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Abstract

Background: Gastric cancer has been one of the major causes of death in the past decades. It is the fifth most prevalent cancer
and the third leading cause of neoplasm death worldwide. Thus, to know more about this health problem, assessing the burden of
this cancer and its association with socioeconomic status of countries is of great importance. In this study, we aimed to evaluate
the mean trend of gastric cancer mortality-to-incidence ratio (GCMIR) in different super regions defined by the Institute for Health
Metrics and Evaluation (IHME) and investigate the relationship between GCMIR and Human Development Index (HDI) in the
period 2000-2016.

Methods: We used the data from the Global Burden of Disease (GBD) 2016 study to calculate GCMIR for 185 world countries in
the period 2000-2016. We also extracted the HDI data for each year under study from the Updates of the UNDP website. To attain
the analytic aims, marginal modeling and generalized estimating equations (GEE) were utilized.

Results: Sub-Saharan Africa was the only super region with a positive slope of GCMIR, and high-income countries had the greatest
decreasing slope of GCMIR during the study period. Moreover, there was a negative association between GCMIR and HDI in these
years.

Conclusion: Our findings revealed that gastric cancer could be thought not only as a biological disease but also as a social event
that will be more controllable with the improvement of economic status and other social determinants of health.
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Introduction

Non-communicable diseases (NCDs) are currently
responsible for the majority of global mortality.! Cancer is
predicted as the second main cause of death in the world
and actually, about 1 in 6 deaths is due to cancer.* In 2018,
the estimates showed 18.1 million new cases of cancer
(17.0 million excluding non-melanoma skin cancer)
and 9.6 million cancer deaths (9.5 million excluding
non-melanoma skin cancer) throughout the world.! The
worldwide rise in cancer has been considerable due to
the growth and aging of the population, as well as the
increasing prevalence of related risk factors.** Among
all cancers, gastric cancer is one of the leading causes
of death in recent decades.” Some studies based on the
data of 2014 showed gastric cancer to be the fourth most
common cancer and the second leading cause of cancer
deaths globally. However, according to the GLOBOCAN
2018 database, gastric cancer is considered to be the fifth
most common cancer, and it is the third leading cause
of cancer mortality around the world, with an estimated
783000 deaths in 2018.” Some published research in 2002

has shown that 10% of newly diagnosed invasive cancers
(excluding non-melanoma skin cancers) are gastric cancer
in the world.?

There are various types of occurrence and outcome
parameters for measuring the burden of cancers.
Epidemiological indices such as prevalence, incidence,
mortality, and survival are the most common indicators
for assessing the current situation, foreseeing future
developments, and allocating resources for different
control strategies.” Some reports have shown that the
incidence and mortality rates of gastric cancer have
declined over the past decades.®®!° The incidence rate of
this cancer varies greatly up to ten-folds in different parts
of the world.*"! In 2019, gastric cancer was more diagnosed
in developed countries so that the incidence rate of this
cancer was 20 per 100000 and 6.6 per 100000 for males
in high-middle Human Development Index (HDI) and
low-middle HDI nations, respectively.” In addition, it was
estimated that gastric cancer in males is diagnosed 2.2
times more than females in developed countries, while
this ratio is estimated at 1.83 in developing countries.”
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According to a study conducted in 2006, Japan and Korea
had the highest gastric cancer incidence rates, and the
lowest incidence rates were found in South Asia, North
and East Africa, North America, Australia, and New
Zealand. Generally, gastric cancer survival rates are found
to be better in countries with higher incidence rates.!' The
survival rate of this cancer has also continually improved
over the past decades due to earlier diagnosis and better
treatment methods. The results obtained from a study in
2019 suggested that the five-year survival rates of gastric
cancer were 31%, 19%, and 26% in the United States,
the United Kingdom, and Europe, respectively.” The
mortality-to-incidence ratio (MIR), as a proxy for both
quality of care and early detection of disease, is another
popular indicator for assessing the burden of different
diseases. Based on a study conducted in 2017, the average
MIR of gastric cancer was 0.63 among all Organization
for Economic Cooperation and Development (OECD)
countries.”?

