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Abstract

Background: Dental caries is one of the common non-communicable diseases,
affecting more than one-third of the global population. Analysis of its
disease burden status and changing trends can provide valuable reference for
prevention and treatment strategies of dental caries. Objective: To analyze
the status and changing trends of incidence, prevalence, and years lived with
disability (YLD) of dental caries in China from 1990 to 2019, and to provide
evidence for formulating prevention and treatment strategies for dental caries
in China. Methods: Data on incidence, prevalence, and YLD of primary
teeth caries and permanent teeth caries in China from 1990 to 2019 were
extracted from the Global Burden of Disease (GBD) Study 2019. Percentage
changes in the number of incident cases, prevalent cases, and YLD person-years
were calculated. The Joinpoint regression model was applied to analyze the
annual percent change (APC) and average annual percent change (AAPC) of
age-standardized incidence rates, prevalence rates, and YLD rates. Results:
Compared with 1990, the number of incident cases, prevalent cases, and
YLD person-years of primary teeth caries in China in 2019 decreased by
25.69%, 28.74%, and 28.63%, respectively; those of permanent teeth caries
increased by 17.41%, 15.84%, and 15.07%, respectively. In 2019, among all
age groups, the incidence rate of primary teeth caries was highest in children
aged 5-9 years (118.96%), while the prevalence rate (53.08%) and YLD rate
(20.40/100,000) of primary teeth caries were highest in children aged 1-4
years. The incidence rate (62.30%), prevalence rate (32.19%), and YLD rate
(32.41/100,000) of permanent teeth caries were all highest in adults aged 20-24
years. The Joinpoint regression model showed that from 1990 to 2019, the age-
standardized incidence rate (AAPC=0.21%, 95%CI=0.19%~0.22%), prevalence
rate (AAPC=0.03%, 95%CI=0.01%~0.05%), and YLD rate (AAPC=0.03%,
95%CI=0.01%~0.05%) of primary teeth caries showed an overall upward trend;
the age-standardized incidence rate (AAPC=-0.05%, 95%CI=-0.05%~-0.04%),
prevalence rate (AAPC=-0.23%, 95%CI=-0.32%~-0.14%), and YLD rate
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(AAPC=-0.22%, 95%CI=-0.31%~-0.13%) of permanent teeth caries showed an
overall downward trend. Conclusion: From 1990 to 2019, the disease burden
of primary teeth caries in China showed an increasing trend, while the disease
burden of permanent teeth caries decreased but remains severe. Prevention
of dental caries should not be limited to children but should include all age
groups.

Full Text

Introduction

Dental caries is a chronic, progressive, and destructive disease of the hard den-
tal tissues mediated by oral bacteria [1-2]. Throughout life, individuals may be
affected by caries, with the risk of developing caries increasing from the erup-
tion of the first primary tooth and remaining at high levels until old age [2-3].
Although largely preventable and treatable in early stages, untreated caries can
lead to complications such as apical periodontitis, jawbone inflammation, and
even tooth loss [4]. Moreover, the treatment of caries is often expensive, im-
posing a heavy economic burden on individuals, families, and society [5]. As
one of the most common non-communicable diseases and major public health
problems worldwide, caries affects more than one-third of the global popula-
tion [3,6]. Studies have shown that untreated caries may cause recurrent pain,
difficulty chewing and sleeping, thereby reducing quality of life and productiv-
ity, and may also lead to missed educational opportunities and poor academic
performance [7-11]. Severe untreated caries associated with pulp infection and
systemic inflammation is also a contributing factor to underweight and stunted
growth in children [8,12-13]. Although the global prevalence of untreated caries
has declined since 1990, the number of affected individuals has increased signifi-
cantly with population growth, creating a substantial burden on health systems
[3]. It is estimated that in 2019, approximately 2.03 billion people worldwide
suffered from untreated permanent tooth caries, and about 520 million children
had untreated primary tooth caries [14].

