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Abstract
Objective
Gastrointestinal pathology is a major cause of iron deficiency anemia (IDA). Whilst previous studies have focused on establishing the prevalence of malignant gastrointestinal (GI) disease, the prevalence of non-malignant GI disease in patients with IDA has not been analysed systematically. We performed a systematic review and meta-analysis to determine the prevalence of normal findings, individual non-malignant findings and malignancy in patients with IDA. 

Methods
We searched Medline, Embase and Scopus from inception for observational studies that reported the prevalence of individual upper and lower GI pathologies amongst adults (≥18 years) with confirmed IDA who underwent endoscopic investigation. We also sought to establish the prevalence of normal endoscopic findings within the IDA population as well as the prevalence of non-malignant and malignant GI pathology amongst clinically relevant subgroups. Results were synthesized using a random effects meta-analysis. 

Results
A total of 8563 citations were screened and 39 articles were included from four continents comprising 9807 patients with IDA. Overall, the most prevalent upper GI finding was H. pylori gastritis (27.0%); and the most prevalent lower GI finding was hemorrhoids (10.0%). The overall prevalence of upper GI malignancy was 5.0% and the prevalence of colorectal cancer was 8.0%. 52.0% of upper GI endoscopies and 66.0% of lower GI endoscopies did not detect any abnormalities. 




Conclusions
The estimated prevalence of individual malignant and non-malignant GI disease will serve as guide in the context of clinical decision making prior to endoscopy in patients with IDA. Further population-based studies are needed, particularly amongst relevant subgroups. 
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Introduction
[bookmark: _Hlk167176548]Iron deficiency anemia (IDA) is a major public health problem affecting >1 billion people globally(1){Ioannou, 2002 #308}. The predominant etiologies of IDA vary worldwide due to factors such as age, sex and geographical location(2). However, gastrointestinal (GI) disease is an important consideration across all population subsets. The predominant mechanisms by which GI disorders cause IDA include iron malabsorption and occult or overt blood loss from the GI tract(2). Clinically, distinguishing malignant from non-malignant GI causes is critical. 

British Society of Gastroenterology (BSG) guidelines, recommend urgent bidirectional endoscopy (BDE) in men and post-menopausal women with newly diagnosed IDA(3). Investigation of pre-menopausal women is recommended for those greater than 50 years of age, post-hysterectomy, with red flag symptoms, at elevated genetic risk of GI pathology, or with recurrent or persistent IDA which is disproportionate to other causes (such as menstruation). The American Gastroenterology Association (AGA) recommends BDE in asymptomatic men and post-menopausal women, though in contrast recommends BDE also in asymptomatic premenopausal women (except those who place a low value on the small risk of missing GI cancer who may elect to receive an initial course of iron replacement therapy)(4). Therefore, GI diagnostic workup for IDA, including its urgency are predicated primarily on the pre-test probability of gastrointestinal malignancy. Whilst previous work has evaluated the prevalence of malignant GI disease in patients with IDA(5, 6), little is known about the prevalence of clinically important non-malignant GI conditions in adults with IDA. A better understanding of the prevalence of non-malignant GI disease amongst clinically relevant subgroups could inform diagnostic strategy and decision-making and enable clinicians to communicate with patients bespoke and precise estimates of the prevalence of GI disease and identify areas of future research need.  This information may also help centers to prioritise access to endoscopy in the context of limited capacity and rising demand(7). 

The aim of this systematic review was to determine the prevalence of non-malignant disease (of primary interest) and malignant GI conditions in adults with confirmed IDA who underwent endoscopic evaluation. We also aimed to determine disease prevalence amongst clinically relevant subgroups defined by age, sex and menopausal status. 

Methods
The protocol for this systematic review was registered on the PROSPERO database (reference, CRD42023438495) and conducted in accordance with the 2020 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines(8).  

Information Sources and Search Strategy
Published articles and abstracts were identified by searching the MEDLINE, EMBASE and SCOPUS databases from inception using the OVID platform.  Searches were up to date as of 11/06/2025 (search strategy detailed in Supplementary F1).  No language restrictions were placed on the searches. 

