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Abstract
Introduction: According to the importance of knowledge about incidence and mortality
of oral cavity and lip cancer in health planning, this study was performed with the aim of
investigating the incidence and mortality rate of oral cavity and lip cancer and its relation
with the Human Development Index in the world in 2012. Methods: The study was
conducted based on data from the world data of cancer and the World Bank (including
the HDI and its components). Data about the age-specific incidence and mortality rate
(ASR) for every country in 2012 were getting from the global cancer project.
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To analyze data, correlation tests between incidence and death rates, and HDI and its
components were employed with a significance level of 0.05 using SPSS software.
Results: In 2012, 300373 cases of oral cavity and lip cancer and 145353 cases of death
from it have occurred in the world. A positive correlation of 0.221 was seen between the
standardized incidence rate of oral cavity and lip cancer and HDI but this correlation was
not statistically significant (p=0.114). On the other side, a correlation of 0.295 was seen
between the standardized mortality rate of oral cavity and lip cancer with HDI that this
correlation was statistically significant (p<0.001). Conclusion: The incidence and
mortality of oral cavity cancer is high in the Asian countries especially south eastern of
Asia. Performing preventive plans in high incidence and mortality rate regions and also
obtaining etiological studies in these regions is recommended for diagnosing the causes
of high incidence and mortality rates.
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Introduction
Today, after heart disease, the cancer is the most common cause of death in
many countries Unfortunately, the number of cancer patients is increasing
(Ghoncheh et al., 2016; Rafiemanesh et al., 2016; Sciubba jj, 1999) as more than
10 million new cases and more than 6 million deaths occur each year worldwide
(Petersen, 2009).
Among cancers, oral cancer is one of the most common cancers. According to
the International Agency for Research on Cancer, the amount of the sufferers
from the disease is increasing in coming years (Pereira et al., 2007). In most
cases, predominant form of this cancer type is squamous cell carcinoma
(Mukherjee et al.) that because of side effects and high mortality rates, is
considered as one of the important threats in public health (Stîngă et al., 2011).
Squamous cell carcinoma is a malignant neoplasm that arises from squamous
epithelium which can be found on both oral cavity (oral mucosa, gums, hard
palate, tongue, and mouth) and on lip (Batista et al., 2010).
In most countries, oral cavity cancer in men is more than women. Its risk
increases by aging and mortality occurs in 50 years and older. The incidence of
oral cancer (except lip) is more in South and Southeast Asia (Sri Lanka, India,
Pakistan and Taiwan), parts of the West (France) and East Europe (Hungary,
Slovakia and Slovenia), parts of Latin America and the Caribbean (Brazil, Uruguay
and Puerto Rico) and in the Pacific (Papua New Guinea and Melanesia). The
highest incidence of lip cancer has been reported between white populations in
Canada and Australia that is rare among non-whites (Warnakulasuriya, 2009a).
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The main cause of the incidence of this cancer is the high consumption of
tobacco, especially among consumers of smokeless tobacco, excessive alcohol
consumption, and exposure to the sun's ultraviolet rays (Ariyawardana and
Johnson, 2013; Listl et al., 2013). Also infection of human papillomavirus (Dodd
et al., 2016) has been reported a as risk factor for this cancer.
WHO (World Health Organization) has considered necessary actions for
controlling the oral cavity cancer as a health priority (Priya and Lando, 2014). So
that can be detected through routine examination, but the 5 year survival rate is
low (Ahluwalia et al., 1998). Oral cancer is preventable by controlling tobacco,
alcohol and sun exposure (Elter et al., 2005).
To avoid overload of non-communicable diseases especially in low and middleincome countries that already include 80% of burden of disease worldwide, a
global action is needed. Cancer is the main cause of morbidity and mortality in
many regions of the world.So the HDI (Human Development Index) and
considered as a marker of socioeconomic development and incidence and
mortality of cancer (Bray et al., 2012; Mahdavifar et al., 2016; Pakzad et al.,
2015; Razi et al., 2016). HDI is a composite index which has three dimensions:
education, life expectancy and national income. That according to the United
Nations Development, the countries are categorized on 4 levels: low, medium,
high and very high (Soltani et al., 2015). Since the knowledge about the
incidence and mortality of oral cavity cancer can be useful for health programs
and research activities and with regard to the possible role of the Human
Development Index, this study has taken place with the aim of investigating the
incidence and mortality of lip and oral cavity cancer and its relationship with
development index and its components in the world in 2012.

