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This thesis is based on the scientific research produced in support of the HPOS study – 

Helicobacter pylori screening on Hospital Workers, and presents the first results of the 

implemented intervention. This project has been conducted in collaboration with Prof 

Dino Vaira, Dr Giulia Fiorini and Dr Matteo Pavoni, with the resources, coordination and 

support of Prof Paolo Boffetta. It raised from an idea first developed in November 2019, 

and shared with Dr Andrea Farioli, who was the first to encourage this project. 

This PhD thesis id dedicated to Andrea.  
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1. Abstract 
 

Future medicine is grounded in prevention, consistently supported by epidemiological 

evidence demonstrating its effectiveness in reducing disease burden, improving 

population health outcomes, and enhancing the sustainability of health services. 

In recent years, increasing attention has been devoted to workplace health promotion, 

including cancer prevention, within the framework of the Total Worker Health approach. 

This perspective extends beyond the control of occupational hazards to encompass the 

overall health and wellbeing of the working population, recognizing the workplace as a 

strategic setting for disease prevention and health equity. This is especially relevant in 

the context of the current shortage of health providers and the progressive ageing of the 

workforce, which together generate growing healthcare needs while limited medical 

resources.  

In Italy, a legislation enacted on 31 October 2025 promotes access to cancer screening 

during working hours, favoring the spread of cancer prevention awareness and the 

participation in cancer screening programs. The decree also strengthens the role of the 

occupational physician, expanding it beyond traditional occupational health surveillance 

to include the active promotion of cancer screening participation and the integration of 

extended cancer prevention within corporate welfare. 

Helicobacter pylori (Hp) infection is a paradigmatic target in preventive medicine. For 

decades, Hp remained a largely unrecognized pathogen, until its causal role in peptic ulcer 

disease was established, leading to the Nobel Prize in 2005 to Warren and Marshall. Hp 

has been identified as the cause of a large spectrum of gastric and extra-gastric conditions, 

encompassing both benign and malignant diseases. Notably, Hp is the leading cause of 

infection-related cancer worldwide. Despite the extensive scientific evidence showing 

that Hp eradication reduces the risk of gastric cancer, population-based screening and 

treatment strategies remain poorly implemented, except for some countries in Asia such 

as Japan, South Korea, and China, where infection prevalence and gastric cancer 

incidence are particularly high.  



 

8 
 

This doctoral thesis investigates Hp infection as a modifiable determinant of health, 

focusing on its carcinogenic role and on the potential of Hp control to reduce the burden 

of gastric cancer. The overarching aim is to explore the feasibility and effectiveness of 

workplace-based Hp screening, where occupational health surveillance is a unique, 

structured, and underutilized opportunity for large-scale gastric cancer prevention.         

The thesis is structured as a collection of studies conducted and published (or in 

publication) during the PhD program. These include investigations into the epidemiology 

of Hp–related gastric cancer, global estimates of the burden of gastric cancer attributable 

to Hp, and analyses of cancer attributable to infectious agents in Italy. Furthermore, this 

research explores the implementation of workplace-based Hp screening according to a 

Total Worker Health approach, as through the ongoing Horizon Europe project Cancer 

Prevention at Work, which extends the scope of this thesis to an international context and 

to other oncogenic infections. The specific goal of this project is the implementation of a 

screening of Hp infection for gastric cancer prevention in a population of hospital 

workers, in specific the employees of Sant’Orsola University Hospital in Bologna. The 

results of this study, conducted between 2023 and 2025, provides real-world evidence on 

the feasibility and acceptability of workplace-based Hp screening for gastric cancer 

prevention, and contributes to the knowledge of Hp epidemiology in hospital workers.  
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Cancer Med. 2023 Feb 23;12(8):9912–9925.  

2.1 Trends in gastric cancer mortality 1990–2019 in 36 
countries worldwide, with predictions to 2025, and incidence, 
overall and by subtype 
 
Giulia Collatuzzo 1, Claudia Santucci 2, Matteo Malvezzi 2, Carlo La Vecchia 2, Paolo 
Boffetta 1,3,✉, Eva Negri 1  
 
 
Abstract 
 
Background: Gastric cancer (GC) incidence is declining heterogeneously worldwide. We 
aimed to calculate updated mortality trends for GC. 
 
Methods: We investigated time trends for selected countries using the World Health 
Organization database. We computed age‐standardized mortality rates (ASMR) per 
100,000 persons over the 1990–2019 period. We reported rates for the 2010–2014 and 
2015–19 calendar periods, and the corresponding percent changes. We used joinpoint 
regression analysis to identify changes in the slope of mortality trends, and predict the 
number of deaths and rates for 2025. We also reported 2008–2012 incidence rates of 
cardia and noncardia GC. 
 
Results: Mortality trends from GC have been favorable since 1990 for all countries 
analyzed and the European Union (EU 27), in both sexes and all ages. GC mortality is 
predicted to decline in all countries for both sexes, except for French and US women aged 
35–64 years, and Canadian men aged 35–64. The highest proportions of cardia GC were 
observed in Northern and Central Europe while the lowest ones in Southern and Eastern 
Europe. Elsewhere, the highest proportions were registered in countries with low 
incidence and mortality rates, whereas high‐mortality countries showed lower 
proportions of cardia GC. 
 
Conclusion: Observed and predicted GC mortality trends declined in most countries in 
both sexes, with few exceptions, likely due to the control of GC risk factors, in particular 
Hp infection. 

Keywords: cardia, gastric cancer, incidence, mortality, trends 

 

 

 



 

11 
 

Age‐standardized mortality rates from gastric cancer per 100,000, 2015‐2019, in 
men and women in selected countries 

 

INTRODUCTION 

Gastric cancer (GC) was the leading cancer worldwide until 1975, 1 it still accounts for 

over one million new cases (https://gco.iarc.fr), being the fourth cause of cancer mortality 

in 2020. 2 GC prognosis is poor, the disease is often diagnosed at an advanced stage where 

aggressive surgery is needed. 3 Consequently, prevention to control the burden of GC is 

crucial. Infection with Helicobacter pylori (Hp) is the major cause of GC and is 

widespread globally, with differences by country, socioeconomic status (SES), and birth 

cohort. 4 Infection prevalence has been declining progressively over the years, largely 

thanks to water sanitation. 5 Tobacco smoking, alcohol consumption, unbalanced diet, 

and other factors associated with low SES are major concomitant factors, while 

occupational and genetic factors play an additional role. 6 The burden of GC is larger 

among individuals with low SES and in low‐ and middle‐income countries. 7 Asian 

countries experience a heavier burden of GC compared to other regions, with Mongolia, 

Japan and the Republic of Korea being the countries with the highest GC incidence in 

2020. 8 Cardia and noncardia GC subtypes (this latter including fundus, corpus, large and 

lesser curvatures and antrum) representing 15% and 75% of cases, respectively, can be 

identified based on the proximal or distal origin of the neoplastic lesions. 9 Given that the 



 

12 
 

anatomical locations are associated with different risk factors, with cardia GC sharing 

risk factors with esophageal adenocarcinoma such as obesity and gastroesophageal reflux 

while noncardia GC is strongly associated with Hp infection, GC shows different patterns 

across subgroups of the population and geographical areas. Conversely, the histological 

distinction of GC into intestinal and diffuse type does not translate into heterogeneity in 

GC epidemiology. 3 Upper‐endoscopy is the gold standard for GC diagnosis, which is 

based on biopsy analysis. 10  

We aimed at estimating and interpreting the mortality trends of GC worldwide between 

1990 and 2019, with emphasis on the last 10 years, focusing on sex and age differences. 

We also showed the proportion of cardia to noncardia incidence subtypes. Moreover, we 

reported the projected mortality rates and deaths for the 2025 calendar year. 

 

MATERIALS AND METHODS 

Mortality 

Using the WHO mortality database, 11 we analyzed official numbers of certified deaths 

from GC coded as C16 according to the 10th Revision of the International Classification 

of Disease, 12 in selected countries worldwide. The European Union as a whole was 

defined as the 27 member states, EU (27), as of January 2020. We restricted our analyses 

to countries with high‐mortality coverage (i.e., over 90%), high data quality, and more 

than 5 million inhabitants identifying 36 countries worldwide plus the EU. 13 We 

extracted estimates of resident populations from the same WHO database 11 for European 

and Australasian countries and from the Pan American Health Organization (PAHO) 

database for American countries. 14 When population data were missing, we retrieved 

them from EUROSTAT 15 or the United Nations (UN) Population Division 16 databases. 

Thus, we derived figures for the calendar periods from 1990 up to the most recent 

available year. 

For each country, calendar year, and sex, we calculated 5 years' age‐specific rates and the 

age‐standardized mortality rates (ASMRs) per 100,000 person‐years, using the world 

standard population, 17 at all ages and for the 35–64 year age group. We then fitted 
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joinpoint regression models 18 from 1990 until the most recent available year, for the most 

populous (≥10 million) countries and the EU (27), to identify significant changes in the 

linear slope (on a log scale) of ASMRs. For each identified linear segment, we estimated 

annual percent change (APC) and, for the entire study period, the average annual percent 

change (AAPC). 19,20  

For countries with ≥20 million inhabitants (i.e., 15 countries plus the EU as a whole), we 

also predicted the number of deaths for the year 2025, by fitting a Poisson joinpoint 

regression model, with a maximum of 5 possible joinpoints 19 to the number of deaths in 

each 5‐year age group and running a linear regression over the most recent trend segment 

identified, the joinpoint model was restricted to identifying models with the final segment 

having at least 5 data points. Using the matrices of predicted age‐specific death counts 

and predicted populations, we computed predicted ASMRs and their 95% prediction 

intervals (PIs). The predicted populations were extracted using the PAHO database for 

North American and Latin American countries, the EUROSTAT database for European 

countries, and the UN database for Asian and Oceanian countries. 

Incidence 

We obtained incidence data for GC for the 2008–2012 calendar period from the Cancer 

Incidence in Five Continents database, volume XI. 21 For countries with more than one 

cancer registry, we aggregated data to ensure the largest geographic coverage, and we 

restricted analyses to the longest common calendar period between registries. We 

presented, separately by sex, the number of cardia (C16.0) and noncardia (C16.1–6) 

incident cases of GC in various countries worldwide, in order to show the proportion of 

cardia cases. 

We only considered publicly available data, so no clearance by Ethical Committee was 

necessary. For statistical analyses, we used R version 4.1.3 (R Development Core Team, 

2017), SAS version 9.4 (SAS Institute Inc.), and Joinpoint Regression Program version 

4.9.1. 
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RESULTS 

Table 1 shows the annual average number of deaths and ASMRs from GC per 100,000 

person‐years of all ages and both sexes in selected countries worldwide and the EU (27), 

for the periods 2010–14 and 2015–19, together with the corresponding percent changes. 

The ASMRs ordered from the highest to the lowest one during the most recent period 

displayed by bar plots for men and women are also shown in Figure 1. Except for Greek 

males, the change in rates was favorable in all countries and both sexes. During 2015–

2019, the highest male rates were reported in the Russian Federation, Chile, and Belarus 

with rates higher than 15/100,000, followed by Japan, Ukraine, Romania, South Korea, 

and Portugal with rates higher than 10/100,000. The lowest rates were observed in the 

United States, Sweden, Australia, and Canada with rates around 2–3/100,000 males. 

Similarly for females, the Russian Federation, Chile, Belarus, Japan, Portugal, and 

Ukraine showed the highest ASMRs during the 2015–2019 calendar period (rates varied 

from 5.1 to 6.8/100,000). The lowest ASMRs were registered in the United States, 

Australia, Canada, Belgium, Norway, Sweden, and Finland; with rates around 1.5–

1.7/100,000 females. Corresponding figures for truncated rates in the 35–64 years age 

group are reported in Table S1 and Figure S1. The change in rates from 2010–2014 to 

2015–2019 was favorable in all countries considered and both sexes, except for Denmark 

(+3.3%), Greece (+5.9%), Norway (+10.0%), Switzerland (+1.4%), and Mexico (+0.4%) 

in males and the United States (+1.0%) in females, where the rates were higher in the 

most recent period. Table S2 and Figure S2 report ASMRs among order adults aged 65 

or more. Among the elderly, the change in rates from 2010–2014 to 2015–2019 was 

favorable in all countries considered and both sexes. The ranking was similar to the all 

ages one with some differences, that is, Chile and Japan were the first‐ranking countries 

for the elderly and the second and fourth one at all ages. This indicates steeper declines 

in young and middle age in those countries as compared to Russia and other eastern 

European countries. 

Figure 2 shows the trends in ASMRs from GC at all ages (full dots) and 35–64 years 

(empty dots) along with the corresponding joinpoint models (lines) for 23 selected 

countries worldwide and the EU‐27, over the study period among males.  
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The corresponding figures for females are shown in Figure 3. Results from the joinpoint 

analyses are reported in Tables S2 and S3, respectively, for males and females. For the 

largest countries and the EU (27), the predicted ASMRs at all ages and 35–64 years for 

the calendar year 2025 with the corresponding 95% PIs are also shown. Detailed results 

for the 2025 predicted deaths and ASMRs are reported in Table 2. Male ASMRs resulted 

in a decrease since 1990 in all countries considered and the EU (27) and for both all ages 

and truncated 35–64 years. The Republic of Korea showed the highest decrease over the 

considered period, with an AAPC of −5.2 for all ages. Czech Republic, Netherlands, 

Sweden, and the United Kingdom reported moderate decreases (AAPCs greater than −4% 

per year) too, while Greece, Argentina, Cuba, and Mexico reported less consistent but 

still significant decrements (<2% per year). The EU (27) reported a significant decrease 

over time, with an AAPC ‐3.3. Results for males aged 35–64 years were similar to those 

for all ages. 

The Republic of Korea reported the steepest fall in trend over time in females too (AAPC 

‐5.2 for all ages). Belgium, the Czech Republic, and the United Kingdom showed 

favorable trends over time as well (AAPC around −4). Greece, Argentina, Brazil, Cuba, 

and Mexico had the smallest AAPCs—lower than 2—but still significant. The EU (27) 

showed a decrease over time with an AAPC of −3.3. Corresponding figures for females 

aged 35–64 were consistent with the decrease observed at all ages, albeit smaller. 

Predicted rates for the year 2025 are downwards for all countries and the EU (27), for 

both sexes, and for all ages and adults aged 35–64, except for females aged 35–64 in 

France (% difference in rates versus 2015–19: +20.3) and in the United States (+7.3%), 

and for males aged 35–64 in Canada (+2.7%); however, these populations had 

comparatively low rates. Likewise, the predicted number of deaths in 2025 was favorable 

for all countries, sexes and ages except for Argentina, Brazil, Mexico, and the United 

States, for which the predicted deaths are higher than the ones observed in 2015–2019, 

due to population aging and growth. The most favorable predicted rates for 2025 are those 

in the Republic of Korea (% difference in rates versus 2015–19: −53.3 and −54.0, 

respectively, for men and women), followed by those calculated in Japan (−32.3% and 

−37.3%, respectively, for men and women). In the EU (27), the ASMR is predicted to 
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decline in men and women, with, respectively, a −23.9% and −28.3% decrease from 

2015–19 to 2025 for all ages and −26.6% and −22.7% for adults aged 35–64 years. 

Figure 4 gives the proportion of cardia and noncardia GC in men and women, 

respectively, for selected countries from Europe and other countries worldwide. For men, 

among European countries, the proportion of cardia ranged between 10.3% in Belarus 

and 62.0% in Denmark, being higher in Northern and Central Europe and lower in 

Southern and Eastern Europe (Table S5). Among other countries worldwide, the highest 

male proportion of cardia cancers (around 40%) was observed in countries with low 

incidence and mortality rates such as Canada, the United States, and Australia, while 

those with high rates, such as Argentina and the Republic of Korea had the lowest 

proportion (around 6%) of cardia subtype. Among women, a similar geographic pattern 

was observed (Table S6). In Europe, the lowest female proportion of cardia cases was 

observed in Belarus (6.9%), followed by Italy (7.4%), Spain (8.2%), and Austria (9.4%), 

while the highest proportion was observed in Denmark (35.1%). Worldwide, Argentina 

and the Republic of Korea showed the lowest proportions of cardia cases (respectively, 

3.5 and 4.8%) while Canada, the United States, and Australia registered the highest ones 

(over 20%) among women. 

 

DISCUSSION 

Our results show a declining GC mortality trend, observed since the 1990 s has continued 

in the 2010 s in all countries. The decline in mortality was more pronounced in countries 

with higher rates, such as Japan and Korea, compared to countries with lower rates, such 

as the United States and Canada, consistently with previous results. 22 , 23 A strong 

reduction in GC death rates was also observed in the Russian Federation, Poland, and 

Italy. During the most recent calendar years, we observed the lowest rates of GC mortality 

around or below 2/100,000 (for men in United States, and for women, in several northern 

Europe countries, Australia and North America). A further marked decline is predicted in 

Japan and South Korea for both sexes up to 2025, while the United States and Canada are 

expected to experience less favorable trends, including a possible increase in young age 
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groups. Our predictions for 2025 estimate mortality rates in women in low‐risk countries, 

such as the United Kingdom and the United States, in the order of 1/100,000/year or 

lower, the conventional threshold for the definition of a rare cancer. This raises interesting 

questions on whether further reduction could be achieved and what the base incidence of 

noncardia GC in the absence of Hp infection could be. The first symptoms of GC such as 

dyspepsia and early satiety largely overlap with benign conditions such as gastritis and 

reflux, while more severe symptoms like pain, weight loss, and hematemesis/anemia 

appear late. 9 Indeed, GC is mainly diagnosed at stages III and IV, when survival is poor. 
3 According to Arnold and coauthors, about half of the GC cases diagnosed in Canada, 

Ireland, Denmark, and the United Kingdom in 2012–2014 belong to stage IV disease. 23 

The authors also described a geographical variation in GC survival for patients with 

diagnosis of localized disease (e.g., 94.3% in New Zealand and 75.5% in Australia at 

1 year and 86.5% in New Zealand and 59.9% in the United Kingdom at 3 years from 

diagnosis). Smaller differences emerged when comparing survival from distant disease, 

ranging from 26.6% to 20.7% at 1‐year and from 8.0% to 3.8% at 3‐year postdiagnosis. 
23  

Endoscopy and multiple biopsy sampling are the gold standard for GC diagnosis. Also, 

endoscopic ultrasound helps in identifying wall infiltrations, while endoscopic mucosal 

resection and endoscopic mucosal dissection provide reliable staging information, 

allowing in addition the treatment of superficial early‐stage lesions. The endoscopy is 

subject to the compliance of the patients and the availability of both a trained specialist 

and an endoscope and endoscopy room. Indeed, it is an invasive and expensive test, and 

is limitedly available in less affluent countries. 10 Despite surgical resection may be 

curative, most patients relapse. The most recent ESMO Clinical Practice Guidelines 

indicate that stage IB‐III disease requires radical gastrectomy. 24 Nodal dissection 

accompanying radical gastrectomy is indicated to cover at least 15 lymph nodes according 

to the AJCC/UICC TNM, which again implies the availability of large upper‐GI surgical 

units and highly specialized peri‐operative care centers, which are more common in Asia 

than in other countries. 24 Preoperative and postoperative chemotherapy is recommended 

in all ≥IB resectable GC, possibly including fluoropyrimidine, a platinum agent and 

docetaxel. 24 When focusing on locally advanced unresectable or metastatic disease, the 
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prognosis is very poor, with less than 1 year survival. 24 However, combined 

chemotherapy has been demonstrated to be more effective than single‐agent 

chemotherapy or supportive care only. Moreover, survival improvement has been reached 

by using chemotherapy combined with immunotherapy (nivolumab or trastuzumab). 24  

Part of the mortality decline is due to screening programs and early diagnosis in high‐

incidence countries like Japan and Korea. Nearly three‐quarters of new GC cases occur 

in Asia, but large differences can be found when observing GC trend in Asian countries. 

A recent study highlighted how the different socioeconomic development, the historical 

background of cancer control programs explain the different trends in incidence by birth 

cohorts, where Japan underwent a decline in younger cohorts while China did not. 22 

These authors attributed this difference primarily to the high‐quality cancer control 

policies undertaken in Japan 22 years earlier than in China. Our results corroborate 

previous analyses focused on GC trends during 1980–2011, and identified a decrease in 

GC mortality which was more pronounced for noncardia cancer in non‐Asian countries. 
22 The authors interpreted these results as the progress in Hp infection control matched 

with a birth‐cohort effect characterized by lower prevalence of infection in subsequent 

generations, causing a lower rates of noncardia GC cases. Also, they described a gradually 

smaller decline in GC mortality trends in US and predicted no further reduction for France 

after 2015. 22  

Our findings also agree with the projections to 2040 made in a recent study, which 

described the estimated incidence and mortality of GC worldwide to be particularly high 

in Asia and in men, with about two thirds of all cases occurring in the male sex. 23  

When considering subtypes, noncardia is responsible for more cases and, assuming 

comparable case fatality between the two types, 25 it likely causes more deaths than cardia 

GC. Noncardia GC is more frequent than cardia in most countries, with a ratio between 

2:1 and 3:1. 26 Diet and obesity as well as gastroesophageal reflux disease are implicated 

in the increasing number of cardia cases in US and EU countries. 27 , 28  



 

19 
 

In addition, the ratio reflects past (given 20–30 years of latency for cancer development) 

prevalence of Hp. The high prevalence of infection is responsible for the high ratio in 

South America, East Asia, and Southern and Eastern Europe. 

When looking at the numbers of cardia GC, possible anatomical location 

misclassification should be taken into account. Indeed, the increased number of cancers 

of the esophageal junction and of the cardia in cancer registries may be partially due to 

differences in tumor classification because of discrepancies in the anatomic subsite 

classification. This discrepancy was observed in a study based on Swedish Cancer 

Registry, where the authors also noticed a bidirectional misclassification between cancer 

of the lower esophagus and cancer of the gastric cardia. 29 Another study also based on 

Swedish Cancer Registry estimated that true cardia GC incidence could be up to 45% 

higher or 15% lower than that reported, possibly explaining the increasing number of 

cardia GC cases in the country. 30 A subsequent analysis on Cancer Registry of the Swiss 

Canton of Vaud over the period from 1976 and 1997 aimed at interpreting the reported 

increasing incidence in cardia GC, did not find an absolute increase in cardia GC cases, 

but rather a decrease of noncardia GC cases, which resulted in an increase in the 

proportion of cardia GC. 31 However, as noted by several authors, 32 , 33 the classification 

of upper GI cancers remains problematic given the lack of a universally accepted and 

clearly reproducible anatomic landmark separating the gastric cardia from the lower 

esophagus, and even when the landmarks are defined, cancer often destroys the anatomy 

of the organ where it occurs, making landmarks become unrecognizable. 

Based on our data, the reduction in GC mortality is similar in both sexes, with few 

exceptions (e.g., Denmark, Greece, and Norway, where declining rates were greater 

among women), although GC incidence and mortality remain higher in men. Previous 

studies explained this difference with the distribution of smoking habits and Hp infection, 

which are higher in men than in women: Countries where Hp infection shows larger 

gender gaps (e.g., USA and EU) have a stronger gender difference in mortality rates for 

GC as well. 34 , 35  

It will be interesting to see if in countries where cardia GC and its risk factors are not so 

frequent (e.g., Asian countries) there will be a further decrease in GC overall, because of 
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the low incidence of cardia coupled with a continuous decrease in noncardia GC. Whether 

the incidence of cardia GC will increase, following the increasing prevalence of its risk 

factors such as obesity48 remains an open question. 

For some countries, including the United Kingdom, Brazil, Mexico, Canada, and the 

United States, the overall reduction in GC mortality was less pronounced among younger 

subjects, furthermore rising incidence rates in young adults have been reported recently. 

26 , 34 , 35 , 36 , 37 Age‐cohort effects would suggest a lower incidence of GC among the new 

generations, due to the birth‐cohort effect of Hp infection 38 —well known to be less 

prevalent in the young 39 —as well as smoking habits, declining progressively in 

subsequent birth cohorts. 40 These results are consistent with the findings of Wang and 

collaborators, who calculated GC incidence rates in the United States between 1999 and 

2013: New GC cases have been reported to overall diminish, except for patients 

diagnosed under 50 years of age. 41 Moreover, the incidence of advanced noncardia cases 

has been observed among under‐50 years old Hispanics. 42 These elements could justify 

the smaller decrease in GC mortality in the young population. The lower reduction in the 

young could also be referred as the overall small incidence rate in this population. Also, 

this can be due to more aggressive forms of cancer affecting this subgroup in these areas. 
42 Besides this, we could not consider neither the stage and grade at diagnosis to explain 

this difference more in detail. 

Mortality trends are intrinsically limited by death certification validity. For this reason, 

we only included countries with WHO death certification data with over 90% death 

certification coverage, with good data quality, as declared by the WHO, 13 and with a 

resident population of over 5 million, and over 20 for prediction analysis, in order to 

minimize issues of excessive variability. Predicted statistics for cancer mortality should 

be interpreted with caution, the selected prediction method is based on age‐specific 

joinpoint models, as such it is apt for short to medium term projections based on recent 

trends. Very recent changes in trends, occurring in the final 2–3 years of available data, 

and major changes in cohort effect trends could be difficult to detect with this prediction 

model. However, our previous European cancer mortality predictions, that have been 

running for over 10 years, have proved to be reliable and valid. 38 Further, a previous age‐
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period‐cohort analysis displays monotonal descending cohort effects for the age groups 

and cohorts involved in these predictions, and comparing our previous prediction analysis 

on GC mortality published in 2014 with up to date registered data we found that the 

estimated projected ASMRs were accurate. 38 , 43 Broken line models, such as the 

joinpoint model used in this study, may also suffer from issues of overfitting. However, 

the NCI's joinpoint software is conservative in its model selection algorithms, and the 

frequentist permutation model selection method we use is the most conservative. 19 The 

previous age‐period‐cohort analysis found an asymptotic trend in GC mortality in 

subjects born since the 1940 s in some Nordic and Western countries, foretelling the lack 

of progress in French middle‐aged women. 38 One issue is whether misclassification on 

death certificates has changed over time: If it has remained the same, it would not affect 

the results on trends. In any case, the surveillance of trends in younger adults is needed 

to monitor mortality changes by age and to plan potential preventive interventions 

towards this subgroup. 42  

The analysis of 35–64 years truncated age group was performed for data quality and 

certification issues. That this truncated age group has higher mortality than the overall is 

expected, due to the weighting of the world standard population that gives younger age 

groups greater weights. 

A major strength of this analysis is the high number of countries included for which real 

data were available, making our results more reliable than those based on estimates. The 

data provided in this manuscript are based on large countries, those reducing statistical 

fluctuation. Moreover, we could present results for both GC anatomical sites, namely 

cardia and noncardia. 

 

CONCLUSION 

Our findings confirm the declining mortality of GC in all countries with valid data. 

Unfortunately no high-quality data were available for China and other Asian, South 

American, and African countries, which are major contributos to the burden of GC, thus 
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limiting the representativeness of these results at a global level. 22 The pattern of reduction 

is not homogeneous by geographical area and seems to follow the prevalence of Hp 

infection. The reduction in mortality rates is less pronounced in US and EU countries, 

where the prevalence of infection has already reached a stable point, while high‐risk areas 

such as Eastern Europe and Asia have undergone an important decline in GC mortality, 

and will likely experience a further decrease in 2025. Indeed, aggressive programs of 

screening and eradication of Hp infection may lead to a dramatic decrease in GC mortality 

in a relatively short time, in high‐risk populations. 44  

The distribution by anatomical site showed that the proportions of cardia and noncardia 

GC are getting close in many areas. Again, this may reflect the distribution of GC risk 

factors, with prevention of Hp infection and its eradication leading to a promising 

downscaling of noncardia GC in the EU and US, where cardia GC remains linked to 

lifestyle factors and obesity. The development of predictive models, the identification of 

high‐risk subjects, and the early “test‐and‐treat” of Hp at the population level may 

represent important preventive tools. 

This work was conducted with the contribution of the AIRC Foundation for Cancer 

Research (IG grant N. 22,987). 
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Table 1. Annual average deaths and age-standardized (world population) mortality rates 
from gastric cancers per 100,000 person-years in 2010-14 and 2015-19 for both sexes, 
along with the corresponding change in rates. 
 Men Women 

 

Annual 
average 
deaths 
2010-
2014 

ASMR  
2010-
2014 

Annual 
average 
deaths 
2015-
2019 

ASMR  
2015-
2019 

% 
change 
2015-

2019 vs 
2010-
2014 

Annual 
average 
deaths 
2010-
2014 

ASMR  
2010-
2014 

Annual 
average 
deaths 
2015-
2019 

ASMR  
2015-
2019 

% 
change 
2015-
2019 

vs 
2010-
2014 

Europe           
Austria 499 5.60 447 4.61 -17.7 384 2.96 334 2.55 -13.9 
Belarus 1219 19.53 1064 15.75 -19.4 823 7.47 679 5.86 -21.6 
Belgium 468 4.06 457 3.77 -7.1 297 1.75 269 1.57 -10.3 
Czech 
Republic 664 6.91 594 5.52 -20.1 470 3.52 408 2.85 -19.0 

Denmark 254 4.51 274 4.45 -1.3 144 2.14 140 1.91 -10.7 
Finland 265 4.64 244 3.86 -16.8 197 2.57 179 2.25 -12.5 
France 2959 4.58 2848 4.10 -10.5 1657 1.72 1531 1.54 -10.5 
Germany 5675 5.91 5270 5.13 -13.2 4221 3.14 3698 2.68 -14.6 
Greece 799 6.04 819 6.10 1.0 510 3.06 495 2.83 -7.5 
Hungary 947 10.97 845 9.23 -15.9 709 5.07 618 4.24 -16.4 
Israel 287 5.48 288 4.76 -13.1 200 3.08 196 2.69 -12.7 
Italy 5728 7.65 5489 6.75 -11.8 4115 3.85 3882 3.40 -11.7 
Kyrgyzstan 417 23.58 461 22.23 -5.7 194 8.01 216 7.78 -2.9 
Netherlands 836 4.89 769 3.94 -19.4 539 2.53 452 1.93 -23.7 
Norway 191 3.87 197 3.70 -4.4 140 2.16 113 1.63 -24.5 
Poland 3436 11.21 3271 9.63 -14.1 1845 4.06 1812 3.70 -8.9 
Portugal 1406 12.94 1370 11.76 -9.1 932 5.87 900 5.33 -9.2 
Romania 2282 12.98 2177 11.84 -8.8 1182 4.74 1115 4.27 -9.9 
Russian 
Federation 18,481 19.95 16,914 17.09 -14.3 13,886 8.19 12,168 6.76 -17.5 

Serbia 653 9.11 603 8.07 -11.4 375 4.15 324 3.61 -13.0 
Spain 3452 7.11 3285 6.19 -12.9 2208 3.23 2074 2.88 -10.8 
Sweden 371 3.36 339 2.92 -13.1 267 2.05 222 1.67 -18.5 
Switzerland 331 4.07 340 3.81 -6.4 202 1.94 205 1.78 -8.2 
Ukraine 5360 17.16 4160 13.34 -22.3 3427 6.65 2620 5.12 -23.0 
United 
Kingdom 3003 4.30 2842 3.84 -10.7 1770 1.96 1592 1.72 -12.2 

EU (27) 33,010 7.24 31,533 6.44 -11.0 21,672 3.36 20,234 2.99 -11.0 
America           
Argentina 1826 7.39 1901 7.08 -4.2 1056 3.10 1069 2.91 -6.1 
Brazil 8825 9.32 9350 8.19 -12.1 4905 3.97 5257 3.59 -9.6 
Chile 2178 19.85 2186 16.90 -14.9 1104 7.28 1085 6.08 -16.5 
Cuba 518 5.46 547 5.19 -4.9 338 3.08 350 2.90 -5.8 
Mexico 2912 5.57 3267 5.42 -2.7 2588 4.23 2834 4.10 -3.1 
Canada 1153 3.45 1228 3.14 -9.0 753 1.81 738 1.59 -12.2 
USA 6688 2.54 6760 2.34 -7.9 4551 1.38 4548 1.31 -5.1 
Australasia           
Australia 729 3.53 712 3.03 -14.2 420 1.67 422 1.53 -8.4 
Hong Kong 
SAR 397 5.70 419 5.35 -6.1 266 3.15 268 2.86 -9.2 

Japan 32,279 17.70 29,813 14.33 -19.0 16,847 6.65 15,594 5.43 -18.3 
Republic of 
Korea 6137 17.69 5206 11.81 -33.2 3301 6.63 2833 4.63 -30.2 

ASMR, age-standardized mortality rates using the world standard population
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Table 2. Number of predicted deaths and mortality rates from gastric cancer, for both sexes, for the year 2025 and comparison figures 
for 2015-2019, for selected (>20 million inhabitants) countries worldwide and the EU as a whole, with 95% prediction intervals. 

 Men Women  

 

Observed 
mean 

number of 
deaths 

2015-19 

Predicted number 
of deaths 2025 

(95% PI) 

Observed 
ASMR  
2015-19 

Predicted 
ASMR 2025 

(95% PI) 

% difference 
2025 versus 

2015-19 

Observed 
mean  

number of 
deaths  

2015-19 

Predicted number 
of deaths 2025 

(95% PI) 

Observed 
ASMR  
2015-19 

Predicted 
ASMR 2025 

(95% PI) 

% 
difference 

2025 
versus 

2015-19 
Europe 

France           

All ages 2848 2620 (2450-2800) 4.1 3.32 (3.03-3.6) -19.1 1531 1180 (1000-1370) 1.54 1.36 (1.23-1.49) -11.8 

35-64 years 787 630 (520-750) 5.58 4.55 (3.77-5.33) -18.5 310 370 (330-410) 2.13 2.56 (2.27-2.86) 20.3 

Germany           

All ages 5270 4440 (4040-4840) 5.13 3.75 (3.45-4.06) -26.8 3698 2980 (2670-3300) 2.68 2.15 (1.96-2.34) -19.8 

35-64 years 1328 1210 (1110-1310) 6.49 5.42 (4.85-5.99) -16.5 704 690 (600-770) 3.54 3.48 (3.01-3.95) -1.8 

Italy           

All ages 5489 5090 (4830-5340) 6.75 5.17 (4.81-5.54) -23.3 3882 3310 (3100-3520) 3.4 2.49 (2.24-2.73) -26.8 

35-64 years 997 640 (520-750) 7.11 4.25 (3.48-5.02) -40.2 602 520 (420-620) 4.1 3.25 (2.6-3.9) -20.7 

Poland           

All ages 3271 2540 (2310-2770) 9.63 6.16 (5.49-6.83) -36.1 1812 1590 (1440-1750) 3.7 2.84 (2.48-3.21) -23.2 

35-64 years 1063 450 (300-590) 12.04 5.51 (3.72-7.3) -54.2 470 320 (240-400) 5.12 3.77 (2.87-4.67) -26.3 
Russian 
Federation           

All ages 16,914 15,040 (13000-
17070) 17.09 13.29 (11.7-

14.88) -22.2 12,168 7610 (5970-9250) 6.76 3.84 (3.19-4.48) -43.2 

35-64 years 7178 4440 (4040-4850) 23.17 14.63 (13.25-
16.01) -36.9 3465 1600 (1340-1850) 9.16 4.32 (3.61-5.02) -52.9 

Spain           

All ages 3285 2920 (2710-3140) 6.19 4.58 (4.23-4.94) -25.9 2074 1750 (1580-1930) 2.88 2.39 (2.13-2.64) -17.2 

35-64 years 780 710 (630-790) 7.45 5.94 (5.24-6.63) -20.3 414 410 (360-460) 3.85 3.5 (3.04-3.95) -9.2 



 

28 
 

 Men Women  

 

Observed 
mean 

number of 
deaths 

2015-19 

Predicted number 
of deaths 2025 

(95% PI) 

Observed 
ASMR  
2015-19 

Predicted 
ASMR 2025 

(95% PI) 

% difference 
2025 versus 

2015-19 

Observed 
mean  

number of 
deaths  

2015-19 

Predicted number 
of deaths 2025 

(95% PI) 

Observed 
ASMR  
2015-19 

Predicted 
ASMR 2025 

(95% PI) 

% 
difference 

2025 
versus 

2015-19 
UK           

All ages 2842 2310 (2120-2510) 3.84 2.76 (2.49-3.04) -28 1592 790 (640-930) 1.72 0.86 (0.68-1.03) -50.2 

35-64 years 543 560 (460-650) 4.02 3.81 (3.2-4.42) -5.2 284 270 (230-320) 2.08 1.84 (1.52-2.16) -11.6 

EU (27)           

All ages 31,533 28,440 (27740-
29140) 6.44 4.9 (4.76-5.05) -23.9 20,234 15,840 (15060-

16610) 2.99 2.14 (2.04-2.25) -28.3 

35-64 years 8239 6390 (6100-6670) 8.1 5.95 (5.68-6.21) -26.6 4061 3220 (2950-3480) 3.91 3.02 (2.77-3.27) -22.7 

           

America 

Argentina           

All ages 1901 1960 (1860-2060) 7.08 5.78 (5.48-6.08) -18.4 1069 1170 (1080-1260) 2.91 2.66 (2.45-2.87) -8.5 

35-64 years 657 610 (550-670) 9.43 7.75 (7.03-8.46) -17.8 324 340 (310-380) 4.29 4.07 (3.62-4.52) -5.2 

Brazil           

All ages 9350 9990 (9720-10250) 8.19 6.09 (5.92-6.26) -25.6 5257 5860 (5620-6100) 3.59 2.95 (2.83-3.08) -17.7 

35-64 years 3665 3890 (3760-4030) 10.35 9.18 (8.86-9.51) -11.3 1971 2220 (2110-2330) 4.99 4.79 (4.56-5.02) -4.1 

Mexico           

All ages 3267 3790 (3620-3960) 5.42 4.38 (4.19-4.58) -19.1 2834 3280 (3160-3410) 4.1 3.32 (3.19-3.45) -19.0 

35-64 years 1299 1660 (1540-1770) 7.16 7.15 (6.66-7.64) -0.1 1168 1310 (1240-1370) 5.93 5.18 (4.91-5.45) -12.7 

Canada           

All ages 1228 1290 (1200-1370) 3.14 2.49 (2.3-2.69) -20.6 738 720 (640-800) 1.59 1.31 (1.17-1.46) -17.4 

35-64 years 329 350 (300-390) 3.8 3.9 (3.41-4.39) 2.7 179 180 (150-210) 2.06 2.04 (1.68-2.4) -0.9 

USA           
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 Men Women  

 

Observed 
mean 

number of 
deaths 

2015-19 

Predicted number 
of deaths 2025 

(95% PI) 

Observed 
ASMR  
2015-19 

Predicted 
ASMR 2025 

(95% PI) 

% difference 
2025 versus 

2015-19 

Observed 
mean  

number of 
deaths  

2015-19 

Predicted number 
of deaths 2025 

(95% PI) 

Observed 
ASMR  
2015-19 

Predicted 
ASMR 2025 

(95% PI) 

% 
difference 

2025 
versus 

2015-19 
All ages 6760 6640 (6340-6940) 2.34 1.79 (1.7-1.89) -23.3 4548 4420 (4190-4650) 1.31 1.12 (1.06-1.18) -14.3 

35-64 years 2332 2160 (1980-2340) 3.33 2.97 (2.7-3.24) -10.9 1384 1490 (1390-1590) 1.98 2.12 (1.97-2.28) 7.3 

Australasia           

Australia           

All ages 712 670 (580-750) 3.03 2.25 (1.9-2.6) -25.8 422 410 (370-460) 1.53 1.28 (1.09-1.47) -16.3 

35-64 years 185 180 (150-210) 3.78 3.34 (2.71-3.96) -11.7 106 100 (80-130) 2.1 1.89 (1.42-2.37) -9.8 

Japan           

All ages 29,813 25,230 (24280-
26170) 14.33 9.71 (8.99-10.43) -32.3 15594 13,520 (12930-

14100) 5.43 3.4 (3.02-3.79) -37.3 

35-64 years 3656 490 (0-1050) 12.9 2.24 (0.38-4.1) -82.6 1735 230 (30-440) 6.34 1.13 (0.39-1.86) -82.2 
Republic of 
Korea           

All ages 5206 3660 (3390-3930) 11.81 5.52 (5.02-6.02) -53.3 2833 1950 (1750-2160) 4.63 2.13 (1.78-2.49) -54.0 

35-64 years 1746 1000 (840-1150) 13.31 6.34 (5.16-7.52) -52.4 781 550 (460-630) 6.29 3.83 (3.14-4.53) -39.1 

ASMR, age-standardized mortality rates using the world standard population. 
PI, prediction interval. 
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Figure 1. Annual age-standardized (World standard population) mortality rates per 100,000 
males from gastric cancer in major countries (>10 million inhabitants) worldwide and the EU 
(27), the resulting joinpoint regression models and predicted rates (only for countries with > 20 
million inhabitants and the EU)for the year 2025 with 95% prediction intervals. Note: the Y 
axes in the figure (Deaths per 100,000) are not uniform. 
///  All ages 
/  35-64 years 
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Figure 2. Annual age-standardized (World standard population) mortality rates per 100,000 
females from gastric cancer in major countries (>10 million inhabitants) worldwide and the EU, 
the resulting joinpoint regression models and predicted rates (only for countries with > 20 
million inhabitants and the EU) for the year 2025 with 95% prediction intervals. Note: the Y 
axes in the figure (Deaths per 100,000) are not uniform. 
///  All ages 
/  35-64 years 
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Figure 3. Gastric cancer age-standardised (World standard population) incidence rate estimates for the year 2020 from Globocan in males and females, 
proportion of cardia (black) and non-cardia (white) incident cancers from Cancer Incidence in 5 Continents Vo. XI. 
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Abstract  

Background: Gastric cancer (GC) epidemiology evolved rapidly in the last century, 

shifting from being one of the main causes of cancer-related death to the sixth in 

developed countries.  

Methods: We conducted a narrative review on GC epidemiology. Our review focused on 

trends of GC and its relationship with Helicobacter pylori infection; cardia- and non-

cardia GC risk factors; early onset GC; second primary cancers in GC patients; and 

implementation of GC prevention strategies. Additionally, we provided results of a case-

only analysis of recently diagnosed GC from a middle-risk population.  

Results: Literature consistently describes the ongoing declining trend of GC rates and the 

overall increase in in absolute number of incident cases due to change in population. The 

evolving distribution of risk factors prevalence impacts the epidemiology of GC, with 

increase in early onset and in cardia GC. In particular, a negative correlation was observed 

between Helicobacter pylori prevalence and the proportion of cardia GC. of The analysis 

of 117 GC cases observed between 2016 and 2020 in Bologna, Italy, showed that smoking 

and epigastric pain were significantly associated with increased risk of early-onset GC 

after accounting for confounders.  

Conclusions: Multifaceted strategies are needed to address challenges in GC control, 

early diagnosis and clinical management in a changing epidemiological landscape. 

