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Global trend and risk factors of the disease ==

burden for pharynx and larynx cancers
between 1990 and 2019: a systematic analysis
of the global burden of disease study 2019
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Abstract

Background: Pharynx and larynx cancers (PLCs) are the top killer cancers in head and neck and significantly affect
the quality of life of patients. A detailed study examining the disease burden and risk factors of PLCs is lacking.

Methods: Data on mortality and disability-adjusted life-years (DALYs) were extracted from the Global Burden of
Disease Study 2019. The estimated annual percentage change (EAPC) of the age-standardized mortality rate was cal-
culated using a generalized linear model with a Gaussian distribution. Mortality and DALYs were stratified according
to the sociodemographic index (SDI), age, gender, and risk factors. The association between the SDI and mortality rate
was measured using Spearman’s correlation.

Results: Between 1990 and 2019, the total number of deaths due to PLCs increased by 60.7% (95% confidence
intervals: 39.32 to0 66.8), from 192.38 thousand in 1990 to 309.16 thousand in 2019, and the total DALYs due to PLCs
increased by 49.41% (95% confidence intervals: 30.15 to 53.27), from 5.91 million in 1990 to 8.83 million in 2019.The
age-standardized mortality rate declined for larynx cancer (from 2.19 in 1990 to 1.49 in 2019) and nasopharynx cancer
(1.26 t0 0.86) but increased slightly for other pharynx cancer (1.25 to 1.37). The death number of PLCs was significantly
higher in men aged 50 to 70years, which accounts for 46.05% and 43.83% of the total deaths in 1990 and 2019,
respectively. Low and low-middle countries had the greatest age-standardized mortality rate for larynx and other
pharynx cancer, while low-middle and middle countries dominated for nasopharynx cancer. The leading risk factors
for PLCs were smoking and alcohol use, which account for 37.92% and 58.84% in total DALYs rate of PLCs, and the
influence of risk factors was significant in men.

Conclusion: The total number of deaths and DALYs due to PLCs increased from 1990 to 2019. Countries with rela-
tively low SDI and middle-aged and older men had the greatest burden of PLCs. Building better health care systems
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in relatively low SDI countries and improving strategies of smoking and alcohol control should be a priority in health

policy.
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Introduction
Pharynx and larynx cancers (PLCs) are the top killer
cancers in head and neck, with 266,590 deaths reported
globally in 2020, accounting for about 2.7% of all can-
cer deaths [1]. Until now, although there was significant
improvement in the early diagnosis and treatment strat-
egy for PLCs, a majority of patients with advanced stage
PLCs are often accompanied by heavy disease burden and
poor quality of life [2, 3]. Further knowledge about the
burden of PLCs is urgently needed to reallocate limited
health resources, which is useful for protective programs.
PLCs are associated with demographic trends, socio-
economic development, and risk exposures, including
smoking, alcohol consumption, air pollution, occupa-
tional exposure, and dietary factors [4]. In the past dec-
ade, the rapid development of society and economy,
drastic changes of risk factors, aging and growth of popu-
lations have occurred globally [5, 6]. As a result, the bur-
den of PLCs has changed substantially. Previous studies
of mortality and loss of health due to PLCs were based on
limited data or confined to local areas [7—9]. Comprehen-
sive estimates of the global burden of PLCs are lacking.
The Global Burden of Disease (GBD) study 2019 is an
open-access database that covers 369 diseases and pro-
vides data for almost every country and territory, allow-
ing researchers to analyze diseases in detail from many
different perspectives [10]. In this study, we used data
from the GBD study to explore the changing trends of
mortality and disability-adjusted life-years (DALYs) of
PLCs from 1990 to 2019 on a country- and region-wise
level, and conducted a comprehensive analysis of risk
factors, sociodemographic index (SDI), sex, and age. We
hope this research can provide medical and health pro-
fessionals with a deeper understanding of PLCs, thereby
reducing the disease burden and contributing to health
policymaking.

