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Abstract: Objective: The incidence of gastric cancer is declining in parts of Asia including China. This study was 
designed to investigate the incidence and mortality trend of gastric cancer in different regions and ethnic groups 
in Xining of Qinghai-Tibet Plateau. Methods: Data of gastric cancer from January 2009 to December 2016 were 
collected from Disease Control Center in Xining for repeated cross-sectional study. Primary outcome measures: 
Gastric cancer. Participants: Xining resident population with pathological diagnosis of gastric cancer. Main outcome 
measure: Age, gender composition ratio, morbidity, mortality and trends. Results: There were 4822 new cases of 
gastric cancer from 2009 to 2016, including 3583 males and 1239 females; 2290 cases were in villages and 2532 
in towns. Male incidence rate (38.37/100,000) was higher than female (13.35/100,000). The incidence in rural 
areas (39.29/100,000) was higher than in urban areas (20.59/100,000). During 2009-2016, there were 2109 
gastric cancer deaths in Xining, 1543 in males and 566 in females. There were 1185 cases in villages and 924 in 
cities. Male mortality (16.64/100,000) was higher than female (6.42/100,000). The mortality rate in rural areas 
(20.40/100,000) was higher than in urban areas (7.62/100,000). Conclusion: Overall morbidity and mortality rates 
of gastric cancer are on the rise in Xining. Male morbidity and mortality rates are higher than female ones, and rural 
areas are higher than urban areas.
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Introduction

The burden of cancer is a universal public 
health challenge that afflicts every country in 
the world, with cases distributed across all age 
groups and genders. With the rapid economic 
development, urbanization, acceleration of po- 
pulation aging, and changes in traditional life-
style in China, malignant tumors have become 
the fifth leading cause of death along with cere-
brovascular diseases, respiratory diseases and 
heart disease.

Gastric cancer is a common gastrointestinal 
tumor that occurs worldwide. Its incidence in 
China is 36.21/100,000 and the standard-pop-

ulation rate is 17.85/100,000, while the mortal-
ity rate is 25.88/100,000 [1]. According to 
tumor registration data in China, incidence 
rates of gastric cancer differ between the east-
ern and western areas [2]. Of the 31 urban 
tumor registration regions in China in 2009, 
Xining had the seventh-highest incidence rate 
of gastric cancer, being a high-incidence area 
with a serious disease burden [1]. Although the 
monitoring, intervention and publicity of the  
disease have been strengthened in high-risk 
groups of gastric cancer, there is no systematic 
data analysis of the local incidence of and 
trends in gastric cancer in western China due to 
the late start of tumor registration. Based on 
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data from the 2009-2016 tumor registration, 
this study analyzed the prevalence, status, and 
changes in gastric-cancer trends in Xining. 
Based on the actual situation of the gastric 
cancer population, it is anticipated to formulate 
corresponding prevention and control strate-
gies and to pay special attention to high-risk 
group.

Materials and methods

Patient and public involvement

Patients or the public were not involved in the 
design of the study.

Data collection

Taking the permanent residents of Xining as the 
research object, we collected incidence and 
mortality data on malignant tumors from the 
Tumor Registration Office of the Xining Center 
for Disease Control and Prevention and four 
hospitals in Xining, which are qualified to diag-
nose such tumors (Qinghai University Hospital, 
the Red Cross Hospital, Qinghai Provincial 
People’s Hospital and the Fifth People’s 
Hospital). This data of gastric-cancer were 
based the 10th edition of the International 
Classification of Diseases (ICD-10). The Xining 
Municipal Public Security Bureau provided pop-
ulation data for Xining, as well as population 
numbers (by gender and age group) in the reg-
istered area for the years studied. The study 
was approved by Qinghai University Hospital 
Ethics Committee. We referred to (1) the Chi- 
nese Cancer Registry; (2) the tumor registra- 
tion work instruction manual of the People’s 
Republic of China; (3) The quality of the regis-
tration requirements of the Cancer Incidence  
in Five Continents series. We reviewed and 
sorted the pathogenesis information of pa- 
tients with gastric cancer in Xining from 2009 
to 2016, including name, gender, date of birth, 
residential area, nature of tumor, pathological 
stage, diagnosis date, basis of diagnosis, surgi-
cal treatment and other original data. Finally, 
we obtained data for incidence, mortality and 
standard population of gastric cancer (gender, 
age, urban vs. rural) in this region. The reliabi- 
lity of the overall research data is relatively 
high.

Statistical analysis

All statistical analysis was performed using 
SPSS software, version 23.0 for Windows 
(SPSS, Chicago, Illinois, USA). Morbidity and 
mortality were calculated based on the perma-
nent population of Xining. The specific morbidi-
ty and mortality of gastric cancer according to 
different regions and genders were calculated. 
the morbidity and mortality for different age 
cohorts in different years was compared using 
the chi-square test. P<0.05 was considered 
statistically significant.