Eligibility Criteria
Cohort or cross-sectional studies that satisfied the following criteria were consider for included in the study: 1) adults (aged ≥ 18 years) undergoing endoscopic evaluation for IDA; 2) diagnosed with IDA as defined by anemia (using hemoglobin values equal to or stricter than World Health Organization [WHO] thresholds: < 120 g/L in women and < 130 g/L in men) with evidence of iron deficiency (ferritin at least < 45 µg/L, transferrin saturation at least < 20% or based on bone marrow aspirate); 3) outcome established by endoscopy or histology directly as opposed to via linkage with a disease registry; 4) reported numerator and denominator to estimate the proportion of investigated IDA patients with a particular GI diagnosis.  Studies were excluded if the following criteria applied: 1) disease cohorts (e.g., celiac disease or inflammatory bowel disease); 2) cohorts selected based on initially normal upper and/or colonoscopy; 3) video capsule endoscopy after normal evaluation of upper and lower GI tracts. 

We chose a ferritin threshold of 45µg (sensitivity 85%, specificity 92%) given literature showing it to be preferable to a threshold of 15µg (sensitivity 59%, specificity 99%)(9).To mitigate for states such as inflammation and chronic kidney disease confounding the interpretation of iron status based on ferritin levels, we also accepted definitions of iron deficiency based on low transferrin saturation (<20%) or bone marrow studies. Microcytosis on blood film examination was not deemed adequate to define IDA due to lack of specificity.

IDA cohorts were selected irrespective of symptom status. Where study populations overlapped, we included the largest and most contemporaneous cohort. Where appropriate, study eligibility was confirmed by contacting authors for additional information.  Two reviewers (LA and RDS) independently screened abstracts and full-text articles for inclusion based on the criteria detailed above, with any discrepancies being resolved following discussion between reviewers. 

Data Extraction and Quality Assessment
[bookmark: _Hlk167181060]Two reviewers independently extracted data from each selected study for study and participant characteristics (study design/study population/setting/geographical location/recruitment period/sample size/important exclusions); participant characteristics (age/sex/ethnicity/referral source/the presence of GI symptoms/IDA definition); numerators (cases of each disease outcome) and denominators (population at risk with confirmed IDA undergoing endoscopic investigation). Where relevant, selected articles were translated into English using Google Translate to enable data collection and no assumptions were made about missing or unclear information(10). Discrepancies in the extracted data were resolved through consensus discussion between reviewers.
The primary outcome was the prevalence of individual gastrointestinal diagnoses (including non-malignant and malignant) in patients with confirmed IDA, including normal appearances. Data were collected on specific and less specific findings in both the upper GI tract (esophagitis, esophageal ulcers, esophageal varices, Mallory-Weiss tears, gastritis, Helicobacter pylori (H. pylori) gastritis, atrophic gastritis, gastric ulcers, gastric polyps, gastric varices, gastrectomy, portal hypertensive gastropathy, hiatus hernia, Cameron lesions, duodenitis, duodenal ulcers, duodenal polyps, duodenal Crohn’s disease, celiac disease, arterio-venous malformations, oesophageal cancer, gastric cancer and total upper GI cancer) and lower GI tract (colitis, inflammatory bowel disease, ulcerative colitis, Crohn’s disease, colorectal cancer, colorectal polyps or adenomas, arteriovenous malformations, diverticulosis or diverticulitis and hemorrhoids). Some of these diagnostic categories are not mutually exclusive (particularly related to inflammatory bowel disease) but were included to ensure comprehensive data capture. We considered important non-malignant pathology to encompass conditions which could both plausibly cause iron deficiency anaemia and require significant clinical intervention beyond simple pharmacological intervention (e.g. proton pump inhibitor therapy)(7, 11) (Supplementary T1). 

Two reviewers (SC and JT) independently performed a quality assessment of all included studies using a modified Newcastle-Ottawa scale for cross-sectional studies that was adapted for the purpose of this systematic review (Supplementary Appendix F2). Using this scale, studies were scored across three domains: selection (two questions); ascertainment of exposure, sample size, comparability and outcome (one question each). Assessment for questions relating to statistical analysis were omitted as they were deemed not applicable to the research questions. Therefore, for individual studies the highest possible score was 11 points. Scores of 0-3, 4-7 and 8-11 were respectively assigned low, moderate, and high quality. Any discrepancies were resolved through discussion between reviewers. 

