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Abstract

Background Oral cancer is one of the most common cancers in China and seriously threaten life and health of Chi-
nese people. We analysed the trends and disparities of oral cancer mortality rates and the disease burden of oral
cancer in China from 2006 to 2021 to provide a reference for its prevention and control.

Methods Annual death data for oral cancer was gleaned from the China Death Surveillance Database. The age-
standardized mortality rate (ASMR), annual percentage change (APC), and average APC (AAPC) were used to analyze
the trend of mortality. Loss of life expectancy (LLE) and years of life lost (YLL) were adopted to assess disease burden.

Results From 2006 to 2021, the overall ASMR of oral cancer lightly declined (AAPC:—0.97%; 95% Cl: — 1.89%, —0.04%),
and the similar trend was observed among females (AAPC: —1.22%; 95% Cl: —1.89%, —0.55%). The ASMR of males

was 2.31-3.16 times higher than that of females per year. The median of LLE for overall, males and females caused

by oral cancer from 2006 to 2021 were 0.05, 0.06 and 0.03 years, respectively. There was a decrease of standardized
YLL rate from 2006 to 2021 for overall (AAPC:—1.31%, 95% Cl:—2.24% ~ —0.37%) and for female (AAPC.—1.63%, 95%
Cl:=2.30% ~ —0.95%). ASMR in urban areas was 1.02-1.28 times higher than that in rural areas from 2006 t02011,

but 0.85-0.97 times lower in urban areas than that in rural areas from 2018 to 2021. The disease burden was higher

in urban areas than in rural areas in 2006, whereas the reverse was observed in 2021.

Conclusions There are severe health gaps and disparities in trends between sexes and different areas in China. Males
and rural populations need to be focused on targeted interventions for the main influencing factors.
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Background

As one of the most common cancers in the world, oral
cancer is diagnosed with more than 300,000 cases each
year, which is poor in prognosis and has become an
important part of the global oral health problem [1, 2].
In 2020, cancer of the lip and oral cavity was estimated
to rank 16th in incidence and mortality worldwide and
was a common cause of cancer death in men across
much of South and Southeast Asia and the Western
Pacific [3]. Significant differences persist among coun-
tries, nearly two-thirds of cases occur in developing
countries, half of them in South Asia [4]. Studies pre-
dicted that due to global demographic adjustment, the
global incidence of oral cancer will increase by 62% to
856,000 cases by 2035 [5]. More than 90% of oral can-
cers are squamous cell carcinomas, which are easy to
be ignored or misdiagnosed, so that many oral cancer
patients are in the middle and advanced stages at the
time of being diagnosed, resulting in a low 5-year sur-
vival rate [6].

As with systemic malignancies, the pathogenesis of
oral malignancies has so far been considered a multifac-
torial problem. There are many studies on oral cancer,
and risk factors are gradually discovered or verified, but
its etiology and pathogenesis are still not fully under-
stood. Current studies suggested that smoking, alcohol
consumption, human papillomavirus (HPV) infection
and betel nut chewing were recognized as etiologies or
risk factors for oral cancer [7—10]. Where risk factors are
prevalent, further analysis of mortality and disease bur-
den due to oral cancer is needed.

In 2020, the number of new cases of oral cancer in
China was more than 30,100, and the number of deaths
was more than 14,700, which poses a serious threat to the
life and health of Chinese residents [3]. In a study based
on the Global Burden of Disease, the Age-Standardized
Incidence Rate (ASIR) and ASMR of oral cancer in China
increased from 1990 (1.40 and 0.92 per 100,000) to 2019
(2.25 and 1.16 per 100,000). In 2019, both ASIR and
ASMR were higher in males (3.48 and 1.95 per 100,000)
compared to females (1.16 and 0.50 per 100,000) [11].
Additionally, in 2011, the ASIR and ASMR were higher
in urban areas (2.42 and 0.94 per 100,000) than in rural
areas (1.88 and 0.84 per 100,000) [12]. The crude inci-
dence rate of oral cancer in China was predicted to
increase from 2.26 to 3.21 per 100,000 person-years over
the next 20 years [13]. However, there is a lack of recent
studies on mortality and disease burden trends of oral
cancer in China. So further analysis of mortality and
disease burden trends of oral cancer in China is needed
to take measures to take a local, tailored approach to
optimally reduce the burden of lip, oral and pharyngeal
malignancies in the coming decades.
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As one of the most populous countries in the world,
trends in resident mortality in China may serve as early
indicators to support the progress of public health ini-
tiatives to reduce the burden of disease and improve the
quality of life. In this study, we analysed the death data
of lip, oral and pharyngeal malignancies based on sex
and areas from the China Death Surveillance Database,
aimed to evaluate the trends and disparities of mortality
and disease burden of the major oral cancers from 2006
to 2021 in China. It will help identify high-risk groups
of oral cancer, and provide basic data for prevention and
health interventions.

