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Background: Rising trends in early-onset Lip and oral cavity cancer (LOC) and
Other pharyngeal cancer (OPC) burden had been observed. This study aimed to
evaluate the burdens of LOC and OPC attributable to tobacco and alcohol in
young adults aged 15-49 years from 1990 to 2040.

Methods: Tobacco- and alcohol-attributable death and disability-adjusted life
years (DALYs) for LOC and OPC and the corresponding population-attributable
fraction were obtained from Global Burden of Disease Study 2019 for individuals
aged 15-49 years. Estimated annual percent change was calculated to quantify
the temporal trend of disease burden between 1990 and 2019. The Bayesian age-
period-cohort model was used to predict the age-standardized mortality rate
from 2020 to 2040.

Results: In 2019, an estimated 16,887 deaths and 799,495 DALYs for tobacco-
and alcohol-attributable early-onset LOC, and 8,402 deaths and 386,418 DALYs
for early-onset OPC attributable to tobacco and alcohol were reported globally.
Despite the global decrease in age-standardized mortality and DALYs rates of
tobacco- and alcohol-attributable LOC and OPC in young adults aged 15-49
years between 1990 and 2019, certain regions experienced increases, such as
regions of Asia, Eastern Europe, and Western Sub-Saharan Africa. Moreover, a
growing age-standardized mortality in individuals aged <34 years was found. The
socio-demographic index level was positively associated with a faster reduction
of early-onset LOC and OPC DALYs attributable to alcohol use and smoking,
except for that due to chewing tobacco. Furthermore, projections have also
indicated an expected increase in the age-standardized mortality for tobacco-
and alcohol-attributable early-onset LOC and OPC.
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Conclusions: Significant regional and demographic disparities in tobacco and
alcohol-related early-onset LOC and OPC burden and their attributable
proportion highlight a need for tailored age- and region-appropriate
interventions to reduce the future LOC and OPC burden among young adults.

early-onset, lip and oral cavity cancer, other pharyngeal cancer, burden of disease, risk
factors, estimated annual percentage change

1 Introduction

The Global Cancer Observatory (GLOBOCAN) 2020 estimated
nearly 20 million newly diagnosed cancer cases and 10 million
cancer-related deaths across the globe in 2020, with the global
cancer burden projected to reach 28.4 million by 2040 (1). Lip and
oral cavity cancer (LOC) and Other pharyngeal cancer (OPC) are
relatively uncommon globally but contribute significantly to the
cancer burden in specific regions such as South and Central Asia,
Eastern and Western Europe, and Australasia (1-3). Notably, Lip,
oral cavity, and pharyngeal (including nasopharynx) cancers are on
the rise globally, with an expected increase of 62% from 529,500
cases in 2012 to 856,000 cases in 2035 (3). The UK has seen a
substantial 18% increase in oral and oropharyngeal cancer
incidence among males and a 30% increase among females from
1990 to 1999, mirroring similar upward trends observed in several
developed countries over the past few decades (4-8). Furthermore, a
study has reported a rising trend in the incidence of Lip, oral cavity,
and pharyngeal (excluding nasopharynx) cancer worldwide from
1990 to 2017, particularly among females and in low- and middle-
income countries (9). While LOC and OPC are typically associated
with the elderly, a significant increase in incidence has been
observed among young adults (<50 years old at diagnosis) (9-12).
For instance, the cancer incidence rates for oral cavity and pharynx
increased by 1.2% and 0.7% per year in male and female patients
aged 20-49 years in the USA during 2011 to 2015 (13). Importantly,
early-onset LOC and OPC have substantial economic and social
impact and can result in a greater number of person-years of life lost
compared to later-onset cancers (14). Reports indicate that younger
patients exhibit more aggressive progression and a higher risk of
local recurrence or regional/distant metastases compared to older
patients (15-17). In summary, the evolving epidemiological
patterns of LOC and OPC, along with the steady increase in
early-onset cases, present a growing global public health challenge.

The majority of deaths and DALY's burden from LOC and OPC
are attributable to potentially modifiable risk factors such as tobacco
use and alcohol consumption, accounted for 62.2% [95% UI, 57.5%-
66.5%] of all LOC deaths and 61.87% [95% Ul, 56.18%-66.84%] of
overall OPC deaths in 2019 globally (2). It was noteworthy that the
risk-attributable mortality rate for LOC was rising among
individuals under the age of 45, particularly in middle and
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middle-high socio-demographic index (SDI) areas (18). The
detrimental effects of tobacco and alcohol use on treatment
effectiveness and complications in head and neck cancer has been
extensively researched (19, 20). In addition, these modifiable risk
factors for early-onset LOC and OPC are also prevalent in other
chronic diseases, indicating that controlling these factors can have
broader benefits beyond just preventing LOC and OPC (21). These
significant epidemiologic shifts seem to reflect changes in exposure
to risk factors among younger people; therefore, tracking and
monitoring regional and national discrepancies in early-onset
LOC and OPC burden due to modifiable risk factors is crucial for
tailored prevention strategies and prioritize resource allocation to
reduce the future LOC and OPC burden worldwide.

Studies have documented the overall and risk-attributable
burden and trend in LOC and OPC from 1990 to 2019 (2, 18), as
well as global incidence and trends of oral and oropharynx cancer
before the age of 45 years during 1975-2016 (11). No study has
specifically described the global burden of early-onset LOC and
OPC attributable to tobacco and alcohol and its secular trend,
however, and the variations by gender and between regions or
countries with different levels of socio-economic development. This
lack of information might hinder the development of preventive
strategies to address this issue at global, regional, and national
levels. Therefore, our study aims to inform and underpin health
policy by analyzing recent epidemiological data from the Global
Burden of Diseases, Injuries, and Risk Factors (GBD) Study 2019.
The current study describes the global epidemiological pattern of
tobacco- and alcohol-attributable LOC and OPC burden in young
adults aged 15-49 years and demonstrates the temporal trends and
variations in specific geographic and demographic contexts.

2 Methods
2.1 Data source and data collection

The data in this report is from the publicly available GBD Study
2019, a collaborative project led by the Institute for Health Metrics
and Evaluation (THME). It provides estimations of region-, country-,
age- and sex-specific incidence, prevalence, mortality, years of life lost
(YLLs), years lived with disability (YLDs), and DALYs for 369
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diseases and injuries, as well as 87 risk factors, across 204 countries
and territories, from 1990 to 2019 (22, 23). We extracted annual data
on risk-attributable LOC and OPC deaths and DALYs burden in
young adults under 50 from 1990 to 2019 across the globe, 5 socio-
demographic index quintiles, 21 GBD world regions, and 204
countries and territories using the Global Health Data Exchange
(GHDx) query tool (http://ghdx.healthdata.org/gbd-results-tool) in
the current study.

2.2 Case identification

Since there has been a lack of consensus on the cut-off values of
age considered to define a young patient (24). Previous studies have
applied a dichotomy at 40, 45, or 49 years, unavoidably resulting in
varying results (11, 17, 25). In order to enable consistent analysis and
interpretation of current evidence on early-onset LOC and OPC
burden, the age range for young adults has been arbitrarily defined as
15-49 years in this study (26). The case definition for early-onset LOC
and OPC were cancer case diagnosed in individuals aged 15 to 49
years. The list of International Classification of Diseases 9th revision
(ICD-9) and 10th revision (ICD-10) codes mapped to the LOC and
OPC in the GBD Study 2019 has been detailed in a previous study (2).
LOC is defined as per the ICD-10 with diagnosis codes C00-C08, and
OPC with codes C09-C10 and C12-C13. Nasopharyngeal cancer
(codes C11) was excluded from this study because it is commonly
linked to Epstein-Barr virus infection, whereas cancers that occur in
other pharyngeal sites are often associated with tobacco use, alcohol
intake, and HPV infection (3).

2.3 Modifiable risk factors for early-onset
LOC and OPC

The GBD Study 2019 has identified three attributable risk
factors (smoking, chewing tobacco, and alcohol use) for early-
onset LOC and 2 risk factors (smoking and alcohol use) related
to early-onset OPC (22). Definitions of exposure to these
attributable risk factors are as follows: 1) Smoking was defined as
current smokers (currently use any smoked tobacco product) and
former smokers (quit using all smoked tobacco products for at least
six months); 2) Chewing tobacco was defined as the current use of
chewing tobacco, including local products such as betel quid with
tobacco, at any frequency; 3) Alcohol use was defined as average
daily alcohol consumption of pure alcohol in current drinkers who
had consumed alcohol during the past 12 months.