Methods
This study was an ecologic study in the World for assessing the correlation
between age-specific incidence and mortality rate (ASR) with HDI and its details,
including life expectancy at birth, mean years of schooling, and Gross national
income (GNI) per capita. Data about the age-specific incidence and mortality
rate (ASR) for every country in 2012 were get from the global cancer project that
available in http://globocan.iarc.fr/Default.aspx (Ferlay J et al., 2016) and HDI
from Human Development Report 2013 (Malik, 2013), that includes information
about HDI and its details for every country in the word in 2012.
Method for estimating the age-specific incidence and mortality rates in global
cancer project by international agency for research on cancer:
Age-speciﬁc incidence rate estimate
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The methods of estimation are country specific, and the quality of the estimation
depends upon the quality and on the amount of the information available for
each country. In theory, there are as many methods as countries, and because of
the variety and the complexity of these methods, an overall quality score for the
incidence and mortality estimates combined is almost impossible to establish.
However, an alphanumeric scoring system which independently describes the
availability of incidence and mortality data has been established at the country
level. The combined score is presented together with the estimates for each
country with an aim of providing a broad indication of the robustness of the
estimation.
The methods to estimate the sex- and age-specific incidence rates of cancer for
a specific country fall into one of the following broad categories, in priority
order:
1- Rates projected to 2012 (38 countries)
2- Most recent rates applied to 2012 population (20 countries)
3- Estimated from national mortality by modelling, using incidence mortality
ratios derived from recorded data in country-specific cancer registries (13
countries)
4- Estimated from national mortality estimates by modelling, using incidence
mortality ratios derived from recorded data in local cancer registries in
neighboring countries (9 European countries)
5- Estimated from national mortality estimates using modelled survival (32
countries)
6- Estimated as the weighted average of the local rates (16 countries)
7- One cancer registry covering a part of a country is used as representative of
the country profile (11 countries)
8- Age/sex specific rates for "all cancers" were partitioned using data on relative
frequency of different cancers (by age and sex) (12 countries)
9- The rates are those of neighboring countries or registries in the same area (33
countries) (Ferlay J et al., 2016).
Age-speciﬁc mortality rate estimate
Depending on the degree of detail and accuracy of the national mortality data,
six methods have been utilized in the following order of priority:
1- Rates projected to 2012 (69 countries)
2- Most recent rates applied to 2012 population (26 countries)
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3- Estimated as the weighted average of regional rates (1 country)

4- Estimated from national incidence estimates by modelling, using countryspecific survival (2 countries)
5- Estimated from national incidence estimates using modelled survival (83
countries)
6- The rates are those of neighboring countries or registries in the same area (3
countries) (Ferlay et al., 2015).
Human Development Index (HDI)
HDI is a composite measure of indicators along three components, including life
expectancy, educational attainment, and command over the resources needed
for a decent living. All groups and regions have seen notable improvement in all
HDI components, with faster progress in low and medium HDI countries. On this
basis, the world is becoming less unequal. Nevertheless, national averages hide
large variations in human experience. Wide disparities remain within countries of
both the North and the South, and income inequality within and between many
countries has been rising. According to HDI, countries in the world are divided
into four categories as follows: countries with very high HDI (HDI≥ = 0.80),
countries with a high HDI (0.80> HDI> 0.710), medium HDI countries (0.710≥
HD≥0.535), and countries with a low HDI (HDI < 0.535) (Malik, 2013).
Statistical analysis
In this study, we used correlation bivariate method for assessment of the
correlation between age-specific incidence and mortality rate (ASR) with HDI and
its details, which include life expectancy at birth, mean years of schooling, and
GNI per capita. Statistical significance was assumed if P< 0.05. All reported Pvalues are two-sided. Statistical analyses were performed using SPSS (Version
15.0, SPSS Inc.).

