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Background

Gastric cancer remains the 3rd leading cause of cancer-related mortality and the 5th most 

common cancer worldwide.1 There is marked global variation of disease with areas of high 

versus low incidence. While the United States (US) is considered a low incidence country 

overall, incidence rates differ markedly among certain populations including some racial and 

ethnic minorities and immigrant populations, where rates might even approach that of 

endemic countries.2, 3 Of particular concern, non-cardia gastric adenocarcinoma (NCGA) is 

increasing among some populations in the US, including women below age 50 and Hispanic 

men.3 In the US, gastric cancer is the 15th most common cancer, with estimated 26,240 new 

cases and 10,800 deaths in 2018.2
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NCGA is classified according to two histologic subtypes based on the Lauren classification: 

intestinal-type and diffuse-type.4 Intestinal-type GA is the result of complex interactions 

between genetic, environmental, and microbial-level determinants and represents the 

malignant transformation of a series of discrete histopathologic premalignant stages; this is 

in contrast to the diffuse-type GA, where the pathogenesis is less understood and no distinct 

precursor lesions have been identified. Gastric intestinal metaplasia (GIM) is one 

premalignant lesion for intestinal-type GA and, histologically, is typified by the replacement 

of the native gastric foveolar and/or glandular epithelium by intestinal-type epithelium.5 A 

diagnosis of GIM is strongly associated with risk of developing dysplasia and intestinal-type 

gastric cancer. Decades ago, Correa et al described a stepwise process whereby normal 

gastric mucosa progresses through discrete histopathologic stages to non-atrophic chronic 

gastritis, atrophic gastritis, intestinal metaplasia, and dysplasia, prior to malignant 

transformation to invasive intestinal-type adenocarcinoma.6 While chronic infection with 

Helicobacter pylori (H. pylori) is thought to be the primary trigger to the cascade, histologic 

progression is multifactorial and necessitates contributions from H. pylori virulence factors 

and environmental exposures amidst a background of genetic susceptibility and aberrant host 

responses.7–9 The so-called Correa cascade is most applicable to intestinal-type gastric 

cancer as compared to diffuse-type gastric adenocarcinoma.

Globally, the estimated annual incidence rates of gastric cancer among patients with GIM 

are highly variable in the literature, with ranges anywhere from 72 to 1950 per 100,000 

people.10–15 Previously reported incidence rates are higher among patients with concomitant 

low-grade or high-grade dysplasia, and limit strong conclusions as to the malignant risk 

attributable to GIM alone.11, 13 The variability in estimated incidence among the studies, 

though, allows opportunity to identify prognostic factors which could be used for risk 

stratification to identify which patients with GIM are more likely to have neoplastic 

transformation and thus might benefit most from surveillance for early disease detection.
16, 17 Potential prognostic factors include the extent of GIM12, 18, 19, the histopathologic 

subtype20–22, family history of gastric cancer12, 20, 23, 24, H. pylori virulence factors19, 25–27 

or other noninvasive biomarkers (e.g. pepsinogen (PG) I and II)28, alcohol consumption29, 

tobacco use30, dietary habits31–33, and racial or ethnic background12, 13.

The reported prevalence of GIM from large international databases of gastric biopsies varies 

widely, ranging from 3.4% to 29.6%.10, 34–36 GIM can be diagnosed incidentally on random 

biopsies of normal appearing mucosa or targeted biopsies of subtle mucosal abnormalities. 

Despite the known increased risk of gastric cancer among patients with GIM, there are no 

randomized controlled trials that have evaluated the benefits or harms of surveillance 

endoscopy among patients with GIM.37 This has led to consensus-based recommendations 

for surveillance endoscopy in limited subgroups of patients with suspected higher risk of 

developing gastric cancer.16, 17 Vance et al surveyed 227 academic and private practice 

gastroenterologists in the US and found wide variability in the knowledge and practices 

related to endoscopic surveillance in patients with GIM. The survey highlighted the need for 

societal guidelines for clear guidance in clinical practice and future research.38 Therefore, 

the American Gastroenterological Association (AGA) prioritized this topic for the 

generation of clinical guidelines for gastric intestinal metaplasia.39
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The technical review was divided into two reports. The first focused generating evidence 

profiles that directly informed four distinct PICO questions.40 The primary objective of this 

technical review is to summarize and analyze the indirect evidence informing the guideline, 

with the secondary objective to serve as a comprehensive resource for GIM epidemiology 

based on a systematic review.