Statistical analysis
[bookmark: _Hlk86677958]The STATA programme, metaprop, was used to perform meta-analyses of proportions extracted from each study(12). Proportions were transformed to stabilize their variances using Freeman-Tukey double arcsine transformation, prior to calculation of pooled estimates using the random-effects model proposed by DeSimonian and Laird. Confidence intervals for pooled estimates were calculated using the Wald method. I2 values of <25%, 25 to <50%, 50 to <75% and ≥75% indicated low, moderate, substantial and considerable heterogeneity, respectively. For each outcome, pooled proportions (% with 95% CI) of each were presented (both numerically and with forest plots) stratified by the following groups: overall, men, women, age ≥50 vs. <50, and pre-menopausal women. Small study effects were evaluated visually using Doi plots and quantitatively using Luis Furuya-Kanamori (LFK) indices(13) for the estimates contributing to the pooled prevalence of the six most common endoscopic findings in men and women overall. Small study effects or heterogeneity were considered likely with asymmetry in the Doi plots and if the LFK indices >1.0 or < -1.0. We opted not to perform statistical tests (P interaction) for subgroup analysis for each endoscopic finding (34 in total) across prespecified subgroups (age, sex and menopausal status) given a high risk of multiplicity. In a post-hoc analysis we performed meta-regression using untransformed (raw) proportions to evaluate the linear association between the mean haemoglobin thresholds used in each study (average of thresholds for men and women) with (1) the proportion of normal upper GI findings in all undergoing diagnostic EGD and (2) the proportion of normal lower GI findings in all undergoing colonoscopy. Statistical analyses were performed with STATA version 18.0 (StataCorp LP, College Station, Texas, USA).





Results
Search and Selection of Studies
From the 8563 articles identified from the literature search, 151 full-text articles were assessed for eligibility, of which 39 were eligible for inclusion (Figure 1)(14-50). The 111 excluded articles (Supplementary T2) were rejected based on an inadequate definition of IDA (n = 72); patients aged <18 years or age-range not defined (n = 15); absence of a separate IDA cohort (n = 8); unclear denominators for endoscopic investigations (n = 5); no data available on endoscopic diagnoses (n = 4); disease cohorts (n = 4); outcomes not ascertained by endoscopy (n = 1); overlapping cohorts of patients (n = 1) and outcomes not stratified by site in the GI tract (n = 1) (Figure 1). 

Study Characteristics
The characteristics of the selected studies are shown in Table 1. There were twelve studies from Europe(16, 20, 23, 26, 27, 34-36, 42, 47-49), nine from the United States of America (USA)(15, 25, 28-31, 40, 43, 51) sixteen from Asia(17-19, 21, 22, 24, 32, 33, 37-39, 41, 44-46, 50) and two from Australia(14, 52). Twenty-three studies had a prospective design(14, 16, 21, 22, 27, 29-33, 35, 37, 41, 43-50) and fifteen were retrospective(15, 17-19, 23-26, 28, 34, 36, 38-40, 51, 52); thirty-four were single-centre studies(14, 15, 17-29, 31-43, 45, 46, 48-51), three were multi-centre studies(16, 30, 52) and one study did not specify the number of centers involved(44). Patients were referred from both primary and secondary care in ten studies(15, 16, 25, 26, 29, 30, 37, 47, 48, 50); from secondary care exclusively in four studies(17, 21, 28, 41); primary care exclusively in two studies(20, 35) and via screening in two studies(32, 33). Twenty studies did not specify the source of patient referral(14, 18, 19, 22-24, 27, 31, 34, 36, 38-40, 42-46, 49, 51, 52). 

Participant Characteristics
The characteristics of study participants are shown in Supplementary T3. Twenty-six studies were conducted in combined symptomatic and asymptomatic cohorts(14-16, 18-22, 25, 26, 28-31, 34-36, 39-41, 43, 46-51). Six studies were conducted in exclusively asymptomatic patients(27, 32, 33, 37, 38, 45), and six studies did not report symptom status(17, 23, 24, 42, 44, 52). Participant ethnicity was reported in four studies(15, 29, 30, 51). Five studies reported results for women aged <50(19, 22, 36, 39, 48); six studies reported results for premenopausal women(15, 19, 22, 25, 30, 39) and one study reported data on outcomes for women aged ≥50 years(36). Three studies are presented in both the women aged <50 and premenopausal women subgroup analyses(13,16,33). Four studies reported results for men aged <50(18, 32, 33, 50) and two studies reported on data for men aged  ≥50 years (32, 50). Common important exclusions reported in eligible papers were menorrhagia, acute gastrointestinal bleeding, recent surgery, and IDA attributable to nutritional deficiencies.

