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OUTLINE OF THESIS 

The Summary provides a concise overview of this Thesis. 

The reasoning and motivation of the presented studies are outlined in Chapter I 

(Rationale), emphasizing the assessment of colorectal cancer screening participation rates, 

the exploration of potential individualized screening strategies, and the evaluation of the 

feasibility of implementing gastric cancer screening in intermediate-risk regions. 

The current status of implemented population-based screening programs, along with 

the challenges and opportunities in gastrointestinal cancer screening, is reviewed in Chapter 

II (Introduction), with a particular focus on the impact of risk perception.  

Unmet needs in gastrointestinal cancer screening are detailed throughout the 

research questions and aims in Chapter III (Research Questions and Aims). 

The systematic review with meta-analysis presented in Chapter IV (Current Status of 

Gastric Cancer Screening) evaluates the impact of gastric cancer screening on mortality and 

compares the diagnostic yield and adherence of three methods: upper gastrointestinal series, 

upper gastrointestinal endoscopy, and serological testing. 

Four studies focusing on patients’ risk perception are presented in Chapter V (Risk 

Perception and Attitudes Toward Gastrointestinal Cancer Screening). These original articles 

assess intention to adhere to colorectal cancer screening, preference for the primary 

screening method, acceptance of upper gastrointestinal endoscopy combined with a 

screening colonoscopy for gastric cancer screening, and the perceived risk of complications 
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associated with endoscopic screening procedures. This section also includes a response to a 

letter concerning one of the aforementioned cross-sectional studies. 

Finally, two retrospective cohort studies evaluating the real-world data on the impact 

of the population-based fecal immunochemical test screening program on early detection 

and survival, both for colorectal and gastric cancer, are presented in Chapter VI (Real-World 

Data on the Impact of Digestive Cancer Screening). 

In Chapter VII (Discussion and Conclusions), an integrated discussion of all the 

studies is provided, focusing on the implications of the results in clinical practice. 

In Chapter VIII (Future Directions), potential areas for further investigation are 

explored. 

 

Figure 1: Overview of the thesis structure. CRC, Colorectal Cancer; FIT, Fecal Immunochemical 

Test; GC, Gastric Cancer; UGIE, Upper Gastrointestinal Endoscopy.  
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SUMMARY  

Colorectal cancer (CRC) is the second leading cause of cancer-related mortality 

worldwide. While screening is expected to improve long-term outcomes, the most effective 

population-based strategy remains a topic of debate. Organized screening enables structured 

invitations, continuous quality assurance and centralized data management. In Europe, most 

countries have adopted organized, population-based programs using the fecal 

immunochemical test (FIT). When colonoscopy was used as the primary method within 

organized screening, participation rates did not exceed 20%. However, offering colonoscopy 

as an alternative to FIT led to an increase in population coverage in the context of 

opportunistic screening. Risk perception, including perceived susceptibility to cancer and 

perceived barriers to screening, may significantly influence adherence rates and, ultimately, 

the overall screening effectiveness. 

While gastric cancer (GC) ranks as the fifth most common malignancy, population-

based screening remains sparsely characterized. In Portugal, where incidence is moderate to 

high, screening may be cost-effective if an upper gastrointestinal endoscopy (UGIE) is 

combined with a screening colonoscopy. Same-day UGIE has been reported to detect up to 

25% more malignancies than colonoscopy alone. To date, no population-based program has 

been implemented in intermediate-risk countries, despite the European Commission's 

commitment to advancing GC screening. The long-term impact of organized FIT screening on 

early detection and survival remains poorly defined for both CRC and GC. 

This thesis aimed to assess adherence, compare preferences for FIT and colonoscopy, 

measure acceptance of combined UGIE and colonoscopy, and evaluate the impact of FIT-

based screening on CRC and GC early detection and survival. More broadly, it focuses on the 

optimization of CRC screening strategies and the implementation of GC screening initiatives 
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through the assessment of individual risk perception and the analysis of real-world data from 

population-based screening. 

To complement the substantial evidence on population-based CRC screening, we 

conducted a systematic review to synthesize data on GC screening. After a comprehensive 

assessment, only Japan and South Korea have implemented population-based screening, 

offering both Upper Gastrointestinal Series and UGIE. GC screening was associated with 

significantly lower GC mortality rates and UGIE reached the highest detection rates. 

In order to measure risk perception a previously validated questionnaire on CRC risk 

perception, based on the Health Belief Model (HBM), underwent forward/backward 

translation and cultural adaptation and was further adapted to address GC screening and 

complication risk perception. Validation of the PERCEPT-PREVENT tool, in a test-retest study, 

was a necessary step to enable subsequent exploration of personalized screening and of 

synergistic screening approaches across three cross-sectional studies.  

The first cross-sectional study was designed to evaluate the intention to adhere to 

CRC screening by examining preferences for fecal tests versus colonoscopy as the primary 

screening method and to assess the influence of risk perception on screening participation. 

Overall, the intention to adhere to CRC screening was reported in 95% of cases and was 

positively influenced by knowledge of the screening rationale. A clear preference for 

colonoscopy over fecal tests was evident, yet 25% of naïve participants preferred FIT. 

Subsequently, a cross-sectional study was conducted to estimate patients’ 

perspectives and adherence to GC screening using a strategy that combines UGIE with 

colonoscopy. Self-reported willingness to undergo UGIE combined with a screening 

colonoscopy reached 94%. Regular follow-up with the primary care physician, lower 

perceived negative health consequences of UGIE, and lower perceived financial burden were 

the only factors independently associated with a higher intention to undergo combined 

screening. 
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Previous data suggest that those naïve to CRC screening were more likely to 

overestimate colonoscopy complications. However, our third observational study found that 

19% of never-screened and 45% of screened participants perceived a high risk of colonoscopy 

complications, while for UGIE, the figures were 14% and 41%, respectively. This is explained 

by greater awareness in screened individuals and limited knowledge in those without prior 

exposure to endoscopic procedures.  

Taken together, the findings from the three cross-sectional studies on risk perception 

highlight limited health literacy regarding digestive cancer symptoms, risk factors, and the 

potential risks of endoscopic screening procedures. Our results highlight the pressing need 

for targeted initiatives aimed at improving health literacy. 

Results from our population-based retrospective cohort study showed that FIT 

screening is effective at the population level. Despite the 20% false-negative rate, individuals 

who accepted FIT screening had significantly higher rates of early CRC detection (58% vs. 49%) 

and higher 3-year net survival (87.5% vs. 72%) compared to those who were not screened. 

Our findings also indicate that adherence to FIT is high (34%) and that coverage can be 

increased if alternatives to fecal tests are offered. In the cross-sectional assessment, most 

participants classified as non-adherent had previously undergone colonoscopy. This was 

further supported by real-world data showing a 10% increase in coverage by FIT and/or 

colonoscopy after including procedures performed alongside the organized screening 

program through referrals by primary care physicians. These findings support the potential of 

a more personalized approach to CRC screening, especially by offering primary colonoscopy 

to individuals who decline FIT as a strategy to maximize population coverage. Furthermore, 

fully utilizing the health system's comprehensive screening capacity has been essential in 

strengthening coverage. 

In a real-world setting without a formal GC screening program in Northern Portugal, 

over 50% of individuals who accepted FIT and underwent colonoscopy also had UGIE. This 
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rate might reach the 94% acceptance observed in our previous cross-sectional study if 

population-based screening is implemented. Moreover, although the FIT program is not 

primarily designed to detect GC, it was associated with improved outcomes, including higher 

early detection rates and survival. Following the implementation of FIT-based screening, the 

proportion of early-stage diagnoses increased by 14% and the 3-year net survival improved 

from 42% to 49%. 

This thesis highlights the pressing need to strengthen health literacy as a strategy to 

overcome barriers to cancer screening and, ultimately, to lessen the burden of both CRC and 

GC. Moreover, it provides robust evidence to inform screening strategies in Northern 

Portugal, supporting personalized approaches by offering colonoscopy as an alternative to FIT 

and by advocating for the pioneering implementation of GC screening through combined 

UGIE and colonoscopy. 
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RESUMO  

Atualmente, o cancro colorretal (CCR) constitui a segunda principal causa de morte 

por doença oncológica a nível mundial. Apesar do impacto positivo associado ao rastreio, a 

escolha da estratégia mais adequada continua a suscitar debate na comunidade científica. O 

rastreio organizado permite o envio de convites automatizados, a monitorização contínua dos 

critérios de qualidade e o processamento centralizado da informação. A maioria dos países 

europeus implementou programas de rastreio organizado com recurso à pesquisa de sangue 

oculto nas fezes (PSOF) pelo método imunoquímico. Quando a colonoscopia foi utilizada 

como método primário no âmbito do rastreio organizado, as taxas de participação não 

excederam os 20%. No entanto, a disponibilização da colonoscopia em alternativa à PSOF, 

levou a um aumento da cobertura populacional, no contexto do rastreio oportunístico. A 

perceção do risco, incluindo a suscetibilidade individual e as barreiras ao rastreio, pode 

influenciar as taxas de adesão e, por consequência, a eficácia do rastreio. 

Embora o cancro gástrico esteja classificado como a quinta neoplasia maligna mais 

comum, o rastreio populacional ainda está pouco caracterizado. Em Portugal, um país com 

incidência moderada a elevada, o rastreio poderá ser custo-efetivo se a endoscopia digestiva 

alta (EDA) for combinada com uma colonoscopia de rastreio. A realização de EDA 

concomitante poderá aumentar em até 25% a deteção de neoplasias. Ainda não foi 

implementado nenhum programa de base populacional em países de risco intermédio, 

apesar do compromisso da Comissão Europeia em promover o rastreio. O impacto a longo 

prazo do rastreio organizado por PSOF (método imunoquímico) na deteção precoce e na 

sobrevivência permanece mal definido tanto para o CCR como para o GC. 

Os objetivos desta tese foram medir a adesão ao rastreio organizado, explorar a 

preferência individual pela PSOF ou pela colonoscopia, mensurar a aceitação da EDA 

combinada com a colonoscopia e avaliar o impacto do rastreio por PSOF (método 
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imunoquímico) na deteção precoce e sobrevivência por CCR e cancro gástrico. De forma mais 

abrangente, centra-se na otimização das estratégias de rastreio do CCR e na implementação 

do rastreio do cancro gástrico, através da avaliação da perceção individual do risco e da 

análise de dados populacionais. 

Para complementar a evidência robusta existente acerca do rastreio do CCR, 

realizámos uma revisão sistemática com o objetivo de sintetizar os dados disponíveis sobre o 

rastreio do cancro gástrico. Após uma avaliação abrangente, verificou-se que apenas o Japão 

e a Coreia do Sul implementaram programas de rastreio de base populacional, oferecendo o 

trânsito gastroduodenal e a endoscopia digestiva alta (EDA). O rastreio do associou-se a uma 

redução significativa da mortalidade por cancro gástrico, tendo a EDA alcançado taxas de 

deteção superiores. 

De forma a medir a perceção de risco, utilizou-se um questionário previamente 

validado sobre perceção de risco para o CCR, que foi sujeito a tradução, adaptação cultural e 

posterior adaptação para abranger o rastreio do cancro gástrico e a perceção do risco de 

complicações. A validação do questionário PERCEPT-PREVENT constituiu um passo necessário 

para viabilizar o estudo de abordagens de rastreio personalizado e estratégias sinérgicas no 

rastreio oncológico, desenvolvido posteriormente ao longo de três estudos transversais. 

O primeiro estudo transversal foi desenvolvido para estimar a intenção de aderir ao 

rastreio, analisando a preferência pela PSOF ou pela colonoscopia, bem como para avaliar a 

influência da perceção de risco na adesão. Globalmente, 95% dos participantes reportaram a 

intenção de aderir, tendo este resultado sido positivamente influenciado pelo conhecimento 

do racional para o rastreio. Observou-se uma clara preferência pela colonoscopia em 

detrimento dos testes fecais, embora 25% dos participantes naïve para o rastreio tenham 

preferido a PSOF. 

Realizámos subsequentemente um estudo transversal para avaliar as perspetivas dos 

doentes e a sua adesão a uma estratégia que combinasse a EDA à colonoscopia de rastreio. 
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No total, 94% aceitaram realizar a EDA em combinação com a colonoscopia de rastreio. O 

acompanhamento regular pelo médico de família, a menor perceção das consequências 

negativas da EDA e a perceção de um menor impacto financeiro foram os únicos fatores 

independentemente associados a uma maior intenção de aderir ao rastreio combinado. 

Evidência prévia sugeriu que indivíduos naïve para o rastreio tendem a sobrestimar o 

risco de complicações da colonoscopia. No entanto, o nosso terceiro estudo observacional 

revelou que 19% destes indivíduos e 45% dos já rastreados apresentaram uma perceção 

elevada do risco de complicações da colonoscopia, enquanto para a EDA os valores foram de 

14% e 41%, respetivamente. Tal explica-se por uma perceção mais adequada nos indivíduos 

previamente rastreados e por um conhecimento limitado entre os indivíduos sem experiência 

prévia.  

Globalmente, os resultados dos três estudos transversais sobre a perceção de risco 

evidenciam uma limitada literacia em saúde, especificamente no que diz respeito ao 

conhecimento dos possíveis sintomas, fatores de risco e dos riscos associados ao rastreio 

endoscópico. Estes resultados denotam a necessidade premente de levar a cabo iniciativas 

dirigidas à melhoria da literacia em saúde. 

Os resultados do nosso estudo de coorte retrospetivo de base populacional 

demonstraram que o rastreio por PSOF pelo método imunoquímico é eficaz. Apesar da taxa 

de falsos negativos de 20%, os indivíduos que aceitaram o rastreio por PSOF apresentaram 

taxas significativamente mais elevadas de deteção precoce (58% vs. 49%) e de sobrevivência 

a 3 anos (87,5% vs. 72%). Os nossos resultados indicam ainda que a adesão ao rastreio por 

PSOF é elevada (34%) e que a cobertura pode ser aumentada se forem oferecidas alternativas 

aos testes fecais. No estudo transversal, a maioria dos participantes que não aderiram ao 

rastreio por PSOF tinha sido submetida a colonoscopia previamente. Estes resultados foram 

reforçados pelos dados de base populacional, que demonstraram um aumento de 10% na 

cobertura por PSOF e/ou colonoscopia após a inclusão dos procedimentos realizados em 
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paralelo com o programa de rastreio organizado, mediante referenciação pelos cuidados de 

saúde primários. Estes resultados sustentam o potencial de uma abordagem mais 

individualizada ao rastreio do CCR, nomeadamente através da oferta da colonoscopia aos 

indivíduos que recusam a PSOF (método imunoquímico), como estratégia para maximizar a 

cobertura populacional. Além disso, a plena utilização da capacidade de rastreio disponível 

no sistema de saúde revelou-se crucial para o reforço da cobertura. 

Em contexto de vida real e na ausência de um programa formal de rastreio de cancro 

gástrico no Norte de Portugal, mais de 50% dos indivíduos que aceitaram a PSOF (método 

imunoquímico) e realizaram colonoscopia efetuaram também uma EDA. Esta taxa poderá 

atingir os 94% de aceitação observados no nosso estudo transversal, caso venha a ser 

implementado um programa de rastreio de base populacional. Além disso, embora o 

programa de rastreio por PSOF não tenha como objetivo principal a deteção de cancro 

gástrico, esteve associado a maiores taxas de deteção precoce e de sobrevivência. Após a 

implementação do programa de rastreio, a deteção precoce aumentou 14% e a sobrevivência 

a 3 anos passou de 42% para 49%. 

Esta tese realça a necessidade urgente de reforçar a literacia em saúde como forma 

de ultrapassar barreiras ao rastreio oncológico e, em última análise, reduzir o impacto do CCR 

e do cancro gástrico. Além disso, apresenta evidência robusta que pode orientar a tomada de 

decisões relativamente às estratégias de rastreio na região Norte de Portugal, sustentando 

uma abordagem personalizada que disponibiliza a colonoscopia como alternativa ao rastreio 

por PSOF e apoia a implementação pioneira do rastreio do cancro gástrico através da 

combinação da EDA com a colonoscopia de rastreio. 
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WHAT IS ALREADY KNOWN ON THIS TOPIC 

✓ Population-based screening can reduce CRC incidence and mortality through early 

detection, although the optimal strategy remains under debate. 

✓ Combining UGIE with a screening colonoscopy may be cost-effective in countries with 

intermediate incidence, yet no GC screening program has been implemented in 

Europe. 

WHAT THIS STUDY ADDS 

✓ In Northern Portugal, adherence to FIT screening was 34%, while overall coverage by 

any test for CRC detection, including colonoscopies performed outside the FIT 

program, was 45%. Early detection and survival were higher among FIT participants 

than non-participants. 

✓ Willingness to undergo UGIE combined with a screening colonoscopy was reported 

in 94%. More than 50% of those who accepted FIT screening and underwent 

colonoscopy also had an UGIE. FIT screening was associated with earlier detection 

and improved survival in GC. 

 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY 

✓ Underscores the urgent need to improve literacy in digestive health. 

✓ Supports offering colonoscopy as an alternative to FIT, as personalized screening 

approaches may improve participation rates. 

✓ Calls for the implementation of population-based GC screening in Northern Portugal 

through the combination of UGIE with colonoscopy. 
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RATIONALE  

Colorectal cancer (CRC) is the third most diagnosed cancer1,2. The projected burden 

of CRC is expected to rise, with an estimated 3 million new cases anticipated by 2040 if the 

global incidence rates remain unchanged2. Considerable debate exists regarding the most 

effective strategy for population-based CRC screening3. European recommendations 

advocate for population-based fecal immunochemical test (FIT) screening for individuals aged 

50 to 75, while allowing primary colonoscopy or sigmoidoscopy based on local factors such 

as adherence rates and colonoscopy availability4,5. To date, most European countries have 

implemented organized, invitational screening programs based on fecal tests. In contrast, 

Poland adopted a distinct approach by selecting colonoscopy as the primary modality for 

organized nationwide screening6-8.  

In Northern Portugal, following a pilot program in early 2017, a regional FIT-based 

screening program was launched in 2018 to cover 1.1 million residents9. The rollout was 

phased by county, ensuring that all eligible age groups were invited by 20229. The decision to 

implement biennial FIT screening was based on a previous cost-utility analysis comparing 

biennial FIT or colonoscopy every ten years versus non-screening in Portugal5. Biennial FIT 

was the most cost-effective strategy, maximizing population coverage and optimizing the use 

of endoscopic resources5.  Nonetheless, the participation rates used in the cost-utility analysis 

were derived from European and North American estimates, as adherence to both FIT and 

colonoscopy remains largely unknown in the Portuguese population10,11. In European 

countries and specifically in Portugal, the intention to adhere to CRC screening and patients’ 

preferences (for fecal tests or colonoscopy as the primary screening method) has not yet been 

evaluated. 

Risk perception, knowledge about cancer risk, and attitudes toward screening have 

seldom been addressed in the context of population-based screening programs, especially in 
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Western countries12,13. Assessing risk perception is crucial for selecting the preferred 

screening method, identifying factors associated with non-adherence, and overcoming 

barriers to screening. Moreover, data on perceived risk of endoscopy-related complications 

in the screening setting remain limited14. Risk perception in digestive cancer screening 

involves two primary dimensions: first, the perceived risk of foregoing screening, early 

diagnosis, or timely treatment for serious conditions; and second, the perceived risk of 

complications associated with the endoscopic procedures themselves. Together, these 

dimensions shape individuals’ willingness to participate in screening programs and highlight 

areas where tailored communication strategies may enhance engagement and improve 

health outcomes. 

Besides CRC, gastric cancer (GC) poses as an emerging potential target for screening 

in Europe15. GC is the fifth most common cancer and the third cause of cancer mortality 

worldwide16. However, population-based screening has only been implemented in high-risk 

regions, characterized by an age-standardized incidence rate (ASR) of ≥20 per 100,00017-19. In 

late 2022, the Council of the European Union on Cancer Screening introduced an updated 

recommendation, which expands screening to include lung, prostate, and gastric 

neoplasms15,20. Regarding GC screening, the revised directive emphasizes screen-and-treat 

strategies for Helicobacter pylori (Hp) infection, as well as the identification and surveillance 

of individuals with precancerous gastric lesions. From a policy perspective, this marks a 

pivotal opportunity for the implementation of GC screening across Europe. Moreover, the 

European Society of Gastrointestinal Endoscopy (ESGE) position statement on digestive 

cancer screening suggests that, in regions with an intermediate risk of gastric cancer (ASR 10–

20 per 100,000), combining upper gastrointestinal endoscopy with screening colonoscopy 

may be considered if cost-effectiveness is demonstrated within the context of the national 

healthcare system4. This recommendation is based on a Portuguese cost-utility analysis that 

concluded that endoscopic screening for GC is cost-effective when combined with a screening 
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colonoscopy every 5 or 10 years, assuming full compliance21,22. The Northern region of 

Portugal has a higher incidence of GC compared to the national average, with estimated ASR 

reaching 25 to 30 cases per 100,00018,23. Combined screening constitutes a potentially 

effective approach for European countries with intermediate GC risk, especially those with 

well-established, organized, population-based CRC screening programs4,23. However, the 

extent to which this screening strategy is accepted by the target populations remains largely 

unknown. 

The implementation of CRC screening initiatives has markedly enhanced early 

detection rates and decreased cancer incidence, with the most substantial reductions 

observed in Northern European countries with longstanding programs and high participation 

rates24-27. However, the impact of Portugal's recently introduced FIT-based screening program 

on CRC early diagnosis and survival has not yet been determined. Furthermore, critical 

metrics, including participation rates, diagnostic accuracy, and overall population coverage 

for CRC screening, have yet to be systematically evaluated. 

It has been proposed that performing same-day upper gastrointestinal endoscopy 

(UGIE) in individuals with positive fecal test results, including both FIT and guaiac-based fecal 

occult blood tests (gFOBT), who are undergoing colonoscopy, may improve the detection of 

upper GI cancers regardless of colonic findings28. In the Dutch screening program, although 

FIT-positive individuals had a significantly higher risk of cancer proximal to the colon, the 3-

year cumulative incidence remained below 1%, not supporting routine UGIE for all 

asymptomatic FIT-positive individuals29. However, it is important to note that the Netherlands 

is considered a low-risk region for GC, with ASR below 10 per 100,00023. The impact of a FIT-

based population screening program on the early diagnosis and survival of GC in 

intermediate-risk regions, such as Northern Portugal, has yet to be fully elucidated. 

Thus, the research conducted in this Thesis focuses on the optimization of CRC 

screening strategies and the implementation of GC screening initiatives, through the 
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assessment of individual risk perception and analysis of real-world data from population-

based screening. The aims were to characterize ongoing GC screening programs and compare 

GC screening methods; to evaluate risk perception and attitudes towards screening, including 

intention to participate in CRC screening, preferred CRC screening method, and acceptance 

of UGIE combined with screening colonoscopy; to measure the perceived risk of 

complications associated with screening endoscopic procedures, and also to evaluate the 

impact of a population-based FIT screening program on early detection and survival not only 

for CRC but also for GC. 

The research questions elaborated are clinically relevant, especially in Northern 

Portugal, where organized, population-based FIT screening has been implemented, despite 

the ongoing debate on the optimal screening modality for CRC. Moreover, in a country with 

a moderate to high incidence of GC, the assessment of potential initiatives for early detection 

is of paramount importance. Our results may provide valuable insights to inform and refine 

health policies, supporting evidence-based adjustments to screening protocols and strategies 

that ultimately enhance the effectiveness and reach of public health interventions. 
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INTRODUCTION  

1. Conceptual framework of digestive cancer screening 

Cancer prevention can be achieved through primary prevention, which seeks to 

prevent the occurrence of the disease (e.g., addressing risk factors and promoting healthy 

behaviours), or through secondary prevention, which focuses on diagnosing cancer at an 

early stage to reduce morbidity and mortality30. Screening and early detection are the 

principal instruments of secondary cancer prevention and a fundamental component of any 

cancer control strategy aimed at reducing cancer-related mortality4.  

In Europe, GI cancer accounts for a substantial disease burden, largely due to 

population ageing and environmental risk factors, representing around one quarter of all 

diagnosed malignancies4. Screening can detect precancerous colorectal and gastric lesions, 

and their effective treatment can prevent malignant transformation31,32. Indeed, it is now 

understood that most GI cancers are preceded by slow-growing precancerous conditions or 

early invasive stages, which create opportunities for effective intervention4. Beyond the 

classical adenoma–carcinoma and serrated pathways described in CRC, analogous 

metaplasia–dysplasia–carcinoma sequences have been established for upper GI neoplasms4. 

Not only the detection of incidental gastric neoplasms but also the identification of 

premalignant conditions is of critical relevance3,31. Accordingly, surveillance is recommended 

for individuals with high-risk gastric intestinal metaplasia (GIM) phenotypes, including 

corpus-extended GIM, advanced Operative Link of GIM (OLGIM) stages III/IV and the 

incomplete GIM subtype as well as for those with persistent or refractory Hp infection, and a 

family history of GC in a first-degree relative4,33-36.  

Endoscopy is a key component of digestive cancer screening, enabling early cancer 

detection as well as the resection of precancerous and early lesions, which contributes to 

lower incidence rates and improved survival4,23,31,35. When implementing a population-based 
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cancer screening program, it is essential to consider the effectiveness of the screening tests, 

the associated costs, and the sustained engagement required from both the public and 

health-care providers30. In this setting, non-invasive tests (e.g., fecal and serologic tests) have 

emerged as less costly and more widely accepted methods, which complement endoscopic 

screening37-39. 

 

2. The landscape of gastrointestinal cancer screening programs 

2.1. Global perspectives on colorectal cancer screening 

2.1.1. European population-based colorectal cancer screening programs 

European recommendations on the role of GI endoscopy in digestive cancer 

screening advocate for the establishment of organized population-based screening programs 

for average-risk populations based mainly on FIT3,4. However, it is stated that, pending on 

local conditions, upfront endoscopic screening may also be considered4 and there is still 

debate over the optimal strategy for population-based CRC screening, resulting in 

considerable heterogeneity across European screening initiatives4,6,7,40-43. 

A high screening participation is essential for cost-effective mortality reduction5. This 

priority underpins the Europe’s Beating Cancer Plan, which sets a target of reaching at least 

a 65% participation rate across the eligible population44,45. Organized screening provides 

significant benefits over opportunistic approaches by actively inviting all eligible individuals 

and ensuring quality control. It also allows for reminder systems to improve participation and 

addresses obstacles in the screening pathway. In contrast to opportunistic screening, 

organized programs are more efficient and equitable, leading to higher participation rates46-

52. However, organized screening programs demand extensive organizational efforts, incur 

significant costs, and place increased pressure on endoscopic capacity.  
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In 2010, the European Parliament adopted the Written Declaration on tackling CRC, 

which urged the European Union (EU) Commission and Member States to strengthen public 

awareness and enhance national policies to reduce high CRC mortality rates53,54. Since the 

initiation of a comprehensive screening strategy, access to CRC screening has expanded, 

leading to improved CRC outcomes. This was achieved by the growing number of countries 

adopting screening programs, many of which use fecal testing methods such as FIT or gFOBT 

followed by colonoscopy when the test result is positive7,43,55. 

In Europe, CRC screening strategies vary significantly, encompassing fully 

implemented national invitational programs, regional and partially rolled out initiatives, as 

well as opportunistic screening (Figure 2). This variability can be attributed in part to the 

significant differences in healthcare infrastructure, resource availability, and system 

organization across European countries. 

 

Figure 2: Colorectal cancer screening programs across European countries. 
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Overall, 25 countries have implemented organized screening programs across 

Europe4,7,43,46,54,56-59. Table 1 provides an overview of CRC screening programs across European 

countries. While most countries have adopted call–recall systems to actively invite the target 

population at regular intervals, Lithuania and Hungary's screening programs rely on primary 

healthcare providers to send out invitations59-61. Most countries regularly invite the target 

population for screening, offering biennial FIT, with colonoscopy as a follow-up for positive 

results43. Twelve countries have fully implemented nationwide CRC screening programs based 

on fecal tests, including the Netherlands, Denmark, Slovenia, Croatia, Slovakia, Hungary, 

Lithuania, Estonia, the United Kingdom, France, Luxembourg and Malta7,43. Several countries, 

including Italy, Spain, Portugal, Belgium, Czechia, Ireland, Sweden, Finland, Norway, Serbia, 

and Romania, have introduced regionally organized screening programs43,62,63. Although 

biennial FIT is the prevailing method across Europe, certain exceptions still exist.  The Croatian 

screening program still offers gFOBT59. Poland is the only country that offers colonoscopy as 

the sole primary screening method42. In Italy, the Piemonte region offers a once-in-a-lifetime 

rectosigmoidoscopy as an alternative to biennial FIT39,40,64,65. Since 2020, Czechia’s organized 

screening program has offered primary colonoscopy as an alternative to FIT screening for 

individuals aged 50 or older66. Similarly, canton-based screening programs in Switzerland 

offer both fecal tests and colonoscopy56,67.  

The Dutch screening program serves as a benchmark for organized CRC screening in 

Europe, achieving the highest participation rate (72%) and demonstrating satisfactory 

detection rates27,68. After the implementation of the Dutch screening program, a decrease in 

overall and advanced-stage CRC incidence was observed27,37. Similarly, Denmark and Slovenia 

have fully rolled out screening programs, inviting asymptomatic individuals to undergo 

biennial FIT screening, with reported adherence rates exceeding 50%43,69,70 (Table 1). In the 

opposite direction, the French national program, generalized to the entire national territory 

in 2008-2009 and currently offering biennial FIT screening, reported a participation rate of 
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34% for 2022–202371. This is consistent with previous findings of participation rates below 

50%6,72-74.  Therefore, participation rates vary considerably even among European screening 

programs that use fecal tests within fully implemented frameworks. 

To address organizational challenges and better tailor cancer screening to target 

populations, several European countries have developed regional screening programs. Italy 

pioneered the introduction of regional screening programs and currently invites individuals 

aged 50 to 69 for biennial FIT testing in most regions64. Participation rates vary widely, 

underscoring notable regional disparities in CRC screening43,64,75,76. In Spain, population-based 

screening using fecal tests was integrated into the National Health System's services in 201444. 

Similar to Italy, Spain's program exhibits significant variation in participation rates, with 

disparities of up to six-fold between different regions44,77. Identifying and overcoming barriers 

to participation remains a major challenge, especially in countries with regionally 

implemented programmes, where disparities in uptake persist43,64,75,76,44,77. 

Poland is the only European country to implement a nationwide organized screening 

program that offers colonoscopy as the primary screening method42. The program invited 

individuals aged 50 to 66 for a once-in-a-lifetime colonoscopy. Despite colonoscopy’s superior 

potential for detecting advanced adenomas and early-stage cancer, participation rates were 

disappointingly low57. Although the average rate slightly increased to 17% between 2014 and 

2018, it remains significantly lower than invitation-based programs using FIT, underscoring 

the challenges in achieving adequate coverage57. Similarly, in Czechia and Switzerland, where 

regionally organized programmes offered colonoscopy as an alternative to FIT, participation 

rates did not exceed 50%66,78 56,67. 

Despite the well-established benefits of organized screening, several FIT-based 

programs still report suboptimal coverage7,43. Additionally, in countries where screening is 

implemented regionally, considerable heterogeneity is evident43,44,64,77. Low adherence rates 

were observed in primary colonoscopy screening57. Despite considerable advances in 
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organized CRC screening across Europe, significant knowledge gaps persist regarding the 

determinants of participation, individual preferences for screening tests, and the barriers that 

hinder uptake. 

