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Abstract: This correlation study aimed to assess global trends of the lip and oral cavity (LOC) 9 

cancer mortality due to chewing tobacco in the period 1990-2019. Among women, the highest 10 

proportion of deaths by LOC cancer attributed to chewing tobacco was 27.7% in 2019, with a posi- 11 

tive correlation between mortality of LOC cancer and chewing tobacco in studied period (r=+0.832, 12 

p<0.001). Among men, the contribution of chewing tobacco to LOC cancer burden globally was 13 

14.1% in 2019, with a negative correlation between mortality of LOC cancer in males and chewing 14 

tobacco (r=-0.564, p<0.01). The percentage of deaths for the LOC cancer attributable to chewing 15 

tobacco is concentrated in certain world regions (mainly in South-East Asia and Eastern Mediter- 16 

ranean), with significantly increasing trends.  17 
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1. Introduction 20 

Cancers of the lip and oral cavity (LOC) are highly frequent in South Central Asia, 21 

Melanesia, as well as in Eastern and Western Europe, and have been linked to alcohol 22 

consumption, tobacco smoking, HPV infection, and to ultraviolet radiation [1,2].   23 

Many studies focused on chewing tobacco use have found many associated health 24 

risks [3]. A recent meta-analysis showed a significantly positive association between 25 

smokeless tobacco use and the risk of oral cancer in Southeast Asia region, the Eastern 26 

Mediterranean Region, and among women users [4]. Also, the same study reported that 27 

chewing products was associated with a higher risk of oral cancer than other types of 28 

smokeless tobacco [4]. But, the association between chewing tobacco and mortality rates 29 

from LOC cancer was found to vary in significance and magnitude across countries [5]. 30 

The aim of this study was to analyze the global and regional LOC cancer mortality in 31 

relation to chewing tobacco use, as well as to assess differences by sexes. 32 

2. Materials and Methods 33 

A correlation study was done to analyze global trends of mortality from LOC cancer 34 

attributable to chewing tobacco. 35 

Lip and oral cavity cancer mortality and chewing tobacco data were obtained from 36 

the database of the Global Burden of Disease (GBD) 2019 study [6]. The age-standardized 37 

rates (ASRs, expressed per 100 000 persons) were presented, based on standardization 38 

performed by direct method (GBD population was used as the standard population). In 39 

our study, “lip and oral cavity cancer, (LOC)” mortality includes deaths from malignant 40 

neoplasm: site codes 140-145, 210, 235 according to revision 9 and site codes C01-C08, 41 

D00, D10, D11, D37 according to revision 10 of the International Classification of Diseases 42 

- to classify death, injury and cause of death).    43 

To estimate trends of LOC cancer mortality, joinpoint regression analysis was used: 44 

the average annual percent change (AAPC) with the corresponding 95% confidence in- 45 
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terval (95%CI) was calculated [7]. Additionally, trends were evaluated by regions of the 1 

World Health Organization (WHO). In this manuscript, trends of LOC mortality were 2 

presented with a straight line in the whole period, even if there were changes in trends in 3 

the observed period. Also, disparities in mortality trends by sex were tested using a 4 

comparability test. All statistical analyses were done using the Joinpoint regression 5 

software, Version 4.9.0.0; National Cancer Institute, Bethesda, Maryland, USA – March 6 

2021). A p value of <0.05 was considered statistically significant for all tests.     7 

The relationship between mortality rates and chewing tobacco was examined by 8 

calculating a bivariate correlation coefficient — the Pearson’s correlation coefficient (r). 9 

All statistical analyses were conducted using the Statistical Package for Social Sciences 10 

software (v. 20.0, SPSS Inc., Chicago, IL, USA).        11 

3. Results 12 

In 2019, the global ASR of LOC cancer mortality was 3.4 per 100 000 in males vs 1.6 13 

per 100 000 in females (Figure 1). Males had higher ASRs compared with females in 2019 14 

in all WHO regions. The highest ASR in males was found in the South-East Asia Region 15 

