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Abstract Background The highest incidence of gastric cancer is in East Asia, corresponding to a high 
prevalence of Helicobacter pylori (H. pylori), yet other regions with a similarly high prevalence 
of H. pylori have lower cancer rates. Foreign-born persons who immigrate to the United States 
are thought to remain at high-risk for gastric cancer, but this has not been confirmed by large 
population-based studies. 

Methods We evaluated total and foreign-born populations in metropolitan statistical areas 
(MSAs). Cardia and non-cardia gastric adenocarcinomas diagnosed between 2006 and 2016 were 
identified using the Surveillance, Epidemiology, and End Results Program. Generalized linear 
regression models determined whether the incidence of gastric cancer in each MSA was associated 
with specific foreign-born populations.

Results Among 32 MSAs, we identified 55,937 patients with gastric adenocarcinoma. A greater 
percentage of Eastern European-born individuals in an MSA was associated with a higher 
incidence of cardia cancers (coefficient 1.32, P=0.02). Evaluating Asian-born populations alone, 
a greater percentage of Japanese-born individuals was associated with a higher incidence of non-
cardia cancers (coefficient 2.48, P=0.03), whereas Korean or Chinese origin was not associated 
with a significantly higher risk.

Conclusions On a population level, a greater percentage of Eastern European-born individuals 
is associated with a higher incidence of cardia gastric adenocarcinomas. Among Asian-born 
individuals, Korean or Chinese origin was not associated with a significantly higher risk, but a 
greater percent of persons born in other Asian countries, including Japan, was associated with a 
higher incidence of non-cardia gastric adenocarcinomas in an MSA. 
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Introduction

Gastric cancer is the third most common cause of cancer 
deaths in the world [1]. It is recognized to have 2 distinct 
subtypes: cardia and non-cardia [1-3]. Cardia cancers 
are considered to be extensions or variants of esophageal 
adenocarcinoma and are more prevalent in non-Hispanic 
whites [4-6]. Non-cardia cancers, which remain the more 
common anatomic subtype of gastric cancer, are more 
prevalent in racial and ethnic minorities and are strongly 
linked to Helicobacter pylori (H. pylori), a class I carcinogen 
that, given the right host and environment, can trigger mucosal 
changes that result in a precancerous cascade [7,8]. 

H. pylori is a bacterium thought to be acquired in childhood, 
particularly in areas that are impoverished or have poor 
sanitary conditions [9]. It is considered responsible for the 
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greater incidence of gastric adenocarcinoma in the Middle East, 
East and Southeast Asia, the Mediterranean, Eastern Europe, 
and Central and South America [9]. Persons who immigrate 
to the Unites States (US) from these regions may continue to 
carry an increased future risk of gastric cancer, attributable to 
the bacterium [8,10-12]. However, simply originating from a 
region with a high prevalence of H. pylori does not necessarily 
translate to gastric cancer.  This is best illustrated by the 
“African enigma”, which refers to the discordant association 
between a high prevalence of H. pylori and a low prevalence of 
gastric cancer in Africa, and is supported by the disparate rates 
of gastric cancer throughout Middle Eastern countries, despite 
a uniformly high burden of H. pylori [13,14].

In the US, studies continue to attempt to identify the 
group most likely to benefit from gastric cancer screening in 
the US, and immigrants are considered a potential high-risk 
group [2,8,15]. Foreign-born populations who emigrated from 
countries with a high-incidence of gastric cancer are thought 
to have a higher incidence of gastric cancer than do their 
US-born peers, due to presumed H. pylori infection [15-18]. 
However, factors such as the prevalence of H. pylori in the 
home country and the timing of immigration play important 
roles [18]. Therefore, classifying all immigrants as high-risk 
may not be appropriate. Moreover, unanswered questions 
remain regarding the impact of immigration and foreign birth 
on future cancer risk [19,20]. Large-scale studies of individual 
immigrants have not been performed, because of limitations in 
data and follow up at this time. As yet, no study has attempted 
to identify the impact of region of birth (and the H. pylori 
prevalence in that region) on future gastric adenocarcinoma, 
accounting for anatomic subsite. Doing so in a US population is 
important in that the US is a particularly diverse country with 
a unique makeup of foreign-born individuals and a unique 
epidemiology of gastric adenocarcinoma subtypes. Here, we 
sought to determine whether the incidences of gastric cancer 
subtypes are associated with the percentage of certain foreign-
born populations in different regions across the US.