Prevention remains the cornerstone to reduce GC burden.  
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Introduction  

Gastric cancer (GC) is one of the most prevalent malignancies worldwide, although its 

incidence and mortality have significantly declined in many countries over the past 

decades (1). This trend is attributed to improved socioeconomic conditions, reduced 

prevalence of Helicobacter pylori (Hp) infection, and changes in dietary and lifestyle 

habits (2,3). Nevertheless, GC remains a major public health concern due to its aggressive 

nature and late-stage diagnosis in many cases (3). GC is a heterogeneous disease, often 

classified anatomically into cardia and non-cardia subtypes (1,3). These subtypes differ 

in their epidemiology, risk factors, and pathogenesis (1,3). Non-cardia GC, strongly 

associated with Hp infection, accounts for the majority of cases globally, while cardia GC 

is more common in regions with high prevalence of obesity and gastroesophageal reflux 

disease (GERD) (1-3). Notably, the relative prevalence of these subtypes is evolving, 

with an increasing proportion of cardia GC, especially in countries where obesity is on 

the rise, such as the United States and parts of Europe (3). The etiological landscape of 

GC highlights the interplay between genetic predisposition and environmental factors. 

For instance, individuals with a family history of GC or hereditary syndromes, such as 

hereditary diffuse gastric cancer (HDGC), are at an elevated risk (5). Furthermore, 

polymorphisms in genes involved in alcohol metabolism, such as aldehyde 

dehydrogenase-2 (ALDH2), exacerbate the risk in certain populations, particularly 

among East Asians (6). This review explores the epidemiological trends and risk factors 

associated with GC, with a particular focus on Hp infection and its global impact. 

Additionally, it presents an analysis of a series of cases of GC in a middle-risk population 

in Italy, aiming to elucidate their histopathological patterns as well as sociodemographic 

and clinical characteristics.  
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Modifiable risk factors of gastric cancer  

GC is largely preventable, as it results from the interplay of multiple risk factors which 

are, for the most, modifiable (7,8).  

While cardia and non-cardia subtypes share many of the risk factors implied in stomach 

carcinogenesis, the contribution of each specific carcinogen differ in its extent towards 

cancer sites (8,9). For instance, the main risk factors for cardia GC are overweight and 

obesity, which may cause acid reflux which damages the cells of the gastro-esophageal 

junction and therefore the cardia (10). Helicobacter pylori (Hp) is the most important 

cause of non-cardia GC, in particular its Cag-A positive strain (11). Other risk factors of 

cardia and non-cardia GC are illustrated in Table 1 (7,8,12-15).  

Increasing evidence supports the causal role of Hp in cardia GC (11,16), next to non-

cardia GC. This has been observed especially among Asians rather than non-Asians (11).  

Moreover, an interaction between several major risk factors of GC has been reported, 

implying that the co-occurrence of different risk factors can modify the overall effect and 

likelihood of developing stomach neoplasm. For example, Hp positive individuals who 

also consume alcohol, or who are used to highly salty diet, are at particularly high risk of 

GC (17); on the contrary, vitamin C reduces the risk of GC in infected subjects by 

contrasting Hp and atrophic gastritis (18,19).  

Among the factors which are suspected to be associated with GC are Epstein-Barr Virus 

(14) and chronic use of proton pump inhibitors (20), whereas use of aspirin/COX-

inhibitors (9) and fiber and yoghurt intake as potential protective factors (7). Moreover, 

opium use has been suggested to increase the risk of GC based on recent studies (15). 

Evidence on these risk and protective factors is still limited, and little is known on their 

subsite-specific effect.  
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Table 1. Non-genetic risk factors of gastric cancer, by subsite (adapted from 12,13) 
Risk factor Cardia cancer Non-cardia cancer 

Old age +++ +++ 

Male sex ++ +++ 

Tobacco smoking + + 

Family history of gastric cancer ++ ++ 

Ionizing radiation + + 

Helicobacter pylori infection 
(particularly CagA+ strains) 

+ +++ 

Low SES  ++ 

Dietary salt intake 
 
Red and processed meat intake 

 
 
 

++ 
 
+ 

Intake of smoked food  + 

Alcohol drinking ++ + 

Overweight/obesity 
 
Low physical activity 

+++ 
 
+ 

+ 
 
+ 

GERD 
 
Garlic/allium vegetables intake 
 
Citrus fruit 
 
Yoghurt intake 
 
Fiber intake 
 
EBV 
 
Aspirin and COX-inhibitors 
 
Chronic PPI use   
 
Opium use                                                                                                

+++ 
 
- 
 
- 
 
? 
 
? 
 
? 
 
? 
 
? 
 
? 

 
 
-- 
 
- 
 
? 
 
- 
 
?  
 
? 
 
? 
 
? 
 

++ Strong risk factor (relative risk <2). + Weak risk factor (1 < relative risk <2). ? Suspected risk factor. 
SES, socioeconomic status; GERD, gastroesophageal reflux disease; EBV, Epstein-Barr Virus; COX-
inhibitors, cyclooxygenase inhibitors; PPI, proton pump inhibitors
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Genetics in the risk of gastric cancer 

Few genetics conditions are related to GC development [Table 2, (5, 21-29)].                

These conditions represent a variety of inherited genetic mutations that predispose 

individuals to gastric cancer, and in some cases, other cancers as well. They include 

HDGC, gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS) and 

familial intestinal gastric cancer (FIGC) (5). HDGC is connoted by the inactivation of 

CDH1. The mutation of this gene, encoding for E-cadherin, leads to loss of adhesion of 

epithelial cells of gastric mucosa, which in turn favor cancer progression and diffusion 

(21). Innate mutations of certain genes, not as part of hereditary syndromes, also confer 

a predisposition to GC. The association between polymorphisms of alcohol 

dehydrogenase (ADH) and GC is well known: carriers of acetaldehyde dehydrogenase-2 

(ALDH2) inactivating mutations are exposed to higher doses of acetaldehyde, which 

produces oxidative damage and DNA adducts (6,30-32). Certain polymorphisms are 

especially frequent among Asians, explaining at least in part the high incidence of GC in 

these populations (6, 32, 33).  

Table 2. Genetic conditions related to increased risk of gastric cancer (5, 21-29) 
Condition Alteration Notes Ref 
Hereditary 
diffuse gastric  
cancer  
(HDGC) 
 

CDH1, CTNNA1 
 
 

Higher risk of diffuse GC and of lobular 
breast cancer. 
Incomplete and variable penetrance. 
Unpredictable onset requiring prophylactic 
gastrectomy in early adulthood; hysto-
pathological peculiarities are in situ signet 
ring cell carcinoma, pagetoid spread of 
signet ring cells 

Decourtye-
Espiard L and 
Guilford P, 
2023 (21) 
 
Gullo et al., 
2020 (5) 

Gastric 
adenocarcinoma 
and proximal 
polyposis of the 
stomach 
(GAPPS)  
 

APC promoter 1b  
 

Autosomal dominant cancer predisposition 
syndrome with incomplete penetrance. 
Increased risk of GC in the context of 
proximal polyposis of the stomach. 
Undistinguishable from sporadic intestinal 
GC. Hysto-pathological findings include 
fundic gland polyps, hyperplastic polyps, 
intestinal and mixed GC. 
Age of GC onset 23-75, mainly proximal 
GC. 

 
Gullo et al., 
2020 (5) 
 
 

Familial intestinal 
gastric cancer 
(FIGC) 

NA Autosomal dominant cancer syndrome, 
higher risk of intestinal GC.  
Mean age at GC diagnosis is 72 years. 

Gullo et al., 
2020 (5) 

Familial APC Increased risk of GC; gastrointestinal Carneiro, 
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Adenomatous 
Polyposis (FAP) 

polyps, including in the stomach. 2022 (22) 

MUTYH-
Associated 
Polyposis (MAP) 

MUTYH 

Increased risk of intestinal GC.   
Autosomal recessive cancer predisposition 
due to MUTYH mutations.  
Associated with colorectal polyps and, 
among extra-colonic manifestations, 
gastric fundic gland polyps and skin 
tumors. Carriers should be offered upper 
gastrointestinal endoscopy starting from 20 
to 25 years. 

Sampson et 
al., 2009 (23) 

Peutz-Jeghers 
Syndrome LKB1 

Genetic syndrome connoted by 
gastrointestinal polyps, associated with the 
risk of GC, cancer of the small intestine and 
colorectal cancer. Risk increases with age.  

Latchford and 
Clark, 2022 
(24) 

Juvenile Polyposis 
Syndrome 

SMAD4, 
BMPR1A 

Autosomal dominant syndrome.  
Increased risk of gastrointestinal cancers, 
including GC, due juvenile polyps in the 
stomach and colon. GC predominantly 
associated with SMAD4 mutations.  

Brosens et a., 
2011 (25) 

Lynch Syndrome 
MLH1, MSH2, 
MSH6, PMS2, 
EPCAM 

Increased risk of gastric cancer along with 
colorectal and endometrial cancers. 

Carneiro, 
2022 (22) 

Li-Fraumeni 
Syndrome TP53 

Increased risk of various cancers, including 
gastric cancer, typically diagnosed at a 
young age. 

Bougeard et 
al, 2015 (26) 

Hereditary Breast 
and Ovarian 
Cancer Syndrome 
(HBOC) 

BRCA1, BRCA2 Increased risk for various cancers, 
including GC  

Friedenson, 
2005 (27) 

Cowden 
Syndrome PTEN Increased risk for various cancers, 

including GC 
Carneiro, 
2022 (22) 

Alcohol 
dehydrogenase, 
aldehyde 
dehydrogenase 2 
polymorphisms  

ADH, ALDH2 Inactive ALDH2 OR=1.26, 95% CI=1.04-
1.52 compared to active ALDH2. 
Moderate/heavy alcohol consumption 
increased GC risk in individuals with 
inactive ALDH2 (OR = 2.23, 95% CI: 
1.63-3.05) more than those with active 
ALDH2 (OR = 1.40, 95% CI: 0.98-2.01) 

Jelski and 
Smitkowski, 
2008 (28) 
Asanuma et 
al., 2024 (29) 
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Autoimmune gastritis and risk of gastric cancer  

A role of autoimmune atrophic gastritis (AAG) in gastric carcinogenesis has been debated 

(34). AAG is a chronic condition caused by autoantibodies directed against parietal cells 

of the oxyntic mucosa, namely the acid secretive component of the stomach. Chronic 

inflammation of corpus and fundus, which are the portion of the stomach interested by 

the autoimmune damage, progressively leads to mucosal atrophy together with decrease 

of acid secretion and intrinsic factor production (34).  

AAG is more common in women and in subjects aged older than 60. Current guidelines 

depict AAG as a precancerous condition and ESGE/EHMSG/ESP suggest that patients 

with autoimmune gastritis should have high quality endoscopic follow-up every 3 years 

to detect gastric cancer and neuroendocrine tumors (35).  

Consistent evidence describes AAG as a precancerous condition for neuroendocrine 

tumor. Levels of gastrin have been suggested to predict neuroendocrine tumor 

development in AAG patients. Neuroendocrine tumors of the stomach represent 80% of 

gastric carcinoids, which are the 1% of cancers of the stomach (36)., Consistent evidence 

describes AAG as a precancerous condition for neuroendocrine tumor. Level of gastrin 

have been suggested to predict neuroendocrine tumor development in AAG patients (36). 

Neuroendocrine tumors of the stomach represent 80% of gastric carcinoids, which are the 

1% of cancers of the stomach,  However, whether factors other than AAG are causative 

of a small increased risk of GC is unclear. In fact, the investigation of the association 

between AAG and GC is affected by several limitations, due to possible misdiagnosis of 

AAG, which is often confused with atrophy of different nature, and the challenging 

assessment of Hp infection history (37,38).  A recent publication reported comparable 

mucosal damage of Hp and AAG, namely incomplete intestinal metaplasia associated 

with gastric cancer (39). A systematic review and meta-analysis published in 2023 

reported a 0.14% incidence rate of GC per person-year based on 13 studies (40). Lenti et 

al. compared AAG patients with and without history of Hp infection. Of 1598 AAG 

patients, 15 (0.9%) developed GC and 153 (9.6%) developed neuroendocrine tumor (41). 

Solid evidence regarding the relationship between Hp naïve AAG and cancer comes from 

the study by Rugge et al., where Hp infection was excluded through multiple tests 
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(serology, histology and molecular biology) (38). No GC case was identified among 211 

AAG patients during a follow-up time of 10 541 person years (38). Instead, 10/211 

patients (4.7%) were diagnosed with neuroendocrine tumors (38). Overall, literature 

indicates that AAG increases the risk of neuroendocrine tumors of the stomach, while it 

remains unclear whether the excess risk of GC associated to AAG is attributable to 

underdiagnosed present or past Hp infection. 

 

Declining trends of gastric cancer in relation to Helicobacter pylori 
changing prevalence  

Epidemiology of GC illustrates the changes that diseases undergo in time because of 

lifestyle and environmental changes. In fact, until the ‘30s, GC was the first cause of 

cancer death in the USA, where in 2022 it was the 16th (42,43). Recent literature 

consistently suggests a declining pattern for GC mortality, with geographical 

heterogeneity (1,3,43). In particular, a more marked decline has been predicted in those 

countries with higher GC rates such as Japan and Korea, rather than in lower-rates regions 

such as North America (1,3,43). This is likely to be due to Hp control (e.g., introduction 

of Hp screening programs in Korea in the early 2010s), as well as to decrease of smoking 

prevalence (1). Despite the progressive decline in incidence rates, an increment of the 

absolute number of new GC caseshas been predicted in several countries, mainly due to 

population growth and ageing next to changes in prevalence of GC risk factors (44). For 

example, Arnold et al. reported a more than doubled number of incident cases in Canada, 

Cyprus, Korea, Slovakia and Thailand by 2035 (43). The authors calculated the 

contribution of population change (growth and ageing) and risk change on GC trends for 

selected countries. For example, population change was estimated to increase the number 

of GC in China by 99.9% and change in risk factors to reduce it by -47.2% (43).  

Gender differences in GC incidence and mortality are in part due to the higher cigarette 

smoking prevalence in men than in women (43,45). In fact, a larger decline in GC 

incidence has been reported in many countries among men than women, likely because 

of the parallel larger decline in smoking habit in men (1).  
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Non-cardia GC is more frequent than cardia in most countries, with a ratio between 2:1 

and 3:1 (46). However, this ratio differs by geographic area (3). This can be due to 

intrinsic characteristics of the populations as well as to environmental risk factors (3). 

Diet, obesity (47,48) and GERD (48) are implicated in the increasing number of cardia 

cases in US and EU countries. In addition, the non-cardia/cardia ratio reflects the 

changing prevalence of Hp worldwide. In order to quantify this phenomenon, we 

calculated the proportion of cardia over total GC cases occurred in 2010s based on 

EUROGAST data (49), considering Hp prevalence from the 1980s in men and women of 

two different age ranges (Table 3). We detected a negative correlation between Hp 

infection prevalence and the proportion of cardia GC in both sexes and age groups (7 

countries), which was statistically significant for women of the older age group. A shift 

in the incidence of anatomical subsites of GC was already reported by Camargo et al. in 

an analysis based on two major disease registries in the US National Cancer Institute's 

Surveillance, Epidemiology, and End Results (SEER) program and the US Centers for 

Disease Control and Prevention's National Program of Cancer Registries (NPCR) (50). 

Such estimates emphasize the importance of continuous monitoring of GC epidemiology 

and the investigation of parallel trends of different cancer subtypes and their risk factors 

in the populations.  

Table 3. Combination of proportion of cardia cases and Helicobacter pylori prevalence 
in selected countries.  

Country % Cardia  Prevalence of Helicobacter pylori infection (%)* 
 25-34 years old 55-64 years old 

Men Women  Men Women Men Women 
Belgium 36.2 15.2  20 17 60 47 
Denmark  62.0 35.1  23 5 34 27 
Germany  34.6 15.8  26 35 65 72 
Italy  16.8 7.4  17 14 38 57 
Japan  12.3 8.4  63 59 89 83 
UK 35.9 20.8  17 9 49 41 
US 42.3 20.2  13 16 36 32 
Corr-coeff    -0.52 -0.59 -0.60 -0.81 
P-corr    0.24 0.16 0.15 0.03 

*Data derived from the EUROGAST study (40). Prevalence of Helicobacter pylori from around the 1980s 
provide the possibility to estimate the correspondent attributable fraction of gastric cancer cases in the 
2010s, because of the latency needed for the infection to exert a carcinogenic effect. 
 
Corr-coeff, correlation coefficient between sex- and age-specific prevalence of Helicobacter pylori and 
corresponding proportion of cardia gastric cancer. 
P-corr, p value of the correlation coefficient. 
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Challenging conditions: early onset gastric cancer and second primary 
cancers in gastric cancer survivors  

High-risk conditions require more personalized monitoring to control the risk of GC. 

Among those, there are early onset GC and second primary cancers occurring in GC 

survivors.  

As recently reported by Li et al., despite the general declining trends of GC independently 

from the onset age, the incidence of GC occurring in young adults has increased in recent 

years (51). Bergquist and coauthors have conducted a comprehensive comparative 

analysis based on SEER database, including more than 75,000 early onset GC cases (52). 

In this analysis, the proportion of early onset cases has risen between 1990 and 2012 (52). 

Arnold et al. estimated that age-standardized rates of early onset GC were higher in 2035 

than in 2010 for several countries such as USA, UK, Canada, Spain, the Netherlands, and 

was more pronounced increasing pattern among men than women (43). The increase in 

early onset GC is likely due to change in the prevalence of risk factors among young 

adults, despite its occurrence remains largely unclear and deserves further investigation 

(43).  

Characteristics of early onset GC include high grade, frequent signet-ring cells which 

indicate low differentiation, diffuse histology, diagnosis at late stage with metastases at 

presentation. These features support the hypothesis of genetic and molecular patterns 

determining a higher risk of its development (53). Smoking and heavy alcohol drinking 

increase the risk of early onset GC (54). EBV infection has been associated with GC in 

young adults (52), in particular in the framework of Hp and EBV coinfection (55). 

Furthermore, a recent meta-analysis observed a significant association with family history 

of GC (56). Several studies reported higher CDH1 mutations rates in early onset than in 

traditional GC (57-59). Hereditary syndromes may predispose to early onset GC (5). 

Lifelong surveillance aimed at early detection of gastric lesions is required in these 

individuals (60). Management includes regular upper-endoscopy screening starting at 

young age and, in certain conditions, prophylactic gastrectomy (60). In case of hereditary 

GC syndromes, genetic testing and counseling play a pivotal role in helping the patients 

to understand the subsequent surveillance and treatment options (60).  
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Survivors of GC are at an increased risk of developing second primary cancers, including 

cancers of other gastrointestinal organs (61). A recent analysis based on the SEER 

database reported an overall incidence of second primary cancers of 4.3% out of more 

than 44,000 GC cases, with a standardized incidence ratio equal to 1.36 (95% confidence 

interval [CI] 1.32-1.40) compared to the general population. This risk could be 

attributable to several factors, including the treatments for GC (e.g., chemotherapy, 

radiation), as well as lifestyle habits such as smoking, alcohol consumption, unhealthy 

diet, as well as some of the abovementioned hereditary syndromes, like Lynch and FAP 

(61). Given their high-risk condition, long-term follow-up care is essential for the early 

detection of secondary malignancies in GC patients (61). Monitoring strategies include 

regular endoscopic screenings for esophageal and colorectal cancers, especially in 

patients treated with chemotherapy or radiation.  

 

Gastric cancer prevention and prediction  

GC prevention strategies focus on addressing modifiable risk factors while leveraging 

advancements in genetic and lifestyle research (62). Hp eradication remains a cornerstone 

of primary prevention, with robust evidence indicating a 50% reduction in GC risk and 

significant decreases in GC-related mortality following treatment (62). These benefits are 

particularly pronounced in regions with a high prevalence of Hp infection, where 

systematic screening and eradication programs have demonstrated substantial impact 

(62).  

On a global scale, prevention strategies must account for regional variations in GC 

epidemiology. While Hp eradication programs should be prioritized in high-prevalence 

areas, dietary education and obesity reduction are essential in regions with rising cardia 

GC rates (48,63). GC screening programs have been implemented in Korea, China and 

Japan. Such screenings are based on upper endoscopy (64). High costs and invasiveness 

of endoscopy are among the limitations of these strategies (64, 65), and the control of GC 

through Hp test-and-treat represents a reasonable option (63-65). The major advantages 

of Hp screening for GC prevention rely on characteristic including being non-invasive 
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and inexpensive compared to endoscopy (64). Moreover, the detection and eradication of 

Hp infection would substantially help in reducing Hp prevalence by interrupting the route 

of transmission of the bacterium (13). To date, no community-based screening for Hp 

infection has been implemented yet, despite the evidence of its cost-effectiveness in GC 

prevention in high-risk populations (64, 65).  

Among the most important risks of a population-based Hp test-and-treat program there is 

antimicrobial resistance, which might be further fueled by administration of antimicrobial 

treatment in the infected, who represent a large portion of the population worldwide (66). 

In addition, the possibility of increased risk of esophageal cancer after Hp eradication, 

due to unbalance of acid secretion and following GERD, have been pointed out (67). Few 

large-scale longitudinal population-based studies on Hp screening and treatment have 

been conducted to date, leaving a lack of real-world evidence on the possible adverse 

effects of mass Hp eradication. In this panorama, the identification of high-risk 

individuals is of utmost importance to direct and optimize the use of preventive strategies 

against GC. Among the Hp screening programs which have been studied, the one 

presented by Chiang and coauthors offers particularly important findings (68). A mass 

Hp eradication program based on urea breath test (UBT) was launched in Taiwan between 

2004 and 2018. This unique study structured a dynamic screening program consisting of 

repeated UBT, with the aim to monitor Hp prevalence in the population, also accounting 

for possible treatment failure or reinfections (68). Moreover, the study included antibiotic 

susceptibility analyses, allowing to describe the trend of antimicrobial resistance in the 

screened population (68). The screening led to a dramatic decrease in Hp prevalence 

(from 64% in 2004 to 15% in 2008), with <1 reinfection per 100 person-years; 

premalignant lesions, GC incidence and mortality significantly declined (68). Finally, this 

study revealed no significant increase in antibiotic resistance nor esophageal or colorectal 

cancer during the full implementation of such screening program, providing significant 

evidence supporting test-and-treat in high-risk populations (68).  

Emerging research highlights the critical role of predictive models in tailoring prevention 

strategies. Studies from Korea, Japan, and Vietnam have developed models integrating 

genetic markers, such as MUC1 polymorphisms, with lifestyle factors to estimate GC risk 
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more accurately. For instance, the prediction model developed by Eom et al. (69) in the 

Korean population incorporates health behaviors and clinical variables, offering a 

practical tool for identifying high-risk individuals. Similarly, Charvat et al. (70) created 

a model for the Japanese population that predicts the 10-year probability of GC 

occurrence, enabling targeted interventions. In Vietnam, Nguyen et al. (71) demonstrated 

the potential of combining genetic polymorphisms and health-risk behaviors to refine GC 

risk assessments. These models underscore the importance of integrating genetic 

susceptibility with modifiable risk factors to optimize prevention strategies (69-71).  

To date, no prediction scheme has been validated at global level for the general population 

(9). Machine learning has been exploited to this scope, for example by using pre-

neoplastic endoscopic and histologic findings to build personalized predictive model for 

GC (72). Moreover, artificial intelligence was shown to perform better than expert 

endoscopists in detecting gastric lesions, possibly representing a support to medical 

practice for early detection of GC (73,74). In addition, increasing evidence on gut 

dysbiosis (75) in patients affected by gastric diseases has led to the investigation of 

microbiota profiling (76), including salivary microbiota, as biomarker for GC risk. Next 

to Hp infection management and personalized medicine, lifestyle interventions remain 

pivotal in GC prevention (77-79). Jin et al. (80) emphasized that adherence to healthy 

behaviors—such as a diet rich in fiber and fruits, regular physical activity, and avoiding 

tobacco and alcohol—can reduce GC risk, even among genetically predisposed 

individuals. In parallel, chemoprevention like aspirin and other NSAIDs has shown 

promise in reducing GC incidence, though their routine use requires careful evaluation of 

potential risks, such as gastrointestinal bleeding (81). In summary, integrating predictive 

models with Hp screening, lifestyle interventions and chemoprevention offers a 

comprehensive framework for reducing the global burden of GC. 
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Gastric cancer in a middle-risk population in Italy: a case-only analysis  

Methods  

A retrospective study on GC was established at the University Hospital in Bologna, with 

the aim of investigating the epidemiology of GC in an Italian population in recent years. 

Bologna is a city of Emilia Romagna Region, in central-northern Italy, which has 

historically been among the areas in Italy with highest rates of GC (82). In particular, 

based on AIRTUM estimates, GC accounted for 1.6% of total mortality and 5.6% of 

cancer mortality in Emilia Romagna in 2018, with SMR of 17.5 over 100,000 (83). This 

might be related to prevalence of Hp infection, dietary habits, and potential exposure to 

environmental risk factors (82).  

A total of 117 GC cases were identified from pathology records for the period 2016-2020, 

based on surgical specimens of patients operated in the hospital. Pathological data and 

sociodemographic data were provided in that dataset, while additional information was 

extracted from medical records referring to hospitalization linked to GC.   A detailed case 

report form was built to collect information on (i) sociodemographic factors (sex, age, 

residential place, birthplace, marital status, occupation, education, siblings); (ii) lifestyle 

factors (smoking, alcohol, physical activity); (iii) diet (intake of red meat, white meat, 

fish, vegetables, fruit, sugary foods, coffee, tea, yoghurt, other dairies); (iv) comorbidities 

and family history of cancer; (v) use of medications; (vi) symptoms at the time of the 

endoscopy; (vii) results of laboratory tests, including Hp infection status. The study was 

approved by Emilia-Romagna Ethical Committee in June 2021 with the code 

539/2021/Oss/AOUBo.  

Cases were distinguished into intestinal or diffuse GC according to Lauren classification 

(84). Cases which did not fit the classification were considered among “other” type. 

Similarly, anatomical site was distinguished into cardia and non-cardia based on 

information reported in the dataset; when these definitions were not specified, we 

classified as non-cardia cases those identified in antrum, small curve, large curve, fundus, 

corpus, pylorus, according to the ICD-10 code.  
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We performed descriptive analyses (Table 4) by sex. The cahracteristics of our study 

population were compared with those of 151 GC cases diagnosed between 2002 and 2010 

in “A.Gemelli” teaching hospital in Rome, based on a previous Italian study (85). Hp 

status was considered positive if infection was reported in the biopsy, or whether history 

of Hp diagnosis or treatment was described in the clinical records. In this way, we 

accounted for reverse causation, allowing to identify a more reliable picture of Hp 

prevalence in this population. We performed multivariable logistic regression models 

(Table 5) to calculate the odds ratios (ORs) and 95% confidence intervals (C95% CI) of 

the associations between early onset GC, defined as GC diagnosed at age <=50, and (i) 

main epidemiological characteristics of the study population (including sex, family 

history of GC, smoking status and Hp infection) and (ii) red flag symptoms (weight loss, 

nausea, dysphagia, dyspepsia, epigastric pain, GI bleeding). Regression models included 

sex and age as potential confounding variables.  

Results  

Among the 117 gastric cancer (GC) cases, 56.4% were men, with a mean age of 72.1 

years. Overall, 8 cases (6.8%) were diagnosed at age ≤50 years, accounting for 10% of 

GC cases in men and 4% in women (p=0.27). Regarding Hp status, men were slightly 

more likely to test positive (34.9%) compared to women (29.4%), although the difference 

was not statistically significant (p=0.53). A relatively high prevalence of peptic ulcer was 

observed in both sexes (approximately 45%).  

No significant differences emerged by histological subtype, tumor location, or grade. 

Clinical history was comparable between sexes: previous cancer was reported in 3.9% of 

women and 3.0% of men, while a family history of GC was present in 19.6% of women 

and 15.2% of men.  

With respect to red flag symptoms, epigastric pain (35.0%) and weight loss (28.2%) were 

the most frequently reported, with weight loss slightly more common among women 

(p=0.06).  

Data from these recently diagnosed GC cases in Bologna were compared with a historical 

cohort of 151 GC cases (47.0% women, 53.0% men) diagnosed in Rome between 2002 
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and 2010. In the Rome cohort, early-onset GC was observed in 8 women (11.3%) and 5 

men (6.2%). Male patients were significantly more likely to be smokers (p<0.001). Hp 

infection was common in both sexes and did not differ significantly by sex; however, its 

overall prevalence was significantly higher than that observed in the Bologna cohort 

(p<0.001). Cardia GC was diagnosed in 18 cases (11.9%) in Rome, compared to only 4 

cases (3.4%) in Bologna, a statistically significant difference (p=0.02).  

A focused analysis of early-onset versus late-onset GC was conducted on 92 Bologna 

cases with complete data. Current smoking emerged as a significant risk factor for early-

onset GC (OR=8.9, 95% CI: 1.36–59.1), while no associations were found with sex, 

family history of GC, or Hp infection. Finally, based on the full sample of 117 cases, 

early-onset GC was significantly associated with the presence of epigastric pain (OR=6.5, 

95% CI: 1.14–37.2) compared to late-onset GC. 
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Table 4. Sociodemographic, lifestyle, anatomopathological characteristics, and clinical features in a series of gastric cancer cases from 
Bologna, Italy, 2016-2020. Data compared with gastric cancer cases from Rome, Italy, 2002-2010, based on information availability. 
 
GC patients 
characteristics 

GC diagnosed in Bologna, 2016-2020 (N=117) GC diagnosed in Rome, 2002-2010 8N=151) 
Women 

(N=51, 43.6%) 
Men 

(N=66, 56.4%) 
p-value of 
difference 

Women 
(N=71, 47.0%) 

Men 
(N=80, 53.0%) 

p-value of 
difference 

Year of diagnosis 
- 2016 
- 2017 
- 2018 
- 2019 
- 2020 

 
7 (13.7) 
6 (11.8) 
17 (33.3) 
11 (21.6) 
10 (19.6) 

 
4 (6.1) 
12 (18.2) 
26 (39.4) 
11 (16.7) 
13 (19.7) 

0.62 NA NA  

Marital status 
- Unmarried 
- Married 
- Divorced 
- Widow 
- Missing    

 
7 (13.7) 
28 (54.9) 
4 (7.8) 
8 (15.7) 
4 (7.8) 

 
9 (13.6) 
42 (63.6) 
1 (1.5) 
7 (10.6) 
7 (10.6) 

0.37 NA  
NA 

 

Mean age  
 

73.4 (70.3-76.5) 72.1 (68.9-75.3) 0.56 66.3 (63.4-69.1) 67.3 (65.0-69.6) 0.58 

Early onset (<=50) 
- No 
- Yes  

 
49 (96.9) 
2 (3.9) 

 
60 (90.0) 
6 (10.0) 

0.27  
63 (88.7%) 
8 (11.3%) 

 
75 (93.8%) 
 5 (6.2%) 

0.27 

Residence  
- Emilia-Romagna 
- North 
- Center-South 
- Foreign country* 

 
27 (52.9) 
7 (13.7) 
15 (29.4) 
2 (3.9) 

 
33 (50.0) 
10 (15.2) 
21 (31.8) 
2 (3.0) 

0.84 NA NA  

Occupation 
- Blue collar 
- White collar 
- Missing 

 
22 (33.3) 
14 (21.2) 
30 (45.5) 

 
22 (43.1) 
7 (13.7) 
22 (43.1) 

0.20  
10 (14.1) 
5 (7.0) 
56 (78.9) 

 
18 (22.5) 
13 (16.3) 
49 (61.2) 

0.05 

Smoking 
- Never 
- Former 

 
22 (43.1) 
10 (19.6) 

 
20 (30.3) 
27 (40.9) 

0.28  
54 (76.1) 
5 (7.0) 

 
21 (26.3%) 
38 (47.5%) 

<0.001 
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- Current  
- Missing  

6 (11.8) 
13 (25.5) 

7 (10.6) 
12 (18.2) 

12 (16.9) 
0 

21 (26.2%) 
0 

Quality of sleep 
- Normal 
- Altered  
- Missing  

 
26 (51.0) 
8 (15.7) 
17 (33.3) 

 
32 (48.5) 
7 (10.6) 
27 (40.9) 

0.56 NA NA  

Mean BMI at diagnosis 24.6, 23.1-26.1 
(n=10 missing) 

24.8, 24.0-25.7 
(n=3 missing) 

0.82 25.6, 23.7-27.4 
(n=38 missing) 

24.7, 23.5-25.9 
(n=44 missing) 

0.41 

Hp status**  
- Negative 
- Positive  
- Missing  

 
36 (70.6) 
15 (29.4) 
0 

 
43 (65.1) 
23 (34.9) 
0 

0.53  
9 (12.7%) 
49 (69.0) 
13 (18.3) 

 
9 (11.2%) 
63 (78.8) 
8 (10.0) 

0.62 

Histological type 
- Intestinal 
- Diffuse 
- Mixed type 
- Missing  

 
15 (29.4) 
3 (5.9) 
27 (52.9) 
5 (9.8) 

 
16 (24.2) 
7 (10.6) 
36 (54.6) 
6 (8.1) 

0.53  
28 (39.4) 
25 (35.2) 
1(1.4) 
17 (23.9) 

 
29 (36.2) 
21 (26.5%) 
6 (7.5%) 
24 (30.0) 

0.23 

Cancer site 
- Non-cardia 
- Cardia  
- Undefined or missing  

 
42 (35.9) 
1 (2.00) 
75 (62.1) 

 
44 (37.6) 
3 (4.6) 
70 (57.8) 

0.37  
43 (60.1) 
8 (11.3) 
20 (28.6) 

 
45 (56.3%) 
10 (12.5%) 
25 (31.2%) 

0.88 

Grade 
- G1 
- G2 
- G3 
- Missing  

 
4 (7.8) 
8 (15.7) 
32 (62.8) 
7 (13.7) 

 
11 (16.7) 
12 (18.2) 
37 (56.1) 
6 (9.1) 

0.37  
2 (2.8) 
12 (16.9) 
30 (42.3) 
27 (38.0) 

 
1 (1.2) 
13 (16.3) 
32 (40.0) 
34 (42.5) 

0.82 

Infiltration  
- No 
- Yes  
- Missing  

 
0 (0.0) 
40 (78.4) 
11 (21.6) 

 
2 (3.0) 
51 (77.3) 
13 (19.7) 

0.21 NA NA  

Ulcerated lesion 
- No 
- Yes 

 
31 (68.8) 
20 (39.2) 

 
37 (56.1) 
29 (43.9) 

0.61  
NA 

 
NA 

 

Peptic ulcer 
- No 
- Yes  

 
28 (54.9) 
23 (45.1) 

 
36 (54.5) 
30 (45.5) 

0.39 NA NA  
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Active gastritis 
- No 
- Yes  

 
42 (82.3) 
9 (17.7) 

 
53 (80.3) 
13 (19.7) 

0.80 NA NA  

Chronic gastritis 
- No 
- Yes  

 
26 (51.0) 
25 (49.0) 

 
31 (47.0) 
35 (53.0) 

0.59 NA NA  

Lymph-nodes 
- No 
- Yes 
- Missing  

 
23 (45.1) 
28 (54.9) 

 
27(40.9) 
39 (59.1) 

0.94  
19 (26.8) 
40 (56.3) 
12 (16.9) 

 
20 (25.0) 
46 (57.5) 
14 (17.5) 

0.82 

Previous cancer 
- No 
- Yes  

 
49 (96.1) 
2 (3.9) 

 
64 (97.0) 
2 (3.0) 

 
0.79 

NA NA  

Family history of GC  
- No  
- Yes  

 
41 (80.4) 
10 (19.6) 

 
56 (84.8) 
10 (15.2) 

 
0.53 

NA NA  

Family history of any cancer 
- No 
- Yes  

 
 
33 (64.7) 
18 (35.3) 

 
 
43 (69.7) 
23 (30.3) 

0.29 NA NA  

Diabetes  
- No 
- Yes  

 
42 (82.3) 
9 (17.7) 

 
52 (78.8) 
14 (21.2) 

0.63  
61 (85.9) 
10 (14.1) 

 
66 (82.5) 
14 (17.5) 

0.56 

Weight loss 
- No  
- Yes  

 
32 (62.8) 
19 (37.2) 

 
52 (78.8) 
14 (21.2) 

0.06 NA NA  

Nausea and/or vomit 
- No 
- Yes  

 
40 (78.4) 
11 (21.6) 

 
51 (77.3) 
15 (22.7) 

0.88 NA NA  

Dysphagia 
- No 
- Yes  

 
44 (86.3) 
7 (13.7) 

 
57 (86.4) 
9 (13.6) 

0.99 NA NA  

Dyspepsia  
- No 
- Yes  

 
39 (76.5) 
12 (23.5) 

 
54 (81.8) 
12 (18.2) 

0.48 NA NA  

Epigastric pain   0.41 NA NA  
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- No 
- Yes  

31 (60.8) 
20 (39.2) 

45 (68.2) 
21 (31.8) 

GI bleeding 
- No 
- Yes  

 
45 (88.2) 
6 (11.8) 

 
54 (81.8) 
12 (18.2) 

0.34 NA NA  

Mean Hb at diagnosis 10.8, 10.1-11.5 
(n=2 missing) 

11.7, 11.1-12.3 (n=2 
missing) 

0.33 NA NA  

Mean survival length (months)    28.7 (22.9-34.5) 
(n=12 missing) 

25.6 (20.9-30.4) 
(n=14 missing) 

0.68 

 
GC, gastric cancer; N, number; NA, not applicable; BMI, body mass index; Hp, Helicobacter pylori; GI, gastro-intestinal; Hb, Hemoglobin 
*Including Albania, Poland and Romania 
** In Bologna, Hp data refer to detection of the infection on the biopsy sample or information reported on clinical records; in Rome, Hp data refers only to the 
detection on biopsy sample
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Table 5. Odds ratios and 95% confidence intervals of the association between selected 
characteristics of the study population and early onset gastric cancer.  
 

Variable* 
(N=92) 

OR, 95% CI 

Sex 
- Men 
- Women  

 
1.0 (Ref) 

2.30, 0.35-15.1 
Smoking status 

- Never 
- Former 
- Current  

 
1.0 (Ref) 

0.44, 0.04-5.35 
8.95, 1.36-59.0 

Helicobacter pylori 
- No 
- Yes  

 
1.0 (Ref) 

1.09, 0.19-6.43 
Family history of gastric cancer 

- No 
- Yes  

 
 

1.0 (Ref) 
2.12, 0.30-15.3 

Red flag symptoms** 
(N=117) 

OR, 95% CI 

Nausea 1.31, 0.22-7.81 
Weight loss 0.88, 0.14-5.32 
Dysphagia  4.66, 0.77-28.2 
Dyspepsia 1.96, 0.37-10.4 
Epigastric pain 6.51, 1.14-37.2 
Gastrointestinal bleeding  0.84, 0.07-9.47 

 
*Multivariate logistic regression adjusted for sex, smoking status, Helicobacter pylori infection and 
family history of gastric cancer 
**Multivariate logistic regression adjusted for sex, nausea, weight loss, dysphagia, dyspepsia, epigastric 
pain and gastrointestinal bleeding.  
 

Discussion  

We collected information on several aspects of GC in a middle-risk Italian population 

from Bologna University Hospital. The analyses evidenced (i) low prevalence of Hp 

infection; (ii) predominance of high grade, infiltrating lesions at diagnosis, with a high 

prevalence of peptic ulcer associated to the cancer or ulcerated cancer lesion; (iii) 

relatively high prevalence of family history of GC and of other cancers; (iv) low 

prevalence of red flag symptoms, with weight loss more often observed in women than 

in men. Cancer site and histological type were often recorded as undefined or mixed, 

evidencing limitation in the recording of such data.  
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The analysis conducted on 151 GC cases from Rome “A.Gemelli” Hospital revealed a 

significantly higher prevalence of Hp, which might partially reflect the declining trend of 

the infection. Also, a higher proportion of cardia GC cases was observed, which could be 

in part explained by accuracy in the classification of the biopsy samples and the lower 

proportion of undefined cases.                                                                             We observed 

an association between early onset GC and smoking, while no difference was observed 

for sex, family history of GC nor Hp. Our analyses also support a strict relationship 

between smoking and early onset GC. Moreover, as epigastric pain was found to be more 

likely to occur in early onset than in other cases, this element might be further investigated 

to inform the clinician about the importance of this symptom, which can be attributed to 

both benign diseases (eg., gastritis, ulcer) and to malignancy of the stomach.  

 

Conclusions  

This paper provides a comprehensive overview of the evolving epidemiology and risk 

factors of GC, emphasizing the role of Hp in gastric carcinogenesis. The observed decline 

in Hp prevalence and its influence on the incidence of non-cardia GC underscores the 

need for ongoing surveillance of infection trends and the development of targeted 

prevention strategies. Findings from the case-only analysis in a middle-risk Italian 

population reveal a predominance of non-cardia GC, a relatively low prevalence of Hp 

infection, and notable challenges in achieving accurate pathological classification. These 

insights highlight the urgent need to improve diagnostic accuracy and data recording 

practices. The study also sheds light on early-onset GC and second primary cancers, both 

of which require specific attention due to their unique risk profiles and implications for 

patient management. Early-onset GC, in particular, is associated with distinct genetic and 

environmental factors, reinforcing the importance of continued investigation into its 

causes and preventive measures (52). Prevention remains the cornerstone of reducing GC 

morbidity and mortality (62). Primary prevention efforts including Hp test-and-treat 

strategies, dietary education, and lifestyle interventions are especially critical in high-risk 

populations. (62-65). The integration of advanced predictive models combining genetic 

susceptibility and modifiable risk factors offers new opportunities for personalized 
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approches (69-72). Meanwhile, secondary and tertiary prevention efforts, including 

endoscopic surveillance, chemoprevention, and management of precancerous lesions, 

must be further refined and implemented systematically (62,63,69).  

Overall, the findings emphasize the need for a multifaceted strategy that combines 

population-level interventions with personalized care to address the evolving challenges 

of GC prevention, early diagnosis, and clinical management in a changing 

epidemiological landscape. 
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ABSTRACT 

 

Background and aim: Helicobacter (H.) pylori is the major risk factor of gastric cancer 

(GC). We aimed to estimate the attributable fraction (AF) of GC for H. pylori and the 

number of new GC cases and deaths for GC attributable to H. pylori in different 

geographic regions and countries in 2022. 

 

Methods: The AF was estimated using region- and country-specific pooled prevalence 

of H. pylori in the period 2000-2010, that was obtained through a systematic review and 

meta-analysis, and a risk ratio of 5.9 for the association between H. pylori and GC. The 

number of new GC cases and deaths for GC attributable to H. pylori was calculated using 

the AF and the estimates of GC incidence and mortality reported by   GLOBOCAN 2022.  