Ethical approval

This study was approved by the ethical review 
committee of the Affiliated Hospital of Qinghai 
University (Qinghai, China). (AF-RHEC-007-01, 
AF-RHEC-0034-01).

Results

Gastric-cancer incidence rate and trends

From 2009 to 2016, a total of 4822 new cases 
of gastric cancer were registered in Xining, 
including 3583 males and 1239 females. In 
2009, the incidence of gastric cancer in Xining 
was 6/100,000, while in 2016, it was 36.63/ 
100,000, showing an obvious upward trend 
from previous years. In 2009, the incidence of 
gastric cancer was 8.5/100,000 in men and 
3.7/100,000 in women; by 2016, the incidence 
in men was 52.48/100,000 and in women 
19.85/100,000. The incidence of gastric can-
cer is on the rise for both men and women, but 
the trend was higher for men than for women 
(Table 1; Figure 1).

Number of cases and trends by age group

In 2016, the number of gastric-cancer patients 
of different ages in Xining varied by age range. 
Gastric cancer occurs at a lower rate in patients 
<40 years old, but the incidence rate increases 
rapidly in those 40-64 years old, slows down in 
the age cohort of 65-74 years and gradually 
decreases with age after 75 years. From 2009 
to 2015, the incidence trend of gastric cancer 
in Xining by age cohort differed slightly from 
that in 2016, peaking at 74 years of age 
(P=0.140). The difference was not statistically 
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Table 1. New cases of and deaths from gastric cancer in men vs. women from 2009 to 2016

Year
Total population (n) New cases (n) Deaths (n)

Total Men Women Total Men Women Total Men Women
2009 220.50 111.09 109.41 130 93 37 45 32 13
2010 220.87 113.68 107.19 404 307 97 163 118 45
2011 222.80 114.50 108.30 559 423 136 253 194 59
2012 224.74 115.30 109.44 804 582 222 412 294 118
2013 226.76 116.50 110.26 659 482 177 316 237 79
2014 229.07 117.88 111.19 639 485 154 290 221 69
2015 231.00 118.80 112.20 772 581 191 331 214 90
2016 233.37 120.03 113.34 855 630 225 299 206 93
Total 1809.11 927.78 881.33 4822 3583 1239 2109 1543 566

Figure 1. Trends of gastric cancer in Xining.

significant. Incidence was generally higher in 
men than in women and in villages than in 
towns within the same age groups (Table 2; 
Figures 2, 3).

Urban and rural morbidity and changes in 
trends

According to the data, we found that in Xining, 
gastric-cancer incidence differed significantly 
between urban and rural areas. With the pres-
ent state of sustained growth, rural incidence 
of gastric cancer since 2011 has been signifi-
cantly higher than urban incidence, as high as 
60.60/100,000 in 2016. The incidence of gas-
tric cancer in Xining is rising steadily; the  
incidence rate is higher in rural areas than in 
urban areas, in which morbidity exceeded 
26.37/100,000 by the end of 2016 (Table 3; 
Figure 4).

Mortality rate of gastric can-
cer and its trends

From 2009 to 2016, there 
were 2109 deaths from gas- 
tric cancer in Xining, of which 
1543 cases were male and 
566 were female. Thus, the 
data showed that the death 
rate of gastric cancer was hi- 
gher in men than in women. 
Mortality was 2.04/100,000 
in 2009 and 12.81/100,000 
in 2016, showing an overall 
upward trend. However, if we 
take 2012 as a cut-off point, 
the mortality rate of gastric 
cancer had previously showed 

a trend of rapid growth but began a slow decline 
starting from 2012 (Figure 5).

Age-specific mortality rate of gastric cancer 
and its trends

In 2016, there were significant differences in 
gastric-cancer mortality among different age 
groups in Xining. This study found that patients 
>40 years old had the lowest mortality rate 
from gastric cancer, that of patients in 40-64 
years old was the highest, that of patients in 
65-74 years old was lower, and that of patients 
>75 years old was significantly decreased. 
From 2009 to 2016, the difference was not  
statistically significant (P=0.346). The overall 
trend of gastric-cancer mortality was higher in 
men than in women and higher in rural areas 
than in towns within different age groups (Table 
4; Figure 6).
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Table 2. New cases of gastric cancer in different age groups from 2009 to 2016
2009 (n) 2010 (n) 2011 (n) 2012 (n) 2013 (n) 2014 (n) 2015 (n) 2016 (n) χ2 P

