8.9 to
39.2) in 2017, while 1.6 million all-ages YLDs (95% UL, 0.7 to
3.1 million) were due to untreated caries in permanent teeth.
Their corresponding percentage changes were —11.9% (95%
UL, ~13.4% to —10.3%) and 32.0% (95% Ul, 29.3% to 34.8%)
between 1990 and 2017.

In 2017, the lowest numbers of prevalent cases and all-ages
YLDs were found in low- and high-income countries (198 mil-
lion cases [95% UL, 179 to 219 million] and 386 million cases
[95% UI, 355 to 420 million] and 0.1 million YLDs [95% UI,
0.1 to 0.2 million] and 0.4 million YLDs [95% UL 0.2 to 0.7
million], respectively), while the highest were found in lower-
and upper-middle-income countries (943 million cases [95%
UL, 855 to 1,035 million] and 768 million cases [95% Ul, 702
to 839 million] and 0.6 million YLDs [95% UL, 0.3 to 1.1 mil-
lion] and 0.5 million YLDs [95% Ul 0.2 to 1.1 million]). The
lowest age-standardized prevalence and YLD rate were found
in upper-middle- and high-income countries (27.4% [95% UL,
24.9% to 30.1%] and 29.5% [95% UI, 27.1% to 32.3%] and
19.7 per 100,000 population [95% UL, 8.5 to 37.4] and 28.3 per
100,000 population [95% UL, 12.3 to 54.6]), while the highest
rates were found in low- and lower-middle-income countries
(33.4% [95% UL, 30.6% to 36.3%] and 30.4% [95% Ul, 27.8%
to 33.4%] and 19.4 per 100,000 population [95% Ul, 8.4 to
36.3]) and 18.6 per 100,000 population [95% UL, 8.1 to 35.0]).
Between 1990 and 2017, it was found that the lower the World
Bank income group, the higher the increase in the number of
prevalent cases and all-ages Y LDs. Although the age-standard-
ized prevalence and YLD rate decreased in all World Bank
groups of countries, it decreased the least in low-income
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Figure 1. Global age pattern of prevalence and incidence of untreated caries in deciduous teeth, untreated caries in permanent teeth, severe
periodontitis, and total tooth loss in 2017 for both sexes combined.

countries (Table 3). When the SDI was used, the number of were observed in low SDI quintiles. In addition, it was found
prevalent cases and all-ages YLDs was the highest in the mid- that the higher the SDI quintile, the smaller the percentage
dle SDI quintile and the lowest in the high and low SDI quin- change in number of prevalent cases and all-ages YLDs. The
tiles. The highest age-standardized prevalence and YLD rate age-standardized prevalence and YLD rate decreased in all
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All-ages YLDs per 100,000 population for all oral conditions combined in 2017
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Figure 2. World map of all-ages YLDs and age-standardized YLD rates (per 100,000 population) for all oral conditions combined in 2017 for both
sexes. YLDs, years lived with disability.
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Table 1. Global Estimates of Burden of Oral Conditions in 2017.
All Ages (Mo. of Cases) Prevalence (Millions) Incidence (Millions) YLDs (Millions)
All oral conditions 3,467 (3,272 o 3,676) 3,600 (3,233 to 3,992) 18.3 (10.9 to 28.3)
Untreated caries in deciduous teeth 532 (443 to 622) 1,058 (756 to 1,401) 0.1 (0.06 to 0.3)
Untreated caries in permanent teeth 2,302 (2,105 to 2,526) 2,452 (2,234 to 2,665) 1.6 (0.7 to 3.1)
Severe periodontitis 796 (671 to 930) 71 (62 to 81) 52 (20t 10.7)
Total tooth loss 267 (235 to 300) 18 (16 to 21) 7.3 (4.9 to 104)
Other oral conditions 139 (133 to 146) 40 (2.5t0 5.9)
Age Standardized Prevalence (per | 00) Incidence (per 100) YLD Rate (per 100,000)
All oral conditions 45.0 (42.3 o 47.6) 48.3 (43.1 to 53.9) 2288 (1375w 353.7)
Untreated caries in deciduous teeth 78 (6.5t 9.1) 155 (11.1 to 20.5) 20 (09 o 4.1)
Untreated caries in permanent teeth 29.4 (26.8 to 32.2) 31.6 (28.7 to 34.4) 20.7 (8.9 to 39.2)
Severe periodontitis 98 (8.2to | 1.4) 0.9 (0.7 to 1.0) 63.5 (25.0 to 130.3)
Total tooth loss 33 (29w 3.7) 02(02 to 0.2) 91.7 (61.3 to 129.9)
Other oral conditions 1.8 (1.7 to 1.9) 509 (31.8to 74.7)
Number of prevalent and incident cases and YLDs, as well as age-standardized prevalence, incidence, and YLD rate, in 2017 for untreated caries,
severe periodontitis, total tooth loss, other oral conditions, and all oral conditions combined, globally. Values in brackets correspond to the 95%
uncertainty interval.
YLDs, years lived with disability.
Table 2. Percentage Change in Global Estimates of Burden of Oral Conditions between 1990 and 2017.
All Ages (No. of Cases) Age Standardized