 

Results: The burden of GC due to H. pylori was calculated for 26 countries from 7 

geographic regions. The average AF was 69.7 %, ranging from 40.7% in Malaysia to 

82.3% in South Africa. The AF was > 70%  in all countries in the African, East 

Mediterranean, Latin American and Western Pacific regions, except for Malaysia, and in 

some countries in Europe, including Poland, Spain, Albania and Germany. The largest 

number of H. pylori-related GC cases and deaths for GC were estimated in China 

(GC:252.850, deaths 184.666) and Japan (GC:92.166, deaths: 31,809) followed by Korea 

(GC:21.855, deaths: 6.359), Brazil (GC: 17.327, deaths:13.646) and Iran (GC: 12.711, 

deaths: 1168). In Europe, the highest numbers were observed in Germany (GC: 9703, 

deaths: 6026), Spain (GC: 5308, deaths: 3752) and Poland (GC: 5305, deaths: 4098). 

 

Conclusions: More than two-thirds of new GC cases in the countries in the analysis were 

due to H. pylori in 2022. Our estimates may contribute to better investigate cost-

effectiveness of H. pylori screening strategies for GC prevention in different countries 

worldwide. 
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INTRODUCTION  

Gastric cancer (GC) is an important cause of morbidity and mortality and, despite the 

decreasing incidence rate, the total number of cases and deaths due to GC are increasing 

worldwide. (1,2) Helicobacter (H.) pylori infection is the most important cause of GC 

leading to gastric adenocarcinoma through chronic gastritis, atrophic gastritis, intestinal 

metaplasia and dysplasia (3). The eradication of H. pylori is the most effective weapon 

for the primary prevention of GC primary (3,4). However, cost-effectiveness and 

antimicrobial resistance are the main concern for H. pylori “screen and treat” strategies 

in the general population (3). 

 

The current burden of GC attributable to H. pylori in different countries is still unclear. 

The prevalence of H. pylori infection and the incidence of GC vary in different countries 

and geographic area (5,6). In addition, the prevalence of H. pylori is dynamic being 

progressively declining and subjected to the birth-cohort effect (7). Thus, estimates of 

proportion and number of new GC cases attributable to H. pylori may vary by geographic 

region and, in particular, by country. 

 

Only few studies have performed a comprehensive analysis to estimate the burden of GC 

due to H. pylori from a global perspective. In addition, previous estimates of the 

attributable fraction (AF) of GC for H. pylori have some limitations related to the 

calculation of AF. For example, some studies calculated the AF retrospectively using the 

prevalence of H. pylori in GC cases rather than prospectively in the general population 

(8-11), while others studies assumed that the prevalence of H. pylori in GC cases can be 

used as an estimate of AF (2, 10-12, 14), whereas other studies calculated the AF in all 

age groups rather than adults only (13); furthermore, other reports used a risk ratio (RR) 

for the association between H. pylori and GC estimated including case-control studies 

(15-18), which may underestimate the strength of association because the infection might 

be cleared in GC cases. 

Improving estimates of the burden of GC due to H. pylori in different countries is essential 

for health policy makers to evaluate cost-effectiveness of H. pylori screening and 

treatment programs for the primary prevention of GC. 
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The aim of this study was to estimate the AF of GC for H. pylori and the number of new 

GC cases and deaths for GC attributable to H. pylori in different countries worldwide in 

2022.  

 

METHODS  

The AF of GC for H. pylori was calculated applying the formula originally described by 

Levin (20): AF = p (RR-1) / (1+ p (RR-1)) where p is the prevalence of infection in the 

general population and RR is the relative risk of GC associated with H. pylori infection.  

 

In order to estimate the AF prospectively, we performed a systematic review and meta-

analysis to estimate the country-specific prevalence of H. pylori in the adult general 

population in the period 2000-2010, considering 12-to-22-year latency between infection 

and GC. The RR for the association between H. pylori and GC was assumed to be constant 

worldwide, and so we used a single RR estimate in the calculation of each AF. 

Considering that non-cardia GC represents the majority of the GC cases worldwide (80-

90%), we used the RR of 5.9, that was calculated for non-cardia GC through a meta-

analysis of cohort studies (21). We applied the same RR to calculate AF for incidence 

and mortality and for men and women, assuming no effect of infection on cancer survival 

and no infection–sex interaction (22). 

 

The number of new GC cases and deaths for GC attributable to H. pylori was calculated 

by multiplying the AF by the number of new GC cases and deaths for GC estimated from 

GLOBOCAN 2022 (1). In particular, GLOBOCAN data were restricted to age 40+, 

therefore considering population at higher risk of GC (4). We calculated the AF of GC 

for H. pylori only for those countries for which was possible to estimate the prevalence 

of H. pylori in the general population in the period 2000-2010. The number of new GC 

cases and deaths for GC attributable to H. pylori was calculated for those countries for 

which incidence and mortality data on GC from GLOBOCAN 2022 were also available  
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Prevalence of H. pylori in the general population: systematic review and meta-

analysis  

The systematic review and meta-analysis was performed according to the PRISMA 

(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guideline (17). 

We searched MEDLINE via Pubmed and Embase up to January 1st 2023 using the 

following keywords: “Helicobacter pylori”, “H. pylori”, “HP”, “Campylobacter pylori” 

and “prevalence”.  We did not restrict for language or type of publication. The search 

strategy is reported in the Supplementary 1.  

Two authors (ED and MS) did the initial selection based on titles and abstracts. 

Subsequently, they independently performed a detailed full text assessment of potentially 

relevant studies and any disagreement was solved by a third author (RMZ). Selected 

studies were included in the review if they reported the prevalence of H. pylori in the 

adult general population in the period 2000-2010, regardless of the year of publication. 

We excluded studies that did not meet the inclusion criteria, or if essential information 

was missing and could not be obtained by the authors.  

Two authors (ED and MS) extracted independently the following items from each study: 

country, region, study period, inclusion and exclusion criteria, total number of 

participants, average age and gender, test for H. pylori diagnosis, number and percentage 

of H. pylori-positive subjects. Two authors (ED and MS) independently assessed the 

quality of the selected studies using the Newcastle-Ottawa Quality Assessment Scale (17) 

and any disagreement was solved through discussion and, if necessary, arbitration by a 

third author (RMZ). Supplementary Table 1 shows the quality assessment of included 

studies.   

We calculated pooled country-specific prevalence of H. pylori infection in the general 

population with 95% confidence interval (CI) using a random effect model.  

The heterogeneity among the studies was assessed using the I2 and the Cochran Q-

statistic.  

All the analyses were performed using STATA 16 (Stata Corp., College Station, TX, 

USA) (19).  
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RESULTS 

Prevalence of H. pylori infection in the general population in the period 2000-2010: 

systematic review and meta-analysis.  

The systematic review of the literature identified 40 articles that reported the H. pylori 

prevalence in the general population in 27 countries from 7 geographic regions in the 

period 2000-2010 (23-62). Two articles provided data from two cohorts of population: 

one study provided data from Greece and Albania (43) and one other from two cohorts in 

China (61). Supplementary Figure 1 shows the flow-chart of the selection process.  

The regions with the highest number of studies were Western Pacific (n=14) and Europe 

(n=12), followed by Latin America (n=6), Eastern Mediterranean (n=6), Africa (n=2), 

North America (n=1) and South-East Asia (n=1). Supplementary Table 2 shows the 

characteristics of the included studies.  

 

The overall prevalence of H. pylori was 52% (95%CI: 45%-60%) (108.698 out of 209,035 

subjects) ranging from 14.2% in Malaysia to 95% in South Africa; there was high 

heterogeneity among the studies (I2 = 99.9%).   

 

The countries with the highest H. pylori prevalence were South Africa (95%), Benin 

(86.2%), Chile (74.6%), Ecuador (72.2%) and Brazil (70.7%), while the countries with 

the lowest H. pylori prevalence were Greece (33.7%), Australia (29%) and Malaysia 

(14.2%) (Table 1).     

Attributable fraction of gastric cancer for H. pylori infection  

Using the estimates of H. pylori prevalence in the general population, we calculated the 

AF of GC for H. pylori in 27 countries from seven regions in 2022.   The average AF was 

69.7% (95%CI:67.8-71.0) ranging from 40.7% in Malaysia to 82.3% in South Africa. 

The AF of GC for H. pylori was high in all countries in the analysis in Africa (South 

Africa: 82.3%, Benin: 80.8%), East Mediterranean region (Tunisia: 75.5%, Iran: 75.2%), 

Latin America (Chile: 78.6%, Ecuador: 77.9%, Brazil: 77.7%, Guadalupe: 72.6%, 

Panama: 72.6% and Mexico: 65.1%) and Western Pacific region (Korea: 75.8%, Japan: 
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72.9%, China 71.8%, Taiwan 65.6%, Australia: 58.7%), except for Malaysia. In Europe, 

Poland (77.2%), Spain (74.9%), Albania (72.2%) and Germany (69.7%) showed the 

highest AF, while Norway (56%) and Denmark (49.5%) registered the lowest. Table 2 

shows the estimates of AF of GC for H. pylori by WHO regions and countries.   

Number of new gastric cancers and deaths for GC attributable to H. pylori  

Using our estimates of AF and the estimates of GC incidence and mortality reported by   

GLOBOCAN (23), we calculated the number of new GC cases (Table 3) and deaths for 

GC (Table 4) attributable to H. pylori in 26 countries in 2022. Estimates for Taiwan were 

not provided because data from GLOBOCAN 2022 were lacking.  

 

A total of 454.802 new cases of GC and 287.829 deaths for GC could be attributable to 

H. pylori infection across 26 countries in 2022.  

The highest numbers of new GC cases and deaths for GC due to H. pylori were seen in 

China (GC: 252.850, deaths: 184.666) and Japan (GC: 92.166, deaths: 31.809) followed 

by Korea (GC: 21.855, deaths: 6.359). In Latin America, Brazil showed the highest 

number of new GC cases and deaths due to H. pylori (GC: 17.327, deaths:13.646), that 

instead were less than 6000 in the other countries, including Chile, Ecuador, Guadalupe, 

Mexico and Panama. In Europe, the number of new GC cases and GC deaths attributable 

to H. pylori was remarkably in Germany (GC: 9703, deaths: 6026), Spain (GC: 5308, 

deaths: 3752) and Poland (GC: 5305, deaths: 4098), while GC cases H. pylori-related 

were less than 1000 in Albania, Czech Republic, Denmark, Greece, Norway and 

Netherlands. In the East Mediterranean region, the number of new GC cases and deaths 

due to H. pylori was high in Iran (GC: 12.711, deaths: 10168) and low in Tunisia (GC: 

384, deaths: 331). Finally, in Africa there was the lowest number of new GC cases (n. 

1773) and GC deaths (n.1535) attributable to H. pylori, despite the high H. pylori 

prevalence and AF of GC for H. pylori. As expected, the number of new GC cases (Table 

3) and deaths for GC (Table 4) attributable to H. pylori were about two times higher in 

men than women in all regions and countries. 
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DISCUSSION 

This study provides estimates of the burden of GC attributable to H. pylori infection in 

26 countries from seven geographic regions in 2022. Attributable fractions are based on 

country-specific pooled prevalence of H. pylori in the general population in the period 

2000-2010 estimated through a systematic review and meta-analysis. Using estimates of 

AF and the estimates of GC incidence and mortality provided by GLOBOCAN (23), we 

calculated the number of new GC cases and deaths for GC attributable to H. pylori 

infection in the different countries. 

Our data confirm the major role played by H. pylori in the burden of GC (6, 9), in 

particular in China, Japan, Korea and in some Latin America and European countries. We 

found that the average AF of GC for H. pylori was 69.7% in 2022. This estimate is only 

slightly lower than those previously reported in 2008 (77.3%) (9) and in 2012 (79.3%) 

(10). The AF ranged from 40.7% in Malaysia to 82.3% in South Africa. Obviously, the 

AF varied across different geographic regions and countries in line with the variation of 

H. pylori prevalence, which is in agreement with other pooled analyses (63, 64).  We did 

not provide a global estimate of the prevalence of H. pylori infection and of the burden 

of GC attributable to it, as other authors have done (6, 9-11), because of the many 

assumptions needed to derive global estimates. Rather, we decided to focus on the 

countries with data of acceptable quality, thus giving priority to validity over 

generalizability. The relatively large number of countries in the analysis, including 

several major countries, on the other hand, provides clinical and public health relevance 

of our findings. 

Notably, we found that in China, Japan and Korea the AF of GC for H. pylori was higher 

than 70%. Previous estimates of the AF in these countries were not consistent 

(12,14,15,63-65). In the study by Ji, the AF of GC for H. pylori was 58%, 30.9% and 

35.2% in Japan, China and Korea, respectively (15). Similarly, Han et al. reported low 

estimates of AF in East Asia including China (45.6%), Japan (57.1%) and Korea (40.5%), 

even though the sub-group analysis of studies with a follow-up time >10 years showed 

an AF of non-cardia GC of 71.2% (64). Similarly, a large case-control study including 

about 500.000 adults reported in China an AF of 78.5% for non-cardia gastric cancer and 
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62.1% for cardia gastric cancer (65). In line with this study, we provide further evidence 

that more than two third of new GC cases in Japan, China and Korea are due to H. pylori 

infection.   In particular, H. pylori may have caused about 255000 cases of GC and 182000 

deaths for GC in China and 92000 cases of GC and 32000 deaths for GC in Japan.  The 

number of GC cases due to H. pylori was different in different countries, also due to 

differences in the total number of incident GC cases occurring in the general population. 

The total number of incident GC is very high in China and Japan (70), and this would 

partially explain the largest number of GC cases and deaths due to H. pylori in these 

countries. This also result in the different number of GC cases due to H. pylori that 

occurred in different countries within Latin America and Europe. In fact, In Latin 

America H. pylori caused about 17.000 cases of GC and 14.000 deaths for GC in Brazil, 

but up to 3.000 in Ecuador and Chile. Similarly, in Europe H. pylori caused about 10.000 

cases of GC and 6.000 deaths for GC in Germany, but less than 1.000 in other countries 

including Albania, Czeck Republic, Denmark and Norway. In Africa, H. pylori 

prevalence and AF of GC for H. pylori were more that 80%, but the number of GC cases 

and deaths attributable to H. pylori was very low due to the low incidence of GC in Africa. 

This supports the historical concept of the “African Enigma”, based on the low GC rates 

despite the persistently high prevalence of H.pylori (71).  

Current guidelines suggest focusing on GC prevention through population-based H. 

pylori screen-and-treat strategies (3). Notably, H. pylori screening and treatment 

programs present many challenges, including high costs, complex study protocols and 

design and possible may increase antimicrobial resistance in the general population (3). 

However, in Asia H. pylori screening and treatment programs seem to be cost-effective 

(3, 72, 73). Kowada et al reported that H. pylori screening performs better in terms of 

cost-effectiveness than endoscopy program in Japan, and that it is most effective in 

asymptomatic adults aged 50 or older (73). Notably, in order to further reduce the GC 

burden, Japan and Korea added H. pylori screening and eradication to the health insurance 

policy in the early 2010s (2). Indeed, our finding further support the suggestion that H. 

pylori screening and treatment programs in Asia, in particular in China and Japan, would 

be cost-effective for reducing the high burden of GC in the general population. Whether 

a H. pylori screen-and-treat strategy is cost-effective in non-Asian countries is still under 
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debate (3, 74,75). The 2022 Council of the European Union Recommendation on Cancer 

Screening recommended the implementation of screen and treat strategies in those 

countries with high GC incidence (> 20 cases per 100000) (76). We estimated the number 

of GC cases and deaths for GC preventable through H. pylori eradication in several 

European countries and we showed that the burden of GC H. pylori-related preventable 

by a screening strategy would be substantially higher in Germany, Spain and Poland than 

in other European countries. Indeed, our results may help health policy makers to better 

explore cost-efficacy of population-based H. pylori screening programs in some countries 

in Europe.  In addition, the development of solid prediction models and risk stratification 

would allow to integrate H. pylori eradication programs to the already implemented 

cancer screening (3, 77-79).  

Our study has several strengths. We estimated the burden of GC attributable to H. pylori 

using region and country-specific data and accurate statistical methods. In particular, we 

calculated the AF prospectively using the region- and country-specific prevalence of H. 

pylori infection in the general population estimated through a systematic-review and 

meta-analysis; data referred to general adult population, reflecting the actual exposure in 

the timeframe considered. Furthermore, we considered a 10-20 years latency between H. 

pylori infection and the development of GC. Such latency was not always considered (8-

10, 14, 67, 68); given the secular decline of H. pylori prevalence in most countries (6,7), 

this would have resulted in an underestimation of the AF of GC for H. pylori.  

This study has also some limitations. The first limitation is the paucity of data on H. pylori 

prevalence for certain geographical areas, such as Africa, East Mediterranean and South-

East Asia, that may affect the accuracy   of the estimates of AF and prevented us from 

providing estimates of attributable cases and deaths by region and globally. Moreover, 

we assumed that RR between H. pylori and GC was constant worldwide, assuming no 

differences in the strength of this association by geographical area. While this is a 

common statistical approach, it may not represent the reality as pathogen- and individual-

related factors may play a role in the association between infection and GC; for example, 

interactions with smoking or dietary factors could modify the carcinogenetic effect of H. 

pylori (64); H.pylori strains also influence carcinogenicity, with CagA positive ones 
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being known for their stronger association with cancer (27,33,57). However, other studies 

adopted values of RR that were estimated by pooling case-control rather than cohort 

studies, likely leading to an underestimation of the strength of the association between H. 

pylori and GC due to the possibility that GC cases lose infection, and therefore to an 

underestimation of the AF (12, 14-16).  Finally, we did not provide data by GC anatomical 

sub-site, i.e. for cardias and non-cardia GC. It is well that known that H. pylori have 

different strength of association with cardia and non-cardia GC (65). However, on a 

global scale most of GC are non-cardia that are strongly related with H. pylori infection.  

In conclusion, H. pylori infection remains the most important cause of GC worldwide. 

However, the burden of GC due to H. pylori varies among different countries, even 

though they belong to the same geography region and have similar H. pylori prevalence. 

Therefore, country-specific data on the number of new GC cases and deaths for GC 

attributable to H. pylori are essential in the perspective of population-based H. pylori 

screening programs for the prevention of GC.  Our findings represent an important 

contribution to further investigate the cost-effectiveness of such strategies in different 

countries worldwide. Given the changing trends in H. pylori prevalence and GC 

incidence, studies providing accurate and updated estimates of country-specific burden 

of GC attributable to H. pylori are needed in the future.  
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Table 1. Pooled prevalence of H. pylori in the general population in 27 countries and 7 
geographic regions in the period 2000-2010.  
 

WHO Regions/Countries  Studies (n) 

Pooled 
prevalence of 
H. pylori (%) 95% Confidence Intervals (%) 

Overall 40 52 45-60 

Africa 2 92 90-94 

Benin 1 86.2 81-91 

South Africa 1 95 91-97 

North America 1 27 26-28 

USA 1 27.1 26.1- 28.1 

Latin America 6 61 50-71 

Brazil 1 70.7 67.9- 73.6 

Chile 1 74.6 72.9- 76.2 

Ecuador 1 72.2 63.0- 81.5 

Guadeloupe (France) 1 53.7 51.7- 58.8 

Mexico 1 38.1 31.7- 44.6 

Panama 1 54.1 42.7- 65.4 

South-East Asia 1 44 37-51 

Thailand 3 43.6 36.5- 50.8 

Europe 12 43 34-52 

Albania 1 53.5 43.7- 63.2 

Czech Republic 1 41.7 39.8-43.6 

Denmark 1 19.7 19-20 

Germany 1 47 46-48 

Greece 1 33.7 24.5-42.9 

Norway 2 26 24-27 

Poland 1 68.7 65-72.5 

Spain 2 61 58-65 
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The Netherlands 2 38 37-39 

East Mediterranean region  6 62 54-71 

Iran 5 62 51-72 

Tunisia 1 63.2 57.2- 69.2 

Western Pacific region 14 49 38-61 

Australia 2 29 27-30 

China 5 52 44-59 

Japan 2 55 53-56 

Korea 3 64 55-72 

Malaysia 1 14.2 13.2-15.1 

Taiwan 1 39.2 38.3-40.2 

 
 
!  



 

81 
 

Table 2. Attributable fraction of gastric cancer due to Helicobacter pylori infection 
in 27 countries and 7 geographic regions in 2022. 
 

Regions and countries 
Attributable 

fraction 
95% Confidence 

Interval 

Overall 69.7 67.8-71.0 

African region 81.8 81.5-82.1 

Benin 80.8 79.9-81.5 

South Africa 82.3 81.7-82.6 

North America 57.0 56.0-57.8 

USA 57.0 56.0-57.8 

Latin America  74.9 71.0-77.7 

Brazil 77.7 76.9-78.2 

Chile 78.6 78.2-78.8 

Ecuador 77.9 75.2-79.7 

Guadeloupe (France) 72.6 71.0-73.6 

Mexico 65.1 61.8-68.3 

Panama 72.6 67.8-76.1 

South-East Asian Region 68.3 65.0-71.4 

Thailand 68,3 64.5-71.8 

European Region 67.8 62.5-71.8 

Albania 72.2 68,.3-75.5 

Czech Republic 67.3 66.2-68.3 

Denmark 49.5 48.2-49.5 

Germany 69.7 69.3-70.2 

Greece 62.5 55.1-67.8 

Norway 56.0 54.0-57.0 

Poland 77.2 76.1-77.9 

Spain 74.9 74.0-76.1 

The Netherlands 65.1 64.4-76.1 

Eastern Mediterranean Region 75.2 72.6-77.9 

Iran 75.2 71.4-77.9 
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Tunisia 75.5 73.6-77.2 

Western Pacific Region 70.6 65.1-74.9 

Australia 58.7 57.0-59.5 

China 71.8 68.3-74.3 

Japan 72.9 72.2-73.3 

Korea 75.8 72.9-77.9 

Malaysia 40.7 38.9-42.4 

Taiwan 65.6 65.0-66.2 
 

RR used for AF calculations: 5.9 [based on (21)] 
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Table 3. Number of new gastric cancer cases attributable to Helicobacter pylori infection 
in 26 countries and 7 geographic regions in 2022. 
 

WHO 
Region/Country 

Number of new cases of gastric 
cancer* 

Number of new cases of gastric cancer 
attributable to Helicobacter pylori 

Total Males Females Total Males Females 
Africa  
Benin 378 254 124 305 205 100 
South Africa 1784 1080 704 1468 889 579 
North America  
USA 24668 14976 9692 14060 8536 5524 
Latin America  
Brazil 22300 14402 7898 17327 11190 6135 
Chile 4902 3327 1575 3853 2615 1238 
Ecuador 2586 1513 1073 2015 1179 836 
Guadeloupe 
(France) 

124 70 54 90 51 39 

Mexico 9001 4784 4217 5860 3114 2745 
Panama 472 291 181 342 211 131 
South-East Asia  
Thailand 3907 2147 1760 2669 1467 1202 
Europe  
Albania 701 460 241 506 332 174 
Czech Republic 1228 730 498 826 491 335 
Denmark 725 473 252 359 234 125 
Germany 13917 8263 5654 9703 5761 3942 
Greece 1857 1168 689 1161 730 431 
Norway 512 339 173 287 190 97 
Poland 6874 4431 2443 5305 3420 1885 
Spain 7084 4224 2860 5308 3165 2143 
The Netherlands 1814 1088 726 1180 708 472 
East 
Mediterranean 
Region 

 

Iran 16895 10671 6224 12711 8028 4683 
Tunisia 508 312 196 384 236 148 
Western Pacific 
Region 

 

Australia 2776 1718 1058 1629 1008 621 
China 352084 243507 108577 252850 174875 77975 
Japan 126366 83816 42550 92166 61132 31034 
Korea 28823 19511 9312 21855 14794 7061 
Malaysia 1431 969 462 582 394 188 

 
*Data derived by GLOBOCAN 2022 (1). 
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Table 4. Number of gastric cancer deaths attributable to Helicobacter pylori infection in 
26 countries and 7 geographic regions in 2022. 
 

WHO Region/Country Number of deaths for gastric 
cancer* 

Number of deaths for gastric 
cancer attributable to 

Helicobacter pylori 
Total Males Females Total Males Females 

Africa  
Benin 324 217 107 261 175 86 
South Africa 1548 859 689 1274 707 567 
North America  
USA 10650 6451 4199 9747 6070 3677 
Latin America  
Brazil 17569 11335 6234 13646 8804 4842 

Chile 
3876 2620  

1256 
3047 2060 987 

Ecuador 2104 1223 881 1639 953 686 
Guadeloupe (France) 96 59 37 70 43 27 
Mexico 6819 3619 3200 4437 2355 2082 
Panama 355 219 136 258 159 99 
South-East Asia  
Thailand 2970 1638 1332 2029 1119 910 
Europe  
Albania 555 366 189 401 264 137 
Czech Republic 923 547 376 621 368 253 
Denmark 465 306 159 231 152 79 
Germany 8643 5178 3465 6026 3610 2416 
Greece 1243 788 455 776 492 284 
Norway 320 187 133 180 105 75 
Poland 5311 3411 1900 4098 2632 1466 
Spain 5008 3047 1961 3752 2283 1469 
The Netherlands 1172 722 450 763 470 293 
East Mediterranean 
Region 

 

Iran 13515 8848 4667 10168 6657 3511 
Tunisia 439 269 170 331 203 128 
Western Pacific Region  
Australia 1309 841 468 769 494 275 
China 257141 179964 77177 184666 129241 55425 
Japan 43611 27529 16082 31809 20079 11730 
Korea 8386 4914 3472 6359 3726 2633 
Malaysia 1158 821 337 471 334 137 

 

*Data derived by GLOBOCAN 2022 (1). 
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Figure 1. Flow chart of the process of selection of the included studies.  
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Full text not translatable (2) 
Study period unspecified (27) 
Study period before 2000 (31) 

Identification of studies via databases and registers 
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Reference Country WHO Region 
Study 
period N subjects Hp % Hp N 95% CI Diagnosis 

Age 
range Study design Type of population 

Aguemon, B. 
D. et al.  (29) Benin Africa 2003-2004 247 86,23 213 70.0-80.9 serology 16-74 prospectic healthy volunteers 

Dube, C. et 
al. (30) South Africa Africa 2008 228 94,7 216 83.3-90.3 stool antigen 25->60 prospectic 

healthy volunteers 

Santos, I. S. 
et al. (31) Brazil Americas 2006-2007 1001 70,7 708 67.9-73.6 UBT 18-45 prospectic healthy volunteers 

Ferreccio, C. 
et al. (32) Chile Americas 2003 2615 74,6 1951 72.9-76.2 serology >17 prospectic healthy volunteers 

Sasaki, T et 
al. (33) Ecuador Americas 2007 90 72,2 65 63.0-81.5 stool antigen 21-82 prospectic healthy volunteers 

Weill, F. X. 
et al. (35) Guadeloupe Americas 2000 854 53,7 459 51.7-58,8 serology 18-70 prospectic healthy volunteers 

Cardenas, V. 
M. et al. (36) Mexico Americas 2004 288 38,1 110 31,7-44,6 stool antigen >0 prospectic healthy volunteers 

Sasaki T. et 
al. (34) Panama Americas 2007 74 54,1 40 42.7-65.4 stool antigen 21-82 prospectic healthy volunteers 

Alavi, S. M. 
et al. (37) Iran 

Eastern 
Mediterranean 

Region 
2004-2005 96 57,3 55 47.4-67.2 serology <30->60 

prospectic 
patients’ visitors 

Farshad, S. et 
al. (38) Iran 

Eastern 
Mediterranean 

Region 
2005-2007 226 41,6 94 35.2-48.0 CLO 18-83 

prospectic Patients referring to 
the endoscopy room 
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Jafarzadeh, 
A. et al. (39) Iran 

Eastern 
Mediterranean 

Region 
2004 138 73,2 101 65.8-80.6 serology 17-60 

prospectic healthy volunteers 

Jafarzadeh, 
A. et al. (40) Iran 

Eastern 
Mediterranean 

Region 
2005 200 67,5 135 61.0-74.0 serology 20-60 

prospectic healthy volunteers 

Nouraie, M. 
et al. (41) Iran 

Eastern 
Mediterranean 

Region 
2005 2326 69 1605 67.1-70.9 serology 18-65 

prospectic healthy volunteers 

Mansour, K. 
B. et al. (42) Tunisia 

Eastern 
Mediterranean 

Region 
2006-2007 250 63,2 158 57.2-69.2 serology 25-55 

prospectic healthy volunteers 

Katsanos, K. 
H. et al. (43) Albania European 

Region 2005-2008 101 53,5 54 43.7-63.2 histology <20→50 retrospective patients referring to 
the endoscopy room 

Bures, J et al. 
(44) 

Czech 
Republic 

European 
Region 2001 2509 41,7 1046 39.8 -43.6 UBT 5-100 prospectic healthy volunteers 

Kornerup 
L.S. et al. 
(45) 

Denmark European 
Region 2002 - 2012 53633 19,7 10552  

UBT 
>18 

retrospective patients undergoing 
UBT 

Holleczek B. 
et al. (46) Germany European 

Region 2000-2002 9940 48 4708  serology 62,2 
mediana prospectic volunteers 

Katsanos, K. 
H. et al. (43) Greece European 

Region 
2005-2008 101 33,7 34 24.5-42.9 histology <20→50 retrospective 

pazienti che 
accedono a 
endoscopia 

Loffeld L. J. 
R. F. et al. 
(47) 

Netherland European 
Region 1993-2002 8190 39,04 3201  histology tutte età Retrospective 

pazienti sottoposti a 
endoscopia 
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Van 
Blankestein 
M. et al. (48) 

Netherland European 
Region 2005 1551 31,7 491  serology 17-80 Retrospectiveo donatori di sangue 

Asfeldt, A. 
M. et al. (49) Norway European 

Region 2004 916 38 348 34.9-41.1 histology 18-85 prospectic volontari sani (ma 
30% dispepsia) 

Breckan, R. 
K et al. (50) Norway European 

Region 2004-2005 1736 21,2 368 19.3-23.1 stool antigen 18-85 prospectic healthy volunteers 

Celinski, K et 
al. (51) Poland European 

Region 2000-2003 585 68,7 402 65.0-72. 5 serology 19-89 prospectic healthy volunteers 

Baena Diez, 
J. M. et al. 
(52) 

Spain European 
Region 1999-2001 208 63,9 133 46.4-58.4 

serology 
>20 

prospectic healthy volunteers 

Sanchez 
Ceballos F. et 
al. (53) 

Spain European 
Region 2004-2006 481 60,3 290 55.9-64.7 UBT apr-82 

prospectic healthy volunteers 

Cardenas, V. 
M. et al. (54) USA North America 1999–2000 7462 27,1 2022 26.1-28.1 serology  retrospective healthy volunteers 

Ang, T. L et 
al. (55) Thailand South-East 

Asian Region 2007–2008 179 43,6 78 36.3-50.8 stool antigen 40-80 prospectic healthy volunteers 

Moujaber, T 
et al. (56) Australia Western Pacific 

Region 2002 1811 17,94 325 13.7-16.6 serology >15 retrospective healthy volunteers 

Windsor, H. 
M. et al. (57) Australia Western Pacific 

Region 2003-2004 520 76 395 72.3-79.6 UBT feb-90 prospectic  healthy volunteers 

Chen, J et al. 
(58) China Western Pacific 

Region 2003 1006 56,16 565 44.5 -49.6 serology 20-92 prospectic healthy volunteers 
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Cheng, H. et 
al. (59) China Western Pacific 

Region 2003 1232 46,8 577 44 .0-49.5 UBT feb-79 prospectic healthy volunteers 

Shi, R. et al. 
(60) China Western Pacific 

Region 2004 –2005 1371 62,1 851 59.5-64.6 serology, UBT 5-100 prospectic healthy volunteers 

Zhang, D. H 
et al. (61) China Western Pacific 

Region 2006 503 41,4 208 37.1-45.7 stool antigen 40-79 prospectic healthy volunteers 

Zhang, D. H 
et al. (61) China Western Pacific 

Region 2006 526 51 268 46.7-55.2 histology 40 -79 prospectic healthy volunteers 

Fujimoto, Y 
et al. (62) Japan Western Pacific 

Region 2002 3819 55,4 2116 46.2-58.9 serology 17-84 prospectic healthy volunteers 

Hirai, I et al. 
(63) Japan Western Pacific 

Region 2007 186 40,3 75 33.3-47.4 stool antigen 40 -63 prospectic healthy volunteers 

Kim, N. et al. 
(64) Korea Western Pacific 

Region 2006 20154 60,4 12173 59.7-61.1 serology, CLO 
, histology 16 ->70 prospectic healthy volunteers 

Sung.K.C et 
al. (65) Korea Western Pacific 

Region 2001 –2002 58981 70,9 41818 70.5-71.3 serology <30/>60 retrospctive healthy volunteers 

Yim, J. Y. et 
al. (66) Korea Western Pacific 

Region 2005 8020 59,6 4780 58.5-60. 7 serology ≥ 20 prospectic healthy volunteers 

Sasidharan, 
S. et al. (67) Malaysia Western Pacific 

Region 2000-2002 5370 14,2 763 13.2-15.1 serology  prospectic healthy volunteers 

Lin, Y. L. et 
al. (68) Taiwan Western Pacific 

Region 2004 –2006 9311 39,2 3650 38.3-40.2 CLO >40 prospectic healthy volunteers 

Supplementary table 1.  
N, number; Hp, Helicobacter pylori; CI, confidence interval; UBT, urea breath test; CLO, Campylobacter-like organism test 
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A Letter to the Editor was published (Collatuzzo G, Camargo MC, Malvezzi M, Dajti E, 
Secco M, Boffetta P, Zagari RM. Gastric cancer attributable to Helicobacter pylori in 2040. 
Gut. 2026 Jan 28:gutjnl-2025-337499.) based on the data presented in the following study.  
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ABSTRACT  

Background: We aimed at estimating H. pylori-related GC burden for 2040.  

Methods: The attributable fraction (AF) in all countries with available data was 

estimated using region- and country-specific prevalence of H. pylori infection in adults 

derived from public literature and a relative risk of 5.9 for H. pylori-GC association. 

The number of new GC cases and deaths for GC attributable to H. pylori was 

calculated using the AF and the projected GC incidence and mortality reported by 

GLOBOCAN for 2040. A secondary analysis was conducted on selected countries 

using an alternative approach which considers recent trends in mortality. 

Results: The AF ranged from 66.0% in European region to 72-0% in African and East 

Mediterranean region.  Western Pacific region had the highest number of H.pylori-

related GC in 2040, with >550,000 cases and >350,000 deaths, followed by Europe, 

with >130,000 cases and about 100,000 deaths. Countries with the highest projected 

numbers of GC cases attributable to H. pylori were China (249,450 in men and 119,192 

in women), Japan (57,827 in men and 29,506 in women), India (50,985 in men and 

23,968 in women), Russia (20,561 in men and 15,579 in women), Iran (16,516 in men 

and 10,648 in women) and Brazil (15,484 in men and 8,448 in women). The secondary 

analysis was conducted on 20 countries and produced lower estimated deaths (e.g., -

75.2% for men in Korea, -81.8% for women in Japan).  

Conclusions: The future fraction of GC attributable to H. pylori infection remained 

remarkably high, although recent trend will likely result in an attenuation in the 

number of attributable cases and death.  H. pylori screen and treat strategies remain a 

priority for GC primary prevention in the foreseeable future. 
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INTRODUCTION  
 
Gastric cancer (GC) is undergoing a major epidemiological change, with declining 

trends in most countries worldwide (1-3).   In 2022, GC was the cancer with the 5th 

highest estimated incidence (age standardized rates – ASR 9.2 per 100,000), with 

highest figure in Asia (11 per 100,000) (4). 

 

The primary driver of GC declining trend is the progressive reduction in Helicobacter 

(H.) pylori infection prevalence (1,5,6). This reduction is mainly attributed to 

improvement of quality life, and hygienic conditions (6,7). Changes in H. pylori and 

GC epidemiology vary between high-income countries (HICs) and low-middle income 

countries (LMICs), despite consistent declining trends (6). Moreover, H. pylori rates 

underwent the major decline in different periods worldwide (6), with Japan, South 

Korea, and China being the first countries to implement GC prevention strategies (8-

10). Nevertheless, absolute numbers of GC cases at a global scale are remarkable and 

expected to increase (1, 11-13) due to population growth and aging (11-13). 

 

H. pylori screening and eradication have been demonstrated to be cost-effective in 

controlling GC (14). To better understand the potential benefit of population-based 

prevention strategies, predictions on GC incident cases and deaths and estimates of H. 

pylori-related fraction are needed (6,12). Predicted GC incidence and mortality have 

been estimated for selected countries, e.g., China and other East Asian countries 

(15,16), whereas other studies provided data at a broader geographic scale (1,12). The 

GLOBOCAN dataset also provides, through standardized methods, predictions of GC 

incidence and mortality up to 2040 (4). 

 

The attributable fraction (AF) represents an epidemiological measure of the 

proportional reduction in disease burden which could have been avoided if the 

exposure to a risk factor were reduced to a target level, potentially zero for completely 

avoidable risk factors (17, 18). Numbers of attributable cases or deaths can be derived 

from the AF. 

We aimed at estimating the predicted AF of GC for H. pylori infection worldwide, and 

to calculate the country-specific number of GC cases and deaths attributable to H. 

pylori infection in 2040.  
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METHODS  
 

The AF of GC for H. pylori infection was calculated applying the formula originally 

described by Levin (18): AF = p (RR-1) / (1+ p (RR-1)) where p is the prevalence of 

infection in the general population and relative risk (RR) is the relative risk of GC 

associated with H. pylori infection.  

 

The RR for the association between H. pylori infection and GC was assumed to be 

constant worldwide, and so we used a single RR estimate in the calculation of each 

AF. Considering that non-cardia GC represents most of the GC cases worldwide (80-

90%), we used the RR of 5.9, that was calculated through a meta-analysis of cohort 

studies (19). We applied the same RR to calculate AF for incidence and mortality and 

for men and women, assuming no effect of infection on cancer survival and no 

infection–sex interaction (20). 

 

Country-specific prevalence of H.pylori infection derived from a recently published 

systematic review and meta-analysis by Chen and coauthors (21). In particular, we 

retrieved data for adult population for period 2010-2022 or before (21). This allowed 

us to estimate the AF prospectively, and to consider >=18 yearslatency between 

infection and GC (22).  

 

The number of new GC cases and deaths for GC attributable to H. pylori was 

calculated by multiplying the AF by the number of new GC cases and deaths from GC 

estimated to occur in 2040 according to the GLOBOCAN project (4). In particular, 

GLOBOCAN data were restricted to age 40+, therefore considering population at 

higher risk of GC (4).  

 

We calculated AF and number of new GC cases and deaths from GC attributable to H. 

pylori for those countries for which H.pylori prevalence data were available as 

according to Chen et al. (21).  

 

In a secondary analysis restricted to 20 countries with usable mortality data from the 

WHO Mortality Database (22), we first fitted a log Poisson joinpoint regression model 
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to the observed number of deaths in each 5-year age group, and we then estimated the 

age-specific number of deaths for 2040 by fitting a linear regression model to the 

mortality figures for each age group over the most recent trend segment identified by 

the joinpoint model (23). We then calculated age-specific and age-standardized death 

rates using the estimated age-specific number of deaths and the projected population 

from the UN database for the year 2040 (24).  

To calculate the % difference between absolute numbers of attributable deaths 

obtained with this secondary analysis (J_N) and those obtained based on GLOBOCAN 

data (GLOBOCAN_N), we used the formula [(GLOBOCAN_N – 

J_N)/GLOBOCAN_N]*100. 

 

RESULTS 

We calculated the AF of GC for H. pylori for different WHO regions (Table 1) and 

countries (Table 2). Regional AF were overall homogeneous, ranging between 66.0% 

in Europe and 72.3% in Africa. The AF varied by country, from 31.0% in Finland and 

New Zealand to 81.3% in Jordan. 

Using our estimates of AF and the projected number of GC cases and deaths estimated 

by GLOBOCAN (23), we calculated the country-specific number of new GC cases 

and deaths for GC attributable to H. pylori in 2040 in men and women (Table 2). 

Countries with the highest projected number of GC cases attributable to H. pylori 

included China (249,450 and 119,192 in men and women respectively), Japan (57,827 and 

29,506 in men and women respectively), India (50,985 and 23,968 in men and women 

respectively), Russia (20,561 and 15,579 in men and women respectively) and Brazil 

(15,484 and 8,448 in men and women respectively). Countries of African region had the 

lowest estimated GC cases attributable to H.pylori in 2040, with Algeria, Ethiopia and 

Kenya reaching >1,000 attributable cases in both sexes. When considering East 

Mediterranean Region, the highest number of projected cases attributable to H. pylori 

was estimated in Iran (16,516 in men and 10,648 in women), followed by Pakistan (3,132 

and 2,634 respectively). Among the countries of the region of the Americas, United 

States (9,333 and 5,867 cases in men and women respectively), Colombia (7,342 and 

4,673) and Mexico (6,405 and 5,739) had the highest estimated attributable cases after 
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Brazil. As for Europe, after Russia, the highest numbers were calculated for Italy 

(5,862 and 4,128), Germany (5,371 and 3,732), Poland (4,376 and 2,271) and Spain 

(4,126 and 2,677) 

After India, Bangladesh (6,898 and 3,440) and Myanmar (4,450 and 2,858) were the 

countries with the highest estimated number of GC case in 2040.  The number of 

H.pylori-related GC largely varied across countries of Western Pacific region, where 

some of the highest (China, Japan) and lowest (Brunei, New Zealand) global numbers 

were estimated.  

 

The secondary analysis based on the joinpoint regression modeling was feasible in 20 

countries: Brazil, Canada, Chile, Colombia, Mexico, United States (US), Venezuela, 

France, Germany, Israel, Italy, Poland, Russia, Spain, United Kingdom, Australia, 

Japan, and South Korea (Table 3). Compared to the primary analysis, this approach 

yielded lower absolute numbers of GC deaths predicted for 2040, and therefore a lower 

GC burden attributable to H. pylori. Such differences were particularly strong for 

South Korea (-75.2% for men and -71.6% for women), United Kingdom (-64.2% for 

men and -66.0% for women), women in Japan (-81.8%), Germany (-64.5%) and 

France (-62.4%). 

 

 

DISCUSSION 

We estimated the burden of GC attributable to H. pylori infection in different WHO 

regions and countries worldwide for the year 2040. We adopted recent country-

specific pooled prevalence of H. pylori in the general adult populations for updated 

meta-analyses (Chen). The country-specific AF of GC for H. pylori infection was 

estimated and used to calculate the number of new GC cases and deaths for GC which 

could be attributable to H. pylori based on total number of cases and deaths from 

GLOBOCAN (4). Moreover, we computed a comparative joinpoint regression 

analysis for 20 selected countries with available data and observed lower absolute 

numbers of GC deaths attributable to H. pylori expected in 2040.  

To our knowledge, no comprehensive estimates, based on standardized 

methodological approach and homogeneous data sources, have been produced to date 
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as regard to H. pylori-related GC in the future. Therefore, our results are only partially 

comparable to available literature (1,12,16, 25, 26). For example, Arnold et al. 

provided prediction of GC incidence by 2035 for 34 countries, without considering 

country-specific H. pylori prevalence data (1). Based on GLOBOCAN data, Park and 

colleagues estimated 15.6 millions new GC cases would occur in the lifetime (up to 

age 84 years) of individuals born between 2008 and 2017; the authors considered 

global changes in the population structure, but assumed no change in H.pylori 

prevalence (25).  