(6.1 per 100 000), while the highest rate in females was reported in the Eastern Mediter- 16 

ranean Region (4.0 per 100 000).  17 

 18 

Figure 1. Mortality of lip and oral cavity cancer (global and by regions), by sexes, in 2019. 19 

Over the 1990-2019 period, the global ASRs of LOC cancer mortality significantly 20 

decreased in males (AAPC = −0.2%, 95%CI = −0.3 to −0.2), but significantly increased in 21 

females (AAPC = 0.2%, 95% CI = 0.1–0.3) (Figure 2). According to the comparability test, 22 

global trends in mortality of LOC cancer in males and females were not parallel (final 23 

selected model rejected parallelism, p < 0.05). 24 

The most significant changes in ASRs of LOC cancer mortality over the 1990-2019 25 

period were detected in males in the Western Pacific Region, with an increase of +1.7% 26 

per year. All other WHO regions showed significantly decreasing trends in males. In 27 

females, a significant increase in mortality of LOC cancer was registered in the European 28 
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and Eastern Mediterranean Region (equally by 0.2% per year) and African Region (by 1 

0.6% per year).  2 

Only in females in the South-East Asia Region a non-significant increase was ob- 3 

served (by +0.1% per year). In only one WHO region - Region of Americas, in both sexes a 4 

significant decrease in LOC cancer mortality rates was observed: AAPC = -0.9% (95%CI = 5 

-1.0 to -0.9) in males, and AAPC = -0.8%, (95%CI = -0.8 to -0.7) in females. 6 

 7 

Figure 2. Global mortality trends of lip and oral cavity cancer, by regions and by sexes, in period 8 
1990-2019: a joinpoint regression analysis. 9 

The contribution of chewing tobacco to the LOC cancer burden globally in males 10 

was 14.1% in 2019, with a significantly increasing trend (by 0.1% per year in the study 11 

period): the Pearson coefficient showed significant negative correlation between global 12 

mortality of LOC cancer in males and chewing tobacco (r=-0.564, p<0.01) (Table 1). The 13 

highest contribution of chewing tobacco to the LOC cancer burden in males in 2019 was 14 

observed in the South-East Asia Region (29.7%), while the lowest was observed in the 15 

European Region (0.6%). Except only the European Region, decreasing trends of the 16 

proportion of deaths by the LOC cancer attributed to chewing tobacco were observed in 17 

males in all regions.                     18 

Among females globally, the proportion of deaths by LOC cancer attributed to 19 

chewing tobacco was 27.7% in 2019, and increased by AAPC=+0.8% per year in the period 20 

1990-2019: the Pearson coefficient showed significant positive correlation between mor- 21 

tality of LOC cancer and chewing tobacco in the observed period (r=+0.832, p<0.01). The 22 

highest contribution of chewing tobacco to the LOC cancer burden in females in 2019 was 23 

observed in the South-East Asia Region (50.5%), while the lowest was observed in the 24 

African Region (1.0%). Significantly increased trends of the proportion of deaths by the 25 

LOC cancer attributed to chewing tobacco were observed in females in the Western Pa- 26 

cific, European and South-East Asia Region.        27 
28 
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Table 1. Pearson’s correlation coefficients (r) and trends (AAPC) for chewing tobacco with mortal- 1 
ity of lip and oral cancer (age-standardized rates per 100 000 persons) by regions and sexes, 2 
1990-2019. 3 

  Males   Females  

Region 
Chewing tobacco (%) 

r 

Chewing tobacco 

(%) r 

In 2019 AAPC In 2019 AAPC 

Global 14.1 +0.1* −0.564* 27.7 +0.8* +0.832** 

Western Pacific 1.5 −0.5* −0.805** 5.4 +0.2* +0.169 

European 0.6 +0.9* −0.877** 1.2 +0.3* +0.127 

Americas 3.4 −1.1* +0.983** 2.8 -0.2* +0.847** 

South-East Asia 29.7 −0.1* +0.881** 50.5 +0.3* +0.166 

Eastern Medi-

terranean 
18.3 −0.3* +0.829** 27.1 −0.2* −0.580* 

African 3.5 −0.1 −0.500* 1.0 −0.1* −0.613** 

* 0.01 < p <0.05; ** p < 0.01; AAPC = Average Annual Percentage Change, by joinpoint regression 4 
analysis. . 5 