In China, four national oral epidemiological surveys have consistently shown
that caries is also a widespread oral health problem [15-17]. The caries preva-
lence rates in primary teeth for the 3-, 4-, and 5-year-old age groups were 50.8%,
89.0%, 95.6%, and 98.0%, respectively [17]. Currently, domestic scholars have
mostly analyzed the prevalence and influencing factors of caries based on na-
tional, provincial, or municipal survey data, but research on the disease burden
and changing trends of caries in China is still lacking. Furthermore, due to sig-
nificant differences in dietary habits, culture, and socioeconomic status between
China and other countries, it is essential to study the disease burden of caries in
the Chinese context. Therefore, this study, based on data from the 2019 Global
Burden of Disease (GBD) study, comprehensively analyzed the current status
and trends of the disease burden of caries in China to provide a reference for
developing prevention and control strategies.
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Methods

Data Sources

The data for this study were obtained from the 2019 GBD study, led by the
Institute for Health Metrics and Evaluation (IHME) at the University of Wash-
ington. Using a unified methodology, the study assessed the disease burden of
328 diseases and injuries in 204 countries and territories, including evaluations
of the disease burden of primary and permanent tooth caries in China [18-19].
The disease burden data for primary and permanent tooth caries in China from
the 2019 GBD study included the 2002 World Health Survey, national oral epi-
demiological surveys, and previously conducted projects, published literature,
or reports targeting multiple age groups across various regions [20]. All data
included in the analysis underwent rigorous and standardized quality control to
ensure reliability.

Study Indicators

We compiled and summarized data on incidence, prevalence, and years lived with
disability (YLD) for primary and permanent tooth caries in China from 1990
to 2019 extracted from the GBD study. The indicators included incident cases,
prevalent cases, and YLD person-years, age-specific incidence, prevalence, and
YLD rates, as well as age-standardized incidence, prevalence, and YLD rates.
In the GBD study, YLD was calculated using the formula: YLD = Prev X
DW, where Prev represents the number of prevalent cases for a disease and DW
represents the disability weight [21]. Age-standardized rates were calculated
based on the world standard population structure [22].

Statistical Methods

This study used Excel to organize the data and calculate the percentage change
in incident cases, prevalent cases, and YLD person-years for primary and perma-
nent tooth caries from 1990 to 2019. The calculation formula was: Percentage
change (%) = (2019 value - 1990 value) / 1990 value x 100%. Joinpoint Re-
gression Program 4.7.0.0 software was used for regression analysis to calculate
the annual percent change (APC) and average annual percent change (AAPC)
with 95% confidence intervals (CI) for age-standardized incidence, prevalence,
and YLD rates of primary and permanent tooth caries in China from 1990 to
2019, and to analyze and evaluate the trends and inflection points of each age-
standardized rate. When the APC or AAPC and its 95% CI were both >0,
both <0, or P>0.05, they indicated an upward trend, downward trend, or no
significant change in the indicator during that time period, respectively [23].
If there were no turning points, then APC = AAPC, indicating that the age-
standardized rate showed a monotonic upward or downward trend throughout
the observation period [23].
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Results
Current Burden of Primary Tooth Caries in China, 2019

In 2019, the incident cases, prevalent cases, and YLD person-years for primary
tooth caries in China were 137 million, 67 million, and 25,900, respectively .
The age-standardized incidence, prevalence, and YLD rates for primary tooth
caries in China in 2019 were 17.54%, 8.40%, and 3.24 per 100,000, respectively
. Among children aged 1-14 years, the highest incidence rate of primary tooth
caries (118.96%) was observed in children aged 5-9 years, while the highest
prevalence rate (53.08%) and YLD rate (20.40 per 100,000) were both found in
children aged 1-4 years [Figure 1: see original paper].

Current Burden of Permanent Tooth Caries in China, 2019

In 2019, the incident cases, prevalent cases, and YLD person-years for perma-
nent tooth caries in China were 581 million, 330 million, and 326,200, respec-
tively . The age-standardized incidence, prevalence, and YLD rates for perma-
nent tooth caries in China in 2019 were 39.19%, 21.61%, and 21.45 per 100,000,
respectively . Among individuals aged 5 years and above, the incidence, preva-
lence, and YLD rates of permanent tooth caries increased with age initially and
then decreased, reaching their peak at ages 20-24 years at 62.30%, 32.19%, and
32.41 per 100,000, respectively [Figure 1: see original paper].

