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Background: 

Although the burden of gastric cancer is low in the United States (US) overall, a substantial 

burden of gastric cancer continues to be observed in American Indians and Alaska Natives 

(AI/AN), particularly in the Southwest and Alaska regions of the US. In particular, gastric cancer 

incidence is 3.5 times higher in the Navajo Nation, a tribe of 157,000 tribal members, than in the 

general Arizona and New Mexico population. Contributing factors underlying this disparity are 

not well understood, although it is plausible that Helicobacter pylori (H. pylori), an infectious 

pathogen that colonizes the stomach mucosa and is a major risk factor for gastric cancer, could 

be a significant contributor to the elevated burden of gastric cancers in the Navajo Nation.  

 

Objectives:  

This dissertation presents the findings from the Navajo ABID (Assessing the microBiota and 

Individual Diet) study, the first study to assess risk factors for gastric cancer in two regions of the 

Navajo Nation. We assessed the prevalence of and risk factors for H. pylori infection and H. 



 4 

pylori cagA virulence gene carriage, as well as the association between diet and H. pylori 

infection in Navajo adults residing on the Navajo Nation. 

 

Methods: 

We launched a cross-sectional study in the central and northeast regions of the Navajo Nation in 

2021. Demographic, health, behavioral, environmental, and diet data were collected from health 

and food questionnaires. H. pylori infection and cagA virulence gene status were detected from 

stool samples. We calculated the prevalence of H. pylori infection and odds ratios for 

associations between infection status and potential risk factors (including demographics, medical 

history of gastrointestinal conditions, family history of gastrointestinal conditions, aspirin use, 

body mass index, smoking, alcohol use, drinking water source, and own livestock). We used 

principal component analysis to identify dietary patterns and assessed the associations between 

dietary patterns and H. pylori infection using logistic regression. 

 

Results: 

We recruited and obtained data on 104 eligible adults for the Navajo ABID study. We found that 

57.7% (95% CI: 47.6-67.3) of participants were infected with H. pylori and, among H. pylori-

infected participants, 76.7% (95% CI: 64.0-86.6) were infected with a cagA-positive H. pylori 

strain. Having a history of H. pylori infection was inversely associated with H. pylori infection; 

no significant associations were observed with other known risk factors. We identified three 

dietary patterns and found that a diet pattern of Soups and Mixed dishes was positively 

associated with H. pylori infection in Navajo participants after adjusting for confounders; we 

found no significant associations between the Western or the Fruits and Vegetable pattern and H. 
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pylori infection. No signification associations were found between selected nutrients (i.e., 

sodium, alcohol, vitamin C, vitamin A, vitamin E, and folate) and H. pylori infection, although 

positive associations with sodium and folate, and inverse associations with vitamin A, vitamin C, 

and alcohol were suggestive. 

 

Conclusions: 

The prevalence of H. pylori infection was two times higher in Navajo adults in the Navajo ABID 

study compared to the US population, while the prevalence of the cagA gene (77%) in H. pylori-

infected participants was disproportionately higher than the US population cagA gene prevalence 

in whites (19%). With the exception of the observed Soups and Mixed dishes dietary pattern, few 

dietary factors were associated with H. pylori infection. Our findings provide a greater 

understanding of the burden of H. pylori and cagA-positive infections needed to inform public 

health prevention efforts in the Navajo Nation. These results may also allow for the design of 

health education material that focuses on H. pylori prevention and promotes general 

recommendations on healthy eating. 
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Introduction 

 
Gastric cancer, a highly fatal cancer (approximately 32% survival at 5 years), is the fifth most 

common cancer worldwide, accounting for 780,000 deaths annually.1,2 In the United States (US), 

a substantial burden of gastric cancer continues to be observed in American Indians and Alaska 

Natives (AI/AN).3–5 One study of cancer surveillance data from 2010-2015 revealed that, 

although the burden of gastric cancer is low in the US as a whole, there is a “disproportionate 

burden of gastric cancer in the AI/AN  population, particularly in the Southwest and Alaska.”5 

The Navajo Nation is one of the largest tribes in the Southwest, and has been particularly 

impacted by a high burden of gastric cancer: recent cancer surveillance data have shown that the 

gastric cancer incidence and mortality rates are 3.5 times and 4.4 times higher, respectively, in 

the Navajo Nation than in the general Arizona and New Mexico population (age-adjusted 

incidence: 15.0 per 100,000 persons vs. 4.3 per 100,000 persons, respectively; age-adjusted 

mortality: 9.8 per 100,000 persons vs. 2.2 per 100,000 persons).6 Contributing factors underlying 

this disparity are not well understood. However, previous studies have indicated that Alaska 

Natives, who also experience elevated rates of gastric cancer (age-adjusted incidence: 28.2 per 

100,00 persons), are exposed to Helicobacter pylori (H. pylori) at a prevalence of 75% - much 

higher than in other population groups within the US.7–9 H. pylori is an infectious pathogen that 

colonizes the stomach mucosa and is a significant risk factor for gastric cancer.10,11 Although not 

yet established, H. pylori may also plausibly be a significant contributor to the elevated burden 

of gastric cancers in the Navajo Nation.  

H. pylori is a gram-negative, acid tolerant bacterium and is present in the stomachs of at 

least half the world’s population.12 The World Health Organization has characterized H. pylori as 

a class I carcinogen that plays a vital role in the etiology of gastric cancer.10 The prevalence of H. 
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pylori in Indigenous populations is disproportionately high compared to their non-Indigenous 

counterparts. Studies have shown the prevalence in the Alaska Natives, Inuit, and First Nations 

of Canada to range from 60% to 90%; however, there have not been published assessments of H. 

pylori infections in the Navajo Nation, where the risk for H. pylori exposure may be similarly 

high.13–15   

Certain H. pylori strains vary in their production of virulence factors, which have been 

credited with the causal link between H. pylori and gastric cancer.12,16,17 In particular, cytotoxin-

associated gene A (cagA) and its pathogenicity island (cag PAI) function together to produce a 

specialized secretion system that delivers CagA protein and other bacterial metabolites from the 

bacterial cytosol into host cells. Once injected into host cells, CagA interrupts normal gastric 

epithelial cell activity to promote inflammation and gastric cancer.18–22 The cagA gene is split 

into two allele types: East Asian and Western. The cagA gene with the East Asian allele drives 

greater increased risk for gastric cancer.23 Of relevance, studies of Alaska Natives found 

disproportionate burdens of H. pylori infection (75%-90%), of which an unexpectedly high 

proportion were cagA-positive H. pylori strains (85%) and Western cagA allele type (90%-

95%).24–26 In the Navajo Nation, we do not know if the prevalence of cagA-positive H. pylori, 

and cagA-positive H. pylori with the East Asian allele type, is a concern. 

Epidemiological studies of non-AI/AN populations have shown that diets with high-salt, 

high-processed meats, and low fruits and vegetables are associated with H. pylori infection and 

gastric cancer risk.27–30 The effects of these diets involve changes to the protective lining of the 

stomach and enhanced expression of the pathogenic cagA gene.30,31 Given that diet is an 

important modifiable factor and offers promise in cancer prevention, studies on the association of 
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diet and H. pylori infection specific to American Indian populations, such as the Navajo Nation 

tribe, are needed. 

To address these knowledge gaps, we aimed to determine the prevalence and correlates of 

H. pylori infection and H. pylori cagA genotype in tribal members from the Navajo Nation, with 

an emphasis on dietary factors. 

The following dissertation consists of two research chapters and concluding statements. 

In Chapter 1 we describe a cross-sectional study (Navajo ABID study) conducted to collect 

primary epidemiological data on H. pylori and cagA gene status, including known risk factors for 

H. pylori, from Navajo adults. In using these data, we first determined the prevalence of H. 

pylori infection and H. pylori cagA genotype and made comparisons with the prevalence 

published in the literature of other US populations. Secondly, we determined the association 

between known risk factors, such as demographics, health conditions, behavioral, and 

environmental factors, and H. pylori infection. 

In Chapter 2 we used diet data from the Navajo ABID study to identify dietary patterns 

of study participants and evaluated the association between dietary patterns and H. pylori 

infection using principal component analysis and logistic regression. Additionally, we assessed 

the protective and adverse relationships between selected dietary nutrients such as sodium, 

alcohol, vitamin C, vitamin A, vitamin E, and folate, and H. pylori infection. 

 Overall, this research has vast implications for cancer prevention efforts, particularly for 

American Indian tribes such as the Navajo Nation. This dissertation addressed key gaps in the 

literature and provides public health workers, clinicians, and researchers with the information 

needed to develop future in-depth studies and interventions to address gastric cancer risk in the 

Navajo Nation. 
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Chapter 1. Prevalence and risk factors of Helicobacter pylori and its cagA virulence 

genotype in Navajo adults: Navajo ABID study. 

 

Abstract 

Background 

American Indians in the Southwest US, including the Navajo tribe, are experiencing a 

disproportionate burden of gastric cancer incidence. Helicobacter pylori (H. pylori), a bacterium 

known to infect the stomach of over half of the world’s population, is a primary risk factor for 

gastric cancer and H. pylori strains that carry the cagA gene are linked to greater gastrointestinal 

disease severity. However, the prevalence of H. pylori and its cagA virulence genotype in the 

Navajo Nation is uncertain. In this study, we assessed the prevalence and risk factors of H. pylori 

and cagA virulence genotype in Navajo adults living in the Navajo Nation. 

 

Materials and Methods 

Navajo adults were recruited in two areas of the Navajo Nation from January to November 2021. 

Stool samples were analyzed with droplet digital PCR assays for H. pylori 16S gene and cagA 

virulence genotyping. Questionnaires were used to collect information on risk factors for H. 

pylori infection. We calculated odds ratios and 95% confidence intervals (CI) for the association 

between risk factors and H. pylori infection, including cagA virulence gene carriage, using 

logistic regression models. 
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Results 

Of the 104 participants recruited, 57.7% (95% CI: 47.6-67.3) were infected with H. pylori; 

among H. pylori-infected participants, 76.7% (95% CI: 64.0-86.6) were cagA-gene positive and 

of the cagA-gene positive participants, 100% were of the Western cagA allele subtype. Having a 

prior history of H. pylori infection was inversely associated with detected H. pylori infection 

(OR=0.13, 95% CI, 0.01-0.81). No significant associations were observed with other known risk 

factors. 

 

Conclusions 

The prevalence of H. pylori infection (58%) is two-fold higher in Navajo adults in this study 

compared to the US population (2% seroprevalence). The prevalence of the cagA gene (77%) in 

H. pylori-infected participants was disproportionately higher than the US population cagA gene 

prevalence (19% seroprevalence); and of the cagA-positive participants, all (100%) were of the 

Western cagA allele subtype. Our findings provide a greater understanding of the burden of H. 

pylori and cagA-positive infections and inform cancer prevention efforts in the Navajo Nation. 
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Introduction 

Helicobacter pylori (H. pylori) infection is one of the most common infections in humans, with a 

seroprevalence of about 27% to 35% in the United States and 50% globally.26,32,33 H. pylori is a 

spiral-shaped gram-negative bacterium that colonizes and infects the stomach lining and causes 

gastrointestinal diseases such as gastritis, gastric ulcers, and gastric cancer.10,11 H. pylori 

infections are predominately acquired during childhood, although common transmission 

occurring through person-to-person contact, oral-to-oral or fecal-to-oral routes, consuming 

contaminated food and/or water, and contact with infected animals can occur at any point during 

a person’s life.34 Other known risk factors related to H. pylori infection include older age, lower 

socioeconomic status, household crowding, living with someone infected with H. pylori, and 

dietary factors.34–36 While a majority of people with H. pylori infection will experience no 

symptoms (80-90%), 3% develop gastric ulcers, and <1% develop gastric cancer during their 

lifetime, which may seriously affect a person’s quality of life.33,37  

 

The development of severe H. pylori disease among those infected is further determined by the 

virulence of the H. pylori strain, as well as host genetics (e.g., L-1β, IL-10, TNF-α) and 

environmental factors (e.g., diet and smoking).38 Certain H. pylori strains vary in their 

production of virulence factors (e.g., CagA, VacA, BabA), which have been credited with the 

causal link between H. pylori and gastric cancer.17 In particular, the cytotoxin-associated antigen 

(cagA) gene and its pathogenicity island (cag PAI) function together to produce a specialized 

secretion system that delivers CagA proteins and other bacterial metabolites from the bacterial 

cytosol into host cells.25,39 Once injected into host cells, CagA interrupts normal gastric epithelial 

cell activity, promotes inflammation, and increases gastrointestinal disease severity, including 
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gastric cancer risk.21,22 The cagA gene has two allele variations: classified as East Asian or 

Western. The cagA gene with the East Asian allele encodes an EPIYA-D motif and is associated 

with a greater risk of gastric cancer than the cagA gene with the Western allele with an EPIYA-C 

motif.23    

 

According to the World Health Organization, H. pylori is classified as a Group 1 carcinogenic 

agent.40 About 89% of gastric cancers are attributable to H. pylori infection, and eradication of 

infection has been known to reduce the burden of gastric cancer.33,40 Investigations of H. pylori 

infection in American Indians are limited, especially when considering the substantial burden of 

gastric cancer that continues to be observed in American Indians.4,5 Previous studies of H. pylori 

infection have focused on Alaska Natives and found a disproportionate burden of H. pylori 

infection (75%-90%) in Alaska Natives compared to other populations in the United States (27% 

seroprevalence),8–11 of which an unexpectedly high proportion were cagA-positive H. pylori 

strains (~85%).24–26 The Navajo Nation is one of the largest tribes in the United States; yet there 

are limited epidemiological investigations of H. pylori infections in the Navajo people, where the 

incidence and mortality rates of gastric cancer are 3.5 and 4.5 times higher, respectively, than in 

the general Arizona and New Mexico population (incidence: 15.0 per 100,000 persons vs. 4.3 per 

100,000 persons; mortality: 9.8 per 100,000 persons vs. 2.2 per 100,000 persons).6  

 

To advance our understanding of H. pylori infections in the Navajo people, we assessed the 

prevalence of active H. pylori infections and the cagA virulence gene in Navajo adults from two 

regions of the Navajo Nation. We also evaluated demographic factors known to be associated 

with H. pylori status overall (e.g. age, gender, education, household crowding), as well as health 
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conditions (e.g., aspirin use, family history of gastrointestinal disease, body mass index), 

environmental (e.g., drinking water source), and lifestyle (e.g., physical activity, smoking, 

alcohol use, diet) factors associated with H. pylori infection.11,34–36,41 

 

Methods 

Participants and Data collection 

We conducted a cross-sectional study from January to November 2021 in two geographic 

regions of the Navajo Nation: the central and northeast regions. Participants were informed about 

the Navajo ABID (Assessing the gut microbiota and Individual Diet) Study through online and 

offline recruitment platforms, such as a study website, social media (i.e., Facebook and 

Instagram), newspaper ads, flyers/postcards, and community events (i.e., local flea markets). The 

information provided on these platforms summarized information about the study, eligibility 

requirements, and how to participate. Eligible participants had to identify as Navajo, be 18 years 

old or older, reside in the two study areas on the Navajo Nation, not be pregnant, not have used 

oral or intravenous antibiotics in the past 3 months, not be using proton pump inhibitors, not 

have been treated for H. pylori infection in the past 3 months, and not be undergoing any cancer 

treatment. Each eligible participant received a copy of a consent form in either English or 

Navajo. Those who participated gave verbal consent over the phone and were mailed a study 

packet containing questionnaires, a stool sample kit, instructions for completing the study packet, 

and prepaid envelopes to mail back the questionnaires and stool sample to the study group in 

Seattle, WA. 
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This study was approved by the Navajo Nation Human Research Review Board (NNR-20.384T) 

and the University of Washington Human Subjects Division (00011217). Verbal consent from 

each participant was obtained and recorded by the study group.  

 

Data Collection 

Measurement of Helicobacter pylori and cagA genotypes 

The presence of H. pylori (positive or negative) and cagA genotypes (positive or negative and 

EPIYA-C or EIPY-D allele type) were determined from stool samples collected by the 

participants. Stool samples were collected at home and placed in a sample vial with 5-mL of 

95% ethanol preservative and stored at room temperature before mailing to the Salama Lab at the 

Fred Hutchinson Cancer Center (FHCC, Seattle, WA).  

 

In the lab, bacterial DNA was extracted from stool samples using the QIAamp Stool DNA Mini 

Kit (Qiagen) and then analyzed in duplicates using droplet digital PCR (polymerase chain 

reaction) assays and methods in accordance with the manufacturer’s instructions, which have 

been validated in adult stool in the Salama Lab at FHCC.42 For quality control, a positive control 

(stool DNA from a confirmed H. pylori-positive volunteer) and negative control (molecular 

grade water) were included in each batch of samples analyzed. A sample with greater than 5 

droplets above recommended thresholds for H. pylori, cagA, and cagA EPIYA typing was 

considered to be positive. The threshold values were set to 4500 for H. pylori 16S assay, 2000 

for the cagA assay, and 2000 for the EPIYA-C and EPIYA-D assays.42 Additionally, the 

thresholds for each assay were visually evaluated by inspecting the amplitude plot of the 

threshold between a positive control sample and the cluster of positive droplets and the cluster of 
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negative droplets, as well as ensuring the threshold was greater than two standard deviations 

from the negative droplets.   

 

Measurement of H. pylori covariates 

Data on potential risk factors for H. pylori and cagA presence were collected from a self-

administered health questionnaire. The 26-item health questionnaire accessed characteristics 

associated with H. pylori infection, such as demographic factors, drinking water consumption, 

health conditions, medication use, family health history, and health behaviors. 

 

Statistical analyses 

The sample size for this study was determined based on practical considerations (i.e., cost and 

feasibility), and formal statistical considerations. According to published data, we assumed the 

H. pylori prevalence in Navajo adults to be 58%.43 Therefore, in a sample of 150 participants, the 

H. pylori prevalence in this study was estimated with an absolute precision of 8% with 95% 

confidence. 

 

We calculated the prevalence and 95% confidence interval (CI) of H. pylori and cagA presence 

and compared them with previously reported prevalence estimates for other US populations. 

Notable differences in the prevalence were determined when the prevalence of other US 

populations exceeded the boundaries of the 95% CI of H. pylori and cagA positivity determined 

in the study.  
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For our descriptive and univariate analyses of relevant factors (demographic, health conditions, 

environmental, and lifestyle factors), we calculated the frequency, means (standard deviations) 

for continuous measures, and percentages for categorical measures for the overall study 

population and by H. pylori infection status. We then tested the distribution of these factors by 

H. pylori infection status (positive versus negative) using a two-sample t-test for continuous 

measures and either a !! or Fisher exact test for categorical measures. The relevant factors in the 

study included age (years; 18-44, 45-54, 55+), gender (male, female), education (<high school or 

high school, >high school), the number of people living in the household (<3, 3+), history of H. 

pylori (yes, no), previous history of gastritis or ulcers (yes, no), family history of stomach cancer 

(yes, no), family history of peptic ulcers (yes, no), aspirin daily use (yes, no), BMI (kg/m2; 

<25.0, 25.0-29.9, 30 or higher), smoking (never, ever smoked, current smoker), alcohol use in 

the past month (never drank, past use, current use), type of drinking water consumed (filtered 

water, bottled water, windmill water), and owned livestock (yes, no). 

