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The burden of oral cancer (OC) is closely related to economic development. We aimed to evaluate the burden of OC at different stages
of economic development in China in terms of incidence, mortality, and mortality-to-incidence ratio (MIR) from 1990 to 2019. Data
on cancer in China from 1990 to 2019 were obtained from the Global Burden of Disease 2019. Based on human development index
(HDI), Chinese economic development was divided into three stages: low, medium, and high HDI stages. Mann–Whitney U-test was
used to evaluate the differences in age-standardised incidence rates (ASIR), age-standardised mortality rates (ASMR), and MIR at
various stages of HDI. Correlation and regression tests were conducted to examine the association amongst ASIR, ASMR, MIR,
and HDI in OC. The estimated annual percentage changes (EAPCs) were calculated to assess the trend of ASIR, ASMR, and MIR.
Significant differences were observed in terms of ASIR, ASMR, and MIR between groups (P < 0:001). The values of both sexes in
the low HDI stage were lower than those of the medium and high HDI stages, except for MIR, in which the low HDI stage was the
highest (P < 0:05). ASIR and ASMR of OC in males at the medium HDI stage showed the fastest growth rate with EAPC values of
5.64 (95% confidence interval, 95% CI, 5.20 to 6.08) and 4.42 (95% CI, 4.01 to 4.82), respectively. A strong positive correlation
exists between HDI and ASIR (r = 0:96) and ASMR (r = 0:91) in both sexes from 1990 to 2019. During the high HDI stage, the
ASIR and ASMR of OC were at a high level, but the ASIR halted the uptrend trend and ASMR showed a decreasing trend.
Therefore, the HDI index has been positively correlated with the ASIR and ASMR of OC in China in the past 30 years, but this
relationship may not be sustained as the economy develops. The health department should continue to allocate additional
resources for the prevention and treatment of OC.

1. Introduction

Oral cancer ranks sixth most prevalent type of cancer
worldwide due to its rapid increase every year [1]. Over
450,000 patients worldwide are diagnosed with OC annu-
ally, and it has a five-year survival rate of under 50% [2,
3]. The incidence of total OC increased slightly from
1990 to 2017, whilst death rate remained stable [4]. How-
ever, these characteristics vary amongst countries; OC inci-
dence and death rates in China increased from 2005 to

2013, and crude incidence rates will increase from 2.26
to 3.21 per 100,000 over the next 20 years [5]. Globocan
2020 estimates indicate that the age-standardised rates of
OC morbidity and mortality ranked 20th and 22nd
amongst all cancers in China in 2020 [6].

The causes of OC are complex. Approximately 90% of
head and neck cancers are linked to smoking, drinking,
and poor diet [7]. A meta-analysis has suggested that
smokers are five times more likely to develop OC than non-
smokers [8]. Although drinking alcohol increases the risk of
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oral cancer by 1.56 times, higher rates of advanced oral can-
cer are associated with combined use of tobacco and alcohol
[9, 10]. Other studies have shown that betel nut and HPV
virus infections are also closely related to oral cancer [9, 11].

With the development of the economy, people’s ability
to consume will increase (including the consumption of
tobacco and alcohol). Cancer spectrum in China also pre-
sents new changes, from infectious diseases to noncommu-
nicable diseases (including OC) [12]. The decline in
fertility, acceleration of urbanisation, and increase in life
expectancy had led to major changes in the demographic
structure, leading to a corresponding increase in the burden
of noncommunicable diseases, including cancer [13]. The
incidence of cancer is also closely related to national eco-
nomic development. Human development index (HDI) is
an independent predictor of tumour burden. For example,
HDI index is positively correlated with age-standardised
incidence rates (ASIR) and age-standardised mortality rates
(ASMR) of lung cancer [14]. High and medium HDI coun-
tries had seen a disproportionate increase in the disease bur-
den of OC [15]. Whether the HDI index is correlated with
the incidence and mortality of OC in developing country like
China is worthy of investigation.