Prevalence Incidence YLDs Prevalence Incidence YLD rate
All oral conditions 383 (36410 403) 314 (29.1 co 34.4) (6521070.5) -55(-60tw 49 -03(-1.1to06  -40 (-57t0-24)
Untreated caries in deciduous teeth 1.3 (-0.9 to 3.0) 87 (63t 112) (-23t02.2) -79(-9Btw —66) -22(-39%tc-04) -90(-11.0w -7.3)
Untreated caries in permanent teeth 359 (33.5 o 383) 429 (40.1 to 45.5) (29.3 to 348) -BE(-95w -719) 06 (-05t0 1.8 ~11.9(-13.4 w0 -10.3)
Severe periodontitis 90.1 (87.4 o 92.5) 79.0 (755 to BL.6) (874 to 92.6) 5.8 (49 w0 6.6) 43 (3310 5.3) 60 (52w 6.8)
Total tooth loss 755 (74210 769) 722 (70.1 to 74.3) (74210769) -104 (-11210-96) -80 (-B6to-73) —I10.1 (-10.9 to -9.3)
Other oral conditions 53.8 (525 to 55.2) (52.1 to 55.0) 0.0 (-0.2 10 0.2) 02 (0.1 to 0.6)

Percentage change in number of prevalent and incident cases and YLDs, as well as age-standardized prevalence, incidence, and YLD rate, between
1990 and 2017 for untreated caries, severe periodontitis, total tooth loss, other aral conditions, and all oral conditions combined, globally. Values in

brackets correspond to the 95% uncertainty interval.
YLDs, years lived with disability.

SDI quintiles of countries, but the smallest decrease was in the
low and middle SDI quintiles (Table 4).

Severe Periodontitis

The age-standardized prevalence of severe periodontitis was
9.8% (95% UL, 8.2% to 11.4%) in 2017, while the number of
prevalent cases was 796 million (95% UL 671 to 930 million;
Table 1). Their corresponding percentage changes between
1990 and 2017 were 5.8% (95% UL, 4.9% to 6.6%) and 90.1%
(95% Ul, 87.4% to 92.5%; Table 2). The age-standardized
YLD rate was 63.5 per 100,000 population (95% Ul, 25.0 to
130.3) in 2017, while 5.2 million all-ages YLDs (95% UL 2.0
to 10.7 million) were attributed to severe periodontitis. Their
corresponding percentage changes were 6.0% (95% UL, 5.2%
to 6.8%) and 90.2% (95% UL, 87.4% to 92.6%) between 1990
and 2017.

In 2017, the lowest numbers of prevalent cases and all-ages
YLDs were observed in low-income countries (40 million
cases [95% UL, 33 to 46 million] and 0.3 million YLDs [95%
UL, 0.1 to 0.5 million]) and the highest in lower-middle-income
countries (328 million cases [95% UL, 279 to 380 million] and

2.1 million YLDs [95% Ul, 0.8 to 4.3 million]). The lowest
age-standardized prevalence and YLD rate were found in high-
income countries (6.6% [95% UL, 5.5% to 7.8%] and 42.8 per
100,000 population [95% Ul, 16.9 to 87.9], respectively) and
the highest in lower-middle-income countries (12% [95% Ul,
10.3% to 13.9%] and 77.7 per 100,000 population [95% UI,
30.8 to 157.5]). Between 1990 and 2017, a trend was seen in
the percentage change in the number of prevalent cases and
all-ages YLDs, with the largest increase in low-income coun-
tries. Moreover, the age-standardized prevalence and YLD rate
decreased in high-income countries while they increased in
upper-middle-, lower-middle-, and low-income countries
(Table 3). Similar findings were found when the SDI was used
as the measure of economic development (Table 4).