Results
The incidence number of lip and oral cavity cancer
In 2012, 300373 cases of lip and oral cavity cancer had occurred in the world
that 198975 cases of them were men and 101398 cases were women (Sex
ratio=1.96). Among all cases, 92338 cases were in countries with very high HDI,
45734 cases in countries with a high HDI, 121240 cases in average HDI countries
and 40954 cases in countries with a low HDI. Five countries that the highest
number of Lip and oral cavity cancers have had occurred in them included India
with 77003 cases, America with 26064 cases, 21413 cases in China, Bangladesh
with 10550, and Pakistan with 12761 cases. Five countries with the highest
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number of lip and oral cavity cancer in men were India with 53842 cases,
America with about 17325 cases, China with about 13656 cases, Russia with
7451 cases, and Bangladesh with 7120 cases , respectively. 5 countries which
have the most cases of lip and oral cavity cancer include India with 23161 cases,
America with 8739 cases, china with 7757 cases, Pakistan with 5693 cases, and
Brazil with 3509 cases.

Figure 1. Distribution of the standardized incidence rate of oral cavity and
lips cancer in the world (extracted from GLOBOCAN 2012).

Age-standardized incidence rate of Lip and oral cavity cancer
The standardized incidence rate of lip and oral cavity cancer was4 in every
hundred thousand in the world that it was 5.5 in men and 2.5 in women per
hundred thousand. Standardized incidence rate of lip and oral cavity cancer in
countries with very high HDI was 2.7 per 100 thousand people, in countries with
high HDI was 2.1 per hundred thousand people, in countries with average HDI
was 2.2 per hundred thousand, and in countries with low HDI, it was 4 per
hundred thousand people. Five countries with the highest age-standardized
incidence rate of lip and oral cavity cancer were Papua New Guinea with 25
cases per hundred thousand people, Maldives with 11 cases per hundred
thousand people, Sri Lanka with 10.3 cases per hundred thousand people,
Pakistan with 9.8 cases per hundred thousand people, and Hungary with 9.7
cases per hundred thousand people, respectively. 5 countries with the highest
age-standardized incidence rate of lip and oral cavity cancer for men include:
Papua New Guinea with 30.3 cases per hundred thousand people, Hungary with
15.7 cases per hundred thousand people, Sri Lanka with 15.4 cases per hundred
thousand people, Maldives with 15.4 cases per hundred thousand people, and
France, La Reunion with 13.7 cases per hundred thousand people. Also 5
Biomed Res Ther 2016, 3(10): 872-888
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countries with the highest age-standardized incidence rate of lip and oral cavity
cancer for women include Papua New Guinea, with 21.1 cases per hundred
thousand people, Pakistan with 9.1 cases per hundred thousand people, Brunei
with 9 cases per hundred thousand people, Maldives with 6.4 cases per hundred
thousand people, and Bangladesh with 5.9 cases per hundred thousand people
(Fig. 1).
The mortality number of lip and oral cavity cancer
In 2012, 145353 deaths occurred from lip and oral cavity worldwide from which
about 97940 cases related to men and 47413 cases related to women (Sex Ratio
= 2.06).The number of deaths from cancer in very high HDI countries was about
26970 cases; about 19615 cases in high HDI countries, 73503 cases in average
HDI countries and 25235 cases in low HDI countries. The five countries with the
highest number of deaths from lip and oral cavity cancer included India with
52067 deaths, China with 11,333 deaths, 7266 deaths in Pakistan, Bangladesh
with 6071 deaths, and Russia with 5658 deaths. Five countries with the most
cases of death from lip and oral cavity cancer in men included India with 36,436
deaths, China, with 7370 deaths, Russia with 4472 deaths, Bangladesh with 4094
deaths, and Pakistan with 4046 deaths. Also, five countries with the most cases
of death from lip and oral cavity cancer in men included India with15631 deaths,
China with 3963 deaths, Pakistan with 3220 deaths, Bangladesh with 1977
deaths, and 1806 cases of death in Japan.
Age-standardized mortality rate of lip and oral cavity cancer
In 2012, the standardized mortality rate of lip and oral cavity cancer was 1.9 per
hundred thousand people in the world that this rate was2.7 in men and 1.2 in
women per hundred thousand people. The standardized mortality rate of lip and
oral cavity cancer in countries with very high HDI was 1.2 per hundred thousand
people, in countries with high HDI 1.6 per hundred thousand people, in
countries with average HDI 2 per hundred thousand, and in countries with low
HDI was 3.3 per hundred thousand people.5 countries which had the highest
standardized death rate of lip and oral cavity cancer were Papua New Guinea
with 16 per hundred thousand people, Pakistan with 5.9 per hundred thousand,
Bangladesh with 5.6 per hundred thousand, Afghanistan with 5.1 per hundred
thousand people, and India with 4.9 per hundred thousand people, respectively.
5 countries which had the highest standardized mortality rate of lip and oral
cavity cancer for men were Papua New Guinea with 19.4 per hundred thousand,
Hungary with 7.9 per hundred thousand, Bangladesh with 7.7 per hundred
thousand, Belarus with 7.1 per hundred thousand people, and India with 6.7 per
hundred thousand people, respectively. Also,5 countries which had the highest
standardized mortality rate of lip and oral cavity cancer for women were Papua
New Guinea with 13.6 per hundred thousand people, Pakistan with 5.4 per
hundred thousand, Afghanistan with 4.3 per hundred thousand, Comoros with
4.3 per hundred thousand people, and Bangladesh with 3.5 per hundred
thousand people, respectively (Fig. 2).
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Figure 3 shows standardized incidence and mortality rate of lip and cavity
cancer in different parts of UN. As it is clear, the standardized incidence rate of
lip and oral cavity cancer in undeveloped countries and South Asia is more than
developed countries. But mortality of lip and oral cavity cancer is higher in less
developed countries than in developed and developing ones (Fig. 3).