Prevalent endoscopic findings by patient group

Overall 
Amongst all patients in the studies selected, the five most common upper GI findings were H. pylori gastritis (27.0%; 95% CI 17.0-37.0%; 8 studies; n= 769; I2 = 89.3%); gastritis (14.0%; 95% CI 9.0-20.0%; 28 studies; n= 3058; I2 = 95.0%), hiatus hernia (10.0%; 95% CI 2.0-20.0%; 5 studies; n = 563; I2 = 91.9%); esophagitis (7%; 95% CI 5.0-10.0%; 31 studies; n = 6892; I2 = 89.8%) and atrophic gastritis (7%; 95% CI 2.0-13.0%; 8 studies; n = 4519; I2 = 94.6%). The prevalence of upper GI cancer was 5.0% (95% CI 3.0-7.0%; 28 studies; n = 6983; I2 = 83.8%). The five most prevalent lower GI findings were hemorrhoids (10.0%; 95% CI 5.0-16.0%; 11 studies; n = 1286; I2 = 90.2%); colorectal cancer (8.0%; 95% CI 6.0-10.0%; 36 studies; n = 8063; I2 = 86.9%); colorectal polyps or adenomas (7.0%; 95% CI 5.0-9.0%; 30 studies; n = 7472; I2 = 90.7%); diverticular disease (6.0%; 95% CI 3.0-9.0%; 10 studies; n = 936; I2 = 64.7%) and colitis (4.0%; 95% CI 1.0-9.0%; 9 studies; n = 719; I2 = 83.7%). Of the twenty-two studies reporting the prevalence of celiac disease, thirteen explicitly required histological confirmation(19-22, 27, 29, 31, 35, 36, 38-40, 47-49).  Of the ten studies that reported prevalence of either atrophic or H.pylori gastritis, three explicitly mentioned that gastric biopsies were taken(37, 48, 49). 
Prevalence of normal esophagogastroduodenoscopy (EGD) was 52.0% (95% CI 38.0-65.0%; 16 studies; n = 1675; I2 = 96.8%) and the prevalence of normal colonoscopy was 66.0% (95% CI 54.0-77.0%; 14 studies; n = 1597; I2 = 95.4%). (Figure 2). 

[bookmark: _Hlk167184546]Women Aged Under 50
Amongst women aged under 50, the five most common upper GI findings were H. pylori gastritis (28.0%; 95% CI 22.0-35.0%; 2 studies; n = 177); duodenitis (9.0%; 95% CI 3.0-22.0%; 1 study; n = 43); gastritis (8.0%; 95% CI 2.0-16.0%; 4 studies; n = 463; I2 = 86%); upper GI cancer  (7.0%; 95% CI 4.0-10.0%; 2 studies; n = 304) and Cameron lesions (7.0%; 95% CI 1.0-19.0%; 1 study; n = 43). The most common lower GI findings were inflammatory bowel disease (7.0%; 95% CI 3.0-15.0%; 1 study; n = 83); colorectal cancer (7.0%; 95% CI 0.0-25.0%; 3 studies; n = 250; I2 = 93.0%); hemorrhoids (7.0%; 95% CI 3.0-15.0%; 1 study; n = 83) and colorectal polyps or adenoma (2.0%; 95% CI 0.0-5.0%; 2 studies; n = 159). The prevalence of normal EGD was 41.0% (95% CI 34.0-47.0%; 2 studies; n = 241). The prevalence of normal colonoscopy was 39.0% (95% CI 28.0-50.0%; 1 study; n = 83). (Figure 3). In this sub-group, the prevalence of five GI findings were based on data from a single study. 

Women Aged 50 or Over
Amongst women aged 50 or over, the five most common upper GI findings were gastritis (15.0%; 95% CI 9.0-22.0%; 1 study; n = 117); esophagitis (8.0%; 95% CI 4.0-14.0%; 1 study; n = 117); gastric cancer (6.0%; 95% CI 2.0-12.0%; 1 study; n = 117); gastric polyps (5.0%; 95% CI 2.0-11.0%; 1 study; n = 117) and gastric ulcers (4.0%; 95% CI 1.0-10.0%; 1 study; n = 117). The most common lower GI findings were colorectal cancer (12.0%; 95% CI 7.0-19.0%; 1 study; n = 117), colorectal polyps or adenomas (9.0%; 95% CI 4.0-15.0%; 1 study; n = 117) and arteriovenous malformations (4.0%; 95% CI 1.0-10.0%; 1 study; n = 117). (Figure 3). In this subgroup, the prevalence of all eight GI findings were based on data from a single study.  