 

2.1.2. Opportunistic Screening in Europe 

In contexts where organized screening is not yet established, opportunistic, case-by-

case screening remains a viable alternative. Opportunistic screening is reported in Germany, 

Austria, Latvia, Greece, and Iceland43 (Figure 2; Table 1). No formally described screening is 

currently underway in Bulgaria, Belarus, Ukraine, Moldova, North Macedonia, Kosovo, 

Albania, Montenegro, or Bosnia and Herzegovina43. 

In the setting of opportunistic screening, four European countries (Germany, Austria, 

Greece and Iceland) offer colonoscopy at 10-year intervals as an alternative to 

annual/biennial fecal tests 7,43,56,59. Notably, a cross-sectional study based on data from the 

European Health Interview Survey (2018–2020) found that Germany and Austria surpassed 

the 65% up-to-date utilization threshold set by the European Commission79. Despite 

encouraging coverage in Germany and Austria, participation rates in countries offering 

opportunistic screening, regardless of the strategy employed, remain generally low7,43.  

Even where relatively high coverage is achieved, as in some countries offering 

colonoscopy as an alternative to fecal testing, concerns persist regarding the consistency of 

quality control measures43,56,66,67,78,104. 
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Table  1: CRC screening programs across European countries. 

COUNTRY PROGRAM STRUCTURE YEAR OF 
IMPLEMENTATION 

TEST 
TYPE 

AGE 
GROUP 

SCREENING 
INTERVAL 

PARTICIPATION 
RATE 

Croatia80 Organized - nationwide 2007 gFOBT 50-74 Every 2yrs 36% 

United Kingdom81-84  Organized - nationwide a 2006-2010 FIT 54-74 Every 2yrs 58-70% 

France71 Organized - nationwide b  2009 FIT 54-74 Every 2yrs 34% 

Slovenia69,85 Organized - nationwide 2009 FIT 50-69 Every 2yrs 58% 

Malta86 Organized - nationwide 2012 FIT 60-74 Every 2 yrs 31% 

The Netherlands27 Organized - nationwide 2014 FIT 55-75 Every 2yrs 72% 

Denmark70,87 Organized - nationwide 2014 FIT 50-74 Every 2yrs 60% 

Lithuania88 Organized - nationwide 2014 FIT 50-74 Every 2yrs 50% 

Hungary61,89 Organized - nationwide 2018 FIT 50-70 Every 2 yrs 46% 

Slovakia90 Organized - nationwide 2019 FIT 50-75 Every 2yrs 34% 

Luxembourg91 Organized - nationwide 2019 FIT  
 

45-74 Every 2yrs 34% 

Estonia43,92,93 Organized - nationwide c 2022 FIT 60-69 Every 2yrs 22% 

Poland42,57 Organized - nationwide 2012 Colonoscopy 55–64 Once only 17% 

Italy94,95 Organized - regional d 1982-2017 FIT 
FIT or  
rectosigmoidoscopy 

50-69 
50-69 
58-60 

Every 2yrs 
Every 2yrs 
Once only 

34% 

Spain44,62,77 Organized - regional e 2000-2010 FIT  Every 2yrs 35-76% 

Belgium96 Organized - regional f 2009-2013 FIT  50-74 Every 2yrs 14-43% 

Ireland97,98 Organized – regional 2013 FIT 60-69 Every 2yrs 47% 

Serbia99,100 Organized - regional g 2013 FIT 50-74 Every 2yrs 52% 

Switzerland56,67 Organized - regional h 2013-2019 FIT or  
colonoscopy 

50-69 Every 2yrs 
Every 10yrs 

11-49% 

Czechia66,78 Organized – regional 2014 FIT or 
  
colonoscopy 

50-54 
55+ 

Every 1yr 
Every 2yrs 
Every 10yrs 

39% 

Sweden95,101 Organized - regional i 2015 FIT 60-69 Every 2yrs 66% 

Portugal9 Organized - regional j 2018 FIT 50-74 Every 2yrs 29% 

Finland95,102 Organized - regional k 2019 FIT 60-74 Every 2yrs 79% 

Norway63,103 Organized - regional l 2022 FIT 55+ Every 2yrs 59% 

Romania53,62 Organized - regional m  2022 FIT 50-74 Every 2yrs 81-95% 

Germany104 Opportunistic 2002 FIT 
FIT or  
colonoscopy 

50-54 
55+ 

Every 1yr 
Every 2yrs 
Every 10yrs 

77% 

Austria105,106 Opportunistic o 2003 FIT or 
colonoscopy 

 Every 2yrs 
Every 10yrs 

29-39% 

Latvia43,95 Opportunistic 2005 gFOBT 50-74 Every 1yr 30% 

Greece43,107 Opportunistic n/a gFOBT or  
colonoscopy 

50-74 Every 2yrs 
Every 10yrs 

10% 

Iceland43,107 Opportunistic n/a Colonoscopy 50+ Every 10yrs 30% 

a In England, organized screening started in 2006 through biennial gFOBT (transitioned to FIT in 2019) or once-only sigmoidoscopy (discontinued in 2020). In Scotland, 
Wales, and Northern Ireland, organized screening programs were launched in 2007, 2008, and 2010, respectively, with a transition to FIT in 2017 in Scotland and in 2019 
in both Wales and Northern Ireland. b FIT replaced gFOBT in the French screening program in 2015. c In Estonia, an organized colorectal cancer screening program was 
piloted for insured individuals from 2016 to 2022, before being expanded to include all eligible individuals. d In Italy, the first organized CRC screening program was 
launched in Tuscany in 1982, while the southern regions of Calabria and Sicily were the last to implement organized screening, achieving full implementation in 2017. 
Transition from gFOBT to FIT was progressively implemented between 2013 and 2017. In Italy, biennial FIT serves as the primary screening method across all regions, 
except for the Piemonte region, where a one-time rectosigmoidoscopy is offered as an alternative. e In Spain, organized screening started in 2000 in Catalonia and was 
progressively implemented in the remaining autonomous communities by 2017. f In the French Community (Wallonia and Brussels), the screening program was initiated 
in 2009, with the transition to FIT occurring in 2016. In Flanders, FIT-based screening has been implemented since 2013. g The first round of screening within 2013-2014 
encompassed 28 out of 160 municipalities in Serbia. h Early adopters of organized screening, such as Uri (2013), Vaud, and Geneva (2015), were followed by other cantons, 
with about half of Switzerland's 26 cantons having implemented programs by 2024. i In Sweden, organized screening started at the regional level in the Stockholm and 
Gotland counties. j In Portugal, organized screening began with a pilot phase in 2017, followed by a phased implementation across the Northern region starting in 2018. 
k The Finnish gFOBT program was suspended in 2016, and in 2019, organized screening was relaunched through a pilot phase using FIT, targeting nine municipalities. l In 
Norway organized screening started by a pilot study was conducted in Viken county, with subsequent expansion to a national level. m The pilot programs were initiated 
in four administrative regions of Romania: South-East, South-Muntenia, South-West Oltenia, and Bucharest-Ilfov. 0 The “Burgenland prevention trial of colorectal cancer 
disease with immunological testing (B‑PREDICT)” was conducted between 2003 and 2014 in the Burgenland region using FIT. FIT, Fecal Immunochemical Test; gFOBT, 
guaiac-based Fecal Occult Blood Test; n/a, not applicable; yrs, years. 
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2.1.3. Colorectal cancer screening outside Europe 

In North America, Canada provides CRC screening through population-based 

programmes using mainly fecal tests, reporting participation rates from 41-67%108,109. In 

contrast, CRC screening in the US is primarily opportunistic, as there is no nationwide, 

government-organized program108. Instead, screening is typically carried out through a 

combination of private healthcare providers (e.g., Kaiser Permanente Northern California 

organized screening program; Veterans Health Administration program)110,111, insurance 

mandates, and local or regional initiatives led by healthcare systems30,112. The US Preventive 

Services Task Force recommends several screening methods, including colonoscopy, flexible 

sigmoidoscopy, colon capsule endoscopy, computed tomography colonography, and stool-

based tests such as FIT, gFOBT, and the multitarget stool DNA test combined with FIT88,89. 

Endoscopic screening, including sigmoidoscopy and colonoscopy, has been historically 

reported as the most widely used approach, with coverage rates of up to 60%, compared with 

only 7% for noninvasive tests108,113,114. Nevertheless, formally updated comparative analyses 

are lacking. 

Among Asian countries, South Korea, Taiwan, Japan, Singapore and Thailand have 

implemented population-based organized screening programs based on FIT108,115. 

Implemented in 2004, the Korean National Cancer Screening Programme has seen steady 

growth in participation, with adherence to diagnostic colonoscopy after a positive FIT 

increasing to around 32%116. The Taiwanese FIT-based screening program has reported a 34% 

reduction of advanced-stage CRCs and a 40% reduction in cancer-related mortality117. Japan 

runs a municipality-led screening programme, but despite the establishment of a national 

cancer registry in 2016, there is no unified call-and-recall system and invitations vary by 

municipality108,118. Within the Asia-Pacific region, both Australia and New Zealand 

implemented FIT-based screening programs with participation rates reaching up to 57%108. In 

the Middle East, Israel and Qatar offer organised screening using FIT, while in the United Arab 
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Emirates both FIT (every 2 years) and colonoscopy (every 10 years) are offered across the 

country108. In South America, Argentina, Brazil, and Chile have conducted only regional pilot 

studies using FIT, whereas in Africa no population-based initiatives have been 

implemented108,119. 

 

2.2. Gastric Cancer Screening - Key Considerations and Strategic Approaches for 

Population-Based Programs 

GC is the fifth most common cancer and the third cause of cancer mortality 

worldwide16. Detection at early stages is expected to positively impact survival rates120.  

Incidence rates are highest in Eastern Asia and Eastern Europe, whereas rates in North 

America and Northern Europe are generally low121. When implementing a population-based 

screening program in a specific country or region, it is crucial to consider several key factors. 

Foremost among these is the ASR, which provides insight into the burden of disease across 

different age groups, allowing for effective targeting of screening efforts. Furthermore, 

assessing the potential impact on mortality rates is crucial for evaluating the overall benefit 

of screening. These considerations ensure that the screening strategy is not only efficient but 

also tailored to the local epidemiology, maximizing early detection and reducing cancer-

related deaths. 

For GC, global risk areas can be categorized into three distinct levels based on the 

ASR. These include: 1) High-risk areas, characterized by an ASR of ≥20 per 100,000, such as 

Japan, South Korea, and China; 2) Intermediate-risk areas, with an ASR between 10 and 20 

per 100,000, including Portugal, Lithuania, Romania, and Slovenia (Figure 3); and 3) Low-risk 

areas, where the ASR is less than 10 per 100,000, such as the US, United Kingdom, the 

Netherlands and Germany122. This classification aids in tailoring screening efforts and 

preventive strategies according to regional risk profiles.  
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Screening initiatives have been introduced in countries with a high incidence of GC17. 

However, a formal characterization of the implemented programmes worldwide is lacking123. 

Concerning screening tests, a variety of methods have been proposed, including endoscopy, 

radiologic imaging, and non-invasive serologic tests120,124,125. Data from Asian countries 

suggests that endoscopic screening may reduce mortality126. However, its invasive nature may 

limit adherence, and comparative evaluation against non-invasive alternatives is needed. 

Serum pepsinogen I and II levels, gastrin-17, serum anti-Hp IgG antibodies, and the Hp stool 

antigen test (HPSA) are among the proposed non-invasive methods for GC screening127,128. A 

German prospective cohort study found that patients at high risk for GC [stages III and IV of 

the Operative Link of Gastritis Assessment (OLGA)] could be identified by a serum pepsinogen 

assessment122. A Slovenian study used serologic biomarkers in a population of FIT-positive 

patients to identify those with gastric preneoplastic conditions, eligible for further endoscopic 

screening and found a combined accuracy of up to 87%129.  

 

Figure 3: European countries classified as intermediate risk for gastric cancer. ASR, age-

standardized incidence rate. 
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The optimal method for GC screening has not yet been clearly established4,126. Initial 

large-scale initiatives relied on UGIS, which was later progressively replaced by UGIE130,131. 

Non-invasive tests, including serologic and fecal assays, have been proposed as approaches 

that could potentially achieve higher acceptance among target populations and more 

favorable cost-effectiveness ratios127,128. Nevertheless, a comparison of GC screening 

methods with respect to their impact on mortality, diagnostic yield, and adherence is still 

needed123,126,132. 

For GC screening, combining UGIE with a screening colonoscopy may be cost-effective 

in European regions with intermediate risk (Figure 3), based on two previously published cost-

utility analyses4,21,22.  This emphasizes the need for localized evaluations of endoscopy’s 

feasibility, considering the balance between benefits, costs, and healthcare infrastructure. 

The potential for combined screening is particularly important for European countries with 

an intermediate incidence of GC that have implemented population-based CRC screening 

programs4,23.  

Information on GC screening in Western countries remains limited133. Although 

combined endoscopic screening has been suggested to be cost-effective, data on its 

acceptability among target populations are lacking. This gap limits a comprehensive 

assessment of its potential impact on early detection and survival, highlighting the critical 

need for additional research. 

 

3. Challenges and barriers to gastrointestinal cancer screening 

Few countries have achieved the minimum 65% participation rate set by the EU 

Commission (Table 1) and many nations still fail to reach adherence standards, undermining 

the overall screening effectiveness2,7,74,79. Participation rates are highly variable and remain 

sparsely characterized especially in countries with recently implemented population-based 

programs, such as Portugal, Estonia, Norway or Czechia9,43,63,66,78,92,93,103.  
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Suboptimal adherence rates remain a major challenge in CRC screening, making it 

essential to identify their determinants, with risk perception emerging as a key factor. 

Screening uptake is largely influenced by factors such as individual cancer risk perception, 

concerns about the potential risks of screening tests, access to testing, financial burden, and 

time constraints12,13. Several factors contribute to non-participation, such as ambivalence, 

aversion to the screening process and its possible outcomes, and insufficient healthcare 

support70,134.  Additionally, social inequalities in health, including lower socioeconomic status, 

lower income, lower education and lower health literacy, can negatively affect participation 

rates72,103. Moreover, organizational barriers can hinder the achievement of adequate 

participation rates. In this context, a thorough assessment of risk perception as a central 

determinant of screening uptake, together with the identification of predictive factors for 

non-adherence, is crucial for informing the development of more effective and equitable 

screening strategies. 

The inherent limitations of screening tests must also be recognized. The effectiveness 

of fecal tests relies heavily on both the acceptance of follow-up colonoscopy for abnormal 

results and the consistent repetition of periodic screening if normal results are depicted. 

While FIT has progressively replaced the gFOBT, it is still not a highly accurate test37,135. The 

reported sensitivity varies depending on the cut-off value for positivity, ranging between 72% 

and 80%, which corresponds to a non-negligible false negative (FN) rate38,39,136. To address 

this limitation, the cut-off value for positivity can be lowered, resulting in enhanced sensitivity 

and a limited FN rate136. Lowering the cutoff value inevitably increases the positivity rate, 

leading to more false positives and potentially placing considerable strain on colonoscopy 

capacity27,137. Adjusting the sensitivity of FIT to match colonoscopy capacity is a feasible 

option as it ensures that the maximum public health benefit can be achieved within available 

resources97. Notably, colonoscopy acceptance following a positive FIT result is a critical 

determinant of the effectiveness of CRC screening programs based on fecal tests. In European 
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countries with high baseline participation, such as the Netherlands and Denmark, adherence 

ranges from 75% to 90%47,48,50, while studies from the US report rates under 80%46,49,138,139. 

Compared to fecal tests, colonoscopy offers a superior diagnostic yield, enabling a 

higher detection rate for advanced adenomas and early-stage cancer27,41,132,140. However, 

adherence rates remain suboptimal, potentially due to factors such as financial burden and 

the invasive nature of the procedures42,57. Direct costs encompass expenses related to bowel 

preparation, sedation, and the procedure itself141. Even in the context of full reimbursement, 

work-related absenteeism and access barriers may constrain colonoscopy utilization. 

Additionally, anticipated discomfort associated with bowel preparation and apprehension 

regarding the procedure itself ought to be considered. In this context, the perceived risk of 

complications associated with endoscopic procedures represents a major concern. Indeed, 

colonoscopy is a minimally invasive procedure that carries a risk of complications, which may 

be heightened by additional diagnostic or therapeutic interventions142. An observational US 

study concluded that never-screened individuals were more likely to overestimate the risk of 

complications from colonoscopy14. These findings highlight that endoscopic screening-related 

complications are a potential barrier to participation in digestive cancer screening programs. 

Nonetheless, the influence of perceived complication risk on adherence within the screening 

context remains poorly characterized, highlighting a critical area for further investigation. 

Preference for a specific screening test can be a key factor in CRC screening uptake, 

as offering a more widely accepted method may significantly improve participation 

rates41,143,144,145. Offering colonoscopy as an alternative to fecal testing in opportunistic 

screening has been reported to increase coverage by approximately 10%104. Additionally, data 

from a randomized trial conducted in the US found that offering a blood-based screening test 

to individuals who declined FIT resulted in a 17.5% increase in screening uptake146.  These 

findings highlight the critical importance of evaluating preferences for each screening method 

at the local or national level. 
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Several barriers to the implementation of GC screening in Western countries have 

been identified, including financial constraints, limited endoscopic capacity, policy-related 

obstacles, and marked variation in incidence rates130. Even in high-risk countries with 

established GC screening programs, such as Japan and South Korea, significant challenges 

persist, including insufficient endoscopy services, limited availability of qualified endoscopists 

and financial constraints122,130. 

The implementation of population-based GC screening has been considered for 

several intermediate-risk European countries4,21,147. However, beyond policy constraints, 

there is still a lack of consensus regarding the optimal screening strategy, and ongoing debate 

opposes primary prevention and secondary prevention strategies147,148. 

For primary prevention, targeting individuals in their fourth decade of life for mass 

Hp eradication is anticipated to offer significant benefits, particularly by preventing the 

development of precancerous conditions and reducing transmission to offspring149. However, 

implementation of the screen-and-treat strategy presents several challenges, including 

anticipated low participation rates in younger age groups, potential disturbances of the gut 

microbiome, costs associated with treatment reimbursement, and the risk of increased 

antibiotic resistance150.  

In the context of secondary prevention, three main strategies have been described: 

radiologic screening with UGIS, non-invasive tests to select high-risk patients for endoscopic 

evaluation and endoscopic screening, which not only detects incident GC but also identifies 

premalignant conditions warranting further endoscopic surveillance4,33-36. European studies 

on non-invasive tests have failed to demonstrate an unequivocal benefit, despite the 

increasing interest in serological testing for serum pepsinogen I/II and Hp. Indeed, data from 

the GISTAR study indicated that the low sensitivity of the pepsinogen panel may limit its utility 

in a population-based screening setting122. Notably, pepsinogen testing alone would miss 

most GC cases, as only 32% of cancer patients had decreased levels149.  
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The cost of endoscopic screening raises concerns about its implementation and 

feasibility in European intermediate-risk126. To circumvent this barrier, GC screening may be 

combined with CRC screening. Assuming full compliance, combining UGIE with a screening 

colonoscopy following a positive FIT result was suggested as being cost-effective in 

Portugal21,22. However, this strategy restricts UGIE to individuals with a positive FIT referred 

for colonoscopy, thereby limiting screening to a smaller segment of the eligible population 

and diverging from the traditional comprehensive model of an organized programme21,22,148. 

Studies assessing adherence to combined screening and evaluating its impact on early 

detection and survival of gastric cancer are needed29. 

 

4. Risk perception and its impact on health behaviors 

Health behaviours, particularly adherence to cancer screening, are strongly 

influenced by individuals’ perceptions of their cancer risk and of the risks associated with 

screening procedures. Perceived risk is a complex construct integral to numerous health 

behavior theories and interventions151. Although many factors are known to influence health 

behaviors, risk perceptions are thought to play a key role in the behavioral process152. 

Individuals who underestimate their risks may be less likely to adopt recommended 

behaviours, whereas those who overestimate their risks may also avoid precautionary 

measures due to anxiety about potential results or the need for treatment153-155. Although 

behavioral processes are complex, wrong risk perceptions may prevent the adoption of self-

care behaviors and, as a result, pose an additional risk for the occurrence of adverse health 

outcomes152.  

Risk perception has been broadly assessed across various fields, including infectious 

diseases and cardiovascular sciences, highlighting its essential role in understanding health 

behaviors and informing preventive strategies156-160. Studies on patients with type 2 diabetes 

have shown perceptions on the risk of complications were generally biased, characterized by 
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low-risk awareness in most dimensions of the perceived risks measured and contaminated by 

optimistic bias152. Extensive research in individuals seeking genetic counseling also showed a 

common tendency to overestimate the risk of inheriting genetic disorders161. Personal factors 

(e.g., numeracy, socio-economic status, type of condition) and bounded rationality (e.g., 

tendency to overestimate the occurrence of low-probability events) are thought to bias the 

cognitive assessment process of risk estimates.  

The relationship between personal risk perception and risk behavior can be explored 

through three primary hypotheses: the accuracy hypothesis, the behavior motivation 

hypothesis, and the risk reappraisal hypothesis (Figure 4)162-165. The accuracy hypothesis 

postulates that risk perceptions at a given point in time reflect an individual's current risk 

behaviors and associated factors, without suggesting causality. This hypothesis is generally 

tested using cross-sectional data, as it requires only a single time-point measurement. In 

contrast, the behavior motivation hypothesis explores how perceived risk drives behavior 

change, hypothesizing a causal link between an individual's perception of risk and subsequent 

actions aimed at mitigating that risk. Testing this hypothesis requires longitudinal data, with 

initial measurement of perceived risk followed by an assessment of behavioral changes over 

time. Lastly, the risk reappraisal hypothesis examines how behavioral actions influence 

perceived risk, suggesting that individuals who engage in preventive behaviors subsequently 

lower their risk perception. This hypothesis also necessitates a longitudinal approach, with 

baseline behavioral data and follow-up assessments of risk perception. 

Building on these hypotheses, several theoretical models have been proposed to 

explain how perceived risk influences health-related decision-making. Among these are the 

theory of planned behavior, the protection motivation theory, the risk perception attitude 

framework and the Health Belief Model (HBM)151. According to HBM, health behaviours are 

determined by individuals’ perceptions of their susceptibility to disease and the severity of 

its consequences. In the screening context, adherence is influenced by the balance between 
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perceived cancer risk and the anticipated benefits on one side (e.g., early detection and 

treatment), and perceived barriers on the other (e.g., financial barriers, time constraints). 

 

Figure 4: A model of risk perception and risk behavior. Straight lines represent causal 

relationships, while curved lines indicate non-causal associations. Adapted from [Brewer NT, 

et al. Ann Behav Med. 2004] 

Two Eastern studies have previously used a structured survey based on the HBM to 

evaluate CRC risk perception12,13. A structured survey based on the HBM was first validated in 

China to evaluate risk perception13. Knowledge of CRC symptoms and risk factors was low, 

while perceived health, psychological, and access barriers to CRC testing were high. 

Subsequently, the same tool was used in a multicentric study in the Asia-Pacific region to 

compare risk perception between countries with low- and high-CRC participation rates12. 

While physician recommendation was the uniform predictor of screening behavior in all 

countries, respondents from low-participation countries had the least knowledge of 

symptoms, risk factors, and screening tests12. 

In Europe, research on risk perception assessment remains limited, and no structured 

questionnaire has been validated. Establishing such a tool is essential to better characterize 

barriers to screening, including concerns about potential harms of testing, and to identify 

factors underlying non-adherence. Furthermore, when considering the combination of UGIE 
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with colonoscopy for screening, it is essential to assess GC risk perceptions, as these may 

strongly influence adherence and the overall acceptability of combined strategies14. The 

absence of validated instruments in this field underscores the need to develop and validate 

questionnaires capable of reliably assessing risk perceptions, thereby providing a solid basis 

for future research and for improving participation in screening programmes 

 

5. Evaluation of gastrointestinal cancer screening programs 

5.1. From cost-effectiveness to real-world evidence in FIT-based screening 

Biennial FIT screening, suggested to be cost-effective in Northern Portugal, has the 

potential to enhance population coverage, allowing more individuals to participate in 

screening while optimizing the allocation of endoscopic resources and minimizing the strain 

on healthcare infrastructure5. 

Population-based cancer screening programmes provide a structured framework that 

enhances equity, quality, and overall effectiveness of cancer prevention strategies. Systematic 

quality assessment through key performance measures for colonoscopy, together with 

continuous monitoring, enables timely adjustments and targeted interventions46-52,69,166. In 

addition, by actively inviting all eligible individuals, population coverage can be expanded46-

52,166. In instances of lower-than-expected screening uptake, supplementary measures may be 

implemented to address organizational challenges, such as reminder systems and patient 

navigation interventions specifically targeting non-adherent individuals72,167-172. Moreover, 

personalized approaches (e.g., offering an alternative screening test) have been reported to 

increase screening coverage146. 

Despite the encouraging high participation rates reported in Northern European 

countries, adherence remains insufficiently characterized in many recently implemented 

screening programs9,27,70,87. A low participation rate in FIT screening may undermine the 
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potential cost-effectiveness of these programmes, making a thorough assessment of 

adherence rates imperative for newly implemented initiatives, including the Northern 

Portuguese program. 

Organized screening has indeed been shown to improve early detection and reduce 

mortality, with the most significant declines observed in countries with longstanding 

screening programs and high adherence rates24-26. A reduction in CRC incidence and a shift 

toward earlier-stage detection are anticipated benefits from FIT screening27. Encouraging 

evidence supports the effectiveness of FIT-based population screening, but real-world data 

on its impact on early detection and survival are still needed75,117,173-175. 

 

5.2. The potential benefit of combined endoscopic screening 

There is ongoing debate on the optimal pathway for the reduction of GC burden 

across European countries, especially those presenting intermediate to high incidence rates 

(ASR 10–20 per 100,000)21,31,147. Proposed strategies include primary prevention through 

mass eradication of Hp and secondary prevention aimed at detecting premalignant gastric 

conditions and early-stage GC176 (Figure 5). Recently published data indicate that up to 76% 

of GC cases may be attributable to Hp infection, underscoring the crucial role of population-

based screen-and-treat strategies in reducing cancer burden177. 

Offering UGIE for GC screening to individuals referred for colonoscopy following a 

positive FIT result has been previously proposed21,22. Supporting this approach, a Portuguese 

cost-utility analysis suggested that GC screening may be cost-effective when UGIE is combined 

with a screening colonoscopy, but not as a stand-alone strategy, whether through UGIE-alone 

or pepsinogen testing4,21. More recently, an economic evaluation indicated that the use of 

artificial intelligence (AI) to assist UGIE may further increase the cost-effectiveness of 

combined gastric and CRC screening in European countries, depending on the accuracy and 

costs of the AI system22. The project Towards Gastric Cancer Screening Implementation in the 



  

46 

 

European Union (TOGAS) has launched three pilot studies across several European countries 

to advance knowledge on the feasibility, effectiveness, and implementation of GC prevention 

strategies148. One of them will assess the prevalence of gastric precancerous lesions in 

individuals over 50 years undergoing screening colonoscopy within a CRC screening program, 

thereby evaluating the feasibility of a combined approach148. Despite increasing interest in 

combined endoscopic screening, evidence on its acceptability remains limited, warranting 

further research into individuals’ willingness to undergo both procedures and the factors 

shaping participation. 

FIT demonstrates higher specificity for lower GI bleeding, yet false-positive results 

may still arise from upper GI sources, including neoplasms28,178. A systematic review 

evaluating opportunistic GC screening in subjects with a positive fecal test (including both FIT 

and gFOBT) undergoing colonoscopy found that same-day UGIE detects approximately 25% 

more malignancies than colonoscopy alone28. Accordingly, data from the Dutch CRC screening 

program showed that significantly more cancers proximal to the colon, including those of the 

upper GI tract, oral cavity, nose, and throat, were detected among FIT-positives29. However, 

the 3-year cumulative incidence remained below 1%, raising the question of whether UGIE is 

justified in all FIT-positive screenees in Western populations29. Nevertheless, regional 

differences in GC incidence across European countries must be acknowledged (Figure 3). In a 

study designed to evaluate trends in GC incidence and mortality, incidence rates in Northern 

Portugal clearly exceeded those reported in both the Netherlands and Belgium23. In the latter 

study, temporal trends revealed an increasing proportion of T1 GC alongside a decline in age-

standardized mortality, thereby reinforcing the value of secondary prevention strategies23.  

Several factors may account for these findings, including technological advances (e.g., high-

definition endoscopes with integrated virtual chromoendoscopy), enhanced training in early 

neoplasia detection, and the implementation of quality improvement initiatives23,179. The 

extent to which the observed trends are attributable to facilitated access to endoscopic 
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procedures and the impact of population-based FIT screening on GC outcomes remains 

largely unknown.  

 

Figure 5: Potential strategies for gastric cancer screening in European countries with 

intermediate risk. PG, Serum Pepsinogen; GI, Gastrointestinal.  
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Chapter III – Research 
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RESEARCH QUESTIONS AND AIMS 

This project focused on the impact of individual risk perception on digestive cancer 

screening. The line of investigation was designed to explore the current status of GC screening 

and subsequently, to compare risk perception and attitudes towards screening—including 

both CRC and GC—with real-world data from population-based programmes. 

 

In summary, the specific aims of this project were: 

1. To identify and characterize ongoing GC screening programmes and compare 

screening tests regarding adherence, early detection, and mortality. 

2. To evaluate individual risk perception and its influence on attitudes, decision-making, 

and participation in digestive cancer screening initiatives. 

3. To evaluate the intention to adhere to CRC screening and the preference for the 

primary screening method (FIT vs colonoscopy). 

4. To estimate acceptance of a strategy that combines an UGIE with a screening 

colonoscopy. 

5. To assess the perceived risk of complications related to endoscopic screening 

procedures and evaluate its impact on adherence. 

6. To analyze the impact of population-based FIT screening on early detection and 

survival of CRC and GC. 
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Chapter IV – Current status of gastric 

cancer screening 
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REVIEW

Gastric cancer screening: a systematic review and meta-analysis

L�ıdia Fariaa�, Jo~ao Carlos Silvaa,b� , Marta Rodr�ıguez-Carrascoc, Pedro Pimentel-Nunesc,d , M�ario Dinis-
Ribeiroc,d and Diogo Libânioc,d

aFaculty of Medicine, University of Porto, Porto, Portugal; bGastroenterology Department, Centro Hospitalar Vila Nova de Gaia e Espinho
(CHVNG/E), Porto, Portugal; cGastroenterology Department, Instituto Português de Oncologia do Porto, Porto, Portugal; dMEDCIDS, Faculty
of Medicine, University of Porto, Porto, Portugal

ABSTRACT
Background and aims: Gastric cancer (GC) screening is recommended in high-risk populations,
although screening methods and intervals vary. In intermediate-risk populations, screening through
esophagogastroduodenoscopy (EGD) may be considered depending on local resources. The aim of
this study was to compare GC screening methods regarding effect on mortality, diagnostic yield and
adherence.
Methods: Systematic review and meta-analysis including studies evaluating population-based GC
screening. Search was conducted in three online databases (MEDLINE, Scopus and clinicaltrials.gov),
along with manual search.
Results: Forty-four studies were included. Studies in upper gastrointestinal series (UGIS) demonstrated
that GC screening was associated with significantly lower GC mortality rates (OR 0.63, 95% CI
0.55� 0.73). Benefits on mortality were also found in EGD and serum pepsinogen (PG) studies. EGD
was associated with significantly higher GC (0.55%, 95% CI 0.39� 0.75%) and early-GC (EGC) detection
rates (0.48%, 95% CI 0.34� 0.65%) when compared to UGIS (GC 0.19%, 95% CI 0.10� 0.31%; EGC
0.08%, 95% CI 0.04� 0.13%) and PG (GC 0.10%, 95% CI 0.05� 0.16%; EGC 0.10%, 95% CI
0.04� 0.19%). Non-invasive methods tended to higher adherence rates when compared to EGD.
Regardless of the screening method, individualized recruitment performed better.
Discussion: Screening positively impacted GC mortality rates. EGD was associated with higher diag-
nostic yield, while UGIS and PG tended to higher adherence rates. Screening uptake was predomin-
antly impacted by recruitment strategies independently of the adopted method.