Method

Data source

Data on mortality, DALYs, age-standardized mortal-
ity rate, and age-standardized DALY rate of PLCs in
204 countries and territories from 1990 to 2019 were
extracted from GBD 2019 with a specific online tool
(http://ghdx.healthdata.org/gbd-results-tool) and
showed a 95% uncertainty interval (UI). We used the
International Classification of Diseases and Injuries-10

diagnostic codes to distinguish larynx cancer (C32),
nasopharynx cancer (C11), and other pharynx cancer
(C09-C10, C12-C13). The sociodemographic index
(SDI) ranges from 0 (the lowest) to 1 (the highest) and
divides countries and territories into five levels: low, low-
middle, middle, high-middle, and high-value regions. The
cut-off values used to determine quintiles for analysis
were computed using country-level estimates of the SDI
for the year 2019, excluding countries with populations of
less than 1 million. Risk factors, including smoking, alco-
hol use, and occupational carcinogens, were extracted
from the GBD Study 2019 and analyzed using Spearman
correlation.

Statistical analyses
The DALY or death numbers were considered to follow
the formula:

21
DVay,pyey = Zi:l (ai,y * Py * ei:‘/)

Where DV ay, py, ey represents the dependent vari-
able (DALY or Death numbers) based on the factors of
population size, age structure and risk exposure in year
Y. 8, represents the proportion of population for the age
category i in year y, where ages under 1, above 95, and
every Syears in between were considered a category. p,
represents the total population in given year y; and ¢ ,
represents DALY rate or Death rate given age category i
in yeary.

The estimated annual percentage change (EAPC) is a
widely used indicator that reflects the changing trend of
the disease in a specific time interval [11]. In this study,
the global age-standardized mortality rates from 1990 to
2019 and those of countries, territories, and SDI regions
were estimated using the online tool and as the basic data
for calculating EAPC (Supporting Table 1), which was
computed underlying as follows [11]:

y=o+px+e

EAPC = 100 x (exp (B) — 1)

Where y=In (age-standardized mortality rates), and
x=calendar year. R software (version 3.5.2) was used to
fit the data into a generalized linear model for calcula-
tion, and 95% confidence intervals (CI) were calculated.

The SDI of 204 countries and territories in 2019
was calculated using methods according to a previous
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study [12], the specific values are shown in Supporting
Table 4. Spearman’s correlation was used to measure
the association between SDI, risk factors and age-
standardized mortality rate, the change in SDI (value
of 2019 relative to 1990) and the EAPC of age-stand-
ardized mortality rate during 1990-2019 [13]. All P
values less than 0.05 were regarded as significant.

Result

Disease burden and mortality estimates

According to the GBD Study 2019, DALYs due to PLCs
deteriorated from 5.91 to 8.83 million between 1990
and 2019, especially for other pharynx cancer, which
doubled in the same period (Supporting Table 2). The
number of deaths caused by PLCs was 309.16 thousand
in 2019 and 192.38 thousand in 1990. Thus, during the
past 30years, death and DALYs for PLCs increased
by 60.7% (95% CI: 39.32 to 66.8%) and 49.41% (95%
CI: 30.15 to 53.27), respectively. Specifically, the age-
standardized mortality rate declined in larynx cancer
and nasopharynx cancer but increased in other phar-
ynx cancer. At the same time point, the gap was wider
among men than among women (Supporting Table 2).
Estimates of mortality rates by country are presented
in Supporting Table 3. The mortality rate of PLCs in
various countries around the world demonstrated a
very large gap, even up to dozens of times, which will
be discussed in detail later in this article.