Reports on the relationship between HDI and OC at dif-
ferent stages of economic development in China are scarce.
In recent years, the number of cases of OC has been increas-
ing, and the burden of OC has become heavier, bringing a
heavy burden to the country and the family with OC
patients. It is urgent to analyse the correlation between
HDI index and the burden of OC and make corresponding
adjustments to health policies in the future. Hence, the cur-
rent study aims to analyse the effect of HDI on ASIR, ASMR,
and mortality-to-incidence ratio (MIR) of OC between 1990
and 2019 in China.

2. Materials and Methods

2.1. Date Source. Data on the burden imposed by OC in
China were obtained from the Global Burden of Disease
(GBD) 2019 study (http://ghdx.healthdata.org/gbd-results-
tool) for 1990−2019 in China. MIR was calculated by divid-
ing ASMR by ASIR.

Chinese HDI data for 1990−2019 were obtained from
the United Nations Development Programme (UNDP)
database. HDI, which includes life expectancy at birth, aver-
age and expected years of education, and per capita national
income, involves three parameters. The values ranged from 0
to 1. HDI has four categories: very high (HDI>0.800), high
(0.700<HDI <0.799), medium (0.550<HDI<0.699), and
low (HDI<0.550). Given that the HDI data of China in
2019 did not reach 0.8, its economic development from
1990 to 2019 was divided into three stages according to
HDI data. The periods 1990–1996, 1997–2010m and 2011–
2019 refer to low, medium, and high HDI stages.

The following country-specific healthcare parameters
were derived from the National Bureau of Statistics database
of China (https://data.stats.gov.cn/index.htm): health expen-
diture as %age of GDP (CHE) in calendar years, out-of-
pocket expenditure as %age of total health expenditure

(OOP), number of certified doctors (NCD) per 10,000 pop-
ulation and per capita health expenditure (HE), and ciga-
rette, liquor, and beer production.

2.2. Statistical Analyses. The statistical analysis was imple-
mented using the R programming language (Version
3.6.2). More exactly, Mann–Whitney U-test was used to
evaluate the differences in ASIR, ASMR, and MIR at various
stages of HDI, and the relationship of HDI to ASIR, ASMR,
and MIR using univariate linear regression. A significant dif-
ference was considered regarded when P < 0:05.

Estimated annual percentage changes (EAPCs) were
used to describe ASR trend within a specified time interval
[16]. The natural logarithm of ASR has a linear relationship
with time, in which Y = α + βX + ε, where Y refers to ln
(ASR), X stands for the calendar year, and ε is an error term.
According to this formula, β indicates positive or negative
trends in ASR. EAPC is calculated as follows: EAPC = 100
× ðexp ðβÞ – 1Þ. The calculation formula of EAPC and its
95% confidence interval were obtained from the linear
model. When the lower limits of confidence interval and
EAPC are positive, ASR has an upward trend. Conversely,
when the upper limits of the confidence interval and EAPC
are negative, ASR has a descending trend.

3. Results

Table 1 shows the number of cases, deaths, morbidity, mor-
tality, ASIR, ASMR, and MIR of OC in terms of sex and HDI
stage from 1990 to 2019.

Table 2 shows that the number of cases and deaths from
OC increased from 1990 to 2019, with the highest increase
occurring at the medium HDI stage. The most significant
increase was that the number of cases and deaths of male
patients increased by 128.86% and 111.75%, respectively, at
the medium stage. At the low and medium HDI stages, ASIR
of males showed an upward trend, with EAPC values of 3.75
(95% CI, 3.39, 4.11) and 5.64 (95% CI, 5.20, 6.08), respec-
tively. For the same periods, ASMR showed an upward
trend, with EAPC values of 2.79 (95% CI, 2.48, 3.11) and
4.42 (95% CI, 4.01, 4.82), respectively. Although the number
of cases and deaths from OC increased in females, the inci-
dence of OC decreased at the low HDI stage, with an EAPC
of −0.40 (95% CI, −0.79, −0.01). At the high HDI stage,
ASIR maintained a stable trend, while ASMR showed a
decreased trend. At all stages, MIR showed a downward
trend, and the difference was statistically significant.