Abbreviations: ASR: Age standardized incidence-rate; CI: Confidence interval; DOR: Diagnostic odds
ratio; EGC: Early gastric cancer; EGD: Esophagogastroduodenoscopy; FDG-PET: F-Fluorodeoxyglucose-
positron emission tomography; GC: Gastric cancer; IC: Invited cohort; LR: Likelihood ratio; NPV:
Negative predictive value; OR: Odds ratio; PG: Serum pepsinogen; PPV: Positive predictive value; SF:
Self-reporting; SROC: Summary receiver operating curve; RCT: Randomized controlled trial; UGIS: Upper
gastrointestinal series
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Introduction

Gastric cancer (GC) is the fourth most common malignancy

worldwide and ranks third on cancer-related death [1].

Detection of GC in early stages is associated with overall 5-

year survival of 85–90% but populational GC screening pro-

grams are rare in Western countries mainly due to concerns

of low adherence, efficacy and high costs and thus ques-

tionable cost-effectiveness [2]. The incidence and mortality

of GC substantially vary across geographical areas, and

Eastern Asia and Eastern Europe have the highest age-

standardized incidence-rates (ASR) [1]. In countries with

high incidence of GC, such as Japan and Korea, in which

ASR exceeds 20 per 100,000 inhabitants, GC screening was

started [2].

Implementation of GC screening in Asia led to an increase
in the diagnosis of early gastric cancer (EGC), lower disease-
specific mortality and higher 5-year survival [3,4]. However,
even in Asia GC screening strategies vary across countries,
and the outcomes of different screening methods were
seldom compared. In countries with intermediate risk, GC
screening is not established, yet the European Society of
Gastrointestinal Endoscopy (ESGE) suggests that endoscopic
screening may be considered depending on endoscopic
resources [5]. Furthermore, the MAPS II Guideline suggests
that GC screening might be cost-effective in European coun-
tries with a GC risk �10 per 100,000 inhabitants [6,7].
Evidence arises from a Markov cost-utility analysis from Areia
et al., which concluded that endoscopic GC screening was
cost-effective if combined with a screening colonoscopy in
Portugal (ASR 13.1/100,000 inhabitants) [6].
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The comparison of different GC screening strategies and
their outcomes in both Eastern and Western countries may
provide evidence for further establishment of GC screening
in intermediate and low-risk populations and optimize
ongoing programs in high-risk populations. Pooled estimates
of adherence and efficacy outcomes are also needed in order
to perform adequate cost-effectiveness analysis. Therefore,
the aim of this study was to compare GC screening methods
regarding effect on mortality, diagnostic yield and adherence
in both high and intermediate-risk populations.

Methods

Two studies were performed in order to assess GC screening:
1) a systematic review and meta-analysis of population-based
GC screening programs; 2) a cross-sectional evaluation of
existing GC screening programs, through a survey sent to
311 Endoscopy and Gastroenterology societies.

Systematic review of gastric cancer screening programs

Search strategy
This systematic review followed the PRISMA guidelines for
systematic reviews [8]. Two online databases (MEDLINE,
through PubMed and Scopus) and a clinical trial registry
(clinicaltrials.gov) were used to identify relevant studies (date
of last search: 23 October 2020). No language or temporal
restrictions were applied. The search query was the follow-
ing: ((‘stomach cancer’) OR (‘gastric cancer’)) AND ((‘cancer
early diagnosis’) OR (‘cancer screening’) OR (‘endoscopy
screening’) OR (‘screening program’)). The authors also manu-
ally searched abstracts from Gastroenterology and
Endoscopy conferences proceedings. Clinical trial registries
were also searched to identify ongoing studies. In addition,
reference lists of included articles were reviewed to capture
additional studies.

Eligibility criteria
All studies evaluating mass/populational GC screening pro-
grams, in asymptomatic individuals, at a national or regional
level, reporting at least one of the outcomes of interest (see
below) were included. Randomized-controlled trials (RCT),
retrospective or prospective cohort and case-control studies,
and cross-sectional studies were considered. Exclusion criteria
were: 1) studies including symptomatic patients; 2) studies
focusing on surveillance of patients with known premalig-
nant conditions/lesions (e.g. chronic atrophic gastritis, intes-
tinal metaplasia and dysplasia); 3) studies including patients
with history of GC or EGC; 4) studies focusing on hereditary
GC; 5) case-series, reviews, letters and guidelines. If there
was patient population overlap, the study with highest num-
ber of participants was included.

Outcomes and definitions
The main outcomes were GC mortality, GC detection rate,
EGC detection rate and adherence. GC mortality was defined
as GC deaths for total screened individuals, as opposed to

GC deaths for unscreened individuals. GC and ECG detection
rates were defined as GC or EGC cases for total screened
individuals. Accuracy measures were extracted from each
study using 2� 2 contingency tables, for sensitivity, specifi-
city, positive predictive value (PPV) and negative predictive
value (NPV) calculation. Positive likelihood ratio (LR) and
diagnostic odds ratio (DOR) were additionally computed.
Adherence was defined as screening participants for total
number of invited individuals. For adherence evaluation, we
classified the studies according to the method of participa-
tion ascertaining in: a) studies in which effective participation
in screening was confirmed by the performance of the
screening method (invited cohorts); b) studies in which par-
ticipation was assessed through questionnaires/self-reporting.

Study selection
Two reviewers, Faria L and Silva JC, independently screened
title and abstracts according to a prespecified protocol using
Covidence online platform [9]. In case of disagreement, a
third reviewer (Rodr�ıguez-Carrasco M) made the final deci-
sion. Further full-article reading was performed independ-
ently by the abovementioned reviewers. Authors of
unpublished studies or published studies in which data was
missing were contacted to confirm eligibility. In the presence
of articles with challenging translation, the authors were also
contacted.

Data extraction and quality evaluation
Two reviewers (Faria L and Silva JC) independently retrieved
data from full articles using a standardized predefined form,
based on Cochrane data sheets. A third reviewer (Libânio D)
checked the accuracy of extracted data. Data was obtained
according to the target variables: 1) author; 2) year of publi-
cation; 3) baseline characteristics of target population [age
and sex]; 4) country/region of screening program; 5) mecha-
nisms for systematic invitation; 6) screening method used
and setting – regional or national; 7) GC mortality rate; 8) GC
detection rate; 9) EGC detection rate; 10) adherence rate.

Quality evaluation was also performed by Silva JC and
Faria L. RCTs quality assessment was performed using
Cochrane Collaboration risk of bias tool [10]. For each key
domain, the studies were classified as ‘low risk’, ‘high risk’ or
‘unclear risk’. Studies were classified as ‘low risk’ if bias that
could seriously alter the results were considered unlikely for
all key domains and ‘high risk’ if at least one domain had
bias that potentially weakens confidence in the results.
Observational studies were evaluated according to the
Newcastle–Ottawa scale for observational studies [11].

Statistical analysis
Where adequate (at least three studies per outcome), pooled
prevalences and pooled OR along with 95% CIs were calcu-
lated for GC mortality, GC detection, EGC detection and
adherence, using random-effects model, through OpenMeta
Analyst (for pooled prevalences through arcsine transformed
proportions) [12] and RevMan version 5.3 (for pooled ORs)
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[13]. Heterogeneity was evaluated with the I2 and Cochran’s
Q test. Significant heterogeneity was defined as I2 > 40%
and p < .05. Subgroup analysis was planned according to
screening method, region/country and method for ascertain-
ing adherence (invited cohorts vs. self-reporting).

Pooled accuracy measures (sensitivity, specificity, positive
LR and DOR) with 95% confidence intervals (CIs) and sum-
mary receiver operating curve (SROC) were calculated, when
possible, using random-effects model through Meta-DiSc ver-
sion 1.4 (Madrid, Spain) [14].

Cross-sectional assessment of ongoing gastric cancer
screening programs

National and International Gastroenterology and Endoscopy
societies were comprehensively searched and invited to par-
ticipate in an online survey (Supplementary Appendix 1) on
digestive cancer screening. The survey was sent by email in
three different rounds, to the presidents of 311 Scientifical
Societies, between January and March 2020, to maximize
adherence. Answers were then recorded and grouped by the
authors. The following domains were evaluated: 1) target
population [age, sex and risk factors for GC]; 2) country/
region of screening program; 3) gastroenterology or endos-
copy society; 4) screening setting [national or regional]; 5)
screening method; 6) adherence rates.

Results

Systematic review and meta-analysis of gastric cancer
screening programs

A total of 1359 articles were identified through systematic
search, of which 37 were selected for inclusion. Seven add-
itional studies were included from manual search, and thus,
a total of 44 studies were included in this systematic review
(Figure 1) � 17 from Japan, 13 from Korea, 7 from China, 2
from Taiwan, 1 from Finland, 1 from Turkey, 1 from Costa
Rica, 1 from Iran and 1 from Portugal.

Four RCTs were included – two in which individuals were
randomized to different invitation strategies [15,16], one in
which individuals were randomized to different screening
methods [17] and one in which individuals with positive PG
test and/or first degree relatives with GC underwent EGD
and individuals with negative PG test were randomly
selected for EGD [18]. Most of the included studies were
observational (n¼ 40; 91%), of which 30 (75%) cohort studies
(prospective n¼ 18; retrospective n¼ 12) and 10 (25%) cross-
sectional.

The main characteristics of included studies are presented
in Table 1. There were seven double-arm studies comparing
EGD and upper gastrointestinal series (UGIS), while 25 were
single-arm studies evaluating outcomes of a given screening
method [nine serum pepsinogen (PG), 10 EGD, 5 UGIS and
1 f-fluorodeoxyglucose-positron emission tomography
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Figure 1. Flowchart of study selection.
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(FDG-PET)]. Eleven studies focused only on adherence to GC
screening programs, regardless of the screening method
used (UGIS or EGD or PG). Regarding quality evaluation, in
all of the included RCTs low risk of bias was considered [10]
(Table 1; Supplementary Figure 1). Observational studies
were classified through a numerical scale according to the
Newcastle–Ottawa scale for observational studies [11] (Table
1). Publication biases were evaluated for the primary end-
points (Supplementary Figure 2).

In brief, GC screening is offered to healthy asymptomatic
individuals in three Eastern countries. In Japan, UGIS or EGD
are both first-line options for asymptomatic individuals �
40 years old. The National Cancer Screening Program for GC
in Korea offers biennial UGIS or EGD to individuals � 40 years
old. In China screening through EGD is available in high-risk
areas, for individuals aged 40–69 years old. In contrast, in
Western countries there are no population-based GC screen-
ing programs ongoing, yet some pilot programs were initi-
ated. Regarding PG, although the validity of serum PGI and
PGII for the diagnosis was previously evaluated [53,59,60] no
GC screening program based on this method was yet imple-
mented at a national level.

Effect of screening on GC mortality
GC mortality rate was evaluated in 13 studies (follow-up
range 3–15 years) [28–31,33–35,39–41,45,55,56]. Five studies
(median follow-up of 8 years) compared GC mortality
between screening through UGIS and no screening, and
pooled results showed that screening is associated with sig-
nificantly lower GC mortality rates (OR 0.63, 95% CI
0.55–0.73, I2 ¼ 0%) (Figure 2). Additionally, Rosero-Bixbi L
and Sierra, reported a GC mortality rate of 0.38%, yet no
comparison to unscreened individuals was established [35].
Only two studies directly compared GC mortality between
populations submitted to screening through UGIS and EGD,
precluding meta-analysis [33,39]. Matsumoto S et al. in a
large cohort with 5 years of follow-up, found that screening
through EGD significantly lowered GC mortality (OR 0.62,
95% CI 0.39–0.97), while Hamashima C et al. reported a trend
to lower GC mortality in the EGD arm but without statistical
significance (OR 0.59, 95% CI 0.04–9.49) [33,39]. One study
compared GC mortality between screening through EGD and
no screening, with results favoring EGD (OR 0.35, 95% CI
0.14–0.86) [41]. Two studies assessing PG also found a

significant benefit in GC mortality although data was not
pooled in meta-analysis [55,56].

Diagnostic yield and diagnostic accuracy of the different
screening methods
Overall, 28 of the included studies reported GC detection
rates [17,18,28,32,33,35–39,41–58]. EGD was associated with
significantly higher GC and EGC detection rate in double-arm
studies directly comparing detection rates with UGIS (OR
3.29, 95% 2.49–4.35, I2 ¼ 76% and OR 5.50, 95% CI
3.93–7.70, I2 ¼ 0%, respectively) (Figure 3). Several single-
arm studies of the different screening methods also reported
pooled GC detection rates, that were significantly higher for
EGD (0.55%, 95% CI 0.39–0.75%) than for UGIS (0.19%, 95%
CI 0.10–0.31%) and serum PG test (0.10%, 95% CI
0.05–0.16%) (Figure 4). EGC detection rate was also signifi-
cantly higher with EGD than with UGIS or PG testing (EGD
0.48%, 95% CI 0.34–0.65%; UGIS 0.08%, 95% CI 0.04–0.13%;
PG 0.10%, 95% CI 0.04–0.19%) (Figure 4). Two studies were
excluded from meta-analysis once a different methodology
was adopted (two or more screening rounds instead of one)
[35,40]. Significant heterogeneity for both outcomes (pooled
GC and EGC detection) was noted, but subgroup analysis (by
study design or region of origin) did not decrease hetero-
geneity and did not significantly alter pooled prevalence in
each subgroup. Further sensitivity analysis was performed
excluding potential outliers [41], however, heterogeneity
remained high and pooled prevalence in each subgroup was
not significantly different. A retrospective study also assessed
the diagnostic yield of FGD-PEG for GC screening, and a low
GC detection rate was found (0.08%) [58].

Eight studies reported data on diagnostic properties of
the screening method applied [18,35,37,38,51,53,54,57]. Two
double-arm studies directly compared UGIS and EGD and
both reported an overall higher diagnostic accuracy for EGD
[37,38]. Comparison of pooled diagnostic properties between
screening methods was not performed due to the limited
number of data available for UGIS and EGD. Nonetheless, PG
tended to lower specificity and DOR (Table 2; Supplementary
Figure 3).

Adherence rate and factors that influence adherence
Twenty studies assessed GC screening adherence
[15,16,18–30,35,48,55–57]. The majority of the studies

Figure 2. GC mortality with screening through UGIS and no screening. Heterogeneity between studies was assessed through p statistic and I2. p< .05 meaning
statistical significance. CI: confidence interval; GC: gastric cancer; UGIS: upper gastrointestinal series.
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evaluated adherence to GC screening programs, independ-
ently of the method used, while some single-arm studies
evaluated adherence to a specific screening method
(Table 3).

Overall GC screening uptake (independently of the screen-
ing method used) was heterogeneous, and higher adherence
rates were reported in studies based on interviews/self-report
screening uptake than in studies in which the performance
of the screening exam was confirmed by the investigators
(invited cohorts) (Table 3). Two Korean RCTs assessed the
effectiveness of interventions to increase adherence and
showed that a combination of phone call and invitation
reminder performed better than mail invitation alone [15,16].
Five studies also evaluated time-trends of screening uptake
and screening method in Korea, based on the analysis of the
National Cancer Screening Program databases [23–27]. These
studies (all based on questionnaires/self-reporting) found
that GC screening rates steadily increased from 7.4% in 2002
[24] to 74.8% in 2015 [27]. Participation rates were higher for
females and in the age of 60–69 years. The proportion of
individuals that were screened by EGD also increased over
time, from 31.1% in 2002 to 72.5% in 2011. Male sex,
younger age and higher socioeconomic status were associ-
ated with preference for EGD [24].

Given the significant between-studies heterogeneity (due
to different methodology), pooled comparison of adherence
rates between the different screening methods was not
deemed adequate. In brief, only one study from China [48]
evaluated adherence to EGD screening and a low adherence
rate was found (�18%), while adherence rates with non-inva-
sive methods (PG and UGIS) were higher (Table 3)
[18,28–30,35,55–57]. Nonetheless, three Korean cross-sec-
tional studies reported a trend toward EGD preference over
time [19,23,24].

Individual factors seem also to impact intention to adhere
to GC screening programs. Higher household income and edu-
cation level were associated with higher adherence rates
[19,22,61]. Similarly, family history of GC and past medical his-
tory of gastric ulcer, led to higher adherence rates [19,21]. Also,
non-smokers are more likely to undergo GC screening [19,22].

Table 3 summarizes the pooled rates (GC detection, EGC
detection and adherence) according to the screening method.

Cross-sectional assessment of ongoing gastric cancer
screening programs

Among the surveys sent to 311 Endoscopy and
Gastroenterology societies, a response rate of 22.0% was
obtained (Supplementary Table 1). Data from five continents
and 24 countries were obtained: Europe (n¼ 16), America
(n¼ 5), Africa (n¼ 1), Asia (n¼ 1) and Oceania (n¼ 1).

Two countries (Sweden and Serbia) reported the existence
of GC screening programs. In Sweden, the GC screening pro-
gram is available only for high-risk populations (e.g. genetic
mutations) and is performed through EGD. In Serbia, GC
screening is performed by combining EGD with a screening
colonoscopy and is directed to high-risk individuals younger
than 65-year-old. Twenty-two countries answered that no GC
screening program was implemented. More detailed informa-
tion is presented in Supplementary Table 1.

Discussion

GC is still the third malignancy with more cancer-related
deaths, despite the decreases in incidence and mortality rate
in the last decades [1]. Screening programs have been imple-
mented in some high-risk populations in Eastern countries,

Figure 3. GC and EGC detection through UGIS and EGD in double-arm studies. a) GC detection rate; b) EGC detection rate. Heterogeneity between studies was
assessed through p statistic and I2. p< .05 meaning statistical significance. CI: confidence interval; EGC: early gastric cancer; EGD esophagogastroduodenoscopy;
GC: gastric cancer; UGIS: upper gastrointestinal series.
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Figure 4. GC and EGC detection according to screening method, in single-arm studies. a) GC detection rate; b) EGC detection rate. Heterogeneity between studies
was assessed through p statistic and I2. p< .05 meaning statistical significance. CI: confidence interval; EGC, early gastric cancer; EGD, esophagogastroduodeno-
scopy; GC, gastric cancer; PG, serum pepsinogen; UGIS, upper gastrointestinal series.
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given the improvement in survival rates. Evidence regarding
its application in other high-risk or intermediate-risk popula-
tions, namely in Western countries, is limited to a cost-utility
analysis performed in Portugal [6,7].

This study comprehensively reviewed population-based
GC screening programs in Eastern (Japan, Korea and China),
as well as pilot programs in Western countries. Among
Eastern countries, GC screening programs are well estab-
lished in Japan and Korea through EGD or UGIS (chosen by
screened individuals according to their preference). In con-
trast, in China GC screening is performed in high-risk areas
solely through EGD. On the other hand, in Western countries
GC screening pilot programs through UGIS, EGD and sero-
logic testing were reported, but there was no data from
implemented national GC screening programs.

Populational GC screening programs (mainly through
UGIS) were found to have a significant impact on GC mortal-
ity and pilot studies with PG also showed a significant bene-
fit on mortality. Two studies, one of them being a large
cohort with 5 years of follow-up, also found that screening
through EGD significantly lowered GC mortality when com-
pared with UGIS screening, although data could not be
pooled in meta-analysis. However, based on these two stud-
ies and the higher diagnostic yield of EGD, this screening
method is likely to reach a higher benefit in GC mortality, at
least for similar adherence rates. However, despite this bene-
fit found on GC mortality from screening, it should be noted
that these studies come from Eastern countries, and it is
unclear if this benefit on mortality replicates if GC screening
programs are implemented in the west.

EGD screening was associated with both significantly
higher GC and EGC detection rates when compared to UGIS
and PG. Additionally, EGD had higher detection rates in dou-
ble-arm studies directly comparing screening through UGIS
and EGD. Accordingly, high-definition EGD with

chromoendoscopy is the gold-standard for the diagnosis of
gastric precancerous conditions and early neoplastic lesions
[7]. In this setting, EGD also allows staging of gastric precan-
cerous conditions (and selection of patients who benefit
from surveillance) and adequate characterization of subtle
early lesions hardly recognized through radiologic or sero-
logic methods.

Significant heterogeneity, concerning study design (e.g.
methods of screening; recruitment strategies) and screening
uptake assessment (self-reported or confirmed by the investi-
gators) made adherence measurement particularly challeng-
ing. UGIS and PG testing tended to higher adherence rates
when compared to EGD, yet comparative data is scarce. This
may be explained by the fact that less invasive screening
procedures lead to better adherence rates. It is also relevant
to note that studies that assessed preferences for different
screening methods over time found a rising preference for
EGD through the years. However, it should be highlighted
that sociodemographic features (e.g. income, educational
level and family history), procedure-related factors (e.g. previ-
ous experience with diagnostic exams and access to sed-
ation) and invitation strategies may influence adherence
rates, further than the screening method itself. Regardless of
the chosen screening test, invitation strategies largely influ-
enced the adhesion rate, since individualized invitation (e.g.
phone call and personal letter) performed better than work-
place advertisements or community campaigns. Further stud-
ies comparing screening methods and invitation strategies
may accurately measure adherence. Moreover, patient’s risk
perception evaluation may further explain variability in GC
screening uptake.

An assessment of ongoing GC screening programs was
performed through an online survey in order to complement
the review process and obtain a real-live perspective,
although only two Western countries reported the

Table 2. Sensitivity, specificity, positive LR and DOR for GC diagnosis according to the screening method.

Included studies Sensitivity % (95% CI)a Specificity % (95% CI)a Positive LR (95% CI)a DOR (95% CI)a

UGIS Choi KS et al. [37] 36.7 96.1 9.4 14.2
Hamashima et al. [38] 89.3 85.6 6.2 49.7

EGD Choi KS et al. [37] 69.0 96.0 17.4 54.0
Hamashima C et al. [38] 95.5 85.1 6.4 122.0

PG Meta-analysis [18,51,53,54,57] 57.1 (44.0–69.5) 87.3 (86.9–87.8) 4.2 (2.3–7.6) 9.5 (4.1–22.1)
aPooled sensitivity, specificity, positive LR and DOR with CI were computed only for PG (at least three studies per outcome).
CI: confidence interval; DOR: diagnostic odds ratio; EGD: esophagogastroduodenoscopy; GC: gastric cancer; LR: likelihood ratio; PG: serum pepsinogen; UGIS:
upper gastrointestinal series.

Table 3. Summary table for GC detection, EGC detection and adherence.

GC detection EGC detection
Adherence

Pooled GC detection rate
% (95% CI)

Pooled EGC detection rate
% (95% CI)

Study
design Included studies

Adherence rate
% (95% CI)

Overalla SF Meta-analysisb [19–22] 43.3 (35.2–51.5)
IC Lee MH et al.b [15] 23.7 (15.8–32.6)

Hong NS and Kamb [16] 31.4 (28.0–34.9)
UGIS 0.19% (0.10–0.31) 0.08% (0.04–0.13) SR Meta-analysisb [28–30] 56.2 (34.7–76.5)

IC Rosero L and Sierrab [35] 78.4 (77.6–79.3)
EGD 0.55% (0.39–0.75) 0.48% (0.34–0.65) IC Guo L et al.b [48] 18.4 (18.0–18.8)
PG 0.10% (0.05–0.16) 0.10% (0.04–0.19) IC Meta-analysisb [56,57] 53.7 (41.6–65.5)

Meta-analysisc [18,55] 56.0 (24.1–85.3)
aIrrespective of the screening method adopted. bAdherence estimates from population-based screening programs. cAdherence estimates from research-based
screening.
CI: confidence interval; EGC: early gastric cancer; EGD: esophagogastroduodenoscopy; GC: gastric cancer; IC: invited cohort; PG: serum pepsinogen; SF: self-report-
ing; UGIS: upper gastrointestinal series.
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implementation of GC screening at a national level in high-
risk populations. Nonetheless, the response rate was only
22.0% and a higher participation could have been more
informative in this setting.

This review highlights the favorable impact of screening
on GC mortality and reinforces the higher diagnostic yield of
EGD. Despite heterogenous data, less invasive methods
tended to higher adherence rates, though screening uptake
was mostly impacted by recruitment strategies.

Our review presents some limitations. Most included stud-
ies are observational and therefore more susceptible to
selection bias. Significant heterogeneity was found for some
outcomes, despite careful study selection, quality assessment
and subgroup analysis. Also, most studies arise from high-
risk populations of Eastern countries and data from inter-
mediate risk regions is still scarce. As so, data form this
review must be interpreted considering that the effectiveness
of GC screening largely depends on regional GC rates.
Additionally, UGIS and PG testing are currently sparsely used
in clinical practice, despite the fact that the optimal screen-
ing method is not yet completely clarified. Yet, serologic test-
ing combining serum PG and Helicobacter pyloric has also
been proposed for mass screening [18,57]. Moreover, safety
data was not defined as primary outcome. In fact, only one
study recorded systematically the occurrence of adverse
events [17] for UGIS and EGD screening.

Data from this meta-analysis (impact on GC mortality, esti-
mates of diagnostic yield, diagnostic accuracy and adherence
rates) should be used to assess the cost-effectiveness of GC
screening methods across different Western countries. The
MAPS II Guideline supports GC screening in high-risk popula-
tions as well as in intermediate-risk populations depending
on specific economic studies for each local setting [7]. In
fact, data from the present review may be considered in tail-
ored economic studies. Additionally, data on available endo-
scopic resources and quality assessment in GC screening
must be further considered.
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Development and validation of the PERCEPT-
PREVENT tool to determine risk perception and 
attitudes towards digestive cancer screening
João Carlos Silvaa,b, Cristina Santosb,c, Mário Dinis-Ribeirob,d and Diogo Libâniob,d

Background and aims Colorectal cancer (CRC) screening is recommended worldwide, while gastric cancer (GC) screening 
may also be defendable in some settings. However, adherence rates and factors influencing participation are not well 
characterized. This study aimed to validate a tool to determine risk perception of CRC and GC and also of endoscopy-related 
complications.
Methods A questionnaire in CRC risk perception based on the Health Belief Model was used. Forward/backward translation 
(English-Portuguese) and cultural adaptation were performed. After revision by a panel of experts, the questionnaire was 
adapted to target GC risk perception and perceptions towards endoscopy-related complications. The final version of the 
questionnaire (PERCEPT-PREVENT tool) was applied to 44 individuals, through telephonic interview, at enrolment and at 
intervals ≤3 weeks. Test–retest reliability and agreement were assessed.
Results Almost perfect reliability between test and retest was obtained for CRC symptom knowledge score (ICC = 0.88), risk 
factor knowledge score (ICC = 0.89), and perceived severity (ICC = 0.84). At least moderate agreement between test and 
retest was obtained for GC symptom knowledge score (ICC = 0.94), risk factor knowledge score (ICC = 0.92), and perceived 
severity (ICC = 0.58). Test-retest reliability was assessed for barrier domains [faecal occult blood test ICC = 0.63; colonoscopy 
ICC = 0.79; upper GI endoscopy (UGIE) ICC = 0.83]. A total of 91% and 98% of participants gave the same answer in the 
test and retest for preferred method of CRC screening and intention to undergo UGIE for GC screening combined with a 
screening colonoscopy, respectively.
Discussion PERCEPT-PREVENT is a valid and reliable tool for CRC and GC risk perception evaluation. Eur J Gastroenterol 
Hepatol XXX: XXXX–XXXX
Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Colorrectal cancer (CRC) is the most frequently diagnosed 
malignancy and the second leading cause of cancer mor-
tality worldwide [1,2]. The estimated burden of CRC is 
expected to rise even if the global incidence rates decline 
by 2% per year [2]. The highest age-standardized inci-
dence rate was registered in Southern (162/100 000) and 
Eastern Europe (158/100 000) for males aged between 50 
and 74 years old [2].

Implementation of screening initiatives have positively 
impacted early detection and mortality rates, with the 
largest decreases in mortality rates seen in countries with 
longstanding programs [3,4]. In Europe, the highest pro-
portion of screen-detected CRC (40–60%) was reported 
in regions and countries with well-established screening 
programs, while in most other regions and countries the 
proportions of screen-detected cancers were below 30% 
[5]. It is important to highlight that high adherence rates 
were reported in countries with the greatest proportions 
of screening-detected CRC [5]. Nonetheless, the effec-
tiveness of organized screening at a nationwide level is 
directly related to the participation rate as lower adher-
ence rates leads to a lower effect on mortality decrease and 
higher costs [6]. In fact, several countries with well-or-
ganized screening programs report suboptimal participa-
tion rates [2,6,7]. Adherence rates to CRC screening are 
sparsely characterized in European countries. Higher uti-
lization rates of either faecal occult blood testing (FOBT) 
or colonoscopy are reported in countries with fully rolled 
out organized screening programs based on faecal tests 
(29.7% in Croatia to 66.7% in the UK) and countries 
offering both FOBT and colonoscopy (22.7% in Greece 
to 70.9% in Germany) in the setting of organized and/
or opportunistic screening [7]. In Germany, the overall 
adherence to CRC screening increased after colonoscopy 
was added to the screening program as an alternative to 
FOBT, mainly due to an increase in screening colonoscopy 
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uptake [8]. In Portugal, as in other European countries, 
the adherence rates to CRC screening are not well char-
acterized. Moreover, the intention to adhere according to 
the screening method has not been previously evaluated.

Gastric cancer (GC) is the fifth most common cancer 
and the third cause of cancer mortality worldwide [9]. 
Currently, screening for GC is performed only in coun-
tries with a high risk of disease (defined as an age-stand-
ardized incidence rate ≥ 20 per 100 000) such as Japan 
and Korea (29.9 and 41.3, respectively) [10]. A cost-util-
ity analysis found that combining an upper GI endoscopy 
(UGIE) with a screening colonoscopy is also cost-effective 
in countries with GC risk ≥10/100.000 [11]. This means 
that in Europe if a CRC screening program is already in 
place (by means of FOBT or stand-alone colonoscopy) all 
countries with an intermediate incidence rate of GC such 
as Albania, Belarus, Macedonia, Russia, Latvia, Ukraine, 
Estonia, Lithuania, Portugal, Moldova, Romania, 
Slovenia, Bulgaria, and Croatia (age-standardized inci-
dence rate from 10.3 to 20.1), might benefit by providing 
a screening UGIE in combination with colonoscopy for 
their populations [12]. The abovementioned cost-utility 
analysis assumed full compliance with endoscopic screen-
ing although it is known that in countries with well-es-
tablished GC screening programs, the adherence rates are 
well below 100% [11,13]. Furthermore, the adherence 
rate to dual screening (CRC and GC) is not known in 
European intermediate-risk countries.

