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Abstract
AIM
To evaluate the association between mortality-to-
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incidence ratios (MIRs) and health disparities.

METHODS
In this study, we used the GLOBOCAN 2012 database 
to obtain the cancer incidence and mortality data for 
57 countries, and combined this information with the 
World Health Organization (WHO) rankings and total 
expenditures on health/gross domestic product (e/
GDP). The associations between variables and MIRs 
were analyzed by linear regression analyses and the 57 
countries were selected according to their data quality. 

RESULTS
The more developed regions showed high gastric 
cancer incidence and mortality crude rates, but lower 
MIR values than the less developed regions (0.64 vs  
0.80, respectively). Among six continents, Oceania had 
the lowest (0.60) and Africa had the highest (0.91) 
MIR. A good WHO ranking and a high e/GDP were 
significantly associated with low MIRs (P = 0.001 and P  
= 0.001, respectively).

CONCLUSION
The MIR variation for gastric cancer would predict 
regional health disparities.

Key words: Gastric cancer; Mortality; Incidence; 
Mortality-to-incidence ratio; Gross domestic product; 
Expenditure; World Health Organization

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The mortality-to-incidence ratios (MIRs), 
defined as the ratio of the crude rate of mortality to 
the incidence, could reflect the clinical outcomes of 
disease. A total of 57 countries was included in this 
analysis to evaluate the association between MIR and 
health care disparities. The results showed the more 
developed regions had high gastric cancer incidence 
and mortality, but lower MIR than the less developed 
regions. Otherwise, good World Health Organization 
ranking and high total expenditures on health/gross 
domestic product were significantly associated with low 
MIRs. Therefore, the MIR variation for gastric cancer 
could predict regional health disparities.

Tsai MC, Wang CC, Lee HL, Peng CM, Yang TW, Chen HY, 
Sung WW, Lin CC. Health disparities are associated with gastric 
cancer mortality-to-incidence ratios in 57 countries. World J 
Gastroenterol 2017; 23(44): 7881-7887  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i44/7881.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i44.7881

INTRODUCTION
Gastric cancer was the leading cause of cancer 
mortality worldwide until the 1990s[1], but its incidence 
has since declined, especially in the developed world. 

Nevertheless, gastric cancer remains one of the most 
prevalent cancers in the world[2,3]. Gastric cancer is 
a multi-factorial disease, having a clear relationship 
with environmental risks, dietary habits, food storage, 
Helicobacter pylori infection, and geographic region[4-8]. 
Gastric cancer is more common in developing countries 
than in developed countries, and it occurs more 
frequently in men than in women[7,8]. 

Previous ethnic and migration studies have indi-
cated that early exposure to environmental factors 
has a greater influence on the mortality and incidence 
rates of gastric cancer than is found for genetic 
factors[9,10]. Modern studies have also explored the 
mechanism of how Helicobacter pylori infection affects 
gastric cancer development in cancer stem cell lines 
and animal models[11,12]. Several recent large-scale 
database observational studies have documented 
the incidence of gastric cancer among patients with 
gastric precancerous lesions in western countries[13,14]. 
The early detection of precancerous lesions, such as 
atrophic gastritis, intestinal metaplasia and dysplasia, 
by esophagogastroduodenoscopy (EGD) and further 
endoscopic or surgical resection are helping to decrease 
the progression to malignancy[15] and therefore the 
morbidity and mortality associated with gastric cancer.

As already mentioned, the mortality rates due to 
gastric cancer have shown a steady decline globally, 
but regional differences are evident. Previous studies 
have demonstrated an annual percent decrease in 
gastric mortality rate of around 3% to 4% for European 
countries, the United States, the Republic of Korea, 
Japan and Australia between 1980 and 2005[16]. A 2% 
annual percent decrease was noted in gastric mortality 
rate among major Latin American countries and a less 
dramatic decline was observed in China[2]. This decline 
is at least in part due to the introduction of EGD, an 
important tool for early detection of gastric cancer, and 
even precancerous lesions. A recent Japanese study 
concluded that EGD screening was more powerful than 
either radiographic or photofluorography screening, 
and reduced the mortality rate from gastric cancer by 
57%[17].

All these declines in gastric cancer prevalence 
suggest that the health care system may be able to 
improve precancerous lesion detection, early cancer 
detection, and treatment of gastric cancer to provide 
further declines in mortality. We therefore considered 
that the mortality-to-incidence (MIR) ratio for gastric 
cancer should be low in countries with good health 
care systems, in agreement with recent findings on 
prostate cancer[18-21]. The aim of the present study 
was therefore to clarify the association between 
human development, the World Health Organization 
(WHO) ranking, region, total expenditure on health/
gross domestic product (GDP; e/GDP), life expectancy, 
and crude rates of incidence and mortality for gastric 
cancer in different countries. Our results provide a 
comprehensive overview of gastric cancer MIRs and 
health disparities in various countries across the globe.
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MATERIALS AND METHODS
The data acquisition was described previously[18]. In 
brief, the cancer epidemiological data were gathered 
from the GLOBOCAN 2012 database maintained by 
the International Agency for Research on Cancer 
(https://www.iarc.fr/). The WHO rankings of countries 
were obtained from the World’s Health Systems of 
WHO. The e/GDP and life expectancies for 2012 were 
obtained from the World Health Statistics 2015. 

Data for 184 countries were obtained from the 
GLOBOCAN 2012 database. Among these 184 
countries, 22 were excluded from the study due to a 
lack of WHO ranking data. We excluded a further 105 
countries due to the availability of mortality/incidence 
data mentioned in GLOBOCAN 2012 database (rankings 
E to G for incidence or rankings 4 to 6 for mortality 
were excluded). This resulted in 57 countries being 
further analyzed in this study. The MIR is defined as 
the ratio of the crude rate of mortality and the crude 
rate of incidence[21]. 