Methods

Overview

The technical reviews and their accompanying guideline were conducted using the GRADE 

(Grading of Recommendation, Assessment, Development, and Evaluation) framework.41 

The AGA Clinical Guidelines Committee selected the members of the guideline and 

technical review panels based on their clinical content and methodological expertise after 

undergoing a vetting process to exclude any conflict of interest. The guideline panel defined 

the scope of the guideline and developed focused clinical questions that were deemed 

relevant for clinical practice. The clinical questions aimed to 1) define risk factors for 

progression from GIM to gastric cancer, 2) quantify the risk of neoplastic progression and 

the impact of risk factor modification, and 3) define the risk versus benefit profile of 

endoscopic surveillance of GIM among patients deemed high or low-risk for gastric cancer 

according to predefined risk factors based on the literature. The technical review panel then 

formulated the clinical questions, identified the patient-important outcomes, and 

systematically reviewed the literature to summarize the available body of evidence for each 

question. Additionally, the technical review panel reviewed the literature systematically for 

indirect evidence that could assist the guideline panel in making informed decisions for the 

questions. Such evidence included 1) the prevalence of GIM in the US overall, in different 

racial and ethnic subgroups in the US, and in different regions worldwide; 2) identification 

of risk factors for GIM and quantification of the respective associated risk; and 3) the risk of 

incident neoplasia (i.e. dysplasia or gastric cancer) among patients diagnosed with GIM in 

the US, worldwide, and among those with risk factors for gastric cancer.

Formulating the Clinical Questions

The questions identified by the guideline panel as clinically relevant were formulated by the 

technical review panel using the PICO format. The PICO format frames clinical questions 

by defining a specific population (P), intervention (I), comparator (C), and outcome (O). The 

panel finalized four questions, which are detailed in Table 1. The first part of the technical 

review was dedicated to summarizing the evidence that directly informed the PICO 

questions.40

The technical review panel, in conjunction with the guideline panel, also formulated 

questions that could inform the PICO questions indirectly. We aimed to define the burden of 

GIM in the US by assessing its prevalence in the US and comparing it with other countries 

and regions globally, as well as in the context of gastric cancer incidence rates. We aimed to 

define the rate of neoplastic progression from GIM to incident dysplasia or gastric cancer. 

We additionally aimed to define each of the above in the context of established risk factors 

for intestinal-type NCGA. Potential risk determinants identified by clinical content experts 
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included: extensive GIM (defined as GIM involving the corpus) versus limited GIM (defined 

as GIM involving only the antrum, based on sufficient histologic evaluation of both antrum 

and corpus), GIM histopathologic subtype (incomplete versus complete), the geographical 

region based on the United Nations Standard Country Codes (M49)42, racial or ethnic 

groups, the presence of H. pylori or its virulence factors, noninvasive biomarkers (e.g. PG), 

family history of gastric cancer in a first-degree family member, smoking history, alcohol 

use history, pernicious anemia and autoimmune gastritis.

To limit disagreements regarding certain concepts, the panel agreed on specific definitions 

for histologic progression and regression, extensive and limited GIM, and complete and 

incomplete GIM prior to the systematic review, as detailed in the first part of the technical 

review.40

The operative link for gastric intestinal metaplasia (OLGIM) is a histopathologic 

classification system used to stage intestinal metaplasia by based on severity and extent 

GIM. It has less interobserver agreement compared to the operative link for gastric atrophy 

(OLGA).43 It ranges from Stage 0 to IV and a recent meta-analysis of case-control studies 

showed an association of advanced stages (III/IV) with higher risk of gastric cancer.44

H. pylori and its virulence factors and serum PG I and PG I/II ratio have been considered as 

biomarkers for to identify patients at high risk of developing gastric cancer. 26–28 Both PG I 

and PG II are secreted by the chief and foveolar cells in the gastric corpus and fundus, 

however, PG II is also secreted by pyloric glands in the antrum and Brunner’s glands in the 

duodenum. Alterations in the levels of PG I and PG I/II ratio have been identified as 

indicators of chronic atrophic gastritis, the step preceding intestinal metaplasia in the Correa 

cascade.45

The Systematic Review Process

The systematic review is reported in concordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) statement and the Meta-analysis Of 

Observational Studies in Epidemiology (MOOSE) proposal.46, 47 As detailed above, a 

protocol was developed a priori by the technical review panel in conjunction with the 

guideline panel, to guide the systematic review.

Literature Search Strategy

Guided by the technical review panel, an experienced medical librarian, conducted a 

comprehensive search of the following databases from its earliest inception to July 2017 

with a complete updated search performed in September 2018: MEDLINE Epub Ahead of 

Print, MEDLINE In-Process & Other Non-Indexed Citations, MEDLINE Daily, MEDLINE, 

EMBASE Classic, EMBASE, and Wiley’s Cochrane Library. The search was limited to 

English language and human adults. Controlled vocabulary supplemented with keywords 

was used to search for studies of prevalence of GIM, surveillance in GIM, testing and 

treating for H. pylori in patients with GIM, and the incidence of gastric cancer among 

patients with GIM. The final strategy is available in Appendix Document 1. The reference 

lists of previously published systematic reviews, prior guidelines, and the included 
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references were also searched to identify relevant studies that might have been missed by our 

search strategy.

Eligibility Criteria—The inclusion and exclusion criteria were based on the above 

formulated clinical questions. Randomized controlled trials, nonrandomized comparative 

studies, and single arm noncomparative studies were eligible for inclusion. We excluded 

studies without data on GIM diagnosed histologically, or if we were not able to separate the 

results by GIM status.