Figure 1 shows the comparison of the three HDI stages
in terms of both sexes’ morbidity, mortality, ASIR, ASMR,
and MIR. The Mann–Whitney U-test showed significant
differences in terms of incidence, mortality, ASIR, ASMR,
and MIR between groups (P < 0:001). The Mann–Whitney
U test revealed that in all indicators, values of the low HDI
stage were lower than those of the medium and high HDI
groups (P < 0:05), except for MIR, in which the low HDI
stage was the highest (P < 0:001).

Figure 2 shows the annual output of tobacco, liquor, and
beer at the medium HDI stage is lower than that at the high
HDI stage (P < 0:001).
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Table 1: Number, crude, and standardised incidence rates, mortality, and MIR from oral cancer in China from 1990 to 2019.

Time Gender ASIR ASMR
All age death
numbers

All age incidence
number

All age
incidence rate

All age
death rate

Mortality-to-incidence ratio

Low HDI

Both sex

1990 1.40 0.92 7403 12390 1.05 0.63 0.66

1991 1.41 0.92 7599 12807 1.07 0.63 0.65

1992 1.40 0.91 7716 13034 1.07 0.64 0.65

1993 1.41 0.91 7898 13427 1.10 0.64 0.65

1994 1.40 0.91 8056 13748 1.11 0.65 0.65

1995 1.40 0.90 8193 14078 1.13 0.66 0.64

1996 1.40 0.89 8329 14461 1.15 0.66 0.64

Medium HDI

1997 1.38 0.87 8418 14733 1.16 0.66 0.63

1998 1.38 0.87 8604 15168 1.18 0.67 0.62

1999 1.40 0.87 8915 15780 1.22 0.69 0.62

2000 1.44 0.89 9420 16684 1.28 0.72 0.62

2001 1.48 0.91 9897 17566 1.34 0.76 0.62

2002 1.53 0.93 10492 18650 1.42 0.80 0.61

2003 1.61 0.97 11290 20145 1.52 0.85 0.61

2004 1.69 1.01 12174 21884 1.65 0.92 0.60

2005 1.75 1.04 12881 23293 1.74 0.96 0.59

2006 1.80 1.06 13518 24678 1.84 1.01 0.59

2007 1.87 1.08 14302 26391 1.96 1.06 0.58

2008 1.96 1.12 15357 28553 2.11 1.13 0.57

2009 2.07 1.17 16548 31012 2.28 1.22 0.57

2010 2.19 1.23 17825 33718 2.47 1.31 0.56

High HDI

2011 2.27 1.26 18974 36029 2.63 1.39 0.56

2012 2.32 1.28 19899 37917 2.76 1.45 0.55

2013 2.33 1.28 20524 39304 2.84 1.49 0.55

2014 2.33 1.26 20873 40344 2.91 1.50 0.54

2015 2.29 1.23 21039 40823 2.93 1.51 0.54

2016 2.25 1.20 21349 41443 2.95 1.52 0.53

2017 2.24 1.18 21565 42375 3.00 1.53 0.53

2018 2.25 1.17 22044 43790 3.09 1.56 0.52

2019 2.25 1.16 22642 45216 3.18 1.59 0.52

Low HDI

Male

1990 1.68 1.23 4571 7055 1.16 0.75 0.73

1991 1.69 1.23 4692 7287 1.18 0.76 0.72

1992 1.68 1.22 4773 7431 1.19 0.76 0.72

1993 1.69 1.21 4891 7651 1.21 0.77 0.72

1994 1.69 1.21 5019 7861 1.23 0.78 0.72

1995 1.69 1.21 5128 8063 1.25 0.79 0.71

1996 1.69 1.20 5224 8285 1.27 0.80 0.71

Medium HDI

1997 1.69 1.19 5321 8508 1.29 0.81 0.70

1998 1.71 1.19 5488 8831 1.33 0.83 0.70

1999 1.74 1.21 5724 9262 1.39 0.86 0.69

2000 1.82 1.25 6165 10041 1.50 0.92 0.69

2001 1.91 1.29 6598 10821 1.61 0.98 0.68
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Table 1: Continued.