Methods

Data source

This analysis based on data of mortality from the "China
death cause surveillance dataset” (https://ncncd.china
cdc.cn/jeysj/siyinjex/syfxbg/), which is nationally repre-
sentative and the data had been widely used to evaluate
the disease burden in China. The database was collected
by Death Surveillance Points system (DSPs), which was
selected from 31 provinces in mainland China by using
an iterative method involving multistage stratification
[14, 15]. The content includes the number of overall, sex-
specific and area-specific people in each age group in the
monitoring areas and the number of deaths from 2006 to
2021 (see Additional file 1, Supplementary Table 1 and
Supplementary Table 2). Causes of death were coded by
International Classification of Diseases-Tenth Revision
(ICD-10). Lip, oral and pharyngeal malignancies were
coded as C00-C14 (see Additional file 1, Supplementary
Table 3).

Statistical analysis

Age-standardized mortality rate (ASMR), annual per-
centage change (APC) and average APC (AAPC) were
calculated to evaluate the trend of mortality by using
Joinpoint 5.2.0 software. Joinpoint regression mod-
els were used to determine the periods for increases or
decreases of ASMR and to calculate the APC with 95%
confidence interval (CI). We employed the grid search
method to select the grid point with the lowest mean as
the segmentation function joinpoint. Monte Carlo per-
mutation method [16] with 4499 randomly permuted
data set was used and the overall asymptotic significance
level was maintained through a Bonferroni correction.
The default maximum number of connection points
depends on the number of data points, and according to
the algorithm recommendations provided by the Join-
point Help System, the default value of 16 data points is
2. The AAPC with 95%CI were obtained from Joinpoint
models to describe the average APCs. Loss of life expec-
tancy (LLE), years of life lost (YLL), and YLL rates were
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used as indicators of disease burden [17]. The LLE and
the proportion of expected life lost (PELL) were cal-
culated by life table, and they were computed as e’,—e,
and (e’ —ey)/e, respectively, where e’ as the life expec-
tancy at birth in the absence of lip, oral and pharyngeal
malignancies and e, as the life expectancy at birth in the
presence of lip, oral and pharyngeal malignancies. YLL
was obtained by multiplying the corresponding stand-
ard life expectancy by the number of deaths in the age
group [18]. Standardized YLL rate is the ratio of YLL to
the number of monitored populations according to the
age distribution of standard population. AAPC of stand-
ardized YLL rate were calculated by Joinpoint 5.2.0 soft-
ware. Statistical significance among subpopulations was
determined using the chi-square test and Mann—Whit-
ney U Test in IBM SPSS Statistics 26.0. The World Health
Organization’s World Standard Population (2000-2025)
was selected as the standard population [19]. The inspec-
tion level was set to a=0.05.

Results

Mortality trends of lip, oral and pharyngeal malignancies
during 2006-2021

The ASMR of overall oral cancer decreased from 2.12 per
100,000 in 2006 to 1.95 per 100,000 in 2021 (see Addi-
tional file 1, Supplementary Table 4). The trends of over-
all oral cancer ASMR were statistically significant from
2006 to 2021 (AAPC:—0.97%; 95% CI: —1.89%, —0.04%).
There was a decrease from 2.12 in 2006 to 1.96 per 100
000 in 2013 (APC: — 1.73%; 95% CI: — 3.28%, — 0.15%) and
a decrease from 2.16 in 2018 to 1.95 per 100 000 in 2021
(APC: —3.44%; 95% CI: — 6.00%, — 0.81%) (Table 1).
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The ASMR was 2.31-3.16 times higher for males than that
for females per year (see Additional file 1, Supplementary
Table 4). For males, the APC were not statistically signifi-
cant from 2006 to 2021. For females, the AAPC decreased
by —1.22% (95% CI: —1.89%,—0.55%) per year from 2006 to
2021 (Fig. 1a and Table 1).