 

To assess other potential risk factors, we examined the univariate associations between running 

water in the home (yes, no), diabetes (yes, no), heartburn (yes, no), monthly prescription 

medication use (yes, no), monthly over the counter stomach medication use (yes, no), monthly 

vitamin use (yes, no), monthly Navajo herbal medicine use (yes, no), and physical activity (no 

physical activity, low (<150 mins/week), moderate (150-300 mins/week), high activity (>300 

mins/week)) and H. pylori status. 

 

Multivariate logistic regression analyses were used to test the association between relevant 

factors and H. pylori infection and cagA presence, and to calculate odds ratios (OR) and 95% CI. 
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We applied two models to control for potential confounding characteristics. Model 1 adjusted for 

age and sex. Model 2 adjusted additionally for education, number of people living in the 

household, history of H. pylori, history of gastritis or ulcers, family history of stomach cancer, 

family history of peptic ulcers, daily aspirin use, BMI, smoking, alcohol use, type of water 

consumed, and owned livestock. All analyses were performed using R Studio version 4.0.3 (R 

Core Team, Vienna, Austria). A value of p<0.05 was considered statistically significant. We 

used complete case analysis for our regression analyses, as data for several relevant factors, 

particularly education, type of water consumed, number of people living in the household, daily 

aspirin use, BMI, smoking, and alcohol use, were missing or classified as refused/unknown for 

<5% of study participants. 

 

Results 

From January to November 2021, we had 260 potential participants express interest in 

participating in the study (Figure 1.1). After attempting to contact all 260 individuals regarding 

the study, 115 were ineligible and 145 were eligible. Of the 145 consented participants, 104 

(71%) participants with complete questionnaires and H. pylori and cagA ddPCR results were 

included in these analyses. The remaining 41 individuals never completed study procedures or 

decided not to participate.  

 

Participant characteristics 

The mean age of the study population was 46.8 years (range: 18–79 years), 76.9% were female, 

47.1% had some college education, 49.5% had a BMI greater than or equal to 30 kg/m2, 10.6% 
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were current smokers, 29.8% consumed alcohol in the past month, 91.3% had running water in 

the home, and 52.9% consumed filtered or unfiltered tap water (Table 1.1).  

 

Gastrointestinal Conditions 

When asked about having experienced gastrointestinal (GI) conditions, most participants 

reported no previous GI conditions (78.8%).  The majority reported having experienced 

heartburn (11.5%), followed by having a previous H. pylori infection (9.6%), and previous 

history of gastritis or ulcers (7.7%). The majority of participants did not report a family history 

of gastric diseases (80.8%). In addition, 15.7% reported a family history of stomach cancer, and 

7.7% reported a family history of peptic ulcers. Additionally, about a third of participants 

(26.9%) had taken monthly over-the-counter gastrointestinal medication such as an antacid, H2-

blocker, or proton pump inhibitor. 

 

Prevalence of H. pylori infection  

Based on analysis of ddPCR results of collected stool samples, active H. pylori infection was 

found in 60 participants, with an overall prevalence of 57.7% (95% CI: 47.6-67.3). Male 

participants were slightly more prone to H. pylori infection (62.5%, 15/24) compared to female 

participants (56.3%, 45/80), however, this difference was not statistically significant.  

 

Overall, the distribution of demographic, health, environmental, and lifestyle factors was similar 

across H. pylori status, with the exception that a significantly lower proportion of H. pylori-

positive participants reported having a prior history of H. pylori (3.3%, p=0.017). Participants 
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did not differ significantly in the distribution of other relevant factors by H. pylori infection 

status (Table 1.1).  

 

Prevalence of cagA virulence gene in H. pylori-positive participants 

As shown in Table 1.2, the cagA genotyping assay detected cagA virulence in 76.7% (46/60, 

95% CI: 64.0-86.6) of H. pylori-positive participants. The type of cagA expressed was solely the 

Western allele type (46/46, 100%). Although not statistically different, cagA-positive 

participants were more likely to be female and greater than 45 years old (Table 1.2). Due to the 

small sample size, particularly of cagA-negative participants, the association between other 

covariates and cagA virulence gene carriage was not assessed. 

 

Association between H. pylori infection and demographic, health, environmental, and 

lifestyle factors 

Table 1.3 shows the crude and adjusted ORs for H. pylori infection associated with demographic, 

health, environmental, and lifestyle factors. Both the crude and adjusted ORs revealed that 

having a history of H. pylori infection was inversely associated with H. pylori infection 

compared to participants with no history of H. pylori infection (crude OR=0.16, 95% CI: 0.02-

0.66; AOR2=0.13, 95% CI: 0.01-0.81). Other factors such as age, gender, education, number of 

people living in the household, history of gastritis or ulcers, family history of stomach cancer and 

peptic ulcers, aspirin daily use, BMI, alcohol and smoking use, type of drinking water consumed, 

and owning livestock were not statistically significantly associated with H. pylori infection in 

both the crude and adjusted models. 
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Discussion 

H. pylori is considered a causative agent for gastritis and peptic ulcer disease and has been 

identified as a main risk factor for the development of gastric cancer. Navajo people in the 

Navajo Nation are at an increased risk for gastric cancer. This is the first study to investigate the 

prevalence of H. pylori infection and cagA status from stool samples in the central and northeast 

regions of the Navajo Nation, and shows that the prevalence of H. pylori infections is much 

higher in asymptomatic Navajo adults than in other US populations. We observed an H. pylori 

prevalence of 57.7% (95% CI: 47.6-67.3) in Navajo adults and a cagA prevalence of 76.7% 

(95% CI: 64.0-86.6) in H. pylori-infected Navajo adults. In comparison, the H. pylori prevalence 

in our study was 2.1 times higher than the prevalence reported in other US populations (27-35% 

H. pylori seroprevalence)26,32,33, and the cagA prevalence was 4.0 times higher than the 

prevalence reported in whites in the US (19% cagA seroprevalence).44 We further found that 

having a prior history of H. pylori infection was inversely associated with H. pylori infection; 

and no significant association was observed between other factors such as age, gender, 

education, number of people living in the household, history of gastritis or ulcers, family history 

of stomach cancer and peptic ulcers, aspirin daily use, BMI, alcohol and smoking use, type of 

drinking water consumed, and owning livestock and H. pylori infection.  

 

Previous studies have found a comparable high prevalence of H. pylori infection in 

asymptomatic Native American people as our study (57.7%): the prevalence in 2018 was 56.4% 

(Urea Breath Test (UBT)) among Navajo adults in western Navajo Nation and 68-69% (anti-H. 

pylori IgG and UBTs) in Alaskan people living in rural communities, most of whom were Alaska 

Native people.43,45 Moreover, the prevalence of H. pylori infection determined in our study is 
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much higher than the prevalence in the general US population (27% to 35% seroprevalence).8–11 

Since the incidence of gastric cancer in the Navajo Nation is much higher than in the general 

population of Arizona and New Mexico, a high prevalence of H. pylori infection may explain 

this disparity. However, because only 1-3% of people with H. pylori infection develop gastric 

cancer, it is uncertain if H. pylori infection is the main risk factor for gastric cancer in the Navajo 

people, as there are other factors, such as host genetic factors related to inflammatory responses 

not measured in this study that can contribute to the development of gastric cancer in the context 

of H. pylori infection.11,46,47 Further research is needed to understand how H. pylori infection 

attributes to gastric cancer in the Navajo people. 

 

The only risk factor significantly inversely associated with H. pylori infection was having a 

history of H. pylori infection. While H. pylori infection may be protective against other diseases 

like asthma48 and inflammatory bowel disease49, it is uncertain whether prior H. pylori infection 

is protective of recurrent H. pylori infection.50 It has been hypothesized that prior H. pylori 

infection may promote an immune response that is protective against future reinfection; 

however, an experimental study of healthy patients found no immune protection of prior H. 

pylori infection with recurrent H. pylori infection.51 Moreover, because an individual is exposed 

to many other infections that influence immune protection, it is difficult to distinguish if a prior 

H. pylori infection itself could be a protective factor, or if it is a marker for some other 

unidentified factor. Further investigation of this relationship is warranted. Similarly, participants 

with a history of gastritis/ulcers showed a decreased risk of H. pylori, which was consistent with 

a large cross-sectional study in China that found an inverse association between a history of 

peptic ulcer and H. pylori infection.52 It is possible people with a prior diagnosis of 
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gastritis/ulcers may have changed their diet and/or lifestyle in response to that diagnosis, which 

could impact the risk of H. pylori infection; it is also possible that people with a prior diagnosis 

of gastritis/ulcers may exhibit greater health care seeking behaviors to prevent H. pylori 

exposure, thus contributing to reduced risk of H. pylori infection. 

 

Other demographic, health, environmental, and lifestyle factors assessed in the study were not 

significantly associated with H. pylori infection; however, we found suggestive associations that 

are notable. Increased age is generally accepted as a risk factor for H. pylori infection and many 

population-based studies report an increasing prevalence of H. pylori infection with increasing 

age.53–55 In contrast, our findings are consistent with other population-based studies that find a 

decreased prevalence of H. pylori with increasing age, including a study of 101 asymptomatic 

Navajo adults in the western region of the Navajo Nation.43,52,56 Explanations of a lower risk of 

H. pylori in older age can be due to older individuals having a low H. pylori load, which cannot 

be detected by ddPCR, and/or H. pylori could have been present earlier in life but was eliminated 

due to an unfavorable gastric environment due to age.56  

 

Our results showed no significant association between gender and H. pylori infection, which was 

found in other studies including a meta-analysis study of 183 studies from 73 countries.32,52–55,57 

However, we observe a suggestive positive association of H. pylori in males, which was 

confirmed in other studies.43,58 While the reasons for the possible gender differences are still 

unknown, a higher risk of H. pylori infection in males could be linked to males being more 

active and having lower handwashing practice than females.59 
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Regarding education, higher educational attainment is generally believed to be associated with a 

lower risk of H. pylori infection because individuals may have a good job, income, and living 

environment. However, we observed no association between education and H. pylori infection, 

which was seen in another cross-sectional study.55 Although our finding did not reach statistical 

significance, the odds of H. pylori was higher in participants with some college education 

compared to participants without college education. This finding has been found in other 

community-based studies, particularly in a study of Navajo adults residing in the Navajo 

Nation.43,56 It may be that individuals with high education and income have more opportunities 

to travel to work or across the Navajo Nation to interact with people and their environment, thus 

increasing their chance of H. pylori exposure. 

 

Living in an overcrowded household is considered a strong risk factor for H. pylori infection53 

because of the close space between people which can foster the transmission of H. pylori. 

However, we observed no significant association between higher household size (≥3 people) and 

H. pylori, which has been observed in other community-based cross-sectional studies.52,55,57 In 

fact, we see a decreased risk of H. pylori in higher household sizes. It is possible that people in 

larger households have lower odds and prevalence for H. pylori infection because of other 

household characteristics such as better living conditions with separate rooms for family 

members and less confined living areas. Further studies looking closely at household 

characteristics and H. pylori infection are needed.  

 

Aspirin is a type of nonsteroidal anti-inflammatory drug (NSAID) and can increase the 

likelihood of developing peptic ulcers in the presence of H. pylori infection.60 Because long-term 
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use of NSAIDs can modify the gastric environment, H. pylori infection in NSAIDs users may be 

more common. In our study, we found no association between daily aspirin use and H. pylori 

infection, which was confirmed in another cross-sectional study of hospital patients.59 A possible 

explanation for our null result may be due to our measure of aspirin use. In addition to asking 

participants about their current daily aspirin use, information about their duration of aspirin use 

could have elucidated more about the relationship between aspirin use and H. pylori infection. 

 

Our finding on BMI showed that high BMI was not associated with a higher odds of H. pylori 

infection, which has been found in other studies.52,54,55,57,61 Yet, other studies have shown 

positive62,63 and inverse 64 associations. While we found no association, we can observe a 

suggestive negative association between BMI >30 kg/m2 and H. pylori infection. Previous 

studies have mentioned that persistent H. pylori infection from childhood and uncontrolled 

gastric inflammation can lead to dysregulation of appetite and caloric intake.64,65 Thus, 

individuals exposed to H. pylori earlier in life may be prone to decreased appetite and food 

intake due to defective signaling of hormones (i.e., leptin and ghrelin) in the stomach.65  

Additional epidemiological studies on the potential inverse effect of high BMI with H. pylori 

infection in Navajo adults are needed. 

 

A strong suggestive positive association between current everyday smoking and H. pylori 

infection was found in our study, which was similar to other population-based studies.52,53,61 An 

explanation for this finding may relate to the nicotine effects on gastric mucosal blood flow and 

mucus secretion, facilitating H. pylori colonization.66 
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In regards to alcohol use, no association between current alcohol consumption and H. pylori was 

observed in our study, which aligns with findings from other population-based studies.52,56,57,61 

Despite these null results, a suggestive inverse association between current alcohol use and H. 

pylori infection can be noticed. A previous study showed similar protective effects of alcohol at 

moderate consumption levels.67 A negative association may be observed because alcohol may 

reduce the risk for H. pylori infection through antimicrobial activities and increased gastric acid 

secretion which can compromise the pH conditions for new or existing H. pylori infections.68 Yet 

in another study, they observed a positive association between heavy alcohol consumption and 

H. pylori.69 In addition, we can observe a suggestive higher odds of H. pylori infection among 

participants who drank in the past; however, information on the amount of alcohol consumed in 

the past was incomplete due to participants not answering the survey question (41% missing). 

Perhaps participants who drank heavily in the past have compromised their stomach and 

gastrointestinal system making them vulnerable to H. pylori infection. Additional study of the 

role of past and current alcohol consumption, including duration of use, alcohol type, and 

amount consumed, and H. pylori infection is needed. 

 

Environmental exposure to contaminated drinking water may pose a risk for H. pylori infection, 

and various sources of drinking water can yield varied results. A previous study by Harris et al. 

found a significantly increased risk of H. pylori infection among Navajo adults using unregulated 

tap water in their home (water from a natural spring, community spigot, windmill, and/or private 

well).43 Moreover, a study of population-based survey data from the United States’ National 

Health and Nutrition Examination Survey found a suggestive positive association between well 

water and H. pylori infection.53 However, in our study, we observe a suggestive increased risk 
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for H. pylori in participants consuming bottled water. To our knowledge, there are limited 

studies on the association between bottled water and H. pylori infection. One study in Iran found 

about 2% of bottled mineral water samples (8/450) were contaminated with H. pylori, and certain 

brands harbored greater proportions of H. pylori.70 In the Navajo Nation, where drinking water 

sources are limited and of low water quality, the use of bottled water can be quite common. More 

research on the role of various drinking water sources and H. pylori infection in the Navajo 

Nation is warranted. 

 

It is common for Navajo people to raise sheep and livestock for subsistence and income. Studies 

have shown livestock animals can harbor H. pylori and may possibly play a role in the zoonotic 

transmission of H. pylori.71,72 In our study, we found no association between owning livestock 

such as sheep, goats, cows, cattle, horses, and llamas and H. pylori infection. However, studies 

with larger samples size can confirm or shed more insight into the relationship between owning 

livestock and H. pylori infection. 

 

H. pylori strains with a cytotoxin-associated antigen (cagA) gene in its genome are known to 

biologically disrupt normal gastric cellular activity and increase gastric cancer risk.22,73 The cagA 

gene is located at one end of the cytotoxin-associated antigen pathogenicity island (cag PAI), a 

37-kilobase genomic DNA segment containing about 29 genes. Among H. pylori strains carrying 

the cagA gene (i.e., cagA-positive strains), H. pylori attaches to the surface of gastric epithelial 

cells and several of the cag PAI genes work together to produce proteins used to build a 

specialized type IV secretion system, which delivers CagA proteins and other bacterial 

metabolites from the bacterial cytosol into host cells.25,39 CagA proteins interrupt normal gastric 
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epithelial cell activity after tyrosine phosphorylation (via EPIYA motif) by causing a growth 

factor-like cellular response and cytokine production to promote inflammation and increase 

gastrointestinal disease severity, including gastric cancer risk.21,22 Further, the cagA gene has a 

C-terminal region with a motif of five amino acid residues, which is known as the EPIYA motif, 

that play an important role in the relationship of CagA proteins with cell-to-cell interaction and 

tyrosine phosphorylation.74 There are four types of EPIYA segments, EPIYA-A, -B, -C, and -D. 

The EPIYA-A,-B, and -C segments are characteristic of CagA of H. pylori in non-Asian 

countries, known as the Western CagA type, while the EPIYA-, -B, and D segment is specific to 

CagA of H. pylori in Asian countries, known as the East Asian CagA type.74 The East Asian 

CagA type has a greater binding affinity to host cell protein kinases (SHP2) and induce 

morphological changes in the epithelial cells compared to the Western type.74 Thus, it is thought 

the cagA gene with the East Asian CagA type is associated with a greater risk of gastric cancer 

than the cagA gene with the Western CagA type.23 In our study, we observed the prevalence of 

cagA and its allele type in asymptomatic H. pylori-infected participants. We found the cagA gene 

prevalence of 76.7% (95% CI: 64.0-86.6) in H. pylori-positive participants to be consistent with 

a reported 75.0% in Navajo H. pylori patients with gastric disease75 and other non-Native 

American people in Alaska (67.0%); however, our cagA prevalence was much higher than the 

prevalence of white people in the US (19% seroprevalence).45,76 Our data showed all of the H. 

pylori-cagA positive participants were infected with the less pathogenic Western genotype 

(EPIYA-C). This finding is consistent with another study in Navajo H. pylori-infected patients 

where the majority carried a Western type cagA gene.75 
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We also found that the overall study population reported no previous history of gastrointestinal 

(GI) conditions (79%) such as heartburn, ulcers, gastritis, or previous H. pylori infection. 

Interestingly, H. pylori-positive participants were less likely to report a previous history of GI 

conditions compared to H. pylori-negative participants. A possible explanation for this finding is 

that H. pylori-negative participants may have experienced ulcers or gastritis because of a prior H. 

pylori infection, which they reported at a higher proportion (18.2%). Furthermore, because the 

GI questions in the questionnaire focused on GI conditions and less on symptoms of H. pylori we 

cannot determine if participants were experiencing GI symptoms such as abdominal pain, 

nausea, and vomiting because of an active H. pylori infection, which has been observed in other 

studies of people harboring H. pylori.59,77–80  

 

In our study, we used a stool-based analysis approach to detect H. pylori infection. Stool-based 

tests such as stool antigen test, PCR, and ddPCR, detect H. pylori shed into the stool and can 

determine active H. pylori infection compared to serum-based analysis methods.81 Serum-based 

tests, such as the enzyme-linked immunosorbent assay (ELISA) test, Western blotting, and 

agglutination test, measure the antibody response to H. pylori and are useful for determining 

asymptomatic or previously exposed individuals and cannot distinguish between current and 

previous infection as antibodies are present after infection is cleared.81 Therefore, the use of 

stool-based analysis for the detection of active H. pylori infection in our study was appropriate. 