Time Gender ASIR ASMR
All age death
numbers

All age incidence
number

All age
incidence rate

All age
death rate

Mortality-to-incidence ratio

2002 2.01 1.35 7147 11816 1.74 1.06 0.67

2003 2.17 1.43 7871 13134 1.93 1.16 0.66

2004 2.34 1.53 8672 14629 2.14 1.27 0.65

2005 2.47 1.59 9325 15871 2.32 1.36 0.65

2006 2.56 1.63 9899 17039 2.48 1.44 0.64

2007 2.70 1.70 10618 18503 2.68 1.54 0.63

2008 2.89 1.80 11589 20386 2.94 1.67 0.62

2009 3.11 1.92 12673 22504 3.23 1.82 0.62

2010 3.35 2.03 13831 24833 3.56 1.98 0.61

High HDI

2011 3.52 2.12 14896 26897 3.84 2.13 0.60

2012 3.64 2.18 15787 28654 4.07 2.24 0.60

2013 3.69 2.19 16342 29836 4.23 2.31 0.59

2014 3.67 2.15 16591 30576 4.31 2.34 0.59

2015 3.60 2.10 16679 30854 4.33 2.34 0.58

2016 3.53 2.06 16847 31167 4.35 2.35 0.58

2017 3.49 2.00 16901 31635 4.40 2.35 0.57

2018 3.48 1.97 17197 32532 4.50 2.38 0.57

2019 3.48 1.95 17608 33479 4.62 2.43 0.56

Low HDI

Female

1990 1.17 0.69 2833 5335 0.93 0.49 0.59

1991 1.18 0.69 2908 5521 0.95 0.50 0.58

1992 1.17 0.68 2942 5603 0.96 0.50 0.58

1993 1.18 0.68 3007 5775 0.98 0.51 0.57

1994 1.17 0.66 3037 5887 0.98 0.51 0.57

1995 1.16 0.65 3065 6014 1.00 0.51 0.56

1996 1.16 0.64 3105 6175 1.01 0.51 0.55

Medium HDI

1997 1.13 0.62 3097 6225 1.01 0.50 0.55

1998 1.12 0.61 3116 6338 1.02 0.50 0.54

1999 1.12 0.60 3192 6518 1.04 0.51 0.54

2000 1.12 0.60 3255 6643 1.05 0.52 0.54

2001 1.11 0.59 3299 6745 1.06 0.52 0.54

2002 1.10 0.59 3345 6834 1.07 0.52 0.53

2003 1.10 0.58 3419 7011 1.09 0.53 0.53

2004 1.11 0.58 3502 7255 1.12 0.54 0.52

2005 1.11 0.57 3556 7422 1.14 0.55 0.52

2006 1.11 0.56 3619 7639 1.17 0.55 0.51

2007 1.11 0.56 3683 7889 1.20 0.56 0.50

2008 1.12 0.55 3768 8167 1.24 0.57 0.49

2009 1.13 0.55 3876 8508 1.28 0.58 0.48

2010 1.15 0.55 3994 8885 1.33 0.60 0.48

High HDI

2011 1.15 0.54 4078 9132 1.36 0.61 0.47

2012 1.13 0.52 4112 9263 1.38 0.61 0.47

2013 1.12 0.52 4181 9468 1.40 0.62 0.46

2014 1.12 0.51 4282 9768 1.44 0.63 0.45
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Figure 3 presents the scatterplots of HDI versus ASIR,
ASMR, and MIR. It is shown that HDI is positively corre-
lated with ASIR and ASMR and negatively correlated with
MIR when both sexes are considered together

(Figure 3(a)–(c)). The patterns of the relationships stay very
similar when the male is exclusively considered. Moreover,
the slopes are quite large for those positive correlations
(9.24 for ASIR, and 4.28 for ASMR) and small for the

Table 1: Continued.