The ASMR was 1.02-1.28 times higher for urban
areas than that for rural areas from 2006 to 2011, but
it was 0.85-0.97 times lower for urban areas than that
for rural areas from 2018 to 2021 (see Additional file 1,
Supplementary Table 4). For urban areas, there was
a decrease from 2.46 in 2006 to 1.90 per 100 000 in
2012 (APC:—2.98%; 95% CI:—5.83%,—0.05%) and a
decrease from 2.12 in 2018 to 1.75 per 100 000 in 2021
(APC:—6.21%; 95% CI:—10.24%,—2.00%). For rural
areas, the APC were not statistically significant from
2006 to 2021 (Fig. 1b and Table 1).

Disease burden of lip, oral and pharyngeal malignancies

in China

The median of LLE for overall, males and females due
to oral cancer from 2006 to 2021 were 0.05, 0.06 and
0.03 years, respectively (Fig. 2). Males had a higher LLE
compared with that of females. The LLE of the urban areas
was higher than those of the rural from 2006 to 2010, while
it was not prominent from 2014 to 2021 (Table 2).

The overall standardized YLL rate of oral cancer in
China ranged from 21.96/10° to 27.46/10°, and there
was a decrease from 2006 to 2021 (AAPC:—1.31%, 95%
CL:—2.24%~ —0.37%) (Table 3). The standardized YLL
rate of females showed a downward trend (AAPC:—1.63%,
95% CI:—2.30%~ —0.95%), while it did not change sig-
nificantly for males. The standardized YLL rate was

Table 1 The APC and AAPC of lip, oral and pharyngeal malignancies ASMRs in China

Groups Years APC AAPC
APC (95%Cl) P APC (95%Cl) P
Overall 2006-2013 —1.73(-3.28,-0.15) 0.036 —0.97(—1.89,-0.04) 0.041
2013-2018 1.63(=0.21,3.50) 0.075
2018-2021 —3.44(-6.00,—0.81) 0.017
Sex
Male 2006-2013 —1.52(-343,042) 0.108 —0.69(—1.81,045) 0.234
2013-2018 1.92(-0.31,4.20) 0.082
2018-2021 —3.00(-6.08,0.19) 0.062
Female 2006-2021 —1.22(-1.89,-0.55) 0.002 —1.22(—1.89,-0.55) 0.002
Area
Urban 2006-2012 —2.98(-5.83,—-0.05) 0.047 —2.22(-3.62,-0.79) 0.002
2012-2018 0.64(—148,2.79) 0510
2018-2021 —6.21(=10.24,—2.00) 0.010
Rural 2006-2021 0.27(-0.29,0.83) 0316 0.27(-0.29,0.83) 0316

ASMR Age-standardized mortality rate, APC Annual percentage change, AAPC Average annual percentage change, Cl Confidence intervals
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Fig. 1 Trends in major oral cancer ASMRs by sex and area in China from 2006 to 2021. a The ASMRs trends in different sexes. b The ASMRs trends

in urban and rural areas. *, P<0.05
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Fig. 2 LLE (years) in different sexes and areas in China due to lip, oral and pharyngeal malignancies mortality. LLE was represented by the median
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2.61-3.36 times higher for males than that for females per
year (Fig. 3a and Table 3). The standardized YLL rate of
urban areas showed a downward trend (AAPC:—1.94%, 95%
CL—2.73% ~ — 1.16%), while the rural areas did not change
significantly. In 2006, the YLL rate of urban areas was higher
than that of rural areas, but the YLL rate of rural areas was
higher than that of urban in 2021 (Fig. 3b and Table 3).