Moreover, results of the sensitivity of stool-based tests and serum-based tests for H. pylori 

detection vary, likely due to differences in tests performed, sample integrity (storage conditions), 

or methods not standardized across laboratories. According to previous studies, Khalifehgholi et 

al. found a higher sensitivity of serum-based ELISA test (91.3%) when compared to stool 
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antigen tests (73.9%)82, Talarico et al. reported a similar sensitivity result between the stool-

based ddPCR method (84%) and serum ELISA tests (85%)42, and Kazemi et al. observed much 

lower sensitivity in serum vitek immunodiagnostic assay tests (50%) compared to stool antigen 

tests (96%).83 

 

Several important limitations of the study should be considered. First, our study is cross-

sectional and not able to determine causality. It is uncertain when H. pylori infection was 

acquired, which could be during childhood or at an earlier time point compared to when the risk 

factors were assessed in the study, particularly the socioeconomic, health, environmental, and 

lifestyle factors. Thus, it cannot be determined if the risk factors preceded H. pylori infection 

and/or were related to duration of infection. Second, our study population was a convenience 

sample of the Navajo adult population and those motivated to participate in the study may be 

influenced to participate because of a prior history of GI conditions and/or symptoms they were 

experiencing at the time of recruitment; such selection bias may bias the results to participants 

not representative of the Navajo adult population. Third, while we made efforts to recruit 

participants through offline approaches (i.e., flyers, word of mouth, and in-person community 

events), this study primarily used online approaches (i.e., website, social media) to recruit 

participants due to the COVID-19 pandemic, which may have unintentionally excluded a large 

segment of the Navajo population who do not have internet access.84,85 Fourth, the demographic 

distribution of our study population does not fully reflect the demographic profile of the Navajo 

adult population. Based on 2010 Census, our study did not adequately capture the younger age 

groups (18-29 years, 11% versus 22%) and male population (23.1% versus 51.9%).86 Fifth, our 

study has limited power to detect statistical significance in our analyses. This limits our ability to 
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generalize to the Navajo adult population and the relatively small cases across risk factors in 

some of our analyses may have imprecise estimates and thus should be interpreted with caution. 

Lastly, because the ddPCR test used to analyze stool samples is not a clinically approved test, we 

notified all participants of their H. pylori results with recommendations for further testing, 

however, we did not monitor or confirm our results with any follow-up clinical tests participants 

received. 

 

Despite these limitations, our study has several strengths. This study is among a few studies that 

investigated H. pylori infection and cagA status in an Indigenous tribal population with 

disproportionate gastric cancer rates and has increased our knowledge about risk factors related 

to gastric cancer. Secondly, our study was supported by the tribal leaders and community 

members of the two study regions, despite the logistic challenges and stress of the COVID-19 

pandemic. Thirdly, the testing of H. pylori infection was non-invasive and ddPCR methods were 

used to detect H. pylori in stool specimens with a sensitivity and specificity greater than 84%.42 

Furthermore, our H. pylori testing required a small quantity of stool, was highly sensitive 

because PCR is carried out in each droplet for detection, and highly specific because assays and 

multiple fluorescent probes can be used to determine different alleles of the target gene (e.g., 

detect 16S and cagA genes in one run) also known as multiplexing.42,87,88 

 

In summary, our study showed the prevalence of H. pylori infection to be high among Navajo 

adults living in the two study regions of the Navajo Nation compared to the US H. pylori 

prevalence, and that a history of H. pylori is inversely associated with active H. pylori infection. 

While the clinical implication of H. pylori virulence factors is a matter of debate, the prevalence 
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of cagA in our study is comparable to the cagA prevalence of other populations in the US. 

Further studies are needed to elucidate the risk factors of H. pylori, including its virulence genes, 

and understand the inverse association of previous H. pylori infection with active H. pylori 

infection found in this study. Overall, these results point to a need of developing prevention 

strategies to reduce H. pylori infection in the study regions of the Navajo Nation in order to 

prevent gastric cancer. 
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Figure 1.1. Participant recruitment to the Navajo ABID study from January to October 

2021. 
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Table 1.1 Percent distribution of selected characteristics overall and by Helicobacter pylori (H. pylori) status. 

Characteristics Overall (N=104) 
H. pylori-negative 

(n=44) 
H. pylori-positive 

(n=60) P-valuea 
Age, mean (SD) 46.8 (14.4) 46.5 (15.0) 47.0 (14.0) 0.857 
Age group (%)     

18-44 50 (48.1) 20 (45.5) 30 (50.0) 0.820 
45-54 23 (22.1) 11 (25.0) 12 (20.0)  

55+ 31 (29.8) 13 (29.5) 18 (30.0)  
Gender (%)     

Female 80 (76.9) 35 (79.5) 45 (75.0) 1.000 
Male 24 (23.1) 9 (20.5) 15 (25.0)  

Education (%)     
Less than High school 2 (1.9) 1 (2.3) 1 (1.7) 0.317 

High school 21 (20.2) 12 (27.3) 9 (15.0)  
Some college 49 (47.1) 17 (38.6) 32 (53.3)  

College degree 31 (29.8) 14 (31.8) 17 (28.3)  
Missing 1 (1.0) 0 (0) 1 (1.7)  

People living in house, mean (SD) 3.4 (1.8) 3.5 (1.8) 3.4 (1.9) 0.731 
Running water in home (%) 95 (91.3) 41 (93.2) 54 (90.0) 0.730 
Type of water consumed (%)     

Filtered or Unfiltered Tap water 55 (52.9) 24 (54.4) 31 (51.7) 1.000 
Bottled water 47 (45.2) 20 (45.5) 27 (45.0)  

Windmill water 1 (1.0) 0 (0) 1 (1.7)  
Don’t know / Unsure 1 (1.0) 0 (0) 1 (1.7)  

Owned livestock (%) 21 (28.0) 9 (30.0) 12 (26.7) 1.000 
Health Conditions (%)     

Diabetes 23 (22.1) 10 (22.7) 13 (21.7) 1.000 
Heartburn 12 (11.5) 6 (13.6) 6 (10.0) 0.793 

History of H. pylori 10 (9.6) 8 (18.2) 2 (3.3) 0.017b 
History of gastritis or ulcers 8 (7.7) 5 (11.4) 3 (5.0) 0.278 

Aspirin daily use (%) 20 (19.6) 9 (20.5) 11 (19.0) 1.000 
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Medication use, once a month (%)     
Prescription medicine  43 (41.3) 19 (43.2) 24 (40.0) 0.901 

OTC stomach medicine 28 (26.9) 8 (18.2) 20 (33.3) 0.117 
Vitamins 62 (59.6) 22 (50.0) 40 (66.7) 0.131 

Navajo herbal medicine 15 (14.4) 3 (6.8) 12 (20.0) 0.108 
Family health history (%)     

Stomach cancer 16 (15.7) 8 (18.2) 8 (13.3) 0.688 
Peptic ulcers 8 (7.7) 4 (9.1) 4 (6.7) 0.719 

BMI (kg/m2) (%)     
Below 24.9 17 (16.3) 5 (11.4) 12 (20.0) 0.273 
25.0 – 29.9 34 (32.7) 13 (29.5) 21 (35.0)  

30 or higher 50 (48.1) 25 (56.8) 25 (41.7)  
Missing 3 (2.9) 1 (2.2) 2 (3.3)  

Physical activity (%)     
No physical activity 11 (10.6) 5 (11.4) 6 (10.0) 0.157 

Low (<150 mins / week) 41 (39.4) 13 (29.5) 28 (46.7)  
Moderate (150-300 mins / week) 24 (23.1) 12 (27.3) 12 (20.0)  
High activity (>300mins / week) 14 (13.5) 9 (20.5) 5 (8.3)  

Missing 14 (13.5) 5 (11.4) 9 (15.0)  
Smoking (%)     

Never smoked 64 (61.5) 29 (65.9) 35 (58.3) 0.757 
Ever smoked 27 (26.0) 10 (22.7) 17 (28.3)  

Current smoker 11 (10.6) 4 (9.1) 7 (11.7)  
Missing 2 (1.9) 1 (2.3) 1 (1.7)  

Alcohol use in the past month (%)     
Never drank 18 (17.3) 9 (20.5) 9 (15.0) 0.134 

Past 51 (49.0) 17 (38.6) 34 (56.7)  
Current 31 (29.8) 17 (38.6) 14 (23.3)  
Refused 4 (3.8) 1 (2.3) 3 (5.0)  

aChi-square test, Fisher-exact test, or t-test; bstatistical significance p<0.05. Abbreviation: SD=standard deviation; BMI=Body Mass 
Index 
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Table 1.2 Percent distribution of demographic characteristics by cagA status among 
Helicobacter pylori-positive participants. 

Characteristics 
cagA-negative 

(n=14) 
cagA-positive 

(n=46) P-valuea 
Age, mean 
(SD) 

48.1 (17.8) 46.7 (12.9) 0.449 

Age group (%)    
18-44 8 (57.1) 22 (47.8) 1.000 

45+ 6 (42.9) 24 (52.2)  
Gender (%)    

Female 10 (71.4) 35 (76.1) 0.425 
Male 4 (28.6) 11 (23.9)  

aChi-square test or t-test; bstatistical significance p<0.05 
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Table 1.3 Association between risk factors and Helicobacter pylori infection. 
 H. pylori-positive Univariate Adjusted Model 1a Adjusted Model 2b 
Characteristics n (%)  OR (95% CI) AOR1 (95% CI) AOR2 (95% CI) 
Overall 60/104 (57.7)    

Age, years     

18-44 30/50 (60.0) 1.00 1.00 1.00 

45-54 12/23 (52.2) 0.73 (0.27-1.98) 0.75 (0.27-2.08) 0.66 (0.18-2.37) 

55+ 18/31 (58.1) 0.92 (0.37-2.32) 0.94 (0.38-2.39) 0.54 (0.14-1.98) 

Gender     

Female 45/80 (56.3) 1.00 1.00 1.00 

Male 15/24 (62.5) 1.30 (0.51-3.41) 1.25 (0.49-3.32) 2.02 (0.55-8.17) 

Education     

< HS or HS graduate 10/23 (43.5) 1.00 1.00 1.00 

> HS 49/80 (61.3) 2.05 (0.81-5.37) 2.16 (0.83-5.76) 3.15 (0.94-11.37) 

People living in house     

<3 people 22/34 (64.7) 1.00 1.00 1.00 

3+ people 37/69 (53.6) 0.63 (0.26-1.46) 0.60 (0.23-1.50) 0.56 (0.16-1.78) 

History of H. pylori     
No 58/94 (61.7) 1.00 1.00 1.00 

Yes 2/10 (20.0) 0.16 (0.02-0.66)c 0.15 (0.02-0.68)c 0.13 (0.01-0.81)c 

History of gastritis/ulcers     

No 57/96 (59.4) 1.00 1.00 1.00 

Yes 3/8 (37.5) 0.41 (0.08-1.77) 0.41 (0.08-1.79) 0.49 (0.05-4.28) 

Family history of stomach 
cancer 

    

No 52/88 (59.1) 1.00 1.00 1.00 

Yes 8/16 (50.0) 0.69 (0.23-2.04) 0.69 (0.23-2.09) 0.79 (0.16-3.78) 

Family history of peptic ulcers     

No 56/96 (58.3) 1.00 1.00 1.00 

Yes 4/8 (50.0) 0.71 (0.16-3.18) 0.68 (0.15-3.08) 0.65 (0.07-7.37) 

Aspirin daily use     

No 47/82 (57.3) 1.00 1.00 1.00 

Yes 11/20 (55.0)  0.91 (0.34-2.48) 0.88 (0.31-2.57) 1.08 (0.26-4.47) 
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BMI (kg/m2)     
Below 24.9 12/17 (70.6) 1.00 1.00 1.00 

25.0 – 29.9 21/34 (61.8) 0.67 (0.18-2.28) 0.74 (0.19-2.64) 0.61 (0.11-2.97) 

30 or higher 25/50 (50.0) 0.42 (0.12-1.30) 0.44 (0.12-1.40) 0.55 (0.11-2.33) 

Smoking     

Never smoked 35/64 (54.7) 1.00 1.00 1.00 

Ever smoked 17/27 (63.0) 1.41 (0.57-3.64) 1.47 (0.58-3.88) 1.61 (0.49-5.63) 

Current smoker 7/11 (63.6) 1.45 (0.40-5.99) 1.49 (0.40-6.32) 2.01 (0.32-13.45) 

Alcohol use in past month     

Never drank 9/18 (50.0) 1.00 1.00 1.00 

Past 34/51 (66.7) 2.00 (0.67-6.06) 1.97 (0.58-6.77)  1.78 (0.37-8.95) 

Current 14/31 (45.2) 0.82 (0.25-2.66) 0.81 (0.23-2.84) 0.45 (0.08-2.33) 

Type of water consumed     

Filtered/Unfiltered Tap water 31/55 (56.4) 1.00 1.00 1.00 

Bottled water 27/47 (57.4) 1.05 (0.48-2.30) 1.06 (0.47-2.37) 1.39 (0.47-4.24) 

Own livestock     

No 45/79 (56.9) 1.00 1.00 1.00 

Yes 14/25 (56.0) 0.91 (0.37-2.30) 0.89 (0.35-2.30) 1.04 (0.29-3.82) 
aModel 1 adjusted for sex and age; bModel 2 adjusted for all other variables in the table; cstatistical significance p<0.05. Abbreviation: 

OR=Odds ratio; AOR=adjusted odds ratio; CI=Confidence Interval; HS=High school; BMI=Body Mass Index 
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Chapter 2. Association of Diet and Helicobacter pylori infection in Navajo adults: the 

Navajo ABID study. 

 

Abstract 

Background  

Helicobacter pylori (H. pylori) is a gram-negative bacterium that colonizes the stomach and 

causes chronic gastritis, peptic ulcers, and gastric cancer. Diets high in sodium and processed 

meats, and low in fruits and vegetables have been associated with H. pylori infection and may 

influence the course of H. pylori infection and associated disease. In this study, we examined 

dietary patterns associated with H. pylori infection in Navajo adults, a population that 

experiences a disproportionate burden of stomach cancer.  

Methods 

The Navajo ABID study is a cross-sectional community-based study conducted in two regions of 

the Navajo Nation. Diet information was collected from 104 adults using a detailed food 

frequency questionnaire and a tribal foods questionnaire. Stool samples were collected for 

assessment of H. pylori infection status. Principal component analysis was used to identify 

dietary patterns. The association of dietary patterns and specific nutrients with H. pylori infection 

was assessed by logistic regression models. 

Results 

Three dietary patterns were identified: Western, Soups and Mixed dishes, and Fruits and 

Vegetables. We found that a Soups and Mixed dishes diet pattern was positively associated with 

H. pylori infection after adjusting for confounders. No significant associations with H. pylori 
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infection were observed for the Western or the Fruits and Vegetable diet patterns or evaluated 

nutrients.  

Conclusions 

Nutritional recommendations for H. pylori infection prevention in the Navajo Nation should 

consider whole dietary patterns instead of individual foods. We found important differences 

between the Soups and Mixed dishes dietary pattern, which was associated with a higher risk of 

H. pylori infection, and Western and Fruits and Vegetables dietary patterns, which had no 

relationship with H. pylori infection risk. 
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Introduction 

Helicobacter pylori (H. pylori) is a bacterial pathogen that is prevalent in half of the world’s 

population.89 H. pylori is known to colonize the stomach and cause gastrointestinal conditions 

such as gastritis, peptic ulcers, and gastric cancer, and is classified as a Group 1 carcinogen by 

the World Health Organization and International Agency for Research on Cancer.10,11,13 Known 

risk factors associated with the acquisition and aggressiveness of H. pylori infection include the 

allele or presence of virulence factor genes (e.g. cagA, vacA), and certain individual 

characteristics (gender, socioeconomic status), lifestyle (diet, smoking), and environmental 

factors (drinking water source, overcrowded household, living with H. pylori-infected family 

member). Dietary factors have been identified as particularly important to the risk of H. pylori 

acquisition and aggressiveness.27,28,30,90 However, the role of diet and dietary factors are not 

given ample attention, especially since diet offers promise in cancer prevention and may benefit 

populations with high H. pylori prevalence. 

  

Diet is an important contributor to the gastric environment and may influence the course of H. 

pylori infection. Several epidemiological studies have shown that diets high in sodium and 

processed meats, and low in fruits and vegetables are associated with H. pylori 

infection,27,28,30,89,90 although at least one study has shown no association.91 Mechanistically, 

diets high in sodium consumption have been linked to increased pathogenicity of H. pylori 

through changes in the stomach's protective mucous lining, aiding in the colonization and 

expression of virulence genes of H. pylori, and initiating inflammatory responses of the gastric 

epithelium that increase epithelial cell proliferation.30,31 In contrast, certain nutrients, such as 
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beta-carotene, vitamin C, or foods such as garlic, peppers, and indigenous plants containing 

phytochemicals with antibacterial properties may prevent or reduce H. pylori infection.92,93 

 

H. pylori prevalence is twice as high among American Indian adults in the Navajo Nation (57% 

to 65%) compared to the US population (27%, seroprevalence).43,94 The high H. pylori 

prevalence in the Navajo people may also contribute to their high gastric cancer incidence and 

mortality rates.95 Unfortunately, there are limited published studies on diet and H. pylori 

infection in American Indian people, particularly at the tribal level. The extent of dietary 

investigation and H. pylori infection has been limited to an assessment of a single effect of a 

nutrient or food item such as the type of water consumed and consumption of alcohol.9,43,96  In 

particular, a study of 101 Navajo adults found that individuals who consumed unregulated water 

(i.e. not disinfected and monitored for safety) had a higher odds of H. pylori infection than 

individuals who consumed regulated water (i.e. disinfected and monitored).43  

 

Given the high prevalence of H. pylori infection in the Navajo Nation, a study investigating the 

role of both dietary patterns and nutrient factors with H. pylori infection in the Navajo people 

was conducted. Our primary focus was to use an a posteriori approach to derive diet patterns to 

examine the association between diet and H. pylori infection. Dietary patterns allow for the 

aggregation of individuals with similar diets and foods and have the advantage over looking at a 

single nutrient or food.97 Hence, we designed this cross-sectional study to identify dietary 

patterns in a sample of Navajo adults from the Navajo ABID study, and examined the association 

between dietary patterns and H. pylori infection using food questionnaires that accounted for 

tribal foods. 



 49 

Methods 

Study Participants 

Details of Navajo ABID participants and study design have been described previously (Chapter 

1). Briefly, eligibility of participants was limited to individuals who identified as Navajo, were 

aged 18 years old or older, resided in the two study areas (Northern Navajo or Fort Defiance 

Agencies) on the Navajo Nation, were not pregnant, had not used oral or intravenous antibiotics 

in the past 3 months, had not used proton pump inhibitors in the past 3 months, not treated for H. 

pylori infection in the past 3 months, and not undergoing any cancer treatment. The study was 

approved by the Navajo Nation Human Research Review Board and the University of 

Washington Human Subjects Division, and verbal consent for all participants was obtained and 

recorded. 

 

Dietary assessment 

Two food questionnaires assessed dietary intake. Participants were asked about their usual diet in 

the past year using a food frequency questionnaire and a Navajo Food Questionnaire. 