Gastric cancer is a multifactorial disease. A review of
the literature about the etiology of this cancer shows that
a variety of risk indicators (such as behavioral factors,
diet and nutrition, lifestyle, geographical variation, and
socioeconomic status) are associated with this cancer.5-%1%1!
Among the mentioned factors, the socioeconomic status
of countries plays an important role in the burden of this
disease.! In this context, some researchers believe that the
HDI, as a well-known indicator of socioeconomic status,
is significantly related to the mortality rate of this cancer.'

The association between HDI and the burden of different
cancers has been previously evaluated in several published
articles which have yielded controversial findings. For
instance, a number of articles have shown that the
incidence rate of some cancers (particularly infection-
related cancers) are positively related to the HDI level.!*!*
In another study, however, the researchers stated that
the position of cancers as a cause of premature mortality
reflects the national levels of HDI.! Based on the results
of another study, developed regions have lower gastric
cancer MIRs than developing countries.”” A study by Hu
et al found that HDI and MIR are inversely correlated.”®
According to another study, MIRs and health care system
rankings have a significant linear relationship for the most
of burdensome cancers.'? In previous decades, a number
of epidemiologic studies reported different results about
the trend of gastric cancer mortality rates across the globe.
Some of them showed an increasing trend, while others
showed a decreasing pattern.5!%1¢

Regarding the controversial results obtained from
previous studies about the trend of mortality rate
of gastric cancer and the relationship between HDI
level and burden of this cancer, we decided to use the
Global Burden of Disease (GBD) database (the most
comprehensive available data about burden of diseases) to
achieve the following objectives; first, to evaluate the trend
of GCMIR in different IHME (Institute for Health Metrics
and Evaluation) super regions and second, to examine the

relationship between GCMIR and HDI level in nearly all
world countries in the period 2000-2016.

Materials and Methods

GBD Data Set

The GBD studyisacollaboration ofhundreds of researchers
from more than 100 world countries to provide some
helpful statistical indices, (such as mortality, prevalence
and incidence rates as well as disability-adjusted life
years) to quantify health loss from a wide range of known
diseases and injuries in nearly all world countries. In the
present study, we used the data from the GBD 2016 study
to calculate the gastric cancer mortality-to-incidence ratio
(GCMIR), as a simple and convenient proxy for both
quality of care and early detection of disease, for nearly all
world countries in the period of 2000-2016. To compute
the MIR values for each country under study, we divided
the age-standardized mortality rates by age-standardized
incidence rates in this period.

The GBD annually updates about 240 causes of death
as well as the standard population of the world countries
and territories to provide more reliable and accurate data.
Generally, GBD uses complicated country/region-based
methods for computing age-standardized rates. In brief,
the GBD hierarchically utilizes the data from seven super-
regions, 21 regions nested within those super-regions,
and 195 countries or territories within the 21 regions. In
this process, five types of data sources (Vital Registration
systems, sample registration systems, household surveys,
censuses and Demographic Surveillance Sites) are
employed to estimate age-specific mortality as well as
standard population and fertility by age, sex and year for
195 countries and territories as the denominator of the
age-standardized rates. To do this, GBD uses different
advanced statistical and epidemiological methods such as
mixed effects, spatio-temporal regression models and so
on to generate more proper rates. Detailed explanation for
computing the age-standardized rates in GBD studies can
be found elsewhere.'”"* The raw data from the GBD study
is publicly available at the IHME website (http://ghdx.
healthdata.org/gbd-results-tool).

HDI Dataset

The HDI is a composite statistical tool which combines
four different indicators: life expectancy, expected years of
schooling, average years of schooling, and gross national
income per capita. This index is annually used by the
United Nations Development Programme (UNDP) for
ranking the countries according to their levels of social
and economic development.