Page 3 of 11

Other pharynx cancer

In 2019, 114.2 (95% CI: 103.2 to 126.0) thousand deaths
were attributed to other pharynx cancer. The age-stand-
ardized mortality rate of other pharynx cancer among
countries is shown in Fig. 1. The highest rate was in India
(4.89, 95% UL: 4.05 to 5.84) per 100,000 people and was
much higher than that in Palestine, wherein the lowest
rate was 0.19 (95% UL: 0.16 to 0.22) per 100,000 people.
Countries or regions with age-standardized mortality
rates above 2.0 per 100,000 people were Europe (Ukraine,
Lithuania, Slovenia, Republic of Moldova, Romania,
Hungary, and Slovakia), Oceania (American Samoa),
Asia (Brunei Darussalam, Viet Nam, Bangladesh, Nepal,
Pakistan, Bhutan, and India), North America (Green-
land and Dominica), and Africa (Seychelles). Globally,
the age-standardized mortality rate increased from 1.25
(95% UI: 1.17 to 1.37) per 100,000 people to 1.37 (95% UL
1.24 to 1.51) per 100,000 people for 30years. The aver-
age increase in the age-standardized mortality rate was
0.25% annually, with a 95% CI of 0.21 to 0.29%. The coun-
try with the most intense decrease in EAPC from 1990
to 2019 was Puerto Rico, with a 3.33% (95% CI: 3.98 to
3.68%) reduction annually. Romania occupied the other
extreme, with the largest annual increase of 3.23% (95%
CI: 2.97 to 3.49%) annually (Fig. 1).

Larynx cancer

Approximately 123.3 (95% uncertainty interval: 114.9
to 132.8) thousand people died from larynx cancer in
2019, while the number was nearly 87.46 (95% UL 83.18
to 91.55) thousand in 1990 (Supplemental Table 2). The

Larynx cancer
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Fig. 1 Age-standardized mortality rates of pharynx and larynx cancers for both sexes globally in 2019 (up). Estimated annual percentage change in
age-standardized mortality rate per 100,000 people of pharynx and larynx cancers for both sexes globally from 1990 to 2019 (below)
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number of deaths from larynx cancer has risen by one-
third in 30years. A global view of a wide range of age-
standardized mortality rates attributable to larynx cancer
in 2019 is provided in Fig. 1. The age-standardized mor-
tality rates exceeded 5 per 100,000 people in Pakistan
(5.75, 95% Ul: 4.47 to 7.44), Seychelles (5.12, 95%UL:
4.34 to 6.06), and Cuba (5.03, 95% UL 4.08 to 6.15).
Mortality rates below 0.5 per 100,000 people were seen
only in developed countries in Asia (Japan and Singa-
pore), Europe (Sweden, Finland, Norway, and Iceland),
and Oceania (New Zealand and Guam). From 1990 to
2019, the global age-standardized mortality rate of lar-
ynx cancer dropped by an average of 1.50% (95% CI:
1.42 to 1.57%) annually. Figure 1 shows that the country
with the fastest decline in mortality rate was the Repub-
lic of Korea, with a reduction of 6.51% (95% CI: 5.90 to
7.11%). Nevertheless, the mortality rates in 35 countries
increased, and the fastest increase was noted in Guinea
(1.73,95% CI: 1.53 to 1.93%).

Nasopharynx cancer

Death number of nasopharynx cancer raised from 53.46
(95% UL: 48.87 to 57.91) thousand in 1990 to 71.61 (95%
UL 65.44 to 77.62) thousand in 2019. Figure 1 shows the
global age-standardized mortality rates of nasopharynx
cancer with a great difference in the regional distribution
in 2019. Malaysia has a maximum age-standardized mor-
tality rate of 4.76 (95% UL: 3.65 to 6.08) per 100,000 peo-
ple in 2019. Finland had the lowest mortality rate (0.10,
95% UL: 0.09, 0.11). The mortality rate of nasopharynx
cancer is generally low worldwide [14]. Other countries
or territories with mortality rates of nasopharynx cancer
above 2.0 were Africa (Uganda and Libya), Oceania (Sol-
omon Islands), Asia (Taiwan [Province of China], Guam,
Northern Mariana Islands, Viet Nam, and Brunei Darus-
salam), and North America (Greenland). The mortality
rate of nasopharynx cancer showed a significant regional
distribution, and the countries and regions with the high-
est rates were mainly concentrated in Asia. The average
decrease in the global age-standardized mortality rate
associated with nasopharynx cancer from 1990 to 2019
was 1.48% (95% CI: 1.39 to 1.57%) annually. The largest
decrease in mortality rate was found in Singapore (4.30,
95% CI: 4.00 to 4.60%). The mortality rate with the most
obvious annual increase occurred in Romania (3.02, 95%
CI: 2.23 to 3.83%).