Discussion

In this nationally representative population-based study,
the most recent current and spatial dynamics of major
oral cancers were identified in different subpopulations

in China. We found that overall ASMR and standardized
YLL rates for oral cancer decreased from 2006 to 2021,
with this trend also occurring in females and urban areas.
The ASMR and standardized YLL rates of oral cancer in
males were 2.31-3.16 times higher and 2.61-3.36 times
higher than in females per year, respectively. Males had
higher LLE than females due to oral cancer from 2006
to 2021. ASMR was 1.02-1.28 times higher in urban
areas than in rural areas from 2006 to 2011, but 0.85—
0.97 times lower from 2018 to 2021. The burden of dis-
ease also changed from higher in urban areas in 2006 to
higher in rural areas in 2021.
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Table 2 LLE (years) and PELL (%) caused by lip, oral and pharyngeal malignancies mortality in different sexes and areas in China

Years Overall Sex Area

Male Female Urban Rural
2006 0.05(0.06) 0.06(0.08) 0.03(0.04) 0.06(0.07) 0.04(0.06)
2007 0.05(0.07) 0.06(0.09) 0.03(0.04) 0.06(0.07) 0.05(0.06)
2008 0.05(0.06) 0.06(0.08) 0.03(0.04) 0.05(0.07) 0.04(0.06)
2009 0.04(0.05) 0.05(0.07) 0.02(0.03) 0.05(0.06) 0.04(0.05)
2010 0.04(0.05) 0.05(0.07) 0.03(0.03) 0.05(0.06) 0.04(0.05)
2011 0.04(0.05) 0.05(0.07) 0.03(0.03) 0.04(0.05) 0.04(0.05)
2012 0.05(0.06) 0.06(0.08) 0.03(0.03) 0.05(0.06) 0.04(0.06)
2013 0.04(0.06) 0.06(0.08) 0.03(0.03) 0.05(0.06) 0.04(0.05)
2014 0.05(0.06) 0.06(0.08) 0.03(0.04) 0.05(0.06) 0.05(0.06)
2015 0.05(0.06) 0.06(0.08) 0.03(0.03) 0.05(0.06) 0.05(0.06)
2016 0.05(0.06) 0.06(0.08) 0.03(0.03) 0.05(0.06) 0.05(0.06)
2017 0.05(0.06) 0.07(0.09) 0.03(0.04) 0.05(0.06) 0.05(0.06)
2018 0.05(0.07) 0.07(0.09) 0.03(0.04) 0.05(0.06) 0.05(0.07)
2019 0.05(0.06) 0.06(0.08) 0.03(0.03) 0.05(0.06) 0.05(0.06)
2020 0.05(0.06) 0.07(0.08) 0.03(0.03) 0.05(0.06) 0.05(0.06)
2021 0.05(0.06) 0.07(0.09) 0.03(0.04) 0.05(0.06) 0.05(0.06)
Median 0.05(0.05, 0.05) 0.06(0.06, 0.07) 0.03(0.03,0.03) 0.05(0.05, 0.05) 0.05(0.04, 0.05)
(PZSV P75)
Mann-Whitney P<0.001 P=0.008
U Test

LLE Loss of life expectancy, PELL Proportion of expected life lost

The overall ASMR and standardized YLL rates in China
were generally stable and slightly declining, and they
showed a downward trend in 2006-2013 and 2018-2021,
which was consistent with the global trend [20]. The
slight increase after 2013 may be related to the enhance-
ment of China’s cancer screening capacity, the formu-
lation and implementation of cancer prevention and
control policies, and the low 5-year survival rate of oral
cancer. For example, it coincides with the release and
implementation of policies such as the Outline of China
Cancer Prevention and Control Plan (2004 ~2010) and
the Project Management Measures for Early Diagnosis
and Treatment of Urban Cancer (Trial). The decline of
ASMR of overall oral cancer after 2018 may be related
to the improvement of dietary patterns and structure, as
well as other influencing factors such as ultraviolet radia-
tion (UVR) and the reduction of high-risk human papil-
lomavirus (HPV) infection [21-23]. HPV-based testing
is a pivotal part for cervical cancer screening besides
cytology-based tests. To restrict and standardize HPV
testing market, China released guidelines for the clinical
performance evaluation for HPV testing against clinical
endpoints in 2015 [24]. China has launched five vaccines
since 2016, including Cervarix, Gardasil, Gardasil-9, Cec-
olin and Walrinvax. In addition, HPV vaccines are only
approved for females, with RCTs in males ongoing [25]. It

has been assessed that vaccination has effectively avoided
a large number of cases and deaths [26]. In addition,
some specific biomarkers are helpful to identify early
oral cancer, make a better treatment plan for patients and
improve the prognosis [27, 28].