Risk perception and attitudes towards CRC/GC screen-
ing were rarely evaluated in Western countries, although 
two Eastern studies have previously used a structured sur-
vey based on the Health Belief Model (HBM) to evalu-
ate CRC risk perception [14,15]. The questionnaire was 
first validated in a Chinese study to estimate predictors 
of CRC screening uptake [15]. Subsequently, the same 
tool was used in a multicentric study in the Asia-Pacific 
region to compare risk perception between countries 
with low- and high-CRC screening adherence rates [14]. 
Participation rates are largely influenced by patient’s risk 
perception, namely the risk of developing CRC or GC, 
which is impacted by knowledge of symptoms, risk factors 
and screening procedures. Moreover, barriers to screening 
(complication risk perception, access to testing, financial 
burden, and time constraints), may also negatively impact 
adherence rates.

Using a previously developed questionnaire for CRC 
risk perception assessment [14,15], and further adapt-
ing it, this study aims to adapt and validate a risk per-
ception questionnaire (PERCEPT-PREVENT tool) that 
targets both CRC and GC as well as endoscopy-related 
complications.

Methods

Study design and patient selection

The authors initially performed an adaptation of a previ-
ously developed questionnaire (detailed below). Then, a 
test-retest study was performed where asymptomatic men 
and women between the ages 50–74 years old eligible 
for the national CRC screening program were included. 
Participants from 4 counties (Vila Nova de Gaia, Espinho, 
Santo Tirso and Trofa) of the Northern region of Portugal 

were randomly recruited from the regional CRC screen-
ing program database. Inclusion criteria: asymptomatic 
individuals who were not yet invited to CRC screening. 
Exclusion criteria: medical history of CRC or GC, known 
hereditary cancer risk, previous colectomy/gastrectomy, 
inflammatory bowel disease, dementia, inability and/or 
refusal to answer the questionnaire.

HBM based questionnaire

A questionnaire in CRC risk perception, based on the 
HBM, previously validated in two eastern popula-
tion-based studies was used [14,15]. This tool measures 
the following components: 1) knowledge of symptoms, 
risk factors and screening methods; 2) perceived risk of 
cancer; 3) perceived severity of cancer; 4) perceived ben-
efits of screening; 5) previous screening participation; 6) 
barriers to screening.

Knowledge of CRC symptoms and risk factors was 
evaluated through the following questions: 1) ‘Do you 
know the possible symptoms of bowel cancer?’ and 2) ‘Do 
you know the risk factors for bowel cancer?’. Additionally, 
participants who responded positively were subsequently 
asked to enumerate possible CRC symptoms and risk 
factors. Adherence and attitudes towards CRC screen-
ing were also addressed. A question examining the need 
for regular screening in asymptomatic individuals aged 
50 years and older was elaborated to determine whether 
respondents acknowledged the rationale for screening. 
To assess test knowledge score, participants were asked 
whether they had heard of each available screening tests. 
Perceived severity was evaluated by five items designed to 
assess the effect CRC would have on personal and family 
life (feeling anxious, causing anxiety to family members, 
negative economic impact in family members, developing 
passivity and creating a heavy burden for family mem-
bers). Negative health consequences of screening, finan-
cial barriers, time constraints, and access barriers were 
evaluated.

Forward/backward translation and cultural adaptation

The original version of the questionnaire (English) was sent 
to an independent translator (Portuguese native speaker 
fluent in English), who performed a forward translation 
to the Portuguese language. An initial Portuguese version 
of the questionnaire was revised by the authors, com-
pared with the original English version to confirm con-
ceptual equivalence, and discussed with the translators. 
The cross-cultural adaptation procedure was conducted 
following international guidelines [16–18]. Thereafter, a 
Portuguese version of the questionnaire was accomplished 
and sent to backward translation into English. An expert 
committee (translator, physicians and nurses), reviewed 
and compared the backward translation with the original 
English version, reaching consensus and thus, confirming 
the consistency of the backward translation process.

Questionnaire adaptation

A panel of 3 physicians and 2 nurses with expertise in 
digestive cancer screening revised the Portuguese version 
of the questionnaire and added additional domains, in 
order to target GC screening. The main components of the 
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HBM were accordingly targeted: 1) knowledge of symp-
toms, risk factors and screening methods; 2) perceived 
risk of cancer; 3) perceived severity of cancer; 4) perceived 
benefits of screening; 5) barriers to screening. The sections 
of the questionnaire were adapted to the GC screening set-
ting namely, possible symptoms, risk factors and screening 
methods. Additionally, perceived severity, negative conse-
quences of screening and barriers were also approached.

To further explore barriers to CRC and GC screening 
a third section was added to evaluate perceptions towards 
endoscopy-related complications. To evaluate knowledge 
of possible complications during a UGIE and/or colonos-
copy as well as factors that may increase the risk of com-
plications, additional questions were formulated.

The panel of experts revised the adaptations pro-
posed and after discussion, a final version of this section 
(Supplementary Appendix 1, Supplemental digital content 
1, http://links.lww.com/EJGH/A939 and 2, Supplemental 
digital content 2, http://links.lww.com/EJGH/A940) was 
unanimously approved.

Data collection

The study protocol was approved by the Ethical 
committees of the institutions involved in the study, 
namely, Administração Regional De Saúde do Norte 
(ARSN), Centro Hospitalar Vila Nova de Gaia Espinho 
(CHVNGE) and Instituto Português de Oncologia do 
Porto (IPO-Porto). The study protocol conforms to the 
ethical guidelines of the 1975 Declaration of Helsinki. 
Since the national CRC screening program is performed 
and operationalized by ARS Norte, this organization pro-
vided random telephonic contacts of participants, after 
Data Protection Committee’s approval.

Telephonic interviews were conducted by 2 dedicated 
Gastroenterology nurses. Prior to the recruitment, three 
formal training sessions were performed. The training 
included the following: rationale and aims of the study, 
overview of the survey, procedures in conducting the sur-
vey, recommendations for completing the questionnaire, 
quality control measures, and standard questions and 
answers. A fieldwork manual was used to guide the inter-
viewers to conduct a qualified interview. Both interviewers 
were supervised by the project coordinator.

The final version of the questionnaire was applied, 
through telephonic interview, at enrolment and at intervals 
up to 3 weeks, from February to March 2023. Informed 
verbal consent was obtained from all participants after 
explanation of aims of the study. Individuals who refused 
to participate were not included in the study. A structured 
interview was conducted evaluating whether participants 
reported any difficulty answering the questions. The inter-
viewers were instructed to evaluate if participants pointed 
any of the items as confusing, offensive and/or containing 
difficult vocabulary. Sociodemographic data including age, 
gender, educational level, and monthly income were regis-
tered. Data from patients who fulfilled eligibility criteria 
was collected in an electronic database, and each patient 
received a code number to secure anonymization.

Sample size calculation and statistical analysis

Sample size calculation was performed assuming an 
Intraclass Correlation Coefficient (ICC) of 0.41 (moderate 

agreement) and a 95% confidence interval (CI) for a two-
tailed test, an error of 0.05, and a power of 80%. Thus, a 
sample size of 43 participants was obtained.

Statistical Package for Social Sciences (SPSS) program 
version 27 (IBM Corporation, Armonk, NY) was used. 
Categorical variables are summarized as frequencies and 
percentages. Chi-square test or Fisher’s exact test was used 
to compare categorical variables. Depending on the nor-
mality tests, continuous variables were expressed in means 
and SD or median and interquartile range (IQR). Means 
were compared using paired-samples t-test or related sam-
ples Wilcoxon signed-rank test, according to the normal-
ity tests.

Test–retest reliability was assessed, and data was exam-
ined by the ICC with a 95% CI. A 2-way random effects 
model, single measures, absolute agreement, and ICC 
were analyzed to express concordance between the test 
and retest. Values for ICC were interpreted according to 
the scale proposed by Landis and Koch (i.e. 0.41–0.60: 
moderate agreement; 0.61–0.80: substantial agreement; 
0.81–1.00: almost perfect agreement) [19]. Bland and 
Altman graphs were obtained to assess agreement for key 
domains [20].

For dichotomous variables, reliability was accessed 
through Cohen’s kappa (K) and interpreted according to 
the intervals defined by McHugh [21]: values ≤0 as indi-
cating no agreement and 0.01–0.20 as none to slight, 
0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as 
substantial, and 0.81–1.00 as almost perfect agreement. 
Overall and specific Proportions of Agreement (PA) 
were calculated to evaluate agreement for dichotomous 
variables.

Results

Patient demographics and screening uptake

During the recruitment period, 98 individuals were con-
tacted. Thirty-three patients refused to participate and 13 
met exclusion criteria. Finally, 52 completed the question-
naire at enrollment, yet 8 refused to complete the second 
questionnaire up to three weeks later (Fig. 1).

A total of 88 telephonic interviews were performed, 
concerning 44 patients. All patients completed the corre-
sponding questionnaire in less than 45 min. There were no 
reports of items containing difficult vocabulary or upset-
ting/offensive content. The mean interval between inter-
views was 10 (3–25) days. The mean age was 54 (SD 5) 
years, and 61% (n = 27) were female. None of the included 
individuals had been yet recruited for the regional CRC 
screening program. Further characterization of sociode-
mographic features of our sample is displayed in Table 1.

Knowledge of symptoms, risk factors and screening 
methods

There was almost perfect agreement between test and 
retest in the symptom knowledge score for both CRC (ICC 
0.88, 95% CI 0.77–0.93) and GC (ICC 0.94, 0.89–0.87). 
Similarly, there was at least substantial agreement for 
the risk factor knowledge score (CRC ICC 0.89, 95% CI 
0.80–0.94; GC ICC 0.92, 95% CI 0.86–0.96), perceived 
risk score (CRC ICC 0.80, 95% CI 0.44–0.93; GC ICC 
0.95, 95% CI 0.87–0.98) and risk factor awareness score 
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(CRC ICC 0.96, 95% CI 0.93–0.98; GC ICC 0.92, 95% 
CI 0.86–0.96). Test–retest reliability results for all knowl-
edge domains are shown in Table 2.

Perceived testing need scores were overall high for CRC 
and GC screening, and almost perfect agreement was 
obtained for both (ICC 1.0), in test and retest. Mean CRC 
test knowledge score was 4.3 (SD 0.9) at test and 4.1 (SD 
0.8) at retest, with most patients reporting knowledge of 
colonoscopy (2 points) and FOBT (2 points). Substantial 
agreement was obtained (ICC 0.62, 95% CI 0.31–0.79). 
Bland and Altman plots for test knowledge score con-
firm agreement between test and retest as the differences 
between test and retest were acceptable (Table 2, supple-
mentary figure 1, Supplemental digital content 3, http://
links.lww.com/EJGH/A941).

Barriers to screening

Negative health consequences of testing included the 
perception of embarrassment, fear, physical discomfort, 
and possible corporal harm. Mean scores at both test 
and retest were overall higher for invasive procedures, 
namely colonoscopy and UGIE, in comparison with 
FOBT. Substantial agreement was obtained between test 
and retest for FOBT (ICC 0.73, 95% CI 0.51–0.85) while 
almost perfect agreement was obtained for both colo-
noscopy (ICC 0.87; 95% CI 0.76–0.93) and UGIE (ICC 
0.89, 95% CI 0.80–0.94).

Overall barriers to screening scores included not only 
the perceived negative health consequences of testing but 
also financial barriers, time constraints, access barriers 
and perceived efficacy of testing. Substantial test-retest 
agreement was obtained for in the setting of CRC screen-
ing (FOBT ICC 0.63, 95% CI 0.33–0.80; colonoscopy 
ICC 0.79, 95% CI 0.61–0.88). Regarding UGIE for GC 
screening, almost perfect agreement was confirmed (ICC 
0.83, 95% CI 0.70–0.91). Agreement between test and 
retest were confirmed for overall barriers to screening 
(FOBT, colonoscopy and UGIE) after analysis of the 
Bland and Altman plots as the differences between test 
and retest were acceptable (Table 3, supplementary figure 
1, Supplemental digital content 3, http://links.lww.com/
EJGH/A941).

To further explore the perceived complication risk, 
scores for awareness of possible endoscopy-related com-
plications were calculated, with at least substantial agree-
ment between test and retest (Table 3). In both interviews, 
all participants answered negatively when asked if they 
knew the possible risk factors for higher risk of compli-
cations in endoscopic procedures for screening purposes. 
Additionally, all reported not knowing the possible com-
plications during a UGIE. Mean colonoscopy complica-
tion knowledge score was overall low, yet the test-retest 
agreement was almost perfect, ICC was 0.89 (95% CI 
0.79–0.94).

Perceived cancer severity

Subjective perception of emotional and familiar distress 
in case of cancer diagnosis was accessed through the 
perceived cancer severity score. Higher agreement was 
obtained for CRC (ICC 0.84, 95% CI 0.70–0.91) in com-
parison with GC (ICC 0.58, 95% CI 0.22–0.77), although 
not statistically significant. Bland and Altman plots con-
firm agreement between test and retest for perceived sever-
ity of both CRC and GC as the differences between test 
and retest were acceptable (Table 3, supplementary figure 

Fig. 1. Recruitment of individuals from the Portuguese regional CRC screening program database for PERCEPT-PREVENT tool validation study.

Table 1. Patient demographics

Baseline characteristics Total (n = 44)

Female, n (%) 27 (61)
Age, years, mean (SD) 54 (5)
Married, n (%) 18 (42.9)
Basic educational level 22 (52.4)
Full time employment 26 (61.9)
Regular medical consultation 42 (95.5)
Health insurance 13 (29.5)

µ, mean.
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1, Supplemental digital content 3, http://links.lww.com/
EJGH/A941).

Attitudes towards screening

In a population of individuals not yet invited for a regional 
CRC screening program, intention to adhere was evalu-
ated (Table 4). In both interviews, 98% (n = 43) reported 
intention to undergo CRC screening in the future with 
total agreement between teste and retest (K = 1.0 and 
overall PA = 1.00).

Participants who responded positively were subse-
quently asked whether they would prefer colonoscopy 
or FOBT as initial screening test. Moderate test-retest 
reliability was obtained (K = 0.46, 95% CI 0.04–0.88). 
Overall, PA for test-retest was 0.91 (0.76–0.97) indi-
cating that 91% of participants gave the same answer 
in the test and retest. Specific PA for test-retest for this 
question were 0.90 (95% CI 0.76–0.97) for colonoscopy 
and 0.33 (95% CI 0.06–0.76) for FOBT, showing a fair 
agreement between test and retest when the answer is 

FOBT and an almost perfect agreement when the answer 
is colonoscopy.

Substantial test-retest reliability was obtained (K = 0.66, 
95% CI 0.03–1.00) for the intention to undergo UGIE for 
GC screening combined with a screening colonoscopy. 
Overall, PA for test-retest was 0.98 (0.86–1.00) indicat-
ing that 98% of participants gave the same answer in the 
test and retest. Specific PA for test-retest for this question 
were 0.98 (95% CI 0.86–1.00) for answer accept and 
0.50 (95% CI 0.03–0.97) for answer unwilling, showing 
a moderate agreement between test and retest when the 
answer is unwilling and an almost perfect agreement when 
the answer is accepted.

Discussion

The PERCEPT-PREVENT is a valid and reliable tool to 
assess intention to adhere to CRC and GC screening. 
Additionally, this tool can be used to evaluate preferences 
in the CRC screening method, namely colonoscopy and 
FOBT. Knowledge on possible symptoms, risk factors and 

Table 3. Barriers to screening and perceived cancer severity

Barriers to screening
Test

mean (SD)
Retest

mean (SD) ICC 95% CI Mean difference Bland-Altman limits

Perceived negative health consequences of FOBT screening (0–16) 3.1 (1.7) 2.7 (1.8) 0.73 0.51–0.85 0.3 -2.8; 3.5
Overall perceived barriers to FOBT screening (0–32) 7.4 (2.6) 6.8 (2.8) 0.63 0.33–0.80 0.6 -4.9; 6.2
Perceived negative health consequences of colonoscopy screening (0–16) 5.6 (2.6) 5.3 (2.6) 0.87 0.76–0.93 0.3 -3.2; 3.8
Overall perceived barriers to colonoscopy screening (0–32) 10.3 (2.9) 9.6 (3.0) 0.79 0.61–0.88 0.7 -4.0; 5.4
Perceived negative health consequences of UGIE screening (0–16) 5.2 (2.8) 5.1 (2.8) 0.89 0.80–0.94 0.1 -3.4; 3.5
Overall perceived barriers to UGIE screening (0–32) 9.9 (3.7) 9.7 (3.1) 0.83 0.70–0.91 0.2 -4.8; 5.2

Complication knowledge Test, n (%)
Retest, n 

(%) ICC 95% CI Mean difference Bland-Altman limits

Did not know any risk factor for higher risk of complications during a 
colonoscopy

44 (100) 44 (100)

Did not know any risk factor for higher risk of complications during an 
UGIE

44 (100) 44 (100)

Did not know any possible complication during an UGIE 44 (100) 44 (100)

Complication awareness
Test,  

mean (SD)
Retest, 

mean (SD) ICC 95% CI Mean difference Bland-Altman limits

Colonoscopy complications knowledge score (0–7) 0.1 (0.4) 0.1 (0.3) 0.89 0.79–0.94 0.0 -0.4; 0.5
Awareness of possible complications during a colonoscopy (0–26) 12.2 (4.4) 13.4 (4.3) 0.78 0.59–0.88 -1.2 -8.3; 5.9
Awareness of possible complications during an UGIE (0–20) 9.6 (4.0) 11.0 (3.8) 0.83 0.64–0.91 -1.4 -6.8; 4.0

Perceived cancer severity
Test,  

mean (SD)
Retest, 

mean (SD) ICC 95% CI Mean difference Bland-Altman limits

Perceived severity of CRC diagnosis (0–28) 17.0 (2.2) 17.6 (2.2) 0.84 0.70–0.91 -0.6 -3.6; 2.5
Perceived severity of GC diagnosis (0–28) 17.8 (1.9) 18.0 (2.0) 0.58 0.22–0.77 -0.2 -4.5; 4.0

CI, confidence interval; CRC, colorectal cancer; FOBT, faecal occult blood testing; GC, gastric cancer; ICC, intraclass correlation coefficient; UGIE, upper GI 
endoscopy.

Table 2. Knowledge of symptoms, risk factors and screening methods

Knowledge Test, mean (SD) Retest, mean (SD) ICC 95% CI Mean difference Bland-Altman limits

CRC symptom knowledge score (0–9) 0.9 (1.6) 1.2 (1.7) 0.88 0.77–0.93 -0.3 -2.4; 1.8
CRC risk factor knowledge score (0–12) 2.1 (2.5) 1.9 (2.3) 0.89 0.80–0.94 0.2 -2.8; 3.2
CRC Perceived risk score (0–2) 1.1 (1.0) 0.9 (1.0) 0.80 0.44–0.93 0.1 -1.6; 1.8
CRC risk factor awareness score (0–12) 2.7 (2.4) 2.5 (2.5) 0.96 0.93–0.98 0.2 -1.7; 2.0
CRC test knowledge score (0–10) 4.2 (0.9) 4.1 (0.8) 0.62 0.31–0.79 0.1 -1.6; 1.9
CRC Perceived testing need score (0–4) 3.9 (0.5) 3.9 (0.5) 1.00
GC symptom knowledge score (0–10) 1.6 (2.2) 1.8 (2.3) 0.94 0.89–0.97 -0.2 -2.3; 1.9
GC risk factor knowledge score (0–13) 1.7 (1.8) 1.7 (1.9) 0.92 0.86–0.96 0.0 -1.9; 2.0
GC perceived risk score (0–2) 0.8 (1.0) 0.7 (1.0) 0.95 0.87–0.98 0.1 -0.8; 1.0
GC risk factor awareness score (0–10) 2.2 (1.7) 2.2 (1.7) 0.92 0.86–0.96 0.1 -1.6; 1.9
GC Perceived testing need score (0–4) 4.0 (0.1) 4.0 (0.1) 1.00

CI, confidence interval; CRC, colorectal cancer; GC, gastric cancer; ICC, intraclass correlation coefficient.
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screening tests as well as perceived severity of cancer diag-
nosis can be easily measured. Barriers to screening, includ-
ing perceived negative health consequences of screening, 
financial barriers, time constraints, access barriers and per-
ceived efficacy of testing can be quantified. Furthermore, 
this tool estimates knowledge on possible complications 
of endoscopic procedures, as well as individual risk fac-
tors that can increase the likelihood of endoscopy-related 
complications.

Although several Eastern studies reported the use of 
questionnaires based on the HBM, in Western countries, 
there is scarce data in CRC screening uptake predictors as 
well as estimation of barriers to screening. Sung J et al. 
first described a questionnaire based on the HBM, devel-
oped to estimate predictors of CRC uptake in Chinese 
residents of Hong Kong [15]. Using this tool, it was pos-
sible to link the low compliance to CRC screening to 
lower knowledge and higher perceived barriers to screen-
ing. A multicentric study in the Asia-Pacific region, using 
the same tool, compared knowledge, perceived severity 
of CRC and access barriers between low- and high-test 
participation countries [14]. A cross-sectional study per-
formed in Saudi Arabia also used a questionnaire based in 
the HBM which was converted to an Arabic version [22]. 
A total of 71% of the surveyed individuals were willing 
to undergo CRC screening. A preference to colonoscopy 
screening over FOBT was noted, as the later was associ-
ated with no willingness to undergo screening. An ulterior 
nationwide study aimed to estimate predictors of CRC 
screening uptake [23]. Further eastern cross-sectional 
studies reported the use of surveys on CRC risk percep-
tion based in the HBM and focused on financial barriers 
to screening [24,25].

A Korean study aimed to determine associations 
between perceived risk of GC and socio-demographic, life-
style, health, and psychological factors [26]. Furthermore, 
a systematic review aimed to identify barriers and facili-
tators of GC screening [27]. Most included studies were 
from Eastern countries, mainly Korea. The most reported 
barriers were lack of signs, fear of screening procedures, 
fear of screening outcomes, cost of screening, and embar-
rassment. Nonetheless, there is no data in GC risk percep-
tion tools to measure its impact in participation rates.

Our study provides the first validation of a tool to 
assess risk perception in digestive cancer for Western 
countries. Indeed, this questionnaire enables simultane-
ous evaluation of risk perception in the setting of CRC 
and GC screening. Furthermore, it also allows detailed 

evaluation on the perception of endoscopy-related com-
plications. After validation, the PERCEPT-PREVENT tool 
can be easily used in future studies to estimate adherence 
to CRC and GC screening and identify barriers to screen-
ing, leading ultimately to an informed and accurate deci-
sion-making process in health policies. The applicability 
of the survey in Western countries enables its use outside 
the Portuguese population and may be useful to perform 
further studies on CRC and GC screening, which may 
inform health policies across Europe.

We acknowledge some limitations in our study. The 
authors were not blinded to the intent of the backward 
translation and were familiar with the original ques-
tionnaire, which can provide bias. The amount of time 
necessary to complete in the questionnaire may limit its 
use, especially if applied by an untrained interviewer. 
Interviewer bias may also be acknowledged, yet measures 
were established to minimize this risk, which included 
training sessions that approached procedures in conduct-
ing the survey and quality control measures as well as 
the use of a standardized interview protocol. Motivated 
participants, willing to complete the survey in two differ-
ent occasions, may have overestimated the presented reli-
ability results. Additionally, the survey was applied in a 
predominantly urban population of the northern region 
of Portugal, which may limit the generalized use of the 
PERCEPT-PREVENT tool. Nonetheless, the English ver-
sion of the questionnaire (Supplementary Appendix 2, 
Supplemental digital content 2, http://links.lww.com/
EJGH/A940) provides a basis for further adaptation in 
Western countries with different native languages, at least 
in comparable urban settings.

Further studies using the PERCEPT-PREVENT tool 
may reinforce its role in risk perception assessment. 
Trends in the willingness to undergo CRC and GC screen-
ing may be estimated. Additionally, intention to adhere to 
CRC screening according to the screening method may be 
appraised. Moreover, comparison of knowledge, barriers 
and perceived cancer severity may be established between 
screening participants and unscreened individuals.
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Table 4. Attitudes towards screening

Test
n (%)

Retest
n (%)

Kappa
95% CI Proportions of agreement (95% CI)

Did not received invitation for screening 44 (100) 44 (100)
Intention to undergo CRC screening 1.00 1.00 (0.90–1.00)
 � Unwilling 1 (2) 1 (2) 1.00 (0.05–1.00)
 � Accept 43 (98) 43 (98) 1.00 (0.90–1.00)
Preferred primary method of screening 0.46 (0.04–0.88) 0.91 (0.76–0.97)
 � FOBT 6 (14) 2 (5) 0.33 (0.06–0.76)
 � Colonoscopy 37 (86) 41 (95) 0.90 (0.76–0.97)
Intention to undergo UGIE for GC screening combined with a screening 

colonoscopy
0.66 (0.03–1.00) 0.98 (0.86–1.00)

 � Unwilling 1 (2) 2 (4) 0.50 (0.03–0.97)
 � Accept 43 (98) 42 (95) 0.98 (0.86–1.00)

CI, confidence interval; CRC, colorectal cancer; FOBT, faecal occult blood testing; GC, gastric cancer; UGIE, upper GI endoscopy.
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a b s t r a c t 

Background & Aims: Colorectal cancer (CRC) ranks second globally in cancer-related deaths and there 

is ongoing debate on the best populational screening strategy. This study aimed to evaluate individuals’ 

intention to adhere to CRC screening, screening method preference, and barriers to screening. 

Methods: Cross-sectional study conducted in northern Portugal, where a populational fecal occult blood 

test (FOBT) program is implemented. The validated PERCEPT-PREVENT tool was administered across 3 

groups: a) not yet invited to screening b) accepted FOBT screening, and c) primary colonoscopy screening. 

Results: A total of 397 participants completed the PERCEPT-PREVENT questionnaire and were compared 

by screening status. Intention to adhere was reported at a high rate (95 %; n = 354) and was posi- 

tively influenced by knowledge of the screening rationale (OR8.96, 95 %CI 3.61-22.25). Most were un- 

aware of symptoms (64 %; n = 253), risk factors (68 %; n = 271), and associated screening procedure risks 

(58 %; n = 230). Lower barrier scores for FOBT (7 ± 3) compared to colonoscopy (10 ± 3) were ob- 

served for screening naïve respondents ( p < 0.001). Previous FOBT screening led to a lower preference 

for colonoscopy (previous FOBT screening 56 % vs not yet invited to screening 75 % vs previous primary 

colonoscopy 90 %; p < 0.001). 

Discussion: A greater understanding of the screening rationale enhances adherence. FOBT was highly 

accepted among never-screened participants. Colonoscopy should be offered to FOBT decliners, as per- 

sonalized screening approaches could improve participation rates. 

© 2024 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights are reserved, 
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. Introduction 

Colorectal cancer (CRC) is the most frequently diagnosed ma- 

ignancy and the second leading cause of cancer mortality world- 

ide, and the burden is expected to rise [ 1 , 2 ]. Implementation of

creening initiatives has positively impacted CRC early detection 

nd mortality rates, with the largest decreases in mortality rates 

een in countries with longstanding screening programs and higher 

creening uptake [ 3–5 ]. 

There is debate regarding the best strategy for populational- 

ased CRC screening. In Europe, most countries have implemented 

rganized invitational screening programs based on fecal occult 
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screening: A road to individualized screening? Digestive and Liver Dise
lood testing (FOBT) [ 6 , 7 ]. In contrast, colonoscopy screening is of- 

ered as the primary screening method in Poland and Germany 

 7 , 8 ]. European recommendations endorse organized populational 

OBT-based programs (namely by fecal immunochemical testing 

 FIT) targeting average-risk individuals aged between 50 and 

5 years [ 9 , 10 ]. Yet, it is stated that depending on local factors,

amely adherence rates and availability of colonoscopy, primary 

creening by colonoscopy or sigmoidoscopy is also acceptable [ 9 ]. 

Screening uptake is largely influenced by the patient’s risk per- 

eption (risk of CRC and screening procedures) and by existing bar- 

iers to screening (e.g., negative health consequences of screening, 

ccess to testing, financial burden, and time constraints). The per- 

eption of endoscopy-related complications may also influence ad- 

erence rates, as unscreened individuals may overestimate the risk 

f complications from a colonoscopy [ 11 ]. Even in countries with 

ell-organized screening programs, participation rates are subop- 

imal, negatively impacting screening effectiveness [ 2 , 7 , 12 ]. The 
rights are reserved, including those for text and data mining, AI training, and 

herence, risk perception, and attitudes towards colorectal cancer 

ase, https://doi.org/10.1016/j.dld.2024.11.027 
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rench national CRC screening program reported a participation 

ate of 34.2 %, consistent with prior findings indicating rates be- 

ow 50 % [ 12–14 ]. Data from the European Health Interview Survey 

2018–2020) estimate suboptimal fecal testing participation rates 

n Lithuania (36.3 %), Belgium (36.1 %), and Croatia (29.2 %) [ 15 ]. 

Intention to adhere to CRC screening, considering preferences 

or FOBT or colonoscopy as the primary screening method, and the 

nfluence of risk perception on CRC screening adherence rates, re- 

ains poorly characterized in European countries. Assessing risk 

erception is crucial for selecting the preferred screening modality, 

dentifying factors associated with non-adherence, and overcoming 

xisting barriers. 

This study aimed to assess patients’ perspectives about CRC 

creening (knowledge of CRC risk factors and symptoms, prefer- 

nces for the primary screening method, intention to adhere, per- 

eption of screening procedure risks) and to identify barriers to 

creening. 

. Methods 

.1. Study design and procedures 

This was a cross-sectional study including asymptomatic indi- 

iduals aged 50–75 years eligible for CRC screening in the north- 

rn region of Portugal where a fully reimbursed populational FIT- 

creening program was implemented in 2018 under the coordi- 

ation of the Northern Portugal Regional Health Administration 

ARSN). Eligible citizens are directly invited by regular mail, ini- 

ially through an awareness letter. Within 25–35 days, a kit for 

tool sample testing is sent, accompanied by instructions on how 

o perform the test and deliver it in person to the Primary Care 

enter [ 16 ]. Individuals with a positive FIT result (cut-off of 20 

g/g) are referred for a sedated colonoscopy at the nearest Na- 

ional Health Service (NHS) hospital, scheduled within 90 days of 

he positive result [ 16 , 17 ]. Parallel to populational screening pro- 

ram, primary care physicians can still refer healthy individuals 

or a screening sedated colonoscopy at private clinics, which are 

eimbursed by the Portuguese National Health Service and incur 

o costs for patients.The study protocol was approved by the Ethi- 

al committees of the 3 institutions involved in the study, namely, 

RSN, Unidade Local de Saúde Gaia e Espinho, and Instituto Português 

e Oncologia do Porto . The study protocol conforms to the ethical 

uidelines of the 1975 Declaration of Helsinki. The Strengthening 

he Reporting of Observational Studies in Epidemiology (STROBE), 

uidelines for reporting observational studies were used [ 18 ]. 