Sex and age differences in mortality and DALYs

From 1990 to 2019, the trend of the age-standard-
ized DALY rates and age-standardized mortality rates
declined for larynx cancer and nasopharynx cancer,
except for other pharynx cancer, which showed a slight
upward trend (Fig. 2). Both the mortality rate and the
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DALYs were significantly higher in men than in women.
For larynx cancer, the mortality rate and DALYs among
women changed in a limited manner during this period,
while those of men dropped dramatically.

Deaths attributed globally to larynx cancer, other phar-
ynx cancer, and nasopharynx cancer in 1990 and 2019
by age and sex are shown in Fig. 3. Deaths caused by
PLCs mostly occurred among people between the ages
of 50 and 70years, and significantly affected more males,
which accounts for 46.05 and 43.83% of the total deaths
in 1990 and 2019, respectively.

Correlation between the SDI and estimates of mortality
and DALYs

Associations between the SDI and age-standardized
mortality rates due to larynx cancer, other pharynx can-
cer, and nasopharynx cancer are shown in Fig. 4. From
1990 to 2019, the mortality rates of larynx cancer and
nasopharynx cancer declined in all five sociodemo-
graphic regions. Low and low-middle countries had the
greatest age-standardized mortality rate for larynx can-
cer, while low-middle and middle countries dominated
for nasopharynx cancer in 2019. For other pharynx can-
cer, low and low-middle SDI regions showed an upward
trend and a mortality rate that was much higher than that
of the other three regions. The correlations between the
SDI and age-standardized mortality rates of countries
and territories in 2019 were explored (Supporting Fig. 1).
Negative correlations were found between the mortality
rates and SDI for larynx cancer (R=—0.1511, P=0.031)
and nasopharynx cancer (R=—0.268, P=0.0001), while
a positive correlation was identified for other pharynx
cancer (R=0.2638, P=0.0001). Not surprisingly, the
relationship between annual trends and age-standardized
DALY rates of countries and territories between SDI was
close to the result of mortality rates (Supporting Fig. 2
and Supporting Fig. 3, respectively). The change in the
SDI from 1990 to 2019 globally showed no significant
correlation with EAPC in the age-standardized mortality
rates of nasopharynx cancer and other pharynx cancer,
except for larynx cancer (R=0. 2171, P=0.0019) (Sup-
porting Fig. 4).

Risk factors

Figure 5 shows all the critical risk factors attributed to
the mortality rate of PLCs in every SDI region in 2019. In
all SDI quintiles, smoking and alcohol use were the two
most important risk factors for death from PLCs. While
smoking was primarily responsible for deaths from lar-
ynx cancer and other pharynx cancer, alcohol use was
the predominant risk factor for deaths from nasopharynx
cancer. In regions with low and low-middle SDI, smok-
ing was the most common cause of death from other
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Fig. 2 Age-standardized mortality rates (left) and disability-adjusted life-years (right) per 100,000 people of pharynx and larynx cancers among

pharynx cancer. From 1990 to 2019, smoking and alcohol
use were the two most important risk factors for mortal-
ity rates and DALYs attributable to PLCs and presented
a significant downward trend except for other pharynx
cancer attributed to alcohol use (Supporting Figs. 5 and
6). In 2019, approximately 2.40 million (95% UL 2.09
to 2.73) and 1.01 million (95% UL 0.68 to 1.27) DALYs
attributable to larynx cancer were caused by smoking
and alcohol use, respectively (Supporting Fig. 6). The
same dominant risk factors were also observed in other
pharynx cancer (1.49 million, 95% UI: 1.19 to 1.77 mil-
lion), while alcohol use replaced smoking as the primary
leading cause (0.96 million, 95% UI: 0.75 to 1.18) for

nasopharynx cancer (Supporting Fig. 6). Smoking and
alcohol use account for 37.92 and 58.84% in total DALYs
rate of PLCs, respectively.