Premenopausal Women
In studies reporting data on premenopausal women, the five most common upper GI findings were H. pylori gastritis (18.0%; 95% CI 12.0-26.0%; 2 studies; n = 135); arterio-venous malformations (11.0%; 95% CI 1.0-33.0%; 1 study; n = 19); gastritis (9.0%; 95% CI 3.0-18.0%; 6 studies; n = 655; I2 = 90.0%); duodenitis (9.0%; 95% CI 3.0-22.0%; 1 study; n = 43) and Cameron lesions (7.0%; 95% CI 1.0-19.0%; 1 study; n = 43). The prevalence of upper GI cancer was 6.0% (95%; CI 4.0-9.0%; 2 studies; n = 366). The five most common lower GI findings were diverticular disease (11.0%; 95% CI 1.0-33.0%; 1 study; n = 19); inflammatory bowel disease (7.0%; 95% CI 3.0-15.0%; 1 study; n = 83); colorectal cancer (7.0%; 95% CI 1.0-16.0%; 4 studies; n = 423); hemorrhoids (7.0%; 95% CI 3.0-15.0%; 1 study; n = 83) and colitis (5.0%; 95% CI 0.0-26.0%; 1 study; n = 19). The prevalence of normal EGD was 45.0% (95% CI 7.0-86.0%; 3 studies; n = 310). The prevalence of normal colonoscopy was 68.0% (95% CI 24.0-98.0%; 3 studies; n = 213). (Figure 4). In this subgroup, the prevalence of seven GI findings were based on data from a single-study.

A post hoc sensitivity analysis that excluded a study which reported a disproportionately high number of cases of upper GI and colorectal cancer (39) showed a total upper GI cancer prevalence of 3.0%; 95% CI 1.0-6.0%; 1 study; n = 186 and a colorectal cancer prevalence of 3.0%; 95% CI 1.0-5.0%; 3 studies; n = 340. 

Men Aged Under 50
In men aged under 50, the five most common upper GI findings were gastritis (31.0%; 95% CI 26.0-35.0%; 2 studies; n = 383); Crohn’s disease (9.0%; 95% CI 6.0-12.0%; 2 studies; n = 370); esophagitis (7.0%; 95% CI 5.0-11.0%; 1 study; n = 255); duodenitis (7.0%; 95% CI 4.0-10.0%; 1 study; n = 255) and celiac disease (4.0%; 95% CI 2.0-8.0%; 1 study; n = 255). The prevalence of upper GI cancer was 1.0% (95% CI 0.0-7.0%; 1 study; n = 75). The most common lower GI findings were ulcerative colitis (5.0%; 95% CI 3.0-7.0%; 2 studies; n = 370); hemorrhoids (5.0%; 95% CI 3.0-7.0%; 1 study; n = 242); colorectal polyps or adenomas (3.0%; 95% CI 2.0-6.0%; 2 studies; n = 370) and colorectal cancer (1.0%; 95% CI 0.0-3.0%; 2 studies; n = 150). (Figure 5). In this subgroup, the prevalence of five GI findings were based on data from a single-study.


Men Aged 50 or Over
Amongst men aged 50 or over, data were only available for the prevalence of gastric cancer (11.0%; 95% CI 7.0-18.0%; 1 study; n = 131) and colorectal cancer (1.0%; 95% CI 0.0-4.0%; 1 study; n = 135). (Figure 5). In this subgroup, the prevalence of both GI findings were based on data from a single-study.

Meta-regression analysis of normal findings
There was no significant association between haemoglobin thresholds applied in each study and the proportion with normal EGDs (risk difference [%] per unit haemoglobin increase [RD] = 0.09%, 95% CI 0.02 to 2.73%; p=0.946; 16 studies) and normal colonoscopies (RD -0.62%, 95% CI -2.62 to 1.37%; p=0.540; 14 studies).

Study quality and small study effects
Using the modified Newcastle-Ottawa Quality assessment, total scores ranged between four and nine (maximum score = eleven): 0 scored 0-3 (low quality), 26 scored from 4-7 (moderate quality) and 13 scored between 8-11 (high quality) (Supplementary T4). No studies were excluded from analysis due to quality assessment. Doi plots and LFK indices showed possible evidence of small study effects or heterogeneity for total upper GI cancer (LFK index = 3.95); esophagitis (LFK index = -2.32); normal EGD (LFK index = -1.28) and colorectal polyps (LFK index = 1.51). There was no evidence of small study effects or heterogeneity for colorectal cancer (LFK index = -0.94) or normal colonoscopy (LFK index = 0.78). (Supplementary F3-8). 