Total Tooth Loss

The age-standardized prevalence of tooth loss was 3.3% (95%
Ul, 2.9% to 3.7%) in 2017, while the number of prevalent
cases was 267 million (95% UI, 235 to 300 million; Table 1).
Their corresponding percentage changes between 1990 and
2017 were —10.4% (95% UL, —11.2% to -9.6%) and 75.5%
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Table 3. Estimates of Burden of Oral Conditions by World Bank Income Groups.

All Ages (No. of Cases) Percentage Change 19%0 to 2017 Age Standardized Percentage Change 19%0 to 2017
Prevalence Prevalence YLD Rate
(Millions) YLDs (Millions)  Prevalence Y¥LDs (per 100) (per 100,000) Prevalence Y¥LDs
High-income countries
All oral conditions 534 38 140 19.9 412 2230 -82 -156
(507 to 563) (24105.7) (1240 155) (1861t021.2) (3B7to437) (1384w 3378) (-9.1to-73) (172t -144)
Untreated caries in deciduous 41 0.02 -125 -13.6 6.1 23 —6.4 -7l
teeth (32 to 49) 001t 003) (-163to-96) (174w -100) (48ta’d) (1.0 to 4.6) (-10.1te-3.0) (-11.3te-33)
Untreated caries in permanent 386 0.4 15 9.5 295 28.3 9.0 -104
teeth (355 to 420) (0210 0.7) (9310 137) (F3w 119  (27110323) (123tw546) (-102t0-79) (-11.8ro-9.1)
Severe periodontitis 12 0.7 237 23.1 66 428 —-14.3 -14.4
(93 to 132) (0.3 o 1.5) (200te278) (19410 27.0) (55 ta7.8) (1690 879) (-163to-122) (-163w-12.3)
Total tooth loss 74 20 203 19.9 36 99.0 -237 -236
(65 to B3) (1410 29) (1891t0218) (185t0214) (3.1 to4.0) (65810 1412) (-24910-224) (-24Bro-2213)
Other oral conditions 24 0.7 244 238 18 50.7 -0.3 -0.2

(23 o 25) (0.4 to 1.0) (233 t025.5 (225w 25.1) (1.7 to 1.8) (3.7 10 752) (0.4 to —0.1) (~0.8 to 0.4)
Upper-middle-income countries

All aral eonditions 1,190 74 243 763 439 2364 -55 -0.6
(1121t 1,263) (45¢ta |1.4) (213te277) (72010 804) (41.3to466) (1443w 3635 (64ro-446) (-1 4ta0d)
Untreated caries in deciduous 150 0.04 -26.6 -249 85 24 -6.8 -4.6
teeth (125to I75) (00210 0.08) (-295to-247) (-278tw-228) (7.1 to 10.0) (10to47) (=101 to-45) (8.1 to -2.0)
Untreated caries in permanent 768 0.5 20.6 205 274 19.7 -9.3 -9l
teeth (702 to B39) (02 L1) (167 t247)  (170to245) (24.5to0 30.0) (8.5 to 37 4) (-1040-81) (-10.1 o -79)
Severe periodontitis 314 20 98 .4 983 9.4 615 5.1 5.4
(262 to 372) (0.8 10 4.2) (930 to 103.6) (927t 1035) (F2toll.l) (24210 1269) (4010 62) (4210 6.4)
Total tooth loss 120 33 103.6 103.6 37 1017 -9 =24
(106 to 135) (22w 47y  (10L.1ta 1060) (1011 to 106.0) (33ta4l) (68.0to 1444) (-34to0-14) (3.0t -18)
Other oral conditions 51 1.5 424 41.7 1.8 512 0.0 0.2