We initially aimed to abstract prevalence data only from studies which included 100 or more 

patients; however, we modified the threshold to 250 patients or more after our search 

identified a large number of studies that reported GIM prevalence data. We additionally 

performed a sensitivity analysis for those studies that included prevalence data for 100–250 

patients and confirmed the low impact of these smaller studies. We included studies that 

reported risk factors of interest regardless of the number of patients with GIM, so long as the 

full study population was 250 or larger. For studies that reported the incidence of gastric 

cancer among patients with GIM, we included studies with at least 20 patients diagnosed 

with GIM based on histology. This threshold was chosen due to the fewer number of studies 

that reported incidence rates.

We excluded studies of GIM of the cardia due to the different biology of cancers in this 

anatomic subsite compared to GA of the noncardia.7, 48 We also excluded studies of patients 

with prior gastric cancer and pediatric patients. Unless they reported outcomes of interest, 

we did not include studies restricted to: 1) atrophic gastritis, gastric dysplasia, or H. pylori 
infection (without GIM); 2) studies that compared different biopsy protocols; 3) studies that 

only used the operative link of gastric atrophy (OLGA) stage; and 4) studies that did not 

report data which could be abstracted specifically for patients with GIM. We also excluded 

case reports and narrative reviews. Authors of abstracts published after 2015 were contacted 

to obtain full-text reports or data, which were otherwise excluded if non-response.

Study Selection

The references identified using the above search strategy were reviewed according to the 

standard systematic review methods. The title and abstract of each identified reference were 

reviewed by two blinded independent investigators for eligibility and full-text retrieval. 

When disagreement was encountered at this stage, the reference was included for full-text 

retrieval. Each full-text manuscript was then evaluated by two independent blinded 

investigators. Disagreement was solved by consensus between the two investigators, and if it 

was not resolved, a third investigator from the team was consulted. The above process was 

performed using piloted standardized Research Electronic Data Capture (REDCap) forms 

designed by the technical review team.49

To identify studies that reported the risk or rate of progression from GIM to gastric cancer 

based on the preidentified risk factors, we queried our extraction REDCap forms for the 

references that reported any information about the risk factors. Then, we manually crossed 

those references with the references that reported risk of progression data. A similar process 
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was used to identify studies that assessed the prevalence of the risk factors in patients with 

GIM or the prevalence of GIM in certain suspected high-risk groups.

Data Extraction and Outcome Measures

Data was extracted from each eligible reference by two independent blinded reviewers and 

disagreements were solved by consensus. A standardized electronic extraction form was 

designed using REDCap.49 The form was designed to be adaptive to the study design and 

the questions that are answered in each study. We collected the study-level data from each 

eligible study. The baseline characteristics included the country where the study was 

performed, age and gender of the patients, and the number of patients for each risk factor. 

For randomized controlled trials that did not report our outcomes of interest, we contacted 

the corresponding, first and/or senior authors to attempt to obtain the missing data. When a 

study had multiple publications, we harmonized the information from all the publications 

and used the most recent data available.

The outcomes of interest for each PICO question are outlined in Table 1. We used the 

relative risk and/or incidence rate ratios when comparative studies were available and 

provided enough data. For studies of incidence, we calculated both the cumulative incidence 

(the probability of developing the outcome over a specified period) and the incidence rate 

(the number of patients who developed the outcome per unit of time), when available. To 

calculate the incidence, we extracted the number of patients with GIM without dysplasia 

and/or the number of person-years as the denominator, and the number of patients who 

developed gastric cancer or dysplasia, regardless of the dysplasia grade due to the variability 

in reporting, as the numerator. For prevalence studies, we calculated the number of patients 

who underwent gastric biopsies, regardless of the indication, and were found to have GIM as 

the highest histopathologic lesion (i.e. no concomitant neoplasia). The prevalence and 

incidence were extracted in a similar fashion for the different risk factors, when available, 

for the purpose of subgroup analysis.

The subgroups of interest are: the topographic extent of GIM (limited versus extensive), 

OLGIM (the operative link for gastric intestinal metaplasia) stage, histologic subtypes 

(complete versus incomplete), H. pylori status and H. pylori virulence factors (e.g. CagA, 

VacA), serum PG (I, II, and I/II ratio), race and ethnicity, geographical region (M49 code), 

smoking status, alcohol use, dietary habits, first-degree relative with history of gastric 

cancer, pernicious anemia and autoimmune gastritis. For H. pylori status, we used 2 different 

thresholds to divide the studies to represent low-prevalence (15%) and high-prevalence areas 

(75%) based on agreement among the technical review panel.