In recent years, countries like Norway, Switzerland,
Australia, Ireland and Germany have had the highest
and some African countries like Niger, Central African
Republic, Sudan, Chad and Burundi have had the lowest
ranks in this index. In the present study, we extracted the
HDI data for each year under study from the Updates of
the UNDP website (http://hdr.undp.org/en/data#).
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Statistical Analysis

Regarding the main aims of the present study (assessing
the trend of GCMIR in different IHME super regions and
investigating the relationship between GCMIR and HDI
in the period from 2000 to 2016), we used both descriptive
and analytic methods for achieving these goals. To
describe the GCMIR data, the mean and 95% confidence
interval (CI) of ratios were computed using the bootstrap
estimating method for different age groups, genders,
IHME super regions and categories of HDI in the years
2000, 2005, 2010, 2015, and 2016. In addition, the mean
trend of GCMIR was depicted, separately for different
IHME super regions and HDI levels.

To achieve the analytic purposes (modeling the mean
trend of GCMIR during the study time period), marginal
models and generalized estimating equations (GEE) were
applied. In this study, the incidence and mortality rates
(and subsequently MIRs) were repeatedly (annually)
measured for each world country from 2000 to 2016.
So, each country acts as a cluster and the repeated MIRs
are considered as the longitudinal outcome data. To
analyze this longitudinal data, we fitted the described
marginal models and the parameters of these models
were estimated using the GEE methodology. The standard

Table 1. Descriptive Statistics for GCMIR by Age Group

errors of the parameter estimates were calculated using
the robust estimation method. In each marginal model, an
appropriate correlation structure (including independent,
exchangeable, AR(1), m-dependent and unstructured)
was utilized. To choose the best fitted model based on
different correlation structures, we computed the QIC
and QICC goodness of fit indices. The model with lowest
QIC and QICC values was chosen as the model with the
best fit."

Statistical analysis was performed using the SPSS
software, version 22.0, and P values less than 0.05 were
considered statistically significant.

Results

In this study, the GCMIR and HDI data from 185 world
countries were analyzed. In the first step of data analysis,
the trend of GCMIR was assessed in the period 2000-
2016. Tables 1-3 show these mean trends computed based
on bootstrap estimating methods, respectively, by age
group, gender and IHME super region. In Table 1, it can
be seen that higher age groups experienced higher GCMIR
values during these years. At the same time, according
to Table 2, one can observe that males and females had
relatively similar GCMIR trends over this period of time.

Year
Age
2000 2005 2010 2015 2016
Tto4 0 0 0 0 0
4t09 0 0 0 0 0
10 to 14 0 0 0 0 0
15to 19 0.55 (0.54-0.57)" 0.54 (0.53-0.56) 0.53 (0.51-0.55) 0.52 (0.50-0.54) 0.51 (0.50-0.53)
20 to 24 0.61 (0.6-0.63) 0.60 (0.58-0.62) 0.59 (0.57-0.61) 0.58 (0.56-0.60) 0.57 (0.55-0.59)
25t0 29 0.67 (0.65-0.68) 0.65 (0.64-0.67) 0.64 (0.62-0.66) 0.63 (0.61-0.65) 0.62 (0.60-0.64)
30to 34 0.73 (0.71-0.75) 0.71 (0.69-0.73) 0.70 (0.67-0.72) 0.68 (0.66-0.70) 0.68 (0.65-0.70)
35t0 39 0.78 (0.76-0.8) 0.77 (0.75-79) 0.75(0.73-0.77) 0.74 (0.71-0.76) 0.73 (0.71-0.76)
40 to 44 0.83 (0.81-0.85) 0.81 (0.79-0.83) 0.79 (0.77-0.81) 0.78 (0.75-0.80) 0.77 (0.74-0.80)
45 to 49 0.83 (0.81-0.84) 0.81 (0.79-0.83) 0.79 (0.77-0.82) 0.78 (0.76-0.80) 0.78 (0.75-0.80)
50to 54 0.85 (0.83-0.86) 0.83 (0.81-0.85) 0.82 (0.80-0.84) 0.81 (0.79-0.83) 0.80 (0.78-0.82)
55t0 59 0.86 (0.84-0.88) 0.85 (0.83-0.86) 0.83 (0.81-0.85) 0.82 (0.80-0.84) 0.82 (0.80-0.84)
60 to 64 0.90 (0.88-0.91) 0.86 (0.83-0.86) 0.87 (0.85-0.88) 0.86 (0.83-0.88) 0.85 (0.83-0.87)
65 to 69 0.93 (0.92-0.95) 0.88 (0.86-0.90) 0.90 (0.89-0.92) 0.89 (0.87-0.91) 0.89 (0.86-0.91)
70to 74 0.98 (0.97-1.0) 0.92 (0.90-0.94) 0.95 (0.93-0.97) 0.94 (0.91-0.96) 0.93 (0.91-0.96)
75t079 1.07 (1.05-1.09) 1.05 (1.03-1.07) 1.04 (1.01-1.06) 1.02 (1.00-1.05) 1.02 (0.99-1.04)
80 plus 1.22 (1.24-1.20) 1.20 (1.18-1.22) 1.19 (1.17-1.21) 1.18 (1.16-1.20) 1.18 (1.15-1.20)
“The reported statistics are based on bootstrap estimating method.
Table 2. Descriptive Statistics for GCMIR by Gender
Year
Gender
2000 2005 2010 2015 2016
Female 0.99 (0.97-1.00) 0.97(0.96-0.99) 0.97(0.95-0.98) 0.95(0.94-0.98) 0.95(0.93-0.97)
Male 0.99 (0.97-1.00) 0.97(0.95-0.99) 0.96(0.94-0.98) 0.95(0.93-0.97) 0.94(0.92-0.97)