(49 to 54) (0.9t 22) (40.3te0447)  (395to ) (1.7ta 1.9) (319 ta 75.5) (~0.1 ta O.1) (0.3 ta0.7)
Lower-middle-income countries

All oral conditions 1,434 6.1 55.4 100.0 47.0 2264 =57 42
(1,347 o 1,525) (3.5 w0 9.7) (53.1to58.0) (966 to 103.5) (443t0499) (132210 356.6) (-6.5t0-5.0) (34 to 5.0
Untreated caries in deciduous 265 0.06 15.0 156 7.9 19 -8.3 -78
teeth (222te3ll)  (003t0 0.13) (12.7te 176 (127te187) (6.6 t09.3) (08 to 3.8) (-10.0 te -6.5) (-100to-5.7)
Untreated caries in permanent 943 0.6 55.1 552 30.4 18.6 -lo5 -10.2
teeth (855 to 1,035) (0.3 to L.1) (524t057.9) (525t058.0) (27.81t0334) (8.1 to 35.0) (-11.5t0-9.3) (-112to-8.9)
Severe periodontitis 328 21 7o 1174 120 77.7 76 8.0
(279 to 380) (0Bo43) (l144tol1194) (1147 to1198) (103t 139) (30Bto|575) (6.2 0 8.9) (6.61t09.2)
Total tooth loss 65 1.8 130.4 1309 29 77.4 6.9 7.4
(57 to 74) (1.2to25)  (128.3to 1325) (128610 133.2) (L5103.2) (512 to 108.6) (5.9 to 7.8) (6.3 to 8.4)
Other oral conditions 54 1.5 775 7.6 1.8 50.7 0.2 05

(51 to 56) (10t23) (763t0787) (760t0792) (L7wl9) (17t0745 (001003 (0.1t L)

Low-income countries

All eral conditions 296 0.9 100.9 1158 47.4 194.0 -14 35
(27610 318) (05w 1.4 (990 to 1027) (1135te 117.9) (447 w0503) (1143 to3056) (-20t0-07) (27 to4.3)
Untreated caries in deciduous 75 0.02 8Ll 82.1 75 17 =34 =29
teeth (61 toBB) (001 o 0.03) (769w B46) (765 o BTE) (6.1 to 8.8) (0.7 to 3.5) (-5.3 o - 1.&) (-5.7to0.1)
Untreated caries in permanent 198 LAl 1047 105.8 334 19.4 -3 -25
teeth (17910 219) 01tw02) (1022t 107.1) (102.9t0 108.4) (30.6 o 36.3) (84 1o 36.3) (~4.1 1o -2.0) (-38to-1.3)
Severe periodontitis 40 0.3 1258 127.4 9.6 &1.8 6.6 73
(33to 46) 0005 (1222w 1294) (1236t0131.0) (Bl lll) (2440 1248) (55t 7.7) (6.0 o B.5)
Total tooth loss 8 0.2 les 183 22 60.3 4.0 4.6
(Te9) 00tw03) (139w 12000) (11480 1220) (20t0l)) (40.3 to 85.5) (3.1 to 5.0) (3410 5.9)
Other aral eonditions 10 03 1096 o9 1.8 50.7 0.0 0.6
(9 o 10) (02t 04) (1090 1100) (1050t 112.6) (1.7 to 1.B) (31.9 1o 74.8) (0.1t 00) (0.2 te 1.3)

Number of prevalent cases and YLDs and age-standardized prevalence and YLD rates in 2017, as well as percentage change between 1990 and 2017,
for untreated caries, severe periodontitis, total tooth loss, other oral conditions, and all oral conditions combined, by World Bank income groups.
Values in brackets correspond to the 95% uncertainty interval.

YLDs, years lived with disability.

(95% UL, 74.2% to 76.9%: Table 2). The age-standardized to —9.3%) and 75.5% (95% Ul, 74.2% to 76.9%) between 1990
YLD rate was 91.7 per 100,000 population (95% Ul, 61.3 to and 2017.