Time Gender ASIR ASMR
All age death
numbers

All age incidence
number

All age
incidence rate

All age
death rate

Mortality-to-incidence ratio

2015 1.11 0.50 4360 9969 1.46 0.64 0.45

2016 1.11 0.50 4503 10275 1.50 0.66 0.45

2017 1.13 0.50 4664 10740 1.55 0.67 0.44

2018 1.15 0.50 4848 11258 1.62 0.70 0.44

2019 1.16 0.50 5034 11737 1.68 0.72 0.43

Times were categorised into four groups as per HDI value in 2019: very high (HDI>0.800), high (0.700 <HDI <0.799), medium (0.550 <HDI<0.699), and low
(HDI<0.550). Data source: Global burden of disease 2019 study. Data source: MIR was calculated by the author using ASMR and ASIR data of oral cancer
from the GBD 2019 study, and HDI data was procured from the UNDP database.

Table 2: Changes and trends of oral cancer at various stages of development in China.

Stages of development Gender
Change in absolute

number (%)
EAPC (95% CI)

Incident Death ASIR ASMR MIR

Low HDI (1990-1996) Both sex 16.72 12.51 -0.05 (-0.23, 0.12) -0.51 (-0.73, -0.29) -0.44 (-0.69, -0.19)

Low HDI (1990-1996) Male 17.43 14.29 3.75 (3.39, 4.11) 2.79 (2.48, 3.11) -0.88 (-1.01, -0.76)

Low HDI (1990-1996) Female 15.75 9.60 -0.40 (-0.79, -0.01) -1.34 (-1.77, -0.92) -0.92 (-1.08, -0.77)

Medium (1997-2010) Both sex 128.86 111.75 0.08 (-0.03, 0.20) -0.41 (-0.56, -0.26) -0.40 (-0.62, -0.17)

Medium (1997-2010) Male 191.99 159.93 5.64 (5.20, 6.08) 4.42 (4.01, 4.82) -1.12 (-1.20, -1.04)

Medium (1997-2010) Female 42.73 28.96 -0.55 (-1.13, 0.04) -1.43 (-2.02, -0.83) -0.86 (-1.00, -0.71)

High (2011-2019) Both sex 25.50 19.33 -0.21 (-0.49, 0.06) -1.33 (-1.75, -0.91) -1.06 (-1.34, -0.78)

High (2011-2019) Male 24.47 18.21 0.07 (-0.11, 0.24) -0.95 (-1.04, -0.86) -1.06 (-1.24, -0.87)

High (2011-2019) Female 28.53 23.44 0.16 (-0.35, 0.67) -0.87 (-1.30, -0.44) -1.07 (-1.30, -0.83)

3

2

A
SI

R

Both
1

0
Low Medium High

5
4
3

A
SI

R

Male

Female

2
1
0

Low Medium High

3

2

A
SM

R

1

0
Low Medium High

1.5 NS

1.0

A
SM

R

0.5

0.0
Low Medium High

⁎⁎⁎
⁎⁎⁎ 0.8

0.6

M
R

0.4

0.0

0.2

Low Medium High

⁎⁎⁎⁎⁎⁎ ⁎⁎⁎

⁎⁎⁎
⁎⁎⁎

⁎

⁎⁎⁎

⁎⁎⁎
⁎⁎⁎ 1.00

0.75

0.50M
IR

0.25

0.00
Low Medium High

⁎⁎⁎ ⁎⁎⁎⁎⁎⁎⁎⁎⁎

⁎⁎⁎⁎

0.6

0.4

0.2

M
IR

0.00
Low Medium High

⁎⁎⁎ ⁎⁎⁎⁎⁎⁎1.00

0.75

A
SM

R

0.50

0.00

0.25

Low Medium High

⁎⁎⁎⁎⁎⁎ ⁎⁎⁎

1.5

1.0

A
SI

R

0.5

0.0
Low Medium High

⁎⁎⁎ ⁎⁎⁎
NS.

