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Abstract

Introduction: Pernicious anemia (PA) is a risk factor for gastric cancer. Other autoimmune 

conditions may also contribute.

Methods: In a case-control study, we evaluated 47 autoimmune conditions among 39,125 gastric 

cancers and 200,000 cancer-free controls.

Results: Six conditions were associated with increased gastric cancer risk (range of adjusted 

odds ratios [ORs]: 1.28-1.93, p<0.05): PA, membranous nephropathy, primary biliary cirrhosis, 

pure red cell aplasia, primary sclerosing cholangitis, and Graves’ disease. PA was associated with 

8 other autoimmune conditions (adjusted ORs: 1.57-4.54, p<0.05).

Conclusions: Autoimmune conditions associated with gastric cancer or PA may reflect effects 

of autoimmune gastritis or other carcinogenic pathways.
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INTRODUCTION

Pernicious anemia (PA) has been associated with gastric cancer (1, 2). With waning 

prevalence of Helicobacter pylori infection, the relative significance of this alternative 

etiologic pathway involving autoimmunity may grow (3). Notably, recent increases in 

gastric cancer among certain groups implicate autoimmunity as a possible cause (4). Several 

autoimmune diseases besides PA have been associated with gastric cancer risk (5).
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The global prevalence of autoimmune conditions is rising (6). Therefore, it is important 

to assess their impact on cancer incidence. We comprehensively evaluated associations 

between autoimmune conditions and gastric cancer among elderly adults in the United 

States. We further explored associations of autoimmune conditions with PA, which we 

hypothesize may mediate associations between some conditions and gastric cancer.

MATERIALS AND METHODS

In a population-based case-control study using the Surveillance Epidemiology and End 

Results (SEER)-Medicare linked database (7), we identified gastric cancer cases with a 

first cancer diagnosis during 1992-2015. A total of 200,000 cancer-free controls were 

selected from the 5% random sample of Medicare beneficiaries included in SEER-Medicare, 

frequency-matched to cases by calendar year of selection, age category (66-69, 70-74, 

75-79, 80-84, 85-99 years), sex and race (non-Hispanic White, non-Hispanic Black, 

other/unknown). We identified autoimmune conditions using Medicare claims, requiring 

documentation of autoimmune conditions in one hospital claim or two provider or outpatient 

claims at least 30 days apart. We evaluated 47 different autoimmune conditions but the 

results for 11 conditions with ≤10 affected cases are not presented (Supplementary Table 1).

Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using unconditional 

logistic regression (7), adjusting for matching variables, average number of physician visits 

per year, zip code-based median income, smoking, and alcohol abuse (Supplementary 

Table 2). We used a Bonferroni correction to determine statistical significance (p-value 

cutoff 0.05/47=0.001). Significant associations were assessed for heterogeneity by sex. We 

conducted exploratory analyses for anatomical subsites, for which p<0.05 was considered 

significant (nominal significance). Furthermore, we assessed the association of conditions 

with PA among controls. See the Supplementary Methods for additional details.

RESULTS

The study included 39,125 gastric cancer cases and 200,000 cancer-free controls 

(Supplementary Table 3). Having any autoimmune conditions was positively associated with 

gastric cancer (OR 1.16, 95%CI 1.13-1.20). Six autoimmune conditions were nominally 

associated with increased risk of gastric cancer: PA, membranous nephropathy, primary 

biliary cirrhosis, pure red cell aplasia (PRCA), primary sclerosing cholangitis, and Graves’ 

disease (OR range 1.28-1.93, Figure 1). Two were associated with reduced gastric cancer 

risk: Takayasu arteritis and celiac disease (ORs 0.58-0.73). After Bonferroni correction, only 

PA and PRCA remained significant. The association between PRCA and gastric cancer was 

similar after additional adjustments for PA (Supplementary Table 4).