129.9) in 2017, while 7.3 million all-ages YLDs (95% Ul 4.9 In 2017, the lowest numbers of prevalent cases and all-ages
to 10.4 million) were attributed to total tooth loss. Their cor- YLDs were observed in low-income countries (8 million cases
responding percentage changes were —10.1% (95% UI, -10.9%  [95% UI, 7 to 9 million] and 0.2 million YLDs [95% UL, 0.1 to
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Table 4. Estimates of Burden of Oral Conditions by SDI Quintiles.

All Ages (No. of Cases)

Percentage Change 1990 to 2017

Age Standardized

Percentage Change 1990 to 2017

Prevalence Prevalence (per YLD Rate (per
(Milliens)  YLDs (Miliens)  Prevalence YLDs 100) 100,000) Prevalence YLD Rate
Low SDI quintile
All aral eonditions 597 1.9 8l4 1128 487 2015 -8 57
(558 to 640) (L1t 3.0) (7900 838) (1095co 1157) (459w 51.7) (115.0ta324.1) (37 te-2.1) (4.6t06.6)
Untreated caries in deciduous 137 0.03 49.0 49.8 78 18 -5.4 -4.9
teeth (H3to 161)  (0.00 o 0.06) (45210 526) (44.6 to 54.9) (6.4 10 9.2) (0.8tois) (-T410-35) (BO0ro-19)
Untreated caries in permanent 399 0.2 85.6 86.3 332 19.3 6.2 -57
teeth (360 to 440)  (0.00 to 0.04) (B3] 0 B7.8) (Bl4toB890) (303w 362) (B4wodel) (75te-51) (-72te-45)
Severe periodontitis 104 0.7 127.6 128.6 1.7 75.6 94 10.1
(88 to 122) (03w 14 (1235w 1311) (1245t0 1324) (99w 13.6) (29Bto1547) (75twe 110) (B0roll.6)
Total toath loss 15 0.4 1357 137.1 20 542 87 96
(13ta 17) (03w 06 (1324w 1392) (13260 1413) (18w 2d) (35.9ta 76.7) (T4 1o 99) (THrall.l)
Other oral conditions 20 0.6 97.6 98.5 1.8 50.6 02 08
(191t 21) (0.4 1o 0.9) (96.9 10 983)  (96.5to 100.7) (1.7 to 1.8) (31.7ta 742) (0.1 to 0.4) (=01 o 1.7)
Low-middle SDI quintile
All eral conditions 733 32 55.3 100.7 444 2283 -6.0 60
(688 to 780) (1.9t 5.1) (53.0057.9) (573t 1047) (418w 472) (134710 3580) (68to-52) (49ta72)
Untreated caries in deciduous 141 0.03 169 16.8 7.3 17 =115 =115
teeth (18ro 166) (001 ta0.07) (14Bra193) (13.5 e 20.3) (6.1 o B.6) 07ta35) (-129te-99 (-139w-89)
Untreated caries in permanent 467 0.3 54.8 54.6 28.1 le.7 —-10.4 -10.3
teeth (421 to 517) (0.1 12 0.5) (52.0 to 58.0) (51.7to 58.0) (25510 308) (7T3to3l6) (-116te-92) (-115w-89)
Severe periodontitis 169 1.1 Ie 122 1.8 76.7 6.6 70
(144 1o 196) (0422) (1092w |144) (1097 co 1149) (101w 13.7) (303 te 1555 (53 ta8l) (5.6ta85)
Total toath loss 36 1o 137.6 1382 3.0 82.4 128 13.4
(32 to 40) (07w 1.4) (1356t 1398) (1359¢c0 1405) (27t 34) (548toll59) (119tal137) (124t l44)
Other oral conditions 29 0.8 775 777 1.8 50.7 02 06
(27 o 30) (0.5t 1.2) (76.3ta 787) (75.7 ta 79.4) (1.7 to 1L.B) (317 ta 74.4) (00 to0.4) (02t 1 4)
Middle SDI quintile
All oral conditions e8| 5.3 357 95.6 46.4 2372 -38 44
(92610 1040) (3210 8.3) (327t0391) (9030 l1014) (437w 49.1) (1413 t0369.0) (45t0-3.1) (3Bro5.l)
Untreated caries in deciduous 140 0.04 —l44 -11.8 8.7 14 -5.0 21
teeth (I18to 164) (002t00.08) (-168ta-127) (-l46te-94) (73tal0l) (10ta47) (-73te-35) (-5.0ta04)