2.4 Estimation of early-onset LOC and
OPC burdens attributable to tobacco
and alcohol

The relative risks for tobacco/alcohol-LOC/OPC pairs were
estimated by prospective cohort studies and population-based case-
control studies. Population attributable fraction (PAF) represents the
proportion of early-onset LOC and OPC burdens that would decrease
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in a given population and time if their exposure to a risk factor had
reduced to the theoretical minimum risk exposure level (TMREL) at
which the minimum risk occurs (22). PAF were estimated under the
comparative risk assessment framework for each individual risk
factor using the intake of specific risk factor, the estimated relative
risk, and the TMREL. The estimation of PAF for combinations of risk
factors was corrected for overestimation of the combined effects by a
mediation matrix, as the effect of an individual risk factor on disease
can be mediated through the intermediate one (22). The attributable
burden was calculated by multiplying the overall burden measure of
early-onset LOC and OPC by the PAF.

2.5 Mortality and DALYs Estimates

LOC/OPC-specific mortality was estimated by Cause of Death
Ensemble Model after adjusting for selected covariates, using input
data collected from vital registration data and cancer registry data
coded to ICD system or household mortality surveys known as
verbal autopsy. Additionally, years lived with disability (YLDs) for
LOC and OPC were calculated by multiplying the prevalence with
the corresponding disability weights, where 0 means no health loss
and 1 indicates health loss equivalent to death. Years of life lost
(YLLs) was computed from the observed number of deaths from
LOC and OPC multiplied by the global standard life expectancy at
the age of death. DALY's were the sum of the corresponding YLDs
and YLLs. The estimation methods of mortality and DALYs for
LOC and OPC has been described in a previous study (2).

2.6 Summary exposure value of tobacco
and alcohol

In the GBD Study 2019, summary exposure value (SEV)
represents the relative risk-weighted prevalence of each individual
attributable risk factor and is on a scale from 0 (when no excess risk
for a population exists) to 100% (when the population is at the
highest level of risk). The annualized rate of change (ARC) was used
to measure the temporal variation of SEV of risk factors, on which a
decline in SEV indicates reduced exposure to the risk factor in the
population, and vice versa.

2.7 Socio-demographic index

The SDI metric is a composite measure of socio-demographic
development status strongly correlated with health outcomes. This
summary indicator comprises three indices: 1) total fertility rate for
those younger than 25 years of age; 2) mean education for those aged
15 years or older; and 3) lag-distributed income per capita. The
composite SDI is calculated by rescaling these three indices for a given
location-year to obtain the geometric mean. According to the
calculated SDI score, regions and countries are classified into five
distinct quintiles: high SDI (0.805-1), high-middle SDI (0.690-0.805),
middle SDI (0.608-0.690), low-middle SDI (0.455-0.608), and low SDI
(0-0.455) (23).
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2.8 Statistical analysis

In this study, the age-standardized rate (per 10> population),
including age-standardized mortality rate (ASMR) and age-
standardized DALYs rate (ASDR), was calculated using the
following formula:

A
i AW;
ASR :E+ x 100,000

i=1 Wi

where a; denotes the age-specific rate in the i age subgroup
and w;represents the number of individuals in the same age class of
the GBD world age-standard population came from the GBD Study
2019 Population Estimates 1950-2019 (27). These age-standardized
measures enable a comparable assessment of the tobacco- and
alcohol-attributable early-onset LOC and OPC burden across
different populations (28).

The estimated annual percentage changes (EAPCs) in ASMR,
ASDR, and age-specific rate of mortality and DALYs were used to
quantify the epidemic trends of tobacco- and alcohol-attributable
early-onset LOC and OPC burden. EAPC was widely used to assess
the temporal trend of disease burden (29). A regression line was fitted
to the natural logarithm of the rates, denoted as y = o + fx + €, where
y =In(ASR), and x = calendar year. The EAPC was calculated as
100 x (exp (B) — 1), and the corresponding 95% confidence interval
(CI) could be obtained from the linear regression model.

In addition, Pearson correlation analysis was conducted to
evaluate the relationship between ASMR and ASDR with SDI
quintile, age-specific rate of mortality and DALYs with SDI
quintile, EAPCs in ASMR and ASDR with SDI quintile, as well as
PAF of risk factors with SDI quintile. Furthermore, the age-
standardized mortality of tobacco- and alcohol-attributable early-
onset LOC and OPC from 2020 to 2040 were projected by using the
Bayesian age-period-cohort (BAPC) model integrating nested
Laplace approximations (30). The global age-standard population
came from World Standards database constructed by the World
Health Organization (https://seer.cancer.gov/stdpopulations/
world.who.html), and population forecast data was collected from
the GBD Study 2019 Global Fertility, Mortality, Migration, and
Population Forecasts 2017-2100 (31). The R package “BAPC”
streamlines the implementation of the BAPC model, allowing for
the generation of well-calibrated probabilistic forecasts with
relatively narrow uncertainty ranges.

All statistics analysis and mapping were done with R software,
version 4.1.0 (R Foundation for Statistical Computing). A P < 0.05
was regarded as significant.

3 Results
3.1 The global burden of tobacco- and
alcohol-attributable early-onset LOC and
OPC in 2019

Globally, an estimated 16,887 (95% uncertainty interval [UI]:

14,245 to 19,688) deaths from tobacco- and alcohol-attributable
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LOC among young adults aged 15-49 years were reported in 2019.
The global crude mortality rate and ASMR were 0.43 (95% UL 0.36
to 0.5) and 0.42 (95% UL 0.42 to 0.43) per 10°, respectively
(Supplementary Tables S1, S2). The number of DALYs due to
tobacco and alcohol-related early-onset LOC globally in 2019 was
799,495 (95% UI: 672,639 to 930,964), with a crude DALY rate of
20.32 (95% UI: 17.09 to 23.66) per 10° and an ASDR of 20 (95% UT:
19.95 to 20.04) per 10° (Supplementary Tables S2, S3). In 2019, by
SDI category, the low-middle SDI regions had the highest ASMR
and ASDR for tobacco- and alcohol-attributable early-onset LOC
(0.74 [95% UL 0.72 to 0.75] deaths and 34.76 [95% UL 34.64 to
34.89] DALYs per 10, respectively). Among 21 GBD regions, South
Asia had the highest ASMR (1.13 [95% UIL:1.11 to 1.15]) and ASDR
(53.26 [95% UI: 53.11 to 53.42]) of tobacco- and alcohol-
attributable early-onset LOC for both sexes combined, followed
by Eastern Europe and Central Europe (Figure 1A and
Supplementary Table S2). At the national level, the greatest
burden of early-onset LOC attributable to tobacco and alcohol
was seen in Palau, followed by Taiwan (Province of China) and
Pakistan (Figure 2A). According to the country and territory
analysis, no significant association between ASMR and ASDR rate
with SDI was found (Supplementary Figure S1A), although there
was a weak positive correlation between age-specific rate of
mortality and DALYs with SDI (Supplementary Figure S2A).

In 2019, tobacco- and alcohol-attributable early-onset OPC was
responsible for 8,402 (95% UL 6,909 to 9,946) deaths and 386,418
(95% UL 316,466 to 458,971) DALYs globally (Supplementary
Tables S4, S5). The global crude mortality rate, ASMR, crude
DALYs rate, and ASDR per 10° for early-onset OPC attributable
to tobacco and alcohol were 0.21 (95% UL 0.18 to 0.25), 0.21 (95%
UL 0.21 to 0.21), 9.82 (95% UL 8.04 to 11.66), and 9.65 (95% UI:
9.62 to 9.68), respectively (Supplementary Tables S4, S6). The
highest ASMR (0.41 [95% UI: 0.4-0.42]) and ASDR (18.9 ([95%
UI: 18.81-18.99]) for tobacco- and alcohol-attributable early-onset
OPC were also reported in the low-middle SDI quintile (Figure 1B
and Supplementary Table S6). At the GBD regional level, the South
Asia had the highest ASMR and ASDR for tobacco- and alcohol-
attributable early-onset OPC (0.59 [95% UTI: 0.57 to 0.6] deaths and
26.96 [95% UL 26.85 to 27.07] DALYs per 10°, respectively),
followed by Central Europe and Eastern Europe (Figure 1B and
Supplementary Table S6). According to the distribution of national-
level ASMR and ASDR for early-onset OPC attributable to tobacco
and alcohol in 2019, Taiwan (Province of China), Slovakia, and
Romania were the top 3 countries and territories with the greatest
burden (Figure 2B). Moreover, countries with high-middle and high
SDI generally had a higher ASMR, ASDR, and crude mortality and
DALYs rates for tobacco- and alcohol-attributable early-onset OPC
(all models, P < 0.001; Supplementary Figures S1B and S2B).