 

Food Frequency Questionnaire (FFQ) 

The FFQ, developed by the Nutrition Assessment Shared Resource (NASR) of Fred Hutchinson 

Cancer Center, Seattle, Washington, assessed dietary intake by asking participants to report the 

frequency of consumption and portion size of 181-food items over the last year. Each item was 

defined by a series of foods or beverages that were categorized into 10 major food groups: 

CEREALS, BREADS, SNACKS; MEAT-FISH-EGGS; SPAGHETTI, MIXED DISHES, 

SOUPS; DAIRY PRODUCTS; VEGETABLES AND GRAINS; SAUCES AND 
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CONDIMENTS; FRUITS; SWEETS; BEVERAGES AND ALCOHOL. Nutrient calculations 

were performed with the Nutrient Data System for Research software version v2020, developed 

by the Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN. The annual 

intake of each food item was calculated using the frequency of consumption (never or less than 

once per month, 1 per month, 2-3 per month, 1 per week, 2 per week, 3-4 per week, 5-6 per 

week, 1 per day, 2+ per day) and portion size (small, medium, large). 

 

Nutrients that have been previously associated with H. pylori infection were chosen for these 

analyses. These included sodium, alcohol, vitamin C, vitamin A, vitamin E, and folate.93,98 We 

also explored other nutrient variables, such as energy (calories), carbohydrates, fiber, total 

cholesterol, total fat, and protein.98 

 

Navajo Food Questionnaire 

To assess the frequency of consumption of tribal foods over the last year, we developed a 

culturally appropriate Navajo Food Questionnaire by referring to tribal food lists from previous 

studies99,100 and following the same consumption categorization as the FFQ. We selected 13 

tribal foods based on foods consumed among American Indian people and on the cultural 

characteristics of the Navajo people.100–102 The 13 food items selected were frybread, Navajo 

taco, Navajo roast mutton, Navajo burger, pueblo bread, kneel down bread, blue corn mush, 

mutton and/or beef stew with dumplings and/or macaroni, mutton and/or beef stew with corn or 

any vegetables, blood sausages, achee’, Navajo cake, and chilchin. These tribal foods were 

grouped into 5 food groups: BREADS, SOUPS OR STEWS, CEREAL, MEATS, AND 

DESSERTS AND SNACKS. Two Navajo researchers reviewed the questionnaire to determine 
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the appropriateness of selected foods and the length of the questionnaire. We did not add or 

remove any food items after reviews; however, we added an additional open-ended question for 

participants to report foods not listed. The values used for the frequency of consumption were the 

following: Never or less than once per month; 1 per month; 2-3 per month; 1 per week; 2 per 

week; 3-4 per week; 5-6 per week; 1 per day; 2+per day. Annual servings for each tribal food 

were calculated using the frequency of consumption reported and a set medium portion size (1.0 

serving ratio).  

 

Identification of dietary patterns 

Of the combined 181- and 13-food items, we first removed food items with low consumption (-

<10%) and then categorized food items into 20 food groups based on culinary value and 

nutritional content (Table 2.1).92,93,98,99,103–105 Subsequently, we applied principal component 

analysis (PCA) with varimax rotation to all 20 food groups in two steps using R studio (version 

4.0.3, psych package). First, we applied PCA to generate a set of initial rotated principal 

components. Second, after evaluation of the eigenvalues and Scree plot of the initial components, 

PCA was applied to a subset of components above an eigenvalue of >1.0. Among the subset of 

principal components, only the components that greatly explained the variance of diet were 

selected in our analysis. Food groups with a factor score greater than an absolute value of 0.30 

were considered main contributors to the dietary component and represented the character of 

each dietary component.103,104 The labels of dietary components were named based on the food 

groups listed in Table 2.1 with a factor score > |0.30| and informed by other studies.103,104 For 

each diet pattern, the factor scores were grouped into tertiles based on the distribution of factor 

scores among H. pylori negative participants. 
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Measurement of Helicobacter pylori  

The presence of H. pylori (positive or negative) was determined from stool samples collected by 

the participant. Stool samples were collected at home and placed in a sample vial with 5-mL of 

95% ethanol preservative and stored at room temperature before mailing to the Salama Lab at the 

Fred Hutchinson Cancer Center (Seattle, WA).  

 

At the lab, samples were analyzed using droplet digital PCR (polymerase chain reaction) assays 

following standard protocols which have been validated in adult stool in the Salama Lab.42 A 

sample with greater than 5 positive H. pylori 16S-DNA droplets above a recommended threshold 

of 4500 was considered to be positive for H. pylori.42 

 

Measurement of covariates 

Data on covariates were collected from self-administered questionnaires. The 26-item health 

questionnaire accessed characteristics previously associated with H. pylori infection in other 

populations, such as demographics, drinking water consumption, health conditions, medication 

use, family health history, and health behaviors. Relevant covariates were classified as presented 

in Table 2.2.   

 

Statistical analyses 

We were most interested in examining the association between dietary patterns and H. pylori 

infection, particularly dietary patterns with high sodium foods (processed meats, refined grains, 

salty snacks, soups, mixed dishes, and sauces) and/or low consumption of fruits and vegetables. 
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We further analyzed the association between the following selected nutrient factors and H. pylori 

infection: intake of sodium, alcohol, vitamin C, vitamin A, vitamin E, and folate. 

 

Three logistic regression models were used to examine the relationship between dietary pattern 

tertile scores and H. pylori infection. Odds ratios (OR) and 95% CI were calculated using 

participants in the lowest tertile (T1) as the referent group. Model 1 was used to calculate the 

crude OR. Model 2 adjusted for age, sex, and total energy intake (log-transformed kcal/day). 

Model 3 adjusted additionally for education, daily aspirin use, BMI, smoking, and variables that 

were significantly associated with H. pylori infection from univariate analyses. Due to 

confounding and effects of measurement error by energy intake, we adjusted Models 2 and 3 for 

total energy intake.106 Energy intake was not normally distributed and was therefore log-

transformed in the model. To test for significant increasing or decreasing trends across the tertile 

categories, we created a continuous variable from the median factor score values of each tertile 

and modeled this continuous variable in a logistic regression model. In addition, we used !! and 

Fisher’s exact tests to examine differences in the percent distribution of participants' 

characteristics between the lowest and highest tertiles of each diet pattern. 

 

Dietary factors (i.e., nutrients and food groups) were analyzed both continuously and 

categorically as tertiles. As continuous measures, dietary factors were log-transformed and 

examined by a two-sample t-test for association with H. pylori infection. Dietary variables were 

categorized into tertiles based on the distribution in H. pylori-negative participants and modeled 

in three logistic regression models, as described above, comparing the highest tertile (T3) 

nutrient intake with H. pylori status using the lowest tertile (T1) as the referent group.  
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We further calculated the frequency, means (standard deviations) for continuous measures, and 

percentages for categorical measures for the overall study population and by H. pylori infection 

status for our covariates. We then tested the distribution of covariates by H. pylori infection 

status (positive versus negative) using a two-sample t-test for continuous measures and either a 

!! or Fisher’s exact test for categorical measures, depending on case count. The relevant 

covariates in the study, parameterized as in Table 2.2, included age, gender, education, the 

number of people living in the household, history of H. pylori, history of gastritis or ulcers, 

family history of stomach cancer, family history of peptic ulcers, aspirin daily use, BMI, 

smoking, alcohol use in the past month, type of drinking water consumed, and owned livestock. 

Other variables were explored, such as having running water in the home, health conditions 

(diabetes, heartburn), medication use (prescription, over the counter, vitamins, Navajo herbal 

medicine), physical activity, eating a special diet due to a health condition, food questionnaire 

assessment, and Navajo cultural connection. 

 

All analyses were performed using R Studio version 4.0.3 (R Core Team, Vienna, Austria). A 

value of p<0.05 was considered statistically significant. We used complete case analysis for our 

regression analyses, as data for several relevant covariates, particularly total energy intake, daily 

aspirin use, BMI, and smoking were missing for <5% of study participants. 
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Results 

Study population 

A total of 104 participants completed questionnaires and provided stool samples. From these, we 

excluded participants with incomplete dietary data (n=6) or extreme energy intakes (<500 (n=4) 

or >5,500 (n=1) kcal/day for females and <500 or >8,000 for males).107,108 The final analyses 

were based on 93 participants. 

 

In the study population, the H. pylori prevalence was 57.0% (95% CI, 46.3-67.2). The 

characteristics of participants overall and by H. pylori status are presented in Table 2.2. Overall, 

the majority of participants were between 18-44 years old, female, had some college education, 

lived in a household with 3 people or more, consumed tap water, had a BMI equal to or greater 

than 30, were not on a special diet due to a health condition, and had a high connection 

(practiced tribal traditions, participated in tribal ceremonies, lived off the land, and/or ate 

traditional foods/ herbs “All the time or “Most of the time”). to the Navajo culture. Participants 

with H. pylori infection were significantly less likely to have a prior history of H. pylori 

(p=0.036) and more likely to use monthly Navajo herbal medicine (p=0.021) compared to 

participants without H. pylori infection. 

 

Dietary patterns 

After varimax rotation, the principal component analysis revealed six components with 

eigenvalue >1.0 (Figure 2.1). Three dietary components were subsequently selected because they 

explained the largest variance, and the main factor loadings of each pattern are shown in Table 

2.3. The first three rotated diet components explained 45.3% of the total variation. Individually, 
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the first component explained 26.5% of variation followed by 10.0% for the second, and 8.8% 

for the third. The three patterns were identified as follows: component 1 was labeled as the 

“Western” pattern characterized by the intake of processed meats, refined grains, sweets and 

pastries, salty snacks, meat, dairy, potatoes, and vegetables; component 2 was the “Soups & 

Mixed dishes” pattern which included the intake of soups and mixed dishes such as spaghetti, 

pasta, asian noodles, burritos, and enchiladas; component 3 was identified as the “Fruits & 

Vegetables” pattern characterized by the intake of fruits and vegetables. 

 

Dietary patterns and participant characteristics 

Participants in the highest tertile (T3) of the Western pattern were more likely to have a BMI >30 

and to have indicated the FFQ used in the study completely represented the foods they ate 

compared to participants in the lowest tertile (T1) (Table 2.4). For the Soups and Mixed Dishes 

pattern, participants in the highest tertile were more likely to be males and to have a family 

history of peptic ulcers compared to participants in the lowest tertile. Moreover, participants of 

the highest tertile of the Fruits and Vegetable pattern were more likely to never have smoked 

compared to participants of the lowest tertile. 

 

Association between dietary patterns and H. pylori infection 

The associations between dietary patterns and H. pylori infection are shown in Table 2.5. The 

second tertile (T2) of the Western diet pattern in the adjusted model 3 was inversely associated 

with the prevalence of H. pylori infection (OR=0.26, 95% CI, 0.07-0.92); however, the 

association was not statistically significant in the highest tertile (T3) of the same model 

(OR=0.37, 95% CI, 0.09-1.37). The Soups and Mixed dishes pattern was positively associated 
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with H. pylori infection status in the fully adjusted model 3 for tertiles 2 (OR=4.32, 95% CI, 

1.05-20.99) and 3 (OR=5.21, 95% CI, 1.10-29.00) compared to tertile 1; however, the trend for 

increasing odds of H. pylori across the tertiles was not significant (p=0.074). There was no 

significant association observed between the Fruits and Vegetable pattern and H. pylori infection 

status in the unadjusted and adjusted models. 

 

Association between nutrient intake and H. pylori infection 

Comparisons of the distribution of mean daily nutrient intake of selected dietary factors are 

shown in Table 2.6. There were no significant differences in the mean distribution of daily 

nutrient intake by H. pylori infection status. Yet, compared to H. pylori-negative participants, H. 

pylori-positive participants had a lower mean daily intake of vitamin A and higher mean daily 

intake of sodium, alcohol, vitamin C, vitamin E, and total folate. The mean daily intake of 

energy and macronutrients such as carbohydrate, fiber, total cholesterol, total fat, and protein 

was also not statistically different between H. pylori-negative and H. pylori-positive participants; 

however, the mean intakes of energy, carbohydrate, fiber, total fat, and protein were slightly 

higher in H. pylori-positive participants. 

 

In Table 2.7 we examined the association between relevant dietary nutrient intake (sodium, 

alcohol, vitamin C, vitamin A, vitamin E, and folate) and H. pylori infection. In the fully 

adjusted models, comparing highest tertile to lowest tertile, no individual nutrient was 

significantly associated with H. pylori infection. However, although based on small numbers, the 

results suggest that high sodium, vitamin E, and folate intake were associated with a higher odds 

of H. pylori infection after adjusting for confounders (ORsodium= 5.88, 95% CI, 0.38-107.2; 
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ORvitaminE = 1.44, 95% CI, 0.18-11.92; ORfolate= 3.57, 95% CI, 0.37-37.97). Being in the highest 

tertile of alcohol, vitamin C, and vitamin A intake was suggestively associated a decreased odds 

of H. pylori infection compared to the lowest tertile (ORalcohol = 0.42, 95% CI, 0.11-1.50; 

ORvitaminC = 0.36, 95% CI, 0.08-1.49; ORvitaminA = 0.46, 95% CI, 0.46-4.14). 

 

Discussion 

In this study, we identified three dietary patterns and found that a Soups and Mixed dishes diet 

pattern was positively associated with H. pylori infection in Navajo participants. After adjusting 

for confounders, no significant associations were observed between either the Western or the 

Fruits and Vegetable diet pattern and H. pylori infection. Although findings with respect to 

nutrient intake were not statistically significant, we found suggestions that a greater intake of 

sodium and folate was positively associated with H. pylori infection, while also suggesting a 

stronger inverse association for H. pylori with a greater intake of vitamin A, vitamin C, and 

alcohol. 

 

The positive association we found between the Soups and Mixed dishes pattern and H. pylori 

infection may be attributed to the consumption of foods with high sodium and carbohydrate 

content, as this pattern includes meat/chili/Navajo stews, ramen, spaghetti, pasta, Asian noodles, 

burritos, and enchiladas. To our knowledge, there are no studies, especially among American 

Indian people, identifying a Soups and Mixed dishes diet pattern associated with H. pylori 

infection. Nonetheless, consistent with our findings, Tsugane et al. found a positive association 

of daily consumption of miso soup, a high salt content food, and H. pylori infection risk in 

Japanese men.109 Similarly, a large cross-sectional study in China identified a positive 



 59 

association between a “high salt” diet pattern, that included noodles and instant noodles, such as 

ramen, and H. pylori infection in 3,014 older adults (45-59 years old).103 On the other hand, 

another large cross-sectional study in China found a negative association between a “high 

protein/cholesterol” diet pattern that included instant noodles and H. pylori in 10,407 adults; 

however, instant noodles were not the main contributors to that diet pattern.104 An explanation 

for our positive association may be related to the high sodium content of soups and noodle dishes 

in our pattern110–112, which can contribute to the pathogenicity of H. pylori by direct gastric 

mucosal damage and increased colonization of the bacteria.28,90 Another suggested explanation is 

the link between carbohydrates and H. pylori risk, as the foods in the Soups and Mixed dishes 

pattern can be considered refined carbohydrates (e.g., noodles, pasta).98,104,113 Although the 

mechanism is not clear, it is hypothesized that high consumption of carbohydrates can play a 

significant role in H. pylori infection through abnormal glucose metabolism.113 Finally, Navajo 

stew, pasta, burritos, and enchiladas may be consumed in the restaurant or purchased from local 

food stands, food trucks, or mobile vendors114, which can be processed and prepared with added 

sodium and carboyhydrates.112 It is also possible that environmental transmission of H. pylori 

may occur through consuming contaminated water and food or interacting with vendors in these 

food settings.115 More research may be needed on the role of environmental transmission of H. 

pylori at local food vendors in the Navajo Nation. 

 

We found no association between our Western diet pattern and H. pylori infection, as also found 

in another cross-sectional study of about 3,000 Chinese adults.103 Shu et al. found a Western 

dietary pattern characterized by high consumption of red and/or processed meat and energy-

dense foods103 was not associated with H. pylori infection.103 In contrast, our results differed 
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from the results in another large cross-sectional study based in China of 10,407 adults (Xia et 

al.).104 They identified two diet patterns similar to our Western diet pattern and found that a high 

carbohydrate/sweet pattern was positively associated with H. pylori and a high 

protein/cholesterol pattern was inversely associated with H. pylori.104 Because the foods in our 

Western diet pattern aligned with foods in both the high carbohydrate/sweet and high 

protein/cholesterol patterns of the Xia et al. study, and the results were opposing, this may be 

evidence for our non-significant finding. It may be that individual foods within our Western diet 

pattern attenuate the effect of the association between our Western diet pattern and H. pylori. On 

the one hand, high consumption of processed meat, salty snacks, and refined grains contain high 

sodium content and studies have shown high sodium intake promotes the colonization and 

viability of H. pylori through deterioration and damage to the gastric mucosa.116 Similarly, an 

elevated risk of H. pylori infection was reported with high consumption of carbohydrates, bread, 

and refined grains in several studies,104,113owing to altered glucose metabolism because of type II 

diabetes and changes in the gastric mucosa that promote H. pylori colonization. On the other 

hand, animal foods such as red meat are rich in selenium, vitamin A, and vitamin D, which can 

decrease the risk for H. pylori infection. Specifically, selenium is an essential nutrient that 

protects membranes from oxidative damage117, and vitamins A and D are known to play a critical 

role in immune response and aid in suppressing H. pylori inflammation by reducing 

inflammatory signaling.118 Also of note, the large sample size in the Xia et al. study may have 

allowed them to observe an effect not seen in our study of 93 Navajo adults. Furthermore, the 

lack of association between this Western pattern and H. pylori could also be due to reverse 

causality. Participants who may be experiencing gastrointestinal symptoms may have limited 

their intake of food containing sugar and meats.  
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Further, we found no significant association between a Fruits and Vegetable diet pattern, which 

is characterized by fruits and vegetables only, and H. pylori. This supports previous studies 

involving a large sample of Asian adults that showed no association between a “balanced” and 

“health-conscious” diet pattern and H. pylori.103,104  The healthy dietary constituents from fruits 

and vegetables have shown protective effects against H. pylori. The fruits and vegetables in this 

diet pattern should contain flavonoids that protect the gastric lining119, and other phytochemicals, 

such as isothiocyanates. The isothiocyanate sulforaphane, has been shown to have antibacterial 

activity and reduce H. pylori growth.93,120 However, in our study we saw no association.  

 

After adjusting for confounders, we found no associations with selected dietary nutrients 

previously suggested to be associated with H. pylori. A likely explanation for no significant 

differences could be due to the small sample size which can be seen in the estimated wide 

confidence intervals. Nonetheless, we did observe suggestive directions of the odds ratio for H. 

pylori across the nutrient tertiles. In particular, we observed a suggestive higher odds for H. 

pylori infection associated with a higher intake of sodium, which is consistent with other 

epidemiological studies.28,90,121  As mentioned previously, a high sodium intake is responsible for 

the deterioration and damage to the gastric mucosa  and H. pylori’s successful colonization in the 

stomach.31 

 

Previous results of the association between alcohol intake and H. pylori are mixed. Our finding 

of a suggestive inverse association between high alcohol intake and H. pylori aligns with 

previous large epidemiological studies, including a meta-analysis study.67,122,123 In particular, 

based on national survey data in Germany (~1,800 adults), Brenner et al. found a dose-response 
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between alcohol consumption and H. pylori infection risk, demonstrating decreasing odds ratio 

for H. pylori infection in adults with increasing consumption of alcohol (0-10, 10-20, 20+ grams 

of alcohol/day).67 An inverse association may be observed because alcohol may reduce the risk 

for H. pylori infection through antimicrobial activities and increased gastric acid secretion which 

provides less desirable pH conditions for new or existing H. pylori infections.69 Yet in other 

studies, results showed a positive association between alcohol consumption and H. pylori in 

Korea and India possibly due to the focus on heavy and binge alcohol drinkers in one study (Ma 

et al., 2015) and dyspeptic patients (Kanakala et al., 2017) in the other.68,69 

 

The association between vitamin C and H. pylori is mixed. Vitamin C is a micronutrient that 

comes from fresh vegetables and fruits, particularly citrus fruits. The suggestive inverse 

associations of high vitamin C intake with H. pylori in our study are in line with other findings. 