Figure 2. Distribution of the standardized mortality rate of oral cavity and
lips cancer in the world (extracted from GLOBOCAN 2012).

The relationship between the standardized incidence rate of lip and
oral cavity cancer and the human development index
A positive correlation of 0.122 was seen between the standardized
incidence rate of lip and oral cavity cancer and HDI but it was not
statistically significant (p=0.114).
Also, a positive correlation was seen between components of the human
development index and standardized incidence rate of lip and oral cavity
cancer. So that positive correlation between standardized incidence rate
with life expectancy at birth was 0.116 (p = 0.134), with mean age of
education equaled to 0.123 (p = 0.111), and with the level of income per
person of the population was 0.072 (p = 0.352) that none were statistically
significant (Fig. 4 and Table 1).
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Figure 3.
Standardized
incidence and
mortality rate in
different regions of
UN (extracted from
GLOBOCAN 2012).

The relationship between the age-standardized mortality rate of Lip
and oral cavity cancer and the Human Development Index
A negative correlation of -0.295 was seen between the standardized
mortality rate of lip and oral cavity cancer and the Human Development
Index, that this association was statistically significant (p <0.001). Also, a
negative correlation was seen between components of the Human
Development Index and standardized mortality rate of Lip and oral cavity
cancer. So that a negative correlation of -0.264 (p = 0.001) was seen
between standardized mortality rate and life expectancy at birth, a
correlation of -0.26 with the average years of education (p = 0.001), and a
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negative correlation of -0.248 with income level per each person of
population (p = 0.001) (Fig. 5 and Table 1).

Figure 4. The relation between the standardized incidence rate and the
human development index.