Discussion
This is the first systematic review to establish the prevalence of non-malignant GI conditions in patients with confirmed IDA who subsequently undergo endoscopic evaluation. Gastritis is the most common endoscopic upper GI finding in adults, affecting 48% of all patients in this analysis. Among studies that referenced specific underlying etiologies of gastritis, H. pylori is the most common cause. Notably, none of the included studies reported on prevalence of autoimmune gastritis.  
The most prevalent non-malignant lower GI findings in adults are hemorrhoids (10.0%), colorectal polyps or adenomas (8.0%), and diverticular disease (6.0%). The overall prevalence of upper GI malignancy is 5.0% and the prevalence of colorectal cancer is 8.0%. Additionally, our data show that the prevalence of a normal EGD in adult patients with IDA is 52.0% and that the prevalence of a normal colonoscopy is 66.0%. As previously reported, prevalence of gastrointestinal malignancy in patients with IDA appears to differ by sex and age(53, 54). There are also sex- and age-related differences in the burden of non-malignant pathology. In pre-menopausal women, some of the most prevalent non-malignant upper GI pathologies associated with IDA included  A-V malformations (11%) and Cameron lesions (7%), whilst in men <50, Crohn’s disease (9%) and celiac disease (4%) were prevalent. Inflammatory bowel disease emerged as one of the most prevalent non-malignant lower GI causes in both women and men <50. 

Endoscopic evaluation in adults ≥50 years with iron deficiency anemia (IDA) is well-established in clinical practice due to the increased prevalence of malignant causes. However, the role of endocopy in younger patients remains unclear. The BSG and AGA recommends BDE in all men (regardless of age) and post-menopausal women. BSG does not recommend BDE in pre-menopausal women under 50 (due to low diagnostic yields and the higher prevalence of IDA due to menstrual blood loss) in contrast to the AGA which more readily advocates for investigation. Our systematic review indicates that individual non-malignant conditions are prevalent in younger adults (both men and women under 50 including premenopausal women) with IDA. We observed well-established causes of IDA such as H. pylori gastritis, celiac disease, inflammatory bowel disease, and A-V malformations in a significant minority of younger males and females. While some of these etiologies (such as celiac disease and H. pylori infection) can be diagnosed through non-endoscopic tests, in patients with persistent IDA where non-invasive investigations do not identify a particular cause, this data suggests a rationale in pursuing endoscopic evaluation in younger patients (under 50 years), including females.. 

This systematic review has several strengths. The study protocol was pre-registered, and utilised a contemporaneous search strategy to comprehensively identify relevant studies from the published literature (Supplementary F9). Moreover, emphasis was placed on stratifying results based on the clinically relevant subgroups of age, sex and menopausal status allowing for more specific estimates which can be used by clinicians and patients to better weigh-up the risks and benefits of undergoing endoscopic investigation. We adhered to only including studies that met our strict criteria of IDA by using robust and objective definitions to ensure generalizability of our meta-estimates to the wider population of patients with IDA. Finally, in contrast to the fixed-effects meta-analysis used in the previous technical review(9), we utilized a random-effects model given the heterogenous populations in the included studies. 

The main limitation of this systematic review is the small study and participant numbers in some subgroups reducing precision of meta-estimates. Furthermore, thirty-four (89%) of the included studies were from single centers thereby increasing risk of selection bias. This is of particular relevance when comparing the differences in prevalence of colorectal cancer in women aged <50 (7%; all 3/3 were single-centre studies(22, 36, 39)) with that of men aged <50 (1%; two contributing single-centre studies(32, 33)) and men aged ≥50 (1%; 1/2 was a single-centre study(32)). A further limitation is the inclusion of a heterogeneous patient population, with 27 of 39 studies enrolling both asymptomatic and symptomatic patients without stratifying outcomes accordingly. In addition, there was considerable inter-study variation in the haemoglobin (90–130 g/L) and ferritin thresholds (9–45 µg/L) used to define anaemia and iron deficiency, respectively. Important patient subgroups were also inconsistently excluded across studies (Table 1). Together, these factors may account for the substantial heterogeneity observed. There was no apparent association between haemoglobin thresholds applied and the proportion of normal endoscopic finidngs in the lower or upper GI tract.