Based on two randomized trials, vitamin C supplements improved the eradication and 

suppression of H. pylori in H. pylori-infected patients.124,125 In addition, in vitro studies showed 

that gastric cell lines with H. pylori strains treated with vitamin C had altered cell growth and 

interrupted cell cycle events.126–128 In contrast, null associations were found from a case-control 

study of dietary intake of vitamin C in 1,245 Korean adults (OR= 0.72 (0.32 – 1.65))129, a 

randomized study of oral vitamin C supplements in 38 patients,130 and meta-analysis of six 

randomized studies on vitamin C and E supplement efficacy.131 Similar to alcohol, vitamin C 

appears to show an inverse association with H. pylori but the evidence is mixed. 

 

Vitamin A comes from animal products, vitamin supplements, fortified foods, and many fruits 

and vegetables. To our knowledge, there are no epidemiological studies of the direct relationship 
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between dietary vitamin A intake and H. pylori infection to compare our results. Nonetheless, in 

vitro studies found vitamin A-treated gastric epithelial AGS cells inhibited H. pylori-induced 

expression of tumor necrosis factor receptors (TRAF1 and TRAF2) and b-catenin-regulated 

genes (c-myc and cyclin E), thus reducing H. pylori hyper cell proliferation.126,132 Furthermore, 

vitamin A is known to inhibit H. pylori-induced inflammatory responses and suppress oxidative 

stress.133 This supports our suggestive inverse finding between vitamin A intake and H. pylori 

infection. 

 

Vitamin E is found in plant-based oils, nuts, seeds, fruits and vegetables. The association 

between vitamin E with H. pylori is not definitive, despite our observation of a suggestive 

positive association between vitamin E and H. pylori. To our knowledge, there are limited 

epidemiological studies that have directly examined the independent effect of high dietary 

vitamin E intake and H. pylori. In a meta-analysis of six randomized controlled trials of H. pylori 

patients, the data are not conclusive on the effectiveness of vitamin C and E with H. pylori 

infection due to small sample size and issues with double blinding and allocation methods.131 

However, compared to an in vitro study, vitamin E may have an antibacterial effect and that 

combined with vitamin C during antibiotic treatment may suppress H. pylori colonization in 

Mongolian gerbils.134  

 

Lastly, folate is naturally found in dark green leafy vegetables, beans, nuts, seafood, eggs, fruits; 

and is added to foods like breads, cereal, pasta, and other grains. We observed that a high intake 

of folate suggests a positive association with H. pylori. Because there are limited studies to our 

knowledge that directly study the direct association between dietary folate intake and H. pylori, it 
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is difficult to compare our findings with current knowledge.135 Among patients with dyspepsia, a 

study looking at serum folate and B12 levels and H. pylori found individuals with H. pylori have 

deficient folate and B12 serum levels likely due to H. pylori infection, which may impact a 

person’s risk for other health conductions such as atherosclerosis.136 

 

Many of the demographic, health, environmental, and lifestyle factors assessed in this study are 

considered risk factors for H. pylori infection; however, most were not differently distributed by 

H. pylori status in our study, except for having a history of H. pylori infection and using monthly 

Navajo herbal medicine (see Chapter 1). Compared to H. pylori-negative participants, having a 

history of H. pylori infection was significantly less prevalent in participants who were H. pylori-

positive while monthly use of Navajo herbal medicine was significantly more prevalent. The 

relationship of these factors with diet and H. pylori is interesting because these factors may 

influence dietary habits and may be linked to unidentified dietary constituents, particularly in 

Navajo herbal medicines, not characterized in this study. Certain medicinal plants used in Native 

cultures have been correlated with antibacterial activity137 and medicinal plants from cultures 

worldwide have shown protective effects against H. pylori.138,139 Additional research on the role 

of Navajo herbal medicine is needed in the Navajo Nation, especially when over half of study 

participants are highly connected to their culture and 15% use monthly Navajo herbal medicines. 

 

While these results provide a greater understanding of the association between diet and H. pylori, 

it is imperative to provide context about the food system in the Navajo Nation as this could also 

be a strong risk factor for H. pylori, and health in general.140,141 Foremost, Indigenous food 

systems have been displaced since the start of colonization, industrialization, and economic, 
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political, and environmental changes that have disrupted the food environments of Indigenous 

people, including the Navajo Nation.141 Today, structural barriers exist as large distances to 

grocery stores, income disparities, and lack of access to transportation, present a challenging 

food environment in the Navajo Nation.142 There are 15 grocery stores and 85 smaller 

convenience stores that sell food across the vast 17 million acres that constitute the Navajo 

reservation.143,144 Therefore, low access to affordable and healthy food subsequently can result in 

low reporting of fruits and vegetables and high intake of fats and calorie-dense foods in the 

Navajo people. As such, the Navajo people may have moved away from a traditional way of life, 

including a traditional diet, due to the influence of Western culture and structural barriers.145 

Moreover, the existing and continued environmental pollution due to mining and resource 

extraction has further compromised the essential water sources in the Navajo Nation.146,147 It is 

therefore important to shed light on the historical injustices and policies that have shaped the 

food choices and diet of the Navajo people. 

 

Notwithstanding, there are some limitations of the study that should be considered when 

interpreting these results. First, a convenience sampling method was used to select participants, 

thereby limiting the generalizability of results to the Navajo Nation. Moreover, while we made 

efforts to recruit participants through offline approaches (i.e., flyers, word of mouth, and in-

person community events), this study primarily used online approaches (i.e., website, social 

media) to recruit participants due to the COVID-19 pandemic. This may have unintentionally 

excluded a large segment of the Navajo population who do not have internet access.84,85 Second, 

our study has limited power to detect statistical significance in our analyses. This limits our 

ability to generalize to the Navajo adult population and the relatively small sample of cases 
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across dietary patterns in some of our analyses may have resulted in imprecise estimates and thus 

should be interpreted with caution. Third, the a posteriori approach we used uses a data-driven 

approach to derive the diet patterns that are specific to the Navajo study population and results 

are less likely to be comparable to different study populations, especially over time, due to 

changes in population, society, and economic profiles, as well as changes to food intake 

assessments. Fourth, dietary assessment was based on an FFQ and tribal food questionnaire, and 

participants may not have accurately recalled dietary information such as specific foods they 

consumed, frequency, or portion sizes, thus limiting our ability to obtain accurate estimates, even 

though we accounted for energy intake to reduce potential measurement error and included tribal 

foods. Fifth, the FFQ used in our study was not designed for the Navajo people and may not have 

fully captured nutrient intake. Therefore, developing a culturally appropriate FFQ with a 

comprehensive food list and food/beverage portion sizes with the tribe can improve the 

assessment of dietary intake in the Navajo people. Sixth, because our study is cross-sectional, the 

associations between our dietary patterns and nutrients with the odds of H. pylori infection must 

be interpreted with caution, given the possibility of reverse causation. Seventh, food sources 

were limited in these Navajo communities due to the COVID-19 pandemic, which impacted the 

study area throughout the data collection period, and thus the foods consumed may have differed 

from the usual foods participants ate. Lastly, PCA is an exploratory method, and we subjectively 

decided on the number and types of dietary patterns created, and how these patterns were 

analyzed.148 

 

Our study also presents some notable strengths. Firstly, this study is the only study addressing 

the association between dietary patterns and H. pylori infection in American Indian populations 
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at the tribal level. Secondly, our sample of participants comes from the community population, 

which is more representative than the numerous hospital-based studies in the literature. Thirdly, 

in our multivariate logistic models, we adjusted for a variety of potential confounders for 

reliability. Fourthly, this study takes into consideration dietary behaviors of a specific place (i.e., 

geography, socioeconomic status, culture, and policies) and time in the Navajo Nation, as well as 

captures foods (i.e., Navajo food questionnaire) local to the food system. Lastly, the PCA 

method helped summarize dietary behaviors across many variables into a smaller grouping of 

variables, which was useful for identifying major dietary patterns. The identified dietary patterns 

in our study may drive further research questions about specific foods or nutrients. 

 

In conclusion, we found the Soups and Mixed dishes dietary pattern was associated with H. 

pylori infection, whereas the Western and Fruits and Vegetable dietary patterns were not 

associated with H. pylori infection among Navajo adults. We also found that none of the selected 

nutrients were significantly associated with H. pylori infection despite suggested directions of 

association. Further studies are needed to understand the relationship between diet and H. pylori 

infection in American Indian populations with high H. pylori prevalence, recognizing the 

heterogeneity of potential risk factors across diverse population groups. Also, more in vitro and 

animal studies are needed to elucidate the mechanisms and effects of how dietary nutrients 

increase or decrease H. pylori infection risk. Our findings add to the H. pylori body of literature 

and derive from the first study in Navajo Nation examining the relationship between dietary 

patterns and H. pylori infection. These results can inform nutritional counselors, public health 

professionals, and clinicians about population dietary and lifestyle habits. It may also allow for 
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the design of health education material that promotes general recommendations on healthy eating 

patterns and encourage the availability of healthy foods and choices.



 69 

Table 2.1. Food groups used in the principal component analysis. 

Criteria for group Food group Food items 
Nutrient profile (sodium) Processed meats Bacon, sausage, hot dogs, bratwurst, 

lunch meat, spam, fried fish, fried 
chicken 

Nutrient profile 
(sodium/carbohydrates) 

Refined grains Cereals, breads, pancakes, white 
rice, frybread 

Nutrient profile (carbohydrates) Sweets & pastries Jams, cereal bars, cookies, candy, 
donuts, Navajo cake 

Nutrient profile (carbohydrates) Sweets Ice cream, puddings 
Nutrient profile (sodium) Salty snacks Chips, popcorn, crackers 
Nutrient profile (protein) Meat Eggs, red meat, white meat, fish, and 

seafood 
Culinary use Organ meat Liver, organ meats, achee, blood 

sausage 
Nutrient profile (dairy) Dairy Cream, milk, yogurt, sour cream 
Nutrient profile (fats) Fats Butter, margarine, lard, meat 

drippings, oils 
Nutrient profile (sodium) Soups Meat stews, chili, ramen, Navajo 

stews (dumplings or vegetable) 
Nutrient profile (sodium) Mixed dishes Spaghetti, pasta, Asian noodles, 

burritos, enchiladas 
Nutrient profile (carbohydrates) Potatoes Fried, boiled, baked, mashed, salads 
Nutrient profile (phytochemicals) Vegetables Green lettuce/spinach/collards, 

carrots, tomatoes, peppers/chili, 
broccoli, cabbage, peas, beans, 
squash, sweet potatoes, onions, 
garlic, avocado, kneel down bread  

Nutrient profile (phytochemicals) Fruits Apples, bananas, peaches, apricots, 
dried fruits, oranges, berries, 
melons, grapes, cherries, pineapple, 
fruit cocktail 

Nutrient profile (caffeine) Coffee Coffee, latte, tea 
Nutrient profile (vitamins) Juices Fruit juices, vegetable juices 
Nutrient profile (carbohydrates) Soft drinks Diet and regular soft drinks 
Nutrient profile (alcohol) Alcohol Beer, wine, liquor 
Nutrient profile (sodium, fats) Sauces Cheese or cream sauces, gravies, 

salad dressing, salsa, mayonnaise 
Nutrient profile (fiber) Whole grain/High 

fiber 
Whole-grain crackers, brown rice, 
whole-grain bread, high fiber cereal 
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Table 2.2 Percent distribution of selected characteristics by Helicobacter pylori (H. pylori) status. 

Characteristics 
Overall 
(N=93) 

H. pylori-negative 
(n=40) 

H. pylori-positive 
(n=53) P-valuea 

Age, mean (SD) 46.0 (14.1) 47.3 (15.2) 45.0 (13.4) 0.453 
Age group (%)     

18-44 47 (50.5) 17 (42.5) 30 (56.6) 0.386 
45-54 21 (22.6) 10 (25.0) 11 (20.8)  

55+ 25 (26.9) 13 (32.5) 12 (22.6)  
Gender (%)     

Female 68 (73.1) 30 (75.0) 38 (71.7) 0.905 
Male 25 (26.9) 10 (25.0) 15 (28.3)  

Education (%)     
Less than High school 2 (2.2) 1 (2.5) 1 (1.9) 0.491 

High school 19 (20.4) 11 (27.5) 8 (15.1)  
Some college 43 (46.2) 16 (40.0) 27 (50.9)  

College degree 29 (31.2) 12 (30.0) 17 (32.1)  
People living in house, mean (SD) 3.54 (1.8) 3.53 (1.7) 3.6 (1.9) 0.954 
People living in house (%)     

<3 28 (30.1) 11 (27.5) 17 (32.1) 0.804 
>3 65 (69.9) 29 (72.5) 36 (67.9)  

Running water in home (%) 84 (90.3) 37 (92.5) 47 (88.7) 0.727 
Type of water consumed (%)     

Filtered or Unfiltered Tap water 51 (54.8) 23 (57.5) 28 (52.8) 0.906 
Bottled water 40 (43.0) 17 (42.5) 23 (43.4)  

Windmill water 1 (1.1) 0 (0) 1 (1.9)  
Don’t know / Unsure 1 (1.1) 0 (0) 1 (1.9)  

Owned livestock (%) 23 (24.7) 10 (25.0) 13 (24.5) 1.000 
Health Conditions (%)     

Diabetes 20 (21.5) 10 (25.0) 10 (18.9) 0.647 
Heartburn 11 (11.8) 5 (12.5) 6 (11.3) 1.000 

History of H. pylori 9 (9.7) 7 (17.5) 2 (3.8) 0.036b 
History of gastritis or ulcers 8 (8.6) 5 (12.5) 3 (5.7) 0.283 

Aspirin daily use (%) 18 (19.4) 9 (22.5) 9 (17.0) 0.601 
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Medication use, once a month (%)     
Prescription medicine  41 (44.1) 19 (47.5) 22 (41.5) 0.715 

OTC stomach medicine 26 (28.0) 7 (17.5) 19 (35.8) 0.064 
Vitamins 58 (62.4) 21 (52.5) 37 (69.8) 0.136 

Navajo herbal medicine 14 (15.1) 2 (5.0) 12 (22.6) 0.021b 
Family health history (%)     

Stomach cancer 16 (17.2) 8 (20.0) 8 (15.1) 0.587 
Peptic ulcers 8 (8.6) 4 (10.0) 4 (7.5) 0.212 

BMI (kg/m2) (%)     
Below 24.9 16 (17.2) 5 (12.5) 11 (20.8) 0.458 
25.0 – 29.9 29 (31.2) 12 (30.0) 17 (32.1)  

30 or higher 45 (48.4) 22 (55.0) 23 (43.4)  
Missing 3 (3.2) 1 (2.5) 2 (3.8)  

Physical activity (%)     
No physical activity 8 (8.6) 4 (10.0) 4 (7.5) 0.145 

Low (<150 mins / week) 36 (38.7) 11 (27.5) 25 (47.2)  
Moderate (150-300 mins / week) 23 (24.7) 11 (27.5) 12 (22.6)  
High activity (>300mins / week) 14 (15.1) 9 (22.5) 5 (9.4)  

Missing 12 (12.9) 5 (12.5) 7 (13.2)  
Smoking (%)     

Never smoked 57 (61.3) 28 (70.0) 29 (54.7) 0.312 
Ever smoked 25 (26.9) 8 (20.0) 17 (32.1)  

Current smoker 9 (9.7) 3 (7.5) 6 (11.3)  
Missing 2 (2.2) 1 (2.5) 1 (1.9)  

Alcohol use in the past month (%)     
Never drank 15 (16.1) 9 (22.5) 6 (11.3) 0.090 

Past 48 (15.6) 16 (40.0) 32 (60.4)  
Current 28 (30.1) 15 (37.5) 13 (24.5)  
Refused 2 (2.2) 0 (0) 2 (3.8)  

Eat a special diet due to a health condition (%)     
Yes 13 (14.0) 6 (15.0) 7 (13.2) 0.616 
No 78 (83.9) 34 (85.0) 44 (83.0)  

Prefer not to answer 2 (2.2) 0 (0) 2 (3.8)  
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FFQ represented participant dietc (%)     
Yes, completely 24 (25.8) 13 (32.5) 11 (20.8) 0.353 

Yes, mostly 49 (52.7) 21 (52.5) 28 (52.8)  
Yes, somewhat 17 (18.3) 5 (12.5) 12 (22.6)  

No, not at all 1 (1.1) 0 (0) 1 (1.9)  
Missing 2 (2.2) 1 (2.5) 1 (1.9)  

Navajo acculturation scale (%)     
Low cultural connection 45 (45.2) 22 (55.0) 20 (37.7) 0.228 
High cultural connection 48 (51.6) 18 (45.0) 30 (56.6)  

Missing 3 (3.2) 0 (0) 3 (5.7)  
aChi-square test or t-test; bstatistical significance p<0.05; cParticipants were asked if the Fred Hutch FFQ used in the study represented 
the foods they normally ate; Abbreviation: SD=standard deviation; BMI=Body Mass Index
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Table 2.3 Rotated factor-loading matrix for the 3 dietary patterns*. 
Food groups Western Soups/Mixed Dishes Fruits/Vegetables 
Processed meats 0.866 - - 
Refined grains 0.696 - - 
Sweets & pastries 0.668 - - 
Sweets 0.776 - - 
Salty snacks 0.745 - - 
Meat 0.847 - - 
Organ meat - - - 
Dairy 0.376 - - 
Fats - - - 
Soups - 0.941 - 
Mixed dishes - 0.924 - 
Potatoes 0.580 - - 
Vegetables 0.341 - 0.791 
Fruits - - 0.872 
Coffee - - - 
Juices - - - 
Soft drinks - - - 
Alcohol - - - 
Sauces 0.603 - - 
Whole grain/High 
fiber 

0.740 - - 

Variance explained 
(%) 

26.5 10.0 8.8 

*For simplicity, absolute values <0.3 were excluded. 
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Table 2.4 Characteristics of study participants across tertilesa (T) categories of factor loading values for each diet pattern. 
 Western Soups/Mixed Dishes Fruits/Vegetables 