The ASMR and ASDR for tobacco- and alcohol-attributable
early-onset LOC and OPC varied by sex and age. These indicators
were higher in males than in females globally and in all 5 SDI
categories and 21 GBD regions (Supplementary Tables S2 and S6).
Both the ASMR and crude mortality rate for tobacco- and alcohol-
attributable early-onset LOC and OPC were higher in males than in
females across the globe in 2019, with the highest male-to-female
ratio of mortality observed in East Asia (Supplementary Figure S3).
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years; LOC, Lip and oral cavity cancer; OPC, Other pharyngeal cancer.

In addition, the age-specific mortality and DALY rates for tobacco-
and alcohol-attributable early-onset LOC and OPC increased with
age (Supplementary Figures S4, S5). Further analysis of age
distribution revealed that the differences in the mortality and
DALYs between young male adults and young female adults were
mainly due to variances in the older age groups (35-39, 40-44, and
45-49 years). Notably, this gap narrowed over time in countries with
high- and high-middle SDI (Supplementary Figures S6, S7).
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3.2 Temporal trend of tobacco- and
alcohol-attributable early-onset LOC from
1990 to 2019

From 1990 to 2019, the number of deaths and DALYs due to
tobacco- and alcohol-attributable early-onset LOC, as well as the
corresponding crude rates, increased globally for both sexes, with a
greater increase in females than in males (Supplementary Figure S8A
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Age-standardized mortality and DALYs rates of (A) early-onset lip and oral cavity cancer (LOC) and (B) early-onset other pharyngeal cancer (OPC)
due to modifiable risks for both sexes combined in 2019, by country. DALYs, Disability adjusted life years.

and S8C). Over the same period, the global ASMR and ASDR showed
a decreasing trend for both sexes, with faster average annual
percentage decreases observed in males (Supplementary Table S2).
Our study has found that the SDI level was positively associated with
faster reduction in ASMR and ASDR for early-onset LOC attributable
to tobacco and alcohol (Figure 3A). Generally, older age groups
(40-44 and 45-49 years) were associated with faster reductions or
slower increases in the mortality and DALY rate across all 5 SDI
regions, while the 25-29 age group showed the opposite trend
(Supplementary Figure S4 and Supplementary Table S7).

When categorized by GBD regions, most regions experienced a
decline in ASMR and ASDR of tobacco- and alcohol-attributable
early-onset LOC whereas several regions (e.g., East and South Asia,
Western Sub-Saharan Africa, and Eastern Europe) showed an
increasing trend (Figure 1A). The largest increases in ASMR
among female individuals between 1990 and 2019 occurred in
Andean Latin America (EAPC = 1.74 [95% CI: 1.63 to 1.85]),
Eastern Europe (EAPC = 1.66 [95% CI: 1.46 to 1.85]), and Central
Sub-Saharan Africa (EAPC = 1 [95% CI: 0.97 to 1.03]). In
comparison, East Asia (EAPC = 1.57 [95% CI: 1.34 to 1.8]) and
Western Sub-Saharan Africa (EAPC = 0.72 [95% CI: 0.67 to 0.77])
had the fastest increases in ASMR among males (Supplementary
Table S2). Moreover, the largest increase in ASDR was found in
Eastern Europe (EAPC = 1.65 [95% CI: 1.29 to 2.01]) for females
and East Asia (EAPC = 1.55 [95% CI: 1.33 tol.77]) for males
(Supplementary Table S2). At the country level, Cabo Verde and
Turkmenistan recorded the largest increases in ASMR and ASDR
for males and females, respectively (Supplementary Figure S9).
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3.3 Temporal trend of tobacco- and
alcohol-attributable early-onset OPC from
1990 to 2019

Global deaths due to tobacco- and alcohol-attributable early-
onset OPC rose from 4,866 (4,254 to 5,488) in 1990 to 8,402 (95%
UI:6,909 to 9,946) in 2019 (Supplementary Table S4). Tobacco- and
alcohol-attributable DALYs for early-onset OPC increased by
73.9% between 1990 and 2019 (Supplementary Table S5). During
the study period, the ASMR and ASDR decreased by an average of
0.56% (95% CI: —0.64 to —0.48) and 0.49% (95% CI: —0.58 to —0.4)
per year globally, respectively. Faster reductions in the ASMR and
ASDR for early-onset OPC attributable to tobacco and alcohol were
observed in females compared to males (Supplementary Table S6).
In addition, the high and high-middle SDI quintiles showed a
decreasing trend in the ASMR and ASDR for both sexes, whereas
the largest increases of them were found in the low-middle SDI
quintile (Figure 1B). The annual percent changes of ASMR (p =
—0.191, P = 0.006) and ASDR (p = —0.185, P = 0.008) illustrated
negative correlation with SDI level in 2019 (Figure 3B).

From 1990 to 2019, in term of GBD regions, the largest
increases in the ASMR and ASDR for tobacco- and alcohol-
attributable early-onset OPC among males were found in South
and Southeast Asia (Figure 1B and Supplementary Table S6).
Regions of Eastern Europe (EAPC = 2.15 [95% CI: 2.12 to 2.18])
and Western Sub-Saharan Africa (EAPC = 1.96 [95% CI: 1.78 to
2.14]) had the largest increase in ASMR in females. Eastern Europe
(EAPC =1.95 [95% CI: 1.68 to 2.21]) also had the fastest increase in
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ASDR in female individuals, however, the second fastest ASDR
increase occurred in Oceania (EAPC = 0.4 [95% CI: 0.35 to 0.44];
Figure 1B and Supplementary Table S6). At the country level, for
males, Guam had the largest increase in both ASMR (EAPC = 4.94
[95% CI: 4.36 to 5.53]) and ASDR (EAPC = 5.08 [95% CI: 4.48 to
5.69]), while France reported the largest reduction in both ASMR
(EAPC = -6.24 [95% CI: —6.72 to —5.76]) and ASDR (EAPC = —6.2
[95% CI: —6.68 to —5.73]). For female individuals, Vietnam and
Saint Kitts and Nevis were the countries with the largest increases
and the fastest reductions in both ASMR and ASDR, respectively
(Supplementary Figure S10). Similarly, faster reductions or slower
increases in the mortality and DALYs rate were observed in older
age (40-44 and 45-49 years), and the opposite in the 20-24 age
group (Supplementary Figure S5 and Supplementary Table S8).

3.4 PAF of individual risk factor-
attributable early-onset LOC

In 2019, the proportions of DALYs due to smoking-, chewing
tobacco-, and alcohol use-attributable early-onset LOC was 17.11%,
18.75%, and 30.07% globally, respectively (Supplementary Figure
S11A). The proportion of early-onset LOC deaths attributable to
tobacco and alcohol mirrored the same pattern of the tobacco- and
alcohol-attributable proportion of DALYs burden. From 1990 to
2019, alcohol use had the highest PAF of DALYs in high, high-
middle, and middle SDI quintiles, whereas chewing tobacco
accounted for the highest PAF of DALYs in low-middle and low
SDI quintiles (Supplementary Figure S12A). The proportion of
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early-onset LOC DALYs attributable to smoking declined in all 5
SDI quintiles between 1990 and 2019. The proportion of early-onset
LOC DALYs attributable to chewing tobacco either increased or
remained stable over time across all SDI settings, except for the low
SDI quintile. However, a decrease in the proportion of early-onset
LOC DALYs attributable to alcohol consumption was found only in
the high SDI quintile (Supplementary Figure S12A). Moreover, the
SDI level was positively associated with a higher proportion of
tobacco- and alcohol-attributable early-onset LOC DALYs for
modifiable risks combined, alcohol use, and smoking, except for
chewing tobacco, which showed a negative correlation
(Supplementary Figure SI3A). Over this period, the proportion of
early-onset LOC DALYs due to chewing tobacco increased
significantly in countries with relative lower chewing tobacco-
attributable early-onset LOC burden (Supplementary Figure S14A).

By GBD regions and risk factors, the region in which the highest
proportion of early-onset LOC deaths and DALYs burden
attributable to smoking, chewing tobacco, and alcohol use in 2019
for both sexes combined was Eastern Europe, South Asia, and
Eastern Europe, respectively (Supplementary Figure S11A). Higher
proportions of early-onset LOC deaths and DALYs burden
attributable to smoking and alcohol use were observed in males
compared to females across 21 GBD regions. However, the chewing
tobacco-attributable proportions was higher in females than in
males in most GBD regions (except for regions of Central Asia,
North Africa and Middle East, and High-income North America),
with this burden concentrated in South and Southeast Asia,
Oceania, and regions of sub-Saharan Africa (Supplementary
Figure S15A).
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Tobacco- and alcohol-attributable proportion of early-onset
LOC DALYs increased with age (Supplementary Table S9). In
2019, across all age group of young adults, alcohol consumption
was the primary attributable risk factor globally and in the high,
high-middle, and middle SDI quintiles, whereas chewing tobacco
responsible for the highest proportion of early-onset LOC DALY
burden in low-middle and low quintiles (Supplementary Table S9).