The effects of smoking and alcohol use on DALYs and
mortality rates were further explored in terms of sex. Not
surprisingly, both risk factors affected men far more than
women (Supporting Fig. 7). For larynx cancer, DALYs
attributable to occupational exposure to sulfuric acid and
asbestos were relatively small (0.148 million and 0.086
million, respectively) in 2019. The effect of occupational
factors on nasopharynx cancer is also shown in Support-
ing Fig. 6; formaldehyde contributed much less to DALYs
than did alcohol use and smoking.
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Deaths caused by all critical risk factors in the differ-
ent SDI regions were analyzed. In 2019, the correla-
tions between SDI and age-standardized mortality rate
of larynx cancer attributable to alcohol use (R=0.2549,
P=0.0002), smoking (R=0.1547, P=0.0272), and occu-
pational asbestos exposure (R=0.4633, P<0.0001)
were significantly positive, while the correlation for
occupational exposure to sulfuric acid was negative
(R=-0.2322, P=0.0008) (Supporting Fig. 8). Support-
ing Fig. 9 shows the positive correlation between SDI and
age-standardized mortality rate of other pharynx cancer
caused by alcohol use and smoking (R=0.462, P<0.0001
and R=0.4111, P<0.0001, respectively). Death due to
nasopharynx cancer attributable to smoking (P=0.6414)
and alcohol use (P=0.995) showed no significant

relationship with SDI, while occupational exposure to
formaldehyde showed a significantly negative correlation
(R=-0.4934, P<0.0001) (Supporting Fig. 10).

Discussion

The present study provided the latest comprehensive
analysis of the global burden of PLCs in 204 countries
during the past 30years, and its temporal trends and
attributable risk factors. Increasing trends for deaths and
loss of health due to PLCs were seen. The age-standard-
ized mortality rate declined for larynx cancer and naso-
pharynx cancer but increased slightly for other pharynx
cancer. The disease burden of PLCs was significantly
higher in middle-aged and older men. Countries with
relatively low SDI carried the greatest burden of PLCs.
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Smoking and alcohol use were the leading causes of
death due to PLCs. Building better health care systems in
relatively low SDI countries and improving strategies of
smoking and alcohol control should be priority in health
policy.

To examine the specific factors that explain the changes
in mortality and DALY rates of PLCs from 1990 to 2019,
the effects of sex, age, social development, and risk expo-
sure were examined. Differences in the mortality and
DALY rates due to PLCs between males and females were
seen. Male dominance has been found in PLCs’ mortality
and DALY rate. It might be related to the higher preva-
lence of PLCs in males than females [4]. From 1990 to
2019, deaths from PLCs increased with age, especially
in people aged 50years and older. In terms of age com-
position, there was a mountain-like distribution of the
affected population, with patients aged 50 to 70 account-
ing for the largest number of deaths in 2019. Therefore,
death number of PLCs is likely to increase as the global
population ages.

Mortality and DALYs were stratified by SDI, in order
to predict mortality patterns and identify areas needing
additional concern. SDI level was a key factor affecting