Figure 5. The relation between the standardized mortality rate and the
human development index.
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Table 1. Correlation between ASIR, ASMR with HDI and its components
Variables

HDI

LEY

Literacy

GNP

ASIR

r = 0.122
p = 0.114

r=0.116
p=0.134

r=0.123
p=0.111

r=0.072
p=0.483

ASMR

r=-0.295
p<0.001

r=-0.264
p=0.001

r=-0.26
p=0.001

r=-0.248
p=0.001

ASIR: Age-standardized Incidence Rate, ASMR: Age-Standardized Rate

Discussion
Cancer is a major cause of death worldwide which was the cause of 6.7
million deaths in 2008 (Soerjomataram et al., 2012). Oral squamous cell
carcinoma is one of the most common tumors in head and neck that can
affect both mouth and lip squamous area (Oliveira-Neto et al., 2012).
About 264,000 new cases and 128,000 deaths from it have happened in
2008 that about 172,000 cases and 97,000 deaths were in developed
countries (Sankaranarayanan et al., 2013).
The concern about lip and oral cavity area is related to high incidence of
malignant tumors in this areas compared to other areas of head and neck.
complications and mortality which occur from squamous cell carcinoma
diagnosis which is a the diagnosed tissue, that can be found 40% in lip
and oral cavity, 25% in the larynx and 15%in the throat with a low
incidence in oral area (Ribeiro et al., 2015). In addition, oral cancer
disease burden is high due to the high cost of treatment, permanent
impairment and mortality (Rao et al., 2013).
The results of this study showed that the highest standardized incidence
rate of lip and oral cavity cancer is related to Papua New Guinea,
Maldives, Sri Lanka, Pakistan and Hungary. The first four countries are
located in medium level and Hungary is located in high in terms of
Human Development Index .On the other hand, Papua New Guinea,
Pakistan, Bangladesh, Afghanistan and India have the highest
standardized death rates that those mentioned countries were in average
and low levels in the terms of the HDI (Soltani et al., 2015).
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The Mortality and incidence rates of oral cancer varies widely throughout
the world as the highest amount has been recorded in developing
countries including India, Pakistan, Bangladesh, Hong Kong, Singapore
and the Philippines that oral cancer is the most common form of cancer in
it (La Vecchia et al., 1997). Standardized incidence rate of oral cancer in
West Europe are rising unevenly in two decades (Warnakulasuriya, 2009a).
The incidence of oral cancer is high in Asian countries, especially South
East Asia (Rao et al., 2013). Asians have the highest risk of oral cancer
compared to other populations and other races/ethnicities which is more
associated with their lifestyles (Warnakulasuriya, 2010). In South Asia,
India is mentioned as the country with the highest incidence of oral
cancer (Warnakulasuriya, 2009a).
Smoking, alcohol consumption, sun exposure and viral infections,
previous events of head and neck cancer and socioeconomic status can
be related to the occurrence of lip and oral cavity cancer (Ribeiro et al.,
2015).In most countries of the world, oral cancer occurs more in men than
in women. Differences in gender is due to differences in indulgence in risk
full behavior habits (tobacco and alcohol) by men and prolonged
exposure to sunlight (lip cancer) (Warnakulasuriya, 2010).Lip cancer in
white people is more than black people (Wurman et al., 1975). In white
men of United States of America, lip cancer occurs more among all mouth
cancers that its incidence is about 9/3% in 100000 (Douglass and
Gammon, 1984).The highest incidence of oral cavity cancer occurs in
Melanesia, South and Central Asia and Central and Eastern Europe and
the lowest in Africa, Central America and East Asia for both sexes. Oral
cavity cancer mortality rate among men has dropped significantly in many
countries including European and Asian countries over the past decade.
But the continued rise has been seen in Hungary and Slovakia in several
Eastern European countries. Increase in oral cavity cancer in women in
European countries, mainly reflects the tobacco epidemic (Jemal et al.,
2011).
Human Development Index is combination of three dimensions: a long
and healthy life (based on life expectancy at birth), access to knowledge
(based on a combination of the adult literacy rate) and a decent standard
of life (based on gross national income) (Bray et al., 2013). Factors such
as life expectancy, gross national income, literacy, health expenditures,
physician density and efficiency of care systems play a constructive role in
control of oral cancer mortality (Rao et al., 2013). As almost 47% of cancer