Trends in Primary Tooth Caries Burden in China, 1990-2019

Compared with 1990, the incident cases, prevalent cases, and YLD person-
years of primary tooth caries in China in 2019 decreased by 25.69%, 28.74%,
and 28.63%, respectively . From 1990 to 2019, the age-standardized incidence
(AAPC = 0.21%, 95% CI = 0.19%-0.22%), prevalence (AAPC = 0.03%, 95%
CI = 0.01%-0.05%), and YLD rates (AAPC = 0.03%, 95% CI = 0.01%-0.05%)
of primary tooth caries showed overall upward trends . The trend in age-
standardized incidence of primary tooth caries in China showed five inflection
points in 1995, 2000, 2005, 2010, and 2015. The age-standardized incidence
decreased during 1990-1995 and 2000-2005, with APC values of -0.11% and -
0.54% (P < 0.05), respectively; it increased during 1995-2000, 2005-2010, and
2010-2015, with APC values of 0.40%, 0.51%, and 0.96% (P < 0.05), respec-
tively; and showed no significant change during 2015-2019 (P > 0.05) . The
trend in age-standardized prevalence showed four inflection points in 2001, 2005,
2010, and 2017. The age-standardized prevalence decreased during 1990-2001,
2001-2005, and 2017-2019, with APC values of -0.11%, -0.41%, and -0.63% (P <
0.05), respectively; it increased during 2005-2010 and 2010-2017, with APC val-
ues of 0.64% and 0.24% (P < 0.05), respectively . The trend in age-standardized
YLD rate showed four inflection points in 2001, 2005, 2010, and 2017. The age-
standardized YLD rate decreased during 1990-2001, 2001-2005, and 2017-2019,
with APC values of -0.11%, -0.40%, and -0.61% (P < 0.05), respectively; it in-
creased during 2005-2010 and 2010-2017, with APC values of 0.65% and 0.23%
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(P < 0.05), respectively .

Trends in Permanent Tooth Caries Burden in China, 1990-2019

Compared with 1990, the incident cases, prevalent cases, and YLD person-
years of permanent tooth caries in China in 2019 increased by 17.41%, 15.84%,
and 15.07%, respectively . From 1990 to 2019, the age-standardized incidence
(AAPC = -0.05%, 95% CI = -0.05% to -0.04%), prevalence (AAPC = -0.23%,
95% CI = -0.32% to -0.14%), and YLD rates (AAPC = -0.22%, 95% CI =
-0.31% to -0.13%) of permanent tooth caries showed overall downward trends .
The trend in age-standardized incidence of permanent tooth caries showed five
inflection points in 1996, 2003, 2010, 2014, and 2017. The age-standardized in-
cidence decreased during 1990-1996, 1996-2003, 2003-2010, and 2014-2017, with
APC values of -0.22%, -0.12%, -0.03%, and -0.22% (P < 0.05), respectively; it
increased during 2010-2014 and 2017-2019, with APC values of 0.24% and 0.37%
(P < 0.05), respectively . The trend in age-standardized prevalence showed five
inflection points in 2001, 2004, 2010, 2014, and 2017. The age-standardized
prevalence decreased during 1990-2001, 2001-2004, and 2004-2010, with APC
values of -0.38%, -0.78%, and -0.19% (P < 0.05), respectively; it showed no
significant change during 2010-2014, 2014-2017, and 2017-2019 (P > 0.05) .
The trend in age-standardized YLD rate showed five inflection points in 2001,
2004, 2010, 2014, and 2017. The age-standardized YLD rate decreased dur-
ing 1990-2001, 2001-2004, and 2004-2010, with APC values of -0.37%, -0.80%,
and -0.17% (P < 0.05), respectively; it showed no significant change during
2010-2014, 2014-2017, and 2017-2019 (P > 0.05) .

Discussion

Caries is a prevalent chronic non-communicable disease and one of the major
public health problems worldwide [2-3]. The development of caries is associated
with a complex network of individual, family, and social factors, including social
and physical environments, oral health behaviors, and oral health services [3,24].
However, the consumption of free sugars in food and beverages is the most
important factor in caries development, with a clear dose-response relationship
[25-27]. Self-care and personal oral hygiene practices can significantly reduce
the occurrence of caries and slow its progression [2,28-29]. Compared with many
chronic diseases, caries is preventable and controllable, and timely prevention
or treatment can effectively reduce its adverse effects and improve quality of
life. Therefore, this study utilized data from the 2019 GBD study to analyze
the overall disease burden and age-specific burden of primary and permanent
tooth caries in China in 2019, as well as trends from 1990 to 2019, aiming to
provide scientific evidence for identifying prevention priorities and developing
targeted strategies and measures.