Data Analysis

We used the DerSimonian-Liard random-effects model to pool the relative risk and/or 

incidence rate ratios when comparative studies were available.50 To pool prevalence, 

cumulative incidence and incidence rates, we used the inverse-variance fixed-effects model 

to calculate the pooled estimate using the Freeman-Tukey double arcsine transformation.
51, 52 We elected to use the fixed-effects model to pool the prevalence and incidence studies 

as we presumed that larger studies were more likely to be more inclusive and representative 
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of the general population. The fixed-effects model will give such studies, appropriately, 

higher weights in the pooled estimates. When evaluating the risk factors, if the risk factor 

was a binary variable, we used relative risks to assess the effect of the risk factor. If the risk 

factor was categorical with more than 2 categories, we used subgroup analysis and the 

interaction test to estimate and compare the effects between the different categories.53 We 

also conducted meta-regression to assess the correlation between the prevalence of GIM and 

the prevalence of H. pylori in each study. We used the I2 statistic to measure statistical 

heterogeneity and we used an I2 of 50% as threshold to investigate significant heterogeneity.
54 If there was a sufficient number of studies without significant statistical heterogeneity, we 

used the asymmetry tests to assess publication bias.55 As sensitivity analyses, we still 

conducted the random effects model for the pooled prevalence and incidence estimates. 

Additionally, to account for the possible limitations related to the use of the inverse-variance 

method when pooling prevalence and incidence data when studies were sparse, we repeated 

all the analyses using the generalized linear mixed model.56 The statistical analysis was 

conducted using R version 3.4.4 and the package meta.57, 58

Risk of Bias and Quality of Evidence Assessment

Risk of Bias Assessment in Individual Studies—To assess the risk of bias in studies 

of prevalence and/or incidence, we used the Joanna Briggs Institute tool for critical appraisal 

of prevalence studies.59 For randomized controlled trials and nonrandomized comparative 

studies included in the first report of the technical review, we used the Cochrane 

Collaboration’s tool for assessing risk of bias and a modified version of the Newcastle-

Ottawa scale.60, 61 The risk of bias assessment tools were built into our adaptive REDCap 

data extraction form and each study was assessed by two independent investigators.49

Risk of Bias Assessment Across Studies—We used the GRADE framework to 

assess the quality (certainty) of evidence derived from the systematic review and meta-

analysis.41 In this approach, the evidence is graded for each outcome as high, moderate, low, 

or very low. Evidence derived from randomized controlled trials start as high quality, while 

evidence derived from observational studies start as low quality. Subsequently, the evidence 

can be downgraded for risk of bias, inconsistency, indirectness, imprecision, publication 

bias, and/or other factors. The evidence can be upgraded when there is a large magnitude of 

effect or dose-response relationship. For evidence on prevalence and incidence, the quality 

of evidence starts as high and is downgraded as described here.

Evidence-to-Decision Framework

Because this technical review was used to inform the development of clinical guidelines 

alongside a comprehensive risk-benefit analysis and the accompanying quality of evidence, 

information about additional factors such as patients’ preferences and values, resource 

utilization, and cost-effectiveness were considered and noted when available.
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Results

Search Strategy and Study Selection

The search strategy identified 3716 potential references. After removing duplicates and 

reviewing the titles and abstracts, 580 articles were eligible for full-text review. After 

application of inclusion and exclusion criteria, 121 studies were ultimately included for data 

abstraction. The flow of the selection process and the reasons for exclusion are outlined in 

Figure 1. As detailed above, this review is limited to studies reporting GIM prevalence. 

Using the threshold of 250 people for prevalence studies, we identified 53 studies that 

reported the prevalence of GIM and provided population specifics. Additionally, we 

identified 6 studies the reported the prevalence of GIM among patients infected with H. 
pylori and 1 study that reported the prevalence of GIM among patients with first-degree 

relatives with a history of gastric cancer.

Baseline Characteristics

The baseline characteristics of the studies are summarized in Table 2. The study designs 

were as follows: 45 cross-sectional, 7 retrospective cohort, 6 prospective cohort, and two 

randomized controlled trials (RCTs). The studies reported the prevalence of GIM in 12 

different geographical regions and 29 countries.

Risk of Bias Assessment

The overall risk of bias in the individual studies is summarized in Appendix Document 2. 

Most of the individual studies were at moderate to high risk of bias. The most common 

limitation was the sampling frame, with 15% of the studies using a sample frame that we 

considered relevant to our target population, i.e. patients undergoing endoscopic evaluation 

in the United States. Approximately 65% of the studies reported the prevalence of GIM in 

patients who had biopsies obtained from both the antrum and corpus, while the remaining 

either obtained biopsies from the antrum only or did not specify. The risk of bais across the 

studies and the certainty of evidence for each outcome are summarized in Table 3.

The Prevalence of GIM

The United States—Of the 53 studies, 6 reported GIM prevalence in the US (n= 

897,371). The fixed-effects pooled prevalence of GIM was 4.8% (95% CI: 4.8–4.9%) in 

patients who underwent gastric biopsies regardless of the indication (Figure 2, moderate 

certainty in evidence). Although the point estimates of the studies ranged between 4.9% and 

19.1%, the observed inconsistency was explained by risk of bias related to patient selection. 