the death rate and loss of health for high-index coun-
tries have better income conditions, which also means
better health services [15]. For larynx cancer, coun-
tries with age-standardized mortality rates exceed-
ing 5.0 per 100,000 people were Cuba (middle SDI),
Pakistan (low SDI), and Seychelles (high-middle SDI),
while countries with rates below 0.5 per 100,000 people
were all distributed in high SDI regions. As for naso-
pharynx cancer, five (50%) of bottom 10 countries for
mortality belonged to the high SDI region. Other phar-
ynx cancer had the most significant mortality rates
in India (middle SDI) and Bhutan (low-middle SDI).
Decreasing trends in mortality rates of PLCs at the
global level between 1990 and 2019 were observed in
countries and regions with a high and high middle SDI.
The improvement of mortality rates could be due to the
unprecedented medical progress and scientific develop-
ment achieved in recent years, such as advancements
in surgical techniques and nonsurgical treatments,
which mainly include chemotherapy, radiation therapy,
immune checkpoint blockade, and oncogene-targeted
therapy [16], which could be more readily available in
higher level SDI countries and regions.
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Smoking and alcohol use were more important risk fac-
tors for PLCs than occupational exposures and mainly
affect the male population. Smoking has a dose-response
relationship with head and neck cancer [17, 18]. In our
study, decreasing trends of age-standardized mortality
and DALY rates due to smoking of PLCs were observed.
But still, smoking account for 37.92% in total age-stand-
ardized disability-adjusted life-years rate of PLCs. The
prevalence of smoking has declined by 27.5% in males
(men and boys) and 37.7% in females (women and girls)
from 1990 to 2019, respectively [5]. Which indicates that
worldwide efforts aimed at combat smoking have played
a role in alleviating the disease burden of PLCs, and this
effort deserve more attention.

Alcohol use increases the risk of head and neck cancer
[17, 18]. The mortality and DALY rates from nasopharynx
cancer and larynx cancer attributable to alcohol use pre-
sented a significant downward trend from 1990 to 2019,
except for other pharynx cancer. Alcohol use account for
58.84% in total age-standardized disability-adjusted life-
years rate of PLCs. A large-scale modeling study showed
that the global adult alcohol use increased from 5.9L to
6.5L between1990 and 2017 and is forecasted to reach
7.6L by 2030 [19]. Reducing the risk of PLCs from alco-
hol abuse is, therefore, important to reduce the disease
burden of PLCs on a global scale. Moreover, the combi-
nation of smoking and alcohol use may have a multiplica-
tive effect on disease burden of PLCs. Changes in at least
one of these factors may have a major influence on the
incidence and mortality of head and neck cancer [20].
Therefore, the most basic way of reducing the burden of
PLCs is to prevent exposure to smoking and alcohol use
globally [21, 22]. Improving alcohol use control strategies
and persevering in current policies on smoking control
are crucial for alleviating the global health burden.

Strengths and limitations of this study

The study was based on the GBD database, which pro-
vided data on a variety of diseases in countries around
the world from 1990 to 2019, allowing researchers to
describe the spatial and temporal variations of diseases at
different levels. This allows health policymakers to have
a holistic understanding of the disease and to respond
accordingly and has important implications for disease
prevention in terms of etiology.

The limitations of this study are noteworthy. First, the
reliability of the analysis depends on the accuracy and
normalization of the data in the GBD database. Una-
voidably, there may be some undetected potential bias
factors in the GBD database when dealing with hetero-
geneous information from different databases. Moreo-
ver, data from less developed countries and regions may
not be very detailed and accurate due to limited health
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care conditions. Second, PLCs could not be categorized
into several subgroups (e.g., glottic cancer, supraglottic
cancer, oral pharynx cancer, and hypopharynx cancer)
according to the anatomical position because of data
unavailability. A previous study reported that temporal
trends differed markedly between cancers of different
anatomical subsites [23]. Third, this study lacked suffi-
cient data to determine the trends of the disease by his-
tological subtypes. Finally, other risk factors attributable
to PLCs, such as Epstein-Barr virus infection and human
papilloma virus infection [24—26], were not included in
the statistics; thus, the etiological discussion was limited
to a certain extent.

Conclusion

The total number of deaths and DALYs due to PLCs
increased from 1990 to 2019. The age-standardized mor-
tality rate declined for larynx cancer and nasopharynx
cancer but increased slightly for other pharynx cancer.
The disease burden of PLCs was significantly higher in
middle-aged and older men. Countries with relatively low
SDI carried the greatest burden of PLCs. Smoking and
alcohol use were the leading causes of death due to PLCs.
Building better health care systems in relatively low SDI
countries and improving strategies of smoking and alco-
hol control should be priority in health policy.
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