A sex-stratified analysis revealed stronger PA and gastric cancer association in women (OR 

2.17, 95%CI 1.99-2.37) than men (1.67, 1.51-1.85, Pheterogeneity<0.0001), but not for PRCA 

(Pheterogeneity=0.47). As shown in Table 1, the magnitude of association was stronger for 

noncardia than cardia gastric cancers with any autoimmune condition (OR 1.16 vs 1.08, 

respectively; Pheterogeneity=0.0004) and PA (2.03 vs 1.27; Pheterogeneity < 0.0001) but not 

PRCA (1.50 vs 1.00; Pheterogeneity=0.07).
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Among controls, PA was most strongly associated with aplastic anemia, followed by 

Crohn’s disease, PRCA, polymyositis/dermatomyositis, celiac disease, Addison’s disease, 

rheumatoid arthritis, and ulcerative colitis (OR range 1.75-4.54, Figure 2).

DISCUSSION

To our knowledge, this is the largest, most comprehensive study evaluating associations 

between autoimmune conditions and gastric cancer. Having any autoimmune condition was 

associated with a small increased risk of gastric cancer. We confirmed the known strong 

association with PA and found a novel independent association with PRCA.

PA is caused by autoimmune gastritis, which may increase gastric cancer risk through 

chronic increase in gastric pH and gastrin secretion (8). The association with PA was 

strongest for noncardia gastric cancer, which matches the anatomy of autoimmune gastritis 

(9). We are the first to report a difference in the association between PA and gastric cancer 

by sex. This stronger association among women may reflect a higher prevalence of other 

cofactors in men, such as cigarette smoking or H. pylori infection.

Notably, we found PRCA to be associated with both gastric cancer and PA. There are limited 

case studies of co-occurrence of PRCA and PA (10), and PRCA with gastric cancer (11). 

The restricted association of PRCA with noncardia gastric cancer supports that autoimmune 

gastritis may mediate this association.

Conditions that showed associations with gastric cancer but not with PA may act through 

pathways that do not involve autoimmune gastritis. These autoimmune conditions may 

exacerbate gastritis caused by H. pylori, or H. pylori may cause these autoimmune 

conditions (12). Autoimmune conditions associated only with PA probably do not have 

direct mechanistic links to gastric carcinogenesis, and positive results in published literature 

may reflect their associations with PA (5).

The strengths of our study include its population-based design and large sample size. Our 

study is larger than an earlier SEER-Medicare study (2), and we included 7-10 times more 

gastric cancers with autoimmune diseases than studies in Sweden (13) and among US 

veterans (14). The large size enabled us to explore associations between rare autoimmune 

diseases and gastric cancer, and with its anatomical subsites.

However, we could not assess some factors related to gastric cancer risks, such as H. pylori 
infection, family history of gastric cancer, salty food consumption, and autoimmune disease 

treatments. The results may not be generalizable to younger people or non-White individuals 

(who were under-represented). Medical claims data are inherently limited in diagnostic 

accuracy. Clinical conditions could not be ascertained before age 65, so some autoimmune 

conditions may have been underdiagnosed. Finally, the rarity of autoimmune conditions and 

gastric cancer limited our ability to detect associations with small effect sizes.

Rising trends in autoimmunity may account for the increasing incidence of gastric cancer 

among certain populations. Additional research may provide evidence for developing 
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strategies in assessing gastric cancer risk, which may facilitate early detection and improve 

cancer outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Association of autoimmune conditions with gastric cancer
Odds ratios are adjusted for age, sex, race/ethnicity, calendar year of cancer diagnosis/

control selection, average number of physician visits per year, zip code median income, 

smoking, and alcohol abuse. Asterisk (*) indicates association is significant at the 

Bonferroni p-value threshold.

Abbreviations: CI, confidence interval; OR, odds ratio
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Figure 2. Associations of autoimmune conditions with pernicious anemia among control 
individuals
Odds ratios are adjusted for age, sex, race/ethnicity, calendar year of cancer diagnosis/

control selection, average number of physician visits per year, zip code median income, 

smoking, and alcohol abuse.

Abbreviations: CI, confidence interval; OR, odds ratio; PA, pernicious anemia
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