The methods used for statistical analyses were 
described previously[18]. Associations between the 
MIRs and variants among countries were estimated 
by linear regression. R-squared changes and analysis 
of variance (ANOVA) were determined using SPSS 
statistical software version 15.0 (SPSS, Inc., Chicago, 
IL, United States). P value < 0.05 of a two-sided test 
were considered statistically significant. Scatter plots 
were generated using Microsoft Excel 2010.

RESULTS
Incidence and mortality rates of gastric cancer 
according to regions
We examined the global trends in gastric cancer by 
analyzing the incidence and mortality numbers and 
rates according to different regions across the globe. 
The results are summarized in Table 1. The worldwide 
MIR is 0.76 and it is higher in less developed regions 
than in more developed regions (0.80 vs 0.64). The 
WHO values indicate that the Western Pacific region 
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Table 1  Case number, rate and mortality-to-incidence ratio of the incidence and mortality of gastric cancer according to region

Region Number Crude rate Age-standardized rate Mortality-to-incidence ratio1

Incidence Mortality Incidence Mortality Incidence Mortality
World 951594 723073 13.5 10.2 12.1 8.9 0.76
Development
   More developed regions 274509 174756 22.0 14.0 10.6 6.4 0.64
   Less developed regions 677085 548317 11.7 9.4 12.7 10.2 0.80
WHO region categories
   WHO Africa region 19110 17589 2.2 2.0 4.0 3.7 0.91
   WHO Americas region 85354 65130 8.9 6.8 6.9 5.1 0.76
  WHO East Mediterranean region 23454 20789 3.8 3.3 5.5 4.9 0.87
   WHO Europe region 161846 126315 17.9 14.0 10.0 7.4 0.78
  WHO South-East Asia region 90558 83249 4.9 4.5 5.7 5.3 0.92
   WHO Western Pacific region 571139 409897 31.0 22.2 22.8 15.7 0.72
Continent
   Africa 23806 21801 2.2 2.0 3.8 3.5 0.91
   Latin America and Caribbean 60852 51435 10.1 8.5 9.7 8.1 0.84
   Northern America 24502 13695 7.0 3.9 4.0 2.1 0.56
   Asia 699954 527074 16.5 12.4 15.8 11.7 0.75
   Europe 139667 107360 18.8 14.5 9.4 6.9 0.77
   Oceania 2813 1708 7.5 4.5 5.1 3.0 0.60

1The percentage in the ratio of the crude rate of mortalities and the crude rate of incidences. 
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Figure 1  The (A) World Health Organization rankings and (B) total expenditures on health/gross domestic product are significantly associated with MIR in 
gastric cancer.
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Otherwise, in countries with high incidence of 
gastric cancer, more frequent survey or detection 
of cancer is performed. This might result in more 
cases detected in early stage and contribute to good 
clinical outcome. It is also observed in this database 
that countries with higher incidence of gastric cancer 
have lower MIR compared with those with lower 
incidence (crude rate vs MIR: R2 = 0.104, P = 0.015; 
case number vs MIR: MIR: R2 = 0.078, P = 0.035). 
Otherwise, a better WHO ranking and a higher 
e/GDP were correlated linearly with a longer life 
expectancy (R2 = 0.0.689, P < 0.001; R2 = 0.248, P 
< 0.001 respectively). This could explain the lack of a 
significant association between the WHO rankings, e/
GDP, and incidence of gastric cancer in our analysis. 

The mortality rates for gastric cancer can be 
reduced by screening programs, early endoscopic 
detection and management, surgical intervention 
availability[24,25], and the capability for chemotherapy 
or targeted therapy[26]. This may be why the ASR of 
mortality for gastric cancer was correlated with the 
WHO ranking, but had no significant correlation with 
total e/GDP. Previous data have shown that MIRs are 
lower in areas with better health care, and the present 
study shows that MIRs are also significantly lower 
in countries with better WHO rankings, with higher 
e/GDP, and in more developed regions. For the sex 
difference in the MIR and the health care disparities, 
previous study has shown that female patients with 
bladder cancer have higher MIR compared with male 
patients with bladder cancer[27]. However, unlike 
bladder cancer, there is no significant association in 
gastric cancer.

The limitations of this study include the fact that 
many countries are not participants in the WHO, 
and many of these countries are located in the least 
developed areas of the world. This limitation could 
influence the impact of e/GDP on gastric cancer 
incidence. Second, the use of the WHO rankings 
and e/GDP to represent the health care disparities 
of a country is not particularly specific. We were 
also unable to analyze ethnicity and national health 
insurance issues in our study. The reason why only the 
ASR mortality rate had a significant correlation with 
WHO rankings needs further investigation.

Our study indicates that gastric cancer has a higher 
incidence, mortality, and MIR value in less developed 
regions. Although the incidence, mortality, and MIR 
values are low in more developed regions, some 
differences were evident between the geographic 
regions; for example, the ASR incidence (9.4 vs 
15.8 vs 3.8) and mortality (6.9 vs 11.7 vs 3.5) were 
higher in Europe and Asia than in Africa. The MIRs 
are generally lower in the more developed continents, 
as exemplified by North America, which showed 
the lowest MIR (0.56) and Africa, which showed the 
highest (0.91). 

In conclusion, MIRs showed a significant correlation 
with WHO rankings and e/GDP in our analysis and 

we believe that this finding reflects the health care 
disparities of different countries. Our study provides a 
valuable documentation of the MIR and its relationship 
to the global geographic distribution of gastric cancer 
in 57 countries worldwide. 
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