The study design relied on the comparison of four predefined 

roups: a) individuals not yet invited to screening, b) individ- 

als who refused FOBT screening; c) individuals who accepted 

OBT screening [c1) negative FOBT; c2) positive FOBT and accepted 

ubsequent colonoscopy; c3) positive FOBT and refused subse- 

uent colonoscopy]; d) individuals who underwent CRC screen- 

ng through primary colonoscopy. Exclusion criteria encompassed 

ymptomatic patients (e.g., diarrhea, constipation, abdominal pain, 

eight loss, hematochezia); anemia; previous CRC, Gastric Can- 

er (GC), or colorectal polyps; known hereditary cancer risk (in- 

luding first-degree relatives with CRC and/or GC); previous colec- 

omy; previous gastrectomy; inflammatory bowel disease; cogni- 

ive imapirement; inability and/or refusal to answer the question- 

aire. 

Contacts of eligible individuals were extracted from the ARSN 

atabase based on their screening status from November 2021 to 

pril 2022. Screening status assessment and data extraction were 

ompleted in August 2022. FOBT-positive individuals scheduled for 

olonoscopy from May 2023 to September 2023 were addition- 

lly included. Participants in this study were randomly selected 

hrough a stratified random sample, according to sex and age 
2

roup (50–59 years old and 60–74 years old). Given that all eligible 

ge cohorts had been invited by the start of the study, individu- 

ls not yet invited to screening, identified in the ARSN database, 

ncluded those who had recently reached the eligible screening 

ge and those whose invitation letters had not been delivered due 

o logistical constraints. Individuals who underwent CRC screening 

hrough primary colonoscopy (outside the populational program) 

ere recruited from 3 different private endoscopy units, from July 

022 to April 2023, after assessment of inclusion and exclusion cri- 

eria. 

.2. PERCEPT-PREVENT tool 

The previously validated [ 19 ] PERCEPT-PREVENT tool question- 

aire (supplementary appendix A.1 and A.2), was applied through 

elephonic interview, within a period of up to 6 months after the 

creening status assessment, from September 2022 to September 

023. In brief, this tool measures: 1) knowledge of symptoms, risk 

actors, and screening methods; 2) intention to participate in CRC 

creening; 3) preferred method of CRC screening (detailing fully re- 

mbursed sedated colonoscopy or FOBT) 4) barriers to screening; 5) 

erceptions towards endoscopy-related complications. Interviews 

ere conducted by 2 Gastroenterology nurses after three formal 

raining sessions and informed verbal consent was obtained from 

ll participants. The PERCEPT-PREVENT answers were collected in 

n electronic database, and each patient received a code number to 

ecure anonymization. Sociodemographic data including age, gen- 

er, educational level, and monthly income were registered. 

.2.1. Sample size calculation and statistical analysis 

The primary endpoint of the study used for sample size calcula- 

ion was the intention to adhere to FOBT or colonoscopy. Consider- 

ng previously reported FIT adherence rates between 35–68 % and 

olonoscopy adherence rates between 18–38 % [ 10 ], 65 patients in 

ach group were needed to demonstrate a 23.5 % difference be- 

ween estimated mean adherence to FIT (51.5 %) and colonoscopy, 

28.0 %), with 95 % confidence interval (CI), an error of 0.05, and a 

ower of 80 %. 

Statistical Package for Social Sciences (SPSS) program version 

8 (IBM Corporation, Armonk, NY) was used. Categorical variables 

re summarized as frequencies and percentages. As appropriate 
2 test or Fisher’s exact test was used to compare categorical 

ariables. Normal distribution was examined using histogram vi- 

ual inspection. Continuous variables were expressed in means and 

tandard deviation (variables with normal distribution) or median 

nd interquartile range (variables with skewed distributions). In- 

ependent samples t-test or independent samples Mann-Whitney 

 test were used to compare two groups. Mean overall FOBT 

nd colonoscopy barrier scores were compared using the paired- 

amples t-test. The analysis of variance (ANOVA) test or the inde- 

endent samples Kruskal-Wallis test were used to assess the dif- 

erences among multiple groups. Following a significant result, the 

onferroni adjustment was applied to the pairwise comparisons. 

To evaluate predictors of adherence to CRC screening and pref- 

rence for the primary screening method, the domains of the 

ERCEPT-PREVENT tool as well as sociodemographic characteristics 

ere assessed. Independent variables with at least marginal asso- 

iation with the outcome variable ( p < 0.100) in univariate anal- 

sis were included in the multivariate logistic regression model. 

ariables with a significant association with the dependent vari- 

bles were identified after adjustment using the Backward-Wald 

ethodology (cut-off for entry 0.05; cut-off for exclusion 0.10). 

dds Ratio (OR) with 95 %CI was calculated for each variable inde- 

endently associated with the outcome variable. The model’s good- 

ess of fit and discriminatory ability were evaluated through the 

osmer-Lemeshow goodness-of-fit test and ROC curve analysis. All 
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Fig. 1. Study population and recruitment procedures according to the screening status. § Additional round of telephonic interviews targeting individuals registered as non- 

adherent in the ARSN CRC screening database. CRC, Colorectal Cancer; FAP, Familial Adenomatous Polyposis; FOBT, Fecal Occult Blood Test; GC, Gastric Cancer; IBD, Inflam- 

matory Bowel Diseas. 
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eported p -values are two-tailed, with a p -values less than 0.05 in- 

icating statistical significance. 

. Results 

.1. Study population and recruitment procedures 

A total of 1206 individuals were contacted for telephonic in- 

erviews, of which 196 were unreachable, 131 refused to partici- 

ate and 113 met exclusion criteria. As the number of participants 

ho refused FOBT screening fell below the sample size estima- 

ion an additional round of telephonic interviews was conducted 

ocusing on this group, wherein the PERCEPT-PREVENT survey 

as adjusted to initially address screening uptake questions, with 

nly those participants who definitively refused CRC screening 

roceeding to complete the entire questionnaire. Fig. 1 provides 

 comprehensive overview of recruitment data and participant 

llocation. 

Of the 1,093 individuals eligible for inclusion, 70.1 % ( n = 766) 

greed to participate in the study. Of these, 405 completed the 

ERCEPT-PREVENT tool survey, while 361 solely reported data on 

heir screening status. The 405 participants who completed the 

uestionnaire were allocated based on their screening status (93 

ndividuals not yet invited to screening, 8 individuals who re- 

used FOBT screening, 211 individuals who accepted FOBT screen- 

ng [negative FOBT n = 57; positive FOBT and accepted subse- 

uent colonoscopy n = 146; positive FOBT and refused subse- 

uent colonoscopy n = 8]), and 93 individuals who underwent 

RC screening through primary colonoscopy. The number of partic- 

pants who refused FOBT screening fell below the sample size esti- 

ation, rendering a comparative analysis unfeasible, thus only de- 

criptive analysis was conducted. Thus, three main groups were de- 
3

ned for further comparison: individuals not yet invited to screen- 

ng ( n = 93), individuals who accepted FOBT screening ( n = 211), 

nd individuals who underwent CRC screening through primary 

olonoscopy ( n = 93). With respect to sociodemographic charac- 

eristics, individuals not yet invited to screening were generally 

ounger ( p < 0.001), more frequently employed ( p < 0.001), less 

ften married ( p < 0.001), and less likely to have only a basic edu-

ation level ( p = 0.018). Bonferroni-adjusted pairwise comparisons 

howed comparable results between the FOBT screening and pri- 

ary colonoscopy screening groups with regard to age, marital sta- 

us, and educational level. Furthermore, no significant difference in 

ducational level was observed between individuals not yet invited 

o screening and those screened through primary colonoscopy. 

haracterization of the sociodemographic features is displayed in 

able 1 . 

.2. Attitudes towards screening 

Data on the intention to adhere to CRC screening was retrieved 

n 373 cases. Participants reporting intention to adhere to CRC 

creening (95 %; n = 354) were subsequently asked whether they 

ould prefer colonoscopy or FOBT as the initial screening test. 

verall, preference for colonoscopy as the primary screening test 

as reported in 69 % ( n = 261). 

Among the 93 individuals not yet invited to screening, 75 % 

 n = 70) preferred colonoscopy as the primary screening method, 

hile the remaining 25 % ( n = 23) opted for FOBT. Preference 

or colonoscopy was significantly lower among individuals who ac- 

epted FOBT screening (56 %; n = 110) compared to those who had 

ot yet been invited to screening (75 %; n = 70) and those who 

nderwent primary colonoscopy screening (90 %; n = 81) ( Table 2 ). 

mong participants who accepted FOBT screening, preference for 
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Table 1 

Sociodemographic characteristics. 

Total §( N = 397) Not yet invited to 

screening( N = 93) 

FOBT 

screening( N = 211) 

Primary colonoscopy 

screening( N = 93) 

p -values 

Female, n (%) 207 (52) 48 (52) 105 (50) 54 (58) 0.407 

Age, median (IQR) 56 (51–62) 51 (50–52) 60 (55–66) 57 (52–64) < 0.001 a 

Married, n (%) 245 (63) 36 (40) 146 (70) 63 (68) < 0.001 a 

Basic educational level ¥, n (%) 217 (56) 39 (43) 127 (61) 51 (56) 0.018 a, b 

Active worker, n (%) 228 (59) 70 (79) 100 (49) 58 (64) < 0.001 

Intermediate or high monthly income, n (%) 99 (67) 4 (67) 72 (64) 23 (79) 0.346 

§ Excludes individuals who refused FOBT screening. 
¥ Sub-high school educational attainment. 
a-b Bonferroni-adjusted pairwise comparisons showing no significant differences between groups (a FOTB screening and primary colonoscopy screening; b not yet invited 

to screening and primary colonoscopy screening). IQR, Interquartile Range; CRC, Colorectal cancer; sD, Standard deviation. 

Table 2 

Attitudes towards screening. 

Total §( N = 397) Not yet invited to 

screening( N = 93) 

FOBT 

screening( N = 211) 

Primary colonoscopy 

screening( N = 93) 

p -values 

Intention to undergo CRC screening, n (%) 354 (95) 92 (100) 183 (92) 79 (96) 0.012 

Preferred primary method of CRC screening < 0.001 

• FOBT, n (%) 117 (31) 23 (25) 85 (44) 9 (10) 

• Colonoscopy, n (%) 261 (69) 70 (75) 110 (56) 81 (90) 

Previous screening ¥, n (%) 64 (16) 0 (0) 38 (18) 26 (28) 0.050 

Medical recommendation, n (%) 237 (60) 0 (0) 146 (69) 91 (98) < 0.001 

Regular follow-up with primary care physician, n 

(%) 

381 (96) 89 (96) 201 (96) 91 (98) 0.639 

Health insurance, n (%) 117 (30) 25 (27) 61 (29) 31 (33) 0.616 

Information on CRC screening tests from any 

means of communication, n (%) 

236 (59) 53 (57) 112 (53) 71 (76) < 0.001 

CRC in 2nd degree relatives or acquaintances, n 

(%) 

115 (29) 30 (32) 49 (23) 36 (39) 0.017 

Perceived CRC severity (0–28), mean (sD) 18 (3) 18 (3) 18 (4) 19 (3) < 0.001 

§ Excludes individuals who refused FOBT screening. 
¥ FOBT > 2 years ago and or colonoscopy > 10years ago. CI, Confidence Interval; CRC, Colorectal Cancer; FOBT, Fecal Occult Blood Test; sD, Standard deviation. 
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olonoscopy over FOBT was significantly higher in FOBT-positive 

espondents who agreed to undergo a follow-up colonoscopy (61.2 

; n = 85), with 56.5 % interviewed after endoscopic screening, 

ompared to those who underwent only FOBT, whether negative 

r positive but refusing a follow-up colonoscopy (44.6 %; n = 25) 

 p = 0.035). Additionally, in the primary colonoscopy group, 33 % 

 n = 31) of participants reported that they were previously invited 

o FOBT but opted for endoscopic screening. 

A higher rate of individuals in the primary colonoscopy group 

eceived medical recommendation for CRC screening ( p < 0.001) 

nd information on CRC tests ( p < 0.001). The proportion of partic- 

pants regularly followed up by primary care physicians ( p = 0.639) 

nd with health insurance (0.616) did not differ significantly across 

roups. Subjective perception of emotional and familiar distress 

n the case of CRC diagnosis was significantly higher in the pri- 

ary colonoscopy group compared to FOBT (19 ± 3 vs 18 ± 4; p < 

.001) and individuals not yet invited to screening (19 ± 3 vs 18 ±
; p = 0.019). Table 2 details data on cues to action and attitudes

owards CRC screening. 

.3. Non-adherence to CRC screening 

A total of 512 individuals registered as non-adherent to FOBT in 

he ARSN CRC screening database were contacted over two rounds 

f interviews ( Figure 1 ;supplementary figure 1). A total of 150 indi- 

iduals underwent CRC screening outside the organized screening 

rogram (84 % colonoscopy and 11 % FOBT). A total of 8 individuals 

5 %) truly refused CRC screening, with 75 % ( n = 6) reporting low

erceived testing need scores (0–3). Reasons for non-adherence in- 

luded fear of complications during screening procedures ( n = 5), 

OVID-19 pandemic restrictions ( n = 2), and perceived low risk of 
4

RC ( n = 1). Only 8 FOBT-positive individuals refused colonoscopy, 

 of them due to fear of complications. 

.4. Knowledge and barriers to CRC screening 

Overall knowledge of CRC symptoms and risk factors was low, 

s 64 % ( n = 253) did not know any CRC symptom and 68 %

 n = 271) did not know any CRC risk factor. Individuals screened 

hrough primary colonoscopy scored lower for the risk factor 

wareness score ( p = 0.002), detailing the perception of having 

RC risk factors ( Table 3 ). 

In 89 % ( n = 352) of interviews, participants classified the need 

o screen healthy individuals aged 50 years or older for CRC as a 

great need” and a lower perceived testing need score was noted in 

he FOBT screening group ( p = 0.006) compared to individuals not 

et invited to screening. The mean test knowledge score (2 points 

ttributed to each known test) was 4 ± 1, with most participants 

88 %; n = 356) recognizing FOBT and colonoscopy as the only pos- 

ible CRC screening methods. Colonoscopy was rated as the most 

ccurate screening test (primary colonoscopy 100 % vs not yet in- 

ited to screening 99 % vs FOBT screening 78 %; p < 0.001). On 

he other hand, FOBT was pointed as the safest (not yet invited 

o screening 99 % vs primary colonoscopy 88 % vs FOBT screening 

2 %; p < 0.001) and less costly method (not yet invited to screen- 

ng 98 % vs primary colonoscopy 74 % vs FOBT screening 66 %; p <

.001). 

Significantly lower overall barrier scores were observed for 

OBT compared to colonoscopy among individuals not yet invited 

o screening (FOBT 7 ± 3 vs Colonoscopy 10 ± 3; p < 0.001) and 

hose who accepted FOBT screening (FOBT 4 ± 3 vs Colonoscopy 

1 ± 5; p < 0.001). In contrast, comparable scores were found for 
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Table 3 

Knowledge and barriers to colorectal cancer screening. 

Knowledge Total §(N = 397) Not yet invited to 

screening( N = 93) 

FOBT 

screening( N = 211) 

Primary colonoscopy 

screening( N = 93) 

p -values 

Did not know any symptom, n (%) 253 (64) 68 (73) 138 (65) 47 (50) 0.005 

Symptom knowledge score (1–9), median (IQR) 3 (2–3) 3 (3–4) 2 (1–3) 3 (2–3) 0.002 

Did not know any CRC risk factor, n (%) 271 (68) 60 (65) 157 (74) 54 (58) 0.013 

Risk factor knowledge score (1–12), median (IQR) 4 (3–5) 5 (4–5) 4 (3–6) 4 (4–5) 0.053 

Perceived risk score (0–2), median (IQR) 0 (0–2) 0 (0–2) 0 (0–2) 0 (0–0) 0.677 

Risk factor awareness score (0–12), median (IQR) 2 (0–4) 2 (0–4) 2 (0–4) 1 (0–2) 0.002 

Test knowledge score (0–10), mean (sD) 4 (1) 4 (1) 4 (1) 5 (1) 0.003 

Perceived testing need score “great need”, n (%) 352 (89) 90 (97) 178 (84) 84 (90) 0.006 

Barriers to FOBT screening 

Perceived negative health consequences of FOBT 

(0–16), median (IQR) 

2 (0–4) 4 (4–4) 1 (0–3) 3 (0–4) < 0.001 

Perceived financial burden of FOBT (0–4), median 

(IQR) 

2 (1–2) 2 (2–2) 1 (0–2) 1 (1–2) < 0.001 

Perceived time constrain to FOBT (0–4), median (IQR) 1 (0–1) 1 (0–1) 0 (0–1) 1 (0–1) < 0.001 

Perceived access barrier to FOBT (0–4), median (IQR) 1 (0–1) 1 (0–1) 1 (0–1) 0 (0–1) 0.059 

Perceived negative efficacy of FOBT (0–4), median 

(IQR) 

1 (0–1) 1 (0–1) 0 (0–1) 1 (1–1) < 0.001 

Overall perceived barriers to FOBT screening (0–32), 

mean (sD) 

5 (3) 7 (3) 4 (3) 6 (3) < 0.001 

Barriers to colonoscopy screening 

Perceived negative health consequences of 

colonoscopy screening (0–16), mean (sD) 

6 (3) 5 (2) 7 (3) 4 (3) < 0.001 

Perceived financial burden of colonoscopy screening 

(0–4), mean (sD) 

2 (1) 2 (0) 2 (1) 1 (1) < 0.001 

Perceived time constrain to colonoscopy screening 

(0–4), median (IQR) 

1 (0–1) 1 (1–1) 1 (0–1) 1 (0–1) < 0.001 

Perceived access barrier to colonoscopy screening 

(0–4), median (IQR) 

1 (0–1) 1 (1–1) 1 (0–1) 0 (0–1) < 0.001 

Perceived negative efficacy of colonoscopy screening 

(0–4), median (IQR) 

1 (0–1) 1 (1–1) 0 (0–1) 0 (0–1) < 0.001 

Overall perceived barriers to colonoscopy screening 

(0–32), mean (sD) 

10 (4) 10 (3) 11 (5) 7 (3) < 0.001 

Colonoscopy complication awareness 

Did not know any complication, n (%) 230 (58) 89 (96) 124 (59) 17 (18) < 0.001 

Colonoscopy-related complication knowledge score 

(1–7), median (IQR) 

1 (1–2) 1 (1–2) 2 (1–2) 1 (1–2) 0.573 

Awareness of possible complications during a 

colonoscopy (0–26), mean (sD) 

14 (4) 14 (4) 13 (4) 14 (5) 0.976 

Did not know any risk factor for complications, n (%) 341 (86) 92 (99) 194 (92) 55 (60) < 0.001 

Risk factor for colonoscopy-related complication 

knowledge score (1–12), median (IQR) 

1 (1–2) 1 (1–1) 1 (1–2) 1 (1–2) 0.657 

Perceived complication risk score (0–2), median (IQR) 0 (0–2) 0 (0–0) 0 (0–2) 0 (0–2) 0.338 

§ Excludes individuals who refused FOBT screening. CI, Confidence Interval; CRC, Colorectal Cancer; FOBT, Fecal Occult Blood Test; IQR, Interquartile Range; sD, Standard 

deviation. 
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ndividuals screened through primary colonoscopy (FOBT 6 ± 3 vs 

olonoscopy 6 ± 4; p = 0.382). 

When considering screening through FOBT, participants 

creened by this method scored significantly lower across all 

omains compared to individuals not yet invited to screening, ex- 

ept for access barriers ( p = 0.059). Bonferroni-adjusted pairwise 

omparisons showed comparable results between FOBT screening 

nd primary colonoscopy screening groups in all barrier domains, 

xcept for a higher perceived negative efficacy of FOBT testing ( p 

 0.001) in the primary colonoscopy group. 

Regarding barriers to colonoscopy screening, participants 

creened by this method scored significantly lower for financial 

urden, time constraints, and access barriers. Bonferroni-adjusted 

airwise comparisons for perceived negative health consequences 

f colonoscopy ( p = 0.105) and perceived efficacy of testing 

 p = 0.311) did not differ compared to individuals not yet invited 

o screening and FOBT-screened, respectively. 

Overall, knowledge of colonoscopy-related complications and 

heir risk factors was low, with 58 % ( n = 230) and 86 % ( n = 341)

f participants not knowing about any possible complications or 

heir risk factors, respectively. Table 3 details perceived barriers to 

OBT and colonoscopy, as well as the perception of colonoscopy- 

elated complications. 
5

.5. Predictors of adherence and preference over the primary 

creening method 

In univariate analysis, younger age ( p < 0.001), active work sta- 

us ( p = 0.002), CRC in second-degree relatives or acquaintances 

 p = 0.044), no prior screening invitation ( p = 0.009), higher 

erceived testing need score ( p < 0.001), lower perceived neg- 

tive health consequences of colonoscopy screening ( p < 0.001) 

nd lower perceived time constrain to colonoscopy screening 

 p = 0.010) were associated with higher intention to undergo CRC 

creening (regardless of the primary screening method) ( Table 4 ). 

fter adjusting for the aforementioned factors, active work status 

OR 5.42, 95 %CI 1.26–23.36) and higher perceived testing need 

core (OR 8.96, 95 %CI 3.61–22.25) were independently associ- 

ted with the intention to adhere to CRC screening, irrespective of 

creening method preference. 

Predictors of preference for colonoscopy over FOBT as the 

rimary screening method were evaluated. In univariate anal- 

sis, younger age ( p = 0.013), CRC in second-degree relatives 

r acquaintances ( p < 0.001), no prior screening invitation ( p 

 0.001), higher CRC risk factor knowledge score ( p = 0.018), 

igher perceived testing need score ( p < 0.001), lower per- 

eived negative health consequences of colonoscopy screening ( p 
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Table 4 

Predictors of adherence and preference over the primary screening method. 

Intention to adhere to CRC screening Preference for colonoscopy over FOBT as primary 

screening method 

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis 

OR p -values aOR 95 % CI OR p -values aOR 95 % CI 

Female 1.20 0.690 1.36 0.161 

Younger age 1.11 < 0.001 1.04 0.013 

Married 0.71 0.495 1.06 0.788 

Intermediate or high educational level ¥ 0.995 1.15 0.540 

Active worker 5.10 0.002 5.42 1.26–23.36 1.42 0.123 

Intermediate or high monthly income § 0.997 0.86 0.692 

Medical recommendation 0.51 0.173 1.32 0.214 

Regular follow-up with primary care physician 2.57 0.233 1.99 0.168 

Health insurance 1.69 0.356 1.09 0.718 

Information on CRC screening tests from any means 

of communication 

1.95 0.141 1.31 0.223 

CRC in second-degree relatives or acquaintances 8.00 0.044 2.46 < 0.001 2.20 1.26–3.86 

Higher Perceived CRC severity 0.98 0.818 0.99 0.979 

No prior screening invitation 14.87 0.009 2.71 < 0.001 2.55 1.53–4.22 

Higher symptom knowledge score 2.18 0.169 1.10 0.246 

Higher risk factor knowledge score 3.80 0.076 1.14 0.018 

Higher risk factor awareness score 1.20 0.144 1.06 0.233 

Higher test knowledge score 1.69 0.091 1.00 0.965 

Higher perceived testing need score 9.60 < 0.001 8.96 3.61–22.25 3.71 < 0.001 3.61 1.69–7.70 

Lower perceived negative health consequences of 

FOBT 

0.89 0.334 0.92 0.185 

Lower perceived financial burden of FOBT 1.81 0.120 0.94 0.700 

Lower perceived time constrain to FOBT 0.62 0.288 0.75 0.169 

Lower perceived access barrier to FOBT 0.96 0.921 1.03 0.868 

Lower perceived negative efficacy of FOBT 1.13 0.697 0.90 0.527 

Lower perceived negative health consequences of 

colonoscopy screening 

1.28 < 0.001 1.14 < 0.001 1.08 1.01–1.17 

Lower perceived financial burden of colonoscopy 

screening 

1.38 0.395 1.73 0.002 

Lower perceived time constrain to colonoscopy 

screening 

2.46 0.010 1.41 0.070 

Lower perceived access barrier to colonoscopy 

screening 

1.67 0.065 1.21 0.254 

Lower perceived negative efficacy of colonoscopy 

screening 

1.56 0.085 1.09 0.536 

Higher colonoscopy-related complication knowledge 

score 

0.68 0.197 1.31 0.025 1.42 1.10–1.84 

Higher awareness of possible complications during a 

colonoscopy 

0.95 0.362 0.96 0.147 

Higher risk factor for colonoscopy-related 

complication knowledge score 

1.27 0.476 1.84 0.018 

CI, Confidence Interval; CRC, Colorectal Cancer; FOBT, Fecal Occult Blood Test; OR, Odds Ratio. 
¥ The high odds ratio value is not displayed, which may be due to the fact that none of the respondents with intermediate or high educational levels reported unwillingness 

to undergo CRC screening. 
§ The high odds ratio value is not displayed, which may be due to the fact that none of the respondents with intermediate or high monthly income reported unwillingness 

to undergo CRC screening. 
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 0.001), lower perceived financial burden of colonoscopy screen- 

ng ( p = 0.002), higher colonoscopy-related complication knowl- 

dge score ( p = 0.025) and higher scores for knowledge on risk 

actors for colonoscopy-related complications ( p = 0.018) were 

ssociated with preference for colonoscopy over FOBT. In multi- 

ariate analysis, CRC in second-degree relatives or acquaintances 

OR 2.20, 95 %CI 1.26–3.86), no prior screening invitation (OR 

.55, 95 %CI 1.53–4.22), higher perceived testing need score (OR 

.61, 95 %CI 1.69–7.70), lower perceived negative health conse- 

uences of colonoscopy screening (OR 1.08, 95 %CI 1.01–1.17) 

nd higher scores for knowledge on colonoscopy-related com- 

lications (OR 1.42, 95 %CI 1.10–1.84) were independently as- 

ociated with preference for colonoscopy over FOBT as primary 

ethod of CRC screening. Combined, the results from the Hosmer- 

emeshow goodness-of-fit test (X2 = 4.0;df = 8; p = 0.853) and 

OC curve analysis (AUC = 0.72, 95 %CI 0.67–0.78; p < 0.001) 

ndicate that the logistic regression model calibrates well to 
6

he observed outcomes and exhibits an acceptable discriminatory 

ower. 

.6. Timing of the interview impact on risk perception 

Individuals referred to colonoscopy after a positive FOBT 

 n = 146) were randomly contacted before (43 %; n = 63) and after

57 %; n = 83) the procedure. There were no differences between 

roups across the PERCEPT-PREVENT tool key domains, namely 

referred screening method, colonoscopy complication knowledge 

core, and overall barriers to colonoscopy screening (supplemen- 

ary table 1). The heightened intention to undergo screening 

mong those interviewed before the procedure (100 % vs 91 

; p = 0.017) may be attributed to these individuals already hav- 

ng a colonoscopy scheduled. 
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. Discussion 

This is the first European study designed to assess preference 

or the primary CRC screening method with simultaneous mea- 

urement of CRC risk perception. Participants reported their pre- 

erred screening strategy rather than being assigned one, reflecting 

dherence rates to FOBT and colonoscopy. The inclusion of individ- 

als not yet invited to organized CRC screening allowed for an un- 

iased assessment of adherence trends. Risk perception was eval- 

ated using the validated PERCEPT-PREVENT tool, providing objec- 

ive measurements of knowledge and barrier domains [ 19 ]. 

Intention to adhere to CRC screening was reported at a high 

ate and was positively influenced by knowledge of the screen- 

ng rationale. Preference for colonoscopy over FOBT as the pri- 

ary method of screening was observed. Nonetheless, a quarter 

f individuals naïve to CRC screening preferred FOBT, and those 

creened by this method opted for endoscopic screening at a 

ower rate. In brief, most individuals initially screened through 

rimary colonoscopy intended to continue using this method, 

hereas, nearly half of those screened with FOBT reported a will- 

ngness to maintain the same screening approach. Among the 

emaining individuals initially screened with FOBT, the majority 

hifted their preference toward colonoscopy, likely influenced by 

he recent referral for colonoscopy following a positive result. 

ower barrier scores for FOBT compared to colonoscopy were ob- 

erved among never-screened individuals. No prior screening in- 

itation, higher perceived testing need, CRC in second-degree rel- 

tives/acquaintances, lower perceived negative consequences of 

olonoscopy, and higher complication knowledge were identified 

s independent predictors of a preference for endoscopic screening 

ver FOBT. 

Adherence rates vary widely depending on the adopted CRC 

creening strategy [ 7 , 20 ]. In countries with fully rolled-out pro- 

rams with fecal tests (e.g., Netherlands, Denmark, Slovenia) and 

hose offering colonoscopy as an alternative screening method 

e.g., Germany, Austria, Luxemburg), participation rates were high- 

st, reaching up to 75 % [ 7 , 21 ]. In our study, 95 % reported in-

ention to adhere to CRC screening, surpassing previous studies 

 7 , 15 , 20 , 22 ]. The authors admit a trend towards higher popula-

ional coverage for CRC screening in northern Portugal due to 

ctive involvement of primary care physicians following target 

creening standards predefined for several primary care health ser- 

ices. Accordingly, Portugal reported the highest colonoscopy uti- 

ization rate, surpassing 40 %, among countries with established 

ecal test-based screening programs [ 15 ]. Furthermore, full reim- 

ursement of screening tests, including FIT, colonoscopy and seda- 

ion, may contribute to a greater intention to adhere to CRC screen- 

ng, as reflected in the low scores for financial constraints and the 

egligible impact of health insurance on screening uptake observed 

n our sample. 

Most European countries have implemented organized screen- 

ng programs using FIT as the primary screening method 

 7 , 15 , 20 , 23 ]. While the Dutch national FIT-based screening pro-

ram reported a participation rate of 72 %, Poland’s once-only 

olonoscopy screening had a participation rate of only 18 % in the 

rst two years [ 21 , 24 ]. The Spanish COLONPREV trial [ 25 ] (FOBT

4.2 % vs colonoscopy 24.6 %) and the Swedish SCREESCO trial 

 26 ] (FOBT 55.5 % vs colonoscopy 35.1 %) reported higher partic- 

pation rates for fecal tests compared to colonoscopy. Additionally, 

he NordICC trial reported an overall adherence to colonoscopy of 

2.0 % [ 23 , 27 ]. Our results indicate a preference for endoscopic

creening among individuals who have never been screened. No- 

ably, previous studies have invited participants to undergo ei- 

her FOBT or colonoscopy, rather than inquiring about their pref- 

rence for the primary screening method. Makaroff K et al, found 

hat 77.4 % of individuals aged ≥50 preferred annual FOBT over 
7

 colonoscopy every 10 years [ 28 , 29 ], and the CONFIRM trial re-

orted that 43.4 % of those declining participation preferred a spe- 

ific screening test (58.5 % FOBT vs 40.6 % colonoscopy) [ 30 ]. How-

ver, prior colonoscopy was the main cause of trial ineligibility 

39.9 %) [ 30 , 31 ]. Similarly, in our sample, most participants classi-

ed as non-adherent had previously undergone screening (mostly 

hrough colonoscopy) and were not included. Thus, previously re- 

orted adherence rates (29 %) may have been underestimated [ 16 ], 

nd optimized integration of screening colonoscopy data from pri- 

ate units with the regional database could enhance the exclu- 

ion of screened individuals. Addressing organizational challenges 

nd implementing targeted interventions are crucial for increasing 

creening uptake. Reminders, whether delivered through letters, 

ext messages, or automated voice recordings, have been shown 

o effectively boost participation among non-adherent individu- 

ls [ 32 , 33 ]. In addition, patient navigation interventions, which in- 

olve personalized counseling provided by a trained healthcare 

rovider, are a known strategy to improve CRC screening uptake 

nd promote equity in healthcare [ 13 , 34–36 ]. Virtual health assis- 

ants, as recently described, can further enhance screening by pro- 

iding personalized recommendations that simulate high-quality 

atient-provider communication, elicit individual preferences, em- 

ower decision-making, and promote screening uptake [ 37 , 38 ]. The 

ntegration of artificial intelligence (AI) into organized screening 

rograms offers significant opportunities for advancement, includ- 

ng streamlined organizational and auditing processes, automated 

racking of non-adherent individuals, and targeted interventions 

ia periodic reminders and personalized counseling delivered by 

I-driven conversational agents [ 37 ]. 

