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Gastric cancer (GC) is the fourth leading cause of cancer-related mortality and the 

fifth most common cancer worldwide.1 The majority of GC cases are noncardia gastric 

adenocarcinomas (NCGA), while cardia gastric adenocarcinomas (CGA) account for a small 

minority. In the United States (US), the frequency of NCGA and CGA among racial and 

ethnic groups differs2, with non-White groups having significantly higher NCGA rates and 

non-Hispanic White groups experiencing significantly higher CGA rates.
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A recent meta-analysis demonstrated that early-generation immigrants from areas of high 

GC incidence and mortality (e.g. East Asia and Central/Latin America) retain this elevated 

risk upon moving to lower incidence countries (e.g. US).3 Generally, this risk appears to 

decline with each subsequent generation born to and acculturating in the host country, thus 

implicating non-genetic—and thus, potentially modifiable—factors.

Prior studies have examined GC incidence by neighborhood socioeconomic status (nSES), 

race, and ethnicity.2,4 Enclave status is a composite index that reflects immigration 

and acculturation traits among residents of a neighborhood and encompasses the built 

environment and social context of a community. We hypothesized that nSES and enclave 

status are associated with GC risk, given that these social determinants of health (SDOH) are 

known to impact healthcare access, diet, and physical activity.5 Herein, we aimed to extend 

the literature by conducting a population-based analysis to evaluate differences in NCGA 

and CGA incidence among Hispanic and Asian populations according to neighborhood 

enclave and nSES.

nSES and neighborhood acculturation indices (enclave status) were derived from 2007–2011 

(nSES) and 2008–2012 (acculturation) American Community Survey data using principal 

component analysis. The final nSES index contained the following variables: 1) education 

index, 2) percentage of persons above 200% poverty line, 3) percentage of persons with 

a blue-collar job (working-class job typically involving manual labor), 4) percentage of 

persons employed, 5) median rental, 6) median value of owner-occupied housing unit, 7) 

median household income. The final Hispanic- and Asian-specific acculturation indices 

reflected immigration and acculturation traits of residents at the census block-group and 

tract level. Variables included the percentage of recent immigrants (i.e., immigrated to the 

US after the year 2000), percentage of Spanish or Asian language-speaking households that 

are linguistically isolated, percentage of Spanish or Asian language-speakers with limited 

English proficiency, and percentage of census block-groups and tracts that are Hispanic or 

Asian. Detailed methods are provided in the Supplemental Material.

Between 2008–2012, 9009 incident gastric adenocarcinoma (GA) cases were registered 

in the California Cancer Registry (CCR) among Hispanic and Asian Americans ≥20 years-

old (Supplemental Tables 1–2). GA incidence stratified by enclave, nSES, and enclave x 

nSES are illustrated in Figure 1A–C. NCGA but not CGA incidence varied according to 

enclave status. Hispanic and Asian Americans living in high enclave (least acculturated) 

neighborhoods had higher NCGA incidence (7.51 [95% CI: 7.11–7.92]) per 100,000 

Hispanic Americans; and 9.68 [95% CI: 9.06–10.33] per 100, 000 Asian Americans) 

compared to their respective counterparts living in low enclave neighborhoods (5.60 [95% 

CI: 5.02–6.22]) per 100,000 Hispanic Americans; and 8.22 [95% CI: 7.58–8.90] per 100,000 

Asian Americans, Figure 1A). Hispanic and Asian Americans residing in high enclave 

communities had a greater incidence of intestinal-type NCGA, while there was minimal 

variation in diffuse-type NCGA based on enclave status (Supplemental Tables 1–2).

NCGA incidence increased as nSES tertile decreased, with a significant difference observed 

between the lowest and highest nSES tertiles among both Hispanic and Asian Americans 

(Figure 1B). The same inverse pattern between intestinal-type NCGA and nSES tertile 
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was observed for Hispanic and Asian Americans, but there was less variation observed 

for diffuse-type NCGA according to nSES (Supplemental Tables 1–2). Among Asian 

Americans, CGA incidence was greatest among those in the highest nSES tertile, whereas 

among Hispanic Americans, variation in CGA incidence was less pronounced according to 

nSES.