Materials and methods

Using the Surveillance, Epidemiology, and End Results 
(SEER) Program, we identified gastric adenocarcinomas 
diagnosed between 2006-2017 as cardia, non-cardia, or 
unknown. After identifying primary gastric tumors, we 
included only adenocarcinomas (excluding leukemia, 
lymphoma, mesothelioma, and Kaposi sarcomas, etc.). We 
then identified gastric adenocarcinomas by location, using the 
SEER Program Coding and Staging Manual [21]. Codes for 
non-cardia cancers were: C16.1, C16.2, C16.3, C16.4, C16.5, 
and C16.6. The code C16.0 designated cardia cancers. The 
codes C16.8 and C16.9 designated overlapping and unspecified 
cancers. 

For each cancer, SEER provides the postal code at diagnosis. 
This was used to determine the metropolitan statistical area 
(MSA) at diagnosis. For each MSA, using 2010 census data and 
data from the Migration Policy Institute, we identified total 

population, age composition of the population, and percent 
foreign-born [22,23]. Age-standardized rates were used [24]. 
Foreign-born regions were classified using the United Nations 
geo scheme of geographic areas. We used linear regression 
models to identify the coefficients of each foreign-born region. 
Despite the outcome being rates per 100,000, which usually 
exhibit non-normality, in this case we verified the normality 
of the error of the regression, suggesting linear regression was 
appropriate. Both residual and regression fits for these large 
population statistics suggested normal distribution, with linear 
regression providing a better fit than the Poisson and Negative 
Binomial assumptions. This allowed us to determine whether 
the incidence of gastric cancer in each MSA was associated 
with specific foreign-born populations. Variables indicating 
foreign-born individuals consisted of groups made available by 
the data source, and some groups with high similarities were 
grouped in order to reduce the degrees of freedom used in 
the analysis. This was important, given the limited number of 
MSAs available, in order to control for the age characteristics of 
each. The incidence of gastric cancer (classified as cardia, non-
cardia, and total) was estimated per MSA as the number of cases 
divided by the total population of the MSA. Age-standardized 
rates were used, using 5-year age groups starting at 15-19 
and ending with 85+, from the 2010 US Census [22,25,26]. 
The regression was repeated for cardia, non-cardia and total 
(including overlapping or unknown location) gastric cancers. 
Coefficients and P-values were produced for each regression 
component. A P-value of <0.05 was considered significant. All 
analyses were performed using R version 4.0.0.

In a sub-analysis, we focused on Asian-born persons. We 
used SEER data to further classify patient origin, and identified 
patients classified as being from China (including Taiwan), 
Japan and Korea, regions with notably high incidence [12]. 
In this manner, we looked for strong associations with any 
particular country. This model also included an “other Asian” 
category that excluded the above countries, to avoid creating 
collinearity. Because of limitations in statistical power, it was 
not feasible to define further subsets of foreign-born regions 
for patients outside these high-risk countries. 

Given the in-silico modeling and publicly available data, 
institutional review board approval was not required. 