Characteristics 
T1  

(n= 41) 
T3  

(n= 28) 
P-valueb T1  

(n= 20) 
T3  

(n=40 ) 
P-valueb T1  

(n= 30) 
T3  

(n=33 ) 
P-valueb 

Age group (%) 
18-44 20 (48.8) 15 (53.6) 0.740 8 (40.0) 25 (62.5) 0.265 12 (40.0) 17 (51.5) 0.472 
45-54 8 (19.5) 8 (28.6)  4 (20.0) 7 (17.5)  8 (26.7) 6 (18.2)  
55+ 13 (31.7) 5 (17.9)  8 (40.0) 8 (20.0)  10 (33.3) 10 (30.3)  
Gender (%) 
Female 32 (78.0) 17 (60.7) 0.208 19 (95.0) 25 (62.5) 0.028c 23 (76.7) 24 (72.7) 0.842 
Male 9 (22.0) 11 (39.3)  1 (5.0) 15 (37.5)  7 (23.3) 9 (27.3)  
Education (%) 
Less than High school 1 (2.4) 0 (0) 0.819 1 (5.0) 0 (0) 0.113 0 (0) 1 (3.0) 0.335 
High school 7 (17.1) 6 (21.4)  4 (20.0) 5 (12.5)  7 (23.3) 5 (15.2)  
Some college 18 (43.9) 13 (46.4)  11 (55.0) 17 (42.5)  15 (50.0) 12 (36.4)  
College degree 15 (36.6) 9 (32.1)  4 (20.0) 18 (45.0)  8 (26.7) 15 (45.5)  
Type of water consumed (%) 
Filtered or Unfiltered 
Tap water 

26 (63.4) 14 (50.0) 0.233 9 (45.0) 22 (55.0) 0.406 16 (53.3) 19 (57.6) 0.874 

Bottled water 14 (34.1) 14 (50.0)  11 (55.0) 18 (45.0)  14 (46.7) 14 (42.4)  
Windmill water 0 (0) 0 (0)  0 (0) 0 (0)  0 (0) 0 (0)  
Don’t know / Unsure 1 (2.4) 0 (0)  0 (0) 0 (0)  0 (0) 0 (0)  
Health Conditions (%) 
Diabetes 7 (17.1) 9 (32.1) 0.307 5 (25.0) 6 (15.0) 0.416 5 (16.7) 8 (24.2) 0.814 
Heartburn 2 (4.9) 5 (17.9) 0.143 3 (15.0) 5 (12.5) 0.779 3 (10.0) 3 (9.1) 0.719 
History of H. pylori 4 (9.8) 4 (14.3) 0.546 3 (15.0) 5 (12.5) 0.260 3 (10.0) 5 (15.2) 0.314 
History of gastritis or 
ulcers 

1 (2.4) 5 (17.9) 0.082 3 (15.0) 4 (10.0) 0.249 3 (10.0) 4 (12.1) 0.526 

Aspirin daily use (%) 11 (26.8) 4 (14.3) 0.297 4 (20.0) 6 (15.0) 0.627 7 (23.3) 6 (18.2) 0.849 
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Medication use, once a month (%) 
Prescription medicine  14 (34.1) 16 (57.1) 0.168 10 (50.0) 16 (40.0) 0.742 12 (40.0) 15 (45.5) 0.899 
OTC stomach medicine 7 (17.1) 10 (35.7) 0.104 5 (25.0) 11 (27.5) 0.914 9 (30.0) 9 (27.3) 1.000 
Vitamins 28 (68.3) 17 (60.7) 0.513 9 (45.0) 28 (70.0) 0.167 15 (50.0) 23 (69.7) 0.229 
Navajo herbal medicine 7 (17.1) 3 (10.7) 0.811 1 (5.0) 9 (22.5) 0.214 4 (13.3) 6 (18.2) 0.875 
Family health history (%) 
Stomach cancer 6 (14.6) 8 (28.6) 0.154 0 (0) 7 (17.5) 0.158 4 (13.3) 6 (18.2) 0.836 
Peptic ulcers 4 (9.8) 4 (14.3) 0.196 2 (10.0) 8 (20.0) 0.035c 1 (3.3) 5 (15.2) 0.268 
BMI (kg/m2) (%) 
Below 24.9 10 (24.4) 0 (0) 0.013c 1 (5.0) 8 (20.0) 0.437 4 (13.3) 6 (18.2) 0.659 
25.0 – 29.9 13 (31.7) 7 (25.0)  7 (35.0) 10 (25.0)  8 (26.7) 13 (39.4)  
30 or higher 17 (41.5) 19 (67.9)  12 (60.0) 19 (47.5)  17 (56.7) 13 (39.4)  
Missing 1 (2.4) 2 (7.1)  0 (0) 3 (7.5)  1 (3.3) 1 (3.0)  
Physical activity (%) 
No physical activity 3 (7.3) 5 (17.9) 0.169 1 (5.0) 4 (10.0) 0.739 4 (13.3) 1 (3.0) 0.821 
Low 12 (29.3) 12 (42.9)  8 (40.0) 17 (42.5)  10 (33.3) 15 (45.5)  
Moderate  12 (29.3) 7 (25.0)  3 (15.0) 11 (27.5)  7 (23.3) 8 (24.2)  
High  7 (17.1) 2 (7.1)  5 (25.0) 4 (10.0)  4 (13.3) 6 (18.2)  
Missing 7 (17.1) 2 (7.1)  3 (15.0) 4 (10.0)  5 (16.7) 3 (9.1)  
Smoking (%) 
Never smoked 22 (53.7) 19 (67.9) 0.886 10 (50.0) 28 (70.0) 0.155 16 (53.3) 27 (81.8) 0.0001c 
Ever smoked 12 (29.3) 7 (25.0)  8 (40.0) 9 (22.5)  13 (43.3) 4 (12.1)  
Current smoker 5 (12.2) 2 (7.1)  0 (0) 23 (7.5)  0 (0) 2 (6.1)  
Missing 2 (4.9) 0 (0)  2 (10.0) 0 (0)  1 (3.3) 0 (0)  
Alcohol use in the past month (%) 
Never drank 8 (19.5) 2 (7.1) 0.170 5 (25.0) 8 (20.0) 0.110 5 (16.7) 8 (24.2) 0.303 
Past 19 (46.3) 20 (71.4)  8 (40.0) 23 (57.5)  16 (53.3) 17 (51.5)  
Current 13 (31.7) 6 (21.4)  6 (30.0) 8 (20.0)  9 (30.0) 7 (21.2)  
Refused 1 (2.4) 0 (0)  1 (5.0) 1 (2.5)  0 (0) 1 (3.0)  
Eating a special diet due to health condition(%) 
Yes 7 (17.1) 3 (10.7) 0.419 4 (20.0) 5 (12.5) 0.920 2 (6.7) 5 (15.2) 0.497 
No 34 (82.9) 23 (82.1)  16 (80.0) 34 (85.0)  27 (90.0) 27 (81.8)  
Prefer not to answer 0 (0) 2 (7.1)  0 (0) 1 (2.5)  1 (3.3) 1 (3.0)  
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Fred Hutch FFQ represented diet (%) 
Yes, completely 7 (17.1) 8 (28.6) 0.022c 4 (20.0) 9 (22.5) 0.678 9 (30.0) 4 (12.1) 0.205 
Yes, mostly 22 (53.7) 14 (50.0)  13 (65.0) 20 (50.0)  15 (50.0) 18 (54.5)  
Yes, somewhat 12 (29.3) 5 (17.9)  2 (10.0) 9 (22.5)  6 (20.0) 8 (24.2)  
No, not at all 0 (0) 1 (3.6)  0 (0) 1 (2.5)  0 (0) 1 (3.0)  
Missing 0 (0) 0 (0)  1 (5.0) 1 (2.5)  0 (0) 2 (6.1)  
Navajo acculturation scale (%) 
Low cultural connection 14 (34.1) 15 (53.6) 0.280 12 (60.0) 14 (35.0) 0.283 15 (50.0) 12 (36.4) 0.601 
High cultural connection 24 (58.5) 13 (46.4)  8 (40.0) 23 (57.5)  14 (46.7) 19 (57.6)  
Missing 3 (7.3) 0 (0)  0 (0) 3 (7.5)  1 (3.3) 2 (6.1)  
atertile categories based on the distribution of H. pylori-negative participants; bChi-square test or Fisher’s exact test; cstatistical 
significance p<0.05; Abbreviation: BMI=Body Mass Index, OTC=over the counter, FFQ=Food Frequency Questionnaire, Western 
pattern: T1 (-1.585, -0.193) and T3 (0.371, 3.758), Soups/Mixed dishes pattern: T1 (-0.880, -0.386) and T3 (-0.151, 1.615), 
Fruits/Vegetables pattern: T1 (-0.975, -0.499) and T3 (-0.360, 4.190); Notes: Low physical activity (<150 mins / week), Moderate 
physical activity (150-300 mins / week), High physical activity (>300mins / week). 
 



 77 

Table 2.5 Multivariate adjusted ORs (95% CI) for Helicobacter pylori (H. pylori) infection 
across tertilesa (T) categories of dietary pattern loading scores. 
 Tertiles of factor scores (n=93)  

Dietary patterns T1 T2 T3 
p for 
trend 

Western  (-1.585, -0.193) (-0.192, 0.370) (0.371, 3.758)  
No. of H. pylori infection 28 11 14  
Model 1 1.00 0.39 (0.14-1.10) 0.46 (0.17-1.24) 0.122 
Model 2 1.00 0.35 (0.11-1.04) 0.39 (0.13-1.17) 0.097 
Model 3 1.00 0.26 (0.07-0.92)b 0.37 (0.09-1.37) 0.130 
Soups/Mixed dishes  (-0.880, -0.386) (-0.385, -0.152) (-0.151, 1.615)  
No. of H. pylori infection 6 20 27  
Model 1 1.00 3.59 (1.14-12.45)b 4.85 (1.57-16.52)b 0.017b 
Model 2 1.00 5.62 (1.54-24.57)b 6.70 (1.75-30.48)b 0.019b 
Model 3 1.00 4.32 (1.05-20.99)b 5.21 (1.10-29.00)b 0.074 
Fruits/Vegetables  (-0.975, -0.499) (-0.498, -0.361) (-0.360, 4.190)  
No. of H. pylori infection 17 16 20  
Model 1 1.00 0.87 (0.64-2.75) 1.18 (0.43-3.24) 0.613 
Model 2 1.00 0.72 (0.02-2.13) 0.95 (0.03-2.87) 0.857 
Model 3 1.00 0.47 (0.13-1.63) 1.02 (0.27-3.80) 0.744 

atertile categories based on the distribution of H. pylori-negative participants;  bstatistical 
significance p<0.05; Model 1 is unadjusted; Model 2 is adjusted for age, gender, calories (log-
transformed); Model 3 is adjusted for age, gender, calories (log-transformed), education, daily 
aspirin use, BMI (categorical), smoking, history of H. pylori, monthly use of Navajo herbal 
medicine. 
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Table 2.6 Mean distribution of daily dietary nutrient intake of Navajo ABID study participants by Helicobacter pylori (H. 
pylori) infection status. 

Nutrient 

Overall 
(N=93) 

Mean (SD) 

H. pylori-negative 
(n=40) 

Mean (SD) 

H. pylori-positive 
(n=53) 

Mean (SD) P-valuea 
Energy (kcal) 2205 (1385) 2058 (1520) 2328 (1265) 0.189 
Carbohydrate (g) 267 (167) 244 (172) 285 (161) 0.162 
Fiber (g) 22 (14) 21 (15) 24 (13) 0.082 
Total Cholesterol (mg) 354 (234) 360 (273) 350 (198) 0.616 
Total Fat (g) 88 (60) 84 (66) 93 (55) 0.231 
Protein (g) 91 (62) 87 (72) 93 (53) 0.281 
Sodium (mg) 3890 (2776) 3663 (3108) 4078 (2484) 0.497 
Alcohol (g) 3 (11) 2 (6) 3 (14) 0.412 
Vitamin C (mg) 160 (255) 130 (82) 186 (337) 0.442 
Vitamin A (mcg) 1363 (1042) 1520 (1395) 1232 (599) 0.725 
Vitamin E (IU) 15 (11) 15 (12) 16 (9) 0.205 
Total Folate (mcg) 400 (248) 381 (278) 417 (221) 0.179 
at-test statistic (nutrients were log-transformed); Abbreviations: SD=standard deviation. 
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Table 2.7. Adjusted ORs for Helicobacter pylori (H. pylori) infection by tertiles
a
 of daily nutrient 

intake. 

Nutrient T1 T2 T3 p for trend 
Sodium     
Intake value (g) <2001 2002-3590 >3590  

No. of H. pylori-positive 8 16 24  

Total 21 29 38  

Model 1 1.00 2.00 (0.64-6.49) 2.79 (0.94-8.68) 0.547 

Model 2 1.00 2.49 (0.63-10.58) 4.21 (0.53-37.40) 0.269 

Model 3 1.00 3.65 (0.65-23.20) 5.88 (0.38-107.2) 0.387 

Alcohol     
Intake value (g) <0.013 0.014-0.435 >0.435  

No. of H. pylori-positive 16 21 11  

Total 30 34 24  

Model 1 1.00 1.41 (0.52-3.87) 0.74 (0.25-2.17) 0.166 

Model 2 1.00 1.14 (0.36-3.59) 0.67 (0.22-2.00) 0.346 

Model 3 1.00 1.31 (0.35-5.02) 0.42 (0.11-1.50) 0.097 

Vitamin C     
Intake value (g) <82.4 82.5-137.6 >137.6  

No. of H. pylori-positive 17 12 19  

Total 30 25 33  

Model 1 1.00 0.71 (0.24-2.05) 1.04 (0.38-2.83) 0.497 

Model 2 1.00 0.55 (0.17-1.70) 0.56 (0.15-1.93) 0.453 

Model 3 1.00 0.51 (0.13-1.85) 0.36 (0.08-1.49) 0.195 

Vitamin A     
Intake value (g) <633 634-1627 >1627  

No. of H. pylori-positive 5 36 7  

Total 19 48 21  

Model 1 1.00 8.40 (2.64-30.80)
b
 1.40 (0.36-5.76) 0.132 

Model 2 1.00 6.16 (1.62-26.79)
b
 0.65 (0.10-4.15) 0.044

b
 

Model 3 1.00 8.03 (1.76-44.95)
b
 0.46 (0.04-4.14) 0.067 

Vitamin E     
Intake value (g) <8.6 8.7-13.0 >13.0  

No. of H. pylori-positive 10 12 26  

Total 23 25 40  

Model 1 1.00 1.20 (0.38-3.80) 2.41 (0.85-7.07) 0.538 

Model 2 1.00 1.20 (0.37-3.87) 2.33 (0.82-6.87) 0.208 

Model 3 1.00 1.13 (0.23-5.46) 1.44 (0.18-11.92) 0.717 

Folate     
Intake value (g) <228.9 229.0-368.2 >368.2  

No. of H. pylori-positive 7 18 23  

Total 21 30 37  

Model 1 1.00 3.00 (0.96-10.06) 3.29 (1.10-10.60)
b
 0.621 

Model 2 1.00 3.51 (0.89-15.26) 4.72 (0.72-34.87) 0.269 

Model 3 1.00 4.46 (0.87-26.40) 3.57 (0.37-37.97) 0.749 
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a
tertile categories based on the distribution of H. pylori-negative participants; 

 b
statistical 

significance p<0.05; Model 1 is unadjusted; Model 2 is adjusted for age, gender; Model 3 is 

adjusted for age, gender, calories (log-transformed), education, daily aspirin use, BMI 

(categorical), smoking, history of H. pylori, monthly use of Navajo herbal medicine. 
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Figure 2.1 Scree plot of eigenvalues. 
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Conclusion 
 
In this dissertation, we aimed to determine the prevalence and correlates of Helicobacter pylori 

(H. pylori) infections and H. pylori cagA virulence gene carriage, as well as the association 

between diet and H. pylori infection in Navajo adults residing in the Navajo Nation. To achieve 

this aim, we implemented a cross-sectional study to collect primary data and conduct in-depth 

analyses on the prevalence and association of known risk factors for H. pylori infection and H. 

pylori cagA virulence gene carriage. 

 

We first launched a cross-sectional study (Navajo ABID study) using online and offline 

platforms online and offline recruitment platforms, such as a study website, social media (i.e., 

Facebook and Instagram), newspaper ads, flyers/postcards, and community events (i.e., local flea 

markets) to recruit and collect data on 104 Navajo adults residing in the central and northeast 

regions of the Navajo Nation.  

 

In the first chapter, we determined the prevalence of H. pylori and cagA virulence gene carriage 

and established risk factors for H. pylori infection. We observed a prevalence of H. pylori 

infection (58%) that was two-fold higher in Navajo adults compared to the US population (23% 

seroprevalence). Also, the prevalence of the cagA gene (77%) in H. pylori-infected participants 

was disproportionately higher than the US population cagA gene prevalence (19% 

seroprevalence); and of the cagA-positive participants, all were of the Western cagA allele 

subtype. After adjusting for confounders, having a history of H. pylori infection was significantly 

inversely associated with H. pylori infection. No significant associations were observed with 

other known risk factors despite some noteworthy suggestive associations. Not only do these 
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study results shed light on the disease burden of H. pylori infection, but our study allowed for 

fourteen individual and environmental risk factors of H. pylori infection to be studied, which 

provided insights that were not previously studied in the Navajo Nation, particularly health 

history, family health history, aspirin use, body mass index, smoking, and owning livestock. If 

confirmed with additional large tribally based research, we can obtain a greater understanding of 

the association between individual and environmental risk factors and H. pylori infection in 

American Indian people, which can help target prevention strategies for H. pylori risk. 

 

In the second chapter, we identified three dietary patterns using principal component analysis 

and reported the logistic regression analysis of diet patterns and odds of H. pylori infection in 93 

participants. This is the first study in the Navajo Nation to collect and use a large amount of diet 

data, including tribal food data, to derive diet patterns and detect the relationships between diet 

patterns and H. pylori infection. In our analyses, we found that a Soups and Mixed dishes diet 

pattern was positively associated with H. pylori infection after adjusting for confounders, which 

has never been reported before in the Navajo Nation or in American Indian people. No 

significant associations with H. pylori infection were observed for the Western or the Fruits and 

Vegetable diet patterns or six dietary nutrients (sodium, alcohol, vitamin C, vitamin A, vitamin 

E, and folate). However, we did observe some suggestive associations. Overall, our study 

allowed for the control of a wide range of individual, environmental, and cultural confounders 

for our logistic regression models, which allowed for insights that were not previously studied 

particularly health history and Navajo herbal medicine use. By conducting large epidemiological 

studies that use both a posteriori and a priori data approaches, we can enhance our understanding 
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of the complex role of diet (including tribal herbs and foods) and H. pylori infection risk in 

American Indian communities. 

 

Gastric cancer is a common cause of morbidity and mortality in the Navajo people and H. pylori 

infection is one likely contributing factor to this disease. We hope our findings add to the Navajo 

Nation’s remarkable efforts to address the gastric cancer disease burden and sustain the health of 

the Navajo people. 

 

 

 

  



 85 

References 

1.  Thrift AP, Nguyen TH. Gastric Cancer Epidemiology. Gastrointest Endosc Clin N Am. 

2021;31(3):425-439. doi:10.1016/j.giec.2021.03.001 

2.  Rawla P, Barsouk A. Epidemiology of gastric cancer: global trends, risk factors and 

prevention. Prz Gastroenterol. 2019;14(1):26-38. doi:10.5114/pg.2018.80001 

3.  White MC, Espey DK, Swan J, Wiggins CL, Eheman C, Kaur JS. Disparities in Cancer 

Mortality and Incidence Among American Indians and Alaska Natives in the United States. 