New cases 131.30 0.140
    0-4 0 0 0 0 0 0 0 0
    5-9 0 0 0 0 0 0 0 0
    10-14 0 0 0 0 0 0 0 0
    15-19 0 0 2 1 0 1 0 0
    20-24 0 8 2 6 3 1 1 3
    25-29 0 2 2 3 5 2 3 5
    30-34 5 1 8 6 5 5 8 5
    35-39 2 10 15 14 13 18 15 14
    40-44 8 18 25 31 35 36 39 39
    45-49 16 29 42 57 45 50 76 67
    50-54 8 39 53 65 43 51 69 92
    55-59 21 48 84 98 95 79 82 109
    60-64 19 66 79 123 109 95 117 144
    65-69 18 50 88 136 116 88 119 132
    70-74 18 68 85 122 101 109 121 95
    75-79 12 39 49 78 55 60 72 87
    80-84 3 21 21 49 27 27 38 50
    85+ 0 5 4 15 7 17 12 13
    Total 130 404 559 804 659 639 772 855

Figure 2. New cases of gastric cancer in different age groups.

Mortality rate in urban and rural areas and its 
trends

There were 2109 deaths from gastric cancer in 
Xining, including 924 cases in cities and 1185 

cases in villages, from 2009 to 
2016. In 2009, the urban mor-
tality rate was 0.16/100,000, 
which was significantly higher 
than the rural mortality rate of 
0.05/100,000. In 2016, the 
urban mortality rate was 7.89/ 
100,000, while the rural mor-
tality rate was significantly 
higher, 24.30/100,000. Both 
urban and rural mortality rates 
showed an increasing trend 
from 2009 to 2016 (Figure 7).

Discussion

In recent years, with the im- 
provement of global socio-eco-
nomic status, environmental 
factors, and health conditions, 
the morbidity and mortality 
rates of gastric cancer in most 
regions of China and in many 
other countries with high inci-

dences have been decreasing [3]. The main 
reasons may be as follows: (1) the decrease 
rate of the Helicobacter pylori infection [4, 5]. 
(2) changes in people’s dietary habits, such as 
less salt and animal fat intake and more fresh-
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Figure 3. Trends of new cases of gastric cancer in different age groups.

vegetable and -fruit intake. However, in this 
study, we found that the incidence of gastric 
cancer in Xining showed a trend of increasing 
from 2009 to 2016.

This high incidence rate in Xining may partially 
due to the following facts: (1) With the improve-
ment of tumor diagnostic technology, the detec-
tion rate for gastric cancer has increased sig-
nificantly. (2) Medical insurance coverage has 
expanded, and the quality of tumor registra- 
tion data has been continuously improving. (3) 
Xining, where multiple ethnic groups reside, 
has unique dietary habits. For example, the Hui 
ethnicity tend to eat a great deal of fried food. 
High-temperature cooking such as frying is like-
ly to produce the carcinogen acrylamide; expo-
sure to this chemical leads to an increase of 
DNA synthesis and acceleration of cell growth, 
and the higher the temperature, the greater the 
amount of acrylamide. Tibetans like to eat raw, 
hard foods, such as red meat. Their animal-fat 
intake is high, while their fresh-fruit and -vege-
table intake is low. Studies have proven that 
fresh vegetables are protective factors against 
gastric cancer. All of the above habits cause 
damage to the gastric mucosa. Eating fresh 

vegetables, however, protects 
against the occurrence of gas-
tric cancer [6]. (4) Xining is 
located on the Qinghai-Tibet 
Plateau, which has a cold cli-
mate and low oxygen. One stu- 
dy shows that a plateau hy- 
poxia environment tends to 
cause ischemic hypoxia in 
body mucosa, increased cell 
apoptosis, physiological-func-
tion changes to the gastric  
cavity, damage to the gastric 
mucosal barrier and decreased 
ability to repair it [7]. 

We have shown that the inci-
dence of gastric cancer in Xi- 
ning was significantly higher in 
rural areas than in urban are- 
as, which was consistent with 
the results of previous study 
[1]. This is because: (1) The liv-
ing standard of the rural popu-
lation has improved, meaning 
that the disease is valued and 

can be detected early. (2) Rural residents’ 
drinking water is mostly cellar water. Studies 
have found that cellar water contains nitrite, 
which is a risk factor for gastric cancer if drink-
ing over long period [8]. (3) Rural areas usually 
lag behind in transportation infrastructures 
and economies, so residents in rural area may 
eat less fresh fruits and vegetables and may 
rely more on pickled foods. High sodium levels 
and osmotic pressure can damage gastric mu- 
cosa and increase the risk of gastric cancer, 
and in the mean time, high sodium plus H. pylo-
ri infection synergistically increase the occur-
rence of gastric cancer [9, 10]. We also found 
that the incidence of gastric cancer in Xining 
was significantly higher in men than in women 
in recent years, which was similar to the results 
of the national study [1, 11]. The reasons could 
be that: (1) Smoking is positively correlated 
with the incidence of gastric cancer. Men 
smoke at a much higher rate than women, 
which is one of the important risk factors lead-
ing to the difference between male and female 
morbidity [12]. (2) Alcohol intake increases  
the risk of primary gastric cancer [13, 14]. (3) 
Estrogen has a protective effect against gastric 
cancer, and estradiol can prevent the develop-