Our study data show that among children aged 1-14 years, the incidence rate of
primary tooth caries was highest in children aged 5-9 years, while the prevalence
and YLD rates were highest in children aged 1-4 years. This may be primarily
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related to the timing of primary tooth eruption and the degree of cooperation
during dental treatment. The first primary tooth typically erupts between 6-30
months of age, and permanent teeth begin to replace primary teeth from ages
5-13 years. Therefore, children aged 5-9 years may have a complete primary
dentition and be in the early stage of tooth replacement, facing higher risks
of primary tooth caries [30-33]. Additionally, research indicates that children’s
ability to cooperate during dental treatment depends on their developmental
stage, with younger children being less cooperative and more likely to refuse
treatment, resulting in a higher likelihood of untreated primary tooth caries
in younger children aged 1-4 years [34]. Currently, there is limited available
data and research findings on permanent tooth caries across all age groups in
China [35-40]. This study found that the incidence, prevalence, and YLD rates
of permanent tooth caries in China increased with age, peaked at ages 20-24
years, and then declined but remained at relatively high levels, suggesting that
caries prevention should not be limited to children but should include all age
groups. Since both primary and permanent teeth are at risk of caries once
erupted and cannot heal spontaneously under current conditions, strengthening
primary prevention is essential to effectively reduce the disease burden of caries.

In terms of trends in the disease burden of caries, compared with 1990, the
absolute numbers of incident cases, prevalent cases, and YLD for primary tooth
caries in China in 2019 decreased by 25.69%, 28.74%, and 28.63%, respec-
tively, while those for permanent tooth caries increased by 17.41%, 15.84%,
and 15.07%, respectively. Although the age-standardized incidence, prevalence,
and YLD rates of both primary and permanent tooth caries in China fluctuated
between 1990 and 2019, the overall trends showed increases for primary tooth
caries and decreases for permanent tooth caries. These patterns may be primar-
ily related to China’s population base and lifestyle changes. In 2019, China’s
total population was 1.41 billion, 1.23 times the 1990 population of 1.142 bil-
lion, while the number of children aged 0-14 years decreased from 317 million
at the end of 1990 to 237 million at the end of 2019, a reduction of 25.24%
[41]. This is the direct reason for the increase in incident cases, prevalent cases,
and YLD for permanent tooth caries and the decrease for primary tooth caries.
With economic development, lifestyle changes, food refinement, and increasing
sugar consumption may elevate the risk of caries. Studies have reported that
among Chinese children aged 8-14 years, daily consumption of sugar-sweetened
beverages increased from 329.1 mL to 528.8 mL between 1998 and 2008 [42]. Ad-
ditionally, data from the China Health and Nutrition Survey show an increasing
trend in the frequency of sugar-sweetened beverage consumption among Chinese
children and adolescents aged 6-17 years, rising from 76.5% in 2004 to 91.5% in
2011 [43]. Since sugar-sweetened beverages are the main source of added sugar
intake for children and adolescents, the increased consumption and frequency
may be the primary reason for the upward trends in age-standardized incidence,
prevalence, and YLD rates of primary tooth caries. A previous study analyz-
ing added sugar consumption from sugar-sweetened beverages in nine Chinese
provinces from 2004-2009 found that added sugar intake among Chinese adults
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was relatively low compared with other developed countries and did not exceed
recommendations from the World Health Organization and American Heart As-
sociation, but the overall consumption rate continued to rise [44]. Meanwhile,
with rapid economic development and continuous improvement of the medical
security system, residents’ self-care and personal oral hygiene practices have
also improved, including increased frequency of toothbrushing, use of fluoride
toothpaste, and consumption of fluoridated water, which help prevent caries
and slow its progression [45-47]. These may be the main reasons for the declin-
ing age-standardized incidence, prevalence, and YLD rates of permanent tooth
caries.

In summary, from 1990 to 2019, the disease burden of primary tooth caries in
China showed an increasing trend, while the burden of permanent tooth caries
showed a decreasing trend but remained serious. Caries prevention should not
be limited to children but should include all age groups. The goal of caries pre-
vention is to maintain the intact structure of teeth, prevent enamel demineral-
ization, and enable early detection and treatment. Intervention measures can be
implemented at the population level, and oral health can be promoted through
health policies, laws and regulations, and public health measures to raise public
awareness of oral health [4]. A sound oral health care system provides acces-
sible oral health care and treatment for residents. Reducing the amount and
frequency of sugar intake, especially the frequency, is more effective in prevent-
ing dental caries [45]. Fluoride in drinking water, mouthwash, or toothpaste,
as well as professionally applied fluoride, can prevent caries [47-48]. Promoting
good oral hygiene maintenance habits and regular dental check-ups helps pre-
vent caries. Similar to these approaches, individuals must also pay attention to
caries and adopt interventions including daily toothbrushing, controlling sugar
intake and frequency, using sugar substitutes, using fluoride toothpaste, regular
dental check-ups, pit and fissure sealants, and clinical treatment.
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