cases and 55% of cancer deaths occur in less developed areas of the
world meaning countries with low or medium human development index
(Soltani et al., 2015).
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In this study, a positive correlation was seen between life expectancy and
standardized incidence rate which was not statistically significant. While, a
negative correlation was seen between life expectancy and standardized
mortality rate which was statistically significant. Increase in life expectancy
helps increase in global cancer burden (Soerjomataram et al., 2012). Life
expectancy of oral cancer varies considerably depending on the location
of lesion, so that lip cancer rates are highest in middle ages among all
sufferers (Welch and Nathanson, 1937) and it is also 63.38% for oral cavity
cancer (Soerjomataram et al., 2012).
In this study, a positive correlation was seen between level of education
and standardized incidence rate which was not significant. However, a
negative correlation was observed between standardized incidence rate
and standardized mortality rates which was statistically significant that
could be due to the delay of referral and unthreatening in patients with
low literacy levels. Studies from India, Pakistan and Turkey showed that a
correlation exists between education and cancer. Those with lower
education levels are at greater risk. A study in India found that even more
illiteracy is more associated with oral cancer in comparison with lower
literacy levels,
(Rao et al., 2013). Another study showed that less
education in population, increases death rates from cancer 2.6 folds
compared to those who had higher education (Patel et al., 2012).
Education Level may be related to behavior, health conditions or access
to knowledge and resources that directly or indirectly affect the cancer
and getting rid of it (Mahdavifar et al., 2015).
In this study, a positive correlation was seen between income level and
the standardized incidence rate which was not statistically significant.
While, a negative significant correlation was seen with the standardized
mortality rate. Low socioeconomic status was significantly associated with
increased risk of oral cancer in low and high-income countries across the
universe (Allam and Windsor, 2014; Hobdell et al., 2003; Pawar et al.,
2012). A meta-analysis of 41 case-control study around the world proved
that, low socioeconomic status is an independent risk factor for oral
cancer. People with manual jobs such as agriculture, trade and industry
are at risk for oral cancer. In Sri Lanka, for example, tea garden workers
are at greater risk (Rao et al., 2013). Another meta-analysis study showed
that low socioeconomic and deprivation are significantly related to the
risk of oral cancer compared to high-income socio-economic level people
(Warnakulasuriya, 2010). One study showed that the elimination of socioeconomic inequalities in black Americans may omit deaths from early
cancers occurrence as much as 2 folds which is a kind of racial inequality
elimination (Patel et al., 2012). Low socioeconomic status may be related
to low awareness about health, lack of access to health care, poor
Biomed Res Ther 2016, 3(10): 872-888
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nutrition, poor work environment factors and poor living conditions
associated with an increased risk of oral cancer (Warnakulasuriya,
2009b).Socio-economic status is associated with nearly all health
outcomes in most countries. People with more education or income, have
a long life and will experience less adverse events related to health
(Crimmins and Saito, 2001).

Conclusion
Mortality rates and the incidence of oral cancer varies widely throughout
the world as the highest amounts have been recorded in developing
countries including India, Pakistan, Bangladesh, Hong Kong, Singapore
and Philippines which oral cancer is recorded as the most common form
of cancer in it. The prevalence of oral cancer is high in Asian countries,
especially Southeast Asia. A positive and statistically non-significant
correlation was observed between the lip and oral cavity cancer and
human development index and its components including life expectancy
at birth, average education level and income level per person. But also a
negative significant correlation was observed with the standardized
mortality rate and HDI and its components. This research is essential for
better treatment in the world to reduce the incidence and mortality of
cancer and to create a suitable platform for performing studies with the
aim of determining the causes of increased incidence and mortality in the
world.
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