The study by Sonnenberg et al. dominated the other studies due to its large sample size and 

had the highest influence on the estimate.36 The study was well-designed and based on a 

large national pathology database with coverage of 46 states. Relevant major limitations of 

this study were that 1) it could not be confirmed whether all included individuals had 

biopsies obtained from both the antrum and corpus; 2) the indication for upper endoscopy 

with biopsies; and 3) individual-level details above basic demographics. The assessment for 

publication bias was not appropriate due to the substantial statistical heterogeneity.36, 62–66
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Worldwide GIM Prevalence (including US)—There were significant differences across 

geographic regions based on subgroup analysis (p < 0.01, Appendix Figure 1), hence we 

presented the pooled estimates separately. The fixed-effects pooled prevalence of GIM was 

lowest in studies from Northern Europe 3.4% (low certainty in evidence), followed by 

Northern America 4.8% (moderate certainty), South-East Asia 6.5% (low certainty), 

Southern Asia 9.5% (low certainty), Western Asia 14.1% (low certainty), Australia 16.0% 

(very low certainty), Western Europe 16.6% (very low certainty), Southern Europe 17.5% 

(low certainty), Eastern Europe 18.7% (low certainty), Eastern Asia 21.0% (low certainty), 

and highest in South America 23.9% (moderate certainty). We did not assess for publication 

bias due to the substantial statistical heterogeneity. The certainty in evidence was rated down 

for risk of bias when the studies with the highest influence on the pooled estimate did not 

report that biopsies were routinely obtained from both the antrum and corpus. We rated 

down for inconsistency when it was not possible to explain it (e.g. based on risk of bias) and 

for imprecision when the total number of patients was less than 1,000.

The Prevalence of GIM in Proposed High-Risk Groups

Helicobacter pylori exposed patients—Forty-four of the 53 studies (83%) reported on 

H. pylori prevalence among the study population. We conducted exploratory analyses by 

categorizing the studies based on the prevalence of H. pylori. When we stratified studies 

based on prevalence of H. pylori exposure (above vs below 15%), the studies with over 15% 

H pylori exposure among included individuals reported higher GIM prevalence (Appendix 

Figure 2). Raising the the threshold H pylori prevalence to 75% yielded similar findings 

(Appendix Figure 3). However, the studies within each subgroup were inconsistent (e.g. the 

point estimate for GIM prevalence ranged from 3 to 48% in the subgroup of studies with H. 
pylori prevalence greater than 15%) and were limited by moderate to high risk of bias in 

general.

To further investigate the correlation between H. pylori prevalence and GIM prevalence, we 

also performed univariate meta-regression to assess whether the variability of H pylori 
prevalence between studies could explain the variability of GIM prevalence between the 

studies. However, we found no correlation between these two variables (p= 0.85, Appendix 

Figure 4). This observation could relate to differences in the methods used to diagnose H. 
pylori and definitions of H. pylori ‘positivity’ (i.e. prior exposure versus active infection).

We identified 6 studies (n= 7,121) that reported the prevalence of GIM in H. pylori -exposed 

patients with fixed-effects pooled GIM prevalence of 25% (95%CI: 24.0 – 26.0%). Based on 

the subgroup interaction test, there was a statistically significant difference in GIM 

prevalence based on the geographical regions (p < 0.01; Appendix Figure 5).15, 67–71

H. pylori associated virulence factors—Three studies (n= 3,068) reported GIM 

prevalence among H. pylori exposed patients according to the presence or expression of 

cytotoxin-associated gene A (cagA) status, but otherwise no other H. pylori associated 

virulence factors. cagA presence or expression status was assessed by variable methods, 

such as polymerase chain reaction and serologic testing for antibodies, respectively. For the 

purpose of this review, we considered either the presence of cagA gene or its expression as 
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“CagA positive” although we acknowledge that not all individuals infected with cagA gene 

positive H pylori strains will mount a serologic response to CagA. The prevalence of GIM 

was highest in CagA-positive H. pylori exposed patients (36.4%), followed by CagA-

negative H. pylori exposed patients (21.3%), and lowest in patients without H. pylori 
exposure (17.8%) (Appendix Figure 6, very low certainty in evidence).66, 69, 72 It is 

important to note that the high pooled prevalence in the patients without H. pylori infection 

was limited by inconsistency (studies from the U.S. and Mexico) and imprecision.

Ethnic and Racial Subgroups—We performed subgroup analysis to compare the 

prevalence of GIM between different racial and ethnic groups in the US including non-

Hispanic Blacks, Hispanics, non-Hispanic Whites, Asians, and Native Americans (3 studies, 

n = 1,434). Based on the subgroup interaction test, there was a statistically significant 

difference between the groups, with a higher prevalence of GIM among Hispanics compared 

to the other groups (p < 0.01, low to very low certainty in evidence). The higher prevalence 

among Hispanics was driven mostly by the small subgroup of patients (n= 58) from the 

study by Fennerty et al 64, which reported a GIM prevalence of 50%, compared to the larger 

subgroup (n= 162) from the study by Almouradi et al 62, which reported a prevalence of 

15.4%; the latter point estimate is comparable to the non-Hispanic subgroups. All of the 

pooled estimates were limited by serious to very serious imprecision, as the number of 

patients within the subgroups ranged from 11 to 610 (Figure 3).62, 64, 66 A cross-sectional 

study by Choi et al. used a large national pathology database and showed that patients of 

Hispanic and certain Asian ethnicities (Korean, Chinese, Vietnamese, and Japanese) have 

higher GIM prevalence, 12.7% to 39.9%, compared to other races and ethnicities grouped 

together.73 The study did not report the prevalence of GIM in the other races and ethnicities 

separately which limited our ability to pool it with the other studies.