‘The reported statistics are based on bootstrap estimating method.
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Considering Figure 1 and Table 3, we can also conclude
that Sub-Saharan Africa was the only super-region with
a positive slope during these years. In this period, high-
income countries had the greatest decreasing slope of
GCMIR. Moreover, the highest and lowest intercepts
of GCMIR (ratio in the year 2000) were related to Sub-
Saharan Africa and high-income countries, respectively.
In the next step of data analysis, we investigated the
relationship between longitudinal values of GCMIR and
HDI data. Figure 2 displays the mean trend of GCMIR
data by HDI level from 2000 to 2016. In addition, Table
4 shows the descriptive statistics of GCMIR values in the
years 2000, 2005, 2010, 2015, and 2016, separately for
different levels of HDI. According to Figure 2 and Table
4, it can be stated that countries with low and medium
HDI had an upward trend, and countries with high and
very high HDI had a downward trend of GCMIR in the
study time period. As another finding, higher HDI level
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Figure 1. Mean Trend of Gastric Cancer Mortality—to-Incidence Ratio from
2000 to 2016 by IHME Super Region.

was related to lower level of GCMIR. In other words, a
negative association can be observed between GCMIR
and HDI levels in these years.

In the final step of statistical analysis, we modeled the
mean trend of GCMIR, separately for different categories
of HDI. In this regard, according to the described marginal
model in the methods section, we applied the following
model for countries with very high, high, medium, and
low HDI levels:
u,=p,+p, Time,

where p; denotes the mean GCMIR for the ith country
at the jth time of measurement (j=0, 1,2, 3,4, 5..., 15, 16).
As usual, B and B, show the intercept and slope of mean
GCMIR trend, respectively.

Table 5 shows the obtained estimates from these
marginal models. The interpretation of the estimates
is rather straight-forward. For instance, in countries
with a low level of HDI, the estimate of 1.219 for model
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Figure 2. Mean Trend of Gastric Cancer Mortality—to-Incidence Ratio from
2000 to 2016 by Human Development Index Level.

Table 3. Descriptive Statistics for GCMIR in Different IHME Super Regions and Related Trend Estimates