Our analysis confirms the relevance of H. pylori in worldwide morbidity and mortality, 

projecting the role of this infection in 2040 in many countries from different 

geographic areas. H. pylori is responsible for 30-80% of GC, therefore represents in 

all countries a major cause of cancer despite its variable prevalence.                    A 

previous study found that the average AF of GC for H. pylori was 69.7% in 2022 (27). 

This estimate is only slightly lower than those previously reported in 2008 (77.3%) 

(28) and in 2012 (79.3%) (29) and that provided by Park et al (76.0%) (25). According 

to our estimates, among countries with the largest AF of H. pylori-related GC there 

were several classified as High Sociodemographic Index (SDI) (Ecuador, Costa Rica, 

Colombia, Russia, Bahamas, Estonia, Peru, Mexico, Albania, Poland), next to South 

Korea which recorded the highest AF among the countries with Very High SDI. The 

relatively low AF of GC for H. pylori in Japan, Malaysia and Australia likely reflects 

the rapidly decreasing prevalence in these countries (26, 30-32). 

Besides this, the highest burden of GC for H. pylori in terms of absolute number of 

new cases and deaths was still observed in China and Japan. The third most burdened 

country was India, followed by Russia and Brazil.  

Comparable data for countries of the American continent were provided by Torres-

Roman and colleagues (33). Declining GC mortality was observed consistently in 

different countries between 1997 and 2017, confirmed in the projections for 2030, with 

some peculiar age pattern in men and women (33). For example, age-standardized 

mortality rates in Brazil slightly diminished in men but resulted stable in women 

between 2017 and 2030 (33).  
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The secondary analysis, which incorporated recent trends in the estimate of future GC 

deaths, resulted in lower estimates in all 20 countries in which this analysis was 

feasible. A recent study restricted to China, which adopted a similar methodology, 

showed a reduction in absolute numbers of GC cases compared with previous decades 

(32). The predicted number of GC deaths we calculated for 2040 in Japan is close to 

that provided by the Japanese National Cancer Center for the period 2040-2045 

(30,976 GC cases, including 19,600 in men and 11,376 in women) (34), corroborating 

the reliability of our secondary analysis.   

The difference between the primary and the secondary analysis is explained by the fact 

that the former accounts only for demographic changes in the population, whereas the 

latter accounts also for recent trends (35). While the latter approach is 

methodologically superior, it requires reliable data on age-specific trends, which are 

available for a limited number of populations (35). The difference between the two 

estimates has been used in other works as a measure of lives saved by progress in 

cancer prevention, therapy and management (35)  

The remarkable numbers of GC cases and deaths in 2040 we predicted may be 

explained by population aging and, in part, early detection of GC, as previously 

described (12). Particularly relevant are numbers estimated in the US and in certain 

European countries: our former study showed a prevalence of infection which is 

comparable or higher than in areas traditionally considered at high risk (e.g., Latin 

America or Eastern-Asia). The decrease in the burden of H. pylori-related GC in 

certain Asian countries including Japan, China and South Korea compared to estimates 

provided for previous years (27) might indicate the beneficial effect of H. pylori and 

GC screening implemented in these countries (26,28, 30, 32, 36, 37).                This 

hypothesis is supported by the fact that the effect of H. pylori treatment on GC 

prevention becomes more evident with time (37).  

These findings highlight the importance of primary prevention of GC through H. pylori 

screening and eradication, which are largely lacking to date. Our predictions are in 

contrast with a non-interventional approach based on the common assumption that, 

given the progressive decline of H. pylori prevalence (38), GC will become a rare 

disease (1). It would be interesting to predict the reduction of the burden of GC for H. 
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pylori which could be achieved through the implementation of test-and-treat strategy 

in countries where AF is estimated to remain high in the near future.  

We observed a low burden of GC related to H. pylori in African countries; while this  

finding is overall consistent with the “African Enigma”, our estimates mainly result 

from the relatively low prevalence of infection recorded in the included African 

countries, and might only in part reflect the current prevalence of infection in the 

continent (39). Recent data suggest that gastric atrophy and GC are not so rare in the 

African continent as previously described (40-43). In fact, a meta-analysis (44) 

reported that gastritis was the most frequent finding from upper-GI endoscopy across 

Africa (33.3%). Studies monitoring H. pylori prevalence in Africa are needed to 

further understand the epidemiology of infection-related diseases in this geographical 

area and predict with sufficient accuracy the expected morbidity and mortality linked 

to it.  

Epidemiology of GC is changing (6, 12), with increasing cardia/non-cardia ratio 

especially in non-Asian countries and increasing burden among young individuals 

(<50 years old) (45-47). Therefore, the collection of GC incidence and mortality data 

in the young adults, and by anatomical subsite, would be important to further interpret 

our estimates and to plan tailored intervention for GC control.  

The epidemiology of GC is progressively shifting also due to other risk factors which 

might compete with H. pylori infection. This reflects on the changing pathology of 

GC, with increasing proportion of histological types unrelated to the bacterium. As for 

SEER-22 data, for example, gastrointestinal stromal tumors (GIST) (48) and  

neuroendocrine tumors (NET) (49) are increasing. This increase was observed with 

similar pattern across population strata, suggesting this might be likely due to lifestyle 

or environmental risk factors rather than to improved diagnostic methodologies (48).  

Furthermore, recent trends in rates of cancer incidence in the USA indicate GC to have 

undergone a +4.8% average annual percent change, overcoming any other cancer type, 

among women between 2018 and 2022 (50).  

Our study has several strengths. First, we provided novel, comprehensive data on the 

burden of GC attributable to H. pylori in 2040, covering the seven WHO regions and 

different countries worldwide. We used country-specific pooled H.pylori prevalence, 
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focused on population-based studies of adult population based on recent meta-analysis 

(21). Solid standardized methodology was adopted to calculate the AF. In addition, we 

offered alternative estimates based on original GC mortality predictions for 20 selected 

countries with available high-quality data.   

Limitations should be also considered. First, our estimates depend on availability and 

quality of retrieved data. H. pylori prevalence was lacking in some countries, and for 

others it might not be representative. This impaired our ability to provide robust 

estimates for selected countries, as well as globally. Moreover, despite the information 

were derived from reliable updated source and restricted to studies on adult population 

in order to prevent underestimation, the fact that H.pylori prevalence might include 

data collected before 2010 and data collected on symptomatic populations might 

partially deviate the prevalence in general adult population for recent years.   

Furthermore, we assumed that RR between H. pylori and GC was constant in all 

countries (12); while this is a common statistical approach, it may not correspond to 

reality, as pathogen- (e.g., bacterial strains) and individual-related factors (e.g., dietary 

habits, genetics) may play a role in this association (12). On the other hand, this 

approach allowed us to avoid underestimation of the association and therefore of the 

AF which could have occurred in studies which adopted pooled RR values obtained 

from case-control studies rather than cohort studies (12, 14).  Also, recent evidence 

suggests that the RR of non-cardia GC for H. pylori infection might be higher than 5.9 

(51). For example, Morais et al. calculated a RR of 9.22, which however referred to 

the association with non-cardia GC in particular (51). Last, the number of H. pylori-

related GC cases and deaths predicted in 2040 is subject to uncertainty and should be 

interpreted with caution. Our study shows that ~70% of GC cases and deaths would 

be avoided in 2040 if H. pylori infection were eradicated, demonstrating the impactful 

potential of H. pylori test-and-treat approach in cancer control.    

 

Our findings contribute to answer three key questions of the Taipei Global Consensus: 

1) "Is gastric cancer still a public health threat and underestimated in the world?” 2) 

“Does H. pylori infection, the major cause of gastric cancer, remain prevalent in the 

world?” and 3) “What is the proportion of gastric cancer attributable to H. pylori 

infection?”), representing valuable source of data for Global Guidelines for H. pylori 

screening and treatment (52).  
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Future studies might predict the impact of primary prevention strategies based on H. 

pylori screening and eradication on GC incidence and mortality in the next decades. 

To this aim, national registries on H. pylori infection prevalence and population-based 

cancer registries including GC anatomical subsite would add important information. 
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Table 1. Attributable Fraction and attributable Gastric Cancer cases and deaths for Helicobacter pylori in 2040 by World Health 
Organization region.  
 

WHO region Hp * RR AF% 

GC cases in 2040 GC deaths in 2040 
Attributable GC cases in 

2040 
Attributable GC deaths in 

2040 

Men Women 
Both 
sexes Men Women 

Both 
sexes Men Women 

Both 
sexes Men Women 

Both 
sexes 

African region 0,534 5,9 0,72 23766 20918 44684 20669 18678 39347 17195 15134 32329 14954 13513 28467 
Eastern 
Mediterranean 
region  0,519 5,9 0,72 40138 27265 67402 33661 22548 56209 28810 19570 48379 24161 16184 40345 
European 
region 0,395 5,9 0,66 122026 78412 200438 90266 57300 147566 80457 51700 132157 59516 37780 97297 
Region of the 
Americas 0,426 5,9 0,687 93295 58465 151760 64657 41245 105902 63077 39528 102605 43715 27889 71601 
South-East Asia 
region  0,48 5,9 0,70 99545 49195 148741 89299 43471 132770 69848 34519 104367 62658 30502 93161 
Western Pacific 
region  0,434 5,9 0,68 556188 274618 830806 360368 178926 539294 378299 186785 565084 245109 121699 366808 

 
*Based on Chen et al., 2024, Supplementary Table 6. 
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Table 2. Country-specific Attributable Fraction and attributable Gastric Cancer cases and deaths for Helicobacter pylori in 2040.  

WHO region 
and country HDI (2019) Hp  AF  

GC deaths in 2040 GC cases in 2040 Attributable GC deaths 
in 2040 

Attributable GC cases 
in 2040 

Men Women  Men Women  Men Women Men Women 
Africa 

Algeria Medium 0,56 0,73325509 2425 1500 3002 1836 1778 1100 2201 1346 
Burkina Faso Low 0,47 0,69634398 230 406 245 428 160 283 171 298 
Cameroon Low 0,57 0,73635645 352 391 412 446 259 288 303 328 
Ethiopia Low 0,48 0,69947408 1640 1934 1775 2089 1147 1353 1242 1461 
Ghana Low 0,52 0,71853978 878 715 972 795 631 514 698 571 
Kenya Low 0,44 0,68363441 1441 1663 1686 1928 985 1137 1153 1318 
Nigeria Low 0,48 0,69947408 1230 1518 1407 1721 860 1062 984 1204 
Rwanda Low 0,71 0,77697986 428 567 476 634 333 441 370 493 
South Africa Low 0,56 0,73395057 1459 1289 1805 1230 1071 946 1325 903 
Uganda Low 0,71 0,77649136 433 424 515 502 336 329 400 390 
Zimbabwe Low 0,71 0,77649136 453 703 521 802 352 546 405 623 
East Mediterranean Region 
Afghanistan Low 0,72 0,7796289 1924 1266 2098 1420 1500 987 1636 1107 
Bahrain High 0,79 0,79552611 56 24 59 31 45 19 47 25 
Egypt Medium 0,49 0,7055446 1956 1923 2594 2546 1380 1357 1830 1796 
Iran High 0,56 0,73325509 18434 12384 22524 14521 13517 9081 16516 10648 
Iraq Medium 0,54 0,72646206 1167 941 1377 1098 848 684 1000 798 
Jordan Medium 0,89 0,81278317 500 199 574 232 406 162 467 189 
Kuwait High 0,41 0,66927936 202 97 225 102 135 65 151 68 
Lebanon Medium 0,42 0,67507148 151 93 160 101 102 63 108 68 



 

107 
 

Libya Medium 0,8 0,79674797 194 208 209 230 155 166 167 183 
Morocco Medium 0,76 0,78875322 1927 1268 2141 1401 1520 1000 1689 1105 
Pakistan Low 0,45 0,68558403 4083 3412 4569 3843 2799 2339 3132 2635 
Qatar High 0,41 0,6671216 65 22 76 23 43 15 51 15 
Saudi Arabia High 0,38 0,65297057 1202 442 1452 547 785 289 948 357 
Sudan Low 0,57 0,73737427 481 448 570 507 355 330 420 374 
Tunisia Medium 0,63 0,75590705 438 300 499 336 331 227 377 254 
United Arab 
Emirates High 0,5 0,70848881 231 119 266 136 164 84 188 96 

Yemen Low 0,82 0,80110585 942 664 1041 753 755 532 834 603 
Region of the Americas 
Bahamas High 0,58 0,74071097 35 32 41 37 26 24 30 27 
Bolivia Medium 0,66 0,76381672 540 481 699 616 412 367 534 471 
Brazil High 0,4 0,65991022 18693 10235 23464 12802 12336 6754 15484 8448 
Canada Very high 0,38 0,64999475 2466 1482 3993 1993 1603 963 2595 1295 
Chile High 0,53 0,72123104 4833 2126 6049 2640 3486 1533 4363 1904 
Colombia High 0,83 0,80283523 7072 4528 9145 5821 5678 3635 7342 4673 
Costa Rica High 0,78 0,79177078 834 500 1357 632 660 396 1074 500 
Dominican 
Republic High 0,59 0,74234773 492 438 642 563 365 325 477 418 

Ecuador High 0,86 0,80766642 2253 1671 2764 2008 1820 1350 2232 1622 
Guatemala Medium 0,87 0,809 1053 1506 1211 1727 853 1220 981 1399 
Haiti Low 0,45 0,68703055 722 375 848 413 496 258 583 284 
Honduras Medium 0,83 0,8018782 812 321 830 373 651 257 666 299 
Mexico High 0,71 0,77550791 6286 5649 8259 7400 4875 4381 6405 5739 
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Nicaragua Medium 0,83 0,80321546 477 354 554 413 383 284 445 332 
Paraguay Medium 0,68 0,76811057 311 192 405 249 239 147 311 191 
Peru High 0,63 0,75532175 4073 3356 5528 4486 3076 2535 4175 3388 
United States  Very high 0,18 0,46305842 9263 5960 20156 12671 4289 2760 9333 5867 
Venezuela Medium 0,81 0,79934587 2065 1000 2675 1279 1651 799 2138 1022 
Europe 
Albania High 0,63 0,75532175 479 287 610 397 362 217 461 300 
Armenia High 0,39 0,65705271 294 284 385 365 193 187 253 240 
Austria Very high 0,47 0,69814055 538 422 941 588 376 295 657 411 
Belgium Very high 0,22 0,51648777 638 350 1200 626 330 181 620 323 
Bulgaria High 0,58 0,74071097 660 419 936 566 489 310 693 419 
Croatia High 0,13 0,39456318 478 295 664 435 189 116 262 172 
Cyprus High 0,35 0,62832187 123 66 166 80 77 41 104 50 
Czech 
Republic Very high 0,3 0,59352898 663 435 865 552 394 258 513 328 

Denmark Very high 0,19 0,47949198 391 202 584 305 187 97 280 146 
Estonia High 0,69 0,77225107 188 150 268 206 145 116 207 159 
Finland Very high 0,09 0,30838924 286 204 414 280 88 63 128 86 
France Very high 0,29 0,58357625 4178 2241 6118 3339 2438 1308 3570 1949 
Georgia High 0,56 0,73150038 317 264 422 342 232 193 309 250 
Germany Very high 0,26 0,55545677 6439 4165 9669 6719 3577 2313 5371 3732 
Greece High 0,45 0,68893866 924 551 1358 823 637 380 936 567 
Hungary High 0,32 0,61133352 952 615 1250 802 582 376 764 490 
Iceland Very high 0,23 0,52437574 10 12 24 20 5 6 13 10 
Israel Very high 0,46 0,69082365 461 335 698 501 318 231 482 346 
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Italy High 0,29 0,58778185 7541 5197 9973 7023 4432 3055 5862 4128 
Kazakhstan High 0,62 0,7535489 1940 969 2612 1675 1462 730 1968 1262 
Latvia High 0,55 0,73079201 269 153 343 194 197 112 251 142 
Lithuania High 0,26 0,56213329 421 237 531 295 237 133 298 166 
Netherlands Very high 0,24 0,53731551 1018 612 1425 924 547 329 766 496 
Norway Very high 0,33 0,61716627 293 196 498 244 181 121 307 151 
Poland High 0,6 0,74682262 4597 1409 5860 3041 3433 1052 4376 2271 
Portugal High 0,5 0,70890461 1874 1339 2583 1819 1328 949 1831 1289 
Romania High 0,38 0,64939345 2478 1216 2949 1431 1609 790 1915 929 
Russia High 0,8 0,79695019 18381 14417 25800 19548 14649 11490 20561 15579 
Serbia High 0,39 0,65355967 599 355 774 454 391 232 506 297 
Spain Very high 0,48 0,70297324 4330 1665 5869 3808 3044 1170 4126 2677 
Sweden Very high 0,16 0,44 440 283 675 415 191 123 293 180 
Switzerland Very high 0,27 0,57042828 581 327 895 507 331 187 511 289 
Tajikistan Medium 0,63 0,75619865 1117 828 1298 983 845 626 982 743 
United 
Kingdom Very high 0,26 0,56307074 3682 2036 5122 2773 2073 1146 2884 1561 

Uzbekistan Medium 0,81 0,79934587 2418 1456 3160 1884 1933 1164 2526 1506 
South East Asia 
Bangladesh Medium 0,62 0,75325092 8267 4135 9157 4567 6227 3115 6898 3440 
Bhutan Medium 0,7 0,77451577 119 62 133 69 92 48 103 53 
Myanmar Low 0,58 0,74038112 5390 3386 6011 3860 3991 2507 4450 2858 
India Medium 0,6 0,74460478 62297 29122 68473 32189 46387 21684 50985 23968 
Indonesia Medium 0,14 0,41369606 4378 1022 4829 1290 1811 423 1998 534 
Nepal Low 0,45 0,68846382 1440 847 1546 957 991 583 1064 659 
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Thailand High 0,35 0,62899755 2748 2269 3349 2758 1728 1427 2107 1735 
Western Pacific 
Australia Very high 0,25 0,54857349 1333 756 2538 1633 731 415 1392 896 
Brunei High 0,27 0,57133059 48 35 53 46 27 20 30 26 
Cambodia Low 0,31 0,60301707 569 409 640 449 343 247 386 271 
China High  0,42 0,67455332 292554 138013 369800 176698 197343 93097 249450 119192 
Japan Very high 0,35 0,63167588 32572 19202 91546 46711 20575 12129 57827 29506 
Malaysia High 0,2 0,49743693 1594 675 1819 916 793 336 905 456 
Mongolia Medium 0,79 0,79428948 1084 687 1216 710 861 546 966 564 
New Zealand Very high 0,09 0,31072512 281 184 418 318 87 57 130 99 
Singapore Very high 0,42 0,67087941 1075 600 1268 773 721 403 851 519 
South Korea Very high 0,55 0,72900463 5025 2107 6167 2588 3663 1536 4496 1887 
Vietnam  Medium 0,37 0,64326484 13186 8138 15778 9481 8482 5235 10149 6099 

 
 
Notes: Hp, Helicobacter pylori, N, Number; AF, Attributable Fraction; GC, Gastric Cancer; NA, Not Available.  
*Based on GLOBOCAN year 2040, adults aged 40+ (4). 
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Table 3. Predicted deaths from gastric cancer and correspondent deaths attributable to Helicobacter pylori in 2040 based on alternative analyses for 20 countries within 
four geographical Regions, with percentage difference with estimates based on GLOBOCAN.  

UN Region and 
country 

HDI 
(2019) Hp  AF  

Projected GC deaths in 2040 Attributable GC deaths in 2040 % difference 
with 

GLOBOCAN 
Men Women 

 
 

Men 

 
 

Women 
Region of the Americas 

Brazil High 0,4 0,659910216 10000 6546 6599 4320 -46.5 and -36.0 
Canada Very high 0,38 0,64999475 1385 827 900 538 -43.8 and -44.2 
Chile High 0,53 0,721231044 2029 1009 1463 728 -58.0 and -52.6 
Colombia High 0,83 0,802835229 4095 2833 3288 2274 -42.1 and -37.5 
Mexico High 0,71 0,775507913 4380 3993 3397 3097 -30.1 and -20.3 
United States  Very high 0,18 0,463058419 6049 3935 2801  1822 -34.7 and -34.0 
Venezuela Medium 0,81 0,799345868 1039 875 831 699 -49.7 and -12.5 

Europe  
France Very high 0,29 0,583576247 1942 843 1133 492 -53.5 and -62.4 
Germany Very high 0,26 0,555456768 3557 1479 1976 822 -44.7 and -64.5 
Israel Very high 0,46 0,690823646 285 228 197 158 -38.1 and -31.9 
Italy High 0,29 0,587781854 3829 2544 2251 1495 -49.2 and -51.0 
Poland High 0,6 0,746822624 3049 882 2277, 659 -33.7 and -37.4 
Russia High 0,8 0,796950192 16452 8400 13111 6694 -10.5 and -41.7 
Spain Very high 0,48 0, 702973238 1742 1725 1225 1213 -59.7 and -3.5 
United Kingdom Very high 0,26 0,563070739 1320 693 743 390 -64.2 and -66.0 

Western Pacific  
Australia Very high 0,25 0,548573492 811 368 445 202 -39.2 and -51.3 
Japan Very high 0,35 0,631675875 19264 10506 12169 6636 -40.9 and -81.8 
South Korea Very high 0,55 0,729004634 2888 2038 2105,365383 1486 -75,2 and -71,6 
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CONCLUSIONS
Hp eradication would prevent two-thirds of GC worldwide. 
Accurate estimates not available for all countries worldwide: 
limited comparability with previous literature
We provided accurate estimates for selected countries with 
solid, available data
We calculated country-specific H.pylori prevalence
accounting for latency time (period 2000-2010 à restricted
literature review!)
Highest impact of H.pylori on GC in China and Japan as
compared with other countries; low-income countries have a 
huge burden of GC due to H.pylori. 

Important residual limitations: no distinction cardia vs non-
cardia; RR assumed to be the same in all countries (not
considering for effect modification exerted by lifestyle
factors), no H.pylori strains data.

Next steps: 
Attributable Fraction of GC due to H. pylori in 2040.

METHODS
A systematic review and meta-analysis of studies was 
conducted in order to assess country-specific H.pylori
prevalence. To note, study selection was restricted to 
prevalence referred to period 2000-2010, in order to account 
for 10-22 years of latency time between the exposure and the 
outcome. A relative risk (RR) of 5.9 between H. pylori and GC 
was used. 
We calculated the AF of GC due to H. pylori adopting the 
formula AF = p (RR-1) / (1+ p (RR-1), where p is the prevalence 
of H. pylori and RR is the relative risk of GC associated with H. 
pylori infection. 
The number of new GC cases and deaths attributable to H. 
pylori was calculated by multiplying the country-specific AF 
by the number of new GC cases and deaths for each country 
estimated from GLOBOCAN 2022. 

INTRODUCTION
H. pylori infection is the major risk factor of gastric cancer (GC)., and the 
major responsible of infectious-related cancer worldwide. 
Previous estimated of the burden of GC attributable to H. pylori infection 
are impaired by several limitations: 
some studies assumed that the prevalence of H.pylori in GC cases was an 
estimate of AF (à overestimate); 
other studies calculated the AF in all age groups rather than adults only 
(à underestimate); 
some used a relative risk (RR) for the association between H.pylori and GC 
estimated including case-control studies (à underestimate);
or, no country-specific H.pylori prevalence data were used. 

Large-scale population-based data on H.pylori prevalence are difficult to 
be collected, especially in less developed countries, because of the 
dynamic nature of  the infection which is continuously changing, 
heterogeneous by country and subgroups, and because of factors related 
to detection methods and to bacteria strains which have different 
cancerogenicity. 
This represents a great challenge when describing accurately H.pylori
epidemiology and estimating the burden of disease related to this 
infection. 

AIMS
We aimed to estimate the burden of GC 
due to H. pylori in different countries 
worldwide in 2022 through the calculation 
of the attributable fraction (AF) of GC and 
the number of new GC cases and deaths 
due to H. pylori, accounting for 10-year 
latency between country-specific H. pylori
exposure and GC. 

RESULTS

70% of GC were attributable to H.pylori infection. 
The largest burden of GC due to H.pylori was observed in China. 
The second most burdened country resulted to be Japan. High 
mortality numbers were observed even in countries where 
H.pylori and GC screening strategies have been implemented. 
Our results may be helpful for policy makers and cost-
effectiveness analyses on GC prevention strategies focused on 
H. pylori “screen-and-treat”.
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WHO 
Regions/Countries

Studies
(n)

Pooled 
prevalence 
of Hp (%)

WHO 
Regions/Countries

Studies
(n)

Pooled 
prevalence 
of Hp (%)

Overall 40 52

Africa 2 92 South-East Asia 1 44
East Mediterranean
region 6 62

Benin 1 86.2 Thailand 3 43.6 Iran 5 62

South Africa 1 95 Europe 12 43 Tunisia 1 63.2

North America 1 27 Albania 1 53.5
Western Pacific 
region 14 49

USA 1 27.1 Czech Republic 1 41.7 Australia 2 29

Latin America 6 61 Denmark 1 19.7 China 5 52

Brazil 1 70.7 Germany 1 47 Japan 2 55

Chile 1 74.6 Greece 1 33.7 Korea 3 64

Ecuador 1 72.2 Norway 2 26 Malaysia 1 14.2

Guadeloupe 
(France) 1 53.7 Poland 1 68.7 Taiwan 1 39.2

Mexico 1 38.1 Spain 2 61 Korea 3 64

Panama 1 54.1 The Netherlands 2 38

Regions and 
countries

Attributable
fraction

Regions and 
countries

Attributable
fraction

Regions and 
countries

Attributable
fraction

Overall 69,7
South-East 
Asian Region

Eastern
Mediterranean
Region

African region Thailand 68,3 Iran 75,2

Benin 80,8
European
Region Tunisia 75,5

South Africa 82,3 Albania 72,2
Western Pacific 
Region

North America Czech Republic 67,3 Australia 58,7

USA 57,0 Denmark 49,5 China 71,8

Latin America Germany 69,7 Japan 72,9

Brazil 77,7 Greece 62,5 Korea 75,8

Chile 78,6 Norway 56,0 Malaysia 40,7

Ecuador 77,9 Poland 77,2

Guadeloupe 
(France) 72,6 Spain 74,9

Mexico 65,1 The Netherlands 65,1

Panama 72,6
WHO 

Region/Country
Number of new cases 

of gastric cancer  
Number of new 
cases of gastric 

cancer attributable 
to Hp

Total Males Females Total Males Females
Africa
Benin 378 254 124 305 205 100
South Africa 1784 1080 704 1468 889 579
North America
USA 24668 14976 9692 14060 8536 5524
Latin America
Brazil 22300 14402 7898 17327 11190 6135
Chile 4902 3327 1575 3853 2615 1238
Ecuador 2586 1513 1073 2015 1179 836
Guadeloupe (France) 124 70 54 90 51 39
Mexico 9001 4784 4217 5860 3114 2745
Panama 472 291 181 342 211 131
South-East Asia
Thailand 3907 2147 1760 2669 1467 1202
Europe
Albania 701 460 241 506 332 174
Czech Republic 1228 730 498 826 491 335
Denmark 725 473 252 359 234 125
Germany 13917 8263 5654 9703 5761 3942
Greece 1857 1168 689 1161 730 431
Norway 512 339 173 287 190 97
Poland 6874 4431 2443 5305 3420 1885
Spain 7084 4224 2860 5308 3165 2143
The Netherlands 1814 1088 726 1180 708 472
East Mediterranean 
Region
Iran 16895 10671 6224 12711 8028 4683
Tunisia 508 312 196 384 236 148
Western Pacific Region
Australia 2776 1718 1058 1629 1008 621
China 352084 243507 108577 252850 174875 77975
Japan 126366 83816 42550 92166 61132 31034
Korea 28823 19511 9312 21855 14794 7061
Malaysia 1431 969 462 582 394 188
Total 633717 424524 209193 454802 304955 149843

WHO 
Region/Country

Number of deaths 
from gastric cancer 

Number of deaths 
from gastric cancer 
attributable to Hp

Total Males Females Total Males Females
Africa
Benin 324 217 107 261 175 86
South Africa 1548 859 689 1274 707 567
North America
USA 10650 6451 4199 9747 6070 3677
Latin America
Brazil 17569 11335 6234 13646 8804 4842
Chile 3876 2620 1256 3047 2060 987
Ecuador 2104 1223 881 1639 953 686
Guadeloupe (France) 96 59 37 70 43 27
Mexico 6819 3619 3200 4437 2355 2082
Panama 355 219 136 258 159 99
South-East Asia
Thailand 2970 1638 1332 2029 1119 910
Europe
Albania 555 366 189 401 264 137
Czech Republic 923 547 376 621 368 253
Denmark 465 306 159 231 152 79
Germany 8643 5178 3465 6026 3610 2416
Greece 1243 788 455 776 492 284
Norway 320 187 133 180 105 75
Poland 5311 3411 1900 4098 2632 1466
Spain 5008 3047 1961 3752 2283 1469
The Netherlands 1172 722 450 763 470 293
East Mediterranean Region
Iran 13515 8848 4667 10168 6657 3511
Tunisia 439 269 170 331 203 128
Western Pacific Region
Australia 1309 841 468 769 494 275
China 257141 179964 77177 184666 129241 55425

Japan 43611 27529 16082 31809 20079 11730
Korea 8386 4914 3472 6359 3726 2633
Malaysia 1158 821 337 471 334 137
Total 395510 265978 129532 287829 193555 95184

Overall AF: 69.7%

Range: 
40.7% (Malaysia) – 82.2% (South Africa)

Clear pattern: high numbers in Eastern
Asia

Absolute number of deaths from GC  
attributable to Hp is largely the highest in 
China, also compared to other highly
populated nations (eg. USA, Brazil)

Japan has higher numbers compared to 
other countries with similar population
density (eg. Mexico)
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Abstract  

 
Objectives: To provide an evidence-based, comprehensive assessment of the current 

burden of infection-related cancer in Italy. 

 

Methods: We calculated the proportion of cancers attributable to infectious agents 

(Helicobacter pylori [Hp]; Hepatitis B and C Viruses [HBV, HCV]; Human Papillomavirus 

[HPV]; Human Herpes Virus-8 [HHV8]; Epstein-Barr Virus [EBV]; and Human 

Immunodeficiency Virus [HIV]) to estimate the burden of infection-related cancer 

incidence (2020) and mortality (2017). Data on prevalence of infections were derived from 

cross-sectional surveys of Italian population, and relative risks from meta-analyses and 

large-scale studies. Attributable fractions were calculated based on the counterfactual 

scenario of lack of infection.  

 

Results: We estimated that 7.6% of total cancer deaths in 2017 were attributable to 

infections, with a higher proportion in men (8.1%) than in women (6.9%). Corresponding 

figures for incident cases were 6.5%, 6.9% and 6.1%. Hp was the first cause of infection-

related cancer deaths (3.3% of the total), followed by HCV (1.8%), HIV (1.1%), HBV 

(0.9%), HPV, EBV and HHV8 (each ≤0.7%). Regarding incidence, 2.4% of the new cancer 

cases were due to Hp, 1.3% to HCV, 1.2% to HIV, 1.0% to HPV, 0.6% to HBV, and < 

0.5% to EBV and HHV8.  

 

Conclusions: Our estimate of 7.6% of cancer deaths and 6.9% of incident cases were 

attributable to infections in Italy are larger than those estimated in other developed 

countries. Hp is the major cause of infection-related cancer in Italy. Prevention, screening 

and treatment policies are needed to control these cancers, which are largely avoidable.  

 

Keywords:  infection; cancer; attributable fraction; estimates; Italy 
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Introduction 
 

The discovery of infections as etiological factors of cancer dramatically changed cancer 

prevention and medical practice, because of the avoidable nature of infective causes.  

Several viruses may cause cancer in humans, including: Hepatitis B virus (HBV), Hepatitis 

C virus (HCV) which cause liver cancer, with HCV also causing non-Hodgkin lymphoma 

(NHL) [1]; Human Papillomavirus (HPV), primarily linked to cervical cancer, but also 

related to other anogenital cancers and cancer of oropharynx [2]; Epstein-Barr Virus 

(EBV), causing nasopharyngeal cancers and Hodgkin lymphoma [3]; HHV8, causing 

Kaposi Sarcoma; and Human Immunodeficiency Virus (HIV), which is associated to 

Kaposi Sarcoma, anal cancer and non-Hodgkin lymphoma (HL) [4].  

Among bacteria, Helicobacter pylori (Hp) is the only established oncogenic agent, being 

the main risk factor of gastric cancer and gastric mucosa-associated-lymphoid tissue 

lymphoma (MALT) [5]. Parasites of the Schistosoma, Opistorchis and Clonorchis genera 

are established causes of bladder cancer and liver cholangiocarcinoma [6].                       Other 

infectious agents are suspected causes of cancer, including the bacterium, Mycobacterium 

tuberculosis (Mt) [7] and the parasite, Plasmodium falciparum (Pf) [8].  

 

Martel et al., based on the GLOBOCAN 2018 database, estimated a total of 2.2 million 

infection-attributable cancers worldwide in 2018, with Hp being the leading cause of 

cancer, followed by HPV, HBV and HCV [9]. National estimates of attributable cancers 

due to infections have been calculated for several countries, including China [10], Vietnam 

[11], Korea [12], Japan [13], France [14], the UK [15], Brazil [16], the USA [17] and 

Denmark [18]. Such estimates, however, are not available for Italy. This study aims at 

estimating the burden of cancer attributable to infections in the Italian population, based 

on mortality data from 2017 and cancer incidence data from 2020. Such estimates are 

important to set priorities and design interventions to reduce infection-related cancers, as 

well as to establish the cost-effectiveness of population-based preventive interventions in 

Italy. 
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Methods  
Our study is part of a systematic analysis of attributable causes of cancer in Italy, based on 

an evidence-based research with the purpose to estimate the numbers of cancer deaths in 

2017 and cancer cases in 2020 in Italy which could be attributable to known carcinogens, 

including smoking, alcohol, occupational exposures, infections, and nutritional, 

reproductive and anthropometric factors.  

The proportion of disease in the total population that can be attributable to a risk factor is 

defined as attributable fraction (AF) and commonly expressed as a percentage. We applied 

the classic formula originally described by Levin (1953) [19] to calculate the AF of cancer 

for specific infectious agents. It is a function of the relative risk (RR) of the disease (e.g., 

a specific cancer) associated with exposure to the risk factor (e.g., a particular infection) 

and the prevalence of the risk factor (P) in the population:  

 

To estimate the AF we used no infections as counterfactual scenario. We considered all 

infectious agents classified in Group 1 (established human carcinogens) by the 

International Agency for Research on Cancer (IARC) [20].  

The RR of the cancer incidence and mortality related to specific infectious agents and 

cancers were obtained from meta-analyses or large studies, as specified in Table 1. Data 

on prevalence of infection around the year 2000 (i.e., we allowed a 15-to-20-year latency 

between infection and cancer) were obtained from several sources, as shown in Table 1 

[21-31].  

The sex-specific number of cancer deaths and incident cancer cases were obtained from 

the 2020 Report of the Italian Association of Cancer Registries (AIRTUM) [32]. We 

developed algorithms to estimate the number of deaths and cases of cancers not included 

in the AIRTUM Report, such as cardia and non-cardia gastric cancer (details are shown in 

Supplementary Table 1), and the number of cancer deaths and cases used in the analysis 

are listed in Table 2. 

For cancers related to multiple infectious agents, like liver and anal cancer, we calculated 

partial AF based on the assumptions of independence of infection prevalence and RR (i.e., 

no interaction according to a multiplicative model) [33]. 

The data source and approach used to define exposure, RR and prevalence are reported 

below.  

( )
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Definition of exposure 
We included the following cancers and their corresponding infectious agents in our study: 

liver cancer following infection with HBV and HCV; NHL following HCV; cervical, oral, 

pharyngeal, penis, anal, vaginal and vulvar cancers following HPV infection; 

nasopharyngeal (NPC) and HL following EBV infection; gastric cancer, separately for 

cardia and non-cardia subsites, and gastric MALT following infection with Hp; Kaposi 

sarcoma following the infection with HHV8 and HIV; anal cancer, and HL and NHL  

related to HIV infection. 

Burkitt lymphoma was not included among the cancers associated to EBV because of the 

very low incidence of this disease in Italy. Chlonorchis sinensis, Opistorchis viverrine and 

Schistosoma haematobium were not considered among the infectious agents because of the 

sporadic occurrence of these infection in Italy. Similarly, Merkel cell polyomavirus, 

associated with the homonymous skin carcinoma [34], was not accounted because of the 

rarity of this cancer.  Two infectious agents suspected to cause cancer in humans (Mt and 

Pf) were not included in the main analysis, but we provided separate estimates for them as 

well. 

 

Data used for RR and prevalence  
RR used in the calculation of AFs were derived from meta-analyses or large-scale cohort 

studies (Table 2). We applied the same RR to men and women (i.e., we assumed no 

infection-sex interaction), and to mortality and incidence data (i.e., we assumed no effect 

of infection on cancer survival). 
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Results 
AF and attributable cancer cases and deaths in Italy are given in Tables 3 and 4. In 2017, 

7.6% of all cancer deaths in Italy were attributable to infections (N=13,670), corresponding 

to 8,124 deaths among men (8.1%) and 5,546 (6.9%) among women. Gastric cancer 

(including non-cardia, cardia and MALT-lymphoma) following Hp infection represented 

3.3% of total cancer deaths, with higher proportion in men (3.4%) than in women (3.0%).  

Liver cancer following either HBV or HCV infection represented 2.7% of cancer deaths, 

with 0.9% being attributable to HBV and 1.8% to HCV, and higher proportion in men than 

in women. HPV accounted for 0.6% of cancer deaths, with higher proportion in women 

compared than men (0.9% vs 0.3%). We estimated 1.1% of cancer deaths due to HIV, with 

similar proportions in men (1.2%) and women (1.0%). 

The other infectious agents accounted for no more than 0.7% of cancer deaths each.  

 

The number of cancer cases attributable to infections in Italy in 2020 was about 24,500.  

Hp was responsible for 2.4% of cancer cases, including 8976 gastric cancers (8512 non-

cardia and 464 cardia cases in particular), and 167 gastric MALT cases. HBV and HCV 

resulted to cause respectively 0.6% and 1.3% of cancer cases, equal to 2381 and 4519 liver 

cancer cases respectively, with HCV also causing 203 non-Hodgkin lymphoma cases. HPV 

accounted for the 1.0% of total cancer cases (n=3691), including 2365 cervical, 557 

pharyngeal, 252 anal, 186 oral,174 vulvar, 81 vaginal, and 76 penal cancer cases.  

We calculated that 1.2% of cancer cases were attributable to HIV; of those, 899 were 

Kaposi sarcoma cases, 2884 NHL cases, 376 anal cancer cases and 359 HL cases. Also, 

0.3% of cancer cases were attributable to EBV, in particular 424 cases of nasopharyngeal 

cancer and 774 of HL. Finally, HHV8 accounted for all 927 cases of Kaposi sarcoma, 

corresponding to 0.2% total incident cancers.   

 

The AF calculated for Italy were higher than for many developed countries (Table 5).  
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Discussion 
As the first study to assess the overall infection-related cancer burden in Italy using 

standardized methods, our research found that a total of 24,584 cancer cases in 2020 and 

13,670 cancer deaths (8124 in men and 5546 in women) in 2017 in Italy were attributable 

to infections, corresponding to 6.5% and 7.6% of all cancer cases and deaths respectively. 

In particular, 8.1% of cancers death in men and 6.9% of cancer deaths in women resulted 

to be attributable to infections. The main infective cause of cancer in Italy is Hp, with 3.3% 

attributable cancer deaths from cancer in 2017, followed by HCV (1.8%), HBV (0.9%) and 

HPV (0.6%). Infection-related cancers accounted for a larger proportion of cancer deaths 

than that of cancer cases due to the high fatality of most infection-related cancers, notably 

liver cancer. 

 

Based on our estimates, a higher proportion of cancers were attributable to infections in 

Italy compared to other European countries, such as France [14], Denmark [18] and the 

UK [15], as well as the US [17]. In addition, the AF of cancer related to infection in the 

Italian population is similar to that of less developed countries such as Brazil [16] and 

Vietnam [11]. This is largely due to the high proportion of gastric cancer from Hp infection 

and liver cancer from HBV and HCV infection in those countries and in Italy, and to the 

high HPV prevalence in Brazil and Vietnam [16, 11].  

 

Our estimates are based on infectious agents with sufficient evidence for a causal role in 

cancer occurrence. Other infectious agents suspected to cause cancer in humans include Mt 

[7] for lung cancer and Pf for Burkitt lymphoma [8]. In addition, established carcinogenic 

agents might cause cancers other than those included in our analysis, such as EBV for 

gastric cancer [35]. The number and types of cancer due to EBV are still to be defined [35], 

with increasing evidence reporting an association with gastric cancer [36]. Assuming these 

associations are causal, we estimated that a small number of cancers would be attributable 

to these additional agents. For example, the proportion of lung cancers attributable to 

infection with Mt, based on a reported prevalence of latent infection of 2.1% [37] and a RR 

of lung cancer equal to 1.76 [38], would be 0.16%, corresponding to 54 deaths and 65 

cases. 
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The inclusion of these agents may be worth in studies conducted in high-risk populations 

for these infections (e.g., from middle- and low-income countries).  

 

The proportion of cancer caused by infectious agents is a dynamic indicator, depending on 

temporal changes of the prevalence of relevant agents. Some of these changes are the result 

of preventive measures (e.g., HPV vaccination), while other occur without planned 

interventions (e.g., decrease in prevalence of Hp infection [39]). Moreover, it is difficult to 

estimate the proportion of cancers due to co-infections, which is particularly relevant for 

liver cancer, due to concomitant HBV and HCV. To this purpose, potential interactions 

between multiple infectious agents in determining the risk of a specific cancer need to be 

accounted for, but data on the patterns of interaction are limited [40-44]. Precise and 

updated estimates of the proportion of HBV-HCV coinfection prevalence in Italy are scarce 

[45, 46]; we therefore assumed independence of effect of the two infections, and estimated 

that 6.3% of liver cancers were attributable to HBV-HCV coinfection. Similarly, when 

considering anal cancer, we calculated that 10% of the cases were attributable to 

concomitant HIV-HPV infections [47].                                                    

 

Change in infections prevalence heavily impacts the number of cancers, implying a large 

potential of prevention. This particularly concerns infections for neoplasms for which 

therapies and/or vaccines are available. Hp can be easily detected with non-invasive 

diagnostic tests [48] and first line eradication therapies has more than 80% of effectiveness 

[49, 50]. HBV vaccination is mandatory in all Italian newborns since 1991 and all those 

born since 1980 were vaccinated at age 12 [51]. Current therapies are able to control liver 

disease from both HBV and HCV infection [52-54]. Moreover, both HBV and HCV are 

screened on a regular basis in some high-risk settings such as hospitals through health care 

workers’ surveillance [55-57], and prisons [58-60]. The fact that prevalence of major 

infectious agents is progressively declining leads to the continuous change in the AF, which 

indeed deserves to be periodically updated to have the most representative estimates for a 

certain country in a certain timeframe. 