Programs incorporating both fecal tests and colonoscopy as pri- 

ary screening methods were associated with a greater reduction 

n mortality [ 39 ]. Colonoscopy is offered as an alternative for op- 

ortunistic screening in several countries [ 7 , 15 , 20 , 40 ]. In Germany,

dherence rose from 66–68 to 77–80 % following the inclusion of 

olonoscopy as an alternative to FOBT, mainly due to an increase 

n colonoscopy uptake [ 40 ]. In a study from Coronado et al, the 

ffer of a blood-based screening test to those who declined FIT 

creening, boosted CRC screening by 17.5 % [ 41 ].Our results rein- 

orce the potential of personalized screening, including the option 

f colonoscopy as an alternative primary screening method, to in- 

rease participation rates. 

Risk perception and attitudes towards CRC screening were 

arely evaluated in Western countries [ 22 , 42–47 ]. In line with pre-

ious findings, despite a strong willingness to undergo screening, 

here was a low level of knowledge regarding CRC symptoms and 

isk factors [ 22 ]. This underscores the necessity for enhancing lit- 

racy in digestive health. It is important to acknowledge that mea- 

uring the intention to adhere may significantly overestimate the 

ctual uptake of screening tests, particularly in a population with 

imited knowledge of CRC risk and screening practices [ 22 ]. The 

iscrepancy between the low knowledge scores and the high re- 

orted intention to participate in CRC screening, as observed in our 

ample, may be partially attributed to social desirability bias. 

We acknowledge some limitations in our study. The study re- 

ies on measures susceptible to bias such as selective memory, so- 

ial desirability, or attribution bias. Yet, the timing of the inter- 

iew did not unequivocally impact risk perception. Healthy user 

ias may have contributed to an overestimation of the intention 

o adherence to CRC screening, as participants willing to complete 

he telephone survey (70.1 % of the eligible sample) are likely more 

ealth-conscious and thus more prone to undergo screening. Con- 

ersely, individuals with lower health awareness may have been 

ess inclined to undergo screening tests and more likely to decline 

articipation in the telephone interview, which could partially ex- 

lain the low number of respondents who refused FOBT screening, 

espite a second round of interviews targeting eight times the re- 
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uired sample size. The high rate of individuals registered as non- 

dherent in the CRC screening database, who reported not receiv- 

ng invitations, may be attributed to logistical issues (e.g., incorrect 

ddresses, mailing failures) or response bias (social desirability). 

oreover, the survey was conducted regionally rather than nation- 

lly. 

Further health economic evaluations, considering the obtained 

stimates of preference for colonoscopy and FOBT may lead to 

n optimization of the screening strategy. Such models may in- 

lude the evaluation of an individualized population-based screen- 

ng strategy that offers colonoscopy as an alternative to FOBT. Ad- 

itionally, prospective studies comparing willingness to undergo 

creening and preference for the primary screening method with 

he actual uptake of specific screening tests could bolster our find- 

ngs 

onflict of interest 

The authors would like to submit a manuscript entitled “Ad- 

erence, risk perception, and attitudes towards colorectal cancer 

creening: a road to individualized screening?” for consideration 

or publication in Digestive and Liver Disease. João Carlos Silva, 

ário Dinis-Ribeiro, Fernando Tavares and Diogo Libânio declare 

o conflict of interest for this article. 

uthor contributions 

Mário Dinis-Ribeiro, Diogo Libânio, and João Carlos Silva de- 

igned the study. João Carlos Silva and Diogo Libânio performed 

he research and analyzed the data. Mário Dinis-Ribeiro, Diogo 

ibânio, and Fernando Tavares revised the paper for critically im- 

ortant intellectual content. 

unding 

This research received a research grant from Sociedade Por- 

uguesa de Endoscopia Digestiva . 

cknowledgements 

Rocha C and Ribeiro C were included in the questionnaire adap- 

ation and performed the telephonic interviews. 

This research received a research grant from Sociedade Por- 

uguesa de Endoscopia Digestiva (3-year research grant). 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.dld.2024.11.027 . 

eferences 

[1] Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer trends among 
young adults in the USA: analysis of a population-based cancer registry. Lancet 

Public Health 2019;4(3):e137–47 . 
[2] Morgan E, Arnold M, Gini A, et al. Global burden of colorectal cancer in

2020 and 2040: incidence and mortality estimates from GLOBOCAN. Gut 

2023;72(2):338–44 . 
[3] Araghi M, Soerjomataram I, Bardot A, et al. Changes in colorectal cancer inci- 

dence in seven high-income countries: a population-based study. Lancet Gas- 
troenterol Hepatol 2019;4(7):511–18 . 

[4] Cardoso R, Guo F, Heisser T, et al. Colorectal cancer incidence, mortality, and 
stage distribution in European countries in the colorectal cancer screening era: 

an international population-based study. Lancet Oncol 2021;22(7):1002–13 . 
[5] Cardoso R, Guo F, Heisser T, et al. Proportion and stage distribution of 

screen-detected and non-screen-detected colorectal cancer in nine European 

countries: an international, population-based study. Lancet Gastroenterol Hep- 
atol 2022;7(8):711–23 . 

[6] Basu P, Ponti A, Anttila A, et al. Status of implementation and organization of 
cancer screening in The European Union Member States-Summary results from 

the second European screening report. Int J Cancer 2018;142(1):44–56 . 
8

[7] Cardoso R, Guo F, Heisser T, Hoffmeister M, Brenner H. Utilisation of colorectal 
cancer screening tests in European countries by type of screening offer: results 

from the European health interview survey. Cancers (Basel) 2020;12(6) . 
[8] Shaukat A, Kahi CJ, Burke CA, Rabeneck L, Sauer BG, Rex DK. ACG 

clinical guidelines: colorectal cancer screening 2021. Am J Gastroenterol 
2021;116(3):458–79 . 

[9] Saftoiu A, Hassan C, Areia M, et al. Role of gastrointestinal endoscopy 
in the screening of digestive tract cancers in Europe: European Soci- 

ety of Gastrointestinal Endoscopy (ESGE) Position Statement. Endoscopy. 

2020;52(4):293–304 . 
[10] Areia M, Fuccio L, Hassan C, Dekker E, Dias-Pereira A, Dinis-Ribeiro M. Cost-u- 

tility analysis of colonoscopy or faecal immunochemical test for popula- 
tion-based organised colorectal cancer screening. United European Gastroen- 

terol J 2019;7(1):105–13 . 
[11] Harewood GC, Wiersema MJ, Melton LJ. 3rd. A prospective, controlled assess- 

ment of factors influencing acceptance of screening colonoscopy. Am J Gas- 

troenterol 2002;97(12):3186–94 . 
[12] Moutel G, Duchange N, Lievre A, et al. Low participation in organized colorec- 

tal cancer screening in France: underlying ethical issues. Eur J Cancer Prev 
2019;28(1):27–32 . 

[13] Bourmaud A, Benoist Y, Tinquaut F, et al. Patient navigation for colorectal can- 
cer screening in deprived areas: the COLONAV cluster randomized controlled 

trial. BMC Cancer 2023;23(1):21 . 

[14] Participation au programme de dépistage organisé du cancer colorectal. Péri- 
ode 2022-2023 et évolution depuis. Santé publique France 2010. www. 

santepubliquefrance.fr . 
[15] Ola I, Cardoso R, Hoffmeister M, Brenner H. Utilization of colorectal can- 

cer screening tests across European countries: a cross-sectional analysis of 
the European health interview survey 2018-2020. Lancet Reg Health Eur 

2024;41:100920 . 

[16] Monteiro H, Tavares F, Reis J, et al. Colorectal screening program in Northern 
Portugal: first findings. Acta Med Port 2022;35(3):164–9 . 

[17] Robertson DJ, Lee JK, Boland CR, et al. Recommendations on fecal immuno- 
chemical testing to screen for colorectal neoplasia: a consensus statement 

by the US multi-society task force on colorectal cancer. Gastrointest Endosc 
2017;85(1):2–21 e23 . 

[18] von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) statement: guidelines for re- 
porting observational studies. Lancet 2007;370(9596):1453–7 . 

[19] Silva JC, Santos C, Dinis-Ribeiro M, Libanio D. Development and validation 
of the PERCEPT-PREVENT tool to determine risk perception and attitudes to- 

wards digestive cancer screening. Eur J Gastroenterol Hepatol 2024;36(1):45–
51 . 

20] Schreuders EH, Ruco A, Rabeneck L, et al. Colorectal cancer screening: a global 

overview of existing programmes. Gut 2015;64(10):1637–49 . 
[21] Breekveldt ECH, Lansdorp-Vogelaar I, Toes-Zoutendijk E, et al. Colorectal can- 

cer incidence, mortality, tumour characteristics, and treatment before and af- 
ter introduction of the faecal immunochemical testing-based screening pro- 

gramme in the Netherlands: a population-based study. Lancet Gastroenterol 
Hepatol 2022;7(1):60–8 . 

22] Almadi MA, Alghamdi F. The gap between knowledge and undergoing colorec- 
tal cancer screening using the Health Belief Model: A national survey. Saudi J 

Gastroenterol 2019;25(1):27–39 . 

23] Kaminski MF, Bretthauer M, Zauber AG, et al. The NordICC Study: rationale and 
design of a randomized trial on colonoscopy screening for colorectal cancer. 

Endoscopy 2012;44(7):695–702 . 
24] Kaminski MF, Kraszewska E, Rupinski M, Laskowska M, Wieszczy P, Regula J. 

Design of the Polish Colonoscopy Screening Program: a randomized health ser- 
vices study. Endoscopy 2015;47(12):1144–50 . 

25] Quintero E, Castells A, Bujanda L, et al. Colonoscopy versus fecal im- 

munochemical testing in colorectal-cancer screening. N Engl J Med 
2012;366(8):697–706 . 

26] Forsberg A, Westerberg M, Metcalfe C, et al. Once-only colonoscopy or two 
rounds of faecal immunochemical testing 2 years apart for colorectal can- 

cer screening (SCREESCO): preliminary report of a randomised controlled trial. 
Lancet Gastroenterol Hepatol 2022;7(6):513–21 . 

27] Bretthauer M, Loberg M, Wieszczy P, et al. Effect of colonoscopy screen- 

ing on risks of colorectal cancer and related death. N Engl J Med 
2022;387(17):1547–56 . 

28] Makaroff KE, Shergill J, Lauzon M, et al. Patient preferences for colorectal can- 
cer screening tests in light of lowering the screening age to 45 years. Clin Gas-

troenterol Hepatol 2023;21(2):520–31 e510 . 
29] Zhu X, Parks PD, Weiser E, et al. National survey of patient factors asso- 

ciated with colorectal cancer screening preferences. Cancer Prev Res (Phila) 

2021;14(5):603–14 . 
30] Robertson DJ, Dominitz JA, Beed A, et al. Baseline features and reasons for non- 

participation in the colonoscopy versus fecal immunochemical test in reducing 
mortality from Colorectal Cancer (CONFIRM) study, a colorectal cancer screen- 

ing trial. JAMA Netw Open 2023;6(7):e2321730 . 
[31] Dominitz JA, Robertson DJ, Ahnen DJ, et al. Colonoscopy vs. fecal immuno- 

chemical test in reducing mortality from Colorectal Cancer (CONFIRM): ratio- 

nale for study design. Am J Gastroenterol 2017;112(11):1736–46 . 
32] Vives N, Travier N, Farre A, et al.. Effectiveness and Acceptability of Tar- 

geted Text Message Reminders in Colorectal Cancer Screening: Randomized 
Controlled Trial (M-TICS Study), 10. JMIR Public Health Surveill; 2024. p. 

e57959 . 

https://doi.org/10.1016/j.dld.2024.11.027
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0001
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0002
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0003
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0004
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0005
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0006
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0007
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0008
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0009
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0010
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0011
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0012
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0013
http://www.santepubliquefrance.fr
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0015
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0016
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0017
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0018
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0019
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0020
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0021
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0022
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0023
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0024
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0025
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0026
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0027
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0028
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0029
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0030
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0031
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0032


J.C. Silva, M. Dinis-Ribeiro, F. Tavares et al. Digestive and Liver Disease xxx (xxxx) xxx

ARTICLE IN PRESS
JID: YDLD [m5G;December 23, 2024;14:7]

[

[

[

[

[

[  

[

[

[

[  

[

[

[

33] Mehta SJ, Palat S, McDonald C, et al. A randomized trial of choice architec- 
ture and mailed colorectal cancer screening outreach in a community health 

setting. Clin Gastroenterol Hepatol 2024;22(10):2117–24 e2112 . 
34] Rawl SM, Perkins SM, Tong Y, et al. Patient navigation plus tailored digital 

video disc increases colorectal cancer screening among low-income and mi- 
nority patients who did not attend a scheduled screening colonoscopy: a ran- 

domized trial. Ann Behav Med 2024;58(5):314–27 . 
35] Nelson HD, Cantor A, Wagner J, et al. Effectiveness of patient navigation to in- 

crease cancer screening in populations adversely affected by health disparities: 

a meta-analysis. J Gen Intern Med 2020;35(10):3026–35 . 
36] Issaka RB, Bell-Brown A, Jewell T, Jackson SL, Weiner BJ. Interventions to in- 

crease follow-up of abnormal stool-based colorectal cancer screening tests in 
safety net settings: a systematic review. Gastroenterology 2024;167(5):826–33 

e823 . 
37] Vilaro MJ, DS Wilson-Howard, Neil JM, et al. A subjective culture approach 

to cancer prevention: rural black and white adults’ perceptions of using vir- 

tual health assistants to promote colorectal cancer screening. Health Commun 
2022;37(9):1123–34 . 

38] Milne-Ives M, de Cock C, Lim E, et al. The effectiveness of artificial intelligence
conversational agents in health care: systematic review. J Med Internet Res 

2020;22(10):e20346 . 
39] Ding H, Lin J, Xu Z, et al. The association between organised colorectal cancer 

screening strategies and reduction of its related mortality: a systematic review 

and meta-analysis. BMC Cancer 2024;24(1):365 . 
9

40] Guo F, Chen C, Schottker B, Holleczek B, Hoffmeister M, Brenner H. Changes in 
colorectal cancer screening use after introduction of alternative screening offer 

in Germany: Prospective cohort study. Int J Cancer 2020;146(9):2423–32 . 
[41] Coronado GD, Jenkins CL, Shuster E, et al. Blood-based colorectal cancer 

screening in an integrated health system: a randomised trial of patient ad- 
herence. Gut 2024;73(4):622–8 . 

42] Koo JH, Leong RW, Ching J, et al. Knowledge of, attitudes toward, and barriers 
to participation of colorectal cancer screening tests in the Asia-Pacific region: 

a multicenter study. Gastrointest Endosc 2012;76(1):126–35 . 

43] Sung JJ, Choi SY, Chan FK, Ching JY, Lau JT, Griffiths S. Obstacles to colorectal
cancer screening in Chinese: a study based on the health belief model. Am J 

Gastroenterol 2008;103(4):974–81 . 
44] Almadi MA, Mosli MH, Bohlega MS, et al. Effect of public knowledge, attitudes, 

and behavior on willingness to undergo colorectal cancer screening using the 
health belief model. Saudi J Gastroenterol 2015;21(2):71–7 . 

45] Torosian T, Abrami EA, Massoumi RL, et al. Assessing knowledge and percep- 

tions of colorectal cancer screening in Armenia. J Surg Res 2021;257:616–24 . 
46] Edwardson N, Cartwright K, Sheche J, et al. Colorectal cancer screening among 

adults in Zuni Pueblo: factors associated with FOBT and colonoscopy utiliza- 
tion. J Community Health 2023;48(4):565–75 . 

[47] Lopez Salas M, De Haro Gazquez D, B Fernandez Sanchez, Knowledge Amador 
Munoz ML. Compliance, and inequities in colon cancer screening in Spain: an 

exploratory study. Healthcare (Basel). 2023;11(18) . 

http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0033
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0034
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0035
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0036
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0037
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0038
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0039
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0040
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0041
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0042
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0043
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0044
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0045
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0046
http://refhub.elsevier.com/S1590-8658(24)01119-8/sbref0047




93 

2.1. Author's reply: “Improving screening participation: the need 

for socioeconomic considerations and psychological interventions 

in colorectal cancer programs” 

João Carlos Silva, Mário Dinis-Ribeiro, Diogo Libânio 

Dig Liver Dis. 2025 Jun;57(6):1333-1334. 

doi: 10.1016/j.dld.2025.02.016 

Journal Impact Factor: 3.8 (Journal Citation Reports, 2024) 

Scimago Journal Rank: Q1 (2024) 



  

94 

 

  

  



ARTICLE IN PRESS 

JID: YDLD [m5G; March 19, 2025;20:38 ] 

Digestive and Liver Disease xxx (xxxx) xxx 

Contents lists available at ScienceDirect 

Digestive and Liver Disease 

journal homepage: www.elsevier.com/locate/dld 

Correspondence 

Author’s reply: “Improving screening participation: The need 

for socioeconomic considerations and psychological 

interventions in colorectal cancer programs” ✩ 

D

p

w

i

a

a

p

t

c

s  

s

m

i

n

t

o

i

l

r  

t

b

s

fi

u

c

a

c

e

a

i

s

w

c

a

h

p

c

e

t

p

t

d

s

C

i

i

n

o

t

c

c

f

a

p

p

c

d

s

b

t

A

t

t

s

D

t

c

o

g

a

R

[

[

[

[

h

1

s

ear Editor, 

We sincerely appreciate Jianyu Lv’s et al. interest in our recently 

ublished article, “Adherence, risk perception, and attitudes to- 

ards colorectal cancer screening: a road to individualized screen- 

ng?” [ 1 ]. Their thoughtful commentary [ 2 ] offers valuable insights, 

nd we wish to further enrich the discussion by presenting a few 

dditional points that complement their perspective. 

Previous data indicated that colorectal cancer (CRC) screening 

articipation rates tend to be lower among younger individuals, 

hose in rural areas, males, disadvantaged groups with lower so- 

ioeconomic and educational levels, migrants, and individuals with 

parser contact with the health system [ 3 , 4 ]. In our study, while

ocioeconomic status was not formally stratified and compared, 

onthly income and educational level were assessed and can be 

nterpreted as surrogate indicators. Neither higher monthly income 

or higher educational level was associated with a higher inten- 

ion to adhere to CRC screening or a preference for colonoscopy 

ver fecal tests, in our sample. Nevertheless, this remains a crit- 

cal issue in the context of CRC screening, as individuals with 

ower socioeconomic status are expected to encounter greater bar- 

iers to screening [ 5 ]. It is noteworthy that our sample is confined

o the northern region of Portugal, predominantly covering ur- 

an areas. Future nationwide studies could potentially diversify the 

tudy population and further strengthen the generalizability of our 

ndings. 

Regarding psychological factors that may influence screening 

ptake, it is widely recognized that prior screening experience 

an influence subsequent decision-making and, in turn, impact 

dherence rates. In our sample, the perceived negative health 

onsequences of screening, which included feelings of fear and 

mbarrassment associated with fecal occult blood test (FOBT) 

nd colonoscopy were measured. Consequently, the psychological 

mpact of prior screening experience (among those previously 

ubmitted to FOBT and/or colonoscopy) on the intention to adhere 

as indirectly evaluated. While the study design did not specifi- 

ally target psychological reactions to prior screening experiences 

nd their impact on screening uptake, it was observed that nearly 

alf of those initially screened with fecal tests later shifted their 

reference to colonoscopy, likely due to the recent referral for 

olonoscopy following a positive result. Nevertheless, no differ- 

nces were observed in the key domains of the PERCEPT-PREVENT 

ool between individuals referred for colonoscopy following a 
✩ Writing Assistance: Writing assistance was not provided for this article. 

DOIs of original articles: 10.1016/j.dld.2025.02.005 , 10.1016/j.dld.2024.11.027 

[

ttps://doi.org/10.1016/j.dld.2025.02.016 

590-8658/© 2025 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All 

imilar technologies. 
ositive FOBT who were randomly contacted both before and after 

he procedure. Moreover, psychological factors were evaluated in 

etail across the study sample using the perceived cancer severity 

core, which primarily focused on anxiety related to a potential 

RC diagnosis, pessimism, and the perception of familial burden. 

Undoubtedly, technological innovations can play a central role 

n personalizing cancer screening strategies and optimizing partic- 

pation rates. Although assessing the potential of technological in- 

ovations, such as artificial intelligence (AI), was beyond the scope 

f our study, it should still be explored, regardless of considera- 

ions regarding the adopted screening methods. As previously dis- 

ussed [ 1 ], AI has the potential not only to optimize screening re- 

ruitment through personalized virtual health assistants but also to 

acilitate quality auditing processes, automate the tracking of non- 

dherent individuals, and enable targeted interventions through 

eriodic reminders [ 6 , 7 ]. Although still distant from practical im- 

lementation, the capacity to personalize CRC screening based on 

linical-demographic characteristics, genetic risk, and microbiome 

ata positions AI as a critical tool in advancing digestive cancer 

creening. 

In summary, we deeply appreciate the valuable insights offered 

y Jianyu Lv et al. in their thoughtful commentary, which has con- 

ributed to further enriching the discussion surrounding our study. 

s emphasized, both socioeconomic status and psychological fac- 

ors are critical determinants shaping screening outcomes, while 

echnological innovations have the potential to mitigate barriers to 

creening and enhance participation in CRC screening in the future. 
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ABSTRACT
Background and Aims: Gastric cancer (GC) is the third cause of cancer mortality worldwide. A screening strategy that com-
bines an upper gastrointestinal endoscopy (UGIE) with a screening colonoscopy may be cost-effective in intermediate-risk re-
gions. This study aimed to evaluate the intention to adhere to combined endoscopic screening and assess knowledge of GC 
symptoms, risk factors, and barriers to screening.
Methods: Cross-sectional study enrolling individuals eligible for CRC screening in northern Portugal, where a populational fecal 
occult blood test (FOBT) program is implemented. The validated PERCEPT-PREVENT tool was applied across three groups: (a) 
not yet invited to CRC screening, (b) FOBT-positive referred to colonoscopy, and (c) primary colonoscopy screening.
Results: A high acceptance rate was observed for combined endoscopic screening (94%; n = 264) [not yet invited to CRC screen-
ing 98% (n = 90) vs. FOBT-positive referred to colonoscopy 90% (n = 103) vs. primary colonoscopy 97% (n = 71); p = 0.017], with the 
vast majority reporting intention to adhere in the setting of full reimbursement (97%; n = 255). Most respondents were unaware 
of any possible GC symptom (76%; n = 213), risk factor (73%; n = 205), and UGIE-related complication (85%; n = 237). Regular fol-
low-up with the primary care physician (Odds Ratio (OR) 27.59, 95% confidence interval (CI) 2.99–254.57), lower perceived nega-
tive health consequences of UGIE (OR 1.40, 95% CI 1.13–1.74), and lower perceived financial burden (OR 2.46, 95% CI 1.04–5.85) 
were the only factors independently associated with a higher intention to undergo combined screening.
Conclusions: Willingness to undergo combined endoscopic screening was notably high and positively impacted by lower per-
ceived barriers. Additional efforts should be undertaken to improve levels of digestive health literacy.

1   |   Introduction

Gastric cancer (GC) is the fifth most common cancer and 
the third cause of cancer mortality worldwide [1]. Currently, 
screening for GC is performed only in high-incidence coun-
tries (age-standardized incidence rate [ASR] ≥ 20 per 100,000, 
such as Japan and Korea [29.9 and 41.3, respectively]) [2]. 
A cost-utility European analysis found that combining 

an upper GI endoscopy (UGIE) with a screening colonos-
copy may also be cost-effective in intermediate-risk regions 
(ASR ≥ 10/100,000) [3]. This suggests that in Europe, if a col-
orectal cancer (CRC) screening program is already in place 
(through fecal occult blood testing [FOBT] or stand-alone colo-
noscopy), countries with intermediate incidence of GC might 
benefit from adding a screening UGIE to a screening colonos-
copy [4].

© 2024 John Wiley & Sons Ltd.
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The abovementioned cost-utility analysis assumed full com-
pliance with endoscopic screening although it is known that 
adherence to screening procedures is suboptimal and even in 
countries with well-established GC screening programs the ad-
herence rates are up to 56.2% [3, 5]. However, there are no studies 
evaluating adherence rates to UGIE screening in intermediate-
risk countries, namely regarding combined screening (CRC and 
GC). Furthermore, it is crucial to investigate factors influenc-
ing participation rates, particularly risk perception (regarding 
the risk of developing GC, which is influenced by knowledge 
of symptoms and risk factors), as well as knowledge of screen-
ing procedure risks. It is also important to explore barriers to 
screening (perceived complication risk, access to testing, finan-
cial burden, and time constraints) which may negatively impact 
screening uptake.

Thus, the aim of this study was to estimate adherence to GC 
screening, considering a strategy that combines a UGIE with a 
screening colonoscopy. Secondary aims included the evaluation 
of the knowledge of GC risk factors and symptoms, assessing 
the perceived risk of screening procedures, and characterizing 
barriers to screening.

2   |   Methods

2.1   |   Study Design and Procedures

This was a cross-sectional study including asymptomatic in-
dividuals aged 50–75 years eligible for CRC screening in the 
northern region of Portugal where a populational FIT-screening 
program was implemented in 2018 under the coordination 
of the Northern Portugal Regional Health Administration 
(ARSN). The study protocol was approved by the Ethical com-
mittees of the three institutions involved in the study, namely 
ARSN, Unidade Local de Saúde Gaia e Espinho, and Instituto 
Português de Oncologia do Porto. The study protocol conforms 
to the ethical guidelines of the 1975 Declaration of Helsinki. 
The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE), guidelines for reporting observational 
studies were used [6].

Eligible citizens are directly invited for CRC screening by regu-
lar mail, initially through an awareness letter, and subsequently 
a kit for stool sample testing (1-sample FIT) is sent, along with 
instructions on how to perform the test and deliver it to the 
Primary Care Center [7]. Those who test positive are invited to 
undergo a pre-colonoscopy assessment, performed by the pri-
mary care physician, and then referred for a sedated colonos-
copy at the nearest Portuguese National Health Service (NHS) 
hospital. Both CRC screening tests, namely FIT and colonos-
copy, are offered free of charge. All FITs (OC-Auto Sampling 
3, Eiken Chemical Co., Ltd.) undergo analysis at a centralized 
laboratory that uses a cut-off of 100 ng/mL (equivalent to 20 μ/g) 
[8]. A centralized information platform (Electronic Screening 
Management Platform) oversees all pertinent outcomes of the 
organized screening program [7].

Gastric cancer screening is neither implemented nor recom-
mended, although primary care physicians are allowed to order 
UGIE (and colonoscopies) at their discretion. These endoscopic 

procedures are performed in clinics and the patients incur no 
costs, being those supported by the NHS. The NHS also covers 
sedation costs for colonoscopy, but not for stand-alone UGIE. 
However, in the northern region of Portugal, if a patient is pre-
scribed a colonoscopy with sedation plus a non-sedated UGIE, 
most private clinics do not charge additional costs for UGIE 
sedation. In the case of stand-alone UGIE, the NHS covers the 
cost of the UGIE, but the patient covers sedation costs (around 
80–120€).

This cross-sectional study evaluated the intention to adhere to 
UGIE for GC screening, considering a strategy that combines a 
UGIE with a screening colonoscopy. According to this strategy, 
UGIE would be offered to individuals scheduled for a screen-
ing colonoscopy, whether due to a positive FIT result or as part 
of primary colonoscopy screening. To ensure that estimates of 
intention to adhere to combined endoscopic screening were 
not biased by previous exposure to FIT and/or colonoscopy, in-
dividuals not yet invited to CRC screening were also enrolled. 
Thus, intention to undergo combined screening was compared 
across three predefined groups: (a) individuals not yet invited 
to CRC screening, (b) FOBT-positive individuals referred to 
colonoscopy, and (c) individuals who underwent CRC screen-
ing through primary colonoscopy outside of the organized CRC 
screening program.

Inclusion criteria were asymptomatic individuals aged 
50–75 years eligible for populational FOBT screening. 
Individuals who tested negative for FOBT and those who re-
fused colonoscopy after a positive FOBT were excluded. Further 
exclusion criteria encompassed symptomatic patients (e.g., diar-
rhea, constipation, abdominal pain, weight loss, hematochezia); 
anemia; previous CRC, GC, or colorectal polyps; known heredi-
tary cancer risk (including first-degree relatives with CRC and/
or GC); previous colectomy; previous gastrectomy; inflamma-
tory bowel disease (IBD); dementia; inability, and/or refusal to 
answer the questionnaire.

The individuals eligible for CRC screening selected for partic-
ipation in this study were randomly extracted from the ARSN 
database based on their screening status from November 2021 
to April 2022. Screened participants were randomly selected 
through a stratified random sample, according to sex and 
age group (50–59 years old and 60–74 years old). Individuals 
who had reached the CRC screening age but had not yet been 
invited for screening were also selected from the ARSN da-
tabase. Individuals who underwent CRC screening through 
primary colonoscopy (outside the populational program) were 
recruited from three different private endoscopy units, from 
July 2022 to April 2023, after assessment of inclusion and ex-
clusion criteria.

2.2   |   PERCEPT-PREVENT Tool

A previously validated questionnaire on GC risk perception 
(PERCEPT-PREVENT tool) was used, targeting (1) knowledge 
of GC symptoms and risk factors; (2) perceived severity of GC; 
(3) perceived benefits of combined screening; (4) barriers to 
screening; and (5) perceptions toward endoscopy-related com-
plications. The complete version of the PERCEPT-PREVENT 
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tool has been previously detailed [9] and is also presented as a 
Appendices S1 and S2.

The PERCEPT-PREVENT tool questionnaire was applied 
through telephonic interview, within a period of up to 6 months 
after the screening status assessment, from September 2022 to 
September 2023. Interviews were conducted by two dedicated 
gastroenterology nurses after three formal training sessions and 
informed verbal consent was obtained from all participants. The 
PERCEPT-PREVENT answers were recorded in an electronic 
database, and each patient received a code number to secure an-
onymization. Besides questionnaire answers, sociodemographic 
data including age, gender, educational level, and monthly in-
come were registered.

2.3   |   Sample Size Calculation and Statistical 
Analysis

Due to the lack of previous estimates on adherence to UGIE 
combined with a screening colonoscopy, the authors considered 
preliminary data previously published [9]. Thus, considering an 
expected adherence of 95%, with a 95% confidence interval (CI), 
an error of 0.05, and a power of 80%, the required number of 
participants is 73.