Am J Public Health. 2014;104(Suppl 3):S377-S387. doi:10.2105/AJPH.2013.301673 

4.  Wiggins CL, Perdue DG, Henderson JA, et al. Gastric cancer among American Indians and 

Alaska Natives in the United States, 1999–2004. Cancer. 2008;113(S5):1225-1233. 

doi:10.1002/cncr.23732 

5.  Melkonian SC, Jim MA, Haverkamp D, et al. Disparities in Cancer Incidence and Trends 

among American Indians and Alaska Natives in the United States, 2010–2015. Cancer 
Epidemiology Biomarkers & Prevention. 2019;28(10):1604-1611. doi:10.1158/1055-

9965.EPI-19-0288 

6.  Cancer Among the Navajo 2005-2013 FINAL.pdf. http://www.nec.navajo-

nsn.gov/Portals/0/Reports/Cancer%20Among%20the%20Navajo%202005-

2013%20FINAL.pdf. Accessed February 11, 2018. 

7.  Parkinson AJ, Gold BD, Bulkow L, et al. High Prevalence of Helicobacter pylori in the 

Alaska Native Population and Association with Low Serum Ferritin Levels in Young 

Adults. Clin Diagn Lab Immunol. 2000;7(6):885-888. 

8.  Tveit AH, Bruce MG, Bruden DL, et al. Alaska Sentinel Surveillance Study of Helicobacter 

pylori Isolates from Alaska Native Persons from 2000 to 2008. J Clin Microbiol. 
2011;49(10):3638-3643. doi:10.1128/JCM.01067-11 

9.  Bruce MG, Bruden DL, Morris JM, et al. Reinfection after successful eradication of 

Helicobacter pylori in three different populations in Alaska. Epidemiol Infect. 
2015;143(6):1236-1246. doi:10.1017/S0950268814001770 

10.  Ishaq S, Nunn L. Helicobacter pylori  and gastric cancer: a state of the art review. 

Gastroenterol Hepatol Bed Bench. 2015;8(Suppl1):S6-S14. 

11.  Wroblewski LE, Peek RM, Wilson KT. Helicobacter pylori and Gastric Cancer: Factors 

That Modulate Disease Risk. Clin Microbiol Rev. 2010;23(4):713-739. 

doi:10.1128/CMR.00011-10 

12.  Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. Global burden of 

cancers attributable to infections in 2012: a synthetic analysis. The Lancet Global Health. 

2016;4(9):e609-e616. doi:10.1016/S2214-109X(16)30143-7 



 86 

13.  Leja M, Axon A, Brenner H. Epidemiology of Helicobacter pylori infection. Helicobacter. 

2016;21:3-7. doi:10.1111/hel.12332 

14.  Jones N, Chiba N, Fallone C, et al. Helicobacter pylori in First Nations and recent 

immigrant populations in Canada. Can J Gastroenterol. 2012;26(2):97-103. 

15.  Bernstein CN, Mckeown I, Embil JM, et al. Seroprevalence of Helicobacter pylori, 

Incidence of Gastric Cancer, and Peptic Ulcer-Associated Hospitalizations in a Canadian 

Indian Population. Dig Dis Sci. 1999;44(4):668-674. doi:10.1023/A:1026689103952 

16.  Uemura N, Okamoto S, Yamamoto S, et al. Helicobacter pylori infection and the 

development of gastric cancer. N Engl J Med. 2001;345(11):784-789. 

doi:10.1056/NEJMoa001999 

17.  Ahn HJ, Lee DS. Helicobacter pylori in gastric carcinogenesis. World J Gastrointest Oncol. 
2015;7(12):455-465. doi:10.4251/wjgo.v7.i12.455 

18.  Cheung J, Goodman KJ, Girgis S, et al. Disease manifestations of Helicobacter pylori 

infection in Arctic Canada: using epidemiology to address community concerns. BMJ 
Open. 2014;4(1):e003689. doi:10.1136/bmjopen-2013-003689 

19.  Harrison U, Fowora MA, Seriki AT, et al. Helicobacter pylori strains from a Nigerian 

cohort show divergent antibiotic resistance rates and a uniform pathogenicity profile. PLoS 
One. 2017;12(5). doi:10.1371/journal.pone.0176454 

20.  Atherton JC. The clinical relevance of strain types of Helicobacter pylori. Gut. 
1997;40(6):701-703. 

21.  Peek Jr RM, Blaser MJ. Helicobacter pylori and gastrointestinal tract adenocarcinomas. 

Nature Reviews Cancer. 2002;2(1):28-37. doi:10.1038/nrc703 

22.  Jones KR, Whitmire JM, Merrell DS. A Tale of Two Toxins: Helicobacter Pylori CagA and 

VacA Modulate Host Pathways that Impact Disease. Front Microbiol. 2010;1. 

doi:10.3389/fmicb.2010.00115 

23.  Talarico S, Leverich CK, Wei B, et al. Increased H. pylori stool shedding and EPIYA-D 

cagA alleles are associated with gastric cancer in an East Asian hospital. PLoS One. 

2018;13(9). doi:10.1371/journal.pone.0202925 

24.  Keck JW, Miernyk KM, Bulkow LR, et al. Helicobacter pylori infection and markers of 

gastric cancer risk in Alaska Native persons: A retrospective case-control study. Can J 
Gastroenterol Hepatol. 2014;28(6):305-310. 

25.  Miernyk K, Morris J, Bruden D, et al. Characterization of Helicobacter pylori cagA and 

vacA Genotypes among Alaskans and Their Correlation with Clinical Disease. Journal of 
Clinical Microbiology. 2011;49(9):3114-3121. doi:10.1128/JCM.00469-11 



 87 

26.  Nagy P, Johansson S, Molloy-Bland M. Systematic review of time trends in the prevalence 

of Helicobacter pylori infection in China and the USA. Gut Pathog. 2016;8. 

doi:10.1186/s13099-016-0091-7 

27.  Cover TL, Peek, Jr RM. Diet, microbial virulence, and  Helicobacter pylori-induced gastric 

cancer. Gut Microbes. 2013;4(6):482-493. doi:10.4161/gmic.26262 

28.  Wang XQ, Terry PD, Yan H. Review of salt consumption and stomach cancer risk: 

Epidemiological and biological evidence. World J Gastroenterol. 2009;15(18):2204-2213. 

doi:10.3748/wjg.15.2204 

29.  D’Elia L, Rossi G, Ippolito R, Cappuccio FP, Strazzullo P. Habitual salt intake and risk of 

gastric cancer: A meta-analysis of prospective studies. Clinical Nutrition. 2012;31(4):489-

498. doi:10.1016/j.clnu.2012.01.003 

30.  González CA, Jakszyn P, Pera G, et al. Meat Intake and Risk of Stomach and Esophageal 

Adenocarcinoma Within the European Prospective Investigation Into Cancer and Nutrition 

(EPIC). JNCI: Journal of the National Cancer Institute. 2006;98(5):345-354. 

doi:10.1093/jnci/djj071 

31.  Gaddy JA, Radin JN, Loh JT, et al. High Dietary Salt Intake Exacerbates Helicobacter 

pylori-Induced Gastric Carcinogenesis. Infect Immun. 2013;81(6):2258-2267. 

doi:10.1128/IAI.01271-12 

32.  Zamani M, Ebrahimtabar F, Zamani V, et al. Systematic review with meta-analysis: the 

worldwide prevalence of Helicobacter pylori infection. Alimentary Pharmacology & 
Therapeutics. 2018;47(7):868-876. doi:10.1111/apt.14561 

33.  Hooi JKY, Lai WY, Ng WK, et al. Global Prevalence of Helicobacter pylori Infection: 

Systematic Review and Meta-Analysis. Gastroenterology. 2017;153(2):420-429. 

doi:10.1053/j.gastro.2017.04.022 

34.  Stefano K, Marco M, Federica G, et al. Helicobacter pylori, transmission routes and 

recurrence of infection: state of the art. Acta Biomed. 2018;89(Suppl 8):72-76. 

doi:10.23750/abm.v89i8-S.7947 

35.  Eusebi LH, Zagari RM, Bazzoli F. Epidemiology of Helicobacter pylori Infection. 

Helicobacter. 2014;19(s1):1-5. doi:10.1111/hel.12165 

36.  Brown LM. Helicobacter pylori: epidemiology and routes of transmission. Epidemiol Rev. 

2000;22(2):283-297. doi:10.1093/oxfordjournals.epirev.a018040 

37.  Suerbaum S, Michetti P. Helicobacter pylori Infection. N Engl J Med. 2002;347(15):1175-

1186. doi:10.1056/NEJMra020542 

38.  Ando T, Goto Y, Ishiguro K, et al. The interaction of host genetic factors and Helicobacter 

pylori infection. Inflammopharmacology. 2007;15(1):10-14. doi:10.1007/s10787-006-1556-

y 



 88 

39.  Sayehmiri F, Kiani F, Sayehmiri K, et al. Prevalence of cagA and vacA among 

Helicobacter pylori-infected patients in Iran: a systematic review and meta-analysis. J Infect 
Dev Ctries. 2015;9(7):686-696. doi:10.3855/jidc.5970 

40.  Machlowska J, Baj J, Sitarz M, Maciejewski R, Sitarz R. Gastric Cancer: Epidemiology, 

Risk Factors, Classification, Genomic Characteristics and Treatment Strategies. Int J Mol 
Sci. 2020;21(11):4012. doi:10.3390/ijms21114012 

41.  Mhaskar RS, Ricardo I, Azliyati A, et al. Assessment of Risk Factors of Helicobacter Pylori 

Infection and Peptic Ulcer Disease. J Glob Infect Dis. 2013;5(2):60-67. doi:10.4103/0974-

777X.112288 

42.  Talarico S, Safaeian M, Gonzalez P, et al. Quantitative detection and genotyping of 

Helicobacter pylori from stool using droplet digital PCR reveals variation in bacterial loads 

that correlates with cagA virulence gene carriage. Helicobacter. 2016;21(4):325-333. 

doi:10.1111/hel.12289 

43.  Harris RB, Sanderson PR, Chief C, et al. Helicobacter pylori infections in Navajo 

communities of Northern Arizona. Poster Presentation presented at the: Annual Meeting; 

The American Soceity of Preventative Oncology. https://aspo.org/wp-

content/uploads/Robin-Harris-Helicobacter-pylori-in-Northern-

Arizona_Harris_ASPO2020.pdf. Accessed January 10, 2021. 

44.  Varga MG, Butt J, Blot WJ, et al. Racial Differences in Helicobacter pylori CagA Sero-

prevalence in a Consortium of Adult Cohorts in the United States. Cancer Epidemiol 
Biomarkers Prev. 2020;29(10):2084-2092. doi:10.1158/1055-9965.EPI-20-0525 

45.  Miernyk K, Bulkow L, Gold B, et al. Prevalence of Helicobacter pylori among Alaskans: 

Factors Associated with Infection and Comparison of Urea Breath Test and Anti-

Helicobacter pylori IgG antibodies. Helicobacter. 2018;23(3):e12482. 

doi:10.1111/hel.12482 

46.  Shanks AM, El-Omar EM. Helicobacter pylori infection, host genetics and gastric cancer. 

Journal of Digestive Diseases. 2009;10(3):157-164. doi:10.1111/j.1751-2980.2009.00380.x 

47.  Jia Z fang, Zhang S ling, Cao X yuan, Zhou B sen, Jiang J. Interaction between 

Helicobacter pylori and host genetic variants in gastric carcinogenesis. Future Oncology. 

2016;12(18):2127-2134. doi:10.2217/fon-2016-0233 

48.  Zuo ZT, Ma Y, Sun Y, Bai CQ, Ling CH, Yuan FL. The Protective Effects of Helicobacter 

pylori Infection on Allergic Asthma. IAA. 2021;182(1):53-64. doi:10.1159/000508330 

49.  Rokkas T, Gisbert J, Niv Y, O’Morain C. The association between Helicobacter pylori 

infection and inflammatory bowel disease based on meta-analysis. United European 
Gastroenterology Journal. 2015;3(6):539-550. doi:10.1177/2050640615580889 



 89 

50.  Bravo D, Hoare A, Soto C, Valenzuela MA, Quest AF. Helicobacter pylori in human health 

and disease: Mechanisms for local gastric and systemic effects. World J Gastroenterol. 
2018;24(28):3071-3089. doi:10.3748/wjg.v24.i28.3071 

51.  Stenström B, Windsor HM, Fulurija A, et al. Helicobacter pylori overcomes natural 

immunity in repeated infections. Clin Case Rep. 2016;4(11):1026-1033. 

doi:10.1002/ccr3.687 

52.  Zhu Y, Zhou X, Wu J, Su J, Zhang G. Risk factors and prevalence of Helicobacter pylori 

infection in persistent high incidence area of gastric carcinoma in Yangzhong city. 

Gastroenterology Research and Practice. January 2014. doi:10.1155/2014/481365 

53.  Krueger WS, Hilborn ED, Converse RR, Wade TJ. Environmental risk factors associated 

with Helicobacter pylori seroprevalence in the United States: a cross-sectional analysis of 

NHANES data. Epidemiology and Infection. 2015;143(12):2520-2531. 

doi:10.1017/S0950268814003938 

54.  Liu J, Wang Y, Zhao Q, et al. Prevalence and risk factors for Helicobacter pylori infection 

in southwest China: a study of health examination participants based on 13C-urea breath 

test. Turk J Med Sci. 2017;47(5):1456-1462. doi:10.3906/sag-1605-149 

55.  Mežmale L, Polaka I, Rudzite D, et al. Prevalence and Potential Risk Factors of 

Helicobacter pylori Infection among Asymptomatic Individuals in Kazakhstan. Asian Pac J 
Cancer Prev. 2021;22(2):597-602. doi:10.31557/APJCP.2021.22.2.597 

56.  Zhang F, Pu K, Wu Z, et al. Prevalence and associated risk factors of Helicobacter pylori 

infection in the Wuwei cohort of north-western China. Tropical Medicine & International 
Health. 2021;26(3):290-300. doi:10.1111/tmi.13517 

57.  Min Soe A, Nyi Nyi K, Ei San P. Detection of Helicobacter pylori infection by 14C urea 

breath test in asymptomatic adults: A pilot study in Kanbauk village tract. GastroHep. 

2021;3(6):359-365. doi:10.1002/ygh2.485 

58.  de Martel C, Parsonnet J. Helicobacter pylori infection and gender: a meta-analysis of 

population-based prevalence surveys. Dig Dis Sci. 2006;51(12):2292-2301. 

doi:10.1007/s10620-006-9210-5 

59.  Kouitcheu Mabeku LB, Noundjeu Ngamga ML, Leundji H. Potential risk factors and 

prevalence of Helicobacter pylori infection among adult patients with dyspepsia symptoms 

in Cameroon. BMC Infectious Diseases. 2018;18(1):278. doi:10.1186/s12879-018-3146-1 

60.  Huang JQ, Sridhar S, Hunt RH. Role of Helicobacter pylori infection and non-steroidal 

anti-inflammatory drugs in peptic-ulcer disease: a meta-analysis. Lancet. 
2002;359(9300):14-22. doi:10.1016/S0140-6736(02)07273-2 

61.  Murray LJ, McCrum EE, Evans AE, Bamford KB. Epidemiology of Helicobacter pylori 

infection among 4742 randomly selected subjects from Northern Ireland. Int J Epidemiol. 
1997;26(4):880-887. doi:10.1093/ije/26.4.880 



 90 

62.  Xu C, Yan M, Sun Y, et al. Prevalence of Helicobacter pylori Infection and its Relation 

with Body Mass Index in a Chinese Population. Helicobacter. 2014;19(6):437-442. 

doi:10.1111/hel.12153 

63.  Xu X, Li W, Qin L, Yang W, Yu G, Wei Q. Relationship between Helicobacter pylori 

infection and obesity in Chinese adults: A systematic review with meta-analysis. PLoS One. 

2019;14(9):e0221076. doi:10.1371/journal.pone.0221076 

64.  Wu MS, Lee WJ, Wang HH, Huang SP, Lin JT. A case-control study of association of 

Helicobacter pylori infection with morbid obesity in Taiwan. Arch Intern Med. 

2005;165(13):1552-1555. doi:10.1001/archinte.165.13.1552 

65.  Blaser MJ, Atherton JC. Helicobacter pylori persistence: biology and disease. J Clin Invest. 
2004;113(3):321-333. doi:10.1172/JCI200420925 

66.  Li LF, Chan RLY, Lu L, et al. Cigarette smoking and gastrointestinal diseases: The causal 

relationship and underlying molecular mechanisms (Review). International Journal of 
Molecular Medicine. 2014;34(2):372-380. doi:10.3892/ijmm.2014.1786 

67.  Brenner H, Berg G, Lappus N, Kliebsch U, Bode G, Boeing H. Alcohol consumption and 

Helicobacter pylori infection: results from the German National Health and Nutrition 

Survey. Epidemiology. 1999;10(3):214-218. 

68.  Ma SH, Jung W, Weiderpass E, et al. Impact of alcohol drinking on gastric cancer 

development according to Helicobacter pylori infection status. British Journal of Cancer. 

2015;113(9):1381-1388. doi:10.1038/bjc.2015.333 

69.  Kanakala VV, Thomas J, Vijayaraghavan S. Alcohol Consumption and Active Helicobacter 

Pylori Infection. Clinical Gastroenterology and Hepatology. 2017;15(1):e18. 

doi:10.1016/j.cgh.2016.09.046 

70.  Ranjbar R, Khamesipour F, Jonaidi-Jafari N, Rahimi E. Helicobacter pylori in bottled 

mineral water: genotyping and antimicrobial resistance properties. BMC Microbiol. 
2016;16:40. doi:10.1186/s12866-016-0647-1 

71.  Momtaz H, Dabiri H, Souod N, Gholami M. Study of Helicobacter pylori genotype status in 

cows, sheep, goats and human beings. BMC Gastroenterology. 2014;14(1):61. 

doi:10.1186/1471-230X-14-61 

72.  Adel HEG, Amro AM. EPIDEMIOLOGICAL ASPECTS OF HELICOBACTER PYLORI 

INFECTION AS AN EMERGENCE ZOONOTIC DISEASE: ANIMAL RESERVOIRS 

AND PUBLIC HEALTH IMPLICATIONS (A REVIEW ARTICLE). Mansoura 
Veterinary Medical Journal. 2016;17(2):1-9. doi:10.21608/mvmj.2016.130387 

73.  Peek RM, Blaser MJ. Helicobacter pylori and gastrointestinal tract adenocarcinomas. Nat 
Rev Cancer. 2002;2(1):28-37. doi:10.1038/nrc703 



 91 

74.  HATAKEYAMA M. Structure and function of Helicobacter pylori CagA, the first-

identified bacterial protein involved in human cancer. Proc Jpn Acad Ser B Phys Biol Sci. 
2017;93(4):196-219. doi:10.2183/pjab.93.013 

75.  Monroy FP, Brown HE, Sanderson PR, et al. Helicobacter Pylori in Native Americans in 

Northern Arizona. March 2022. doi:10.20944/preprints202203.0005.v1 

76.  Torres J, Lopez L, Lazcano E, Camorlinga M, Flores L, Muñoz O. Trends in Helicobacter 

pylori infection and gastric cancer in Mexico. Cancer Epidemiol Biomarkers Prev. 