Results

We identified 32 MSAs, with a total of 55,937 gastric 
adenocarcinoma diagnoses between 2006 and 2016. These 
MSAs and their foreign-born populations are depicted in 
Supplementary Table  1. In total, the MSAs had a median of 
16.0% foreign-born individuals (interquartile range [IQR] 
7.53-22.0%). Of the total 55,937 adenocarcinomas, 26,213 
(46.9%) were non-cardia, 15,298 (27.4%) were cardia, and 
14,426 (25.8%) were overlapping or not otherwise specified. 
Median age at diagnosis was similar across all groups at 69 
years (IQR 58-79). Cardia adenocarcinoma patients were more 
likely to be male than non-cardia (76.8% vs. 53.8%, P<0.001) 
and more likely to be white (86.0% vs. 61.1%, P<0.001).
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Generalized linear model results were obtained for non-
cardia, cardia and total gastric cancers. Table  1 displays 
the age-standardized results of the model for non-cardia 
adenocarcinomas. Per 100,000 persons, there was no foreign-
born population that was significantly associated with higher 
levels of non-cardia cancers in an MSA. A greater proportion of 
African-born individuals was associated with a non-significantly 
lower incidence of in non-cardia cancers (coefficient 2.19, 
P=0.11). For cardia cancers, a greater percentage of Eastern 
European-born individuals in an MSA was associated with a 
higher incidence of cardia cancers (coefficient 1.32, P=0.02) 
(Table 2). Supplementary Table 2 displays the coefficients of the 
model when considering all gastric cancers. 

A subanalysis of those countries with high rates of cancer 
and H. pylori (China, Japan, Korea) was performed. Table  3 
displays the age-standardized results of this model for non-
cardia adenocarcinomas. A greater percentage of Japanese-
born individuals in an MSA was associated with a higher 
incidence of non-cardia cancers (coefficient 2.48, P=0.03). 
Korean or Chinese origin was not associated with a significantly 
higher risk, but a greater percent of persons born in other 
Asian countries was associated with a higher incidence of 
non-cardia cancers (coefficient 85.91, P=0.01). Supplementary 
Tables 3 and 4 display the results for Asian-born populations 
with cardia cancers and all gastric adenocarcinomas. 

The results of an age-standardized model of all foreign-
born individuals are presented in Supplementary Table 5. They 
show that a greater percentage of foreign-born populations (all 
countries) in an MSA is associated with a slightly higher risk 
of non-cardia and all gastric cancers (non-cardia: coefficient 
0.13, P<0.001 and all gastric adenocarcinomas: coefficient 
0.22, P<0.001). Supplementary Table  6 displays standardized 
incidence rates per 100,000 persons by MSA.

Discussion

Here, we present a generalized linear model depicting 
the association between the observed incidence of gastric 
adenocarcinoma and the percentage of foreign-born individuals 
from different global regions. It has generally been thought that 
people who immigrate from regions with a high incidence of 
gastric cancer to regions of low incidence maintain a higher 
risk of gastric cancer, though not as high as in their native 
country [15]. This apparent shift in risk of disease away from 
that prevailing in their country of origin and towards that of the 
host country could be an excellent epidemiologic marker for 
the contributions of environment and genetics. Most notably, 
we find that a greater percentage of Eastern European-born 
individuals in an MSA is associated with a higher incidence 
of cardia gastric adenocarcinomas. Among Asian-born 
individuals, a greater percentage of Japanese and non-Korean 
or Chinese-born individuals in an MSA is associated with a 
higher incidence of non-cardia gastric adenocarcinomas.

The finding that Eastern European-born individuals in 
the US are at greater risk for cardia cancers is consistent 

Table 1 Results of an age-standardized generalized linear model of 
non-cardia adenocarcinomas

Geographic area Coefficient P-value

Per percent foreign born in:

Africa -2.19 0.11

Central America 0.12 0.11

South America 0.74 0.36

Caribbean -1.09 0.15

North America 198.37 0.15

Northern Europe 3.08 0.57

Western Europe -6.39 0.35

Eastern Europe 1.50 0.07

Eastern Asia 0.47 0.20

South Central Asia -0.55 0.17

South Eastern Asia 0.31 0.24

Western Asia 0.39 0.63
Coefficients are per 100,000

Table 2 Results of an age-standardized generalized linear model of 
cardia adenocarcinomas

Geographic area Coefficient P-value

Per percent foreign born in:

Africa -0.48 0.59

Central America 0.06 0.24

South America 0.10 0.85

Caribbean -0.69 0.17

North America -29.44 0.74

Northern Europe 1.75 0.63

Western Europe -1.58 0.73

Eastern Europe 1.32 0.02

Eastern Asia -0.15 0.55

South Central Asia -0.11 0.67

South Eastern Asia 0.11 0.54

Western Asia -0.10 0.85
Coefficients are per 100,000

Table 3 Results of an age-standardized generalized linear model of 
non-cardia adenocarcinomas, evaluating Asian born populations

Geographic area Coefficient P-value

Per percent individuals of:

Asia (excluding China, Japan, Korea) 85.91 0.01

China -0.45 0.22

Japan 2.48 0.03

Korea 1.48 0.19
Coefficients are per 100,000
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with known epidemiologic trends [27]. Eastern Europe is 
considered to be a high-risk area for all stomach cancers, and 
has notably seen a rise in cardia gastric cancers within the last 
half century [28-30]. And while Eastern Europe is considered 
to have a high burden of stomach cancers, with an age-
standardized incidence of 17.7 per 100,000 population, East 
Asia is even higher, at 28.6 per 100,000 population [31]. These 
are both markedly higher than North America, which has an 
age-standardized incidence of 6.5 per 100,000 population. Our 
findings regarding Asian immigrants underline their high-risk 
nature, but also the complexities in immigration and future 
cancer risk: notably, that a greater percentage of Korean- or 
Chinese-born individuals is not associated with higher rates of 
cancer in a MSA, whereas greater percentages of other Asian-
born (including Japanese) individuals are so associated [32,33]. 
We found a non-statistically significant association between 
African-born individuals and MSA incidence, consistent 
with the theory of the “African enigma”, whereby high rates of 
H. pylori do not translate into high rates of gastric cancer. This is 
probably attributable to other host, bacterial or environmental 
causes, though future studies should investigate this potential 
discordance. Our findings add to the growing literature that 
will guide screening recommendations. Screening for gastric 
cancer, a relatively low prevalence malignancy, in the US, is 
being developed by national societies at this time. However, 
given the need to balance cost and unnecessary testing, it 
will be most effective if tailored to high-risk persons [2]. 
Accordingly, studies elucidating the importance of foreign-
born status on gastric cancer are essential in order to tailor 
screening strategies.

The persistently elevated increase of gastric cancer risk 
among immigrants has largely been attributed to H. pylori 
prevalence, but even US-born descendants of immigrants have 
been reported to have a higher cancer risk [19]. A meta-analysis 
found that immigrants who moved from certain countries or 
regions with a high incidence of gastric cancer to countries 
with a lower incidence still had higher cancer incidence and 
mortality than non-immigrants [15]. The investigators found 
pooled standardized incidence rates of 1.66 (95% confidence 
interval [CI] 1.52-1.80) for men and 1.83 (95%CI 1.69-1.98) for 
women. Limitations to this meta-analysis include the fact that 
all foreign-born populations were analyzed en bloc and that 
there was a lack of granularity regarding the anatomic subsite; 
neither limitation applies to our study.

A large number of immigrant gastric cancer risk studies in 
the US have focused on East Asian populations, given the high 
prevalence of gastric cancer in East Asian countries [17,19,34,35]. 
In our study, we found that a greater percentage of Korean- and 
Chinese-born individuals was not associated with higher rates 
of cancer in an MSA, whereas higher percentages of other Asian-
born (including Japanese) individuals had such an association. 
We hypothesize that this is due to the dynamic nature of 
immigration, assimilation and changing cancer epidemiology, 
not captured by population level statistics. For example, while 
one study reported that US persons of Japanese descent carry 
a higher future risk of increased gastric cancer, another found 
that Korean-Americans adopt the risk of the country where 

they live and have a higher risk of cardia cancers, comparable 
to native US persons—an interesting finding, as cardia cancers 
are more associated with “western lifestyles”  [19,36]. Obesity 
and metabolic syndrome components are considered to be 
strongly associated with gastric cardia cancers, perhaps even 
interacting with H. pylori [37,38]. These shifting risks between 
cardia and non-cardia cancer of immigrants from countries 
otherwise similar in their H. pylori prevalence, gastric cancer 
epidemiology and public health initiatives against gastric 
cancer, suggest nuances that may not be evident in population-
level data. These include diet, in both the home country and 
the US, likely to be influenced by geography, acculturation, and 
residing in cultural enclaves, as well as other host, bacterial and 
environmental factors.