ASMR and standardized YLL rates are significantly
higher for males than that for females, indicating a sex
difference in the burden of oral cancer disease, which
is consistent with previous studies [29]. Other coun-
tries with similarly high ratios of male-to-female ASMR,
including Brazil, Russia and the United States [30, 31].
This difference may be related to sex-specific lifestyles,
occupational exposures, and physiological factors, with
males being more exposed than females to risk fac-
tors such as smoking, alcohol and betel nut chewing
[5, 32—35]. A study has shown that the risk of oral can-
cer is 123 times higher in the population who smoke,
drink and chew betel nut than in the general population
[36]. In China, smoking is much more prevalent among
men than women, with rates of 47.2% and 2.7% respec-
tively in 2013. The standardized smoking prevalence
has remained consistently high: 26.0% in 2003, 24.9%
in 2008, and 25.2% in 2013, with no statistically signifi-
cant changes [37]. Alcohol consumption is significantly
higher among Chinese men (55.6%) than women (15%) in
2007 [38]. In East Asia, including China, DPR Korea, and
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Table 3 Standardized YLL rate of lip, oral and pharyngeal malignancies in different sexes and areas in China (1/10°)
Years Overall Sex Area

Male Female Urban Rural
2006 24.78 35.90 13.33 2747 23.15
2007 2746 40.80 13.84 2837 26.82
2008 2533 36.71 13.74 2545 2512
2009 23.70 35.25 12.15 2553 22.52
2010 24.19 34.91 13.36 24.71 23.79
2011 2263 3467 11.77 21.59 24.53
2012 22.82 35.05 1047 21.00 23.99
2013 22.69 33.83 11.39 2340 22.39
2014 23.07 3411 11.87 2327 23.07
2015 23.53 35.84 11.09 23.75 2343
2016 24.26 36.01 11.03 21.77 24.64
2017 24.51 36.94 11.93 23.55 25.15
2018 24.94 37.99 11.70 22.98 26.08
2019 23.00 35.50 10.58 2044 2443
2020 22.55 34.64 10.54 20.77 2361
2021 21.96 33.92 10.14 1849 23.89
AAPC -1.31 -0.85 -1.63 —-1.94 -0.51
95%Cl —224,-0.37 —-1.92,023 —2.30,-0.95 —2.73,-1.16 -1.82,0.82
t -2.73 -1.54 -5.13 -5.26 -0.75
P 0.006 0.124 <0.001 <0.001 0450

YLL Years of life lost, AAPC Average annual percentage change, C/ Confidence intervals

Taiwan, per capita alcohol consumption rose from 4.4 L
in 1990 to 7.3 L in 2017, projected to reach 10.0 L by 2030
[39]. Pakistan, India and Bangladesh had the highest rates
of oral cancer mortality, with the highest tobacco chew-
ing prevalence, revealing a strong relationship between
tobacco chewing and oral cancer. Brazil has adopted
measures control tobacco, and the burden of oral cancer

a oral cancer (male vs.female)
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Age-Standardized YLL Rate (per 100,000)
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has been reduced, which is worth learning. Tobacco con-
trol may be the most cost-effective solution to reduce
the burden of oral cancer [29]. Notably, the combina-
tion of smoking and drinking shows a synergistic effect
[40]. Occupational exposure is also a risk factor for oral
cancer in modern society, with more time occupational
exposure to chlorinated solvents, oxygenated solvents,
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Fig. 3 Trends in major oral cancer standardized YLL rate by sex and area in China from 2006 to 2021. a The standardized YLLr trends in different

sexes. b The standardized YLLr trends in urban and rural areas. *, P<0.05
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welding and other environments [6, 41]. For the perspec-
tive of physiological factors, the female body secretes
estrogen and benefits from the protection of endogenous
estrogen, thereby improving its adaptability to the envi-
ronment [42]. Therefore, the disease burden of oral can-
cer for males in China is higher than that for females,
suggesting that males are the key population in reducing
the disease burden and we should pay more attention to
this high-risk groups.