3.5 PAF of individual risk factor-attributable
early-onset OPC

In 2019, smoking and alcohol consumption were responsible
for 27.80% and 32.79% of early-onset OPC DALYs globally,
respectively (Supplementary Figure S11B). Alcohol consumption
accounted for a larger proportion of early-onset OPC DALYs than
smoking in high and high-middle SDI quintiles from 1990 to 2019.
However, the primary contributor to early-onset OPC DALYs
shifted from smoking in 1990 to alcohol use in 2019 among
middle, low-middle, and low SDI regions (Supplementary Figure
S12B). Between 1990 and 2019, all 5 SDI quintiles showed a
decreasing trend in the proportion of early-onset OPC DALYs
attributable to smoking, while the proportion of early-onset OPC
DALYs attributable to alcohol consumption only declined in the
high SDI quintile (Supplementary Figure S12B). The largest
increase in the proportion of early-onset LOC and OPC due to
alcohol use and smoking was observed in Mozambique and
Afghanistan, respectively (Supplementary Figure S14).
Additionally, there was a positive association between SDI level
and the proportion of early-onset OPC DALYs attributable to
tobacco and alcohol combined, alcohol consumption, and
smoking (Supplementary Figure S13B).

The highest PAF of early-onset OPC burden attributable to
smoking and alcohol use, in both sexes combined, was reported in
Eastern Europe (Supplementary Figure S11B). The proportion of
early-onset OPC burden attributable to smoking and alcohol use
was higher in males than in females globally and in all 21 GBD
regions (Supplementary Figure S15B). The proportions of early-
onset OPC DALYs attributable to tobacco and alcohol combined,
alcohol consumption, and smoking all increased with age
(Supplementary Table S10). Notably, contributions to early-onset
OPC DALYs were greater for alcohol consumption than smoking
among individuals in the younger age group of under 45 years old
both globally and in all 5 SDI quintiles (Supplementary Table S10).

3.6 The summary exposure value for
tobacco and alcohol

In 2019, the SEVs of tobacco and alcohol were higher in males
aged 15-49 years versus females at the same age group globally (11.1
vs 3.3 for alcohol use; 13.9 vs 2.7 for smoking; 7.5 vs 3 for chewing
tobacco; Supplementary Tables S11, S13). Globally, the SEV of
alcohol use increased by an annual 0.04% from 1990 to 2019 in
young male adults but decreased by —0.13% per year in young
female adults (Supplementary Table S11). The high SDI quintile
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had the highest SEV of alcohol use in 2019 and the largest decrease
in the SEV of alcohol use over the past 30 years, for both sexes
(Supplementary Table SI11). When classified by GBD areas,
Australasia and regions of Europe (Central, Eastern, and
Western) have the highest SEV of alcohol use for both sexes.
Additionally, the fastest increases in the SEV of alcohol use
between 1990 and 2019 were found in East, South, and Southeast
Asia for both sexes (Supplementary Table S11).

The SEV of smoking showed a decreasing trend for both young
male adults (average change —0.25% per year [95% UL —0.27 to
—0.23]) and young female adults (average change —0.44% per year
[95% UL —0.47 to —0.42]) globally (Supplementary Table S12). From
1990 to 2019, the SEV of smoking decreased across all 5 SDI quintiles
and the majority of GBD regions, with the largest decrease recorded
in the high SDI quintile and Tropical Latin America, respectively, for
both sexes (Supplementary Table S12). In 2019, in both sexes,
compared with regions with a low SDI, the SEV of smoking in
regions with a high SDI was higher, and the highest SEV of smoking
was found in regions of Europe (Supplementary Table S12).

During the past three decades, there was a slight increase in the
SEV of chewing tobacco in both sexes (average change 0.09% and
0.11% per year for young male adults and young female adults,
respectively; Supplementary Table S13). Different from the SEV of
alcohol consumption and smoking, regions with a low SDI had the
higher SEV of chewing tobacco. Moreover, the SEV of chewing
tobacco decreased in low-middle and low SDI quintiles but
increased in high, high-middle, and middle SDI quintiles
(Supplementary Table S13). Notably, although a decreasing trend
was seen, the SEV of chewing tobacco in South Asia was far more
than the rest GBD regions. Between 1990 to 2019, Central Asia and
regions of High-income Asia Pacific experienced the fastest increase
in the SEV of chewing tobacco for young male adults and young
female adults, respectively (Supplementary Table S13).

When stratified by age group, the SEV of these risk factors in
people aged 15-49 years increased with age (in both sexes combined)
globally and in all 5 SDI quintiles (Supplementary Table S14). The
SEVs of alcohol use and smoking decreased in every age subgroup of
young adults globally, while the decreasing trend in the SEV of
chewing tobacco was only observed in the 45-49 age group
(Supplementary Table S14). The SEV of alcohol consumption
increased in all age groups in the middle, low-middle, and low SDI
quintiles and the younger age group (15-19 years, 20-24 years, and
25-49 years) in the high-middle SDI quintile (Supplementary Table
S14). The SEV of smoking decreased in all age groups among all 5
SDI quintiles; however, the high, high-middle, and middle SDI
quintiles witnessed an increasing trend in the SEV of chewing
tobacco across all age groups (Supplementary Table S14).

At the national level, Bulgaria, Estonia, and Palau had the
highest SEV of alcohol use (22.1 [95% UTI: 18.5 to 25.7]), smoking
(20.6 [95% UI: 15 to 27.6]), and chewing tobacco (29 [95% UL
24.2 to 34.1]), respectively (Supplementary Figure S16). The
greatest increase in national-level SEV of alcohol use, smoking,
and chewing tobacco in both sexes combined from 1990 to 2019
was found in Vietnam, Afghanistan, and Norway, respectively
(Figure 4 and Supplementary Figures S17-S19). However,
Albania, rather than Afghanistan, had the fastest increase in the
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SEV of smoking in young female adults (Supplementary Figure
S18). Comparisons of annualized rate of changes (ACRs) in the
SEV of these risk factors in young adults between 1990 and 2019
with the corresponding tobacco- and alcohol-attributable DALY's
for early-onset LOC and OPC in 2019 shows that countries with
lower early-onset LOC and OPC burden attributable to alcohol
use were mainly those with larger cumulative improvements in
exposure to alcohol consumption; however, this was the opposite
when considering tobacco consumption (Figure 4 and
Supplementary Figures S17-S19).

3.7 Projections of ASMR for tobacco- and
alcohol-attributable early-onset LOC and
OPC through 2040

The prediction and the changing trends of ASMR for tobacco-
and alcohol-attributable early-onset LOC and OPC by sex were
depicted by sex in Figure 5. In general, the ASMR of LOC
attributable to tobacco and alcohol in young adults showed a
slight increasing trend for both sexes globally from 2020 to 2040.
By 2040, the globally projected ASMR of tobacco- and alcohol-
attributable early-onset LOC is 0.73 deaths per 10° population for
males and 0.19 deaths per 10> population for females (Figure 5A).
When classified by attributable risk factors, the ASMR of smoking-
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attributable early-onset LOC is projected to decline to 0.21 and 0.01
deaths per 10° population for males and females globally in 2040,
respectively (Supplementary Figure S20A). From 2020 to 2040, the
ASMR of early-onset LOC attributable to chewing tobacco tends to
trend upward for both sexes, with a projection of 0.21 and 0.15
deaths per 10° population for males and females globally in 2040,
respectively (Supplementary Figure S20B). Additionally, the
projected ASMR of alcohol consumption-attributable early-onset
LOC remains stable globally for both sexes, reaching 0.04 and 0.46
deaths per 10° population for males and females by 2040,
respectively (Supplementary Figure S20C).