Figure 1: The comparison of the three HDI stages in terms of ASIR, ASMR, and MIR. The Mann–Whitney U-test showed significant
differences of ASIR, ASMR, and MIR between groups (P < 0:001). ∗P < 0:05 Mann–Whitney U-test between groups; ∗∗P < 0:01 Mann–
Whitney U-test between groups; ∗∗∗ P < 0:001 Mann–Whitney U-test between groups.
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negative correlation (-0.653 for MIR). In contrast, the female
data show all negative correlations and mild slopes (-0.125
for ASIR, -0.721 for ASMR, -0.571 for MIR).

Figure 4 lists the correlations amongst HDI, ASIR,
ASMR, and MIR whether male and female data are consid-
ered simultaneously or separately. The red colour indicates
a negative correlation while the blue colour indicates a pos-
itive correlation. The size of the circle indicates the absolute
value of the correlations. It is found that the correlations
amongst HDI, ASIR, ASMR, and MIR for male or for both
genders together are close to +1 or -1, indicating a strong
positive (e.g., HDI and ASIR, HDI, and ASMR) or negative
correlation (e.g., HDI and MIR). The correlations amongst
HDI, ASIR, ASMR, and MIR for females sometimes are far
from +1 or -1 (e.g., -0.42 for HDI and ASIR).

Figure 5 shows that MIR is related to country-specific
healthcare parameters. MIR was negatively correlated with
CHE (r = −0:916, P < 0:001), HE (r = −0:916, P < 0:001)
and NCD (r = −0:775, P < 0:001) and negatively positively
with OOP (r = 0:633, P < 0:001). It should be noted that
the relationship between OOP and MIR is twofold: positive
correlation when MIR<0.62 and negative correlation other-
wise. The reason is that in 2002, the Chinese government
began to solve the economic burden of catastrophic diseases
in rural residents through the new rural cooperative medical
system, and the proportion of reimbursement gradually
increased since 2002 [17].

4. Discussion

OC is a major cause of cancer morbidity and mortality in
China, and crude incidence rates will increase over the next
20 years [5]. In this research, Chinese economic develop-
ment from 1990 to 2019 was divided into three stages
according to HDI. Thereafter, the trends of ASIR, ASMR,
and MIR in three stages and the correlation between HDI
and ASIR, ASMR, and MIR of OC based on GBD data were
analysed. Lastly, the correlation between MIR and country-
specific healthcare parameters was determined.

The results showed that the incidence and mortality of
OC vary from one stage to another and were highest at the
high HDI stage. The findings of some studies were consis-
tent with our results. Brazil and Cuba, which had high
HDI and high tobacco and alcohol consumption, have high
rates of OC morbidity and mortality [18, 19]. In our country,

the annual output of tobacco, liquor, and beer at the high
HDI stage was higher than that at the medium HDI stage.
That is, the development of the economy resulted in a sub-
stantial increase in the domestic consumption of tobacco
and alcohol (Figure 2). Countries with high HDI also have
more elderly people than countries with low HDI [20]. On
the one hand, long-term exposure of the elderly to various
complex environments and risk behaviour factors leads to
increased incidence of cancer [21]. On the other hand, the
prevalence of systemic comorbidities in patients with OC
increased from 0.820% (2003) to 32.302% (2017) with the
development of the economy and society, causing an
increased risk of death [22]. The highest morbidity and mor-
tality of OC at the high HDI stage may be attributed to the
accurate registration system for cancer [23].