The mortality rates were higher in urban areas than
in rural areas from 2006 to 2017, and higher in rural
areas than in urban areas from 2018 to 2021, and the
gap between urban and rural areas gradually narrowed
and then widened. Higher stress in fast-paced urban
populations may explain the high mortality rates in
urban areas. A study in India has shown a significantly
increased risk of oral cancer in the sample of stress and
current health problems [43]. Studies have shown that
tooth trauma and bleeding gums are highly associated
with oral cancer [44]. The mortality rate lower in urban
areas than in rural areas in recent years, may be related
to the fact that the urban medical system is more com-
plete than the rural one, the oral health awareness is
stronger, and it is easier to be diagnosed and treated
early [45].

Therefore, Chinese need to avoid or delay oral cancer
through a healthy diet, maintaining oral hygiene, quitting
smoking and limiting alcohol, and timely examination
and treatment of oral related diseases, especially males
and people in rural areas. In addition, educational attain-
ment and socioeconomic status also have an impact on
the disease burden of oral cancer [46, 47]. A cross-sec-
tional study from Latin America showed that greater ine-
quality, higher health expenditure per capita and greater
investment in research and development were associated
with a higher mortality rate from oral cancer [48]. An
ecological study from Brazil showed that greater Bolsa
Familia Program (BFP) coverage was associated with
lower oral cancer mortality rates, suggesting that Egali-
tarian strategies such as BFP can reduce the risk of death
from oral cancer [49]. Targeted poverty alleviation poli-
cies may helpful to reduce the oral cancer mortality rate
in this regard in China.

The advantage of this study is to analyze the changing
trend of oral cancer mortality and disease burden by sex
and area based on the Chinese death surveillance data-
base, identify high-risk groups, and then explore the
favorable measures and unfavorable factors of high-risk
groups of oral cancer death, so as to provide early preven-
tion strategies for reducing oral cancer mortality and dis-
ease burden in China. However, some limitations in this
study should be considered. As data are not available in
the China Death Surveillance Database, we have not yet
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analysed the burden of disease in different subsites. Mor-
bidity information, Disability Adjusted Life Year (DALY)
as the other two indicators of disease burden were not
calculated because the surveillance content was mainly
death data. Additionally, the latest available surveillance
data is currently 2021. Since ICD codes were used to
assess the cause of death, there might be certain selection
bias or tendency in determining the main causes of death
in how reporting is carried out at the national/areal/level.
As the Chinese population ages, the trend of mortality
and burden of disease in different age groups should be
included in future studies.

By China Death Surveillance Database (2006-2021),
our study analysed the trend of mortality and disease
burden of lip, oral and pharyngeal malignancies, found-
ing that the changing trends and disease burden of the
major oral cancer are related to sex and area, to help
achieve accurate early screening and warning of high-risk
groups, and to provide a scientific basis for the govern-
ment to formulate policies and improve the health status
of residents in China.

Conclusions

To summarize, our study shows that the disease burden
of oral cancer ASMRs in China remains stable or declin-
ing. Despite this, China still bears a huge burden of oral
cancer. Males are much higher than females in both mor-
tality and disease burden, and the gap of mortality and
disease burden remains between rural and urban areas.
Males and rural populations need to be focused on tar-
geted interventions for the main influencing factors.
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ASMR  Age-standardized Mortality Rates
APC Annual Percent Changes

AAPC  Average Annual Percent Changes
a Confidence Interval

DSPs Death Surveillance Points system
GBD Global Burden of Disease

ICD International Classification of Diseases
LLE Loss of Life Expectancy

PELL Proportion of Expected Life Lost
YLL Years of Life Lost
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