Concerning risk-related early-onset OPC, the ASMR is on the
rise in males but remains stable in females between 2020 and 2040.
It is projected that globally in 2040, the ASMR of risk-related OPC
is 0.59 and 0.03 deaths per 10> population among young male
adults and young female adults, respectively (Figure 5B).
Furthermore, from 2020 to 2040, globally projected increases
were seen in the ASMR of smoking- and alcohol use-related
early-onset OPC in males (0.27 and 0.40 deaths per 10°
population attributable to smoking and alcohol consumption in
2040, respectively; Supplementary Figure S21). However, by 2040,
the ASMR of early-onset OPC attributable to smoking and
alcohol consumption in females declines to 0.01 deaths
and increases 0.02 deaths per 10° population, respectively
(Supplementary Figure S21).
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4 Discussion

In this study, we conducted a comprehensive evaluation of
spatial patterns and temporal trends of lip, oral cavity, and other
pharyngeal cancer deaths and DALYs due to modifiable risks
among young adults under 50 years old across 204 countries and
territories globally from 1990 to 2019. Deaths and DALYs of
tobacco- and alcohol-attributable LOC and OPC have increased
substantially and accounted for a significant proportion of the
overall LOC and OPC burden among young adults, underscoring
the necessity to diminish the impact of preventable early-onset LOC
and OPC burden worldwide. The ASMR and ASDR of tobacco- and
alcohol-attributable early-onset LOC and OPC have decreased over
the past 30 years for both sexes globally; however, there were
geographical and demographic disparities. From 1990 to 2019,
increases occurred in several regions, including regions of Asia
(East, South, and Southeast), Eastern Europe, and Western Sub-
Saharan Africa. In 2019, South Asia, Central Europe, and Eastern
Europe continue to be the regions with the largest tobacco- and
alcohol-attributable burden for early-onset LOC and OPC in terms
of the age-standardized death and DALY rates among young adults.
These findings are in accordance with the high estimated age-
standardized LOC and OPC incidence rate in these regions (1, 2).
Risks-related burden of early-onset LOC and OPC varied across the
globe, which may be ascribed to the regional variation in exposure
level to attributable risk factors and accessibility to treatment and
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healthcare (32-37). Furthermore, we projected the global ASMR for
tobacco- and alcohol-attributable early-onset LOC and OPC up to
2040, indicating a rising trajectory from 2020 to 2040. To our
knowledge, this is the first analysis to describe the global burden for
risk-related early-onset LOC and OPC, based on the GBD
Study 2019.

From 1990 to 2019, the crude mortality rate for tobacco- and
alcohol-attributable LOC and OPC increased annually by 0.47%
(95% CI: 0.37 to 0.56) and 0.3% (95% CI: 0.19 to 0.41) among young
adults globally, respectively. Particularly, the increasing age-specific
mortality rate of early-onset LOC and OPC in the younger age
brackets of 20-24 and 25-29 made the largest contribution to the
overall worldwide increase, suggesting the rising trend in risk-
related early-onset LOC and OPC mortality in younger
generation. These findings are in accordance with previous
reports (12, 18), confirming an increasing trends in mortality and
DALYs of overall and tobacco- and alcohol-attributable oral cancer
have been observed in patients aged below 45 globally between 1990
to 2019. However, upon adjusting for population age distribution,
the ASMRs for risk-associated early-onset LOC and OPC showed a
downward trend, indicating the remarkable progress in the
prevention, detection and treatment of LOC and OPC in recent
decades (25, 32, 38-42). When further stratifying young adults into
the 15-34 years and 35-49 years groups, we found a significant
increase in the ASMR among individuals aged 15-34 years and a
decline in the age group 35-49 years from 1990 to 2019
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(Supplementary Figure S22). This finding revealed the important
increasing trend in the younger age group, which would otherwise
have been masked by the much higher burden in the older age
subgroup. Therefore, interventions to prevent and control LOC and
OPC in the population aged 15-34 years are a public health priority.
Notably, according to estimates from the age-period-cohort analysis
for the overall or tobacco-attributable oral cancer burden for all
ages, the cohort effect varied by location and sex. In the continuous
birth cohort in China, the relative risk (RR) of mortality for oral
cancer increased steadily in males but decreased in females (43).
However, for the most countries in Europe, the later cohort exhibits
lower RR of deaths for oral cancer than the early cohort (44).
Additionally, males born in later cohort have a higher RR of
mortality for tobacco-attributable oral cancer in China and India,
whereas later cohort have a lower RR of mortality in the USA (45).
Nevertheless, the cohort effect for tobacco- and alcohol-attributable
LOC and OPC among young adults remained to be elucidated.

In the present study, the favorable trends in tobacco- and
alcohol-attributable burden of early-onset LOC and OPC have
been mainly driven by sharp declines in prevalence of smoking
among young people globally (34). Meanwhile, a significant
increase was observed in South Asia, Eastern Europe, and
Western Sub-Saharan Africa. Similarly, many studies of the
aforementioned regions have documented increasing trends in
LOC and OPC burden among young adults. Epidemiological
studies in India showed that notification rates for new oral cancer
cases in young adults between the ages of 15-44 years increased
significantly (46, 47). Garavello and colleagues have also reported a
rising oral and pharyngeal mortality among the population aged 35-
64 years in some central and eastern European countries during
1975-2004 (48). Increasing trend of tobacco- and alcohol-
attributable LOC and OPC mortality and DALYs among young
adults can likely be attributed to the patterns in smokeless tobacco
products or alcohol use, such as the growing prevalence of chewing
tobacco in South Asia, especially common among those aged 15-19
years (33, 49), as well as increased alcohol consumption in South
Asia and many Eastern European countries over recent decades
(50). The current study had also found that in countries with a high
SDI, alcohol use still accounted for the highest proportion of the
burden for early-onset LOC and OPC, but the attributable fraction
showed a downward trend, as well as the exposure level measured
by the summary exposure value (SEV). Instead, the consumption of
smokeless tobacco products is becoming a cause of concern and
require special attention; however, there was less widespread
implementation of the WHO Framework Convention on Tobacco
Control (FCTC) measures on smokeless tobacco products (51).
Therefore, policymakers must be proactively aware of these shifts
and established more robust tobacco control measures to curb this
epidemic more effectively.

Moreover, socioeconomic status was closely associated with the
risk and outcome of LOC and OPC (32, 52). Similar patterns of
change were found in the present study; the SDI level was positively
associated with faster reduction in ASMR and ASDR for early-onset
LOC and OPC attributable to tobacco and alcohol. One possible
explanation is that regions with low SDI may have relatively higher
exposure to risk factors and lower levels of received health care.
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There is evidence that, starting from the 20th century, the burden of
unhealthy lifestyle had shifted from high socioeconomic groups
towards the disadvantaged one (53). Although the period during
which young patients indulged in the risk factors of tobacco and
alcohol is significantly shorter than that of the older age group, the
risk increases not only monotonically with the duration but also
with the level of exposure. For example, the alcohol use-associated
health risks were greater for younger populations than older
populations, and heavy alcohol intake was particularly
concentrated in males aged 15-39 (36). In addition, the
consideration of LOC and POC is often overlooked for younger
patients, potentially resulting in delayed diagnosis, treatment, and a
compromised prognosis (54). The rising trend of risk-associated
LOC and OPC burden in younger individuals (15-34 years)
indicates a necessity to tackle age-related inequalities in
their diagnosis.

The results of this study show that the burden of risk-related
LOC and OPC were higher in males than in females for the
truncated age group (15-49 years), which showed a similar
pattern to that seen for all ages (2). Globally, the decline in age-
standardized tobacco- and alcohol-attributable death and DALY
rates for early-onset LOC was faster in males, while for early-onset
OPC, it was more pronounced in females. The reason for this
disparity is largely influenced by varying prevalence of exposure to
tobacco and alcohol, which were generally higher among males than
females (33, 34, 36). However, the tobacco and alcohol industries
target women and girls, especially those living in low- and middle-
income countries, through aggressive marketing tactics, making it
more acceptable among them (55). Health outcomes from tobacco
and alcohol use vary by gender due to sex-specific factors (55).
Furthermore, chewing tobacco was culturally widely acceptable and
the primary contributor to early-onset LOC burden among females
in South Asia (33). Therefore, restricting such marketing practices
and culturally relevant education is urgently needed for
young adults.

Human papillomavirus (HPV) infection is indeed a recognized
risk factor for cancers of the oral cavity, tonsils, and oropharynx, and
this is particularly relevant in certain regions of the world (56, 57).
Over the past decades, the incidence of both HPV-positive and HPV-
negative OPC has risen, with evidence indicating that HPV-positive
cases are increasing at a faster rate (58). HPV-associated OPC
incidence is higher in wealthier countries (57). Smoking has been
linked to poorer survival outcomes in HPV-associated OPC and, as
our analysis shows, contributed significantly to OPC-related deaths
and DALY in high-income regions (59). This underscores the critical
role of smoking as a risk factor, even in areas where HPV-associated
OPC is more prevalent. Additionally, two studies have shown that the
median age at diagnosis for HPV-positive OPC increased from 53 to
58 years between 1998 and 2013, and from 52 to 59 years between
2002 and 2017, respectively (60, 61). A significant rise in incidence
has also been observed among white men aged 65 and older, with
nearly 10% of cases occurring in individuals 70 years and older (62).
As a result, the burden of HPV-positive OPC is increasingly shifting
towards older men. This study has assessed the burden of LOC and
OPC attributed to tobacco use and alcohol consumption. These risk
factors were selected based on the risk-outcome pairs identified in the
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GBD study 2019, which met the World Cancer Research Fund’s
criteria for convincing or probable evidence. Prior Mendelian
randomization analyses have also shown that smoking and alcohol
consumption independently contribute to the development of LOC
and OPC (63). However, it is essential to also consider the rates of
HPV infection and vaccination when estimating historical OPC
incidence and predicting future trends. To address this limitation,
we recommend developing and applying a range of analytical
methods to enhance and validate the findings of this study.