Finally, while we have presented the prevalence of individual endoscopic and histological diagnoses in patients with IDA, it is difficult to establish a causal relationship based on this cross-sectional data. This is particularly pertinent when considering prevalent endoscopic findings such as mild gastritis, hemorrhoids and hiatus hernia with no identifiable Cameron’s ulcers. Nevertheless, for findings in which IDA is an established presenting feature (such as ulcers, Cameron lesions, AVMs, IBD, malignancy, celiac disease and larger polyps or adenomas) a causal interpretation from the meta-estimates seems more probable. When interpreting risk of GI cancer in patients with IDA, it is important to also consider post-endoscopy upper GI cancer (PEUGIC) and post-colonoscopy colorectal cancer (PCCRC) for which pooled prevalence internationally is estimated at 10.7% and 8.2%, respectively(55, 56).  Therefore, while this meta-analysis has determined the diagnostic yield for GI cancer based on a single endoscopy, this will be an underestimate due to false negative test results for these outcomes. Unfortunately, due to limited data provided in individual studies it was not possible to perform subgroup analyses to examine how diagnostic yield varied by symptom status or anaemia severity.

Given these limitations, there is need for representative population-based studies to determine the pre-test probability of important non-malignant GI disease in clinically relevant patient-subgroups. In particular, evidence is lacking in pre-menopausal women and men aged  ≥50 years. This evidence is required to inform referral guidelines and in turn should aid patient and clinician decision making, especially in the context of rising endoscopic demand within resource constrained health systems. Future research should evaluate the role of faecal immunochemical testing (FIT) as a triage tool prior to endoscopy, to prioritise patients not only for suspected malignancy but also for clinically significant non-malignant GI disease. Additionally, there is a need to develop and validate multivariable risk prediction models that potentially incorporate FIT results alongside other clinical and demographic factors, to improve identification of patients at risk of important GI disease.  

In conclusion, non-malignant and malignant disease prevalence in patients endoscopically investigated with IDA vary by age, sex and menopausal status. Individual non-malignant GI diagnoses made endoscopically are collectively common in adults with IDA (including men and women under 50 years) and therefore even in groups with a low pretest probability of GI malignancy, endoscopy may still be justified to detect important non-malignant disease. 
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Figure and Table Legends

Figure 1: PRISMA 2020 Flow Diagram, adapted from Page et al

Figure 2: Meta-analysis of the prevalence of gastrointestinal findings in the overall population with IDA

Abbreviations: CI, confidence interval; EGD, esophagogastroduodenoscopy; GI, gastrointestinal; AVM, arteriovenous malformations; IBD, inflammatory bowel disease

Figure 3: Meta-analysis of the prevalence of gastrointestinal findings in women with IDA

Abbreviations: CI, confidence interval; EGD, esophagogastroduodenoscopy; GI, gastrointestinal; AVM, arteriovenous malformations; IBD, inflammatory bowel disease

Figure 4: Meta-analysis of the prevalence of gastrointestinal findings in premenopausal women with IDA

Abbreviations: CI, confidence interval; EGD, esophagogastroduodenoscopy; GI, gastrointestinal, AVM, arteriovenous malformations; IBD, inflammatory bowel disease

Figure 5: Meta-analysis of the prevalence of gastrointestinal findings in men with IDA

Abbreviations: CI, confidence interval; GI, gastrointestinal; AVM, arteriovenous malformations

Table 1: Summary of Study Characteristics

Abbreviations: IDA, iron-deficiency anemia; GI, gastrointestinal; Hb, hemoglobin; NSAID, non-steroidal anti-inflammatory drug; PUD, peptic ulcer disease; CRC, colorectal cancer; IBD, inflammatory bowel disease; CKD, chronic kidney disease; BDE, bidirectional endoscopy
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Supplementary Figure 3: Doi plot of colorectal cancer
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Supplementary Figure 4: Doi plot of normal colonoscopy
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Supplementary Figure 5: Doi plot of colorectal polyps
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Supplementary Figure 6: Doi plot of normal EGD
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Supplementary Figure 7: Doi plot of esophagitis
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Supplementary Figure 8: Doi plot of total upper GI cancer
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Supplementary Figure 9: PRISMA checklist