2005;14(8):1874-1877. doi:10.1158/1055-9965.EPI-05-0113 

77.  Khoder G, Muhammad JS, Mahmoud I, Soliman SSM, Burucoa C. Prevalence of 

Helicobacter pylori and Its Associated Factors among Healthy Asymptomatic Residents in 

the United Arab Emirates. Pathogens. 2019;8(2):44. doi:10.3390/pathogens8020044 

78.  Parikh NS, Ahlawat R. Helicobacter Pylori. In: StatPearls. Treasure Island (FL): StatPearls 

Publishing; 2022. http://www.ncbi.nlm.nih.gov/books/NBK534233/. Accessed March 31, 

2022. 

79.  Abbas M, Sharif FA, Osman SM, et al. Prevalence and Associated Symptoms of 

Helicobacter pylori Infection among Schoolchildren in Kassala State, East of Sudan. 

Interdiscip Perspect Infect Dis. 2018;2018:4325752. doi:10.1155/2018/4325752 

80.  Santos IS, Boccio J, Santos AS, et al. Prevalence of Helicobacter pyloriinfection and 

associated factors among adults in Southern Brazil: a population-based cross-sectional 

study. BMC Public Health. 2005;5(1):118. doi:10.1186/1471-2458-5-118 

81.  Wang YK, Kuo FC, Liu CJ, et al. Diagnosis of Helicobacter pylori infection: Current 

options and developments. World J Gastroenterol. 2015;21(40):11221-11235. 

doi:10.3748/wjg.v21.i40.11221 

82.  Khalifehgholi M, Shamsipour F, Ajhdarkosh H, et al. Comparison of five diagnostic 

methods for Helicobacter pylori. Iran J Microbiol. 2013;5(4):396-401. 

83.  Kazemi S, Tavakkoli H, Habizadeh MR, Emami MH. Diagnostic values of Helicobacter 

pylori diagnostic tests: stool antigen test, urea breath test, rapid urease test, serology and 

histology. J Res Med Sci. 2011;16(9):1097-1104. 

84.  Navajo Nation Looks to Build Broadband Network – MeriTalk State & Local. 

https://www.meritalkslg.com/articles/navajo-nation-looks-to-build-broadband-network/. 

Accessed March 31, 2022. 

85.  Apr 6 NT|, Updates | 2020 | Coronavirus. COVID-19 Across the Navajo Nation. Navajo 

Times. https://navajotimes.com/coronavirus-updates/covid-19-across-the-navajo-nation/. 

Published April 6, 2020. Accessed May 15, 2020. 

86.  Center for New Media & Promotion (CNMP) UCB. My Tribal Area. 

https://www.census.gov/tribal/?st=04&aianihh=2430. Accessed April 1, 2022. 



 92 

87.  Droplet Digital
TM

 PCR (ddPCR
TM

) Technology | LSR | Bio-Rad. https://www.bio-

rad.com/en-us/applications-technologies/droplet-digital-pcr-ddpcr-

technology?ID=MDV31M4VY. Accessed May 31, 2020. 

88.  Maheshwari Y, Selvaraj V, Hajeri S, Yokomi R. Application of droplet digital PCR for 

quantitative detection of Spiroplasma citri in comparison with real time PCR. PLoS One. 

2017;12(9). doi:10.1371/journal.pone.0184751 

89.  Park JY, Forman D, Waskito LA, Yamaoka Y, Crabtree JE. Epidemiology of Helicobacter 

pylori and CagA-Positive Infections and Global Variations in Gastric Cancer. Toxins 
(Basel). 2018;10(4):E163. doi:10.3390/toxins10040163 

90.  D’Elia L, Rossi G, Ippolito R, Cappuccio FP, Strazzullo P. Habitual salt intake and risk of 

gastric cancer: a meta-analysis of prospective studies. Clin Nutr. 2012;31(4):489-498. 

doi:10.1016/j.clnu.2012.01.003 

91.  Shinchi K, Ishii H, Imanishi K, Kono S. Relationship of cigarette smoking, alcohol use, and 

dietary habits with Helicobacter pylori infection in Japanese men. Scand J Gastroenterol. 
1997;32(7):651-655. doi:10.3109/00365529708996513 

92.  Fahey JW, Stephenson KK, Wallace AJ. Dietary Amelioration of Helicobacter Infection. 

Nutr Res. 2015;35(6):461-473. doi:10.1016/j.nutres.2015.03.001 

93.  Hołubiuk Ł, Imiela J. Diet and Helicobacter pylori infection. Prz Gastroenterol. 
2016;11(3):150-154. doi:10.5114/pg.2016.61487 

94.  Harris RB, Brown HE, Begay RL, et al. Helicobacter pylori Prevalence and Risk Factors in 

Three Rural Indigenous Communities of Northern Arizona. Int J Environ Res Public 
Health. 2022;19(2):797. doi:10.3390/ijerph19020797 

95.  Cancer Among the Navajo, 2005-2013. Navajo Nation: Navajo Epidemiology Center 

https://www.nec.navajo-

nsn.gov/Portals/0/Reports/Cancer%20Among%20Navajo%202018%20Spread.pdf. 

96.  McMAHON BJ, Bruce MG, Hennessy TW, et al. Reinfection after successful eradication 

of Helicobacter pylori: a 2-year prospective study in Alaska Natives. Alimentary 
Pharmacology & Therapeutics. 2006;23(8):1215-1223. doi:10.1111/j.1365-

2036.2006.02880.x 

97.  Zhao J, Li Z, Gao Q, et al. A review of statistical methods for dietary pattern analysis. 

Nutrition Journal. 2021;20(1):37. doi:10.1186/s12937-021-00692-7 

98.  Mard SA, Khadem Haghighian H, Sebghatulahi V, Ahmadi B. Dietary Factors in Relation 

to Helicobacter pylori Infection. Gastroenterology Research and Practice. 

doi:10.1155/2014/826910 

99.  Sharma S, Yacavone M, Cao X, Pardilla M, Qi M, Gittelsohn J. Dietary intake and 

development of a quantitative FFQ for a nutritional intervention to reduce the risk of 



 93 

chronic disease in the Navajo Nation. Public Health Nutrition. 2010;13(3):350-359. 

doi:10.1017/S1368980009005266 

100.  Fretts AM, Howard BV, McKnight B, et al. Associations of processed meat and 

unprocessed red meat intake with incident diabetes: the Strong Heart Family Study. Am J 
Clin Nutr. 2012;95(3):752-758. doi:10.3945/ajcn.111.029942 

101.  Amy L, Pehrsson P. Development of the American Indian and Alaska Native Foods 
Database: Status Report. 
https://www.ars.usda.gov/ARSUserFiles/80400525/Articles/ADA2003_NativeAmerican.pd

f. 

102.  De La Rosa VY, Hoover J, Du R, Jimenez EY, MacKenzie D, Lewis J. Diet quality among 

pregnant women in the Navajo Birth Cohort Study. Matern Child Nutr. 2020;16(3):e12961. 

doi:10.1111/mcn.12961 

103.  Shu L, Zheng PF, Zhang XY, Feng YL. Dietary patterns and Helicobacter pylori infection 

in a group of Chinese adults ages between 45 and 59 years old. Medicine (Baltimore). 
2019;98(2). doi:10.1097/MD.0000000000014113 

104.  Xia Y, Meng G, Zhang Q, et al. Dietary Patterns are Associated with Helicobacter Pylori 

Infection in Chinese Adults: A Cross-Sectional Study. Sci Rep. 2016;6:32334. 

doi:10.1038/srep32334 

105.  Wolfe WS, Weber CW, Arviso KD. Use and nutrient composition of traditional Navajo 

foods. Ecology of Food and Nutrition. 1985;17(4):323-344. 

doi:10.1080/03670244.1985.9990906 

106.  Learn More about Energy Adjustment | Dietary Assessment Primer. 

https://dietassessmentprimer.cancer.gov/learn/adjustment.html. Accessed April 11, 2022. 

107.  Xu J, Eilat-Adar S, Loria C, et al. Dietary fat intake and risk of coronary heart disease: the 

Strong Heart Study. Am J Clin Nutr. 2006;84(4):894-902. doi:10.1093/ajcn/84.4.894 

108.  Banna JC, McCrory MA, Fialkowski MK, Boushey C. Examining Plausibility of Self-

Reported Energy Intake Data: Considerations for Method Selection. Front Nutr. 2017;4:45. 

doi:10.3389/fnut.2017.00045 

109.  Tsugane S. Salt, salted food intake, and risk of gastric cancer: Epidemiologic evidence. 

Cancer Science. 2005;96(1):1-6. doi:10.1111/j.1349-7006.2005.00006.x 

110.  Farrand C, Charlton K, Crino M, et al. Know Your Noodles! Assessing Variations in 

Sodium Content of Instant Noodles across Countries. Nutrients. 2017;9(6):612. 

doi:10.3390/nu9060612 

111.  Kwak JH, Eun CS, Han DS, et al. Gastric Cancer and the Daily Intake of the Major Dish 

Groups Contributing to Sodium Intake: A Case-Control Study in Korea. Nutrients. 

2021;13(4). doi:10.3390/nu13041365 



 94 

112.  Woodruff RC, Zhao L, Ahuja JKC, et al. Top Food Category Contributors to Sodium and 

Potassium Intake — United States, 2015–2016. MMWR Morb Mortal Wkly Rep. 

2020;69(32):1064-1069. doi:10.15585/mmwr.mm6932a3 

113.  Sohouli MH, Haghshenas N, Pouladi F, et al. Association between glycemic index and 

Helicobacter pylori infection risk among adults: A case-control study. Nutrition. 

2021;83:111069. doi:10.1016/j.nut.2020.111069 

114.  Eldridge D. Dine Food Sovereignty: A Report on the Navajo Nation Food System and the 
Case to Rebuild a Self-Sufficient Food System for the Dine People. Dine Policy Institute; 

2014:88. https://www.dinecollege.edu/wp-content/uploads/2018/04/dpi-food-sovereignty-

report.pdf. 

115.  Zamani M, Vahedi A, Maghdouri Z, Shokri-Shirvani J. Role of food in environmental 

transmission of Helicobacter pylori. Caspian J Intern Med. 2017;8(3):146-152. 

doi:10.22088/cjim.8.3.146 

116.  Rueda-Robles A, Rubio-Tomás T, Plaza-Diaz J, Álvarez-Mercado AI. Impact of Dietary 

Patterns on H. pylori Infection and the Modulation of Microbiota to Counteract Its Effect. A 

Narrative Review. Pathogens. 2021;10(7):875. doi:10.3390/pathogens10070875 

117.  Akcam M. Helicobacter pylori and micronutrients. Indian Pediatr. 2010;47(2):119-126. 

doi:10.1007/s13312-010-0017-2 

118.  Nabavi-Rad A, Azizi M, Jamshidizadeh S, et al. The Effects of Vitamins and 

Micronutrients on Helicobacter pylori Pathogenicity, Survival, and Eradication: A 

Crosstalk between Micronutrients and Immune System. J Immunol Res. 

2022;2022:4713684. doi:10.1155/2022/4713684 

119.  Pastene E, Speisky H, Troncoso M, Alarcón J, Figueroa G. In vitro inhibitory effect of 

apple peel extract on the growth of Helicobacter pylori and respiratory burst induced on 

human neutrophils. J Agric Food Chem. 2009;57(17):7743-7749. doi:10.1021/jf9006592 

120.  Yanaka A, Fahey JW, Fukumoto A, et al. Dietary sulforaphane-rich broccoli sprouts reduce 

colonization and attenuate gastritis in Helicobacter pylori-infected mice and humans. 

Cancer Prev Res (Phila). 2009;2(4):353-360. doi:10.1158/1940-6207.CAPR-08-0192 

121.  Ge S, Feng X, Shen L, Wei Z, Zhu Q, Sun J. Association between Habitual Dietary Salt 

Intake and Risk of Gastric Cancer: A Systematic Review of Observational Studies. 

Gastroenterol Res Pract. 2012;2012. doi:10.1155/2012/808120 

122.  Du P, Zhang C, Wang A, Ma Z, Shen S, Li X. Association of Alcohol Drinking and 

Helicobacter pylori Infection: A Meta-analysis. Journal of Clinical Gastroenterology. 

March 2022. doi:10.1097/MCG.0000000000001638 

123.  Liu SY, Han XC, Sun J, Chen GX, Zhou XY, Zhang GX. Alcohol intake and Helicobacter 

pylori infection: a dose-response meta-analysis of observational studies. Infect Dis (Lond). 
2016;48(4):303-309. doi:10.3109/23744235.2015.1113556 



 95 

124.  Jarosz M, Dzieniszewski J, Dabrowska-Ufniarz E, Wartanowicz M, Ziemlanski S, Reed PI. 

Effects of high dose vitamin C treatment on Helicobacter pylori infection and total vitamin 

C concentration in gastric juice. Eur J Cancer Prev. 1998;7(6):449-454. 

doi:10.1097/00008469-199812000-00004 

125.  Zojaji H, Talaie R, Mirsattari D, et al. The efficacy of Helicobacter pylori eradication 

regimen with and without vitamin C supplementation. Digestive and Liver Disease. 

2009;41(9):644-647. doi:10.1016/j.dld.2008.09.008 

126.  Park Y, Lee H, Lim JW, Kim H. Inhibitory Effect of β-Carotene on Helicobacter pylori-

Induced TRAF Expression and Hyper-Proliferation in Gastric Epithelial Cells. Antioxidants 
(Basel). 2019;8(12):637. doi:10.3390/antiox8120637 

127.  Zhang ZW, Abdullahi M, Farthing MJG. Effect of physiological concentrations of vitamin 

C on gastric cancer cells and Helicobacter pylori. Gut. 2002;50(2):165-169. 

doi:10.1136/gut.50.2.165 

128.  Zhang HM, Wakisaka N, Maeda O, Yamamoto T. Vitamin C inhibits the growth of a 

bacterial risk factor for gastric carcinoma: Helicobacter pylori. Cancer. 1997;80(10):1897-

1903. 

129.  Hoang BV, Lee J, Choi IJ, Kim YW, Ryu KW, Kim J. Effect of dietary vitamin C on 

gastric cancer risk in the Korean population. World J Gastroenterol. 2016;22(27):6257-

6267. doi:10.3748/wjg.v22.i27.6257 

130.  Kamiji MM, Oliveira RB de. [Effect of vitamin C administration on gastric colonization by 

Helicobacter pylori]. Arq Gastroenterol. 2005;42(3):167-172. doi:10.1590/s0004-

28032005000300008 

131.  Li G, Li L, Yu C, Chen L. Effect of vitamins C and E supplementation on Helicobacter 

pylori eradication: a meta-analysis. British Journal of Nutrition. 2011;106(11):1632-1637. 

doi:10.1017/S0007114511003813 

132.  Kim D, Lim JW, Kim H. β-carotene Inhibits Expression of c-Myc and Cyclin E in 

Helicobacter pylori-infected Gastric Epithelial Cells. J Cancer Prev. 2019;24(3):192-196. 

doi:10.15430/JCP.2019.24.3.192 

133.  Chen QH, Wu BK, Pan D, Sang LX, Chang B. Beta-carotene and its protective effect on 

gastric cancer. World Journal of Clinical Cases. 2021;9(23):6591-6607. 

doi:10.12998/wjcc.v9.i23.6591 

134.  Sugimoto N, Yoshida N, Nakamura Y, et al. Influence of vitamin E on gastric mucosal 

injury induced by Helicobacter pylori infection. Biofactors. 2006;28(1):9-19. 

doi:10.1002/biof.5520280102 

135.  Franceschi F, Annalisa T, Teresa DR, et al. Role of Helicobacter pylori infection on 

nutrition and metabolism. World J Gastroenterol. 2014;20(36):12809-12817. 

doi:10.3748/wjg.v20.i36.12809 



 96 

136.  Rasool S, Abid S, Iqbal MP, Mehboobali N, Haider G, Jafri W. Relationship between 

vitamin B12, folate and homocysteine levels and H. pylori infection in patients with 

functional dyspepsia: a cross-section study. BMC Res Notes. 2012;5:206. 

doi:10.1186/1756-0500-5-206 

137.  Carranza MG, Sevigny MB, Banerjee D, Fox-Cubley L. Antibacterial activity of native 

California medicinal plant extracts isolated from Rhamnus californica and Umbellularia 

californica. Ann Clin Microbiol Antimicrob. 2015;14:29. doi:10.1186/s12941-015-0086-0 

138.  Wang YC. Medicinal plant activity on Helicobacter pylori related diseases. World J 
Gastroenterol. 2014;20(30):10368-10382. doi:10.3748/wjg.v20.i30.10368 

139.  Safavi M, Shams-Ardakani M, Foroumadi A. Medicinal plants in the treatment of 

Helicobacter pylori infections. Pharmaceutical Biology. 2015;53(7):939-960. 

doi:10.3109/13880209.2014.952837 

140.  Jernigan VBB, Huyser KR, Valdes J, Simonds VW. Food Insecurity among American 

Indians and Alaska Natives: A National Profile using the Current Population Survey–Food 

Security Supplement. J Hunger Environ Nutr. 2017;12(1):1-10. 

doi:10.1080/19320248.2016.1227750 

141.  Warne D, Wescott S. Social Determinants of American Indian Nutritional Health. Current 
Developments in Nutrition. 2019;3(Supplement_2):12-18. doi:10.1093/cdn/nzz054 

142.  MacKenzie OW, George CV, Pérez-Escamilla R, et al. Healthy Stores Initiative Associated 

with Produce Purchasing on Navajo Nation. Curr Dev Nutr. 2019;3(12):nzz125. 

doi:10.1093/cdn/nzz125 

143.  George C, Bancroft C, Salt SK, et al. Changes in food pricing and availability on the 

Navajo Nation following a 2% tax on unhealthy foods: The Healthy Diné Nation Act of 

2014. PLoS One. 2021;16(9):e0256683. doi:10.1371/journal.pone.0256683 

144.  Navajo Area | Indian Health Service (IHS). Navajo Area. https://www.ihs.gov/navajo/. 

Accessed February 16, 2022. 

145.  Ballew C, White LL, Strauss KF, Benson LJ, Mendlein JM, Mokdad AH. Intake of 

Nutrients and Food Sources of Nutrients among the Navajo: Findings from the Navajo 

Health and Nutrition Survey. J Nutr. 1997;127(10):2085S-2093S. 

doi:10.1093/jn/127.10.2085S 

146.  Ingram JC, Jones L, Credo J, Rock T. Uranium and arsenic unregulated water issues on 

Navajo lands. J Vac Sci Technol A. 2020;38(3):031003. doi:10.1116/1.5142283 

147.  Grytdal SP, Weatherholtz R, Esposito DH, et al. Water quality, availability, and acute 

gastroenteritis on the Navajo Nation - a pilot case-control study. J Water Health. 

2018;16(6):1018-1028. doi:10.2166/wh.2018.007 



 97 

148.  Newby PK, Tucker KL. Empirically derived eating patterns using factor or cluster analysis: 

a review. Nutr Rev. 2004;62(5):177-203. doi:10.1301/nr.2004.may.177-203 

 


	NAS_dissertation_Dornell_v6_revised2of2
	NAS_dissertation_Dornell_v6_revised1of2