Our study has some limitations. Firstly, the accuracy and
robustness of our estimates for risk-related LOC and OPC burden
among young adults were compromised by methodological defects
in the GBD Study 2019. Raw cancer registry data and exposure
measurement are incomplete and not available in some countries,
particularly low- and middle-income countries. Even when data was
accessible, the preferred case definition or measurement method
may vary across geography and time (22, 23). Secondly, the
smoking and chewing tobacco were modeled with lower age
restrictions of 30 years in the GBD Study 2019; therefore,
estimates were not generated for these risk factors in the age
groups of 15-19 years, 20-24 years, and 25-29 years. Trends in
the burden of tobacco- and alcohol-attributable LOC and OPC
among young adults aged 15-49 years identified in the current study
should be interpreted with caution (22). Thirdly, the burden of
early-onset LOC and OPC attributable to other well-established risk
factors, such as HPV infection (Oropharyngeal cancers), ultraviolet
radiation (Lip cancer), and dietary risk factors, have not been
estimated in the present study (3). Fourthly, our study did not
more specifically estimate the global distribution and trend of risk-
attributable early-onset LOC and OPC by anatomical subsite, which
involve different risk factors, molecular characteristics, and
prognosis (3). Fifthly, as the data in GBD Study 2019 is at the
country level, our results did not take into account the differences
variations in demographic characteristics, health behaviors, and
economic development patterns at the sub-national level. Although
the current study could not fully estimate the impacts of all
modifiable risks on early-onset LOC and OPC burden, the results
were estimated from the most recent accessible resources to
produce relatively valid estimates.

5 Conclusions

In summary, the growing burden of early-onset lip, oral cavity,
and other pharyngeal cancers poses a global public health challenge.
Although the ASMR and ASDR of tobacco- and alcohol-
attributable early-onset LOC and OPC have decreased worldwide,
certain regions showed increases. The considerable increase in the
absolute number of deaths and DALYs indicates that the overall
burden of early-onset LOC and OPC attributable modifiable risks
remains substantial. Our study emphasizes that effective tobacco
and alcohol control is the critical step toward addressing the LOC
and OPC cancer burden among young adults. Policymakers, health-
care providers, and communities at risk s should be aware the
geographic variations and epidemiological trends of risk-related
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LOC and OPC burden in young adults and should tailor age-and
region-appropriate interventions.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author/s.

Author contributions

XD: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Writing — original draft, Writing - review &
editing. YL: Conceptualization, Data curation, Formal analysis,
Supervision, Visualization, Writing — original draft, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by grants from the Guangdong Medical Science and
Technology Research Foundation (A2024079).

Acknowledgments

Thanks to the Institute for Health Metrics and Evaluation
(IHME), and the Global Burden of Disease study collaborations.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1429972/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1429972/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1429972/full#supplementary-material
https://doi.org/10.3389/fonc.2024.1429972
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Dai and Liang

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/
caac.21660

2. GBD Lip, Oral, Pharyngeal Cancer Collaborators. The global, regional, and
national burden of adult lip, oral, and pharyngeal cancer in 204 countries and
territories: A systematic analysis for the global burden of disease study 2019. JAMA
Oncol. (2023) 9:1401-16. doi: 10.1001/jamaoncol.2023.2960

3. Shield KD, Ferlay J, Jemal A, Sankaranarayanan R, Chaturvedi AK, Bray F, et al.
The global incidence of lip, oral cavity, and pharyngeal cancers by subsite in 2012. CA:
Cancer ] Clin. (2017) 67:51-64. doi: 10.3322/caac.21384

4. Conway DI, Stockton DL, Warnakulasuriya KA, Ogden G, Macpherson LM.
Incidence of oral and oropharyngeal cancer in United Kingdom (1990-1999) — recent
trends and regional variation. Oral Oncol. (2006) 42:586-92. doi: 10.1016/
j.oraloncology.2005.10.018

5. Weatherspoon DJ, Chattopadhyay A, Boroumand S, Garcia I. Oral cavity and
oropharyngeal cancer incidence trends and disparities in the United States: 2000-2010.
Cancer Epidemiol. (2015) 39:497-504. doi: 10.1016/j.canep.2015.04.007

6. Ariyawardana A, Johnson NW. Trends of lip, oral cavity and oropharyngeal
cancers in Australia 1982-2008: overall good news but with rising rates in the
oropharynx. BMC Cancer. (2013) 13:333. doi: 10.1186/1471-2407-13-333

7. Braakhuis BJM, Visser O, René Leemans C. Oral and oropharyngeal cancer in The
Netherlands between 1989 and 2006: Increasing incidence, but not in young adults.
Oral Oncol. (2009) 45:e85-9. doi: 10.1016/j.oraloncology.2009.03.010

8. Blomberg M, Nielsen A, Munk C, Kjaer SK. Trends in head and neck cancer
incidence in Denmark, 1978-2007: Focus on human papillomavirus associated sites.
Int J Cancer. (2011) 129:733-41. doi: 10.1002/ijc.25699

9. Du M, Nair R, Jamieson L, Liu Z, Bi P. Incidence trends of lip, oral cavity, and
pharyngeal cancers: global burden of disease 1990-2017. ] Dental Res. (2019) 99:143-51.
doi: 10.1177/0022034519894963

10. Warnakulasuriya S. Global epidemiology of oral and oropharyngeal cancer. Oral
Oncol. (2009) 45:309-16. doi: 10.1016/j.oraloncology.2008.06.002

11. Hussein AA, Helder MN, de Visscher JG, Leemans CR, Braakhuis BJ, de Vet
HCW, et al. Global incidence of oral and oropharynx cancer in patients younger than
45 years versus older patients: A systematic review. Eur ] Cancer. (2017) 82:115-27.
doi: 10.1016/j.ejca.2017.05.026

12. Sun R, Dou W, Liu W, Li ], Han X, Li S, et al. Global, regional, and national
burden of oral cancer and its attributable risk factors from 1990 to 2019. Cancer Med.
(2023) 12:13811-20. doi: 10.1002/cam4.6025

13. Ward EM, Sherman RL, Henley SJ, Jemal A, Siegel DA, Feuer EJ, et al. Annual
report to the nation on the status of cancer, featuring cancer in men and women age
20-49 years. INCI: ] Natl Cancer Institute. (2019) 111:1279-97. doi: 10.1093/jnci/djz106

14. Fidler MM, Gupta S, Soerjomataram I, Ferlay J, Steliarova-Foucher E, Bray F.
Cancer incidence and mortality among young adults aged 20-39 years worldwide in
2012: a population-based study. Lancet Oncol. (2017) 18:1579-89. doi: 10.1016/S1470-
2045(17)30677-0

15. Son YH, Kapp DS. Oral cavity and oropharyngeal cancer in a younger
population. Review of literature and experience at Yale. Cancer. (1985) 55:441-4.
doi: 10.1002/(ISSN)1097-0142

16. Tagliabue M, Belloni P, De Berardinis R, Gandini S, Chu F, Zorzi S, et al. A
systematic review and meta-analysis of the prognostic role of age in oral tongue cancer.
Cancer Med. (2021) 10:2566-78. doi: 10.1002/cam4.3795

17. Panda S, Mohanty N, Panda S, Mishra L, Gopinath D, Sahoo A, et al. Are
survival outcomes different for young and old patients with oral and oropharyngeal
squamous cell carcinoma? A systematic review and meta-analysis. Cancers. (2022)
14:1886. doi: 10.3390/cancers14081886

18. Zhu S, Zhang F, Zhao G, Zhang X, Zhang X, Li T, et al. Trends in the global
burden of oral cancer joint with attributable risk factors: Results from the global burden
of disease study 2019. Oral Oncol. (2022) 134:106189. doi: 10.1016/
j.oraloncology.2022.106189

19. Gritz ER, Demark-Wahnefried W. Health behaviors influence cancer survival. J
Clin Oncol. (2009) 27:1930-2. doi: 10.1200/JCO.2008.21.3769

20. Pytynia KB, Grant JR, Etzel CJ, Roberts DB, Wei Q, Sturgis EM. Matched-pair
analysis of survival of never smokers and ever smokers with squamous cell carcinoma
of the head and neck. J Clin Oncol. (2004) 22:3981-8. doi: 10.1200/JC0.2004.02.133

21. Ezzati M, Riboli E. Behavioral and dietary risk factors for noncommunicable
diseases. New Engl ] Med. (2013) 369:954-64. doi: 10.1056/NEJMra1203528

22. Murray CJL, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari
M, et al. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020)
396:1223-49. doi: 10.1016/S0140-6736(20)30752-2

23. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a

Frontiers in Oncology

13

10.3389/fonc.2024.1429972

systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020)
396:1204-22. doi: 10.1016/S0140-6736(20)30925-9

24. Tyson GL, El-Serag HB. Risk factors for cholangiocarcinoma. Hepatol (Baltimore
Md). (2011) 54:173-84. doi: 10.1002/hep.v54.1

25. Huang J, Chan SC, Ko S, Lok V, Zhang L, Lin X, et al. Disease burden, risk
factors, and trends of lip, oral cavity, pharyngeal cancers: A global analysis. Cancer Med.
(2023) 12:18153-64. doi: 10.1002/cam4.6391

26. Ugai T, Sasamoto N, Lee H-Y, Ando M, Song M, Tamimi RM, et al. Is early-
onset cancer an emerging global epidemic? Current evidence and future implications.
Nat Rev Clin Oncol. (2022) 19:656-73. doi: 10.1038/s41571-022-00672-8

27. Wang H, Abbas KM, Abbasifard M, Abbasi-Kangevari M, Abbastabar H, Abd-
Allah F, et al. Global age-sex-specific fertility, mortality, healthy life expectancy
(HALE), and population estimates in 204 countries and territories, 1950-2019: a
comprehensive demographic analysis for the Global Burden of Disease Study 2019.
Lancet. (2020) 396:1160-203. doi: 10.1016/S0140-6736(20)30977-6

28. Hankey BF, Ries LA, Kosary CL, Feuer EJ, Merrill RM, Clegg LX, et al.
Partitioning linear trends in age-adjusted rates. Cancer causes control: CCC. (2000)
11:31-5. doi: 10.1023/A:1008953201688

29. Gao S, Yang WS, Bray F, Va P, Zhang W, Gao J, et al. Declining rates of
hepatocellular carcinoma in urban Shanghai: incidence trends in 1976-2005. Eur |
Epidemiol. (2012) 27:39-46. doi: 10.1007/s10654-011-9636-8

30. Riebler A, Held L. Projecting the future burden of cancer: Bayesian age-period-
cohort analysis with integrated nested Laplace approximations. Biometrical |
Biometrische Z. (2017) 59:531-49. doi: 10.1002/bim].201500263

31. Vollset SE, Goren E, Yuan C-W, Cao J, Smith AE, Hsiao T, et al. Fertility,
mortality, migration, and population scenarios for 195 countries and territories from
2017 to 2100: a forecasting analysis for the Global Burden of Disease Study. Lancet.
(2020) 396:1285-306. doi: 10.1016/S0140-6736(20)30677-2

32. Sofi-Mahmudi A, Masinaei M, Shamsoddin E, Tovani-Palone MR, Heydari M-
H, Shoace S, et al. Global, regional, and national burden and quality of care index
(QCI) of lip and oral cavity cancer: a systematic analysis of the Global Burden of
Disease Study 1990-2017. BMC Oral Health. (2021) 21:558. doi: 10.1186/s12903-021-
01918-0

33. Kendrick PJ, Reitsma MB, Abbasi-Kangevari M, Abdoli A, Abdollahi M, Abedi
A, et al. Spatial, temporal, and demographic patterns in prevalence of chewing tobacco
use in 204 countries and territories, 1990-2019: a systematic analysis from the Global
Burden of Disease Study 2019. Lancet Public Health. (2021) 6:¢482-99. doi: 10.1016/
$2468-2667(21)00065-7

34. Reitsma MB, Flor LS, Mullany EC, Gupta V, Hay SI, Gakidou E. Spatial,
temporal, and demographic patterns in prevalence of smoking tobacco use and
initiation among young people in 204 countries and territories, 1990-2019. Lancet
Public Health. (2021) 6:e472-81. doi: 10.1016/52468-2667(21)00102-X

35. de Camargo Cancela M, Voti L, Guerra-Yi M, Chapuis F, Mazuir M, Curado MP.
Oral cavity cancer in developed and in developing countries: Population-based
incidence. Head Neck. (2010) 32:357-67. doi: 10.1002/hed.21193

36. Bryazka D, Reitsma MB, Griswold MG, Abate KH, Abbafati C, Abbasi-
Kangevari M, et al. Population-level risks of alcohol consumption by amount,
geography, age, sex, and year: a systematic analysis for the Global Burden of Disease
Study 2020. Lancet. (2022) 400:185-235. doi: 10.1016/S0140-6736(22)00847-9

37. Guo Y, Logan HL, Marks JG, Shenkman EA. The relationships among
individual and regional smoking, socioeconomic status, and oral and pharyngeal
cancer survival: a mediation analysis. Cancer Med. (2015) 4:1612-9. doi: 10.1002/
cam4.509

38. Neal RD, Din NU, Hamilton W, Ukoumunne OC, Carter B, Stapley S, et al.
Comparison of cancer diagnostic intervals before and after implementation of NICE
guidelines: analysis of data from the UK General Practice Research Database. Br |
Cancer. (2014) 110:584-92. doi: 10.1038/bjc.2013.791

39. Hertrampf K, Pritzkuleit R, Baumann E, Wiltfang J, Wenz H-J, Waldmann A.
Oral cancer awareness campaign in Northern Germany: first positive trends in
incidence and tumour stages. ] Cancer Res Clin Oncol. (2020) 146:2489-96.
doi: 10.1007/s00432-020-03305-8

40. Bosetti C, Carioli G, Santucci C, Bertuccio P, Gallus S, Garavello W, et al. Global
trends in oral and pharyngeal cancer incidence and mortality. Int J Cancer. (2020)
147:1040-9. doi: 10.1002/ijc.32871

41. Cheung LC, Ramadas K, Muwonge R, Katki HA, Thomas G, Graubard BI, et al.
Risk-based selection of individuals for oral cancer screening. J Clin Oncol. (2021)
39:663-74. doi: 10.1200/JC0O.20.02855

42. Ren Z-H, Hu C-Y, He H-R, Li Y-J, Lyu J. Global and regional burdens of oral
cancer from 1990 to 2017: Results from the global burden of disease study. Cancer
Commun. (2020) 40:81-92. doi: 10.1002/cac2.12009

43. Chang GJ, Wu §J, Yun L, Lan WX, Shuang XS, Liang ZL, et al. Trends of oral
cancer mortality in China from 1990 to 2019 and a 15-year predictive analysis based on
a bayesian age-period-cohort model. Biomed Environ Sci. (2023) 36:553. doi: 10.3967/
bes2023.068

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1001/jamaoncol.2023.2960
https://doi.org/10.3322/caac.21384
https://doi.org/10.1016/j.oraloncology.2005.10.018
https://doi.org/10.1016/j.oraloncology.2005.10.018
https://doi.org/10.1016/j.canep.2015.04.007
https://doi.org/10.1186/1471-2407-13-333
https://doi.org/10.1016/j.oraloncology.2009.03.010
https://doi.org/10.1002/ijc.25699
https://doi.org/10.1177/0022034519894963
https://doi.org/10.1016/j.oraloncology.2008.06.002
https://doi.org/10.1016/j.ejca.2017.05.026
https://doi.org/10.1002/cam4.6025
https://doi.org/10.1093/jnci/djz106
https://doi.org/10.1016/S1470-2045(17)30677-0
https://doi.org/10.1016/S1470-2045(17)30677-0
https://doi.org/10.1002/(ISSN)1097-0142
https://doi.org/10.1002/cam4.3795
https://doi.org/10.3390/cancers14081886
https://doi.org/10.1016/j.oraloncology.2022.106189
https://doi.org/10.1016/j.oraloncology.2022.106189
https://doi.org/10.1200/JCO.2008.21.3769
https://doi.org/10.1200/JCO.2004.02.133
https://doi.org/10.1056/NEJMra1203528
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1002/hep.v54.1
https://doi.org/10.1002/cam4.6391
https://doi.org/10.1038/s41571-022-00672-8
https://doi.org/10.1016/S0140-6736(20)30977-6
https://doi.org/10.1023/A:1008953201688
https://doi.org/10.1007/s10654-011-9636-8
https://doi.org/10.1002/bimj.201500263
https://doi.org/10.1016/S0140-6736(20)30677-2
https://doi.org/10.1186/s12903-021-01918-0
https://doi.org/10.1186/s12903-021-01918-0
https://doi.org/10.1016/S2468-2667(21)00065-7
https://doi.org/10.1016/S2468-2667(21)00065-7
https://doi.org/10.1016/S2468-2667(21)00102-X
https://doi.org/10.1002/hed.21193
https://doi.org/10.1016/S0140-6736(22)00847-9
https://doi.org/10.1002/cam4.509
https://doi.org/10.1002/cam4.509
https://doi.org/10.1038/bjc.2013.791
https://doi.org/10.1007/s00432-020-03305-8
https://doi.org/10.1002/ijc.32871
https://doi.org/10.1200/JCO.20.02855
https://doi.org/10.1002/cac2.12009
https://doi.org/10.3967/bes2023.068
https://doi.org/10.3967/bes2023.068
https://doi.org/10.3389/fonc.2024.1429972
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Dai and Liang

44. Bonifazi M, Malvezzi M, Bertuccio P, Edefonti V, Garavello W, Levi F, et al. Age-
period-cohort analysis of oral cancer mortality in Europe: The end of an epidemic?
Oral Oncol. (2011) 47:400-7. doi: 10.1016/j.oraloncology.2010.06.010

45. QiuJ, Wen H, Bai ], Yu C. The mortality of oral cancer attributable to tobacco in
China, the US, and India. ] Cancer Res Clin Oncol. (2023) 149:16741-52. doi: 10.1007/
500432-023-05400-y

46. Kalyani R, Das S, Kumar ML. Pattern of cancer in adolescent and young adults -
A ten yearStudy in India. Asian Pacific ] Cancer Prev. (2010) 11:655-9.