Pernicious Anemia—One study reported the prevalence of GIM in 27 patients with 

known pernicious anemia as 88.9% (95%CI: 70.8 – 96.6%).74 Details regarding the methods 

used to identify and select the patients who had pernicious anemia were not clear in the 

study, and raise concern for selection bias; this is in addition to the very serious imprecision 

due to the very small sample size. (Appendix Figure 7, very low certainty in evidence).

First Degree Family History of Gastric Cancer—Five studies (n= 4,791 patients) 

reported the prevalence of GIM in patients with a first-degree relative with gastric cancer.
15, 65, 75–77 The random-effects pooled relative risk of diagnosing GIM in patients with vs. 

without a family history of gastric cancer was 1.46 (95%CI 0.97 – 2.21). The relative risks 

from the individual studies were not adjusted for confounding factors and the studies were 

observational cross-sectional studies (Appendix Figure 8, very low certainty in evidence). Of 

note, while one of the included studies was limited to H. pylori exposed patients, our results 

did not change when we performed a sensitivity analysis excluding this study (data not 

shown).15 A study by Leung et al reported a 30% prevalence of GIM among patients with a 

first-degree family history of gastric cancer; however, because this was a single-arm 

noncomparative study that was limited to patients with a positive family history, it was not 

eligible for pooled analysis of risk estimates.77
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Smoking and Alcohol Use History—Seven studies (n= 7,971) reported the prevalence 

of GIM among patients with former or current tobacco use. The random-effects pooled 

unadjusted relative risk of diagnosing GIM in patients with history of current vs. former 

smoking or never smoking was 1.57 (95% CI: 1.24 – 1.98).15, 65, 77–81 Six of the seven 

studies (n=6,775) also reported the prevalence of GIM based on the history of alcohol use. 

The random-effects pooled unadjusted relative risk of having GIM in current vs former or 

never alcohol users was 1.29 (95%CI: 1.12 – 1.50).15, 65, 77–80

All studies were observational cross-sectional studies conducted mostly in Asian countries 

and the relative risks were not adjusted for confounding factors. Additionally, the studies 

inconsistently differentiated between current, prior and never smokers or alcohol users 

(Appendix Figures 9 and 10, very low certainty in evidence).

In both analyses, the results were unchanged when we excluded studies limited to H. pylori-
exposed patients15 or to patients with first-degree family history of gastric cancer.77

Dietary Habits—Three studies (n=6,136) reported the prevalence of GIM in patients 

according to dietary habits. The unadjusted relative risks of having GIM in patients 

consuming high vs low salt diets, low versus high fruit/vegetable intakes, and high vs low 

dairy product intakes were 1.18 (95%CI: 0.99 – 1.40), 1.42 (95%CI: 1.13 – 1.79), and 1.72 

(95%CI: 1.43 – 2.05). None of the studies were conducted in the U.S. nor were any of the 

populations comparable to the U.S. population. The relative risks were not adjusted for 

confounders and the studies were limited by moderate to high risk of bias (Appendix Figure 

11, very low certainty in evidence).15, 79, 81 The results were unchanged when we excluded 

the study which was limited to H. pylori-exposed patients15

Pepsinogen (PG) Level—Our comprehensive search did not identify any studies that 

reported data specifically related to GIM prevalence in patients based on pepsinogen levels. 

Because the vast majority of the studies which used pepsinogen as a biomarker were focused 

on gastric atrophy28, distinction of GIM in the absence of gastric atrophy was not possible. 

Chang et al showed that patients with GIM had low PG I levels and PG I/PG II ratio 

compared to patients without GIM.82 In this study, a PG I/PG II ratio < 7.5 was also 

associated with GIM in a multivariable regression that adjusted for H. pylori seropositivity, 

age and the presence of duodenal ulcers. Wang et al showed an inverse correlation between 

OLGIM stages and PG I/PG II ratio, regardless of the H. pylori status.83

The Prevalence of GIM Subcategories

GIM Extent—There is some heterogeneity in the literature regarding the definition of 

extensive versus limited GIM based on topographic extent. Consistent with the first part of 

this technical review, we defined extensive GIM as GIM involving at least the corpus (i.e. 

corpus and antrum/incisura, or corpus alone), while limited GIM was defined as GIM 

involving only the antrum/incisura.40 This distinction necessitates formal histologic 

assessment of both locations. Thus, only those studies where at least one biopsy was taken 

from the antrum and corpus separately were eligible for this subgroup analysis. We 

acknowledge that the yield is expectedly higher with multiple biopsies from antrum and 

corpus, but the limited number of studies precluded our exclusion of studies based on the 
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number of biopsies taken. In the first part of our review, we found that the relative risk of 

incident gastric cancer in patients with extensive GIM vs limited GIM was 2.07 (95% CI 