Untreated caries in permanent 644 0.4 333 357 294 20.3 76 53
teeth (587 o 706) (0.2 1o 0.8) (29410 37.5) (31.7t0 40.2) (26810 323) (BBto3B0) (Be6ro-67) (6.7to-38)
Severe periodontitis 52 1.6 137 1134 10.7 69.6 55 57
(214 to 294) (0634 (108%tal185) (10B3co 11B2) (%9.1tol24) (275to1420) (46to64) (48 to 6.6)
Total tooth loss 75 21 146.4 145.8 34 93.8 8l 85
(66 to 84) (14029 (143310 1495) (1424t 1490) (30w 38) (62510 1330) (7T4to88) (T71092)
Other oral conditions 39 1.1 538 531 1.8 511 0.l 03
(38 to 41) (0.7 2 1.7) (51.7te562) (50.8 to 55.7) (1.7 o 1.9) (319 ta 75.5) (00 te0.2) (-02ta08)
High-middle SDI quintile
All aral eonditions 639 4.1 221 60.2 446 2384 -6.3 -47
(603 to 677) (2510 6.2) (19510 249) (57.0ta 632) (421tw473) (1468tadb4l) (72te-53) ($62ta-33)
Untreated caries in deciduous 75 002 =270 -16.2 8.8 25 -52 -4.1
teeth (62 to 87) 001 0 0.04) (-294t0-253) (-290to-243) (73tal02) (1l ta 4.9) (82te-30) (75to-16)
Untreated caries in permanent 425 0.3 189 16.0 186 20.9 -10.6 -126
teeth (389 o 464) (0.1 2 0.8) (157 ta224) (1292 19.6) (261t 313) (9.1ta3929) (-ll6ta-93) (-13Bro-110)
Severe periodontitis 158 103 86.0 86.1 8.7 56.9 49 52
(131 to 189) (0.4 2 2.1) (81.7te90.2) (B1.6 ta 90.4) (73to 104) (224t 1165) (I6t06l) (3Bto65)
Total tooth loss 70 1.9 7001 70.4 39 107.1 =102 =97
(61 ta 78) (1.3t 27) (683t 71.9) (68.5 ta 72.3) (3444 (7lbtol516) (-108ta-97) (-104w-9.1)
Other oral conditions 27 0.8 405 40.0 1.8 510 -0.3 0.0
(26 to 29) (0.5t 1.2) (387 0 42.4) (38.0 to 42.1) (1.7 to 1.B) (31.8ta753) (04te-0.1) (~0.6 1o 0.6)
High SDI quintile
All eral conditions 504 7 123 19.4 40.2 2194 -9.3 -162
(478 to 532) (23 1o 5.5) (10.7 to 13.8) (18,1 to 20.8) (37810 42.8) (1360t03328) (-103co-B83) (-177co-149)
Untreated caries in deciduous 37 0.01 -15.0 -15.0 6.0 22 76 =77
teeth (29 to 44) (000 1o 0.03) (-190w-11.6) (-192w0-113) (47w 72) (10to45) (-119tw0-40) (-1221w0-37)
Untreated caries in permanent 360 0.3 8.9 7.7 85 276 -10.3 -l0%
teeth (331 to 391) (0.2 0 0.7) (6.6tall2) (5.4 to 10.0) (261t 31.3) (12010 536) (-1l6te-90) (-122tw-95)
Severe periodontitis 108 0.7 232 226 6.5 421 -15.2 -153
(90 to 127) (0310 1.4) (192 1o 27.6) (186 to 26.9) (5.4 o 7.6) (l66toBeT) (-172t0-131) (-173t0-133)
Total toath loss 71 1.9 203 19.8 ER 96.7 -244 -243
(63 ta 80) (1.3 w0 2.8) (185 to 21.8) (184 to 21.3) (31w 39%) (643to 1381) (-2551te-232) (-255t0-23.0)
Orther oral conditions 23 0.7 235 228 1.8 508 -0.1 -0.1
(22 1o 24) (0.4 o 1.0) (22.3 1o 24.6) (21.5 1o 24.2) (1.7 to 1.8) (31.7t0753) (-03t000) (~0.6 10 0.5)

Number of prevalent cases and YLDs and age-standardized prevalence and YLD rates in 2017, as well as percentage change between 1990 and 2017,
for untreated caries, severe periodontitis, total tooth loss, other oral conditions, and all oral conditions combined, by SDI quintiles. Walues in brackets

correspond to the 95% uncertainty interval.