47. Gupta PC, Ray CS, Murti PR, Sinha DN. Rising incidence of oral cancer in
Ahmedabad city. Indian ] Cancer. (2014) 51:567-72. doi: 10.4103/0019-509X.147476

48. Garavello W, Bertuccio P, Levi F, Lucchini F, Bosetti C, Malvezzi M, et al. The
oral cancer epidemic in central and eastern Europe. Int ] Cancer. (2010) 127:160-71.
doi: 10.1002/ijc.25019

49. Sinha DN, Rizwan SA, Aryal KK, Karki KB, Zaman MM, Gupta PC. Trends of
Smokeless Tobacco use among Adults (Aged 15-49 Years) in Bangladesh, India and
Nepal. Asian Pacific ] Cancer Prev. (2015) 16:6561-8. doi: 10.7314/
APJCP.2015.16.15.6561

50. Stefler D, Azarova A, Irdam D, Scheiring G, Murphy M, McKee M, et al.
Smoking, alcohol and cancer mortality in Eastern European men: Findings from the
PrivMort retrospective cohort study. Int J Cancer. (2018) 143:1128-33. doi: 10.1002/
ijc.31406

51. Mehrotra R, Yadav A, Sinha DN, Parascandola M, John RM, Ayo-Yusuf O, et al.
Smokeless tobacco control in 180 countries across the globe: call to action for full
implementation of WHO FCTC measures. Lancet Oncol. (2019) 20:€208-17.
doi: 10.1016/S1470-2045(19)30084-1

52. Purkayastha M, McMahon AD, Gibson J, Conway DI. Trends of oral cavity,
oropharyngeal and laryngeal cancer incidence in Scotland (1975-2012) - A
socioeconomic perspective. Oral Oncol. (2016) 61:70-5. doi: 10.1016/
j.oraloncology.2016.08.015

53. Allen L, Williams J, Townsend N, Mikkelsen B, Roberts N, Foster C, et al.
Socioeconomic status and non-communicable disease behavioural risk factors in low-
income and lower-middle-income countries: a systematic review. Lancet Global Health.
(2017) 5:¢277-89. doi: 10.1016/52214-109X(17)30058-X

Frontiers in Oncology

14

10.3389/fonc.2024.1429972

54. di Martino E, Smith L, Bradley SH, Hemphill S, Wright J, Renzi C, et al.
Incidence trends for twelve cancers in younger adults—a rapid review. Br J Cancer.
(2022) 126:1374-86. doi: 10.1038/s41416-022-01704-x

55. Emma F, Katie D, Cherian V, George AA, Dag R, Hebe NG. Protecting women
and girls from tobacco and alcohol promotion. BMJ. (2021) 374:n1516. doi: 10.1136/
bmj.n1516

56. Cogliano VJ, Baan R, Straif K, Grosse Y, Lauby-Secretan B, El Ghissassi F, et al.
Preventable exposures associated with human cancers. JNCI: J Natl Cancer Institute.
(2011) 103:1827-39. doi: 10.1093/jnci/djr483

57. Anantharaman D, Abedi-Ardekani B, Beachler DC, Gheit T, Olshan AF,
Wisniewski K, et al. Geographic heterogeneity in the prevalence of human
papillomavirus in head and neck cancer. Int J Cancer. (2017) 140:1968-75.
doi: 10.1002/ijc.30608

58. Lechner M, Liu J, Masterson L, Fenton TR. HPV-associated oropharyngeal
cancer: epidemiology, molecular biology and clinical management. Nat Rev Clin Oncol.
(2022) 19:306-27. doi: 10.1038/s41571-022-00603-7

59. Chen SY, Massa S, Mazul AL, Kallogjeri D, Yaeger L, Jackson RS, et al. The
association of smoking and outcomes in HPV-positive oropharyngeal cancer: A
systematic review. Am J Otolaryngol. (2020) 41:102592. doi: 10.1016/j.amjoto.2020.102592

60. Windon MJ, D'Souza G, Rettig EM, Westra WH, van Zante A, Wang SJ, et al.
Increasing prevalence of human papillomavirus-positive oropharyngeal cancers
among older adults. Cancer. (2018) 124:2993-9. doi: 10.1002/cncr.31385

61. Rettig EM, Fakhry C, Khararjian A, Westra WH. Age profile of patients with
oropharyngeal squamous cell carcinoma. JAMA Otolaryngology-Head Neck Surg.
(2018) 144:538-9. doi: 10.1001/jamaoto.2018.0310

62. Tota JE, Best AF, Zumsteg ZS, Gillison ML, Rosenberg PS, Chaturvedi AK.
Evolution of the oropharynx cancer epidemic in the United States: moderation of
increasing incidence in younger individuals and shift in the burden to older individuals.
J Clin Oncol. (2019) 37:1538-46. doi: 10.1200/JC0.19.00370

63. Gormley M, Dudding T, Sanderson E, Martin RM, Thomas S, Tyrrell J, et al. A
multivariable Mendelian randomization analysis investigating smoking and alcohol
consumption in oral and oropharyngeal cancer. Nat Commun. (2020) 11:6071.
doi: 10.1038/s41467-020-19822-6

frontiersin.org


https://doi.org/10.1016/j.oraloncology.2010.06.010
https://doi.org/10.1007/s00432-023-05400-y
https://doi.org/10.1007/s00432-023-05400-y
https://doi.org/10.4103/0019-509X.147476
https://doi.org/10.1002/ijc.25019
https://doi.org/10.7314/APJCP.2015.16.15.6561
https://doi.org/10.7314/APJCP.2015.16.15.6561
https://doi.org/10.1002/ijc.31406
https://doi.org/10.1002/ijc.31406
https://doi.org/10.1016/S1470-2045(19)30084-1
https://doi.org/10.1016/j.oraloncology.2016.08.015
https://doi.org/10.1016/j.oraloncology.2016.08.015
https://doi.org/10.1016/S2214-109X(17)30058-X
https://doi.org/10.1038/s41416-022-01704-x
https://doi.org/10.1136/bmj.n1516
https://doi.org/10.1136/bmj.n1516
https://doi.org/10.1093/jnci/djr483
https://doi.org/10.1002/ijc.30608
https://doi.org/10.1038/s41571-022-00603-7
https://doi.org/10.1016/j.amjoto.2020.102592
https://doi.org/10.1002/cncr.31385
https://doi.org/10.1001/jamaoto.2018.0310
https://doi.org/10.1200/JCO.19.00370
https://doi.org/10.1038/s41467-020-19822-6
https://doi.org/10.3389/fonc.2024.1429972
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Tobacco- and alcohol-attributable burden of early-onset lip, oral cavity, and pharyngeal cancer in 204 countries and territories from 1990 to 2019, with projections to 2040
	1 Introduction
	2 Methods
	2.1 Data source and data collection
	2.2 Case identification
	2.3 Modifiable risk factors for early-onset LOC and OPC
	2.4 Estimation of early-onset LOC and OPC burdens attributable to tobacco and alcohol
	2.5 Mortality and DALYs Estimates
	2.6 Summary exposure value of tobacco and alcohol
	2.7 Socio-demographic index
	2.8 Statistical analysis

	3 Results
	3.1 The global burden of tobacco- and alcohol-attributable early-onset LOC and OPC in 2019
	3.2 Temporal trend of tobacco- and alcohol-attributable early-onset LOC from 1990 to 2019
	3.3 Temporal trend of tobacco- and alcohol-attributable early-onset OPC from 1990 to 2019
	3.4 PAF of individual risk factor-attributable early-onset LOC
	3.5 PAF of individual risk factor-attributable early-onset OPC
	3.6 The summary exposure value for tobacco and alcohol
	3.7 Projections of ASMR for tobacco- and alcohol-attributable early-onset LOC and OPC through 2040

	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