Statistical Package for Social Sciences (SPSS) program version 
27 (IBM Corporation, Armonk, NY) was used. Categorical 
variables are summarized as frequencies and percentages. As 
appropriate χ2 test or Fisher's exact test was used to compare 
categorical variables. Normal distribution was examined using 
histogram visual inspection. Continuous variables were ex-
pressed in means and standard deviation (variables with nor-
mal distribution) or median and interquartile range (variables 
with skewed distributions). Independent samples t-test or in-
dependent samples Mann–Whitney U test were used to com-
pare two groups. The analysis of variance (ANOVA) test or the 
independent samples Kruskal–Wallis test were used to assess 
the differences among multiple groups. Following a significant 

result, the Bonferroni adjustment was applied to the pairwise 
comparisons.

To identify predictive factors for willingness to undergo UGIE for 
GC screening combined with a screening colonoscopy, the do-
mains of the PERCEPT-PREVENT tool were evaluated, as well 
as sociodemographic characteristics. Independent variables with 
at least marginal association with the outcome variable (p < 0.100) 
in univariate analysis were included in the multivariate logistic re-
gression model. Variables with a significant association with the 
dependent variables were identified after adjustment using the 
Backward–Wald methodology (cut-off for entry 0.050; cut-off for 
exclusion 0.100). Odds Ratio (OR) with 95% CI was calculated for 
each variable independently associated with the outcome variable. 
The model's goodness of fit and discriminatory ability were evalu-
ated through the Hosmer–Lemeshow goodness-of-fit test and ROC 
curve analysis. All reported p-values are two-tailed, with a p-value 
<0.050 indicating statistical significance.

3   |   Results

3.1   |   Study Population and Recruitment 
Procedures

A total of 552 individuals were contacted for telephonic inter-
view of which 110 were unreachable, 88 refused to participate, 
and 74 met exclusion criteria. In total, 280 participants were in-
cluded: 92 not yet invited to CRC screening, 115 FOBT-positive 
referred to colonoscopy, and 73 who underwent CRC screening 
through primary colonoscopy. Figure 1 displays the study popu-
lation according to the screening status.

The mean age was 57 ± 8 years, and 55% (n = 153) were female. 
Regarding sociodemographic characteristics, 56% (n = 154) had 
a basic educational level (sub-high school educational attain-
ment) and 60% (n = 163) reported an active work status. Most 
participants indicated consistent follow-up with their primary 
care physician (98%; n = 274), while only 25% (n = 71) reported 

FIGURE 1    |    Study population according to the screening status. CRC, colorectal cancer; FAP, Familial adenomatous polyposis; FOBT, Fecal 
occult blood test; GC, Gastric cancer; IBD, Inflammatory bowel disease.
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having additional health insurance besides NHS. Further infor-
mation on the sociodemographic characteristics is provided in 
Table 1.

3.2   |   Attitudes Toward Screening

Overall, the acceptance of combined screening was high (94%; 
n = 264). A total of 97% (n = 255) were willing to undergo com-
bined screening if fully reimbursed [not yet invited to CRC 
screening 100% (n = 90) vs. FOBT-positive referred to colo-
noscopy 93% (n = 96) vs. primary colonoscopy 97% (n = 69); 
p = 0.023].

Despite the absence of formal recommendations on GC screen-
ing in Europe, 34% (n = 96) received medical recommendation 
for GC screening [not yet invited to CRC screening 4% (n = 4) vs. 
FOBT-positive referred to colonoscopy 32% (n = 37) vs. primary 
colonoscopy 75% (n = 55); p < 0.001]. Among FOBT-positive in-
dividuals referred to colonoscopy, 83% (n = 95) underwent the 
procedure at an NHS hospital as part of the organized screening 
program in northern Portugal, where concomitant UGIE was 
not permitted. Notably, out of the 188 participants who under-
went colonoscopy (115 FOBT-positive referred to colonoscopy 
and 73 who underwent CRC screening through primary colo-
noscopy), 93 (49%) were submitted to the procedure at a pri-
vate endoscopy unit outside the organized screening program. 
A total of 60% (n = 56) underwent combined screening and the 
intention to adhere to UGIE combined with a screening colonos-
copy did not differ based on the previously adopted screening 
strategy (UGIE combined with colonoscopy 96% vs. colonoscopy 
alone 97%; p = 1.000) (Figure 2). The proportion of participants 
regularly followed up by primary care physicians (p = 0.244) and 
with health insurance (0.725) did not differ significantly across 
groups.

Despite the overall comparisons yielding a significant differ-
ence regarding perceived GC severity (p = 0.002), Bonferroni-
adjusted pairwise comparisons showed a significant difference 
only between individuals not yet invited to screening and 
those FOBT-positive referred to colonoscopy (19 ± 2 vs. 17 ± 3; 
p = 0.002). Table 2 details data on cues to action and attitudes 
toward GC screening.

3.3   |   Knowledge and Barriers to GC Screening

Perceived testing need scores were globally high, and 99% (n = 91) 
of participants not yet invited to CRC screening were classified 
as a “great need” to screen healthy individuals aged 50 years 
old or older for GC (Table 3). Despite this, overall knowledge of 
GC symptoms and risk factors was low as 76% (n = 213) did not 
know any possible GC symptom and 73% (n = 205) did not know 
any risk factor. The risk factor awareness score, which detailed 
the perception of having GC risk factors, was significantly lower 
in individuals screened for CRC through primary colonoscopy 
(p < 0.001). Furthermore, knowledge of Hp infection status was 
reported at a significantly higher rate in individuals who un-
derwent CRC screening through primary colonoscopy [not yet 
invited to CRC screening 10% (n = 9) vs. FOBT-positive referred 
to colonoscopy 59% (n = 68) vs. primary colonoscopy screening 
78% (n = 57); p < 0.001].

Significantly higher scores for perceived negative health con-
sequences of UGIE were apparent in participants submitted to 
colonoscopy after a positive FOBT (p < 0.001). Lower scores for 
perceived financial burden were obtained in the primary colo-
noscopy screening group (p < 0.001). No differences were found 
across groups for the remaining barrier domains (Table  3). A 
total of 85% (n = 237) were unaware of any potential complica-
tions arising from a screening UGIE, and 98% (n = 273) did not 
know its risk factors. The scores for complication knowledge 
and its risk factors did not differ across groups (Table 3).

3.4   |   Predictors of Adherence to Combined 
Endoscopic Screening

In univariate analysis, younger age (p = 0.013), higher educational 
level (p = 0.048), active work status (p = 0.013), regular follow-up 
with the primary care physician (p = 0.014), previous informa-
tion on GC screening tests (p = 0.030), higher perceived testing 
need score (p = 0.044) and lower perceived negative health con-
sequences of UGIE (p = 0.002) were significantly associated with 
willingness to undergo combined screening. Variables with at least 
marginal association with the outcome variable (p < 0.100) were 
also included in the multivariable model (Table 4). On multivariate 
analysis, regular follow-up with the primary care physician (OR 
27.59, 95% CI 2.99–254.57), lower perceived negative health conse-
quences of UGIE (OR 1.40, 95% CI 1.13–1.74), and lower perceived 
financial burden (OR 2.46, 95% CI 1.04–5.85) were independently 
associated with the intention to accept UGIE combined with a 
screening colonoscopy. The results from the Hosmer–Lemeshow 
goodness-of-fit test (χ2 = 7.58; df = 8; p = 0.475) and ROC curve 
analysis (AUC = 0.82, 95% CI 0.70–0.94; p < 0.001) indicate that the 
logistic regression model calibrates well to the observed outcomes 
and exhibits a considerable discriminatory power.

TABLE 1    |    Sociodemographic characteristics (n = 280).

Female, n (%) 153 (55)

Age, mean (SD) 57 (8)

Married, n (%) 166 (60)

Basic educational level, n (%) 154 (56)

Active worker, n (%) 163 (60)

Intermediate monthly income (500–1000€),  
n (%)

28 (45)

Regular follow-up with primary care physician, 
n (%)

274 (98)

Health insurance, n (%) 71 (25)

Informed on GC screening tests from any means 
of communication, n (%)

152 (55)

GC in second-degree relatives or acquaintances, 
n (%)

67 (24)

Second-degree relatives with GC, n (%) 35 (52)

Abbreviations: GC, Gastric cancer; SD, Standard deviation.
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4   |   Discussion

A high acceptance rate was observed for combined endoscopic 
screening, especially in the setting of full reimbursement. 
Overall, knowledge of GC symptoms, risk factors, and UGIE-
related complications were low. Regular follow-up with the 
primary care physician, lower perceived negative health conse-
quences of UGIE, and lower perceived financial burden were the 
only factors independently associated with a higher intention to 
undergo combined screening.

Combined GC and CRC endoscopic screening may be cost-
effective in intermediate-risk regions (ASR 10–20/100,000) 
[3, 4, 10]. Combining a UGIE with a screening colonoscopy in 
individuals aged 50 to 75 years appears to be a valuable strat-
egy for GC screening. Two recent meta-analyses evaluated the 
diagnostic yield of UGIE in FOBT-positive subjects undergo-
ing colonoscopy [11, 12]. Choe et al. report a 0.5% prevalence 
of GC, unsupportive of routine UGIE screening for patients 
with a positive FIT [11]. Yet, among the four included studies, 
only in one case GC was diagnosed, with a prevalence of 1.23% 
in a sub-sample of FIT-positive/colonoscopy-negative subjects 
who underwent UGIE [11]. In contrast, Shah et al. report that 
same-day UGIE in FOBT-positive subjects undergoing colo-
noscopy yields approximately 25% more malignancies than 
colonoscopy alone [12]. The latter review encompassed 21 
studies: six employed FIT, 11 used guaiac-based FOBTs, and 
the remaining four did not specify the type of FOBT used. The 
pooled prevalence of upper gastrointestinal (UGI) cancers was 
0.8% (95% CI 0.4–1.6). For UGI clinically significant lesions 
(CSL), which were defined as lesions potentially explaining 
occult blood loss (e.g., polyps, ulcers, vascular lesions), the 
prevalence was 30.4% (95% CI 20.7–42.2). In comparison, the 
prevalence of colonic cancers was 3.3% (95% CI 1.8–6.0) and 
colonic CSL (e.g., tubular adenomas, advanced adenomas) 
was 31.9% (95% CI 23.9–41.1). Additionally, the prevalence 
of UGI CSL and UGI cancers in FOBT-positive subjects was 
comparable, regardless of the presence or absence of colonic 
pathology. Both reviews present limitations, notably the in-
clusion of symptomatic individuals [11, 12]. Moreover, in 

the latter meta-analysis not only GC but all UGI neoplasms 
were accounted [12]. However, when considering a screen-
ing strategy that combines GC and CRC screening, the role 
of UGIE extends beyond diagnosing gastric neoplasms, as 
it enables the diagnosis of precancerous conditions such as 
chronic atrophic gastritis and intestinal metaplasia, which are 
particularly prevalent in countries with a higher incidence of 
GC [13]. In intermediate to high-risk regions, diagnosis and 
surveillance of patients with precancerous gastric conditions 
are cost-effective and endorsed by European recommenda-
tions [14, 15]. Considering an increase in the detection of pre-
cancerous conditions and GC through combined endoscopic 
screening, it must be acknowledged that most European CRC 
screening programs are based on FOBT, which restricts GC 
screening to individuals who test positive [16, 17].

In a prior cost-utility analysis for GC screening in intermediate-
risk regions, full compliance with endoscopic screening was 
assumed [3, 10]. However, it is recognized that in countries 
with well-established GC screening programs, the adherence 
rates fall below 100% [5]. Even in high-risk regions, the high-
est pooled adherence rates, reported in studies based on self-
reported screening uptake, reached up to 56.2% [5, 18–24]. 
Time trends of screening uptake in Korea based on the analy-
sis of the National Cancer Screening Program databases favor 
endoscopic screening which increased from 31.1% in 2002 to 
72.5% in 2011 [25–29]. In this high-risk region, the organized 
GC screening program adherence rate has nearly doubled, in-
creasing from 38.2% in 2009 to 70.2% in 2022, surpassing the 
increase in uptake observed in the Japanese GC screening pro-
gram [30]. Overall, data on adherence to endoscopic screening 
are scarce and no estimates on combined endoscopic screening 
uptake were available. In our study, considering participants 
naïve to digestive cancer screening, 98% were willing to un-
dergo combined endoscopic screening. The slightly lower rate 
observed among FOBT-positive individuals referred to colonos-
copy, along with the higher scores for perceived negative health 
consequences of UGIE, may be related to a prior preference for 
non-invasive testing and previous experience with stand-alone 
colonoscopy within the organized CRC screening program. 

FIGURE 2    |    Combined endoscopic screening in individuals referred for a screening colonoscopy. CRC, colorectal cancer; FOBT, Fecal occult 
blood test; UGIE, Upper gastrointestinal endoscopy.
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TABLE 3    |    Knowledge and barriers to GC screening.

Knowledge
Total 

(N = 280)

Not yet invited 
to CRC screening 

(N = 92)

FOBT-positive 
referred to 

colonoscopy 
(N = 115)

Primary 
colonoscopy 

screening 
(N = 73) p

Did not know any symptom, n (%) 213 (76) 72 (78) 90 (78) 51 (70) 0.352

Symptom knowledge score (1–9), 
median (IQR)

3 (3–4) 4 (3–5) 4 (3–4) 3 (2–4) 0.027

Did not know any risk factor, n (%) 205 (73) 58 (63) 97 (84) 50 (68) 0.002

Risk factor knowledge score (1–12), 
median (IQR)

4 (3–4) 4 (3–4) 4 (3–4) 3 (3–4) 0.393

Perceived risk score (0–2), median (IQR) 0 (0–1) 0 (0–2) 0 (0–2) 0 (0–0) 0.101

Risk factor awareness score (0–12), 
median (IQR)

1 (0–2) 1 (1–3) 1 (0–2) 0 (0–1) <0.001

Knowledge of Helicobacter pylori 
infection status, n (%)

134 (48) 9 (10) 68 (59) 57 (78) <0.001

Positive Helicobacter pylori, n (%) 14 (10) 0 (0) 6 (9) 8 (14) 0.536

Perceived testing need score “great 
need,” n (%)

257 (92) 91 (99) 99 (87) 67 (92) 0.006

Barriers to UGIE screening

Perceived negative health 
consequences of UGIE (0–16), median 
(IQR)

6 (4–8) 4 (4–6) 7 (4–9) 4 (4–8) <0.001

Perceived financial burden of UGIE 
(0–4), median (IQR)

2 (2–2) 2 (2–2) 2 (2–2) 1 (1–2) <0.001

Perceived time constrain to UGIE 
(0–4), median (IQR)

1 (0–1) 1 (0–1) 1 (0–1) 1 (0–1) 0.772

Perceived access barrier to UGIE (0–4), 
median (IQR)

1 (0–1) 1 (1–1) 1 (0–1) 1 (0–1) 0.654

Perceived negative efficacy of UGIE 
(0–4), median (IQR)

1 (0–1) 1 (0–1) 1 (0–1) 1 (0–1) 0.113

Overall perceived barriers to UGIE 
screening (0–32), mean (SD)

10 (3) 9 (2) 11 (3) 9 (3) <0.001

UGIE complication awareness

Did not know any UGIE complication, 
n (%)

237 (85) 92 (100) 97 (84) 48 (66) <0.001

UGIE-related complication knowledge 
score (1–7), median (IQR)

2 (1–2) 2 (1–3) 2 (1–2) 0.220

Awareness of possible complications 
during a UGIE (0–20), mean (SD)

10 (10) 10 (4) 10 (3) 11 (4) 0.210

Did not know any risk factor for UGIE-
related complication, n (%)

273 (98) 91 (99) 113 (98) 69 (95) 0.206

Risk factor for UGIE-related 
complication knowledge score (1–12), 
median (IQR)

1 (1–1) 1 (1–2) 1 (1–1) 0.157

Abbreviations: CI, Confidence interval; CRC, colorectal cancer; FOBT, Fecal occult blood test; GC, Gastric cancer; IQR, Interquartile range; SD, Standard deviation; 
UGIE, Upper gastrointestinal endoscopy.
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Overall, intention to adhere to GC screening exceeded previous 
reports based on self-reported data, which may be explained by 
the proposed joint screening strategy. Lee YC. et al. describe a 
combined screening strategy for both GC and CRC in Taiwan. 
Individuals eligible for CRC screening were randomly invited to 
receive either the standard FIT or an FIT supplemented with a 
Helicobacter pylori stool antigen test (HPSA). Interestingly, the 
addition of the HPSA test increased the screening program's 
participation rate by 13.9% compared to FIT-only testing [31]. 
Thus, combined screening may potentiate both GC and CRC 
screening uptakes.

Risk perception and attitudes toward GC screening were rarely 
evaluated in Western countries. Several Eastern studies have 
been designed to identify predictors of adherence and measure 
GC risk perception [18–20, 22, 26]. An 80% intention to undergo 
GC screening, accompanied by a moderate level of knowledge 

regarding GC risk factors and warning symptoms was described 
in China [32, 33]. A systematic review, which included 13 stud-
ies (nine from Asia, three from the Middle East, and one from 
the USA), identified sociodemographic characteristics such as 
age, educational level, and employment as facilitators of GC 
screening [34]. In contrast, fear of the screening procedure, fear 
of the screening outcome, costs, embarrassment, and lack of 
signs were the most commonly reported barriers [34]. Alghamdi 
G. et al. reported a moderate level of knowledge about the risk 
factors and symptoms of GC in Saudi Arabia [35]. GC risk per-
ception was evaluated in a Western study before and after an ed-
ucational program, revealing that compared to responses prior 
to the educational presentation, fewer participants expressed 
concerns about cost, pain, and taking time off work, but were 
slightly more concerned about the findings of the UGIE [36]. 
The low levels of knowledge identified in our study underscore 
the need to improve literacy in digestive health.

TABLE 4    |    Predictors of adherence to combined endoscopic screening.

Willingness to undergo UGIE combined 
with a screening colonoscopy

Univariate analysis Multivariate analysis

OR p aOR 95% CI

Female 2.09 0.164

Younger age 1.08 0.013 1.02 0.92–1.13

Married 1.35 0.568

Intermediate or high educational level 3.63 0.048 2.39 0.51–11.23

Active worker 4.42 0.013 2.25 0.46–10.97

Intermediate or high monthly income 1.47 0.761

Regular follow-up with primary care physician 9.29 0.014 27.59a 2.99–254.57

Health insurance 2.31 0.278

Information on GC screening tests from any means of 
communication

3.67 0.030 2.48 0.52–11.93

GC in second-degree relatives or acquaintances 0.94 0.918

Higher perceived GC severity 1.01 0.891

Higher GC symptom knowledge score 1.89 0.126

Higher GC risk factor awareness score 0.79 0.176

Higher perceived testing need score 2.43 0.044 1.44 0.30–6.85

Lower perceived negative health consequences of UGIE 1.31 0.002 1.40a 1.13–1.74

Lower perceived financial burden of UGIE 1.72 0.085 2.46a 1.04–5.85

Lower perceived time constrain to UGIE 1.60 0.247

Lower perceived access barrier to UGIE 1.48 0.367

Lower perceived negative efficacy of UGIE 1.31 0.502

Higher UGIE-related complication knowledge score 1.57 0.402

Higher awareness of possible complications during a UGIE 1.01 0.993

Abbreviations: aOR, Adjusted odds ratio; CI, Confidence interval; CRC, colorectal cancer; GC, Gastric cancer; OR, Odds ratio; UGIE, Upper gastrointestinal 
endoscopy.
aAdjusted odds ratio, for variables retained in the final model using the Backward–Wald methodology.
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This European study marks the inaugural attempt to evalu-
ate knowledge and risk perception in GC, alongside estimat-
ing the adherence rate to combined endoscopic screening in 
intermediate-risk regions. Knowledge of GC symptoms, risk fac-
tors, and screening procedure risks was evaluated through the 
PERCEPT-PREVENT tool, previously validated for an objective 
measurement of knowledge and barrier domains [9].

The authors acknowledge the study's identifiable limitations, 
which rely on measures susceptible to bias, such as selective 
memory, social desirability, or attribution bias. Furthermore, 
healthy user bias should also be considered, as participants will-
ing to participate and available to complete the survey through 
a telephonic interview may be more prone to engage in health-
promoting behaviors. Additionally, the survey was conducted 
regionally rather than nationally.

Economic analysis may be revisited considering the adherence 
estimates obtained in the present study for combined endoscopic 
screening. Additional prospective observational studies con-
fronting self-reported willingness to undergo combined screen-
ing with screening uptake may be developed within the context 
of pilot GC screening programs. Comparing alternative strat-
egies for combined screening, such as the intention to adhere 
to FOBT combined with HPSA versus combined endoscopic 
screening, could provide valuable insights into adherence esti-
mates for digestive cancer screening and the strategic manage-
ment of endoscopic capacity.
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Abstract
Background and Aims: Endoscopy holds a pivotal role in
colorectal (CRC) and gastric cancer screening, and ad-
herence rates might be impacted by the patient’s risk
perception, encompassing concerns about complications
during endoscopic screening procedures. This study
aimed to evaluate how individuals perceive the risk of
complications associated with undergoing a screening
colonoscopy and upper gastrointestinal endoscopy (UGIE).
Methods: This is a cross-sectional study enrolling indi-
viduals eligible for CRC screening in northern Portugal,
where a populational fecal occult blood test program is
implemented. The validated PERCEPT-PREVENT tool was
applied through telephonic interviews in 2 groups: (a)
never-screened and (b) already submitted to endoscopic

screening. Results: Among the 217 included healthy
participants, 61% (n = 133) and 83% (n = 181) were un-
aware of any possible complications from colonoscopy
and UGIE, respectively. Never-screened individuals less
frequently reported a high complication risk perception
(colonoscopy: 19% vs. 45%, p < 0.001; UGIE: 14% vs. 41%,
p < 0.001). A lower risk perception for UGIE complications
was associated with a higher willingness to undergo UGIE
combined with a screening colonoscopy (OR: 2.30, 95%
confidence interval: 1.42–3.70). Participants who under-
went combined screening reported less frequently a high
complication risk perception (colonoscopy: 27% vs. 61%,
p < 0.001; UGIE: 28% vs. 54%, p = 0.006) and scored higher
for complication awareness (colonoscopy: 14 ± 5 vs. 11 ± 4,
p < 0.001; UGIE: 11 ± 4 vs. 9 ± 3, p < 0.001) compared to
those who had only undergone colonoscopy. Discussion:
Enhancing risk perception and knowledge of complica-
tions associated with endoscopic screening procedures
offers an opportunity to increase adherence rates.
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Perceção do risco de complicações em procedimentos
endoscópicos de rastreio

Palavras Chave
Endoscopia digestiva · Rastreio oncológico · Deteção
precoce · Complicações · Eventos adversos · Medicina
preventiva · Perceção do risco

Resumo
Objetivos: A endoscopia digestiva desempenha um
papel central no rastreio de neoplasias do trato di-
gestivo. A adesão ao rastreio pode ser influenciada
pela perceção do risco de complicações. O objetivo
deste estudo foi avaliar a perceção do risco de
complicações associadas à colonoscopia e à endo-
scopia digestiva alta (EDA) em contexto de rastreio.
Métodos: Estudo transversal com inclusão de in-
divíduos elegíveis para o programa de rastreio de
cancro colorretal, implementado na região norte de
Portugal. O questionário PERCEPT-PREVENT, pre-
viamente validado, foi aplicado através de en-
trevistas telefónicas em 2 grupos: a) sem rastreio
prévio, e b) rastreio endoscópico prévio. Resultados:
Foram incluídos 217 participantes, dos quais 61%
(n = 133) e 83% (n = 181) desconheciam qualquer
complicação da colonoscopia e da EDA, re-
spetivamente. Indivíduos sem rastreio prévio re-
portaram com menor frequência uma perceção alta
do risco de complicações (colonoscopia: 19% vs.
45%, p < 0,001; EDA 14% vs. 41%, p < 0,001). Uma
menor perceção do risco de complicações da EDA
associou-se a uma maior intenção de aceitar a EDA
combinada com uma colonoscopia de rastreio (OR:
2,30, IC95%: 1,42–3,70). Participantes previamente
submetidos a rastreio combinado reportaram, com
menor frequência, uma perceção alta do risco de
complicações (colonoscopia: 27% vs. 61%, p < 0,001;
EDA: 28% vs. 54%, p = 0,006) e obtiveram pontuações
mais altas no reconhecimento das possíveis com-
plicações (colonoscopia: 14 ± 5 vs. 11 ± 4, p < 0,001;
EDA: 11 ± 4 vs. 9 ± 3, p < 0,001) quando comparados
com indivíduos submetidos apenas a colonoscopia.
Discussão: Otimizar o conhecimento sobre as com-
plicações dos procedimentos endoscópicos de ras-
treio oferece uma oportunidade para aumentar as
taxas de adesão. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Gastrointestinal (GI) endoscopy is a minimally in-
vasive procedure that carries a risk of complications,
which may be heightened by additional diagnostic or
therapeutic interventions. Informed consent must be
obtained before each procedure to ensure patient au-
tonomy and is signed by the patient or, in cases of
incapacity, by their legal representative [1]. In this
context, medicolegal issues are increasingly relevant
even for commonly performed endoscopic procedures
such as a screening colonoscopy [2].

GI endoscopy plays a fundamental role in digestive
cancer screening [3]. In Europe, most countries have
implemented populational colorectal cancer (CRC)
screening programs based on fecal occult blood testing
(FOBT), while colonoscopy screening is offered as the
primary method in Poland [4, 5]. Upper GI endoscopy
(UGIE) is the primary screening method for gastric
cancer (GC) in high-incidence countries (age-standard-
ized incidence rate ≥20 per 100,000) [6]. For
intermediate-risk regions, with an age-standardized in-
cidence rate between 10 and 20 per 100,000, UGIE may
have a role for primary screening if cost-effectiveness is
proven [3]. Data from Portuguese cost-utility analyses
concluded that endoscopic screening for GC was cost-
effective when combined with a screening colonoscopy
[7, 8]. Therefore, endoscopic screening can be considered
based on local settings, including the costs of endoscopic
procedures and the availability of endoscopic re-
sources [3, 8].

Apart from concerns about patient autonomy and
medicolegal issues, patients’ risk perception, particularly
regarding complications, may impact digestive cancer
screening uptake. Adherence to screening encompasses
the perceived risk of developing cancer but also the
perceived barriers, particularly the risk of complications
during endoscopic screening procedures. A previous
study comparing never-screened individuals with indi-
viduals previously screened for CRC evaluated the
complication risk perception and found that never-
screened individuals were more likely to overestimate
the risk of complications from a colonoscopy than pa-
tients already submitted to screening (38% vs. 19%; p =
0.04) [9].

This study aimed to assess the perceived risk of
endoscopy-related complications within the context of
CRC and GC screening. Additionally, the study aimed to
measure the impact of perceived complication risk on
screening uptake.
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Materials and Methods

Study Design and Procedures
This was a cross-sectional study including asymp-

tomatic individuals aged 50–75 years eligible for CRC
screening in the northern region of Portugal where a
populational fecal immunochemical test (FIT) screening
program was implemented in 2018 under the coordi-
nation of Administração Regional de Saúde do Norte
(ARSN). The study protocol was approved by the Ethical
Committees of the 3 institutions involved in the study,
namely, ARSN, Unidade Local de Saúde Gaia Espinho,
and Instituto Português de Oncologia do Porto. The study
protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines for reporting observational studies were
used [10].

In the populational FIT screening program, eligible
citizens are directly invited by regular mail, initially
through an awareness letter, and subsequently, a kit for
stool sample testing is sent, along with instructions on
how to perform the test and deliver it to the Primary Care
Center [11]. Those who test positive are invited to un-
dergo a pre-colonoscopy assessment, performed by the
primary care physician, and then referred for a sedated
colonoscopy at the nearest Portuguese National Health
Service (NHS) hospital. Both screening tests, namely, FIT
and colonoscopy, are offered free of charge. All FITs (OC-
Auto Sampling 3, Eiken Chemical Co., Ltd.) undergo
analysis at a centralized laboratory, while a centralized
information platform (Electronic Screening Management
Platform) oversees all pertinent outcomes of the orga-
nized screening program.

GC screening is neither implemented nor recom-
mended, although primary care physicians are al-
lowed to order UGIE (and colonoscopies) at their
discretion. These endoscopic procedures are per-
formed in clinics, and the patients incur no costs,
being those supported by the NHS. The NHS also
covers sedation costs for colonoscopy but not for
stand-alone UGIE. However, in the northern region of
Portugal, if a patient is prescribed a colonoscopy with
sedation plus a non-sedated UGIE, most private
clinics do not charge additional costs for UGIE se-
dation. In the case of stand-alone UGIE, the NHS
covers the cost of the UGIE, but the patient covers
sedation costs (around EUR 80–120).

The study design relied on the comparison of two
predefined groups: (a) never-screened individuals and (b)
patients already submitted to endoscopic screening

(primary colonoscopy, colonoscopy after a positive
FOBT, or primary colonoscopy combined with UGIE),
with or without sedation. Individuals who tested negative
for FOBT as well as FOBT-positive individuals who re-
fused colonoscopy screening were excluded. Further
exclusion criteria encompassed patients with either upper
or lower GI symptoms (e.g., diarrhea, constipation, ab-
dominal pain, weight loss, hematochezia, dysphagia,
heartburn, nausea, vomiting, hematemesis); anemia;
previous CRC, GC, or colorectal polyps; precancerous
gastric conditions; known hereditary cancer risk (in-
cluding first-degree relatives with CRC and/or GC);
previous colectomy; previous gastrectomy; inflammatory
bowel disease; dementia; inability and/or refusal to an-
swer the questionnaire.

Contacts of individuals eligible for CRC screening were
extracted from the ARSN database based on their
screening status from November 2021 to April 2022.
Participants were randomly selected through a stratified
random sample, according to sex and age groups
(50–59 years old and 60–74 years old). Screening status
assessment and data extraction were completed in August
2022. Individuals who underwent CRC screening through
primary colonoscopy (outside the populational program)
were recruited from 3 different private endoscopy units,
from July 2022 to April 2023, after assessment of in-
clusion and exclusion criteria.

Percept-Prevent Tool
A previously validated risk perception questionnaire

(PERCEPT-PREVENT tool) that targets both CRC and
GC as well as endoscopy-related complications was
used [12]. In the section of the survey focusing on
barriers to screening, negative health consequences of
colonoscopy and UGIE were assessed, including the
perception of possible corporal harm (defined as
“complication risk perception”), physical discomfort,
fear, and embarrassment. Knowledge of possible
endoscopy-related complications was evaluated in two
steps. First, participants were asked to enumerate
known complications for colonoscopy and UGIE
(“complication knowledge score”). Subsequently, par-
ticipants were presented with a detailed list and in-
structed to identify which were, in their perspective,
possible complications of a sedated colonoscopy and
UGIE (“awareness of possible complications”). The
complete version of the PERCEPT-PREVENT tool has
been previously detailed [12] and is also presented as an
online supplementary appendix (for all online suppl.
material, see https://doi.org/10.1159/000543180) (on-
line suppl. appendix 1 and 2).
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The PERCEPT-PREVENT tool questionnaire was ad-
ministered remotely via telephonic interview, within a
period of up to 6 months after the screening status as-
sessment, from September 2022 to September 2023. In-
terviews were conducted by 2 gastroenterology nurses after
three formal training sessions, and informed verbal consent
was obtained from all participants. The PERCEPT-PRE-
VENT answers were recorded in an electronic database, and
each patient received a code number to secure anonym-
ization. Sociodemographic data including age, gender, ed-
ucational level, and monthly income were registered.