The present study found that at the medium HDI stage,
the proportion of morbidity and mortality increased the
most, whilst at the low and medium HDI stages, morbidity
and mortality in males showed an upward trend. With the
emergence of industrialisation, emissions of fine particulate
matter (PM) had increased, and exposure to high concentra-
tions of PM2.5 had increased the risk of OC [24, 25]. For
example, the annual average concentration of PM2.5 in Bei-
jing from 2001 to 2003 was even as high as 154.3 μg/m3 [26].
Morbidity and mortality rates from OC were higher in men
than in women because of tumour-related risk factors, such
as smoking and alcohol consumption and diagnosis of late
clinical stage [9, 27]. The decreasing incidence of OC in
females at the low HDI stage may be attributed to the fact
that women in China traditionally avoid smoking and alco-
hol. At the high HDI stage, ASIR maintained a stable trend
with EAPC value of -0.21(95% CI, -0.49, 0.06), and ASMR
maintained a down trend with EAPC value of -1.33(95%
CI, -1.75, -0.91). At the high HDI stage, tobacco control
actions in China were strengthened, smoking rates were
reduced, and cessation rates increased, thereby curbing and
levelling off the increasing incidence and mortality of OC
[28]. Furthermore, with economic development, the state
increased funds to the treatment of OC, reduced the burden
on patients, and improved the survival rate. With the vigor-
ous development of oral medicine, the ability to diagnose
and treat OC has been further improved [29]. The Chinese
government has been investing heavily to combat pollution.
Over $277 billion were pledged by the Academy for Envi-
ronmental Planning in 2013. Between 2013 and 2017, the
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Figure 2: Production of tobacco, liquor, and beer at medium and high HDI stages. All the data are derived from the National Bureau of
Statistics database of China (https://data.stats.gov.cn/index.htm).
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levels of PM2.5 were reduced by 33 per cent in at least 74 cit-
ies. The following year, it fell by a further 10 per cent. During
August 2019, Beijing experienced the lowest PM2.5 reading
since records began. It stood at just 23μg/m3 [30]. Effective
air therapy measures also help reduce the incidence and
mortality of OC in China.

HDI was positively correlated with ASIR and ASMR in
both sexes. With the development of the economy, the inci-
dence and mortality of OC increased. This correlation was
consistent with epidemiologic transition theory, which states
that as different stages of socioeconomic development
mature, communicable diseases gradually give way to the

doctrine of noncommunicable diseases [31]. As the country
transitions to a high level of human development, the behav-
iour of the general population has leaned to traditional life-
styles and built environments prevailing in high-income and
Westernised societies. HDI is positively associated with per-
centage of overweight adults with OC. A sedentary lifestyle,
increasing prevalence of obesity, changes in eating habits
and reproductive patterns, and other Western lifestyle
choices increased OC mortality rates [32].

It should be noted that in Figures 3(a), 3(b), 3(d), and
3(e), ASMR showed a downward trend and ASIR showed a
stable trend at the high HDI stage. Economic development