Regarding HP, vaccination coverage rates remain suboptimal in Italy [61], with a 

decreasing trend in the last years for different birth cohorts and both sexes, which was 
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further impacted by the COVID-19 pandemic [62]. The proportion of cancers attributable 

to HPV in Italy reflects the lack of vaccination in women born before 1996, with a birth-

cohort effect due to introduction of HPV vaccination. Further, we have to consider the 

higher risk of cervical cancer observed in Italy among recently immigrated women 

(representing about 9% of women living in Italy) which have different rates of HPV 

infection, cervical screening and vaccination coverage [63].  

 

The cultural and lifestyle heterogeneity due to Italian geographical areas (i.e., Northern, 

Central and Southern, including major islands), next to the environmental differences 

between these areas, determine distinct patterns of risk factors, and different incidence and 

mortality rates of cancer [64]. Participation to the available cancer screenings in the 

different Italian areas, varying between 62% to 90% considering planned and private 

screening for cervical cancer [65]. At the same time, head-and-neck HPV-related cancers 

in Italy are increasing, consistently with other countries [66]. The higher rates in men likely 

reflect different lifestyle habits by sex, and consequent exposure to infection hazards 

including use of injective drugs and men who have sex with men, given the potential 

transmission of the infection via blood and sexual contact [67-69]. This applies also to 

HIV- and HHV8-related cancers, observed mainly in men.  

 

Hp infection accounted for the largest AF of infection-related cancers in Italy. Our study 

allowed to translate common knowledge on Hp etiological link to gastric cancer with 

objective proportions and numbers, also drawing possible figures by cancer subsite. In 

particular, 21% of cardia cancer deaths were caused by Hp infection, corresponding to 300 

deaths in 2017. These, summed up to the 5500 deaths from non-cardia gastric cancer, and 

57 deaths from MALT of the stomach, make Hp responsible for up to 3.3% deaths from 

cancer in 2017 in Italy. Noticeably, the knowledge on the role of Hp in gastric cancer 

subtypes is evolving, as increasing evidence underlines its causal role in both cardia and 

non-cardia cancer with this latter showing a stronger association than th former, as 

commonly known. A large analysis which has been recently conducted within the China 

Kadoorie Biobank found a significant association of 3.06 between Hp and cardia gastric 

cancer [70], higher than that we adopted based on more comprehensive data [9]. If on the 
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one side the link between Hp and either anatomical subsite of gastric cancer has been 

reported of higher magnitude in Chinese population than in European one, previous studies 

may have missed to identify the relationship with cardia cancer because of issues related 

to the methods of detection, as discussed by the authors [70]. Therefore, our results could 

be a conservative estimate of the number of cardia cancers attributable to Hp infection.  

To date, no standardized and organized screening program for Hp infection exists [71], 

despite the non-invasive diagnostic tests and the antibiotic therapies available for the 

infection. Most population-based study on Hp test-and-treat have been conducted in Asian 

countries, given the high incidence of gastric cancer and the diffusion of virulent Hp strains 

[72-75]. Recently released Italian guidelines for the management of Hp infection states 

with moderate level of evidence and high grade of recommendation that the test and treat 

of Hp should be performed in dyspeptic subjects younger than 50, and in subjects using 

non-steroidal anti-inflammatory drugs or aspirin with a history of peptic ulcer [76]. Our 

analysis calls for intervention to control Hp infection in Italy on a broader scale. 

 

Infectious agents are heterogeneously distributed in the population. Many studies have 

described a higher prevalence of infection, including Hp [77], HBV [78], HCV [79] HPV 

[80] and HIV [81], in less affluent subgroups, including immigrants and less educated 

subjects. Indeed, infectious-related cancers are characterized by social disparities [82-86]. 

As more deprived subgroups of the population have suboptimal access to healthcare 

interventions, despite the public nature of health care system in Italy can limit this 

phenomenon, specific plans should be developed to enhance their involvement in ongoing 

prevention programs, such as HPV and HBV vaccination [87,88]; also, deprived subgroups 

could be targeted with new potential preventive interventions. A possibility is that high-

risk subjects should be identified, during general health visits, or occupational surveillance 

[89-91], and recommended to undergo specific tests of screening for infection status and, 

when possible, to be targeted with available interventions. In fact, given the long latency a 

high proportion of cancer could be avoided by eradicating the infected, with benefit also 

for the young generations through the reduction of the infection reservoir. The benefit 

would also be projected within the household, where the transmission is more likely, with 

benefit for the new generations. 
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Moreover, vaccination for HBV [92] and HPV [93, 94] should be made available and 

strongly recommended in unvaccinated subjects of both sexes. The eradication and 

vaccination against the mentioned infections would help shaping the AF of related cancers 

in the future generations, reducing the reservoir of infection and interrupting route of 

transmissions [95].  

 

Our study has a few limitations. First, some of the data we used were not derived from 

representative samples of the general Italian population. This especially regards less 

prevalent infectious agents. Also, we were unable to consider geographical differences 

within the country of infection-related cancer by geographical areas, given the 

heterogeneous availability of data from different regions. Moreover, mortality data for 

some specific cancers were not available and were then derived from incidence data, as 

described in the Annex. Further, we used RR derived from studies conducted in other 

countries, which did not comprehensively account for potential background factors and 

virulence of the infective agents, which vary across the countries. The use of a single source 

to estimate the prevalence of infections does not take into account its temporal trend, and 

the latency chosen between infection and cancer diagnosis or death is subject to 

uncertainty. Also, despite we accounted for coinfections, we assumed no interaction among 

the agents, possibly introducing some bias in both directions (overestimating cases if the 

interactions were more than multiplicative and underestimating cases if less than 

multiplicative). Finally, we did not account for the uncertainties around the AF point 

estimates. Such uncertainties depend on the statistical precision of the data on prevalence 

and the RR, as well as on the accuracy of these data to the national Italian population.  

 

This study has also several strengths. First, we provided for the first time an estimate of the 

burden of cancer related to infections in Italy, using recent mortality and incidence data.  

All the main known oncogenic infectious agents with a substantial prevalence in Italy were 

included, in association to all the cancers they are known to cause. The AF were calculated 

using standardized methodology, based on data from recent systematic reviews and meta-

analyses and cancer registries. Also, we accounted for the latency period between infection 

and cancer occurrence, to draw an accurate picture of infection-related cancer in Italy.  
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In conclusion, our results provide a systematic assessment of infection-associated cancer 

risk in Italy. The AF of cancer due to infections appears high. These results indicate that 

most of the cancer burden related to infections in Italy is due to two agents for which 

vaccinations are available, namely HPV and HBV, and two other agents for which 

screening and treatment is possible, Hp and HCV. A better management and prevention of 

relevant infections may lead to a better control of the burden of infection-related cancers 

in Italy, for example through vaccination and screening campaigns in schools and at the 

workplace, as well as public health campaigns targeting high-risk populations [96].   

A large portion of infection-related cancers are avoidable by preventive program, including 

screening for infection, vaccination (also in adults) and therapies as appropriate.   

Updated estimates should be provided in the future for the Italian population, allowing to 

draw the trends of infectious-related cancer in time based on the variation of the prevalence 

of the infections. 
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Table 1- Relative risks (RR) and prevalence of exposure to infectious agents used in the calculation of attributable fractions  

Agent Prevalence 
% 

Cancer RR Reference RR Reference prevalence 

Hp 
 

HBV 

0.45 
 

0.01 

Cardia gastric 
Non-cardia gastric 

Liver 

1.6 
5.9 
23.4 

de Martel 2020 [9]/ /HCCG 2001 [21] 
Islami 2018* [23] 
Islami 2018* [23] 

 
 

Palli 1993 [22] 
 

Sagnelli 2014 [24] 
HCV 

 
0.02 

 
Liver 
NHL 

27.6 
1.78 

Islami 2018* [23] 
Islami 2018* [23] 

Buscarini 1993 [25] 

HPV 0.06 Cervix 
Oral cancer 

Pharynx 
Anus 

Vagina 
Vulva 
Penis 

∞ 
1.94 
8.6 
6.7 
10.9 
4.4 
5.3 

Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 

Ronco 2006 a,b 
**[26,27]  

 
 
 
 
 

HHV-8 0.19 Kaposi Sarcoma ∞ Islami 2018* [23] Serraino 2001 [28] 
EBV 0.95 HL 

Nasopharyngeal 
3.7 

10.14 
Plummer 2016 [29] Mentzer 2019 [30] 
Plummer 2016 [29] 

HIV 
 

0.02 
 
 
 
 

NHL 
HL 

Anus 
Cervix 

Kaposi sarcoma 

15 
11 
32 
5 

1584 

Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 
Islami 2018* [23] 

Vescio 2020 [31] 
 

 
Notes: Helicobacter pylori [Hp]; Hepatitis B and C Viruses [HBV, HCV]; Human Papillomavirus [HPV]; Human Herpes Virus-8 [HHV8]; 
Epstein-Barr Virus [EBV]; and Human Immunodeficiency Virus [HIV] 
HL= Hodgkin Lymphoma; NHL= Non-Hodgkin Lymphoma; MALT= mucosal-associated lymphoid tissue 
HCCG= Helicobacter and Cancer Collaborative Group 
*See references for specific agents in Supporting Table 3 of [23] 
**Weighed average of two age groups; prevalence in women used for both sexes
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Table 2-Number of deaths from selected cancers in 2017 and of cases of selected 
cancers in 2020 in Italy. 
 
 
Site 

 
ICD 10 

Male Female 
Deaths Cases Deaths Cases 

Oral cavity 
Nasopharynx 
Pharynx 
Gastric cardia 
Gastric non-cardia 
Anus 
Liver 
Kaposi Sarcoma 
Vulva 
Vagina 
Cervix 
Penis 
HL 
NHL 
Gastric MALT 

C00-C06 
C11 
C09,C10,C12-C14 
C16 
C16 
C21 
C22 
C46.1 
C51 
C52 
C53 
C60 
C81 
C82-86 
C88.4 

1056 
183 
669 
828 
4690 
180 
6156 
495 

- 
- 
- 

168 
441 
2479 
45 

2177 
377 
1379 
1269 
7189 
398 
8978 
669 

- 
- 
- 

371 
1222 
7011 
126 

656 
76 
199 
583 
3306 
255 
3107 
191 
214 
45 
494 

- 
357 
2041 
37 

1314 
152 
398 
915 
5183 
588 
4034 
258 
1024 
218 
2365 

- 
929 
6171 
111 

All cancers C00-97 100,123 194,754 79,962 181,857 
 

Notes: HL= Hodgkin Lymphoma; NHL= Non-Hodgkin Lymphoma; MALT= mucosal-associated 
lymphoid tissue 



 

 133 

Table 3-Total number of cancer deaths in 2017 and cancer cases in 2020 attributable to 
infectious agents in Italy, by sex and infectious agent. 
 

Infectious agent N deaths, 
males 

N deaths, 
females 

Total N 
deaths 

N cases, 
males 

N cases, 
females 

Total N 
cases 

HPV 
Oral cavity  56 35 91 116 70 186 
Pharynx  209 62 271 432 125 557 
Anus 46 65 111 102 150 252 
Cerivx - 494 494 - 2365 2365 
Vulva - 36 36 - 174 174 
Vagina - 17 17 - 81 81 
Penis 17 - 17 76 - 76 
Total 328 709 1037 726 2965 3691 
% total cancer 0.3 0.9 0.6 0.4 1.6 1.0 
HP    
Gastric cardia 176 124 300 270 194 464 
Gastric non-cardia 3227 2274 5501 4946 3566 8512 
Gastric MALT 31 26 57 89 78 167 
Total 3434 2424 5858 5305 3838 9143 
% total cancer  3.4 3.0 3.3 2.7 2.1 2.4 
HBV    
Liver 1127 569 1696 1643 738 2381 
% total cancer 1.1 0.7 0.9 0.8 0.4 0.6 
HCV    
Liver  2138 1079 3217 3118 1401 4519 
Non-Hodgkin lymphoma 38 31 69 108 95 203 
Total 2176 1110 3286 3226 1496 4722 
% total cancer  2.2 1.4 1.8 1.7 0.8 1.3 
EBV 
Nasopharynx 146 61 259 302 122 424 
Hodgkin lymphoma 159 129 288 440 334 774 
Total  305 190 495 742 456 1198 
% total cancer 0.3 0.2 0.3 0.4 0.3 0.3 
HIV 
Anus 69 98 167 152 224 376 
Kaposi Sarcoma 480 185  649 250 899 
Hodgkin lymphoma 73 60 133 204 155 359 
Non-Hodgkin lymphoma 572 471 1043 1534 1350 2884 
Total  1194 814 2008 2539 1979 4518 
% total cancer 1.2 1.0 1.1 1.3 1.0 1.2 
HHV8 
Kaposi Sarcoma 495 191 686 669 258 927 
% total cancer 0.5 0.2 0.4 0.3 0.1 0.2 

Notes: Helicobacter pylori [Hp]; Hepatitis B and C Viruses [HBV, HCV]; Human Papillomavirus [HPV]; 
Human Herpes Virus-8 [HHV8]; Epstein-Barr Virus [EBV]; and Human Immunodeficiency Virus [HIV] 
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Table 4-Total number of cancer deaths in 2017 and cancer cases in 2020 attributable to 
infectious agents in Italy, by cancer sex and cancer site. 
 

Cancer site 
N deaths, 
males 

N deaths, 
females 

Total N 
deaths  

N cases, 
males 

N cases, 
females 

Total N 
cases  

Oral cavity  56 35 91 116 70 186 

Nasopharynx  146 61 207 302 122 424 

Pharynx  209 62 271 432 125 557 

Gastric cardia 176 124 300 270 194 464 

Gastric non-cardia 3227 2274 5501 4946 3566 8512 

Gastric MALT 31 26 57 89 78 167 

Anus  97 138 235 215 318 533 

Liver  2873 1450 4323 4190 1883 6073 

Kaposi Sarcoma  495 191 686 669 258 927 

Vulva  - 36 36 - 174 174 

Vagina  - 17 17 - 81 81 

Cervix  - 494 494 - 2365 2365 

Penis  34 - 34 72 - 72 

HL 206 167 373 570 434 1004 

NHL 572 471 1043 1618 1424 3024 

All cancers N 8,124 5,546 13,670 13,493 11,091 24,584 

All cancers AF 8.1 % 6.9% 7.6% 6.9% 6.1% 6.5% 
Notes: HL= Hodgkin Lymphoma; NHL= Non-Hodgkin Lymphoma; MALT= mucosal-associated lymphoid 
tissue; N= number; AF=attributable fraction 

 

 

 
Table 5. Population attributable fraction of cancer deaths related to infectious agents in 
selected countries, by sex. 

 

Sex  
Italy 

(present 
study) 

China 
[10] 

Vietnam 
[11] 

United 
States 
[20] 

United 
Kingdom 

[15] 

Brazil 
[16] 

France 
[14] 

Denmark 
[18] 

Men % 8.1 30.6 34.7 3.4 3.1 5.9 3.1 2.3 

Women % 6.9 24.1 22.1 3.3 4.3 13.8 4.4 3.6 
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Appendix - Estimate of the number of cases of cancers for which no national data are available 
 
Cancer Results Justification, reference 
Oral cavity cancer 50.2% of oral and 

pharyngeal cancers 
Based on distribution of incidence of 
subtypes of oral and pharyngeal cancer 
in 5 Italian cancer registries* [1] 

Nasopharyngeal cancer 8.7% of oral and 
pharyngeal cancers 

Based on distribution of incidence of 
subtypes of oral and pharyngeal cancer 
in 5 Italian cancer registries* [1] 

Pharyngeal cancer 31.8% of oral and 
pharyngeal cancers 

Based on distribution of incidence of 
subtypes of oral and pharyngeal cancer 
in 5 Italian cancer registries* [1] 

Cardia gastric cancer 15% of gastric cancer Based on distribution of incidence of 
subtypes of gastric cancer in 5 Italian 
cancer registries* [1] 

Non-cardia gastric cancer 85% of gastric cancer Based on distribution of incidence of 
subtypes of gastric cancer in 5 Italian 
cancer registries* [1] 

Anal cancer 1.7% of colorectal 
cancer 

Based on distribution of incidence of 
subtypes of colorectal cancer in 5 
Italian cancer registries* [1] 

Vulvar cancer 43.3% of cervical 
cancer 

Based on ratio of incidence of cervical 
cancer to that of vulvar cancer in 5 
Italian cancer registries* [1] 

Vaginal cancer 9.2% of cervical cancer Based on ratio of incidence of cervical 
cancer to that of vaginal cancer in 5 
Italian cancer registries* [1] 

Penal cancer 1.1% of prostate cancer Based on ratio of incidence of prostate 
cancer to that of penal cancer in 5 
Italian cancer registries* [1] 

Hodgkin lymphoma 15.1% of lymphoma Based on distribution of incidence of 
subtypes of lymphoma in 5 Italian 
cancer registries* [1] 

Non-Hodgkin lymphoma 84.9% of lymphoma Based on distribution of incidence of 
subtypes of lymphoma in 5 Italian 
cancer registries* [1] 

Gastric MALT 1.8% of lymphoma Based on distribution of incidence of 
subtypes of lymphoma in 5 Italian 
cancer registries* [1] 

* Milan; Veneto Region; Modena; Naples; Eastern-Sicily 
MALT, mucosal-associated lymphoid tissue 

[1] Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon, France: International 

Agency for Research on Cancer, 2020. Available from: https://gco.iarc.fr/
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3. The HPOS study as pilot of the CPW project
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3.1 The role of the occupational physician in controlling gastric cancer 

attributable to Helicobacter pylori infection: A review 
 

Giulia Collatuzzo a, Giulia Fiorini a, Berardino Vaira a, Francesco S Violante a, Andrea Farioli a,1, 

Paolo Boffetta a,b 

Keywords: Helicobacter pylori, Gastric cancer, Prevention, Occupational medicine, Workplace 

Abstract 

This review aimed to describe the potential role of occupational physician in the implementation of 

a screening program for Helicobacter pylori (Hp) infection for gastric cancer prevention.                           

We reviewed the epidemiological background of gastric cancer and its association with Hp, exploring 

the hypothesis of a “test-and-treat” protocol among working population. Clinical trials and model-

based studies were collected to provided empirical evidence of the feasibility of eradication on large 

scale. In particular, previous studies conducted in occupational settings were discussed. Hp 

prevalence ranges between about 20 and 90%, with higher rates in Asia and Latin America and lower 

rates in Europe and North America. Large-scale trials on screening and treatment of infection have 

been conducted especially in East Asia, lacking elsewhere. Only few studies investigated Hp 

prevalence among workers. The benefit of eradication at occupational level has not yet been 

adequately studied. The design of a workplace-based Hp screening program appears to be innovative 

and could contribute to controlling gastric cancer. The benefit would involve not only high-risk 

subjects, but also their families, since the route of transmission is principally within the household. 

An occupational setting for a Hp screening would have positive consequences in terms of individual 

and public health. 

• Helicobacter pylori eradication would contribute to stomach cancer prevention. 

• The workplace is a privileged setting for Helicobacter pylori screen-and-treat program. 

• The benefit of eradication at occupational level has not yet been adequately studied. 
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1. Introduction 

Although the age-adjusted incidence rate of gastric cancer has decreased in most populations 

(Supplementary Fig. 1), the burden of the disease remains high (Bray et al., 2017). According to 

Global Burden of Disease (GBD) study, in 2017 more than 1.22 million new cases of gastric cancer 

were diagnosed worldwide, and close to 865.000 people died from the disease, making it the third 

most frequent cause of neoplastic death (The global, regional, and national burden of stomach cancer 

in 195 countries, 2017). In most populations gastric cancer is more frequent in men than in women: 

the incidence rate in the 2018 in the US was 15.7/100,000 and 7.0/100,000 respectively (Thrift and 

El-Serag, 2020). The incidence is higher in less-developed countries and in the least affluent groups 

of the population. Survival has only modestly improved in many countries over the last decades; 5-

year survival ranges from 65 to 70% in countries in which imaging-based screening is implemented, 

such as Japan and South Korea, to 15–30% in US and Europe. The high fatality rates are explained 

by the fact that, despite a long latency, gastric cancer is usually diagnosed at late stage, when 

prognosis is poor. 

Gastric cancer can be distinguished by subsite into cardia and non-cardia type (Boffetta et al., 2014), 

the latter mainly caused by infection with Helicobacter pylori (Hp) (Marshall and Warren, 1984). 

Other environmental and genetic risk factors have been identified: they are summarized in Table 1 

(Boffetta et al., 2014). 

Table 1. Non-genetic risk factors of gastric cancer, by subsite (adapted from Boffetta et al., 2014). 
 

Risk factor Cardia cancer Non-cardia cancer 
Old age ++ ++ 
Male sex ++ ++ 
Tobacco smoking + + 
Family history of gastric cancer ++ ++ 
Ionizing radiation + + 
Helicobacter pylori infection  ++ 
Low SES  ++ 
Dietary salt intake  ++ 
Intake of smoked food  + 
Alcohol drinking ? ? 
Overweight/obesity ++  

GERD ++  

++ Strong risk factor (relative risk <2). + Weak risk factor (1 < relative risk <2). ? Suspected risk factor. 
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Hp infection typically occurs during childhood and, if untreated, persists lifelong (Malaty et al., 

2002). The route of transmission is not fully known but it involves fecal-oral and oral-oral contacts 

primarily from mother to child (Mamishi et al., 2016, Konno et al., 2008, Okuda et al., 2019, Brown, 

2000). Low education, parents' low education, poor dental hygiene, crowded living places in 

childhood and several other indicators of low socioeconomic status are the main risk factors for Hp 

infection (Nouraie et al., 2009). 

In addition to gastric cancer, chronic infection with Hp is causally associated with other 

gastrointestinal diseases, including gastritis, peptic ulcer, and gastric mucosa associated lymphoid 

tissue lymphoma (MALT) (Valenzuela et al., 2015). Moreover, Hp infection is also involved in extra-

gastric diseases, including in particular idiopathic thrombocytopenic purpura, vitamin B12 deficiency 

and iron-deficient anemia (Gravina et al., 2018). 

Despite most of the infections have an asymptomatic course, all chronically infected individuals 

develop chronic gastritis, which can become active in conjunction with concomitant factors, such as 

tobacco smoking, low-quality diet, and psychogenic stress (Gravina et al., 2018). 

Because of its strong association with gastric cancer, Hp represents the most important infectious 

cause of cancer, with an estimated burden of 810.000 new cases per year (8.7 cases per 100,000 

person-years) worldwide (de Martel et al., 2020). This represents approximately 89% of non-cardia 

gastric cancer, corresponding to 78% of all gastric cancer cases (IHPWG, 2014). Hp acts through a 

variety of virulence factors (Nejati et al., 2018) where Cag-A protein connotes the strain most strongly 

related to malignant transformation (Nejati et al., 2018, Hatakeyama, 2004, Park et al., 2018). 

Specifically, infection with CagA-positive compared to CagA-negative strains are associated to an 

almost 2-fold increased risk of non-cardia gastric cancer (Huang et al., 2003). Differences in the 

distribution of Hp strains contribute to the geographic heterogeneity of the association between Hp 

infection and gastric cancer risk (Brown, 2000). 

The global prevalence of Hp infection is estimated to be higher than 50%, i.e., 4.4 billion individuals 

(Hooi et al., 2017), with inter- and intra-regional differences and a variability between different 

populations that has not still been systematically described. Public sanitation and progressive 

introduction of eradication strategies have contributed to limit Hp spreading, so that the infection has 

decreased over time in several countries (Leja et al., 2019). For example, the prevalence in Korea was 

66.9% in 1998, 59.6% in 2005, 54.4% in 2011, and 43.9% in 2016–2017 (Leja et al., 2019). The 

evidence on the effectiveness of prevention of gastric cancer through Hp eradication is reviewed 

below. 
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2. Etiologic role of Helicobacter pylori infection in gastric carcinogenesis 

Gastric carcinogenesis, described by Correa as a cascade (Fig. 1), is a long-latency process that affects 

susceptible individuals and passes through different pre-neoplastic lesions (Correa, 1988).          It is 

sustained by inflammatory and immunological mechanisms which lead to progressive mucosal 

damage and neoplastic transformation (Valenzuela et al., 2015, Correa and Houghton, 2007, Liu et 

al., 2016). 

Fig. 1. Steps in gastric carcinogenesis and opportunities for prevention [18]. 

 

Marshall and Warren first suggested a possible role for Hp in the etiology of gastric cancer (Marshall 

and Warren, 1984). Their hypothesis prompted laboratory, animal, and epidemiologic studies, which 

consistently demonstrated a causal association, leading to the classification of Hp as established 

human carcinogen in 1994 (International Agency for Research on Cancer, 1994). 

Intervention studies have provided evidence that Hp eradication may reduce the risk of gastric cancer. 

A meta-analysis showed 35% reduction in gastric cancer risk in those who were treated for Hp (Fuccio 

et al., 2009). In addition, a randomized study of 544 patients with early gastric cancer showed a 65% 

reduction in the incidence of metachronous lesions in those who were treated for Hp (Fukase et al., 

2008). 

According to a large pooled analysis, the relative risk (RR) of non-cardia gastric cancer associated 

with Hp resulted to be 5.9, while no association was detected with cardia cancer (Helicobacter and 

Cancer Collaborative Group, 2001). The risk was lower (RR=2.4) among those subjects who 

developed cancer within 10 years from Hp detection. This is due to the fact that the progressive 

damage caused by the microorganism compromises its own colonization of gastric mucosa. Thus, 

there might be an underestimate of cases attributed to Hp infection, as the bacterium might no longer 

be detectable when cancer occurs. When considering histological types (intestinal and diffuse), the 

relation between Hp infection and gastric cancer is comparable (Holton et al., 2011). 
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3. Screening and treatment of H. pylori infection 

As for other cancer prevention interventions, there is a paradox due to the fact that those countries 

with a higher prevalence of infection are the ones with less possibility to set up a screening program 

because of the lack of resources, while preventive actions can be implemented in more developed 

countries, where the prevalence of Hp and the incidence of gastric cancer are relatively low. However, 

even in low-prevalence countries, there is a large proportion of the population at risk of developing 

gastric cancer, e.g., from 18.9 % in Switzerland to 26.2% in Sweden (Hooi et al., 2017). 

Current evidence demonstrates that eradication therapy is the most powerful tool to prevent gastric 

cancer development, with at least a one third reduction of risk (Leja et al., 2019). A large number of 

studies corroborate the beneficial impact of eradication in term of gastric cancer prevention, which 

were included in systematic reviews and meta-analyses, including one by Fuccio and colleagues in 

which the OR 0.65 (95% CI, 0.43 to 0.98) in favor of treatment (Fuccio et al., 2009). 

The value of primary prevention through Hp treatment is clearly stated in the Kyoto consensus 

guidelines, which state that “Hp infected individuals should be offered eradication therapy, unless 

there are competing considerations” (Sugano et al., 2015). The justification of this statement stems 

from the fact that through eradication the pathogenesis of Hp-related diseases would be stopped 

(individual benefit), and the reservoir of infection would drastically decrease, with consequent 

economic and public health advantages. 

Several noninvasive methods are available to detect Hp. Urea breath test (UBT) exploits the peculiar 

urease activity of Hp to assess the state of infection. It represents an ideal diagnostic test, because of 

its simple and quick execution and its great validity: studies report more than 95% of sensitivity and 

specificity before eradication and even higher values in assessing the success of the treatment (100% 

sensitivity, 98.6% specificity) (Gatta et al., 2006). Stool antigen test (SAT) seems to be better suited 

for screening protocols as it is cheaper than UBT, and it doesn’t require the intervention of healthcare 

professionals. A prospective study conducted in Taiwan has proven the feasibility of the one-step Hp 

SAT in primary care setting and in the mass screening, with a sensitivity of 88%, a specificity of 

100%, a positive predictive value of 100%, a negative predictive value of 89%, and an accuracy of 

94% (Lee et al., 2014). 

In most patients, Hp can be eradicated with the use of 7–14 days therapy combining a proton pump 

inhibitor and antibiotics (Malfertheiner et al., 2017). The eradication rate depends mainly on the 

sensitivity of the bacterial strain to antimicrobial drugs. The therapy for Hp has the important 
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characteristic to be a short and, in most of cases, one-time-in-life treatment. In fact, reinfection is 

relatively infrequent and inversely correlated with country development, with a recurrence rate 

estimated to be 2.82 +/- 1.16% per patient-year globally (Yan et al., 2013). Table 2 shows different 

first-line antibiotic regimens for Hp, according to different guidelines (Fallone et al., 2019). 

According to the most recent American College of Gastroenterology (ACG) guidelines, evidence-

based first line therapies are clarithromycin triple therapy (PPI, clarithromycin and amocixillin or 

metronidazole for 14 days), bismuth quadruple therapy (PPI, bismuth, tetracycline and nitroimidazole 

for 10–14 days) and concomitant therapy (PPI, clarithromycin, amoxicillin and nitroimidazole for 

10–14 days) (Chey et al., 2017). If the first line fails, the second line therapy must avoid antibiotics 

that were previously administered. 

Table 2. First-Line Treatment Recommendations by the Toronto Consensus, Maastricht V/Florence 
Consensus and the American College of Gastroenterology (ACG) Guidelines (modified from 
Fallone et al., 2019). 

Therapy Toronto Maastricht 
V/Florence ACG 

Bismuth quadruple 
therapy R R (only choice if high 

dual resistance*) R 

Concomitant 
therapy R R if high C-Res or if 

bismuth unavailable R 

PPI triple therapy 
R in areas of <15% C-Res or 
proven eradication success 

>85% 

R only in areas of low 
C-Res 

R in areas of C-Res <15% 
and no previous macrolide 

exposure 
Sequential and 
hybrid therapies RAU NR S‡ 

Levofloxacin 
regimens NR – S‡ 

R, recommended; NR, not recommended; RAU, recommended against use; S, suggested. C-Res, 
clarithromycin resistance. * Dual refers to resistance to both clarithromycin and metronidazole.        ‡ 
Suggested means that the ACG finds it permissible for practice but not ideal. 

Treatment outcomes have been recently studied by Nyssen and colleagues, who analyzed 21,533 

subjects from the European Registry on Helicobacter pylori management (Hp-EuReg) who followed 

different first-line eradication schemes between 2013 and 2018 (Nyssen et al., 2021). The results 

suggest that effectiveness varies by region and over time. Compliance clearly improves the 

effectiveness of any therapeutic protocol, while clarithromycin resistance reduces it to below 50%. 

From this review, quadruple therapies appear to be the only regimens able to guarantee and optimal 

(90% or more) eradication rate. 
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Primary resistance represents the main limitation to eradication, especially when considering 

therapies including macrolides (e.g., clarithromycin). This was recognized by the World Health 

Organization, which in 2017 put Hp clarithromycin-resistant among the high priority pathogens for 

which new antibiotics are urgently needed (World Health Organization, 2017). Moreover, a 

suboptimal compliance of the patient affects eradication range, so that the complexity of antibiotic 

administration (e.g., frequency and number of pills) should be considered when choosing the 

treatment. 

Antibiotic susceptibility varies among populations, following the different patterns of antibiotic 

prescription between and within countries, as well as among different subpopulations. For example, 

resistance is more often observed in women who have been prescribed antibiotic for gynecological 

infections (Savoldi et al., 2018). This explains why even in areas where a specific antibiotic resistance 

is low there are niches of people with high prevalence of resistant Hp strains. Several studies have 

shown how clarithromycin resistance has spread over the years, showing that where Hp prevalence 

is low, antibiotic resistance does not increase considerably, while countries with high prevalence of 

infection are dramatically affected by this problem. 

A variety of studies demonstrated that a test-and-treat strategy would be favorable in high-risk 

countries from Asia (Yeh et al., 2009, Han et al., 2020). However, relatively few data are available 

from lower risk countries. In a Swedish population-based study (Doorakkers et al., 2018) Doorakkers 

et al. observed a decreased risk of gastric adenocarcinoma, both considering the cardia and non-cardia 

types, during the follow up of 95,176 individuals who received eradication therapy: the standardized 

incidence ratio of non-cardia gastric cancer decreased proportionally with the time after treatment, 

from 10.7 (95% CI 7.77–14.4) at 1–3 years, to 0.43 (95% CI 0.16–0.93) at 5–7.5 years. 

The cost-effectiveness of Hp screening has been further investigated in several model-based studies 

(Yeh et al., 2009, Han et al., 2020, Doorakkers et al., 2018, Kowada, 2018, Fendrick et al., 1999, Xie 

et al., 2008, Roderick et al., 2003, Teng et al., 2017, Leivo et al., 2004). These studies have been 

reviewed and meta analyzed by Lansdorp-Vogelaar and Sharp, 2013, Areia et al., 2013. Assumptions 

varied about key aspects, including infection prevalence, age range of screened population, sensitivity 

and specificity of Hp test, and adherence and effectiveness of treatment, this heterogeneity making 

difficult to outline a comprehensive frame. In particular, the assumed prevalence of infection varied 

from 13% in a study from Finland to over 40% in studies from Singapore and Japan (Kowada, 2018, 

Xie et al., 2008, Leivo et al., 2004). In all these analyses the intervention was estimated to be cost-

effective, with larger benefit in populations with higher prevalence of infection. 
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Beside model-based studies, only few clinical trials have provided empirical evidence of the cost-

effectiveness of eradication in countries where the prevalence of infection is low (Table 3) (Ford et 

al., 2005, Harvey et al., 2010, Høgh et al., 2019). Two trials from UK results in a positive effect of 

the intervention despite relatively low prevalence of infection, while a study from Denmark did not 

suggest an improvement in quality-adjusted life-years in the treated group; in the latter study, 

however, only 54% of the enrolled subjects were included in the follow-up. 

Table 3. Characteristics of trial of cost-effectiveness of Hp eradication in asymptomatic individuals. 

Reference Country Age Method Prevalence FU 
duration 

FU 
rate Outcome Result 

Ford et al. (2005) UK 40–
49 UBT 27.6% 2 yr 90% Cost Positive 

Harvey et al. 
(2010) 

UK 20–
59 UBT 15.5% 7 yr 97% Treatment Positive 

Høgh et al. 
(2019) 

Denmark 40–
65 Ser + UBT 17.5% 13 yr 54% QALY Negative 

UBT, urea breath test; Ser, serology; FU, follow-up; QALY, quality-adjusted life-years. 

Overall, both model-based and data-based studies showed that under most circumstances eradication 

of Hp is cost-effective, even in populations with low infection prevalence. Specific subgroups of the 

population could be targeted for screening protocols, because of their higher risk of developing gastric 

cancer following Hp infection. Family history of gastric cancer appears to be an important risk factor 

independent of the bacterium. As a consequence, control of Hp infection can, at least in part, reduce 

the incidence of gastric cancer among individuals with family history: this population should 

therefore be screened and treated if Hp positive (El-Omar et al., 2000). 

Based on these considerations, it is possible to devise a screen-and-treat protocol with multiple 

pathways (Fig. 2). In particular, as the development of gastric cancer implies a long latency, a 

screening program should take into consideration individual characteristics (Liu et al., 2016); in 

addition, all Hp positive subjects should be followed up after treatment to assess general health status, 

including symptoms occurrence, and adverse events attributable to antibiotics, and undergo second 

Hp testing to assess the successful eradication. Subjects ≥60 years of age and with symptoms, as well 

as those with a high-risk profile (e.g., family history of gastric cancer) should be recommended to 

undergo additional diagnostic procedures (Malfertheiner et al., 2017, Moayyedi et al., 2017), 

including gastroscopy, in order to exclude the presence of lesions needing for further monitoring, 

while younger individuals would benefit of changes in their lifestyle and, if cured, would no longer 

represent a reservoir of infection for children. 
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Fig. 2.  Pathways in a workplace-based screen-and treat approach for Hp eradication. 

 

Planning a standardized screening program, which would include a questionnaire on health status and 

possible risk factors of the individuals, would allow to collect complete and reliable data on the 

distribution of Hp infection and the identification of the population subgroups to which further efforts 

should be addressed. A screening protocol would also entail general health implications, since making 

people aware of the presence of a risk factor, especially when asymptomatic, would enable them to 

make better choices in the daily life, possibly encouraging healthier behaviors that can positively 

impact their overall wellness. A population-based screening program, however, is not devoid of 

potential limitations. They are listed on Table 4, together with potential benefits. In particular, 

treatment failure and consequent facilitation of antimicrobial resistance in general population are of 

main concern in implementing test-and-treat protocols. Moreover, therapy can be burdened by side 

effects as diarrhea, abdominal pain, nausea, taste alteration, vomiting, and constipation (Shi et al., 

2019). In particular, the occurrence of these symptoms reported in a meta-analysis was 39.0% in the 

controls compared to 18.9% when probiotics are added to the eradication scheme (Shi et al., 2019). 

An occupational-based screening for Hp would face several challenges and limitations. In order to 

avoid misconceptions on the importance, benefits and possible risks, an effective communication 
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strategy would be required (Lier et al., 2019). The implementation of large-scale screening at 

workplaces would also require adequate testing setting, laboratory facilities and trained staff. These 

requirements would be particularly challenging in low- and medium-size enterprises. In addition, 

absenteeism might occur for workers who test positive for Hp, because of the need for additional 

diagnostic procedures and treatment. Finally, the treatment itself might have a short-term impact on 

work performance because of its side effects, thus reducing the perception of long-term benefits of 

the intervention (Tsai et al., 2019, Reif et al., 2020). 

Table 4. Potential benefits and limitations of a population-based^ Hp screening program and 
additional specific benefits and limitations of a workplace based§ Hp screening program. 

Benefit^  Limitations^  Benefits§  Limitations§  

Improved quality of life 
Improved health status 

consciousness 
Opportunity for disease 

treatment and prevention, 
reducing Hp-related 

burden of disease 
Epidemiology description 

of Hp burden 
Identification of higher 

risk subgroups for 
infection 

Feasibility of Hp testing* 
Possibility of reducing Hp 

reservoir 
Reduction of antibiotic use 

for Hp eradication in 
future generations 

Public health saving for 
gastric disease 

complications and gastric 
cancer 

Lack of compliance to 
therapy 

Possibility of treatment 
failure due to strain 

resistance and adverse 
effects 

Low participation in 
screening program† 

Need for long follow-up 
for gastric atrophy and 

cancer 
Endoscopy is needed for 

documenting mucosal 
damage 

Contraindication to 
therapy 

Antimicriobial resistance 
spreading pressure 

Promotion of general 
wellbeing at the 

workplace 
Healthier workforce 

Improved work 
performance 

Strengthened loyalty of 
the employee 

Increased workers 
satisfaction and 

happiness 
Reduction of sick leave 
due to gastric-related 

disease 
Possibility to extend the 

screening and reach 
employees’ family 

Reduction of workplace 
reservoir of Hp 

Optimal age group for 
primary prevention of 

gastric cancer 
Help general practitioner 

management of the 
individual 

Possible integration in 
more general health 
promotion programs 
already implemented 

Need for communication 
strategy 

Need for testing setting 
and staff 

Possible absenteeism for 
additional procedures 

among Hp positive 
workers 

Possible impact of side 
effects of therapy on 
working performance 

* Characteristics of Hp testing: non-invasive, safe, fast, economic, highly sensible and specific. 

† Possible reasons for low participation: fear of positive result, fear of therapy, fear of endoscopy, lack of 
interest, lack of time, inhibition about stool manipulation. 
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4. Screening working populations for Helicobacter pylori  

Occupation is a risk factor for Hp infection. A systematic review of 98 studies identified several high-

risk occupational categories, including health professionals, especially among those working in 

gastrointestinal units, agricultural, forestry and fishery workers, as well as sewage workers, miners, 

and workers at institutions for the intellectually disabled (Kheyre et al., 2018). 

The workplace directly influences the physical, mental, economic and social well-being of workers 

and in turn that of their families, communities and society (Schulte and Vainio, 2010, Eng et al., 2016, 

Goetzel and Pronk, 2010, Parkinson, 2018). In addition, the health of workers is affected by extra-

occupational factors, including infectious agents (Rebmann et al., 2009). Occupational medical 

surveillance programs offer an ideal setting and infrastructure to support the promotion of health of 

the workers. The recent COVID-19 epidemic offers an example of the potential of workplace-based 

intervention for disease prevention (Shaw et al., 2020, Baker et al., 2020, Rafeemanesh et al., 2020, 

Public Health Ontario, 2020). The use of occupational setting has also been considered for primary 

prevention of cancer (Lang et al., 2020, Nahmias et al., 2016, Marshall, 2013, Mojica et al., 2016). 

For example, high rates of screening for colorectal cancer have been achieved among employees 

(Mojica et al., 2016, Ou et al., 2019, Walsh et al., 2014). 

Occupational health visits, that are mandated in many countries, offer an opportunity to screen healthy 

individuals for Hp infection, and to apply treatment strategies based on recommended practice 

(Fallone et al., 2019). Different health professionals would be involved in different steps of the 

process (Supplementary Fig. 2): occupational physician could invite workers to undergo Hp testing, 

explaining the meaning of a screening program for gastric disease and cancer and referring positive 

subjects to their general practitioner; this latter could prescribe eradication therapy to positive patients 

in the absence of contraindications, check the eradication outcome by a second Hp test and refer high-

risk cases (e.g., old age, family history of gastric cancer) to the specialist in gastroenterology; finally, 

the gastroenterologist could take in charge the patient considering endoscopy, antimicrobial 

susceptibility testing, targeted therapy and follow-up. 

Only a small number of studies investigated the effectiveness of this approach. Zober et al. determined 

the prevalence of Hp infection by serology in 6,143 workers in a chemical factory in Germany, and 

assessed its association with upper GI tract symptoms, personal history of ulcer, and family history 

of gastric cancer (Zober et al., 1998). The prevalence of infection, measured with immunoglobulin G 

serology, was 38.2%. Positive serology was weakly but consistently associated with cigarette 

smoking and shift work. Further diagnostic evaluation and eradication therapy was recommended in 
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795 workers (12.9%), based on a combination of positive serology and either upper GI tract 

complaints or family gastric cancer history. The therapy was completed for 541 workers (68.1%). 

These authors used aggregate medical claims data to evaluate the illness experience of 5,160 of the 

workers included in the surveillance program during the 2 years after versus the 2 years before the 

intervention (Ott et al., 2004). Across all participants, a 2.1-fold reduction (95% confidence interval 

[CI] 1.4–3.1) in ulcer-related illness episodes and a 1.1-fold reduction (95% CI 0.9–1.4) in episodes 

due to other stomach and duodenal diseases were observed. Improvement in claims experience was 

most notable among 250 employees with ulcer findings at the screening examination. 