SDI, Secio-demaographic Index; YLDs, years lived with disability.
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0.3 million]) and the highest in upper-middle-income countries
(120 million cases [95% UL, 106 to 135 million] and 3.3 mil-
lion YLDs [95% Ul 2.2 to 4.7 million]). The lowest age-
standardized prevalence and YLD rate were found in low-income
countries (2.2% [95% UI, 2.0% to 2.5%] and 60.3 per 100,000
population [95% UL, 40.3 to 85.5], respectively) and the high-
est in high-income countries (3.6% [95% UL, 3.1% to 4.0%]
and 99.0 per 100,000 population [95% Ul 65.8 to 141.2]) and
upper-middle-income countries (3.7% [95% Ul, 3.3% to 4.1%)]
and 101.7 per 100,000 population [95% UI, 68.0 to 144.4]).
Between 1990 and 2017, the percentage change in the number
of prevalent cases and all-ages YLDs was the smallest in high-
income countries, while all other World Bank income groups
had larger percentage change. In terms of age-standardized
prevalence and YLD rate, a decrease was observed in high- and
upper-middle-income  countries, while an increase was
observed in lower-middle- and low-income countries (Table
3). Similar findings were found when the SDI was used as the
measure of economic development. The percentage changes in
number of prevalent cases and all-ages YLDs were the smallest
in the high and high-middle SDI quintiles of countries. While
increases in the age-standardized prevalence and YLD rate
were seen in the 3 bottom SDI quintiles, a decrease was
observed in the top 2 SDI quintiles (Table 4).

Discussion

Oral conditions remain a significant public health challenge.
Unmet demand for dental services reached approximately 3.5
billion cases in 2017, and it is likely to keep increasing because
small reductions in age-standardized rates arc not balancing
population growth. Numbers of prevalent cases and all-ages
YLDs estimates (Appendix Tables 12 to 17) are relevant to
identifying countries having the highest population with unmet
demand for dental services. The highest normative need for
dental treatment was mainly in low- and middle-income coun-
tries with large populations. Only 1 high-income country was
ranked inthe top 10 forall 4 conditions. India, China, Indonesia,
Brazil, and United States were in the top 10 countries with the
highest normative treatment need associated with all 4 dental
conditions assessed in this study. Russia was in the top 10 for
all conditions except caries in deciduous teeth. Pakistan and
Bangladesh were also in the top 10 but not for tooth loss. Age-
standardized prevalence and YLD rate offer the potential to
identify countries and systems that were successful or unsuc-
cessful in reducing the burden of oral conditions, independent
of population growth.

Policy makers should seriously consider including dental
care in universal health coverage (Hosseinpoor et al. 2012;
Masood et al. 2015; Mathur et al. 2015). Universal coverage
for dental care based on conventional treatment modalities
(fillings, crowns and bridges, root canal treatment requiring
sophisticated equipment) may be very costly to address the
high prevalence of oral conditions, whereas palliative mea-
sures have no benefit to reduce the impact of oral conditions on
the population. Minimal intervention dentistry could help

tackle such a challenge. Minimal intervention dentistry is the
medical philosophy for oral disease management that focuses
on intercepting disease at early stages (Innes et al. 2019). This
includes the atraumatic restorative technique (Frencken 2017)
and silver diamine fluoride (Fung et al. 2018; Urquhart et al.
2019). These approaches reduce the cost of dental treatment
dramatically, as they do not require expensive dental equip-
ment, thus facilitating the inclusion of dental care as part of the
universal health coverage agenda.