Furthermore, H. pylori itself is a complex risk factor. 
H. pylori is considered to infect half of the world’s population, 
though levels of infection may be decreasing. Africa, Western 
Asia and South America are considered to have the highest 
burden of infection, but the prevalence of H. pylori varies 
among and within geographic regions and is strongly linked to 
socioeconomic status, even within developed countries [9,39]. 
There are known variations in pathogenicity, potentially 
explaining differences in carcinogenesis, even among persons 
of the same country [40,41]. 

There are several limitations to this study. Most notably, it 
was a population-level study, without access to individual data, 
and was therefore unable to adjust for potential individual 
confounders, including H. pylori, the most well-known risk 
factor for gastric cancer. In this study, we used population 
averages to model the association between observed cancer 
incidence and variables of interest. Limitations in statistical 
power restricted the ability to detect an association (particularly 
between African-born individuals and gastric cancer), the 
ability to test for interactions between age and foreign-born 
group (which could parallel immigration patterns), and the 
post hoc inclusion of sex. Among geo scheme regions there was 
a lack of granularity. For example, while Africa was considered 
one region (because of available census and H. pylori prevalence 
data), there is known variation in H. pylori prevalence among 
African regions [7,42]. Similarly, we were unable to granularly 
analyze other Asian-born populations. SEER did not provide 
granular data with which we could break up African-born into 
multiple groups; as we note, this is important, considering 
the African diversity of H. pylori. It is possible there was 
misclassification among SEER data, both for cancers and for 
variables such as postal code. In particular, there could have 
been misclassification of the cancer subtype, i.e., cardia and 
non-cardia, or histology (adenocarcinoma subtypes). This is 
a well-known issue in the gastric cancer literature, stemming 
in part from the changing nomenclature, relatively recent 
implementation of a separate administrative code, and a lack 
of stable consensus definitions around cardia cancers [43]. 
Therefore, this is a limitation of most large database studies 
relating to gastric cancer. SEER is a widely used database, and 
these misclassifications should not be more pronounced than 
in any other large database. It is also possible that a patient 
moves around the time of cancer diagnosis, thus misclassifying 
their assigned MSA. Lastly, even among MSAs, there were 
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foreign-born individuals without a classified region of birth. 
However, our total foreign-born population estimates were in 
line with Census statistics [44].

Our strengths are related to the methodology and the ability 
to utilize population level statistics to overlay immigration and 
cancer. We were able to analyze foreign-born populations as 
a percentage of a discrete geographical area (the MSA) and 
further analyze cancers by subsite, which is important given 
the demographic differences between cardia and non-cardia 
cancers [4-6]. Using MSA provides even more granularity, given 
that geographic variability in gastric cancer has been previously 
noted [45]. We demonstrated here that a greater percentage of 
Eastern European born individuals in an MSA was associated 
with a higher incidence of cardia gastric adenocarcinomas. 
Among Asian-born individuals, Korean or Chinese origin was 
not associated with a significantly higher risk, but a greater 
percentage of persons born in other Asian countries, including 
Japan, was associated with a higher incidence of non-cardia 
gastric adenocarcinomas in an MSA. A greater percentage of 
African-born persons in a population was not associated with 
gastric cancer. This was perhaps due to limitations in statistical 
power, or differences in host or bacterial factors. Overall, 
our study adds to the growing literature on the importance 
of immigration in cancer risk. Immigration’s impact upon 
future cancer risk is an important and growing area of research 
interest, and consensus guidelines suggest tailoring gastric 
cancer screening to high-risk immigrant groups [32]. This 
study will help guide the screening of those populations most 
likely to benefit. 
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Supplementary Table 2 Results of an age-standardized generalized 
linear model of all gastric adenocarcinomas