Year
Super Region Parameter 95% CI
2000 2005 2010 2015 2016
Central Europe, Eastern 0.96 0.94 0.91 0.88 0.88 Intercept 0.958 0.920, 0.996
Europe, Central Asia (0.92-1.00)" (0.90-0.99) (0.85-0.96) (0.83-0.94) (0.82-0.93) Slope -0.005 -0.007, -0.004
Hich income 0.80 0.76 0.72 0.68 0.68 Intercept 0.807 0.758, 0.856
8 (0.75-0.85) (0.71-0.81) (0.67-0.78) (0.63-0.74) (0.63-0.73) Slope -0.008 -0.009, -0.007
Latin America and 1.03 1.01 0.97 0.93 0.92 Intercept 1.019 0.983, 1.055
Caribbean (0.99-1.06) (0.97-1.04) (0.92-1.02) (0.86-0.99) (0.84-0.98) Slope -0.007 -0.009, -0.005
North Africa, Middle 1.09 1.09 1.07 1.06 1.06 Intercept 1.089 1.059, 1.119
East (1.06-1.12) (1.05-1.12) (1.03-1.11) (1.02-1.10) (1.02-1.10) Slope -0.002 -0.004, -0.001
South Asia 1.03 1.04 1.04 1.04 1.04 Intercept 1.026 0.926, 1.126
(0.90-1.14) (0.93-1.14) (0.93-1.14) (0.91-1.16) (0.89-1.16) Slope 0.00 -0.007, 0.008
Southeast Asia, East 1.15 1.15 1.15 1.14 1.14 Intercept 1.152 1.084, 1.220
Asia, Oceania (1.09-1.23) (1.08-1.23) (1.08-1.23) (1.06-1.23) (1.06-1.22) Slope -0.001 -0.003, 0.001
SubSaharan Africa 1.25 1.25 1.28 1.31 1.31 Intercept 1.248 1.209, 1.288
(1.20-1.29) (1.21-1.30) (1.24-1.32) (1.26-1.35) (1.27-1.36) Slope 0.005 0.003, 0.006
Total world 1.05 1.04 1.03 1.01 1.01 Intercept 1.052 1.024, 1.080
(1.02-1.08) (1.01-1.07) (0.99-1.06) (0.97-1.05) (0.97-1.05) Slope -0.003 -0.004, -0.002

“The reported statistics are based on bootstrap estimating method.
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Table 4. Descriptive Statistics for GCMIR in Different Levels of Human Development index
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Year
HDI
2000 2005 2010 2015 2016
Low 1.21 (1.16-1.26) 1.24 (1.19-1.28) 1.26 (1.22-1.31) 1.31(1.26-1.36) 1.31(1.26-1.36)
Medium 1.07 (1.04-1.10) 1.10 (1.07-1.13) 1.13 (1.09-1.17) 1.15 (1.10-1.20) 1.16 (1.11-1.22)
High 0.98 (0.93-1.01) 0.97 (0.93-1.01) 0.96 (0.93-1.00) 0.95 (0.90-1.00) 0.94(0.89-0.99)
Very High 0.77 (0.73-0.82) 0.78 (0.73-0.82) 0.75 (0.71-0.81) 0.76 (0.71-0.80) 0.75(0.70-0.79)

HDI, Human Development Index; GCMIR, gastric cancer mortality-to-incidence ratio.

‘The reported statistics are based on bootstrap estimating method.

Table 5. Results of Fitting Marginal Models to GCMIR in Different Levels of
HDI

HDI Parameter Estimate 95%Cl P value
Intercept 1.219 (1.176, 1.262) <0.001
Low
Slope 0.007 (0.005, 0.008) <0.001
Intercept 1.071 (1.036, 1.106) <0.001
Medium
Slope 0.005 (0.001, 0.008) 0.001
Intercept 0.981 (0.944, 1.018) <0.001
High
Slope -0.003 (-0.005, -0.001) 0.041
Intercept 0.776 (0.725, 0.827) <0.001
Very High
Slope -0.003 (-0.007, 0.001) 0.079

HDI, Human Development Index; GCMIR, gastric cancer mortality-to-
incidence ratio.

intercept tells us that these countries had an MIR of 1.22
in the starting year of the study (year 2000). Moreover,
the estimate of 0.007 for the time variable (slope of trend)
means that countries in the low HDI category experienced
an annual increase of 0.007 for MIR during the study
period. The estimates for the other HDI categories could
be interpreted in a similar manner.