Preventing new cases of dental diseases is crucial to reduce
the burden on health services. Integrated noncommunicable
diseases and oral health promotion focused on tackling
unhealthy behaviors have the potential to reduce dental dis-
cases and mortality rates attributed to cardiovascular disease,
cancer, and diabetes, which are indicators for assessment of
Sustainable Development Goal 3.4. This approach will be
more cost-effective and will avoid duplication and/or conflict-
ing health messages (Sheiham and Watt 2000; Watt et al. 2019).
Oral diseases share risk factors, such as high sugar consump-
tion and tobacco consumption, with these 3 noncommunicable
diseases. Sugar consumption is the main cause of dental caries
(Moynihan and Kelly 2014; Bemabe et al. 2016), and tobacco
consumption is a major cause of periodontal diseases (Nociti
etal. 2015; Leite et al. 2018).

Further data analysis assessed whether there are inequalities
in the distribution of the burden of oral conditions. Hobdell
etal (2003) showed a gradient in caries experience (i.e., higher
in more developed countries) and a reverse gradient in peri-
odontitis according to the Human Development Index. More
recently, El Tantawi etal. (2018) reported that economic devel-
opment was positively associated with caries experience,
although only among children aged 36 to 71 mo. Our GBD
data showed several patterns with the World Bank’s classifica-
tion of economies and the SDI as indicators of economic devel-
opment. To summarize, while more economically developed
countries had the lowest burden of untreated caries and severe
periodontitis (measured in all-ages YLDs), they also had the
greatest burden of tooth loss. The burden of dental caries in
permanent teeth was highest in upper- and lower-middle-
income countries. The nutrition transition has affected the
global distribution of the burden of obesity (Popkin et al.
2012), diabetes (Popkin 2015), and untreated caries in perma-
nent teeth (Moynihan and Petersen 2004), as less economically
developed countries still have a traditional diet low in carbohy-
drates and more economically developed countries have
already reduced their sugar consumption. It is interesting to
note that 1) a clear gradient was observed among the youngest
population (deciduous teeth) and 2) the age-standardized prev-
alence and YLD rate for untreated caries decreased at a higher
rate in high-income countries than in low-income countries
from 1990 to 2017 (Table 3). Thus, it is likely that a gradient
may develop and that the gap between high-income countries
and the others may increase over time. The GBD data are not
comparable to previous reports from other international agen-
cies, because they used data on caries experience while we
used data on untreated oral conditions.
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Contrarily, the lowest age-standardized prevalence and
YLD rate associated with total tooth loss were observed in the
low-income countries. This may be explained by the relation-
ship between economic development and access to dental
treatment. Higher dental attendance is often reported to be
associated with keeping fewer teeth, the so-called tooth death
spiral (Elderton 1990; Sheiham 2002; Qvist 2015), which may
be explained by the widely adopted interventionist and inva-
sive care. It is relevant to note that the age-standardized preva-
lence and YLD rate for tooth loss have decreased in high- and
upper-middle-income countries, while an increase was
observed in the lower-middle- and low-income countries. If
this trend continues, it will reverse the current social pattern for
total tooth loss.

Oral health policies based on updated high-quality descrip-
tive epidemiology may be more effective and efficient. This
article reports the change in burden of disease by country and
where the largest reductions in the burden of oral conditions
occurred. Further research should identify the oral health strat-
egies adopted by those countries and advocate for their poten-
tial wider use. Furthermore, the GBD study provides robust
data to independently continue monitoring progress toward
improving population oral health over time and across all
world areas in a comparable fashion.

This study is not without limitations. One should be cau-
tious when interpreting the data on “other oral disorders”
because they were obtained from surveys in a single country
(United States). Furthermore, mouth cancers, congenital mal-
formations (including orofacial clefts), and temporomandibu-
lar disorders were not included in this report. Second, despite a
major effort in partmership with WHO to identify gray litera-
ture during this iteration of the GBD study, it was observed that
data were scarce, and among those identified, most did not
meet the GBD eligibility criteria for inclusion.

Conclusion

Oral conditions remain a public health challenge in 2017, and
social inequalities in oral conditions exist. More economically
developed countries have the lowest burden of untreated caries
and periodontal disease and the highest burden of tooth loss.
While the burden of all oral conditions combined decreased in
more economically developed countries, it increased in less
cconomically developed countries, suggesting that the gap
between groups of countries will widen.
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