Morbidity and mortality of gastric-cancer in Xining

12436 Am J Transl Res 2021;13(11):12431-12439

Table 3. New cases of and deaths from gastric cancer in different areas from 2009 to 2016

Year
Total population New cases Deaths

Total (n) Urban (n) Rural (n) Total (n) Urban (n) Rural (n) Total (n) Urban (n) Rural (n)
2009 220.50 135.28 85.22 130 83 47 45 35 10
2010 220.87 140.69 80.18 404 284 120 163 135 28
2011 222.80 145.80 77.00 559 348 211 253 146 107
2012 224.74 152.20 72.54 804 411 393 412 167 245
2013 226.76 153.74 73.02 659 292 367 316 108 208
2014 229.07 157.15 71.92 639 324 315 290 93 197
2015 231.00 159.50 71.50 772 359 413 331 111 220
2016 233.37 163.41 69.96 855 431 424 299 129 170
Total 1809.11 1207.77 601.34 4822 2532 2290 2109 924 1185

Figure 4. New cases and trends of gastric cancer in different areas.

Figure 5. Mortality and trends in 
gastric cancer in different gender.

ment of stromal stem cells into 
gastric cancer [15]. (4) Men 
work in jobs that are riskier 
and more labor-intensive, me- 
aning they have greater men- 
tal stress and more-irregular 
lifestyles than women [16]. (5) 
The higher incidence of gas- 
tric cancer in men than in 
women is also related to hered-
ity. Dnmt-3a and rs36012910, 
genes or polymorphism that 
are unique to men, which in- 
crease the risk of gastric can-
cer [17, 18]. While the inci-
dence of gastric cancer is de- 
creasing globally, there has 
been no change in the propor-
tion of men to women with this 
disease, which also suggests 
that the gender difference may 
be a blind spot in its preven-
tion and control and in the 
screening of high-risk groups.

From 2009 to 2016, the death 
rate for gastric cancer in Xining 
showed an overall upward tr- 
end. Before 2012, it was tr- 
ending rapidly upward, but th- 
is trend reversed after 2012, 
which was consistent with a 
decline in gastric-cancer dea- 
ths in much of the world 
[19-21].

To sum up, in most of the world 
today, gastric cancer shows a 
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Table 4. Deaths from gastric cancer in different age groups from 2009 to 2016
2009 (n) 2010 (n) 2011 (n) 2012 (n) 2013 (n) 2014 (n) 2015 (n) 2016 (n) χ2 P

Deaths 102.949 0.346
    0-4 0 0 0 0 0 0 0 0
    5-9 0 0 0 0 0 0 0 0
    10-14 0 0 0 0 0 0 0 0
    15-19 0 0 0 0 0 0 0 0
    20-24 0 2 1 3 2 0 0 0
    25-29 0 1 0 0 0 1 0 1
    30-34 2 1 1 1 1 0 1 3
    35-39 0 5 8 8 5 4 5 6
    40-44 2 2 11 12 12 14 10 11
    45-49 5 10 14 23 17 18 19 19
    50-54 4 9 18 31 16 17 22 20
    55-59 6 20 36 42 39 37 43 27
    60-64 7 20 27 52 55 42 45 49
    65-69 6 23 47 61 60 42 48 43
    70-74 6 32 37 77 56 56 61 39
    75-79 5 22 34 49 32 30 47 41
    80-84 2 12 18 41 19 19 20 32
    85+ 0 4 2 12 2 10 10 8
    Total 45 163 254 412 316 290 331 299

Figure 6. Deaths from gastric cancer in different age groups.

trend of decline, but its incidence and mortality 
in Xining continue to increase and in a younger 
trend. Exploring the Xining region’s gastric-can-

cer epidemiology in view of  
its high-risk population, popu-
larizing health education and 
screening and improving the 
early detection of cancer are 
especially important.

Strengths and limitations of 
this study

This is the first observational 
study on the trend of incidence 
and mortality of gastric cancer 
in Xining. 

We collected gastric cancer 
data from 2009 to 2016 from 
Disease Control Center in Xi- 
ning, and repeated cross-sec-
tional study observations were 
done. Gastric cancer is on the 
decline in some parts of Asia 
including China, but the incre- 
ased incidence in this study 

may be related to the special geographical 
location and living habits of The Qinghai-Tibet 
Plateau. Gender and age are other two factors 
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that may affect the incidence of gastric cancer 
in Xining’s urban and rural area, which should 
take into consideration so as to develop ef- 
fective and feasible prevention and control 
strategies.
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