Geographic area Coefficient P-value

Per percent foreign born in:

Africa -3.19 0.28

Central America 0.25 0.12

South America 1.53 0.39

North America 233.30 0.43

Caribbean -2.48 0.14

Northern Europe 3.07 0.80

Western Europe -7.67 0.61

Eastern Europe 3.50 0.06

Eastern Asia 0.36 0.65

South Central Asia -0.96 0.27

South Eastern Asia 0.64 0.27

Western Asia 0.32 0.86
Coefficients are per 100,000

Supplementary Table 3 Results of an age-standardized generalized 
linear model of cardia adenocarcinomas, evaluating Asian-born 
populations

Geographic area Coefficient P-value

Per percent individuals of:

Asia (excluding China, Japan, Korea) 43.09 0.06

China -0.27 0.30

Japan 0.35 0.65

Korea 0.32 0.68
Coefficients are per 100,000

Supplementary Table 4 Results of an age-standardized generalized 
linear model of all gastric adenocarcinomas, evaluating Asian born 
populations

Geographic area Coefficient P-value

Per percent individuals of:

Asia (excluding China, Japan, Korea) 167.64 0.02

China -1.04 0.19

Japan 3.92 0.11

Korea 2.51 0.30
Coefficients are per 100,000

Supplementary Table 5 Results of an age-standardized generalized 
linear model of all foreign-born individuals

Cancer classification Coefficient P‑value

Non-cardia 0.13 <0.001

Cardia 0.04 0.11

All 0.22 <0.001
Coefficients are per 100,000 cases



Supplementary Table 6 Age standardized incidence rates per 100,000 persons by metropolitan statistical area (MSA)

MSA Non-cardia Cardia Not otherwise specified

Albuquerque, NM 4.14 2.28 3.35

Allentown-Bethlehem-Easton, PA-NJ 0.51 0.42 0.38

Atlanta-Sandy Springs-Roswell, GA 4.81 2.65 2.87

Bakersfield, CA 4.31 2.44 3.24

Bridgeport-Stamford-Norwalk, CT 6.31 3.57 3.25

Cincinnati, OH-KY-IN 0.54 0.72 0.44

Detroit-Warren-Dearborn, MI 4.68 3.44 2.5

Fresno, CA 5.1 3.04 3

Hartford-West Hartford-East Hartford, CT 5.33 4.29 2.55

Lexington-Fayette, KY 3.69 2.96 1.99

Los Angeles-Long Beach-Anaheim, CA 7.54 2.8 3.46

Louisville/Jefferson County, KY-IN 3.07 2.89 1.75

Modesto, CA 3.98 3.6 2.31

New Haven-Milford, CT 4.6 4.6 3.12

New Orleans-Metairie, LA 5.66 3.2 3.08

New York-Newark-Jersey City, NY-NJ-PA 1.85 1.16 1.25

Ogden-Clearfield, UT 2.52 2.11 1.96

Omaha-Council Bluffs, NE-IA 0.47 0.72 0.28

Oxnard-Thousand Oaks-Ventura, CA 4.73 3.02 2.03

Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 1.03 0.83 0.69

Provo-Orem, UT 2.27 1.82 1.45

Riverside-San Bernardino-Ontario, CA 4.65 2.77 2.76

Sacramento--Roseville--Arden-Arcade, CA 4.36 3.29 2.22

Salt Lake City, UT 2.88 2.41 2.28

San Diego-Carlsbad, CA 4.15 2.88 2.43

San Francisco-Oakland-Hayward, CA 6.02 2.92 2.69

San Jose-Sunnyvale-Santa Clara, CA 6.27 3.04 2.71

Santa Rosa, CA 3.89 3.59 1.91

Seattle-Tacoma-Bellevue, WA 3.63 3.81 2.52

Stockton-Lodi, CA 4.63 3.4 3.63

Urban Honolulu, HI 8.33 2.38 4.08

Worcester, MA-CT 0.37 0.75 0.24