Madisch et al. studied the outcome of Hp eradication in 267 factory workers from Germany who 

reported uninvestigated chronic dyspepsia (Madisch et al., 2002). They assessed Hp infection status 

at baseline using the 13C-UBT, and positive workers (N = 111, 41.6%) were offered eradication 

therapy. Dyspeptic symptoms, quality of life and health care utilization were assessed by 

questionnaires at baseline, as well as at 2 and 12 month follow-up. The infection was cured in 90.4% 

of treated subjects. Upper abdominal pain and dyspeptic symptoms at 12 months were reduced and 

quality of life increased in Hp responders compared to baseline and to untreated subjects. In addition, 

disease-related absence from work, visits to family physicians, and antacid consumption were 

decreased in Hp responders compared with reference. 

The limited evidence available from the literature offers support to the conclusions that (i) workplace-

based surveillance for Hp infection is feasible and effective in identifying individuals for targeted 

interventions, and (ii) such interventions are effective in reducing the burden of Hp-associated 

disease. While no studies have included gastric cancer as outcome, as such studies would require a 

large population and a long follow-up and could not include for ethical reasons an untreated high-risk 

group, the available results imply that workplace-based screening and intervention might lead to the 

prevention of gastric cancer. 

5. Gastric cancer prevention at the workplace 

Among the potential benefits gained through workplace-based screening and intervention are reduced 

sickness absence, reduced medical costs, improved productivity, reduced disease burden, as well as 

promotion of happiness and loyalty of workers (Reif et al., 2020). Because of disparities in access to 

surveillance across population groups, offering a screening on the workplace would represent an 

important contribution to health promotion, whose benefits extend beyond the working population 

(Kim et al., 2016). In this regard, workers constitute an ideal age group to target Hp screening, because 

the intervention might impact the transmission within families. In fact, household members of 
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subjects colonized by Hp represent a group at high-risk subgroup for Hp-related diseases and should 

receive priority for testing (El-Serag et al., 2018). Indeed, family has been presented as a target for 

test-and-treat strategy in a recent work by Ding, so reaching families through screening among 

employees seems to meet this demand (Ding, 2020). 

A screening program should be addressed to and be offered as a way to promote general wellbeing 

of the individual. In order to reach as many people as possible, public events have been used for 

cancer screening promotion (Escoffery et al., 2014). With regard to gastric cancer in particular, a test-

and-treat strategy has been implemented in school setting in Japan (Kaji et al., 2020). Similarly, the 

workplace has already been recognized as an important environment for health promotion (Wanjau 

and Zapata-Diomedi, 2019). In fact, workers represent an important segment of the general 

population. For this reason, a screen-and-treat strategy among workers would represent an approach 

that could be reproduced in other settings. This would offer the possibility to interrupt the circulation 

of the infection, providing a health benefit to the household and, in the long term, new generations. 

Even if only a fraction of those who test positive perform eradication therapy, the impact on the 

burden of Hp-related disease would be significant. As mentioned above, Table 4 illustrates potential 

advantages and limitations of a workplace-based Hp screening program. In particular, reduction of 

antibiotic use for Hp eradication in future generations is a potential benefit of this type of intervention, 

which may also lead to public health saving for gastric disease complications and gastric cancer. 

In order to optimize the effectiveness of the intervention, detailed data are needed on the prevalence 

of infection in different occupational groups, taking into account the prevalence in the general 

population, and the possible interactions between occupational risk factors and Hp infection. Limited 

data are available on these issues, therefore additional studies on workplace determinants of Hp 

infection and on risk of gastric cancer would enable the comparison of risk between different groups 

of workers and the design of screening interventions. 

In conclusion, an occupational screening for Hp would have a major public health impact. Its 

feasibility and cost-effectiveness should be assessed depending on the prevalence of infection, the 

distribution of Hp strains and other circumstances. Such a perspective would be highly innovative, 

since few trials have been conducted in occupational settings. Particular effort would be required to 

overcome common barriers towards screening including the motivation of occupational physicians 

and the population at large in the possibility to prevent gastric cancer by controlling its main 

etiological factor. 
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3.2 Cancer Prevention at Work – CPW 
 

The Cancer Prevention at Work (CPW) project is a Horizon Europe Mission Cancer action, 

researching the cost effectiveness and social acceptance of incorporating prevention of cancers 

associated with Helicobacter pylori, Hepatitis C virus and Human Papillomavirus into ongoing 

primary occupational health surveillance programmes.  

Funding information 

The Cancer Prevention at Work project is funded by the European Union through the European 

Commission’s Horizon Europe Research and Innovation Programme. It is part of the Cancer Mission 

programme and is a contributor to the Mission Cancer ʻPrevention and early detection’ cluster.  

CPW is funded under the EU grant agreement No. 101104716  

Duration: May 2023 - April 2027  

Project coordinator: Prof. Paolo Boffetta, University of Bologna (UNIBO), IT  

 

Understanding Helicobacter pylori 

Helicobacter pylori (Hp) is a widespread pathogen, affecting approximately half of the world’s 

population. Infections are typically acquired during childhood, especially in densely populated areas 

with inadequate sanitation. Due to its association with non-cardia gastric cancer and mucosal-

associated lymphoid tissue lymphoma, Hp has been classified as a Group 1 carcinogen (like smoke 

for lung cancer). Early detection is crucial to prevent the infection from developing into cancer and 

other serious health complications. 

The CPW Intervention focuses on the early detection of Hp through blood sample and stool antigen 

test, identifying subjects at higher risk of gastric cancer, with possibility of primary prevention 

through Hp eradication. 

 

Pilot study on Helicobacter pylori (Hp) 

Hp screening and eradication as primary prevention of stomach cancer within occupational health 

surveillance programs. Hp emerges as a pivotal player in the realm of cancer burden, its significance 

underscored by its classification as a Group 1 carcinogen by the International Agency for Research 



 

 157 

on Cancer. This classification stems from Hp's link to non-cardia gastric cancer and its specific 

association with mucosal-associated lymphoid tissue (MALT) lymphoma of the stomach. The scope 

of Hp's influence extends further, as it's responsible for prevalent diseases like gastritis and peptic 

ulcers. Beyond the gastronomic realm, Hp-positive subjects are more likely to experience extra-

gastric conditions such as syderopenic anaemia and thrombocytopenic purpura, amplifying the 

urgency for robust prevention measures. 

Despite its profound impact, Hp remains a subject that has not received systematic investigation 

within any population. Both in general population and occupational health settings, Hp testing is 

conspicuously absent. This clinical study is the first of its kind to address this critical gap and extends 

beyond individual workers to encompass their households and leverages the periodic nature of 

occupational health visits to implement effective follow-up mechanisms, ensuring the efficacy of 

primary interventions.  

Pilot study on Hepatitis C virus (HCV) 

HCV screening and treatment as primary prevention of liver cancer within occupational health 

surveillance programs. Liver cancer risk is a serious concern, with Hepatitis B and C infections at its 

core. In the EU/EAA, 3.9 million people are grappling with chronic HCV infection. While 

vaccination isn't an option for Hepatitis C, effective treatment is. This makes screening and treatment 

essential strategies for cancer prevention. However, action plans to diagnose and raise awareness 

about HBV and HCV infections in the European Region face challenges. By 2017, only six EU 

nations achieved this target. The COVID-19 pandemic has magnified the importance of timely HCV 

management. Delayed treatment could lead to 45,000 additional HCC cases and 72,000 more liver-

related deaths globally by 2030. Our clinical study aligns with the "Total Worker Health" concept 

and focuses on unexplored primary prevention programs for HCV-caused liver cancer. We are 

reaching out to workers from various sectors along with their households. 

Pilot study on Human Papillomavirus (HPV) 

Vaccination as primary prevention of HPV infection and its complications, within occupational health 

surveillance programs. This study targets cervical and other HPV-caused cancers into ongoing 

occupational health surveillance systems, which offers a unique vantage point for addressing HPV-

related cancer prevention directly. Widespread HPV vaccine use dramatically reduces the number of 

women who will develop cervical cancer, and upcoming vaccines hold even more promise against 

cervical precancer and cancer. This focus does not compromise secondary prevention via cervical 
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cancer screening—a proven public health strategy for at-risk women. By collaborating with medical 

experts, this initiative strives to lower cancer incidence linked to HPV infection by raising awareness 

and encouraging participation in preventive activities, notably HPV vaccination, in middle-income 

European countries.  

Within this project, Worker Health Programs aim to empower occupational health service (OHS) 

workers to address vaccine hesitancy by enhancing their communication skills. In a personalized 

approach, the pilot phase tailors strategies within selected companies. This approach will be mainly 

innovative in countries where test and treatment of Hp and HCV, and HPV vaccination, have not yet 

been implemented. 

Expected impact of CPW 

The CPW Project could contribute to the control and prevention of stomach, liver, cervical, and 

oropharyngeal cancers by assessing the implementation of HP, HCV, and HPV infections prevention 

into occupational health surveillance programs targeting workers from different types of industries 

and occupations. 
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Abstract  

Background: Participation in cancer prevention programs is suboptimal. Socioeconomic backgrounds 

play a role in cancer awareness and prevention programs. 

Methods: We conducted a narrative state-of-the-art literature review, summarizing the evidence on 

the integration of cancer prevention extended to non-occupational risk factors at the workplace. 

Results: Cancer prevention programs include screenings (colonoscopy, mammography, Pap-test), 

vaccinations (anti-HPV, anti-HBV), and interventions focused on lifestyle changes. Such strategies 

may face several barriers, related to individual or environmental factors. The workplace is potentially 

an ideal setting for implementing extended cancer prevention strategies because (i) occupational 

health surveillance (OHS) is mandatory for all workers in many countries, (ii) OHS targets adult 

population including subgroups which are difficult to reach in community-based initiatives; (iii) OHS 

is structured and includes health records and medical exams for worker’s risk assessment; (iv) OHS 

offers a key opportunity for raising cancer awareness and prevention through interactions between 

occupational health professionals and workers. Such an innovative approach would, however, 

requires organized effort to build network of professionals and management of the high-cancer-risk 

workers.  Financial support and proactive participation of physicians, employers, and workers would 

be needed for the successful implementation of this approach.  

Conclusions: Occupational-based cancer prevention programs represent a novel and promising 

approach; the feasibility and cost-effectiveness of such programs require a large-scale investigation.  
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Introduction 

 

The growing focus on prevention in the medical field has contributed to reducing morbidity and 

mortality from major diseases, including cancer [1]. An essential component of effective cancer 

prevention programs is the identification of modifiable risk factors [2]. While cancer etiology has 

traditionally been attributed to genetics and chance, most cancers are due to modifiable risk factors, 

including lifestyle, nutritional, infectious, occupational and environmental exposures [3,4,5], 

implying that many cancers are avoidable [4].  

Despite the implementation of some preventive strategies, the proportion of avoided cancer is still 

unsatisfactory due to several challenges [4,6-10]. These include disparities in cancer prevention 

programs availability, suboptimal adherence to cancer screening and prevention measures, resistance 

to lifestyle changes, low health literacy, barriers to healthcare access, costs of prevention initiatives, 

and the slow integration of scientific evidence into medical practice [9].  

Cancer prevention programs must address these challenges by offering accessible, cost-effective, 

noninvasive, and easy-to-use services, favoring population participation [10,11]. Tailoring programs 

based on risks enhances cost-effectiveness and allows more targeted efforts [12] in specific settings 

[13,14] and specific demographic groups [15-19]. 

The workplace is a promising setting for cancer prevention initiatives [20-23], which could be part 

of structured occupational health surveillance (OHS) [24]. OHS often focuses narrowly on 

occupational hazards [24]. Prevention or minimization of exposure to carcinogens at the workplace 

is a major required measure, as for current European legislation [25,26]. Besides this, many 

employers voluntarily expand their occupational health services to include broader preventive 

measures. The "Total Worker Health" (TWH) approach, developed by the National Institute for 

Occupational Safety and Health (NIOSH) [27], emphasizes protecting workers not only from 

occupational risks, but also from non-occupational risk factors of chronic diseases that impact their 

overall well-being. The integration of wide cancer prevention strategies at the occupational level 

aligns with the TWH approach. It implies (i) interventions targeting also non-occupational cancers, 

and therefore (ii) extended to all workers. Studies suggest that workplace-based interventions increase 

cancer screening engagement and empower workers to adopt healthier lifestyles, benefiting both 

individuals and their families [28]. However, additional research is needed to evaluate the feasibility 

and cost-effectiveness of workplace-based cancer prevention programs. 

 

In this narrative state-of-the-art review, we explore the integration of wide cancer prevention 

strategies into workplace settings as a novel approach.  
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Methods 

 

We aimed at providing an overview on the possible implementation of an innovative cancer 

prevention approach integrated into OHS. We searched for relevant evidence regarding cancer 

prevention strategies supporting the framework of workplace-based expanded interventions, through 

a narrative state-of-the-art literature review [29]. In particular, we addressed the following points: the 

role of occupational physician on population health; prevention of avoidable cancers; social 

determinants of health and disparities in cancer prevention; characteristics of workplace setting which 

can turn into barriers or facilitators; implementation of integrated occupational-based cancer 

prevention strategies extended to non-occupational risk factors.  

 

 

The role of the occupational physician on population health 

 

European healthcare landscape is currently facing doctors shortage, which became evident with 

COVID-19 pandemic [30]. A sizeable proportion of the European Union (EU) population does not 

regularly engage with their general practitioner (GP), whilst many countries require employers to 

ensure that workers are regularly seen by an occupational physician [31]. This implies limited 

opportunities for offering cancer screening and vaccination. For example, Eurostat data show that, in 

2017, 24% of the EU population did not see their GP at all [32]. Recent decreases in GP consultation 

rates have been reported in England [33]. 

GP consultation rates vary between EU countries, with those characterized by the lowest primary care 

engagement and highest OHS frequency being best suited for extended cancer prevention. In 2019, 

the percentage of the population that did not see their GP for more than 12 months ranged from around 

15% in France and Belgium to 49% in Romania [34]. On the other hand, in some countries, OHS is 

widely accessed by employees, including for non-work-related health issues [35]. Factors such as no 

cost for employees, the lack of need for referral from other physicians, and service availability likely 

contribute to the high participation of workers in OHS [35].  

These features present a valuable opportunity to expand the scope of occupational medicine to include 

larger preventive healthcare measures, according to a TWH model. In specific, the occupational 

physician could play a significant role in primary prevention of both occupational- and non-

occupational cancers, complementing GP activity and contributing to public health.  
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Avoidable cancers prevention                                                                                                           

 

Cancer prevention encompasses three key levels: primary, secondary, and tertiary, all designed to 

reduce cancer-related mortality by implementing timely and effective strategies.                             Table 

1 [36-40] summarizes possible cancer-specific prevention strategies, which include lifestyle and 

behavioral interventions, health education, nutritional education and counselling, vaccinations, as 

well as medical examinations and/or imaging within cancer screening programs.                             The 

occupational physician might influence workers’ choices of healthy behaviors, including quitting 

smoking, reducing alcohol consumption and engaging in regular physical activity. Also, the 

identification of high-risk workers (eg., sex, age, body mass index, lifestyle habits, family history of 

cancer) allows the occupational physician to refer individuals to specialists for consultancy, or 

suggesting instrumental exams such as endoscopy [27]. Furthermore, the occupational physician can 

substantially contribute to the increase in cancer screening and vaccination uptake, by raising 

awareness and spreading health literacy among working population.  

Globally, three major cancer screening programs are widely implemented [1]: mammography (breast 

cancer prevention), colonoscopy (colorectal cancer prevention) and Pap-test (cervical cancer 

prevention). These screening initiatives form the cornerstone of secondary prevention, enabling early 

detection and, thereby, timely and effective treatment. 

Vaccines targeting carcinogenic infections have emerged as transformative tools in primary cancer 

prevention. For example, the introduction of the vaccine against hepatitis B virus (HBV) in 1982 led 

to a 98% reduction in infections among US healthcare workers between 1983 and 2010 [41].                      

In Taiwan, the risk of hepatocellular carcinoma significantly decreased among individuals born after 

the 1984 introduction of the anti-HBV vaccine [42]. Similarly, the vaccine against human 

papillomavirus (HPV) has dramatically reduced cervical cancer incidence [43].  

Scaling global anti-HPV vaccine coverage to 80–100% could prevent 6.7–7.7 million cervical cancer 

cases over the next 50 years [43]. Despite promising well-documented outcomes, vaccination rates 

remain suboptimal in some countries and among disadvantaged groups. Japan's hesitancy toward the 

anti-HPV vaccine [44], fueled by negative media coverage and cultural taboos, led to a dramatic drop 

in coverage to less than 1% in 2018 [44,45]. Proactive anti-HPV vaccine recommendations were 

reinstated in 2022, and initial vaccination rates among adolescent girls rose to 31% by 2023 [44]. 

This case underscores the critical role of public perception, communication strategies, and policy 

frameworks in shaping vaccine uptake and public health outcomes [44,45]. 



 

 165 

In addition, the proven causal relationship of HPV infection with cancers at other locations than the 

cervix, including oropharyngeal and anogenital locations, highlights the exceptional primary 

preventive importance of anti-HPV vaccination in both men and women [46].  

To overcome persistent challenges with less-than optimal coverage, tailored vaccination strategies 

targeting high-risk populations and marginalized groups are essential. 

 

 
Social determinants of health and cancer prevention disparities 

 

Recent data show increasing absolute numbers of new cases and deaths [48], mainly due to population 

aging, despite the ongoing downtrend of cancer incidence in most countries worldwide.    

Socioeconomic disparities in cancer prevention persist despite the progressive expansion of public 

health policies and services aimed at equity [9].  

Social determinants of health include individual demographic and economic factors (e.g., sex, age, 

employment) [49,50] sociocultural context (family, support networks, education, local culture, 

religion) [49,51], and governmental policies (health insurance, access to screening) [49-53].              

These determinants significantly impact adherence to implemented cancer prevention services 

(Figure 1 [49-58]). For instance, participation in cervical cancer screening and HPV vaccination is 

notably lower in low- and middle-income countries. This is, in part, due to taboos and religious 

constraints [51,58-60], but also to economic factors such as vaccine pricing and costs for journeys to 

vaccination centers [48]. At the same time, vulnerable populations, including certain groups of 

immigrants and other individuals of low socioeconomic status, are disproportionately affected by 

cancer due to increased exposure to risk factors such as smoking, alcohol use, and poor diet [53].  

Addressing cancer disparities requires culturally sensitive, evidence-based interventions [61,62] 

delivered through diverse channels [61-67], including libraries [63, 64], churches [65], public events, 

and informal community networks [66,67].  Such “informal” channels outside the hospital borders 

have the potential to improve health education and provide access to health services to a wide 

heterogeneous public comprised of individuals with varying ages and social backgrounds, raising 

awareness of cancer prevention and increasing participation in cancer screening programs [62]. 

In this framework, the occupational setting offers unique opportunities for cancer prevention [28,68]. 

The integration of extended cancer prevention into OHS could have a ripple effect on workers’ 

households too, spreading health education and increasing the overall participation of the general 

population to cancer prevention initiatives [68, 69]. Moreover, occupational factors and employment 
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status [53,54] are among the main social determinants of health and related disparities, requiring an 

aware and proactive attitude of the employers and the healthcare providers in leveraging health 

inequities, recognizing health as a value for business and profitability [70]. 

Extended cancer prevention also has the potential to address some of the imbalances in primary care 

utilisation between men and women, as well as different age cohorts. Data from Eurostat (2019) [33] 

indicate that GP consultation rates at the EU level are generally higher among women than men. In 

2019, the proportion of men that declared that they had not seen their GP in the preceding 12 months 

ranged from around 19% in Belgium to 55% in Romania, whilst the corresponding proportion of 

women ranged from 11% in France to 44% in Romania. This is further confirmed by Song et al [71], 

who examined 2019 data on GP consultations in the UK and concluded that, whilst overall 23% of 

the population did not consult their GP at all in the last 12 months, the frequency of GP consultations 

was higher among women and those aged ≥75. Baker provides consistent data for UK people in 

working age (<65 years old) in 2022 [72]. However, when it comes to consultations at OHS, both 

men and women appear to visit with similar frequency. Therefore, a proportion of the general 

population might visit more often the occupational physician than their GP.  

Targeting workers with extended cancer prevention programs would allow to reach heterogeneous 

populations, including vulnerable subgroups who often remain uncovered by health services and 

reluctant subjects. This would make workplaces a cornerstone for broader health care initiatives [73].  

 

 

The workplace as a setting for cancer prevention programs 

 

Occupational medicine practice is highly heterogeneous by country, ad implemented to different 

extent. Workers exposed to occupational carcinogens are subjected in many countries to OHS 

scheduled with specific timing and including targeted exams [24].  

Employers can also offer their employees additional health check-ups through the occupational health 

service [73], as well as interventions aimed at health promotion. However, interventions aimed at 

reducing cancer risk among workers, other than risk from exposure to known occupational 

carcinogens, are not required of employers in any country. 

 

The cognition of general health and wellbeing as a critical aspect to protect and promote among 

workers has become increasingly spread [73]. This approach attributes to the occupational physician 

a central role in protecting the workers not only from occupational-related risks and injuries but also 

from developing chronic diseases, which can compromise their work ability [27]. Further, such view 
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strengthens the role of occupational health personnel as health educators and active promoters of 

healthy lifestyle [27]. Literature offers large evidence on occupational interventions which positively 

impacted healthy choices, based on the TWH approach [27, 69, 74,75]. This positions TWH as a 

potentially impactful approach for public health.  

With regard to cancer prevention, some examples of occupational-based interventions have been 

proposed, including breast, gastric, colorectal and cervical cancer screening [28, 68, 69, 76]. A recent 

systematic review has summarized the overall effectiveness of workplace-based interventions, which 

were found to enhance the overall knowledge and uptake of cancer screening tests [28]. Some studies 

have also addressed the primary prevention of cancer among workers, mostly addressing skin cancer 

through the use of sun protection equipment [77]. Notably, interventions which provide information 

(e.g., campaigns for sensitization, educational programs on cancer prevention) and instruments (e.g., 

vaccinations, screening tests) to the workers carry a durable benefit: they empower workers with a 

deeper understanding of cancer risk factors and their possible preventive measures, generating a 

healthier population at lower risk of developing cancer [78]. Health promotion campaigns in the EU 

have played a positive role in raising health awareness among workers [79]. For instance, the Healthy 

Workplaces Campaigns have been running since 2000, providing important support and guidance to 

workers and employers to manage different areas of occupational health [79].  

While further evidence is needed for the implementation of standardized OHS-based cancer 

prevention programs, some protocols have been proposed [68,69]. For example, previous works have 

identified Helicobacter pylori screening for gastric cancer prevention as an intervention amenable to 

the TWH approach [68,69].  

 

Table 4 highlights the key characteristics of a screening program integrated with OHS. For each of 

them, the challenges, but also the opportunities that can be obtained as a result of this particular 

screening setting are listed. A key aspect of occupational medicine is regularity and structure of OHS 

[24, 80], scheduled based on the occupational risk-profile of each worker. OHS is mandatory and free 

for all workers [24, 80], guaranteeing equity and reaching different strata of the general population, 

including minorities and less affluent subgroups. Also, OHS includes follow-up visits and 

longitudinal monitoring of the worker [24, 80], which are both important in cancer prevention 

programs. Questionnaires for risk stratification and medical tests (e.g., blood and urine sample, 

hearing check) are often included in OHS [24, 80]. Cancer risk-stratification of the worker could 

easily be performed through specifically designed questionnaires, while tailored tests could be 

administered based on risk profiles acquired during regular OHS visits. The collection of information 

aimed at creating a “cloud” of personal health data is in line with a more personalized model of 



 

 168 

medicine. However, this raises concern regarding confidentiality [81]:  the workers might be hesitant 

to share some personal information out of the fear that they could be reported to the employer [82]. 

A multidisciplinary team (including healthcare providers, general practitioners, nutritionists, 

physiotherapists, psychologists, and other experts) would be needed for successful workplace-based 

cancer prevention programs, where the professionals cooperate in different phases (pre-test, 

management of the test results, follow-up) [83]. The positive impact of interaction between different 

professionals has been documented especially in the return-to-work of disabled or chronically ill 

subjects [84-86]. A systematic review on workplace interventions led by healthcare professionals on 

cardiovascular risk described higher success of interventions which were multicomponent, tailored 

on high-risk populations, offering motivational support and face-to-face counseling, and 

characterized by longitudinal follow-up [86]. The expansion of literature regarding occupational 

interventions towards cancer risk could clarify the role of these characteristics in the success of 

workplace-based cancer prevention programs.  An occupational-based cancer prevention program 

would imply a high level of commitment, both from the employer and the medical side [83]. In the 

meantime, occupational health providers and the employers can jointly increase participation rates in 

cancer prevention programs by motivating the workers to engage in health practices [70, 87].   

Residual disparities may also occur: unemployed individuals would not benefit from these 

interventions; if the implementation of such programs is restricted to individual companies, some 

workers might remain excluded by these benefits. To avoid this problem, policy makers could 

purpose to introduce cancer prevention as a mandatory component of OHS.   

 

 

Integrating cancer prevention in occupational health surveillance 

To date, evidence on the systematic integration of cancer prevention programs within the workplace 

is few and far between. As a consequence, discussing its possible implementation is mainly 

theoretical and based on few empirical examples. Evidence highlighted the importance of resource 

availability (in terms of funds, personnel, and integration with public services) and multidisciplinary, 

experts’ support in allowing employers to run health promotion programs in their enterprises [28, 87].  

 

A personalized and holistic approach targeting workers has been designed by the Onconauti 

Association, established within several centers in Italy [88]. It promotes education of all the workers 

around health and cancer prevention strategies, and clinical management of high-risk workers through 

several health professional interventions including nutritional and psychological counseling, 

physiotherapy, and body-mind practices sessions [89-91].  
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Workplace-based campaigns aiming to raise health awareness are carried out at large. Days dedicated 

to work safety courses and training are already part of common workplace calendars in several 

countries [92, 93], offering a model for cancer education interventions. However, these do not include 

extended cancer prevention education [92,93]. The organization of educational courses regarding 

overall cancer risks and prevention represents a promising avenue for raising awareness among 

workers [92-95]. 

 

The full and effective integration of extended cancer prevention into occupational medicine practice 

would require particular attention to addressing the needs of the workers at high oncological risk. In 

fact, a proper and adequate integrated system would cover risk profiling and clinical management of 

high-risk worker. To this end, access to specialized care and second-level diagnostics is a key 

element. Connectivity plays a crucial role [88,95]: ideally, private occupational medicine should be 

linked to a network of different professionals, including the general practitioners of the workers, 

through established channels. In a private healthcare system, this would require the engagement of 

stakeholders, with a primary role for private occupational health services in establishing agreements 

with specialized local organizations and health centers. In other words, occupational physicians 

should be enabled to provide the workers with clinical pathways tailored to specific risk profiles 

assessed through the OHS [88,96].  

The close collaboration between local organizations and political offices, government agencies, social 

services, and advocacy and supporting groups in providing financial support and shaping cancer 

prevention policies is of utmost importance. 

Although extended cancer prevention can entail costs for employers, it also has the potential to bring 

benefits. Overall, a healthy workforce offers advantages to employers, including increased worker 

productivity, as well as reduced absenteeism, insurance contribution, and sick-leave payments [97]. 

Indirectly, employers at large can also benefit from a reduced demand to fund the national healthcare 

system via taxes due to a reduced cancer burden. Extended healthcare provision at the workplace can 

result in improved corporate reputation. Wider research on Corporate Social Responsibility (CSR) [ 

shows that, more generally, corporate reputation is one of the drivers of company performance and 

value [98, 99] and can have a positive impact on staff retention and satisfaction [100]. 

 

The main benefit for employers arises from reduced incidence of cancer among workers. Recent 

impact assessments within the field of occupational health and safety field [97] have employed the 

median cost to employers associated with a single case of a high-severity accident or disease, as 
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estimated in [101], as a proxy for the costs to an employer of a worker undergoing cancer treatment. 

When adjusted to 2024 prices using the Harmonised Index of Consumer Prices [102], this cost is 

estimated to be around €15,700 per worker diagnosed with cancer. 

 

Worker absence can have significant implications for employers, as a temporary or permanent 

replacement for the affected worker has to be found and paid. In addition, a replacement may need to 

be found. These costs are often modelled using the concept of a ‘friction period’ that focuses on the 

disruption during the time period required for adjustment [103, 104]. This period can be significant; 

for instance, a recent survey of workers diagnosed with cancer reports an average absence of 15 

weeks, equating to 75 working days for a full-time employee [105.  

 

Despite the fact that some cost savings may occur after an employee has left the company or retired, 

employers are still expected to benefit financially from a reduction in cancer incidence among their 

workforce in the long-term. Research shows that the share of workers remaining with the same 

employer for 10 years or more is around 50% [106] .Whilst the majority of cancer cases (65%) are 

diagnosed in individuals aged 65 and older, estimates from the European Cancer Information System 

(ECIS, 2025) [107] based on data from cancer registries and administrative sources indicate that a 

substantial share of cancer incidence occurs in the working-age population (34% based on ECIS data 

for individuals aged 20–64). 

 

 
Conclusions 

In a landscape where population aging and scarce control of modifiable risk factors contribute to 

unfavorable cancer patterns, strategies aimed at raising awareness and increasing participation in 

cancer screening are urgent [9,65]. This is a critical public health issue, especially concerning less 

affluent strata of the population, which often experience a low participation in cancer screening 

despite a high cancer risk [65,102].  

The workplace is an ideal setting where to integrate extended cancer prevention strategies, targeting 

adults from different socioeconomic backgrounds [65,102]. Occupational-based cancer prevention 

could enable at the same time to raise the workers’ awareness of available preventive programs and 

offer direct access to cancer screening, according to a TWH approach [28]. In particular, such 

programs could be integrated into regular OHS and corporate welfare and leverage occupational 

medical records for the development of risk-assessment tools aimed at identifying high-risk 

individuals. In this innovative model, the occupational physician would not only be responsible for 

the aspects of workers’ health directly related to the occupational risks, but would also educate, to 
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specific health practices, identify high-risk workers and monitor their cancer risk profile 

longitudinally, contributing to public health [74,75]. The design of extended cancer prevention 

programs to be integrated at the occupational level should account for the characteristics of the work 

environment and the working population, possible barriers such as costs and employers’ resistance, 

and facilitators such as involvement of public health authorities and workers’ unions [88]. Notably, 

this approach would benefit from multiple expertise and involvement of different institutions, where 

the tailored clinical management of high-risk workers is the turning point to optimize the results in 

terms of cancer prevention.   

To date, few studies focused on the implementation of cancer prevention interventions at the 

occupational level, showing promising results [28,65,70,71,75]. The cost-effectiveness and feasibility 

of such innovative models need to be further investigated in order to provide scientific evidence for 

their possible implementation on a large scale.   
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Table 1. Examples of cancer prevention strategies by cancer types [36-40].  

Cancer type Main modifiable 
risk factors 

Prevention strategy OHS contribution 

Primary Secondary Tertiary 

Lung 
cancer 

Smoking 
 Second-hand smoke 

Occupational 
exposures 

No smoking/stop smoking 
Avoid exposure  

to second-hand smoke 
Limit occupational 

exposures 
Use of PPE at the 

workplace 

Low-dose CT Rehabilitation 
programs 

 
Return to work 

programs 
 

Psychological 
support 

 
Nutritional 
counselling 

 
Promotion of 

physical activity 
and healthy 

lifestyle 
 

Smoking 
cessation 

 
Personalized 
support via 

telemedicine 
 

Sexual recovery 

Occupational exposure limits 
 

PPE provision and check 
 

Quitting smoking counseling contact  
 

Risk profiling  
 

Breast 
cancer 

Obesity 
Low physical activity 

Alcohol  
No breastfeeding 

Reproductive factors  

Promotion of healthy 
lifestyle and physical 

activity 
Health education at any age 
Promotion of breastfeeding  

Mammography 
Breast ultrasound 

Mammotome 
Regular self-

examination of the 
breast 

Nutritional counseling 
 

Family history investigation  
 

Investigation and recommendation of screening and 
self-examination 

 
Physical activity indications 

 
Alcohol use investigation and education  

 
Recommendation of lifestyle changes 

 
Weight monitoring 

 
Risk profiling 

Colorectal 
cancer 

Obesity 
Low physical activity 

Diet 
Alcohol 
Smoking 

Promotion of healthy 
lifestyle and physical 

activity 
Health education at any age 

Nutritional counseling 
Use of low-dose aspirin 

Microbiota analysis 

Colonoscopy 
Rectosigmoidoscopy 

FOBT 

Nutritional counseling 
 

Family history investigation  
 

Investigation and recommendation of screening  
 

Physical activity indications 
 

Recommendation of lifestyle changes 
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Weight monitoring 

 
Risk profiling 

Gastric 
cancer 

Helicobacter pylori 
Smoking 

Diet 
Alcohol 

Hp test and treat 
Nutritional counseling 

No smoking/stop smoking  

EGDS with biopsy 
sampling 

Gastric panel 
(pepsinogen, gastrin 

and Hp IgG)  

Hp test-and-treat recommendation 
 

Nutritional counseling 
 

 
Recommendation of lifestyle changes 

 
Weight monitoring 

 
Risk profiling 

Cervical 
cancer 

HPV 
Smoking 

HPV vaccination 
Sex and health education 

No smoking/stop smoking 
Regular PAP and HPV test  

PPA test 
HPV test 

 
Investigation and recommendation of screening  

 
HPV vaccination 

 
Recommendation of lifestyle changes 

 
Sexual health education  

 
Risk profiling 

Liver 
cancer 

HCV 
HBV 

Alcohol 
Obesity 

Low physical activity 

HBV vaccination 
HCV test 

Promotion of healthy 
lifestyle and physical 

activity 
Health education at any age 

Serology 
Nutritional counseling 
Support for alcohol use 

disorder 

Abdominal ultrasound 
CT 

Biomarkers (AFP) 

HBV vaccination 
 

 HBV, HCV screening 
 

Alcohol use investigation and education  
 

Nutritional counseling 
 

Physical activity indications 
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OHS, Occupational Health Surveillance; CT, computed tomography; FOBT, fecal occult blood test; EGDS, esophagogastroduodenoscopy; AFP, alpha-
fetoprotein; PSA, prostate-specific antigen; TRUS, transrectal ultrasound 
 

Recommendation of lifestyle changes 
 

Weight monitoring 
 

Risk profiling 

Prostate 
cancer 

Obesity 
Low physical activity 

Promotion of healthy 
lifestyle and physical 

activity 
PSA screening 

Clinical prostate 
examination 

TRUS  

PSA monitoring 
 

 
Physical activity indications 

 
Weight monitoring 

Recommendation of lifestyle changes 
 



 

 
 

175 

Table 2. Characteristics of occupational setting in the perspective of extended cancer 
prevention program. 
 

Key characteristics Challenges Opportunities 

General adult population; heterogeneous 
categories of population (including less 

advantaged subgroups) 

Non-compliance, specific age limits, 
missing unemployed 

Equity, addressing socioeconomic 
barriers, age- and sex-specific 

interventions  

Structured setting of OHS   
Logistics and organization of 

testing, test results communication, 
visits duration 

Regular follow-up and longitudinal 
monitoring of the worker’s health and 

adherence to cancer prevention 

Available spaces for medical visits and 
tests 

Availability and quality of 
instruments and infrastructures (eg., 

laboratory,) 

Adequate environment for 
test/vaccination provision and storage 

Planned administration of questionnaires 
and tests (drug test, alcohol test, blood 
sample, visual test, hearing check…) 

Required sample collection and 
preservation, test elimination 

Adding cancer screening tests and 
cancer biomarkers to already planned 

tests 

Interaction of different professionals 
(occupational physician, occupational 
nurse, employer, occupational safety 

representatives) 

Multiple expertise required, need for 
enlightened figures, high 

responsibilities of the involved 
figures, increased workload of the 

occupational health providers 

Network made of multidisciplinary 
team  

Hierarchic structure 
Hesitancy and reluctance from 
employers and/or occupational 

physicians 

Welfare policies of the company, 
enhanced wellbeing and support of 
workers and stakeholders, financial 

support 

Medical records Privacy issues, unfit for work Personalized dataset, risk profiling, 4-P 
medicine, data cloud 

Prevention of injuries, occupation-related 
diseases and workers health 

vulnerabilities 

High effort requirement for 
extended occupational health 

approach  
Total worker health (one health) 

Focused on risk assessment and early 
diagnosis Lack of treatment 

Closer to clinics, vaccine 
administration, recommendation for 
further diagnostic tests, behavioral 
interventions (nutrition, physical 

activity, lifestyle care) 

Overall healthy people 
Management of high-risk subjects, 
missing subgroups of population 
unemployed for medical reasons 

Cancer risk assessment, complementary 
role of occupational physician to 

general practitioner, support to public 
health practice on the general 

population   
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Figure 1. Social determinants of health [49-58] (original figure).  
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INTRODUCTION
Chronic infections account for 13% of human cancer (1).
Helicobacter pylori (Hp), Hepatitis C Virus (HCV) and
Human Papilloma Virus (HPV) are responsible together for
75% of this burden (2). The occupational health surveillance
(OHS) would be a suitable framework for implementing
health promotion activities to prevent infection-related
cancers, given its structured program.

AIMS
(i) To conduct pilot protocols for occupational-based
prevention of cancers caused by Hp, HCV and HPV;

(ii) To estimate the cost-effectiveness of these interventions;

(iii)To develop plans for the large-scale implementation of
such interventions and engage stakeholders;

(iv)To identify barriers and facilitators of occupational-based
preventive interventions targeting Hp, HCV and HPV;

(v) To provide data on prevalence of infection and of
adherence to cancer prevention strategies in different
types of workers.

METHODS
CPW is held in N centers across four European countries with
a high prevalence of cancer-related infections: Italy, Spain,
Romania and Slovakia. Population involved include
healthcare, retail, finance, metal and manufacture workers.
Three interventions - Hp test; HCV test; HPV vaccination - will
be implemented during the OHS as a prospective pilot study
involving at least 1000 workers in each center. The
recruitment started in summer 2024 and will continue for 12-
18 months. Workers who tested positive for Hp and HCV and
their family members (FMs) will be addressed to the general
practitioner and the specialist for management of the infection
through confirmatory diagnostic tests and eventual treatment.
HPV vaccination will be offered to eligible workers (men and
women aged <45) and their FMs. A 6-month follow-up
questionnaire will be administered to Hp and HCV positives
and to participants who agreed to undergo HPV vaccination.

CONCLUSIONS

The workplace represents an innovative 
context for cancer prevention 
implementation and might offer an 
effective contribution to cancer control, 
reaching heterogeneous populations and 
rising awareness about cancer 
prevention. 

CONTACT INFORMATION
info@cancerpreventionatwork.eu
ganrick@uniovi.es

RESULTS
Figure 1: CPW Project’s Approach

The project is expected to identify cost-
effectiveness advantages from using OHS to
implement interventions that are broader in
scope than occupational disease prevention.
If such advantages are identified, the project
has a significant potential to influence future
research efforts and practical initiatives
within the OHS that prevent all (including
non-occupational) cancers.

Results will include participation rates and
determinants, adherence to the purposed
protocols, epidemiology of Hp and HCV
infections, attitude towards HPV vaccination,
and behavioral determinants of health of
different working populations in European
countries.

The project will also describe the
determinants of the cost-effectiveness of the
interventions, providing evidence for
decision makers.
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Key characteristics Challenges Opportunities
Structured setting of OHS Logistics and organization of testing, test 

results communication, visits duration
Regular follow-up and longitudinal monitoring of the 
worker’s health and adherence to cancer prevention

Available spaces for medical 
visits and tests Instruments and infrastructures Adequate environment for test/vaccination provision 

and storage
Planned administration of 
questionnaires and tests

Required sample collection and 
preservation, test elimination

Adding cancer screening tests and cancer biomarkers 
to already planned tests

Interaction of different 
professionals 

Multiple expertise required, high 
responsibilities of the involved figures, 

increased workload
Network made of multidisciplinary team 

Hierarchic structure Hesitancy and reluctance from employers 
and/or occupational physicians

Welfare policies, enhanced wellbeing and support of 
workers and stakeholders, financial support

Medical records Privacy issues, unfit for work Personalized dataset, risk profiling,                                
4-P medicine, data cloud

Focused on prevention 
within workplace

High effort requirement for extended 
occupational health approach Total worker health (one health)

Focused on risk assessment Lack of treatment Closer to clinics, behavioral interventions 

Overall healthy employed 
people

Management of high-risk subjects, missing 
unemployed for medical reasons, lack of 

compliance, age limits

Equity, age- and sex-specific interventions, cancer 
risk assessment, complementary role of occupational 

physician to general practitioner, support to public 
health

• Eurostat data: in 2017, 24% of the EU population did 
not see their general practitioner. 

• In countries where it is implemented, OHS is widely 
accessed by employees. Possible reasons: no cost for 
employees, lack of need for referral from other 
physicians, service availability. 

à opportunity to expand the scope of occupational 
medicine to include larger preventive healthcare 
measures, according to a Total Worker Health model. 
à The occupational physician could play a primary 
prevention of both occupational- and non-
occupational cancers, complementing GP activity 
and contributing to public health significant role in.

Innovative model integrating multiple cancer prevention
strategies (education, screening, vaccination, behavioral
interventions) into Occupational Health Surveillance
à rise cancer prevention awareness, total health
promotion, overcome socioeconomic and infrastructural
barriers, increase work effectiveness, decrease cancer
burden

Cancer Prevention at Work
Horizon Europe, Mission Cancer
Grant N 101104716

Expanding cancer prevention: strategies integrated into
occupational health surveillance
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Abstract  

 

Objectives: Helicobacter pylori (Hp) eradication contributes to gastric cancer prevention, yet many 

subjects are unaware of their infection status. We implemented a workplace-based Helicobacter 

pylori (Hp) screening for gastric cancer prevention.  

 

Design: This is a cross-sectional study conducted among a population of hospital workers (HW), 

enrolled during occupational health surveillance (OHS). Stool antigen test (SAT) was adopted for Hp 

diagnosis. Hp positive HW were referred to their general practitioner (GP) or a gastroenterologist and 

were followed-up at three months. Participation, prevalence of infection, participant’s experience and 

treatment rates were investigated through descriptive and multivariable analyses. 

 

Setting: The study was carried out between 2023 and 2025 at S.Orsola Univeristy Hospital in 

Bologna, Italy.  

 

Participants: The study targeted hospital workers (HW) aged 40-65 employed at S.Orsola University 

Hospital.  

 

Results: Of 593 eligible HW contacted at OHS, 399 were enrolled (67.3%); the largest proportion 

were women (72.9%) and nurses (37.1%). Additional 151 HW engaged as volunteers, giving 550 

total participants. Dropout rate was 20.9% (N=115), leaving 435 HW with SAT result.  Hp prevalence 

was 16.6%. None of the investigated factors predicted Hp infection (p>0.05). 62 Hp-positive HW 

(86.1%) were successfully followed-up: 93.5% contacted a physician, of those 85.5% received a 

treatment. Confirmatory test rate was suboptimal, while eradication rate was 97.3% (36/37 HW) when 

considering those with confirmatory test result.  Across followed-up HW, average quality of 

experience was 8.9/10; 13 had a family member tested following this intervention. 