4

3

y = –0.977 + 4.36x, R2 = 0.92, P < 0.001
A

SI
R

Both 2

1

0

0.5 0.6

HDI

0.7

3

y = 0.0254 + 1.61x, R2 = 0.82, P < 0.001

A
SM

R

2

1

0

0.5 0.6

HDI

0.7

1.00

y = 0.927 – 0.525x, R2 = 0.99, P < 0.001

M
IR

0.75

0.50

0.25

0.00

0.5 0.6

HDI

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

0.7

4

3
y = –3.33 + 9.24x, R2 = 0.93, P < 0.001

A
SI

R

Male 2

1

0

0.5 0.6

HDI

0.7

3

y = –1.11 + 4.28x, R2 = 0.89, P < 0.001

A
SM

R

2

1

0

0.5 0.6

HDI

0.7

1.00

y = 1.06 – 0.653x, R2 = 0.99, P < 0.001

M
R

0.75

0.50

0.25

0.00

0.5 0.6

HDI

0.7

4

3

y = 1.21 – 0.125x, R2 = 0.18, P = 0.021

A
SI

R

Female 2

1

0

0.5 0.6

HDI

0.7

3

y = 1.04 – 0.721x, R2 = 0.97, P < 0.001

A
SM

R

2

1

0

0.5 0.6

HDI

0.7

1.00

y = 0.874 – 0.571x, R2 = 0.99, P < 0.001

M
IR

0.75

0.50

0.25

0.00

0.5 0.6

HDI

0.7
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was significantly associated with OC in each country. Inci-
dence of OC was closely related to GDP per capita, with a
negative correlation in countries with GDP per capita (at
purchasing power parity) above US$10,000 and a positive
correlation in countries with GDP per capita below

US$10,000 (at purchasing power parity) [33]. The World
Bank database indicated that at the low and medium HDI
stages in China, GDP per capita was under US$10,000. By
contrast, GDP per capita started to reach or exceed
US$10,000 (at purchasing power parity) at the high HDI
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stage. These findings can explain the decreasing trend of
ASMR and the halted uptrend of ASIR in the high HDI stage
of OC, as shown in Figures 3(a), 3(b), 3(d), and 3(e). From
2005 to 2014, Brazil was at a high HDI stage, and ASMR
of OC was negatively correlated with HDI [32]. This finding
may be associated with increased attention to oral health at
the high HDI stage and with the reduction of advanced
OC through early screening. This result can explain the
decreasing trend of ASMR of male OC at the high HDI
stage, as shown in Figure 3(e). ASIR and ASMR of OC in
women were slightly inversely associated with HDI
(Figures 3(g) and 3(h) and Figure 4). The possible reasons
were increased awareness of oral healthcare, early screening,
reduced consumption of tobacco and alcohol, and advance-
ments in medical technology.

The present study showed that MIR has an inverse rela-
tionship with HDI (Figures 3(c), 3(f), and 3(i)). MIR was an
indicator of the effectiveness of health systems and recom-
mended as an indirect criterion to measure actual biological
differences in disease phenotypes or health system-related
features, such as screening, diagnostic methods, treatment,
and follow-up [34]. Low CHE, HE, and NCD and high
OOP indicate the weakness of the healthcare system
(Figure 5). At the low HDI phase, patients were at a relative
disadvantage period because of late diagnosis, unavailability
of treatment options, and high treatment costs, most of
which were paid out of their pocket. The correlation between
MIR and HDI in OC can also be verified in other tumours.
Hu showed countries with low HDI have the highest MIR
of female breast cancer [35]. HDI exhibited a negative signif-
icant relationship with MIR at the tumour site of lungs, liver,
and colorectal [36–38]. In China, differences in MIR may be
attributed to unequal access to health services or different
national investments in health resources annually. Mean-
while, differences in the quality of mortality and morbidity
data at each stage were linked to differences in MIR.

Some limitations of this study are as follows. Firstly,
GBD obtained data from various sources, such as vital regis-
tries, cancer registries, and verbal autopsies through multiple
modelling steps detailed elsewhere [39, 40]. Incidence and
death rates of OC from the GBD database may differ from
the actual data. Secondly, the GBD database provided 30
years of OC data in China. According to HDI, the corre-
sponding data of 30 years from 1990 to 2019 were divided
into three groups. Data in each group were not equal,
thereby affecting the analysis of the results. Lastly, the results
of this study cannot be generalised to other countries consid-
ering the special attributes of China (e.g., world largest
population).

Our study is the first to analyse the association of China’s
economic index HDI with oral cancer disease burden. Dur-
ing the high HDI stage, the ASIR and ASMR of OC were
at a high level, but the ASIR halted the uptrend trend and
ASMR showed a decreasing trend. Our study found the
HDI index has been positively correlated with the ASIR
and ASMR of OC in China in the past 30 years, but this rela-
tionship may not be sustained as the economy develops. The
health department should continue to devote additional
resources for the prevention and treatment of OC.
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