Discussion

Gastric cancer is one of the most common and lethal
cancers globally. Based on the GLOBOCAN 2018 data,
gastric cancer is the 5th most common cancer (over a
million new cases are diagnosed each year, worldwide),
and it is the 3rd most fatal malignancy, following lung and
colorectal cancer in overall mortality (with an evaluated
783000 deaths in 2018).” A study on the Iranian National
Cancer Registry system data from 2005 to 2014 found that
the gastric cancer incidence rate was 2nd in males, 4th in
females, and 3rd in both sexes in Iran.*

Although some reports showed that the incidence and
mortality rates of gastric cancer have declined over the past
decades,®” this cancer is still one of the important causes
of death.” Gastric cancer prevalence could be influenced
by sanitation, age, diet, food storage, geography, and
ethnicity.” Fortunately, economic advancement has led
to better food preservation, improved sanitation, better
hygiene, and cleaner water, which have led to a reduction
in H. pylori contamination. As a result, the incidence
rate of gastric cancer has had dramatically decreasing
trend throughout the world and continues to decrease
in prevalence among future generations. Moreover, a

decrease in the prevalence of Helicobacter pylori and
gastric cancer screening and surveillance may be the main
reasons for the reduction in the incidence and mortality
rates of this cancer.” This is an important point; several
detection and survey of cancer are carried out in countries
with high incidence of gastric cancer. This might lead
to more cases diagnosed in primary stages and provides
favorable clinical outcomes.'” Gastric cancer mortality can
be decreased by screening guidelines, early endoscopic
tindings, disease management, surgery and chemotherapy
or targeted therapy.>*%

In this study, we investigated GCMIR for different
IHME super regions for the period 2000-2016 using the
GBD 2016 data.

Our findings revealed that sub-Saharan Africa was the
only super region with a positive slope of GCMIR, while
high-income countries had the greatest decreasing slope
of GCMIR. The highest and lowest GCMIR rates were
associated with sub-Saharan Africa and high income
countries (1.25 and 0.81, respectively). In a study on
the GLOBOCAN 2012 data to analyze the MIRs for the
tive most burdensome cancers globally for 34 OECD
countries, the average MIR of gastric cancer was 0.63
among all OECD countries.'?

The main goal of this study was to assess the relationship
between GCMIR and HDI. Generally, HDI is used by
researchers as a benchmark for international comparison
of development. This index is also utilized as an indicator
of the socioeconomic factor of health.*®

Our study proved an inverse relation between HDI
and GCMIR. In other words, our results showed that in
low and medium HDI countries, MIR was remarkably
higher than the wealthier parts of the world. In addition,
MIR had a downhill trend in high HDI, while it had a
rather steady trend in very high HDI areas. It seems that
wealthier countries have reached the terminated point
of the effect of the HDI on MIR. However, we cannot
neglect the aggressive diffuse type and young age event
of gastric cancer which is thought to be related to genetic
mutation and abnormality and may have less association
with the socio-economic condition. In a research
conducted on the MIR of gastrointestinal cancers using
the GLOBOCAN 2008 database, the researchers reported
an inverse correlation between the MIR of gastrointestinal
cancers and HDI at regional and national levels. The MIR
significantly varied among the four HDI regions (very
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high HDI, 0.620 +£0.033; high HDI, 0.807 +£0.018; medium
HDI, 0.857+0.021; low HDI, 0.953+0.011; P<0.001).
In this study, linear regression analysis demonstrated
that GCMIR inversely correlates with HDI (P<0.05)."
In another study conducted on the GLOBOCAN 2012
database for 57 countries, the relationship between
GCMIRs and health disparities was evaluated in these
countries. The results indicated that developed regions
had lower GCMIRs than developing countries.'

The inverse relationship between MIR and HDI
demonstrated that differences in cancer care efficiency are
caused by variation in healthcare interventions.*

In conclusion, based on the reported decreasing trend
of both incidence and mortality rates of gastric cancer in
a wide range of studies in the literature, it seems that the
downward trend of MIR demonstrates an improvement in
the level of care and consequently, the decreasing mortality
rate of this disease in most parts of the world. On the
other hand, the increasing trend of MIR in less developed
countries (countries with low/medium HDI) in recent
decades is worrisome. The findings from the present
study revealed that gastric cancer is significantly related
to the economic status of the countries. Thus, promoting
economic indices plays an important role in controlling
the burden of this disease in the poorer countries of the
world. In this context, health policymakers can design
and implement appropriate screening programs to detect
disease cases in lower stages and improve the level of care
and support systems. By these proceedings, they can take
an effective step to reduce the burden of this disease in
their countries.
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