 

Conclusions: The intervention integrated into OHS was well received and extended to family 

members of the participants, suggesting that a workplace-based Hp screening might contribute to 

gastric cancer prevention. Replications in other workplaces are warranted. 

 

Key words: Helicobacter pylori; screening; gastric cancer prevention; stool antigen test; workplace; 

occupational health surveillance; total worker health
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    What is already known on this topic – Subjects infected with Helicobacter pylori (Hp) are often 

asymptomatic, however they are at increased risk of gastric cancer (GC). The screen-and-treat 

approach would significantly reduce GC risk.  

    What this study adds – We implemented the first Hp screening program integrated into 

occupational health surveillance in Italy for primary prevention of GC, leading to ~70% participation 

rate and recruitment of volunteers. The majority of Hp-positive workers referred to the general 

practitioner or gastroenterologist, were treated and eradicated.  

    How this study might affect research, practice or policy – This study carries important 

implications for implementing workplace-based Hp screening strategies, according to a Total Worker 

Health approach.  Such intervention might contribute to GC prevention, with broader public health 

impact. Future studies should investigate the impact of workplace-based Hp screening on 

absenteeism, productivity and wellbeing. 
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Introduction  

 

Occupational medicine (OM) is dedicated to prevention, diagnosis and management of work-related 

diseases and injuries (1). Its aims include assessing occupational risks and promoting a safe and 

healthy work environment (1).  

According to the concept of Total Worker Health (TWH) (2), the potential of OM in contributing to 

public health extends beyond work-related diseases. Workplace-based cancer screening is part of a 

TWH approach. In fact, the workplace might represent an ideal setting for the implementation of 

cancer screenings given the structured, periodical character of occupational health surveillance 

(OHS), which is mandatory and free for all workers (3,4).  

 

Helicobacter pylori (Hp) infection is the leading cause of infection-related cancer worldwide (6). In 

Italy, Hp was estimated to have caused 2.4% of total cancer cases and 3.3% of cancer deaths in 2020 

(7). The non-invasiveness of Hp detection methods and the availability of antibiotic-based therapies 

make GC preventable through Hp test-and-treat strategies (8). Despite clear evidence supporting the 

effectiveness of these strategies for GC prevention, no standardized large-scale Hp screening has been 

implemented yet (9), also resulting in low awareness of Hp-related risks (10-13).  

Recent literature highlights the need for GC prevention in Europe (14). A targeted approach might 

represent a facilitator for the successful implementation of a Hp screening. In particular, workplace-

based Hp screening has been previously proposed (4,14).   

 

The HPOS-(Helicobacter pylori screening among hospital workers [HW]) study was established to 

assess the feasibility and acceptability of a workplace-based Hp screening as part of the occupational 

health surveillance (OHS). It is the pilot study of the Cancer Prevention at Work (CPW), a multicenter 

international project currently ongoing in Europe, which includes the implementation of Hp screening 

across different workplace settings (15). 

In this paper, we illustrate the design, results and impact of the HPOS study. 

 

Methods 
 

The HPOS study is a cross-sectional interventional study based in Bologna, Italy, targeting HW.           

The study was developed by a multidisciplinary team of occupational health providers and 

gastroenterologists from the University of Bologna and the IRCSS S.Orsola University Hospital.         

The study was approved by the local ethics committee and was conducted between March 2023 and 
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March 2025. The estimated target was 496 workers, based on an expected Hp prevalence of 25.0% 

and a 10.0% dropout rate.  

 

The OM Unit in Italy operates in compliance with regulations (16) mandating that all employees 

undergo baseline medical examination to assess their fitness for work.  In brief, the intervention 

consisted of Hp screening via stool antigen test (SAT) offered during routine OHS, supported by 

educational materials to raise awareness on Hp-related diseases, including GC. Hp-positive HW 

received a written report, including recommendation on Hp management, and were referred to their 

general practitioner (GP); they were followed-up at three months to investigate infection 

management, collect feedback, and to support family members interested in Hp screening.  

 

The primary aims of this study were (i) to test the feasibility of a workplace-based Hp screening 

integrated into OHS, (ii) to describe the prevalence of Hp infection, and (iii) to evaluate the impact 

of the intervention in a population of Italian HW at 3-month from diagnosis.  

 

Before the study commenced, informational sessions were organized for all OM providers to outline 

the study process. Additionally, training sessions were conducted for the research team to ensure 

protocol adherence throughout all phases. Enrolment progress was regularly reviewed, and issues 

were promptly addressed.  

 

Study population  

The target population consisted of HW employed at S. Orsola University Hospital, Bologna, Italy. 

Next to employment at that hospital, inclusion criteria were age 40-65 and provision of written 

consent form. Age range was established based on (i) birth-cohort effect of Hp prevalence, with 

increasing likelihood of infection with age (17); (ii) possible expanded effect on workers’ adult family 

members (18); (iii) rationale for eradication treatment. Exclusion criteria were 

pregnancy/breastfeeding, gastrectomy, active cancer and severe disease condition, and rectal 

bleeding/diarrhea. Workers who were short-time users of proton pump inhibitors (PPI) or antibiotics 

were temporarily excluded, and considered for enrollment after four weeks from the end of the 

therapy (8); similarly, those using antiacid were considered for enrollment after 10 days from 

stopping the treatment (8). Workers willing to participate despite chronic therapy with PPI were not 

recommended to interrupt their therapy, and were referred to their GP. The remaining subjects under 

chronic PPI treatment were considered ineligible. 
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Workers who had ever been tested or treated for Hp infection were not excluded, given that our aim 

was to describe the prevalence of infection within this population.  

 

Enrollment strategies 

Figure 1 illustrates the enrolment strategies adopted within the HPOS intervention scheme. The study 

was supported by communication materials: posters presenting the study were placed at the entrance 

of the OM Unit, at the reception desk and in strategic areas such as the canteen and the main Hospital 

pavilion. Two types of enrolment could be distinguished: (i) workers recruited at the moment of the 

regular OHS, wither in the waiting room or during the visit (active enrollment); (ii) workers who 

referred spontaneously to the research team following either information posted though poster and 

online, or recommendation from colleagues (volunteer enrollment). The latter group was excluded 

from the analysis of participation rate, but was included in other analyses.  

 

Documents provided to the HW are included in Appendices A-E. A trained researcher illustrated the 

study to potential participants, also providing informative materials (Appendices A and B) if the 

person was interested. Workers who agreed to participate signed an informed consent (Appendix C), 

were given a numerical code, and completed a questionnaire (details below). A stool sample kit was 

provided, together with specific information on its use, storage and return. In particular, HW were 

indicated to return to the OM Unit the stool sample within 48 hours of collection to guarantee that 

samples were analyzed within 24 hours of return.  

 

Questionnaires, communication of test result and three-month follow-up 

The baseline questionnaire (Appendix D) comprised 8 sections: sociodemographic; occupational; 

lifestyle; dietary; Hp infection knowledge and personal Hp history; gastric disease history; other 

clinical history; gastrointestinal symptoms. The follow-up questionnaire (Appendix E) investigated 

whether the HW had taken contact with a physician to manage Hp infection, treatment and further 

testing undergone, change in health status and feedback on the study experience. Participants filled 

out the paper questionnaire at the time of enrollment. They were given the option to fill the 

questionnaire at home and return it with the stool sample. Data of the compiled questionnaires were 

then de-identified and inserted in the dedicated database.  

 

SAT returned by the HW were stored in a fridge at the OM Unit before transfer to the laboratory, 

which was located close to the OM Department. In particular, stool specimens were stored at 4 °C 

for no longer than 48 hours. The detection of Hp antigen was carried out using the Curian® HpSA® 
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assay (Meridian Bioscience Europe, Milan, Italy), a rapid, qualitative fluorescent immunoassay 

specifically designed for human stool samples, with an analytical turnaround time of approximately 

20 minutes (19-21). At the beginning of each analytical session, one positive and one negative control 

were included to verify assay reliability. Test results were recorded in the dedicated database. 

 

To increase compliance for returning the SAT and questionnaire (if not completed at enrolment), each 

participant was solicited by phone call up to 3 times. HW who agreed to participate in the study but 

did not return either the questionnaire or the SAT were considered dropout.  

SAT results were communicated via e-mail, with the official report attached. In the event of a positive 

result, the report was preceded by a phone call during which the worker was informed of the diagnosis 

and advised to consult the GP for continuation of the therapeutic pathway. After three months, 

positive HW were recontacted by phone for the follow-up interview.  

 

Statistical analysis 

We distinguished three age groups, namely 40-45, 46-55, and 56-65. Job titles were coded as nurse, 

health assistant, physicians/researchers (including resident physicians and PhD students), technicians 

and other health professionals, and non-healthcare workers (including office workers, maintenance 

workers, cooks, and gardeners). 

Gastroenterology and endoscopy departments were considered at high-risk for Hp infection (22). HW 

were considered symptomatic when they referred to at least one of the following disturbances: nausea, 

epigastric discomfort/pain, regurgitation or heartburn.   

Descriptive analyses were performed by engagement status and by Hp status. Chi-square tests among 

categories were computed.  Multivariate logistic regression models accounting for sex, age and job 

title were run to investigate the determinants of enrollment, expressed as odds ratio (OR) and 95% 

confidence interval (CI).  We also analyzed prevalence and determinants of Hp infection through 

models adjusted by sex and age.  

Descriptive analyses were conducted to explore the impact of Hp diagnosis and our intervention after 

three months.  

Statistical analyses were conducted using Stata v16 (23).  
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Results 

 

Of 593 eligible HW contacted at OHS, 399 were enrolled (67.3%) and 194 refused to participate 

(32.7%). An additional 151 HW engaged as volunteers, leading to 550 total participants. Overall, 494 

HW filled the questionnaire and 435 were successfully tested for Hp through SAT, while 115 HW 

dropped from the study. Figure 2 illustrates the flow diagram of the recruitment process. 

Table 1 shows the characteristics of the study population. The majority of participants were women 

(291, 72.9%, p-het=0.02) and aged 46-55 (172, 43.1%, p-het=0.57), mean age 51 (50.2-51.7).  

 

A higher proportion of women accepted to be enrolled compared than men (70.3% vs 60.3%, p=0.02). 

While most enrolled HW were employed as nurse (N=148, 37.1%) or health assistant (N=84, 21.0%), 

we observed the highest enrollment rate among technicians and other healthcare professionals 

(75.0%), followed by health assistants (72.4%). Refusals were 194/593 (32.7%), constituted in the 

largest part of women (63.4%), HW aged 46-55 (39.2%), and employed as nurse (40.2%). The 

proportion of refusals was higher in men (39.7%) than in women (29.7%). The refusal rate followed 

the order physician/researcher > non-healthcare professionals > nurse > health assistant > technicians 

and other healthcare professionals.  

Among the 151 volunteers, 120 were women (79.5%). The largest proportion were aged 46-55 

(41.7%) and worked as nurse (48.3%) or health assistant (21.2%). When considering dropouts, men 

were slightly more likely to drop than women (20.1% vs 18.5%), as well as younger HW subgroup 

was compared to the others (27.5% of those 40-45 compared to 17.1% among 46-55 and 20.5% 

among 56-65 year-old). The largest proportion of HW who dropped the study was represented by 

physicians/researchers (40.5%), followed by health assistants (25.9%).   

Of the 115 dropouts, 10 were recorded among volunteers (8.7%) and 105 among actively recruited 

HW (91.3%).   

 

Results of the multivariate analysis of determinants of enrollment are reported in Supplementary 

table 1: men were significantly less likely to engage the study compared than women (OR=0.68, 95% 

CI=0.47-0.99). No additional pattern was observed by age and job title.  

The analysis on knowledge, history and determinants of Hp infection was conducted on 494 HW with 

available questionnaire data (Supplementary table 2). Among them, 32 (6.5%) reported to be 

unaware of Hp infection as health issue at the time of the study. When asked what is the level of 

knowledge of the Hp infection among the general population, the most frequent answer was “poorly 

known” (38.1%), and the second was “well known” (34.2%). Most HW reported to have learned 
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about Hp during the studies/at the workplace (72.5%), rather than within their family (8.3%), from 

the GP (6.7%) or from the media (7.0%). A total of 17.2% reported a first-degree family member 

who resulted Hp-positive, and 11.3% reported family history of GC.   

 

Table 2 presents the relationship between Hp infection and sociodemographic, lifestyle and 

occupational characteristics.  Of 435 screened individuals, 72 (16.6%) resulted Hp-positive, including 

49 HW enrolled during OHS and 23 volunteers. No statistically significant sex or age differences was 

observed, despite a slightly higher prevalence of infection was observed in women than in men, and 

in the oldest group. Prevalence of Hp did not differ between HW enrolled as volunteers and those 

enrolled at OHS. Health assistants showed the highest Hp prevalence (24.4%) and 

physician/researchers the lowest (10.6%), although these differences were not statistically significant. 

Hp prevalence was inversely associated with educational level (OR=0.41, 95% CI=0.18-0.93 for the 

highest educational level vs the lowest). A borderline higher risk of Hp infection was observed for 

separated/widowed compared to married/in couple workers. Lifestyle habits were not associated to 

Hp prevalence in the study population, nor were upper-GI symptoms.  

 

Table 3 summarizes the data collected at three-month follow-up. Of the 72 Hp-positive HW, 10 

(13.9%) did not answer the phone calls or dropped from the study, leaving 62 HW who were 

followed-up (86.1%). Of the 62 followed-up HW, four did not contact any doctor (6.5%) and 58 did 

(93.5%); in particular, the majority contacted their GP (67.2%) and the remaining contacted a 

gastroenterologist (32.8%). Of those who contacted a physician, 13 HW underwent upper endoscopy 

(22.4%), 11 being diagnosed with atrophic gastritis, one with erosive gastritis, and one found negative 

at further Hp testing but with gastric polyposis.    

A total of 53/62 (85.5%) Hp-positive HW were prescribed an eradication treatment, while five were 

not (8.6%) either because they resulted negative at a second Hp test (N=3) or were asymptomatic 

(N=2) and therefore not needed treatment according to the GP.  Among the 53 HW who were 

prescribed a treatment, 47.2% underwent the 10 days sequential therapy and 37.7% the 10 days 

concomitant/quadruple therapy; the remaining received either 14 days triple therapy, modified triple 

therapy or hybrid therapy. Furthermore, 26/53HW (49.1%) were prescribed probiotics next to 

eradication treatment. 

At the time of follow-up, 40/53 HW (75.7%) have repeated a confirmatory test after treatment. Of 

the 53 HW who underwent eradication treatment, 36 were successfully eradicated according to the 

confirmatory test (67.9%). In particular, 33 HW were eradicated with first-line treatment while three 

turned negative after second-line therapy. When restricting to the 37 HW who have received and 
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reported the result of a confirmatory test after treatment, eradication rate was 97.3%, with one 

individual having interrupted the treatment because of allergic reaction.  

Data on adverse effects of the treatment were available for 50/53 treated HW.  The most commonly 

reported conditions were nausea (45.3%) and altered feces color (34.0%), while 22.6% had diarrhea. 

Among the relevant conditions, one subject reported intense diarrhea and one allergic reaction leading 

to treatment interruption, and another manifested extrasystole and tachycardia during the treatment, 

yet none needed hospitalization. Most treated HW referred complete compliance with the therapy 

(87.8%). Half of HW judged the therapy moderately difficult, while 10.0% reported high difficulty. 

Factors related to the GP indicated a generally positive attitude towards the proposed screening, 

with a focus on recommending treatment adherence. However, a lack of sufficient information 

regarding potential adverse effects was reported.  

When asked about their screening experience, HW included in the follow-up rated it positively 

(mean score: 8.9/10) and considered it very useful (78.4%). The majority stated they would 

recommend Hp screening (40 out of 50; 80.0%). Finally, 28 HW expressed interest in involving 

their family members in the screening process; among them, 13 had one or more family members 

screened. 

 

Discussion 
 

We implemented the first real-world Hp screening program among HW in Italy, representing the first 

workplace-based initiative for GC prevention, achieving a nearly 70% participation rate. An 

additional group of HW was enrolled as volunteers, showing strong interest towards the program. 

Higher participation was observed among women and nurses, while men and physicians were less 

likely to be successfully engaged. Hp prevalence was 16.6%, lower than expected. The three-month 

follow-up evidenced that most positive HW referred to their GP, who were often favorable to the 

proposed screening. We recorded around 30% incomplete adherence to recommendations at follow-

up, often due to procrastination of Hp management after diagnosis. Nevertheless, eradication rate was 

97.3%. A subgroup of Hp-positive HW underwent upper endoscopy, with one HW diagnosed with 

erosive gastritis as the most severe finding. The Hp screening was well received, with about 80% of 

HW rating it highly useful and indicating they would recommend it.   

 

To our knowledge, this is one of the few workplace-based Hp screenings implemented globally. 

Zober et al. assessed Hp prevalence via serology among 6,143 chemical workers in Germany as a 

health promotion initiative within the OHS in 1995-1996 (24). In particular, 4,488 were recruited 

during OHS and 1,655 on a voluntary basis. However, participation rate is unclear, as the authors did 
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not specify the total number of invited workers (24). Madisch et al. conducted a Hp screening using 

urea breath test among German factory workers who referred to OM center for dyspepsia (25). Of 

526 workers who contacted the center, 110 were ineligible, 149 refused and 267 were enrolled, 

corresponding to 64.2% of participation rate (25).   

 

Our study corroborates the hypothesis that the workplace might be a suitable setting for the 

implementation of a Hp screening (4,14,15). Many HW valued the chance to rece an additional 

health test during OHS, and multiple HW interviewed at follow-up referred they would recommend 

Hp screening during OHS as part of the standard practice. This favorable attitude reflects alignment 

with the concept of TWH (2-4). Hp screening gains value from its unique nature of one-time, 

lifelong preventive measure for GC if eradication is achieved, since the infection is mainly 

acquired in early childhood and reinfection is unlikely (8,14).   

The success of this intervention can be attributed to different strengths. Informative materials (eg., 

poster, brochures, Hospital webpage) likely encouraged participation and word-of-mouth 

dissemination.  The hospital setting facilitated adherence in all phases (3,14), and ensured the 

infrastructures for implementation (3,14). Proximity between the OM Unit and the laboratory 

promoted timely SAT transfer. Similarly, the multidisciplinary expertise of occupational physicians 

and gastroenterologists fostered trust and engagement.  

 

The lower participation rate of men aligns with data showing less engagement in preventive programs 

compared to women (26,27,28).  In particular, female sex was associated to higher participation in a 

previous Hp screening among 40-64 aged individuals from Latvia (28). This supports findings that 

men underestimate health risks and show reluctance toward medical contact (29,30).  Lower 

participation among physicians and researchers likely reflects time constraints and busy schedules. 

Adherence to the HPOS protocol was challenged by time-sensitive SAT collection.  We adopted SAT 

rather than serological tests for its (i) higher sensitivity and specificity than serology (19,20), (ii) 

established cost-effectiveness for screening strategies (8). Moreover, ethical considerations related to 

post-COVID-19 pandemic prevented the use of the urea breath test (31).  

 

The observed Hp prevalence was lower than suggested in literature but consistent with the declining 

trend of Hp infection which has been widely described (32). Despite certain HW categories, such as 

endoscopy staff, might be at higher risk (22), no pattern was detected, likely due to the small subgroup 

size. An association with educational level was observed, as in previous studies (33,34). 
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A relatively high proportion of HW were unaware of Hp infection and related health risks.               

This confirms the persisting knowledge gap about this carcinogenic bacterium even among health 

professionals (9-12). The finding also reinforces the educational value of workplace health 

promotion, empowering workers and communities for Hp control and GC prevention (4,15).  

 

Follow-up was incomplete for several HW, partly due to missed contact and management delays. 

Overall, most of the followed-up positive HW referred to a physician, which was a fundamental step 

for Hp eradication. The GP referral was often unsatisfactory, showing procrastination from both 

patients and physicians.  The screening was extended to the adult family members of some of the 

infected HW, confirming the broader public health potential of workplace-based Hp screening. 

Treatment schemes largely reflected current guidelines (8). Probiotics were inconsistently prescribed, 

despite evidence of their beneficial effect (8, 35). Treatment was demanding, with some recurring 

symptoms (36), but only one case led to discontinued.  

Few HW reported a noticeable clinical improvement. A prolonged longitudinal observation (eg. 12-

24 months) would better capture changes in health status, and several years are needed to assess GC 

prevention impact (37). Hp screening may also reduce benign conditions such as gastritis, a common 

cause of sick leave and reduced productivity (38). Thus, workplace-based Hp screening could yield 

occupational benefits (38). This area remains largely unexplored (38), In fact, workplace-based Hp 

screening might convey occupational benefits, such as reduced absenteeism for sick leave due to Hp-

related disease and impaired work performance (38). This aspect is, to date, largely unexplored (38), 

requiring longitudinal studies.  

 

This study has some limitations.  The low Hp prevalence we observed resulted in low statistical 

power, limiting the identification of pattern of risk of Hp infection in the study population. Analyses 

were further impaired by the incomplete follow-up data.  While the 3-month time point offers a 

early post-treatment picture, a longer observation would reveal delayed health effects.  

 

In conclusion, the HPOS study demonstrated the feasibility of integrating a workplace-based Hp 

screening within routine OHS in an Italian hospital, achieving high participation and strong 

acceptance. Although Hp prevalence was relatively low, most infected individuals consulted a 

physician following the diagnosis and underwent eradication therapy consistent with current 

guidelines. Several family members of Hp-positive HW were also tested through local health 

system. This study carries important implications for implementing workplace-based Hp screening 

strategies.  Our approach could be reproduced in other occupational settings, as in ongoing CPW 
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project interventions (15). Expanding such screening across occupational groups could help 

understand determinants of participation and guide engagement strategies. Future studies should 

investigate the impact of workplace-based Hp screening on absenteeism, productivity and 

wellbeing.  
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Appendices 

A- Informative materials: background of the HPOS study.  

 

Helicobacter pylori screening among hospital workers – Prospective observational study 
conducted on a population of Hospital Workers 

Dear Sir/Madam, 

We illustrate you a new study entitled "Helicobacter pylori screening among hospital workers – 
Prospective observational study conducted on a population of Hospital Workers," promoted by 
University of Bologna.  

The main objective of this study is to determine the prevalence of Helicobacter pylori (Hp) infection 
in hospital workers (HW), identifying individuals at higher risk of diseases related to the bacterium. 

Additional objectives are to analyze the risk factors related to Hp infection in HW and to evaluate the 
feasibility of a screening protocol for Hp infection in a work environment, studying its impact on the 
prognosis and potential health benefits for the individual. 

Helicobacter pylori infection is widespread globally, with prevalence rates reaching up to 50% in 
developing countries, especially in areas with poor hygiene conditions and inadequate medical 
treatment. Hp is a significant risk factor for chronic gastritis and gastric ulcers. Additionally, the 
International Agency for Research on Cancer (IARC) has classified Hp as a Group 1 carcinogen due 
to its association with gastric cancer. 

Although most infected individuals remain asymptomatic, some may develop severe conditions such 
as gastric cancer. Given the potentially severe health outcomes and the possibility of effective 
antibiotic treatment, early detection and treatment of Hp infection are essential for prevention. 

Study Design and Methods 

The study will involve a sample of approximately 496 healthcare workers aged between 40 and 65 
years, employed at the S. Orsola Hospital and referred to the Occupational Medicine Department for 
routine occupational health surveillance. The study will span two years as an observational 
prospective study. 

The protocol involves testing for Hp infection through stool antigen test. Participants will receive a 
sample collection kit, and results will be communicated via email and/or phone. Participants who test 
positive will be informed of the therapeutic options available and referred to a medical specialist if 
needed. 

Participation and Consent 

Participation in the study is voluntary. Participants may withdraw their consent at any time without 
providing any justification, and this will not affect their future healthcare or employment. 

Participants will be informed of their results, and in the case of a positive diagnosis, the research team 
will provide guidance on the next steps and therapeutic interventions. 
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Key Benefits of the Study 

• Non-invasive testing: Diagnosis will be conducted using a non-invasive stool antigen test. 
• Targeted Population: The study will focus on hospital workers aged 40-65 during their 

routine occupational health visits. 
• Risk Reduction: Early detection and treatment can eliminate a risk factor for gastric cancer 

and ensure effective prevention. 

For further information or questions regarding the study, participants may contact the research team 
during the entire duration of the study. 

The participant’s general practitioner will evaluate the eradication therapy. In case of necessity, the 
research team may also refer the participant to the study’s medical specialists for further consultations 
or specialized gastroenterological evaluations regarding Hp infection. Additionally, participants who 
test positive will be encouraged to have family members screened, as they represent a high-risk 
population for Hp infection. 

Workers who test positive will be contacted again three months after the infection is identified to 
assess their general health status and gather information on the therapeutic pathway undertaken. 

Diagnosis of Hp infection allows to identify subjects at increased risk of gastric cancer, which 
develops over decades and results from the combination of several factors. Cancer, although rare, 
occurs in a minority of cases and is preceded by easily detectable precancerous lesions during an 
endoscopic examination. Invasive investigation might be requested based on the single case, such as 
warning symptoms (eg., unexplained weight loss or anemia); some laboratories recommend an 
esophagogastroduodenoscopy if the patient is over 45 years old. 

A negative Hp test excludes a significant risk factor for gastric cancer over the individual's lifetime. 
The eradication of the infection and its follow-up reduce the risk of developing gastric cancer by 
healing chronic mucosal inflammation and, in most cases, reversing precancerous lesions. 

The detection of Hp infection represents a starting point to improve the individual’s health and well-
being and allows the early identification of a major risk factor of stomach disease. The worker can 
make informed decisions regarding their health status through specialist consultations. 
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B- INFORMATION FOR STUDY PARTICIPANTS 

Helicobacter pylori screening among hospital workers – Prospective observational study 
conducted on a population of Hospital Workers  

For further information, please contact Dr. Giulia Collatuzzo (giulia.collatuzzo3@ unibo.it) or Dr. 
Giulia Fiorini (giulia.fiorini@aosp.bo.it) 

Dear Colleague, 

Your collaboration is very important; therefore, we kindly ask you to read this information sheet 
carefully. We and our collaborators are available for any clarifications.                                  Helicobacter 
pylori (Hp) is a bacterium associated with stomach diseases such as gastritis and ulcers. The infection 
is also linked to gastric cancer, of which it is the main risk factor.                     The study will assess 
the prevalence of Hp infection in a hospital environment and identify related factors. The hypothesis 
is that healthcare workers are, on one hand, at higher risk Hp infection, and on the other hand, have 
multiple protective factors such as hygienic habits and greater health awareness. 

• USE OF THE STOOL COLLECTION KIT 

Upon providing informed consent, you received a stool collection kit. This kit, similar to the fecal 
occult blood test kit, consisting of a cylindrical container with a screw cap equipped with a small 
scoop for stool collection. Use the kit as follows: after defecation, open the container by unscrewing 
the cap, taking care not to drop it and avoiding touching the scoop. Holding the cap, collect a stool 
sample using the scoop and place it into the container. Close the container by inserting the scoop with 
the collected stool sample and screw the cap back on. Wrap the securely closed container thoroughly 
with aluminum foil or plastic wrap. 

It is essential that the collected sample is kept in the fridge until delivery and that delivery occurs 
within 2 days from the collection to ensure the validity of the test result. If the collection occur a few 
hours before sample delivery (e.g., the morning), it is sufficient to keep the sample in the refrigerator 
for a few minutes or a couple of hours. 

• DELIVERY OF THE CONTAINER 

The container should be delivered on Monday, Tuesday, Wednesday, or Thursday (not on Friday) 
between 8:00 AM and 2:00 PM at PAVILION 9, FIRST FLOOR. Therefore, avoid collecting the 
sample on Thursday and Friday, as it cannot be delivered before the following Monday, which would 
be 3–4 days after collection. 

• TEST RESULT 

The test result will be provided in approximately 14 days, depending on the workload of the analysis 
laboratory. 

The test results will be the only communication of the outcome for healthcare workers who test 
negative for Hp. Workers who test positive for Hp will be contacted by the researchers by phone and 
will receive appropriate information regarding possible diagnostic-therapeutic pathways; a Hp 
positivity record will be sent following the phone call.  
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C- Consent form 

CONSENT FORM 

Protocol for screening for Helicobacter pylori screening among hospital workers – Prospective 
observational study conducted on a population of Hospital Workers  

I, the undersigned, 
born on ..................................................................................... in 
....................................................................................... 
residing at ........................................................................................., ....................................... 
telephone ...................................................................................., email 
.............................................................., 

hereby declare: 

• I have received thorough explanations regarding the request to participate in the study, 
particularly concerning its objectives and the procedures. 

• I was informed of the opportunity to ask questions and that I received satisfactory answers. 
• I have read and understood the information provided to me and I was given sufficient time to 

consider it. 
• I understand that participation is voluntary and I may withdraw from the study at any time, 

without needing to provide an explanation and without it affecting my future medical care. 
• I am aware that if I withdraw my consent, the data collected until the withdrawal will be 

retained and used in accordance with the research protocol. 
• I am also aware of the possibility that if the test result is positive, the medical doctor will 

contact me with a letter regarding the result. 

Consequently, based on these declarations: 

• I voluntarily agree to participate in the study. 
• I agree to be contacted in the future to provide follow-up information. 

 

Name & Surname: .............................................................................. 
Date ..................................................................................................... 
Signature: ...................................................................................... 

 

Name of the person collecting the consent: ............................................................ 
Date .................................................................................................... 
Signature: ...................................................................................... 
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D- BASELINE QUESTIONNAIRE 

GENERAL AND GASTROENTEROLOGICAL HEALTH STATUS 
ASSESSMENT QUESTIONNAIRE 
 
HPOS study: Prospective observational study conducted on a population of healthcare 
professionals. 
 
The following questionnaire is aimed at collecting sociodemographic, behavioral and clinical information. 
Please clearly indicate your answers, whether positive or negative, by entering a cross or another sign in the 
corresponding box. If you are uncertain about an answer, please leave it blank or indicate 'I don't know’.  
When you find written "specify", write down your answer in the space marked by ellipsis. 

 
 
 Identification number (assigned by the researcher; also to be reported on the second page) 
 
 ..................................................................  
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
  
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

NAME AND SURNAME ...... 
 

ID CODE 
 

Mobile phone number......... 
 

DATE OF COMPILATION......... 
 

TIME…… 
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N identifier ......... 
 

GENERAL AND EMPLOYMENT DATA 
 
A1 Date of birth ............ A2 Place of birth......  
A3 Height .............................. A4 Weight ...............  
  
A5 Current municipality of domicile .............. A6 from the year...... 
 
A7 Level of education:  
1. Elementary/Middle School (or Lower)   |____| 
2. Technical/professional high school                     |____| 
3. High School       |____| 
4. Graduation     |____| 
5. Doctorate/Master/ Postgraduate Qualifications    |____| 
 
A8 Employment qualification 
6. Doctor/MFS.    |____| 
7. Nurse |____| 
8. Technician |____| 
9. Administrative |____| 
10. OSS |____| 
11. Other (please specify) ............ 
 
A9 Department (please specify) ............ 
 
A10 Specific tasks... 
 
A11 Start of work in the University Hospital S.Orsola-Malpighi (year) .............................. 
       
A12 Previous occupations and their period (specify type of work and years during which it was carried out)  
 
.................................................................................................................................................................. 
 
........................................................................................................................................ 
 
A13 In your work, do you regularly perform or assist investigative/interventional and invasive procedures that may 
cause contact with the oral cavity or anogenital organs? (examples: intubation, patient hygiene, bladder catheterization, 
removal of bladder catheter, gynecological examination...) 
YES |____| 
NO |_____| 
 
A14 Do you ever work/have you worked for at least 1 month in a digestive or respiratory endoscopy department?  
  YES |____| 
  NO |_____| 
 
A15 You perform your activities mainly in: 
CLINICAL WARD |_____| 
OUTPATIENT CLINIC |_____| 
LABORATORY |_____| 
SERVICES (e.g. canteen, bar, transport) |_____| 
OFFICE |_____| 
 
A16 Marital status 
MARRIED OR COHABITING |____| 
SEPARATE |____| 
SINGLE |____| 
WIDOWER |____| 
 
A17 Do you have children?  
NO |___ 
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YES |_____| How many? ..................... What sex? ...................... 
 
A18 What are your habits with respect to cigarette smoking? 
NEVER SMOKED |__| 
 
EX SMOKER |__| Specify for how many years ........................ How many years ago did he stop................ 
 
SMOKER |__| Please specify how many years........................ How many cigarettes a day........................ 
 
A19 Do you do sports? 
NONE OR ALMOST NONE |__| 
LIGHT (e.g. walks) |__| 
MODERATE (e.g. sport 1-2 times a week) |__| 
INTENSE (e.g. sport 3 or more times a week) |__| 
 
 

KNOWLEDGE ABOUT HELICOBACTER PYLORI 
B1 Have you ever heard or read about helicobacter pylori? 
NO |____| � go to the next section (Diet) 
YES |____|   � Continue with this section. 
 
B2 If you know about Helicobacter pylori, in what context did you first learn about it? 
DURING STUDIES OR IN A WORK ENVIRONMENT |_____| 
FROM THE ATTENDING PHYSICIAN |____| 
FAMILY |_____| 
ON THE INTERNET |_____| 
ON TELEVISION |______| 
ON BOOKS/MAGAZINES/NEWSPAPERS |______| 
 
B3 In your opinion, how well known is Helicobacter pylori infection in the general population? 
RATHER UNKNOWN |____| 
VERY LITTLE KNOWN |____| 
FAIRLY KNOWN |____| 
WELL KNOWN |____| 
IT IS KNOWN TO MOST PEOPLE |____| 
 
B4 Have you ever tested for Helicobacter pylori infection? 
NO |____| 
YES |____| 
 
B5 Have you ever been treated for Helicobacter pylori infection?  
NO |____|YES |____| How many days did it last?  
                       7 DAYS |____| 
                     14 DAYS |____| 
                           OTHER (please specify)............... 
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DIET 

 Food Unit                               Number of units per week? 
                       (if not at all, enter 0) 
 
E1 1 cup  Milk  |__  |__| 
E2 1 portion  Yoghurt|__|  __| 
E3 1 portion   Pasta/rice|__|  __| 
E6 1 serving  Red meat|__|  __| 
E7 1 serving  Chicken  |__|  __| 
E7 1 serving   Fish (not canned)  |__ |__| 
E8 1 serving Canned fish/in oil  |__| __| 
E9 1 serving   Sausages  |__|  __|
   
E10 1 plate  Vegetable|__|  __|
  
E11 1 medium fruit, 2 small fruits Fruit  |__|  __| 
E12 1 serving Biscuits/sweets/dessert  |__ |__|    
E13 1 unit Coffee  |__| __| 
E14 1 glass Wine  |__ |__| 
E15 1 can (33 cl) Beer  |__| __|        
 
Does E16 Generally add salt to food? 
NO |__| 
YES |__| 
 
E17 Are there any foods you usually avoid? Specify......................................................… 
 
 
 

PHARMACOLOGICAL HISTORY 
Q1 Do you usually use probiotics (generally prescribed for seasonal cycles, e.g. Prolactis, Enterolactis, Reuterin, 
Lactoflorene, Prolife, VSL3...)? 
No |__| 
Yes |__| 
 
Q2 Do you use antithyroid drugs (e.g. Levothyroxine)? 
No |__| 
Yes |__| 
 
 Q3 Do you use iron supplements? 
No |__| 
Yes |__| 
 
Q4 Do you use corticosteroids or other immunosuppressants in chronic? 
No |__| 
Yes |__| 
 
D5 in the last year, how many times have you used antibiotics (eg. For respiratory or urinary infections)? 
Never |__| 
1-2 |__| 
3 or more |__| 
 
Q6 in the previous 5 years, how many times do you estimate you have used antibiotics in a year? 
Never |__| 
Less than 1 time per year |__| 
1-2 times a year |__| 
3 or more times a year |__| 
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GENERAL PATHOLOGICAL HISTORY 

P1 Do you suffer from thyroid disease? 
NO |__|YES |__| 
 
P2 Do you suffer from iron deficiency anemia? 
NO |__|YES |__| 
 
P3 Do you suffer from dermatitis? 
NO |__| 
YES |__| specify................................................. 
 
P4 Do you have allergies? 
NO |__| 
YES |__| specify.................................................... 
 
P5 Do you suffer from headache/migraine? 
NO |__|YES |__| 
 
P6 Do you suffer from inflammatory bowel disease (Chron's disease, ulcerative colitis)? 
NO |__|YES |__| 
 
P7 Have you been diagnosed with celiac disease? 
NO |__| 
YES |__| 
 
P8 Have you been diagnosed with diabetes? 
NO |__| 
YES |__| 
 
P9 Have you been diagnosed with hypertension? 
NO |__| 
YES |__| 
 
P10 Do you suffer from hematological diseases? 
NO |__| 
YES |__|   specify........................................................................................ 
 
P10 Do you suffer from other chronic diseases? Specify..........................................................  
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 PATHOLOGICAL HISTORY SPECIFIC TO THE GASTROINTESTINAL TRACT 
G1 Do you Suffer/have you ever suffered from gastro-oesophageal reflux? 
NO |__| 
YES |__| 
 
G2 Do you ever suffer/have you suffered from gastritis? 
NO |__| 
YES |__| 
 
G3 Have you ever been diagnosed with peptic ulcer? 
NO |__| 
YES |__| 
 
G4 Have you ever had a gastroscopy? 
NO |__| 
YES |__|     Have you underwent gastroscopy in the last 5 years?  
                NO |__| 
                YES |__| 
                                 What diagnostic outcome? Specify................................. 
 
G5 In the last 3 months, have you had abdominal pain? 
NO |__|YES |__| How often? 
            DAILY |__| 
            ABOUT 1 TIME PER WEEK |__| 
            ABOUT 1 TIME PER MONTH |__| 
              
             How intense was the abdominal pain? 
              MILD |__| 
              MODERATE |__| 
              INTENSE |__| 
 
             Marks in the image in which quadrants he had pain  
 

        
 
      
 
 
 
 

Which of the following characteristics does abdominal pain have? 
                      APPEARS AT MEALS |__| 
                       RELIEVES MEALS |__| 
                       RELIEVES WITH EVACUATION |__| 
                       NONE ABOVE |__| 
 
What foods favor the appearance of abdominal pain you feel?  
Specify................................................................. 
.............................................................................. 
................................................................ ..............              
.........................................................................................................
................................................... 
 



 

 211 

G6 How often you have had each of the following symptoms in the past 3 months  
1. Epigastric pain/discomfort:  

never |__| 

              <1 time per month |__| 

              1 time per month |__| 

              1 time per week |__| 

              1 time per week-1 time per day |__| 

              1 or more times a day |__| 

 

2. Retrosternal burning 
               never |__| 

              <1 time per month |__| 

              1 time per month |__| 

              1 time per week |__| 

                      1 time per week-1 time per day |__| 

             1 or more times a day |__| 

 

3. Regurgitation 
             never |__| 

              <1 time per month |__| 

              1 time per month |__| 

              1 time per week |__| 

                      1 time per week-1 time per day |__| 

            1 or more times a day |__| 

 

4. Nausea 
             never |__| 

           <1 time per month |__| 

              1 time per month |__| 

              1 time per week |__| 

              1 time per week-1 time per day |__| 

            1 or more times a day |__| 

        5. Which of these symptoms has been most disturbing in the last 2 months? 
None |__| 

Epigastric pain/discomfort |__| 

Retrosternal burning |__| 

Regurgitation |__| 
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Nausea |__| 

 

G7. Do you have at least one first-degree relative with a history of gastric cancer? 

NO |__| 

I DON'T KNOW |__| 

YES |__|Specify how many and the type of kinship...... 

 

G8. Do you have at least one first-degree relative who has been diagnosed with Helicobacter pylori infection? 

NO |__| 

I DON'T KNOW |__| 

YES |__| Specify how many and the type of kinship ....... 
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E- Follow-up questionnaire 
 
FOLLOW-UP QUESTIONNAIRE 

The following questionnaire includes follow-up questions regarding the fecal test for Helicobacter 
pylori (Hp) antigens, which you took as part of the HPOS study – a screening study on Helicobacter 
pylori among healthcare workers. 

The questions aim to investigate the diagnostic and therapeutic path you may have undertaken after 
the detection of Hp infection, as well as your opinions on this process and your participation in the 
study. 

 

Full name: 

 
Date of birth: 

 
Did you contact your general practitioner after receiving the Hp test result? 

• ☐ NO 
• ☐ YES 
• ☐ Researchers from the team contacted them for me 
• ☐ I consulted another doctor (e.g., gastroenterologist) 

 
Were you prescribed antibiotic therapy for Hp eradication? 

• ☐ NO 
• ☐ OTHER NON-ANTIBIOTIC MEDICATIONS (please specify): 

___________________________ 
• ☐ YES – Which one? 

o 14-day triple therapy 
o 10-day sequential therapy 
o 10-day concomitant/quadruple therapy with bismuth 
o  

 
Did you experience any discomfort or symptoms related to the therapy? 

• ☐ NO / VERY MILD 
• ☐ YES, MILD TO MODERATE 
• ☐ YES, MODERATE TO SEVERE 
• ☐ YES, SEVERE ENOUGH TO DISCONTINUE THE TREATMENT 

If yes, what kind of symptoms did you experience? 
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• ☐ Diarrhea 
• ☐ Discoloration of stool 
• ☐ Headache / dizziness 
• ☐ Altered taste 
• ☐ Nausea / loss of appetite / heaviness 
• ☐ Severe allergy / severe diarrhea / other complications 
• ☐ Other (please specify): ____________________________________________ 

When did the symptoms occur? 

• ☐ DURING THE THERAPY 
• ☐ DURING AND AFTER THE THERAPY (up to 7 days later) 
• ☐ ONLY AFTER THE THERAPY 

How long did the symptoms last? 

• ☐ 1–3 days 
• ☐ 4–7 days 
• ☐ 7–14 days 

 
Were you informed by your doctor about possible side effects? 

• ☐ NO 
• ☐ YES 

 
Did your doctor explain the importance of strictly following the prescribed therapy? 

• ☐ NO 
• ☐ YES 

 
Were you prescribed any other medications along with the therapy? 

• ☐ NO 
• ☐ YES, TO TAKE PROBIOTICS (please specify): ___________________________ 
• ☐ YES, OTHER (please specify): ______________________________________ 

 
Did you ever forget to take a pill (e.g., missed doses or skipped a day)? 

• ☐ NO 
• ☐ YES – How many? ___________________________ 
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Did you find the therapy burdensome? 

• ☐ NO 
• ☐ A LITTLE 
• ☐ QUITE 
• ☐ VERY MUCH 

 
Did you undergo a second test for Helicobacter pylori to confirm eradication? 

• ☐ NO – Did your doctor advise against repeating it (or did you refuse)? 
______________________ 

• ☐ YES – When? (date if possible): ___________________________ 
Which test? ___________________________________ 

 
Did you notice any changes in your gastrointestinal health after the therapy? 