4. Discussion 6 

One of the main findings in this study are the significantly increasing global trends 7 

of the proportion of deaths by the LOC cancer attributed to chewing tobacco both in 8 

males and females. The percentage of LOC cancer deaths attributed to chewing tobacco 9 

use in both sexes is concentrated mainly in the South-East Asia Region.  10 

Similar to that, in previous studies chewing tobacco was considered a major risk 11 

factor for oral and pharyngeal cancer in Asia, while the risk was not significant in the 12 

United States or Europe [8]. The discrepancies in risk between countries can be attributed 13 

to differences in populations (by age, socio-economic status, lifestyle, etc.), tobacco spe- 14 

cies in different regions [3,9]. This finding could probably be attributed to the chewing of 15 

product containing betel nut, which was associated with a high risk of oral and oropha- 16 

ryngeal cancer [10]. About half of oral cancers could be prevented if betel quid was no 17 

longer chewed: for example, in India the population fraction attributable to betel quid 18 

chewing with added tobacco was estimated to 44.7% in males and 63.2% in females, 19 

while the fraction without added tobacco was 2.6% in males and 12.3% in females [10]. 20 

Tobacco chewing is a frequent habit in both migrants of Asian descent and native popu- 21 

lation, making it a major risk factor for oral cancer in those populations [11].         22 

Consistent with others [3,9], our study noted significant sex differences in LOC 23 

cancer burden due to chewing tobacco. A recent GBD 2019 study showed that the global 24 

prevalence of chewing tobacco was 6.55% among males and 2.87% among females in 25 

2019 [12]. Majority of persons (83.29%) who used chewing tobacco in 2019 were in the 26 

South Asia Region (in India 67.83% of global users, and in Bangladesh 9.37% of global 27 

users). Both in males and females, the prevalence was the highest in South Asia (24.65% 28 

and 12.13%, respectively). The prevalence in males was the lowest in Latin America 29 

(0.17%), while the lowest prevalence in females was in Western Europe (0.15%). Globally, 30 

prevalence of chewing tobacco use has increased slightly in both sexes in 1990-2019 (by 31 

0.39% for males and 0.60% for females) [12]. Overall, these findings support the hypoth- 32 

esis that chewing tobacco is associated with LOC cancer risk. Besides, substantial differ- 33 

ences according to sexes could be attributed to different exposure to lifestyle-related risk 34 

factors such as smoking habits, alcohol consumption, etc [10].   35 

This study has some limitations. Apart from the issue of the quality of data and the 36 

well-known shortcomings of ecological studies, epidemiological fallacy is an inherent 37 

limitation of this study. In addition, there was a lack of control of certain confounding 38 

factors, such as socio-economic status, alcohol consumption, cigarette smoking. 39 
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5. Conclusion 1 

Males had higher rates of LOC cancer mortality compared with females in all WHO 2 

regions in 2019. The highest rate in males was found in the South-East Asia Region, while 3 

the highest rate in females was reported in the Eastern Mediterranean Region. Over the 4 

1990-2019 period, the global rates of LOC cancer mortality significantly decreased in 5 

males, while significantly increasing in females. Our study noted sex differences in LOC 6 

cancer mortality attributable to chewing tobacco, hereby the percentage of deaths for the 7 

LOC cancer attributable to chewing tobacco is mainly concentrated in both males and 8 

females in the South-East Asia Region. Additional analytic epidemiological studies ad- 9 

dressing the impact of chewing tobacco as a risk factor for LOC cancer are needed.        10 
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