0.97 to 4.42; 2 studies with n = 222).40

Based on 9 studies (n= 3,558) which included data on GIM prevalence, among patients with 

GIM who had biopsies obtained from both antrum and corpus the fixed-effects estimated 

pooled prevalence of extensive GIM was 30.3% (95%CI: 28.8% to 31.8%). None of the 

studies were from the U.S. and the point estimates of the individual studies ranged between 

11–85%; the observed inconsistency was not completely explained by the prevalence of H. 
pylori, geographical region or risk of bias (Figure 4, very low certainty in evidence).
69, 71, 74, 84–90 When we performed a sensivity analysis excluding two studies limited to H. 
pylori-exposed patients 69, 71 (n= 3168), the estimated pooled prevalence of extensive GIM 

was slightly lower at 25.6% (95% CI: 24.1 – 27.2). We identified one study by Lahner et al, 
which was published after our updated search date (September 2018) that otherwise met 

inclusion criteria.91 The study included 201 patients with GIM and reported 25.9% 

prevalence of extensive GIM, which is consistent with our estimated pooled prevalence.

Histopathological Subtype—As reported in the first part of this technical review, 

incomplete GIM is associated with a higher relative risk of incident gastric cancer compared 

to complete GIM (RR 3.33, 95% CI 1.96 – 5.64; 7 studies with n= 2031).40 Based on 13 

studies (n= 2,742), the fixed-effects estimated pooled prevalence of incomplete GIM among 

patients with GIM was 47.7% (95%CI: 45.8% to 49.6%). The point estimates of the 

individual studies ranged from 14–90%; the observed inconsistency was not completely 

explained by H. pylori prevalence, geographical region, or risk of bias (Figure 5, very low 

certainty of evidence) 72, 74, 78, 89, 92–96 The pooled prevalence did not change significantly 

when we excluded the one study that included H. pylori exposed patients only.69

OLGIM Stages—Although our search criteria did not identify any study that showed an 

association of OLGIM stages with increased risk of neoplasia, we conducted an exploratory 

analysis to assess the prevalence of the different OLGIM stages among patients with GIM. 

Based on three non-US studies (n= 620), the prevalence of the different OLGIM stages 

decreased as the the stage became more advanced. The fixed-effects estimated pooled 

prevalence of OLGIM stage I, II, III and IV were 55.5% (95% CI: 51.6 – 59.4%), 26.1% 

(95%CI: 22.7 – 29.6%, I2 = 20%), 10.8% (95%CI: 8.5 – 13.4%), and 6.4% (95%CI: 4.6 – 

8.5%), respectively (Appendix Figure 12).83, 85, 97

Sensitivity Analyses

We repeated all the analyses of prevalence using the generalized linear mixed model and 

inverse variance random-effects model to assess the robustness of our findings and their 

sensitivity to the statistical method we used. The pooled estimates did not differ whether we 

used the inverse-variance method or the generalized linear mixed model.

Publication Bias

We could not assess for publication bias in any of the meta-analyses due to the small number 

of studies and/or the substantial statistical heterogeneity.
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Summary and Conclusions

Here we synthesized the findings of the first comprehensive review of the prevalence of GIM 

and associated risk factors for subsequent diagnosis of gastric neoplasia using standard 

methodology for systematic reviews and meta-analyses in order to inform the AGA 

Guidelines on Cancer Surveillance in Patients with GIM.

As we report in the first part of this technical review, patients with a diagnosis of GIM have 

a higher risk of incident gastric neoplasia compared to patients without GIM and, 

importantly, there are distinct subgroups of patients with GIM who have a 2- to 4.5-fold 

higher risk of developing incident gastric cancer above that of GIM alone. These groups 

include those with extensive GIM, incomplete GIM, or a first-degree family history of 

gastric cancer. We quantified this risk in the first part of the technical review, while here we 

report their prevalence based on systematic review. The data presented here are relevant 

across stakeholders including patients, healthcare providers, and policy makers. These 

evidence profiles are intended not only to guide clinical decision making for GIM such as 

risk stratification for endoscopic surveillance, but also to direct the research agenda given 

the breadth of knowledge gaps we have highlighted here and in the first part of the technical 

review.40

One area in need of immediate comparative studies, particularly in the US, is with respect to 

best-practice protocols for GIM identification and risk stratification. Prior studies have 

established that the likelihood of detecting GIM on gastric biopsies correlates with the 

number of gastric biopsies obtained and that sampling error undermines the optimal 

detection of GIM.85, 95, 98–102 Professional societies have attempted to standardize the 

number and methods used to obtain random gastric biopsies; however, there is remarkable 

variability in practice.38, 103, 104

This technical review has multiple strengths. It is based on a systematic comprehensive 

search of the available literature with adherence to all high quality measures of the standard 

systematic review methodology. We involved both clinical and methodologic expertise and 

utilized the GRADE framework to assess the quality of the available evidence. We were able 

to identify gaps in the literature to direct future work and efforts. Although such gaps limited 

our ability to directly inform our PICO questions, we identified indirect evidence to assist 

the guidelines panel in making evidence-based decisions regarding the PICO questions.