• ☐ NO 
• ☐ YES, IMPROVEMENT 
• ☐ YES, BUT NOT AN IMPROVEMENT 

 
What was your general practitioner's attitude toward your process? 

• ☐ NOT VERY INTERESTED OR AVAILABLE 
• ☐ QUITE INTERESTED AND AVAILABLE 
• ☐ VERY INTERESTED AND AVAILABLE 

 
How useful do you think this path has been for you? 

• ☐ NOT MUCH 
• ☐ QUITE 
• ☐ VERY MUCH 

 
Overall, how would you rate the experience you had through this study, from 1 (poor) to 10 
(excellent)? 

 
 

Do you have any notes or suggestions about the proposed process? 
 
 

Would you recommend this pathway to your acquaintances? 
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Some of your first-degree relatives (adult children, siblings up to 65 years old, parents up to 65 years 
old – note: not your partner due to lack of transmission risk) can be included in this study and take 
the same diagnostic test (fecal test for Hp) through occupational health services. Would you be 
interested in offering this to any of them? 

Who? 
___________________________________________________________________________ 

 
 

Definition Composition Duration 
Standard triple therapy PPI + clarythromycin+amoxycillin 10-14 days 
Concomitant therapy PPI + metronidazole+clarythromycin+amoxycillin 7-10 days 
Sequential therapy PPI + amoxicyllin 5-7 days 

Followed by  
PPI+metronidazole+clarithromycin 5-7 days 

10-14 days 

Modified triple therapy PPI + levofloxacin+amoxycillin 10 days 
Quadruple therapy with 
bismuth 

PPI + metronidazole+tetracyclin+bismuth 10 days 

Ibrid therapy  PPI+amoxycillin 7 days  
Followed by  
PPI+amoxycillin+metronidazole+clarythromycin for 7 days 

14 days 
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Abstract  

 

Background: Helicobacter pylori (Hp) prevalence is highly dynamic. We investigated Hp 

epidemiology in a population of hospital workers (HW) participating to a workplace-based screening 

for gastric cancer prevention.  

 

Materials and methods: The study targeted HW aged 40-65 employed at S. Orsola University Hospital 

in Bologna, Italy. HW were recruited between 2023 and 2025 during occupational health surveillance. 

Current Hp infection was assessed through stool antigen test (SAT) while past Hp infection was self-

reported. Ever Hp infection was defined as SAT positivity or self-reported history of Hp treatment. 

We conducted analyses adjusted for sex and age to calculate the odds ratios (ORs) and 95% 

confidence intervals (CIs) of the determinants of current and ever Hp infection.  

 

Results: Of 419 HW with available information, current Hp infection was 17.2% and ever Hp 

infection was 29.4%. High educational level (OR=0.39, 95% CI=0.17-0.88), 2-3 portions of yoghurt 

per week (OR=2.17, 95% CI=1.02-4.62), regular use of probiotics (OR=0.17, 95% CI=0.04-0.71), 

hypertension (OR=1.99, 95% CI=1.02-3.89), reflux (OR=0.55, 95% CI=0.32-0.94) and gastroscopy 

in the last 5 years (OR=0.52, 95% CI=0.29-0.95) were associated with Hp positive SAT. Age 56-65 

(OR=1.81, 95% CI=1.01-3.26), working as health assistant (OR=1.84, 95% CI=1.06-3.21), high 

education (OR=0.47, 95% CI=0.25-0.87), predominant lab working (OR=0.43, 95% CI=0.19-0.94), 

invasive procedures (OR=1.58, 95% CI=1.02-2.45), gastritis (OR=1.99, 95% CI=1.29-3.09), peptic 

ulcer (OR=3.63, 95% CI=1.25-10.5), gastroscopy in the last 5 years (OR=2.07, 95% CI=1.33-3.23) 

were associated with ever Hp infection.  

 

Conclusions: In a population of Italian HW, current Hp prevalence by SAT is about half that of ever 

infection, suggesting that a large proportion of infections has been eradicated. This gap highlights a 

potential window for targeted screening strategies focused on identifying and managing active 

infections to support gastric cancer prevention. 

  

Key words: Helicobacter pylori; screening; epidemiology; stool antigen test; hospital workers; 
workplace health promotion 
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Introduction  
 

Helicobacter pylori (Hp) infection is one of the most widespread chronic infections worldwide (1). 

Hp is the main responsible of gastritis, peptic ulcer and gastric cancer, representing the leading cause 

of infectious-related cancer worldwide (1), with an estimated 810,000 cases of gastric cancer in 2018 

(2). The epidemiology of Hp infection is highly dynamic, and shaped by sociodemographic, 

environmental and healthcare factors, including birth cohort, education, hygienic levels, crowding, 

sanitation, use of antibiotics, and water source (3). Despite marked geographical heterogeneity, Hp 

prevalence has been declining globally over the recent decades (1,4). This decline, however, has been 

uneven across populations and age groups, making up-to-date information on Hp epidemiology 

essential to understand evolving trends of infection and of related gastric cancer (5).  

 

Large body of evidence on Hp epidemiology derives from hospital-based studies conducted among 

dyspeptic patients (4). While informative, these studies are limited in their generalizability to 

asymptomatic populations and to prevention-oriented settings. Moreover, available evidence largely 

derives from Asian countries and relies predominantly on serological testing, which does not 

distinguish between past exposure and active infection (4). This limitation is particularly relevant for 

cancer prevention strategies, as only active Hp infection represents a modifiable target for screening 

and eradication.  

 

Workers represent a large and generally healthy segment of the population, yet Hp epidemiology is 

poorly investigated in occupational settings (6). Previous studies reported higher Hp prevalence in 

certain working categories, including agricultural workers, fishermen, dentists and 

gastroenterologists, suggesting occupational exposure to the bacterium (6). Beyond exposure 

assessment, occupational health surveillance (OHS) offers a unique opportunity to implement 

population-based prevention strategies. 

 

According to Chen et al., the pooled prevalence of Hp among Italian adult population between 2010 

and2022 was 29.1% (4).  

In the framework of an intervention for gastric cancer prevention integrated into routine OHS, we 

implemented a screening program for Hp infection among hospital workers (HW) employed at S. 

Orsola University Hospitalin Bologna – the HPOS study (7).  

In this paper, we investigated the determinants of current (active) and ever Hp infection in Italian HW 

who participated to the HPOS study.  
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Materials and methods 
 

The HPOS study is a cross-sectional study conducted in Bologna, Italy, within HW from the IRCSS 

Azienda Ospedaliero-Universitaria di S.Orsola. The study received approval from the Ethical 

Committee, 988/2021/Oss/AOUBo, and was carried out between March 2023 and March 2025. 

Detailed information has been provided elsewhere (7).  

 

As part of the intervention, a screening for Hp infection was incorporated into the routine morning 

operations of the Occupational Medicine unit for hospital workers (HW). The screening process 

utilised the stool antigen test (SAT) method, which enabled non-invasive detection of current Hp 

infection status among participants. By embedding this screening within established OHS, the 

intervention aimed to facilitate efficient participation and minimise disruption to the daily workflow 

of HW. This approach ensured that Hp screening became a seamless component of regular OHS 

activities within the institution. 

 

Inclusion criteria were age 40-65, employees of either S. Orsola University Hospital or University of 

Bologna, and provision of written consent form. We excluded HW who declared chronic use of 

proton pump inhibitors (PPI), pregnant women and those severely ill (eg., organ failure, active 

cancer). Workers who were short-time users of PPI or antibiotics were temporarily excluded, and 

considered for enrollment after four weeks from the end of the therapy; similarly, those using antiacid 

were considered for enrollment after 10 days from stopping the treatment.  

HW who had recently used PPI or antibiotics for a short period were temporarily excluded from the 

initial screening. These individuals became eligible for enrolment in the study four weeks after 

completing their therapy. Similarly, workers who were using anti-acid medications were considered 

for participation after a washout period of 10 days following the cessation of their treatment. This 

approach was implemented to avoid potential interference of these medications with the accuracy of 

the Hp detection tests. 

HW who volunteered as participants were also included and distinguished from those actively 

enrolled in the study.  

 

A detailed written questionnaire including 8 sections (sociodemographic; occupational; lifestyle; 

dietary; Hp history and awareness; gastric disease history; other clinical history; gastrointestinal 

symptoms) was delivered to the HW, who could either compile it at the time of enrollment or bring 

it at home for simplicity and return it with the stool sample (Appendix A) (7).  
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The Curian® HpSA® test (Meridian Bioscience Europe, Milan, Italy) was used for Hp infection 

diagnosis. HW were given a stool container with an ID code and written instructions for sample 

collection, storage, and return. Samples were to be returned within 48 hours and kept refrigerated 

until then. Returned fecal samples were stored in a fridge at the OM Unit before transfer to the 

laboratory.  

 

Data analysis 
We considered three variables for Hp status: (i) current Hp infection, based on the SAT positive result 

collected in the screening process; (ii) ever Hp infection, combining self-reported history of Hp 

treatment with current Hp infection assessed with SAT. These variables were considered the 

outcomes of our analyses.  

We distinguished three age groups, namely 40-45, 46-55, and 45-65. Job titles were coded as follow: 

nurse, health assistant, physicians/researchers (including resident physicians and PhD students), 

technicians and other health professional and non-healthcare workers (including office workers, 

maintenance workers, cooks, and gardeners).  Based on the evidence of association between Hp 

infection and working in hospital Departments with high contact with patients (8), we defined as 

“high-risk Departments” the digestive and respiratory endoscopies. High-risk working practices 

included invasive procedures, referred to medical interventions implying manipulation of the oral 

cavity, oral and perineal hygiene, surgical and endoscopic procedures, aerosol-generating activities, 

catheter insertion, dialysis, and any other procedures potentially involving exposure to biological 

fluids of the patients. 

 

Descriptive analyses were performed by Hp status. Multivariate logistic regression models adjusted 

for sex and age were run to investigate the determinants of current and ever Hp infection. Sensitivity 

analyses additionally adjusted by educational level and job title separately were considered when 

investigating associations with work-related factors (main working activity, high-risk department, 

invasive procedures). Strengths of association were expressed as odds ratio (OR) and 95% confidence 

interval (CI). The distribution of ever Hp infection by Hospital Department was also described.  

All statistical analyses were conducted on Stata v16 (9).  
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Results 
 

Figure 1 illustrates the flow chart of the study population. Overall, 435 HW were successfully tested 

for Hp. The comparative analysis of current and ever Hp infection included 419 HW with available 

information. Hp prevalence was respectively 17.2% and 29.4% based on the definition. Table 1 

presents the characteristics of the study population according to sociodemographic, occupational and 

lifestyle factors, along with the results for the associations between these factors and the two 

definitions of Hp infection; data for clinical factors are shown in Table 2. 

 

When considering current Hp infection, no clear sociodemographic pattern emerged, except for an 

inverse relationship with higher educational level (master/phd vs elementary/middle school/technical 

high school).  

An inverse relationship was observed with reflux disease (OR=0.55, 0.32-0.94) and having had 

gastroscopy in the last 5 years (OR=0.52, 95% CI=0.29-0.95).  

A positive association was observed for the consumption of 2-3 portions of yoghurt per week 

(OR=2.17, 95% CI=1.02-4.62), despite no clear dose-response trend (p=0.1); no association was 

observed for other dietary factors. An inverse relationship was identified with use of probiotics 

(OR=0.17, 95% CI=0.04-0.71). Hypertension was positively associated with Hp infection (OR=1.99, 

95% CI=1.02-3.89). 

 

When focusing on ever Hp infection, HW aged 56-65 had slightly higher likelihood of infection than 

those aged 40-45 (OR=1.81, 95% CI=1.01-3.26). Compared with nurses, health assistants had a 

higher risk of ever Hp infection (OR=1.84, 95% CI=1.06-3.21).  An inverse relationship was observed 

for the highest educational level compared with the lowest (OR=0.47, 95% CI=0.25-0.87). Main 

working activity in laboratory settings was inversely associated with ever Hp infection (OR=0.43, 

95% CI=0.19-0.94). While working in high-risk departments was not associated, performing invasive 

procedures was associated with the risk of ever Hp infection (OR=1.58, 95% CI=1.02-2.45). The 

latter association was attenuated after adjusting for educational level (OR=1.54, 95% CI=0.99-2.39) 

and was no longer evident after accounting for job title (OR=1.34, 95% CI=0.82-2.18), suggesting 

confounding by occupational role. Sensitivity analyses for work-related factors are shown in 

Supplementary table 1.  

We did not observe associations with lifestyle and dietary factors.  

 

Clinical variables showed opposite directions of association for current versus ever Hp infection.  
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For current Hp infection, inverse associations were observed with reflux (OR=0.55, 95% CI=0.32-

0.94)), gastritis (OR=0.60, 95% CI=0.34-1.03), peptic ulcer ( OR=0.70, 95% CI=0.15-3.21 ), and 

gastroscopy in the previous 5 years (OR=0.52, 95% CI=0.29-0.95). Ever Hp infection was positively 

associated with gastritis (OR=1.99, 95% CI=1.29-3.09), peptic ulcer (OR=3.63, 95% CI=1.25-10.5) 

and gastroscopy in the previous 5 years (OR=2.07, 95% CI=1.33-3.23), while no association was 

observed with reflux (OR=1.09, 95% CI=0.71-1.67). Statistical heterogeneity between current and 

ever Hp infection was observed for reflux (p-het=0.05), gastritis (p-het<0.001) and gastroscopy in 

the previous 5 years (p-het<0.001). 

 

Departments with a higher prevalence of ever Hp infection included anesthesiology, digestive 

endoscopy, neurology and oncology, whereas the lowest prevalence was observed in research center, 

internal medicine, pharmacy, nephrology, ophthalmology, pediatrics, pneumology (non-

interventional) and transplant units (Supplementary table 2).  

 

Discussion 
 
This study offers an overview on the epidemiology of Hp infection in a population of Italian HW 

participating to a workplace-based screening, according to different definitions of infection status. 

Current Hp infection assessed through SAT was almost half that observed when considering ever Hp 

infection, defined as either a positive SAT result or a self-reported history of Hp treatment. The 

prevalence of current infection was lower than previously reported in Italian population (4). 

Differences in study population, age structure, diagnostic methods, and increasing access to 

eradication therapies over time may partially explain these discrepancies. 

 

We explored several associations, which can be broadly categorized according to their potential role 

in Hp epidemiology: factors possibly related to Hp acquisition (eg., occupation, educational level); 

factors potentially influencing persistence (eg., smoking, alcohol, diet); and factors likely 

representing consequences of Hp infection (eg., diseases and symptoms).  

Occupational and educational factors 

Occupation has emerged as a relevant but understudied determinant of Hp infection. Kheyre et al. 

found higher risk of Hp infection among workers in gastrointestinal units, agricultural, forestry, 

fishery, sewage workers, miners and institutional caregivers compared than in general population (6). 

Our data suggest that HW involved in invasive procedures—including those working in surgery 
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rooms or clinical wards—may have a higher risk of Hp infection compared to those employed in 

laboratory settings. This finding is consistent with a previous Italian study, which reported 4.3-time 

higher risk of Hp infection in nurses routinely exposed to patients and contaminated secretions 

compared than laboratory personnel after multiple adjustments (8). In fact, limited direct contact with 

patients and heightened adherence to biosafety protocols in laboratory environments might decrease 

the risk of Hp transmission through biological fluids (6,8).  

We found a suggestive association between infection and health assistants, whose working activities 

often imply close patient contact, including oral hygiene, wound care, and personal assistance.  

This pattern is consistent with findings from other Italian and European studies, which reported higher 

Hp prevalence among health assistants and nurses compared with physicians or administrative staff 

(11,12).  

Overall, the occupational risk pattern emerging from our analysis support the hypothesis that close 

contact with patients and contaminated instruments may play a role in Hp transmission within hospital 

settings, as previously suggested (13). 

As expected, educational level was associated with Hp infection, as well established in literature 

(3,14). This relationship is likely mediated by factors such as early-life early-life socioeconomic and 

environmental conditions, which are key determinants of Hp acquisition in early childhood (3). 

The patterns described by hospital department likely reflect differences in workforce composition, 

age distribution, and occupational roles rather than direct departmental exposure to Hp infection. 

Lifestyle factors 

We did not find an association between smoking nor alcohol consumption with Hp infection, 

regardless of infection definition. Previous studies have reported heterogeneous findings. A large 

cross-sectional study of nearly 9,000 Japanese workers found inverse, dose-dependent associations 

between Hp seropositivity and both smoking and alcohol consumption (15). In contrast, a pooled 

analysis of 14 international case-control studies within the StoP Project (Stomach Cancer Pooling 

Project), restricted to controls, showed no relationship between smoking and Hp seropositivity (16). 

Some studies have suggested a protective effect of moderate alcohol consumption, possibly due to its 

bactericidal effect in the stomach. A dose–response meta-analysis of 12 observational studies 

reported a reduced risk of Hp infection among drinkers compared with non-drinkers (OR=0.78, 95% 

CI 0.69–0.89) (17).  



 

 225 

A more recent meta-analysis of 24 studies (18) confirmed an inverse association. Conversely, a study 

restricted to Asian populations found a more than 3-folded risk of treatment failure in subjects with 

heavy alcohol consumption (> 40 g/day) (19).  

No significant association was found with dietary factors except from yoghurt intake, which was 

associated with current Hp infection. This finding was counterintuitive, given that fermented foods 

such as yoghurt are known to exert probiotic effects which might contribute to Hp infection control 

(20,21). However, this association was not confirmed when considering ever Hp infection, nor was 

it supported by another Italian study (10).  Residual confounding or reverse causation—where 

individuals with gastrointestinal symptoms preferentially consume yogurt—cannot be excluded.  

Overall, large-scale prospective studies are needed to clarify the role of dietary factors in Hp 

persistence. 

 

Clinical factors 

Hp infection has been associated with several extra-gastric diseases, including  

metabolic, cardiovascular, neurological, dermatological, and immunological disorders (1,22).           

We observed a positive association between hypertension and current Hp infection, but not with ever 

Hp infection. A meta-analysis of 6 studies identified a 34% increased risk of hypertension in Hp 

infected, hypothesizing eradication as beneficial for prevention of this condition (23).    Metabolic or 

systemic inflammatory pathways may underlie this association (24,25).  

Our findings also support the hygiene hypothesis, whereby Hp infection is inversely associated with 

allergic conditions such as asthma and eczema (26,27). Literature reports a lower risk of asthma in 

Hp positive individuals carrying CagA+ strains compared than Hp negatives (27). In addition, a meta-

analysis of 11 observational studies found inverse relationship between eosinophilic esophagitis and 

Hp infection, supporting a role of Hp in immunomodulation (28).  

However, conflicting evidence exists, with some studies reporting higher Hp prevalence among 

allergic individuals (29), underscoring the need for further investigation. 

We did not observe any association with dermatitis or headache/migraine, in contrast with some 

previous reports (22,30,31).  

Regular probiotic use was inversely associated with current Hp infection, whereas antibiotic use 

frequency did not influence infection status. While probiotics are effective in favoring Hp eradication 

(32), their beneficial effects outside eradication schemes seem scarce (33).   
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Abdominal pain was not associated with Hp infection in this study population, consistent with 

findings from other studies on HW (11). Studies which have reported higher infection rates in 

individuals with gastrointestinal symptoms may reflect a selection bias, as these patients are more 

likely to seek medical attention (1,4).  Several studies showed that a substantial proportion of Hp 

infected people remain asymptomatic or experience only mild, non-specific and occasional symptoms 

(4,34,35). This may reflect host-pathogen equilibrium or variations in immune response, as well as 

infection with less pathogenic Hp strains, which mitigate clinical manifestations despite persistent 

colonization (36). Conversely, individuals with a history of Hp infection who have undergone 

eradication treatment often represent a selected, symptomatic population (4,34,35). Post-eradication 

symptoms are not uncommon: alterations in gastric acid secretion normalize in 6-12 months after 

eradication (34,37). Functional dyspepsia or persistent gastric discomfort may remain or develop after 

successful Hp eradication, potentially related to residual mucosal damage or altered gastric 

physiology (37,38).  

This may partly explain the higher prevalence of symptoms observed among individuals which has 

ever been infected compared with those with current, asymptomatic colonization. 

Similarly, the opposite associations observed for gastroscopy history and current vs ever Hp infection 

are plausible, given that symptomatic individuals are more likely to have undergone diagnostic 

evaluation and subsequent eradication (39).  

 

Strengths and limitations 

This study has several strengths. First, we provided and compared epidemiological data on Hp 

infection according to different definitions of infection status. This approach allowed us to 

disentangle determinants of current (active) versus past infection, which is particularly relevant for 

prevention-oriented screening strategies. We collected detailed information on occupational, lifestyle 

and clinical factors, which were investigated in relation to Hp infection. The study population 

consisted of healthy HW recruited through a workplace-based screening, reflecting a real-world 

occupational setting. Active Hp infection was assessed in all participants using SAT, representing an 

important methodological difference compared with many previous studies based on Hp 

seroprevalence (4), which cannot distinguish active from past infection.  

 

Main limitations include self-reported information on past Hp treatment, which might be affected by 

recall bias, and the relatively low number of Hp infected, which limited the statistical power of some 
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analyses. Further, as eligibility criteria restricted enrollment to individuals aged 40-65, younger 

groups were not represented, limiting the generalizability of our findings.   

 

 

CONCLUSIONS 

Assessing Hp infection status and investigating its determinants is relevant for daily clinical practice, 

including OHS, as it allows a more comprehensive individual and population-level risk assessment. 

The identification of active infection is particularly important for prevention, as only active infection 

represents a modifiable target for intervention. The observed gap between current and ever infection 

prevalence highlights a window of opportunity in which workplace-based screening may support 

targeted strategies to reduce the burden of H. pylori–related diseases. 

Additional studies are needed to elucidate which factors are associated with Hp infection in healthy 

individuals across different populations.  
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Table 1. Distribution of sociodemographic, occupational and lifestyle factors and results of the 
associations with current and ever Helicobacter pylori infection – The HPOS study.  
 

Characteristic* (N=419) Current Hp - screened with SAT 
 

Ever Hp – screened with SAT + 
self-reported treatment in the past 

 
Hp % (N)‡ OR (95% CI) Hp % (N)† OR (95% CI) 

Overall  17.2 (72)  29.4 (123)  
Sex 
Men 
Women  

 
11.0 (11) 

 
Ref 

 
23.3 (23) 

 
Ref 

19.1 (61) 0.54 (0.27–1.08) 31.3 (100) 0.69, 0.41–1.17 
Age 
40-45 

46-55 

56-65 

 
16.5 (17) 

 
Ref 

 
23.3 (24) 

 
Ref 

 
15.3 (29) 

 
0.90 (0.46–1.73) 

 
28.0 (53) 

 
1.27 0.73–2.21 

 
20.5 (26) 

 
1.24 (0.63–2.45) 

 
36.2 (46) 

 
1.81 1.01–3.26 

Job title 
-nurse  
-health assistant 
-physician/researcher 
-technicians and other health 
professionals 
-non-healthcare professionals 

 
17.1 (31) 
27.3 (21) 
10.6 (5) 
12.6 (11) 
 
14.8 (4) 

 
Ref 
1.79, 0.95-3.39 
0.62, 0.22-1.71 
0.69, 0.33-1.47 
 
0.83, 0.26-2.61 

 
30.4 (55) 
44.2 (34) 
21.3 (10) 
19.5 (17) 
 
25.9 (7) 

 
Ref 
1.84 (1.06–3.21) 
0.70 (0.32-1.53) 
0.57 (0.31–1.06) 
 
0.73 (0.29–1.86) 

Education 
Elementary/middle 
school/technical high school 
High school 
University degree 
Master/phd 

 
22.3 (35) 
 
19.0 (4) 
15.9 (22) 
9.2 (9) 

 
Ref 
 
0.89, 0.28-2.86 
0.71, 0.37-1.34 
0.39, 0.17-0.88 

 
36.3 (57) 
 
33.3 (7) 
28.3 (39) 
18.4 (18) 

 
Ref  
 
0.94, 0.35-2.50 
0.83, 0.49-1.41 
0.47, 0.25-0.87 

Marital status 
Married/couple 
Single 
Separated/widowed  

 
15.1 (43) 

 
Ref 

 
29.1 (83) 

 
Ref 

16.2 (12) 1.16 (0.57–2.34) 24.3 (18) 0.81, 0.45-1.47 
26.8 (15) 1.93 (0.96–3.87) 35.7 (20) 1.17, 0.63-2.17 

Siblings 
No 
Yes 

 
17.3 (22) 

 
Ref 

 
30.7 (39) 

 
Ref 

16.3 (47) 0.84 (0.48–1.48) 28.1 (81) 0.80 (0.50–1.27) 
Family history of Hp 
No 
I do not know 
Yes  

 
19.4 (44) 
13.3 (14) 
15.8 (12) 

 
Ref 
0.61 (0.31-1.17) 
0.73 (0.36-1.48) 

 
29.1 (66) 
30.5 (32) 
29.0 (22) 

 
Ref 
1.03 (0.62-1.72) 
0.96 (0.54-1.73) 

Smoking 
Never 
Former 
Current 

 
16.7 (17) 

 
Ref 

 
33.0 (73) 

 
Ref 

11.7 (11) 0.85 (0.46–1.60) 26.5 (27) 0.73 (0.43–1.23) 
19.0 (42) 0.61 (0.30–1.25) 22.3 (21)  0.61 (0.34-1.07) 

Main working activity 
-clinical department/surgery 
-clinical consultancy 
-laboratory 
-office/other 

 
20.5 (35) 

 
Ref 

 
32.2(55) 

 
Ref 

16.9 (21) 0.69 (0.38–1.28) 29.8 (37) 0.81 (0.48–1.34) 
9.6 (5) 0.38 (0.14–1.04) 17.3 (9) 0.43 (0.19–0.94) 
16.4 (9) 0.69 (0.30–1.58) 29.1 (16) 0.76 (0.38–1.51) 

High-risk Department 
No 
Yes 

 
16.9 (59) 

 
Ref 

 
27.8 (97) 

 
Ref 

15.6 (10) 0.90 (0.43–1.89) 35.9 (23) 1.44 (0.81–2.54) 
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Invasive procedures 
No 
Yes 

 
15.9 (39) 

 
Ref 

 
26.0 (64) 

 
Ref 

18.6 (31) 1.28 (0.75–2.16) 33.9 (57) 1.58 (1.02–2.45) 
Alcohol 
No 
1-4 unit/week 
5+ unit/week 

 
18.3 (24) 

 
Ref 

 
30.5 (40) 

 
Ref 

19.7 (27) 1.26 (0.67–2.35) 32.9 (45) 1.28 (0.75–2.18) 
11.3 (6) 0.65 (0.25–1.73) 24.5 (13) 0.85 (0.41–1.80) 

Physical activity 
None 
Low 
Moderate 
Intense 

 
16.9 (14) 

 
Ref 

 
26.5 (22) 

 
Ref 

14.2 (16) 0.85, 0.39-1.87 23.0 (26) 0.83 (0.43–1.61) 
19.3 (37) 1.23, 0.62-2.45,  34.9 (67) 1.46 (0.82–2.61) 
12.5 (3) 0.86, 0.22-3.35 20.8 (5) 0.86 (0.28–2.63) 

Yoghurt** 
0 

 
12.0 (13) 

 
Ref 

  
Ref  

1 11.8 (9) 0.87 (0.35–2.19) 25.9 (28) 1.04 (0.53-2.06) 
2-3 23.7 (23) 2.17 (1.02–4.62) 27.6 (21) 1.66 (0.91-3.03) 
4-7 21.9 (14) 1.91 (0.82–4.40) 37.1 (36) 0.98 (0.48-1.99) 
8+ 17.9 (10) 1.46 (0.59–3.62) 26.6 (17) 1.06 (0.51-2.20) 
Coffee (continuous)**  1.01 (0.98-1.04)  0.99 (0.96-1.01) 
Milk (continuous)**  1.06 (0.98-1.15)  0.99 (0.93-1.06) 
Biscuits or dessert** 
0-2 
3-6 
7+ 

 
17.4 (19) 
16.3 (22) 
17.2 (27) 

 
Ref 
0.89 (0.45-1.76) 
0.91 (0.47-1.75) 

 
33.9 (37) 
29.6 (40) 
26.1 (41) 

 
Ref 
0.81 (0.47-1.41) 
0.65 (0.38-1.12) 

Added salt 
No 
Yes  

 
15.9 (23) 
17.4 (46) 

 
Ref 
1.05 (0.60-1.83) 

 
25.5 (37) 
31.4 (83) 

 
Ref 
1.31 (0.83-2.08) 

Red meat** 
0 

 
19.1 (12) 

 
Ref 

 
28.6 (18) 

 
Ref  

1 9.9 (13) 0.54 (0.23–1.27) 27.5 (36) 1.08 (0.54-2.13) 
2 22.2 (24) 1.43 (0.65–3.15) 29.6 (32) 1.21 (0.60-2.44) 
3+ 19.0 (19) 1.20 (0.53–2.74) 32.0 (32) 1.38 (0.68-2.80) 
Processed meat** 
No 

 
13.1 (11) 

 
Ref 

 
25.0 (21) 

 
Ref  

1 17.8 (24) 1.51 (0.69–3.29) 304 (41) 1.40 (0.75-2.61) 
2 21.0 (16) 1.80 (0.77–4.20) 35.5 (27) 1.67 (0.84-3.33) 
3 17.0 (8) 1.49 (0.55–4.05) 29.8 (14) 1.34 (0.60-3.01) 
4+ 13.8 (8) 1.11 (0.43–3.07) 24.1 (14) 1.01 (0.46-2.21) 
Vegetables** 
<=7 

 
17.9 (50) 

 
Ref 

 
31.1 (87) 

 
Ref  

>7 15.8 (22) 0.80 (0.46–1.39) 25.9 (36) 0.74 (0.46-1.18) 
Fruit** 
<=5 

 
17.3 (24) 

 
Ref 

 
28.8 (40) 

Ref  

>5 17.1 (48) 0.92 (0.53–1.60) 29.6 (83) 0.95 (0.60-1.49) 
Pasta/rice** 
<4 

 
17.0 (29) 

 
Ref 

 
31.0 (53) 

 
Ref  

4-7 16.4 (34) 1.76 (0.61–1.86) 28.0 (58) 0.96 (0.61-1.51) 
>7 22.0 (9) 1.45 (0.62–3.38) 29.3 (12) 0.97 (0.45-2.05) 

*Numbers might not sum up because of missing values  **Portions per week  ‡Prevalence of Helicobacter 
pylori based on SAT †Prevalence of Helicobacter pylori based on SAT, plus self-reported history of Hp 
treatment 

Models adjusted for sex and age 
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Table 2. Distribution of clinical factors and results of the associations with current and ever 
Helicobacter pylori infection  – The HPOS study.  
 Current Hp - screened with SAT 

 
Ever Hp – screened with SAT + 
self-reported treatment in the 

past 
Variable* Hp % (N) ‡ OR (95% CI) Hp % (N)† OR (95% CI) 
Probiotics 
No 
Yes  

 
19.2 (69) 

 
Ref 

 
31.0 (112) 

 
Ref  

3.9 (2) 0.17 (0.04–0.71) 19.2 (10) 0.52 (0.25-1.07) 
p-het=0.174     
Antibiotics  
<2/year 
2+/year 

 
16.3 (23) 

 
Ref 

 
27.7 (39) 

 
Ref  

17.1 (47) 1.06 (0.61–1.84) 29.9 (82) 1.13 (0.72-1.79) 
Iron supplements 
No 
Yes  

 
16.8 (65) 
18.5 (5) 

 
Ref 
1.03 (0.37-2.84) 

 
29.0 (112) 
33.3 (9) 

 
Ref 
1.18 (0.51-2.74) 

Sideropenic anemia  
No 
Yes  

 
17.1 (66) 
14.3 (4) 

 
Ref 
0.75 (0.25-2.26) 

 
29.0 (112) 
32.1 (9) 

 
Ref 
1.18 (0.51-2.74) 

Anti-thyroid medications 
No 
Yes  

 
17.1 (62) 
15.7 (8) 

 
Ref 
0.80 (0.36-1.80) 

 
28.7 (104) 
33.3 (17) 

 
Ref 
1.11 (0.59-2.10) 

Thyroid disease 
No 
Yes  

 
16.1 (53) 

 
Ref 

 
27.3 (90) 

 
Ref  

20.5 (17) 1.19 (0.63–2.22) 37.3 (31) 1.38 (0.82-2.33) 
Hypertension 
No 
Yes  

 
15.1 (53) 

 
Ref 

 
28.2 (99) 

 
Ref 

25.8 (16) 1.99 (1.02-3.89) 33.9 (21) 1.15 (0.64-2.09) 
p-het=0.229     
Diabetes  
No 
Yes  

 
16.4 (66) 
33.3 (4) 

 
Ref 
2.33 (0.67-8.09) 

 
28.6 (115) 
50.0 (6) 

 
Ref 
2.26 (0.70-7.24) 

Allergy 
No 
Yes  

 
18.8 (N=46) 

 
Ref 

 
29.8 (73) 

 
Ref  

13.9 (N=23) 0.68 (0.39–1.17) 28.3 (47) 0.89 (0.58-1.39) 
Dermatitis 
No 
Yes  

 
16.7 (N=56) 

 
Ref 

 
28.9 (97) 

 
Ref  

18.2 (N=14) 1.10 (0.58–2.12) 31.2 (24) 1.11 (0.64-1.91) 
Headache/migraine 
No 
Yes  

 
16.2 (N=45) 

 
Ref 

 
27.8 (77) 

 
Ref  

18.4 (N=25) 1.11 (0.64–1.93) 32.3 (44) 1.27 (0.80-2.00) 
Reflux 
No 
Yes  

 
20.7 (N=44) 

 
Ref 

 
28.6 (61) 

 
Ref  

12.8 (N=25) 0.55 (0.32–0.94) 30.3 (59) 1.09 (0.71-1.67) 
p-het=0.05     
Gastritis 
No 
Yes  

 
19.6 (N=46) 

 
Ref 

 
23.0 (54) 

 
Ref  

13.4 (N=23) 0.60 (0.34–1.03) 38.4 (66) 1.99 (1.29-3.09) 
p-het<0.001     
Peptic ulcer 
No 
Yes  

 
17.3 (N=68) 

 
Ref 

 
28.5 (112) 

 
Ref  

13.3 (N=2) 0.70 (0.15–3.21) 60.0 (9) 3.63 (1.25-10.5) 
p-het=0.08     
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Gastroscopy in the last 5 
years 
No 
Yes  

 
19.9 (N=53) 

 
Ref 

 
24.0 (64) 

 
Ref  

12.1 (N=17) 0.52 (0.29–0.95) 40.7 (57) 2.07 (1.33-3.23) 

P<0.001     
Abdominal pain in the last 3 
months 
No 
Yes  

 
 
18.0 (N=42) 

 
 
Ref 

 
 
29.9 (70) 

 
 
Ref  

16.6 (N=28) 0.86 (0.51–1.47) 30.2 (51) 1.00 (0.64-1.55) 
 

*Numbers might not sum up because of missing values ‡Prevalence of Helicobacter pylori based on SAT 
†Prevalence of Helicobacter pylori based on SAT, plus self-reported history of Hp treatment 

Models adjusted for sex and age
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Figure 1. Flow chart of the study population -The HPOS study. 
 

 
 
 
HW, hospital workers; Hp, Helicobacter pylori; SAT, stool antigen test
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Supplementary table 1. Results of the sensitivity analyses between current and ever Helicobacter 
pylori infection with work-related variables, accounting for job title and for educational level 
separately– The HPOS study.  
 

Work-related variable Current Hp - screened with SAT 
 

Ever Hp – screened with SAT + 
self-reported treatment in the past 
 

OR (95% CI) OR (95% CI) 
Main working activity 
-clinical department/surgery 
-clinical consultancy 
-laboratory 
-office/other 

Ref  
0.72 (0.39-1.35) f 
0.46 (0.14-1.45) f 
0.73 (0.26-2.08) f 

Ref  
0.83 (0.49-1.40) f 
0.64 (0.26-1.61) f 
0.85 (0.36-2.02) f 

-clinical department/surgery 
-clinical consultancy 
-laboratory 
-office/other 

Ref  
0.68 (0.37-1.26) µ 
0.45 (0.16-1.25) µ 
0.66 (0.28-1.52) µ 

Ref  
0.79 (0.47-1.33) µ 
0.49 (0.22-1.09) µ 
0.74 (0.37-1.47) µ 

High-risk department 
No 
Yes  

Ref  
0.91 (0.42-1.95) f 

Ref  
1.43 (0.79-2.60) f 

No  
Yes  

Ref  
0.92 (0.44-1.95) µ 

Ref  
1.51 (0.84-2.69) µ 

Invasive procedures 
No 
Yes  

Ref  
1.11 (0.62-1.99) f 

Ref  
1.34 (0.82-2.18) f 

No  
Yes  

Ref  
1.21 (0.71-2.07) µ 

Ref  
1.54 (0.99-2.39) µ 

f Models adjusted for sex, age and job title  

µ Model adjusted for sex, age and educational level 
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Supplementary table 2. Distribution of ever Helicobacter pylori infection by Hospital Department – 
The HPOS study.  
 

Department Hp 
negative 

Ever Hp 
positive 

% 

Anatomy 6 4 40,0 
Anesthesiology 2 3 60,0 
Administrartive, non-healthcare staff  17 4 19,0 
Cardiology 18 8 30,8 
Surgery  22 16 42,1 
Research center 3 0 0 
Internal medicine  36 14 28 
Dermatology  7 1 12,5 
Emergency room 13 8 38,1 
Digestive endoscopy  2 3 60,0 
Pharmacy  9 1 10,0 
Gastroenterology  2 1 33,3 
Ginecology  10 7 41,2 
Laboratory and microbiology and 
genetics 

18 5 21,7 

Occupational medicine  9 5 35,7 
Physical and rehabilitative medicine 
and orthopedics 

16 4 20,0 

Nuclear medicine  18 6 25,0 
Nephrology  13 2 13,3 
Neurology  1 3 75,0 
Ophtalmology 9 1 10,0 
Oncology  3 3 50,0 
Pediatrics  14 2 12,5 
Pneumology  10 0 0 
Radiology  18 13 41,9 
Transplants 4 0 0 

Hp, Helicobacter pylori  
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Insert your logo 
here

INTRODUCTION

Eradication of Helicobacter pylori (Hp) infection can
prevent cancer development(1-5). However, there
are still no standardized screening protocols(6).

AIM

We aimed at testing an occupational-based Hp
screening in a population of Italian healthcare
workers (HCW).

METHOD

The study, approved by the Ethical Committee,
started in January 2023 and completed in March
2025. The population includes HCW employed at
the S.Orsola University Hospital, Bologna, aged
40-65. Detailed occupational, lifestyle and clinical
information were collected through a written
questionnaire.

Hp infection was tested with stool antigen test
(SAT). Hp positives were referred to the general
practitioner (GP) for treatment; they were
followed-up at 3 months by phone interview on
health status, management of the infection and
feedback around the implemented screening.

CONCLUSIONS

We implemented an occupational-based Hp
screening program for gastric cancer
prevention within HCW in Italy obtaining
good compliance and feedback. Prevalence
of infection was lower than expected.
Replication in other populations of workers is
needed.

CONTACT 
INFORMATION
giulia.collatuzzo3@unibo.it
ganrick@uniovi.es

RESULTS

Figure 2: Screening Outcome

Up to July 2024, 567 HCW were contacted, 379 agreed to
participate and 278 returned the SAT for analyses. Of these,
213 (76.9%) were women and 64 (23.1%) were men, mean
age 51 years old. Overall, 46 (16.6%) were Hp positive and
232 (83.4%) Hp negative. Family history of Hp infection was
reported by 46 HCW (17.1%), while 152 (56.5%) did not
report any history and 71 (26.4%) did not know; 34 HCW
(12.7%) reported family history of gastric cancer. Most
participants were nurses (N=123, 45.4%), and worked in
medical units (N=107, 42.7%); 118 (43.5%) performed
invasive practices during their activity; 36 (13.3%) worked in
gastroenterology units; 115 HCW (42.9%) reported gastritis
and 110 (41.5%) abdominal pain; 91 (34.0%) had undergone
upper endoscopy. Surprisingly, 16 HCW (5.9%) reported to
have no knowledge on Hp infection.

To date, 39 of the 46 Hp positives were followed-up: 25
contacted the GP,11 referred to another physician, the
remaining did not report any contact. Of the 36 referring to a
doctor, 30 were prescribed antibiotics (14: 10-day sequential;
12: 10-day concomitant therapy; 3:14-day triple therapy; 1:
triple therapy modified; 2: not prescribed any therapy).
Feedback on the study were very good: 27 HCW would
suggest this screening to their families; 18 HCW involved their
families in Hp screening; 22 HCW reported 9-10 points at the
experience quality score. Figure 1 shows the HPOS study Hp
screening protocol, Figure 2 shows the screening outcome,
and Table 1 shows findings of variables.

Figure 1: HPOS Study HP Screening Protocol
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Acceptance rate: 67.5% (400/593)
Dropout rate: 16.9% (93/551)

433 participants tested, 99 men 
(23.0%)

Hp prevalence= 16.4%                                              
women: 18.0%; men: 11.0%

Variables %
Medical contact 82.4
Type of medical

contact
-General practitioner
-Gastroenterologist

63.5
26.5

Therapy 95.7
Second Hp test 89.5

Probiotics 41.9
Difficult therapy 

- No
- Small difficulties

- Moderate difficulties
- High difficulties

16.3
37.2
39.5
7.0

Side effects
- No/small
- Moderate
- Intense

42.9
47.6
9.5

Table 1: Findings of Variables
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5. Conclusions 

Helicobacter pylori (Hp) remains one of the main modifiable carcinogens, yet a standardized and 

systematic approach to its management is suboptimal, representing an important area for further 

intervention. The occupational setting has emerged as a promising framework for the implementation 

of cancer prevention interventions. In particular, screening of Hp infection at the workplace might 

represent an important contributor to control the burden of Hp-related disease, through health 

education and identification of infected workers for the management of the infection. The HPOS 

study is the first which has demonstrated the feasibility and acceptability of a workplace-based Hp 

screening in Italy integrated into occupational health surveillance, obtaining high engagement of 

hospital workers as well as of occupational healthcare providers involved in the program.  

Furthermore, this study has had broader impact by inspiring further research and the development of 

the European Cancer Prevention at Work (CPW) project, which extends the features and design of 

the HPOS study to Spain, Romania, and Slovakia. In these settings, workplace-based screening 

programs targeting Hp have been implemented, increasing awareness and fostering a culture of 

prevention of carcinogenic infections among workers, employers, occupational health professionals 

and occupational physicians themselves, therefore reaching a significant portion of the general 

population. 

The high participation rates observed among workers and the reproducibility of the HPOS study, 

which is currently tested within the CPW context, highlight the potential for further research on 

workplace-based Hp screening across different occupational settings. This approach may provide 

valuable contributions to public health, informing policy development, guiding evidence-based 

strategies for cancer prevention, and ultimately supporting the proactive control of gastric cancer in 

Italy and across Europe. 
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