When evaluating enclave and nSES together, Hispanic and Asian Americans in the lowest 

nSES and least acculturated (high enclave) neighborhoods had the highest NCGA incidence 

(Figure 1C). Among Hispanic Americans, enclave and nSES status influenced NCGA 

incidence more so than for CGA. In contrast, among Asian Americans, nSES tertile more 

so influenced GA (CGA and NCGA) incidence compared to enclave status. Compared to 

intestinal-type NCGA, there was less variation in diffuse-type NCGA incidence according 

nSES x enclave. (Supplemental Tables 1–2).

Herein, we extend the current body of literature4,6 by providing detailed assessments of 

anatomic site-specific GA incidence according to nSES and acculturation level among 

Hispanic and Asian Americans, which are the two fastest-growing ethnicities in the US. 

Similar to Gupta et al,4 we confirmed that NCGA incidence varies by nSES for both 

Hispanic and Asian Americans.

Neighborhood and built environment, and social and community context are types of 

SDOH.5 Enclave and nSES may be considered midstream SDOH in that they partly result 

from upstream policies and influence the risk of adverse downstream outcomes, such as 

GA; such examples include crowded living, water quality, and access to food variety. Low 

nSES and high enclave (low acculturation) are often associated with overcrowding and poor 

sanitation that promote Helicobacter pylori transmission. H. pylori, the strongest modifiable 

risk factor for intestinal-type NCGA, is most often acquired during childhood and it is 

the cumulative exposure over time, along with other endogenous and exogenous factors, 

that drives intestinal-type NCGA risk.6,7 By contrast, we observed minimal variation in 

incidence according to nSES and enclave for diffuse-type GA, which develops by different, 

less defined, pathways where the impact of specific environmental and other factors is not as 

well understood.

Similarly, enclave and nSES may act, in part, as surrogates for other individual-level risk 

determinants that are relevant to GA risk, and are potentially modifiable (e.g. smoking, 

obesity, diet).7 Tobacco smoking, which is a risk factor for both NCGA and CGA, positively 

correlates with low nSES but inversely correlates with neighborhood immigrant density.8 

Obesity is a stronger risk factor for CGA than NCGA.7 Rates of obesity tend to be higher 

in low nSES neighborhoods, but rates of obesity according to enclave vary depending on 

the racial or ethnic group.7,9,10 Diet varies markedly according to nSES and enclave status 

and the interaction between diet and NCGA or CGA risk are complex.2 Data regarding 

these individual-level exposures are not available in the CCR and this certainly merits future 

investigation.

Apart from the lack of individual exposure data, there are some additional limitations of 

our study. Use of the CCR may limit the application of our findings to at-risk individuals 
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residing in different regions of the US. Small case counts limited the ability to draw more 

extensive conclusions by gender. Finally, enclave and nSES data were available for Hispanic 

and Asian immigrants but not for other groups for which these same concepts might also be 

relevant; future studies should investigate this.

In conclusion, the present study identified neighborhood-level metrics that could serve as 

adjunctive measures for understanding how SDOH influence GA risk. As the US immigrant 

population expands and diversifies, better understanding enclave and nSES as SDOH as they 

relate to neighborhood and built environment, as well as social and community context, 

offers critical opportunities to intervene and promote the GA risk attenuation efforts that are 

sorely needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Data Transparency Statement:
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Figure 1. 
Gastric adenocarcinoma incidence per 100,000 person-years among individuals aged 20 

years or older by anatomic site and (A) enclave, (B) nSES, (C) nSES x enclave in Hispanic 

and Asian Americans, California Cancer Registry, 2008–2012.

HA = Hispanic Americans; AA = Asian Americans;

NCGA = noncardia gastric adenocarcinoma

CGA = cardia gastric adenocarcinoma

nSES = neighborhood socioeconomic status

*Significant, p < 0.05
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