Our work is not without inherent limitations, however. Most of our findings are based on 

observational studies and should be interpreted with caution. As noted previously, despite 

the large number of the studies that we identified, the pooled prevalence estimates were 

influenced by large studies from pathological databases; Hence, it is arguable that our 

pooled prevalence estimates could have underestimated or overestimated the true prevalence 

of GIM. They could have underestimated the prevalence due to the variability in practice 

when it comes to obtaining gastric biopsies in terms of the location and the number of 

biospies obtained leading to missed GIM cases. A systematic review of optimal endoscopic 

and histologic protocols for the identification of GIM was outside of the scope of this review 

as determined by the AGA. On the other hand, the pathology databases receive samples from 
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clinicians performing endoscopic procedures for certain indications. Individuals who have 

risk factors for GIM, such as H. pylori infection and smoking, tend to have symptoms, such 

as dyspepsia, that necessitate endoscopic evaluation. Enrichment of the study population 

with symptomatic individuals who more often have risk factors for GIM and who are also 

more likely to have biopsies obtained for diagnostic evaluation potentially overestimates 

GIM prevalence in the general population. Indeed, in this review we provided estimates of 

the prevalence of the risk factors that could be associated with higher risk of gastric 

neoplasia among patients with GIM, such as GIM histologic subtypes. Analyzing clinical 

predictors of having these risk factors, however, was outside our scope.

As noted in our statistical analysis section, we elected to use the fixed-effects model as we 

presumed that differences between the studies were related to sampling error rather than 

differences between the included patients. While we acknowledge that this approach has 

limitations in the setting of high heterogeneity, we accepted this tradeoff as the fixed-effects 

model ensured studies with larger sample sizes, which are less affected by sampling error, 

were allocated higher weights compared to smaller studies when pooled. To ensure 

statistical rigor was maintained, we additionally used the generalized linear mixed model 

and random-effects model to assess the sensitivity of our pooled estimates to the change in 

the statistical method; importantly, our overall conclusions were preserved.56

Based on the U.S. Census Bureau data from July 2017, there are around 252 million adults 

in the US.105 Based on the pooled prevalence estimate form our technical reviews, we can 

estimate that there are approximately 12.1 million adults with GIM in the US. We also 

estimated the incidence of gastric cancer in patients with GIM to be 82 cases per 100,000 

person-years, which equates to approximately 10,000 new cases of gastric cancer annually in 

association with GIM. Based on publically available population-based data in the United 

States2, there are an estimated 26,240 new cases annually with an overall incidence rate 

estimated to be 7.2 cases per 100,000 persons, although the incidence ranges from 4.7 to 

13.7 depending on gender and racial/ethnic subgroup. Hence, potentially up to 40% of the 

newly diagnosed (noncardia) gastric cancers in the US may be in the context of associated 

GIM. Notably, because gastric cancer screening and GIM surveillance do not occur routinely 

in the US, the majority of incident cases are diagnosed in an advanced stage when treatment 

options are noncurative.

In conclusion, we have summarized the available evidence and provided estimates of the 

prevalence of GIM, the incidence rate of gastric cancer in patients with GIM overall and also 

based on proposed risk factors including clinicodemographic and individual lifestyle factors, 

extent of GIM, and histologic subclassification of GIM. Our comprehensive evidence 

profiles are an important comprehensive resource for clinicians, researchers, and patients to 

assist informed clinical decision making regarding endoscopic surveillance for GIM, as well 

as to guide the research agenda moving forward. Indeed, we have identified gaps in the 

literature for future research and most importantly the need to standardize endoscopic and 

histologic assessment practices and to better define risk factors for developing gastric cancer 

that could be used to stratify patients with GIM and guide the need for and frequency of 

endoscopic surveillance.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acronyms

NCGA non-cardia gastric adenocarcinoma

GA gastric adenocarcinoma

GIM gastric intestinal metaplasia

H. pylori Helicobacter pylori

US United States

AGA American Gastroenterological Association

GRADE Grading of Recommendation, Assessment, Development, and 

Evaluation

OLGIM the operative link for gastric intestinal metaplasia

OLGA the operative link for gastric atrophy

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

Analyses

MOOSE Meta-analysis Of Observational Studies in Epidemiology

CI confidence interval

cagA cytotoxin-associated gene A

vacA vacuolating cytotoxin A

PG pepsinogen
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Figure 1. 
PRISMA flow diagram of study selection.
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Figure 2. 
Prevalence of GIM in US patients who underwent gastric biopsies.
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Figure 3. 
Prevalence of GIM in US patients who underwent gastric biopsies by race/ethnicity.
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Figure 4. 
Prevalence of extensive GIM among patients found to have GIM on gastric biopsies 

(*Guarner 2001 and Leodolter 2006 were studies of H. pylori-infected patients).
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Figure 5. 
Prevalence of incomplete GIM among pateints found to have GIM on gastric biopsies 

(*Guarner 2001 was a study of of H. pylori-infected patients).
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