Sample Size Calculation and Statistical Analysis
The primary endpoint of the study, used for sample

size calculation, was the perceived risk of colonoscopy
complications. Considering previously reported com-
plication rate perception of 38% for never-screened and
19% for screened individuals [9], we calculated that 85
participants in each group were needed to demonstrate
a 19% difference between groups, with a 95% confi-
dence interval (CI), an error of 0.05, and a power
of 80%.

Statistical Package for Social Sciences (SPSS) program
version 28 (IBM Corporation, Armonk, NY) was used.
Categorical variables are summarized as frequencies and
percentages. As appropriate, the χ2 test or Fisher’s exact
test was used to compare categorical variables. Normal
distribution was examined using histogram visual in-
spection. Continuous variables were expressed in means
and standard deviation (variables with normal distribu-
tion) or median and interquartile range (variables with
skewed distributions). The independent samples t test or
independent samples Mann-Whitney U test were used to
compare two groups. Spearman’s correlation coefficient
was used to evaluate the correlation between complica-
tion risk perception scores. To assess the impact of risk
perception on screening uptake (intention to undergo
CRC screening, preferred method of CRC screening, and
willingness to undergo UGIE combined with a screening
colonoscopy), the domains of the PERCEPT-PREVENT
tool targeting perception of colonoscopy and UGIE
complications were evaluated. All reported p values are
two-tailed, with a p value <0.050 indicating statistical
significance.

Fig. 1. Study population according to the screening status. CRC, colorectal cancer; FAP, familial adenomatous
polyposis; FOBT, fecal occult blood test; GC, gastric cancer; IBD, inflammatory bowel disease.
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Results

Study Population and Recruitment Procedures
A total of 552 individuals were contacted for tele-

phonic interviews. Of these, 137 met exclusion criteria,
110 were unreachable, and 88 refused to participate in the
telephone interviews, regardless of their screening status
(Fig. 1). A total of 217 healthy participants were included,
comprising 92 never-screened individuals and 125 who
had already undergone endoscopic screening. Among
screened participants, 32 (26%) underwent colonoscopy
within the organized CRC screening program and the
remaining 93 (74%) were screened in private endoscopy
units. Previous screening through FIT and/or colonos-
copy was reported in 13.6% (n = 17). Accordingly, none
of the individuals in the never-screened group reported
previous screening. Concerning screened respondents,
most were submitted to UGIE combined with a screening
colonoscopy (60%; n = 56) (Fig. 2).

Themean age was 55 ± 7 years, and 56% (n = 122) were
female. Regarding sociodemographic features, 57% (n =
121) were married, 53% (n = 112) had a basic educational
level (sub-high school educational attainment), and 29%
(n = 62) had health insurance. Data on sociodemographic
characteristics and attitudes toward digestive cancer
screening are shown in Table 1.

Risk Perception of Endoscopy-Related Complications
Overall, knowledge of complications was low: 61% (n =

133) and 83% (n = 181) of the individuals did not know
(did not name) any possible complication for colonos-
copy and UGIE, respectively. In detail, among partici-
pants who reported knowledge of at least one possible
complication (colonoscopy: n = 84; UGIE: n = 36),
perforation and bleeding were the most commonly
identified complications (colonoscopy: 96% and 41%,
respectively; UGIE: 97% and UGIE 36%, respectively).

Never-screened individuals less frequently reported a
high complication risk perception, both for colonoscopy
(19% vs. 45%; p < 0.001) and UGIE (14% vs. 41%; p <
0.001). There was a strong positive correlation between
the perceived complication risk for colonoscopy and
UGIE (r = 0.68; p < 0.001).

Irrespective of previously reported knowledge on colo-
noscopy and UGIE complications, participants were subse-
quently presented with a detailed list of complications and
instructed to identify which, in their perspective, were pos-
sible complications of a screening colonoscopy and UGIE
(Table 2). A higher rate of affirmative answers was obtained
for perforation (colonoscopy: 96%, n = 185; UGIE: 94%, n =
175), bleeding (colonoscopy: 84%, n = 147; UGIE: 79%, n =
132), and infection (colonoscopy: 63%, n = 100; UGIE: 56%,
n = 84). There were no significant differences across groups,

Fig. 2. CRC and GC endoscopic screening. CRC, colorectal cancer; FOBT, fecal occult blood test; UGIE, upper
gastrointestinal endoscopy.
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except for the higher perceived risk of allergy to drugs ad-
ministered during the procedure among endoscopically
screened respondents (colonoscopy: 71% vs. 45%, p = 0.005;
UGIE: 62% vs. 40%, p = 0.016) and higher perceived risk of
infection in never-screened participants (colonoscopy: 79%
vs. 56%, p = 0.005; UGIE: 67% vs. 50%, p = 0.045). Death was
acknowledged as a possible adverse outcome of colonoscopy
by 65% (n = 98) and of UGIE by 60% (n = 96).

For both colonoscopy (90%; n = 194) and UGIE (97%;
n = 211), most participants did not know any factor that
increases the risk of endoscopy-related complications
(Table 3). Among the 22 participants (10%) who reported
knowledge of risk factors for colonoscopy complications,
86% (n = 19) identified inadequate bowel preparation,
while 18% (n = 4) mentioned anticoagulants, anti-
platelets, or bleeding disorders. Only 6 participants (3%)
reported knowledge of risk factors for UGIE complica-
tions, and 3 of these specified inadequate fasting.

Impact of the Perceived Risk of Endoscopy-Related
Complications on Screening Uptake
Concerning CRC screening, complication risk perception

and complication knowledge did not impact either intention
to adhere or the preference for any screening method (online

suppl. Table 1). However, a lower risk perception for UGIE
complications was significantly associated with a higher
willingness to undergo an UGIE combined with a screening
colonoscopy (OR: 2.25, 95% CI: 1.29–3.92).

Among participants already submitted to endoscopic
screening, those submitted to combined screening reported
less frequently a high complication risk perception for both
colonoscopy (27% vs. 61%; p < 0.001) and UGIE (28% vs.
54%; p= 0.006) when comparedwith individuals submitted to
colonoscopy alone (online suppl. Table 2). Additionally, in this
subset of individuals, a significantly higher proportion of
participants reported knowledge of at least two possible co-
lonoscopy complications (45% vs. 26%; p = 0.030). Awareness
of complications was also higher in the combined screening
group (colonoscopy: 14 ± 5 vs. 11 ± 4, p< 0.001; UGIE: 11 ± 4
vs. 9 ± 3, p < 0.001). In the latter, bleeding (colonoscopy: 91%
vs. 70%, p = 0.005; UGIE: 88% vs. 66%, p = 0.008), infection
(colonoscopy: 78% vs. 35%, p< 0.001; UGIE: 76% vs. 21%, p<
0.001), and cardiorespiratory complications (colonoscopy:
73% vs. 43%, p < 0.017; UGIE: 64% vs. 22%, p < 0.001) were
correctly identified in a significantly higher rate. Likewise,
death was more frequently considered as a potential adverse
outcome of colonoscopy (84% vs. 50%; p < 0.001) and of
UGIE (75% vs. 47%; p = 0.003).

Table 1. Sociodemographic characteristics and attitudes towards digestive cancer screening (n = 217)

Female, n (%) 122 (56)

Age, mean (SD) 55 (7)

Married, n (%) 121 (57)

Basic educational level, n (%) 112 (53)

Active worker, n (%) 141 (67)

Intermediate monthly income (EUR 500–1,000), n (%) 22 (43)

Regular follow-up with primary care physician, n (%) 212 (98)

Health insurance, n (%) 62 (29)

Informed on CRC screening tests from any means of communication, n (%) 141 (65)

CRC in second-degree relatives or acquaintances, n (%) 63 (29)

Second-degree relatives with CRC, n (%) 32 (15)

Intention to undergo CRC screening, n (%) 210 (97)

Preferred primary method of CRC screening, n (%)
FOBT 49 (23)
Colonoscopy 161 (77)

Informed on GC screening tests from any means of communication, n (%) 100 (47)

GC in second-degree relatives or acquaintances, n (%) 52 (24)

Second-degree relatives with GC, n (%) 26 (12)

Willing to undergo UGIE for GC screening combined with a screening colonoscopy, n (%) 206 (95)

CRC, colorectal cancer; GC, gastric cancer; SD, standard deviation.

6 GE Port J Gastroenterol
DOI: 10.1159/000543180

Silva et al.

D
ow

nloaded from
 http://karger.com

/pjg/article-pdf/doi/10.1159/000543180/4314793/000543180.pdf by guest on 27 April 2025

https://doi.org/10.1159/000543180


Discussion

Individuals who had never undergone screening had a
lower perception of the risk of complications from a
screening colonoscopy andUGIE. Overall, the knowledge of
complications and their risk factors was low. Bleeding and
perforation were the most commonly recognized compli-
cations for both colonoscopy and UGIE. A lower perceived
risk of UGIE complications was significantly associatedwith
a higher willingness to undergo UGIE combined with a
screening colonoscopy. Moreover, among respondents who
have already undergone endoscopic screening, those who
underwent combined screening reported a lower compli-
cation risk perception, along with a heightened awareness of
potential complications.

Complication risk perception has been scarcely charac-
terized in Western countries, with research primarily fo-
cusing on complications associated with colonoscopy [9, 13].
A US cross-sectional study, targeting patients scheduled for a
screening colonoscopy, evaluated patient’s understanding of
the procedure’s benefits, risks, and alternatives [14]. A total of
48% described at least one risk of the procedure, and only 3%
described the minimal required elements for informed
consent. King-Marshall et al. [15] conducted a study eval-
uating patient and caregiver understanding of the colonos-
copy procedure and confirmed that 27% of patients provided
an incorrect or vague definition of colonoscopy and only 2%
provided a definition that correctly detailed the procedure
characteristics and purpose. The notably low knowledge
of complications associated with endoscopic screening

Table 2. Awareness of possible complications during endoscopic screening procedures

Total
(N = 217)

Never-screened
(N = 92)

Endoscopically screened
(N = 125)

p
value

Colonoscopy

Awareness of possible complications during a
colonoscopy (0–26)a, mean (SD)

13 (4) 14 (4) 13 (5) 0.089

Abdominal pain, n (%) 52 (33) 12 (28) 40 (35) 0.375
Fever, n (%) 9 (6) 1 (3) 8 (8) 0.335
Nausea and/or vomiting, n (%) 46 (32) 13 (38) 33 (30) 0.368
Headache and/or dizziness, n (%) 25 (18) 5 (19) 20 (18) 0.920
Perforation, n (%) 185 (96) 69 (96) 116 (96) 0.991
Bleeding, n (%) 147 (84) 53 (90) 94 (80) 0.109
Infection, n (%) 100 (63) 38 (79) 62 (56) 0.005
Injury in other organs (e.g., spleen rupture), n (%) 2 (4) 0 (0) 5 (5) 1.000
Acute appendicitis, n (%) 1 (3) 1 (14) 0 (0) 0.200
Acute diverticulitis, n (%) 1 (3) 1 (14) 0 (0) 0.219
Cardiorespiratory complicationsb, n (%) 60 (58) 18 (49) 42 (64) 0.139
Allergy to drugs administered during the
procedure, n (%)

75 (63) 18 (45) 57 (71) 0.005

Death, n (%) 98 (65) 30 (63) 68 (67) 0.617

UGIE

Awareness of possible complications during a
UGIE (0–20)a, mean (SD)

10 (4) 10 (4) 10 (4) 0.480

Abdominal pain, n (%) 38 (25) 6 (15) 32 (29) 0.079
Fever, n (%) 7 (5) 2 (6) 5 (5) 0.730
Nausea and/or vomiting, n (%) 57 (39) 13 (35) 44 (40) 0.573
Headache and/or dizziness, n (%) 31 (22) 6 (18) 25 (24) 0.453
Perforation, n (%) 175 (94) 68 (93) 107 (95) 0.664
Bleeding, n (%) 132 (79) 48 (83) 84 (77) 0.389
Infection, n (%) 84 (56) 33 (67) 51 (50) 0.045
Cardiorespiratory complicationsb, n (%) 50 (47) 16 (42) 34 (50) 0.435
Allergy to drugs administered during the
procedure, n (%)

65 (54) 17 (40) 48 (62) 0.016

Death, n (%) 96 (60) 29 (58) 67 (61) 0.728

SD, standard deviation; UGIE, upper gastrointestinal endoscopy. aCalculated by summing the score for each possible complication
(“yes”: 2 points; “do not know”: 1 point; “no”: 0 points). bIncludes acute myocardial infarction, thrombosis, stroke, and arrhythmia.
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procedures, as identified in our sample, reinforces the need
for additional efforts to increase health literacy in the general
population. It is essential to strengthen the interaction be-
tween individuals scheduled for endoscopic screening pro-
cedures, their close relatives, and healthcare professionals,
particularly primary care physicians, gastroenterologists, and
nurses. This increased engagement is pivotal to ensuring
thorough communication regarding the potential compli-
cations associated with these procedures. By fostering a more
robust dialogue, healthcare professionals can provide a
comprehensive explanation of the associated risks and
benefits, thereby promoting informed decision-making and
addressing any concerns raised by patients or their relatives.

A prospective US study evaluated risk perception facing
the scenario of unwillingness to undergo a screening colo-
noscopy due to fear of suffering a complication and reported a
higher perceived risk of complications from colonoscopy in
never-screened respondents (38%) as opposed to in previ-
ously screened participants (19%) [9]. In Germany, where the
CRC screening program has offered colonoscopy as primary

screening method since 2002 [16], a cross-sectional study
concluded that concerns about colonoscopy were indepen-
dent predictors of compliance with screening recommen-
dations [17]. In the latter study, 36% (95% CI: 28.1–44.3) of
the non-screened versus 7.8% (95% CI: 2.6–13.0) of the
screened group reported to be afraid of complications caused
by colonoscopy [17]. In contrast, our results show that never-
screened participants have a lower perceived risk of colo-
noscopy complications and suggest that the perceived risk of
complications may not be a determining factor for CRC
screening uptake. Nonetheless, the observed difference in
complication risk perceptionmay be explained by the fact that
individuals who had previously undergone endoscopic
screening were instructed to read the informed consent form
prior to the endoscopic procedure and received clarification
regarding the potential complications. Never-screened par-
ticipants were not exposed to the informed consent process
that is required prior to endoscopic screening. However,
exposure to health literacy campaigns, discussions of endo-
scopic procedures during primary care appointments, or

Table 3. Perceived risk of endoscopy-related complications

Total
(N = 217)

Never-screened
(N = 92)

Endoscopically screened
(N = 125)

p value

Colonoscopy

Perceived complication risk, median (IQR) 1 (1–3) 1 (1–2) 1 (1–3) 0.034
High riska, n (%) 68 (34) 16 (19) 52 (45) <0.001

Did not know any complication, n (%) 133 (61) 89 (97) 44 (35) <0.001
Complication knowledge score (1–7),

median (IQR)
2 (1–2) 1 (1–1) 2 (1–2) 0.129

Complication knowledge score ≥2, n (%) 43 (20) 0 (0) 43 (34) <0.001
Did not know any risk factor, n (%) 194 (90) 91 (99) 103 (83) <0.001

Risk factor knowledge score (1–12),
median (IQR)

1 (1–2) 1 (1–1) 1 (1–2) 0.727

Risk factor knowledge score ≥2, n (%) 6 (3) 0 (0) 6 (5) 0.032

UGIE

Perceived complication risk, median (IQR) 1 (1–3) 1 (1–1) 1 (1–3) 0.016
High riskb, n (%) 56 (29) 12 (14) 44 (41) <0.001

Did not know any complication, n (%) 181 (83) 92 (100) 89 (71) <0.001
Complication knowledge score (1–7),

median (IQR)
2 (1–2) 2 (1–2)

Complication knowledge score ≥2, n (%) 21 (10) 0 (0) 21 (17) <0.001
Did not know any risk factor, n (%) 211 (97) 91 (99) 120 (96) 0.196

Risk factor knowledge score (1–12),
median (IQR)

1 (1–2) 1 (1–2)

Risk factor knowledge score ≥2, n (%) 1 (1) 0 (0) 1 (1) 0.579

IQR, interquartile range; SD, standard deviation; UGIE, upper gastrointestinal endoscopy. aAnswered “agree” or “strongly agree”
to “Colonoscopy may be harmful to the body (e.g., bowel perforation)”. bAnswered “agree” or “strongly agree” to “UGIE may be
harmful to the body”.
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contact with relatives or acquaintances who had undergone
such procedures may have influenced their perception of the
risk of complications. However, even among respondents
who underwent colonoscopy and had previously been ex-
posed to informed consent, knowledge of complications and
their risk factors was suboptimal. Improving risk perception
and knowledge of complications associated with endoscopic
screening procedures presents an opportunity to boost ad-
herence rates and reduce the burden of medicolegal litigation.

A systematic review on barriers and facilitators to GC
screening, including mostly Eastern studies, concluded that
fear of the screening procedure was the most commonly
reported barrier [18]. Fear of undergoing UGIEwas pointed
out as the reason for nonadherence by 38.1% of participants
in a cross-sectional Chinese study and by 8.4% in the
Korean National Cancer Screening Survey [19–21]. As
previously reported, a lower perception of the negative
health consequences of UGIE was independently associated
with a higher intention to undergo combined screening
[22]. Our results reinforce the impact of complication risk
perception in the acceptance of combined screening.

To our knowledge, this is the first European study to
simultaneously measure the risk perception of endoscopic-
related complications for both colonoscopy and UGIE in a
screening setting. Utilization of the previously validated
PERCEPT-PREVENT tool enabled an objective assessment
of risk perception [12].

Our study presents some limitations. The presented results
rely on measures susceptible to bias, including selective
memory, social desirability, or attribution bias. Notably, re-
spondents who underwent endoscopic screening procedures
were recently informed about the potential complications,
which may explain the higher knowledge scores obtained.
The impact of complication risk perception inCRC screening
uptake may have been underestimated since individuals who
tested negative for FOBT, as well as FOBT-positive indi-
viduals who either declined screening colonoscopy or were
waiting for its scheduling, were excluded. Details on colo-
noscopy completeness (including reasons for incomplete
procedures), the number of previous endoscopic procedures,
and any history of colonoscopy-related complications, which
could affect the perception of complication risk, were not
retrieved. Furthermore, the survey primarily was conducted
regionally rather than nationally.

Further prospective, nationwide studies are necessary to
confirm our findings, especially through the application of
the survey before and after an educational program.
Measuring the perceived risk of complications could extend
beyond the screening context to other therapeutic endo-
scopic procedures, with the adaptation of the PERCEPT-
PREVENT tool for high-risk procedures offering valuable

insights, particularly regarding medicolegal concerns.
Moreover, educational campaigns focused on complication
risk perception should be integrated at the primary care
level and disseminated through social media and other
communication platforms. Having primary care physicians
initiate the informed consent process by explaining the
procedure, along with establishing direct communication
channels for patients to connect with healthcare providers at
endoscopy units to address specific concerns, could further
enhance their understanding of the associated risks.
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ABSTRACT
Background and Aims: In countries with an intermediate incidence of gastric cancer (GC), it has been suggested that offering 
an upper gastrointestinal endoscopy (UGIE) to individuals referred for a screening colonoscopy following a positive result in the 
fecal immunochemical test (FIT) may be cost-effective. This study was designed to evaluate the impact of a FIT-based screening 
program on GC incidence, early diagnosis, and mortality.
Methods: Population-based retrospective cohort study in northern Portugal. Data on GC cases were retrieved from the 
Portuguese National Cancer Registry (RON). GC stage at diagnosis (with early stages defined as T1) and net survival estimates 
were compared between 2014 and 2016 and the first 3 years of the FIT-based screening program (2018–2020), during which 
165,967 tests were performed.
Results: The odds of GC detection were significantly higher among FIT-positive individuals compared to those with a negative 
result (OR = 2.87; 95% CI: 1.76–4.49). Of the 10,372 individuals who completed FIT screening and underwent colonoscopy, 51% 
(n = 5281) also underwent UGIE. The proportion of early-stage diagnoses increased by 14% (95% CI: 12–15), and 3-year net sur-
vival improved from 42% (95% CI: 40–43) to 48% (95% CI: 47–50).
Discussion: Despite the absence of a formal GC screening program, more than half of FIT-screened individuals who underwent 
colonoscopy also underwent UGIE. The period following the implementation of FIT-based screening was associated with in-
creased early-stage detection and improved survival. These findings support the potential value of offering UGIE combined with 
colonoscopy for FIT-positive individuals, at least in regions with intermediate GC incidence.

© 2025 John Wiley & Sons Ltd.

Abbreviations: ARSN, Northern Portugal Regional Health Administration; ASR, age-standardized rate; CRC, colorectal cancer; FIT, fecal immunochemical test; 
NHS, National Health Service; RON, National Cancer Registry of Portugal; UGIE, upper gastrointestinal endoscopy.

https://doi.org/10.1111/hel.70071
mailto:
mailto:joaocarosilva@gmail.com


2 of 9 Helicobacter, 2025

1   |   Introduction

Gastric cancer (GC) is the fifth most common cancer and the 
third cause of cancer mortality worldwide [1]. Currently, screen-
ing is limited to high-incidence countries, defined by an age-
standardized incidence rate (ASR) ≥ 20 per 100,000, such as 
Japan (ASR 29.9 per 100,000) and Korea (ASR 41.3 per 100,000) 
[2]. In the setting of colorectal cancer (CRC) screening, it has 
been previously suggested that false positive results in the fecal 
occult blood test (FOBT) could arise from the small amount of 
blood loss from the upper segments [3]. Since hemoglobin is de-
graded as it moves through the gastrointestinal (GI) tract, the 
fecal immunochemical test (FIT), which has higher specificity 
for lower GI bleeding, may also yield positive results in patients 
with upper gastrointestinal cancer [4]. Combined endoscopic 
screening for GC and CRC may be cost-effective in intermediate-
risk regions (ASR 10–20 per 100,000) [5–7]. Therefore, in coun-
tries with fully rolled-out CRC screening programs and an 
intermediate incidence of GC, there may be a benefit from add-
ing an Upper Gastrointestinal Endoscopy (UGIE) to a screening 
colonoscopy [7].

In the screening setting, the role of UGIE extends beyond 
diagnosing gastric neoplasms, as it allows the diagnosis of 
precancerous conditions such as chronic atrophic gastritis 
and gastric intestinal metaplasia (GIM) [8]. In intermediate 
to high-risk regions, where these conditions are particularly 
prevalent, surveillance of patients with precancerous gastric 
conditions is cost-effective and should preferably target high-
risk GIM phenotypes, including corpus-extended GIM, op-
erative link on GIM assessment (OLGIM) stages III/IV, the 
incomplete GIM subtype, persistent refractory Helicobacter 
pylori infection, and individuals with a first-degree family 
history of GC [9–11].

A systematic review evaluating opportunistic GC screening in 
subjects with a positive FOBT undergoing colonoscopy found 
that same-day UGIE detects approximately 25% more malignan-
cies than colonoscopy alone [3]. The pooled prevalence of upper 
gastrointestinal cancers was 0.8% (95% CI: 0.4–1.6), with no sig-
nificant difference observed between FOBT-positive individu-
als with or without colonic pathology [3]. Data from the Dutch 
CRC screening program revealed that, although significantly 
more cancers proximal to the colon (including upper gastroin-
testinal, oral cavity, nose, and throat cancers) were detected in 
those testing positive for FIT, the 3-year cumulative incidence 
remained below 1% [12]. However, it is important to note that 
the Netherlands is considered a low-risk region for GC (ASR < 10 
per 100,000) [13]. The impact of a population-based FIT screen-
ing program on GC incidence, early diagnosis, and survival in 
intermediate-risk regions, such as northern Portugal, remains 
to be fully elucidated. Moreover, the outcomes of combined 
screening approaches remain insufficiently characterized, with 
limited data available to evaluate their real-world effectiveness 
and potential synergistic effects.

This study was designed to evaluate the impact of the organized 
FIT-based screening program on GC incidence, early diagnosis, 
and mortality.

2   |   Methods

2.1   |   Study Design and Participants

This population-based retrospective cohort study conducted 
in northern Portugal aimed to evaluate the impact of the 
FIT screening program (detailed in Appendix  S1) on GC in-
cidence, early diagnosis, and survival. Individuals who have 
undergone lower endoscopic procedures (colonoscopy within 
the past 10 years or sigmoidoscopy within the past 5 years) and 
those under surveillance for familial syndromes or inflam-
matory bowel disease were excluded. It was not feasible to 
evaluate prior exposure to UGIE within FIT-based screening, 
and this was not used as an exclusion criterion. Two periods 
were then compared: the initial period comprised the 3 years 
(2014–2016) that preceded the screening program start, while 
the subsequent period included the first 3 years of the program 
(2018–2020). It was decided to exclude the period between 
January 1 and December 31, 2017, during which pilot pro-
grams took place [14].

GC screening is not implemented or formally recommended 
in northern Portugal. However, primary care physicians can 
prescribe both UGIE and colonoscopy at their discretion, par-
allel to the organized CRC screening program, which currently 
offers colonoscopy (without UGIE) to FIT-positive individuals 
(Appendix  S1). These procedures are performed at contracted 
endoscopy units outside National Health Service (NHS) hospi-
tals, with all costs covered by the NHS.

The study protocol was approved by the ethics committees of 
the participating institutions, including the Northern Portugal 
Regional Health Administration (ARSN) and the National 
Cancer Registry of Portugal (RON). The study protocol conforms 
to the ethical guidelines of the 1975 Declaration of Helsinki. 
The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines for reporting observational 
studies were used [15].

2.2   |   Data Retrieval

Data were obtained from two independent sources: the RON and 
the ARSN databases.

The RON database provided information on CRC and GC cases 
in northern Portugal. The date of cancer diagnosis was mainly 
determined by the first histological confirmation. GC cases were 
recoded from the ICD-O-3 to ICD-10, considering the cancer site 
C16 (“Malignant neoplasm of stomach”) [16]. Only malignant 
invasive cases were analyzed. Subsites for the anatomical loca-
tion were not studied.

Comprehensive data on FIT participation and results were ob-
tained from the ARSN CRC screening database. Individuals 
meeting the exclusion criteria for the population-based FIT 
screening were not included in the analysis. Individuals with 
inconclusive FIT results who did not undergo a subsequent test 
for clarification were analyzed together with positive FIT cases. 
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Individuals who were not invited, those who received an invi-
tation but did not complete the test, and those whose FIT was 
conducted more than 2 years ago were collectively analyzed as 
‘non-updated FIT participants’.

Data on endoscopic procedures performed at contracted endos-
copy units outside NHS facilities, beyond the scope of the or-
ganized screening program, were collected. Since determining 
the indication for each participant was not feasible, all proce-
dures were included, extending beyond those performed solely 
for screening purposes. This supplementary data were obtained 
by identifying primary care physicians' prescriptions for colo-
noscopies and/or UGIE issued for contracted endoscopy units 
from 2018 to 2020, using each individual's NHS identification 
number.

We linked data from RON with the initial 3 years of the organized 
ARSN FIT-based screening program using the Portuguese NHS 
identification number. While the analysis primarily focuses on 
outcomes from the initial 3 years of screening, we extended the 
observation period to include diagnoses recorded in the RON 
through the end of 2023, ensuring adequate follow-up. Data on 
FIT participation and results were cross-referenced with records 

of UGIE and/or colonoscopy uptake occurring during the study 
period (2018–2020). GC cases were classified based on the year 
of the FIT result, including positive and negative results, consid-
ering a 2-year time frame for diagnosis. Individuals diagnosed 
with GC more than 2 years after completing a FIT, regardless of 
the result, were allocated to the non-updated FIT group.

To evaluate the impact of the implemented screening program 
on GC early detection, participants were stratified by prior FIT 
exposure. Those who underwent FIT as part of CRC screening 
were compared to non-updated FIT participants. Figure 1 illus-
trates the study design.

2.3   |   Incidence and Mortality

Data on GC incidence were retrieved from RON, and mortality 
data were obtained from Statistics Portugal for the periods 2014 
to 2016 and 2018 to 2020. Age-standardized incidence and mor-
tality rates were computed for 5-year age groups and per calen-
dar period. Age-standardized incidence and mortality rates were 
calculated by the direct method, using the 2013 European stan-
dard population, and were expressed per 100,000 person-years 

FIGURE 1    |    Study design. § Includes both colonoscopy and upper gastrointestinal endoscopy procedures conducted simultaneously, as well as 
procedures performed separately, within the timeframe from January 1, 2018, to December 31, 2020. ARSN, Northern Portugal Regional Health 
Administration; CRC, Colorectal Cancer; GC, Gastric Cancer; FIT, Fecal Immunochemical Test; RON, National Cancer Registry of Portugal; UGIE, 
Upper Gastrointestinal Endoscopy.
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[17]. Annual percentage change (APC) in incidence and mortality 
was estimated using log-linear regression models fitted to the age-
standardized rates, with 95% confidence intervals calculated from 
the regression coefficients and their standard errors.

2.4   |   Staging

Cancer cases were categorized based on the extent of tumor 
invasion (T1, T2, T3, and T4) and classified according to the 
pathological and clinical TNM system at the time of diagnosis. 
Early-stage was defined as T1. The comparison of proportions of 
T cases was conducted using Pearson's chi-squared test, along 
with confidence intervals (CIs) for proportion differences [18].

2.5   |   Survival

Given that cancer cases were collected from population-based 
cancer registries, data on the cause of death were lacking. To 
overcome this limitation, net survival rates were estimated using 
the Pohar–Perme estimator [19]. Life tables of all-cause mortal-
ity, from Statistics Portugal, stratified by single year of age, sex, 
and calendar year were used. Comparisons of 1-year and 3-year 
net survival rates were made between the two study periods. Net 
survival was age-standardized using the International Cancer 
Survival Standard [20]. R software version 4.0.5 (R Foundation 
for Statistical Computing, Vienna, Austria. www.​R-​proje​ct.​org) 
was used.

3   |   Results

3.1   |   Impact of FIT-Based Screening on Gastric 
Cancer Outcomes

During the first 3 years of the FIT-based screening program, 
165,967 tests were performed, of which 7% (n = 11,856) were posi-
tive (Table 1). The odds of GC detection were significantly higher 
among individuals with a positive FIT result (0.2%; 24/11,856) 
than among those with a negative result (0.07%; 109/154,111), with 
an odds ratio of 2.87 (95% CI: 1.76–4.49; p < 0.001). Of those with a 
positive FIT result, 4864 (41%) underwent follow-up colonoscopy, 
and 1316 (27%) of these also underwent UGIE during the study pe-
riod. Among FIT-negative individuals, 5508 (4%) still underwent 
colonoscopy, of whom 3965 (72%) also underwent UGIE. Overall, 
of those screened for CRC through FIT, 10,372 underwent colonos-
copy with UGIE performed concurrently in 51% of cases (n = 5281).

Among individuals with a positive FIT, the GC detection rate 
was 0.2% (95% CI: 0.1–0.3). Detection was significantly higher 
in those who underwent stand-alone UGIE (4.3%) compared 
with UGIE combined with colonoscopy (0.2%), colonoscopy 
alone (0.1%), or neither procedure (0.2%) (p < 0.001). Among 
individuals with a negative FIT, detection was also signifi-
cantly higher in those who underwent stand-alone UGIE 
(0.5%) than in those who underwent UGIE combined with 
colonoscopy (0.3%), colonoscopy alone (0.0%), or neither pro-
cedure (0.1%) (p < 0.001). Similarly, in the non-updated FIT 
group, the highest detection was observed in individuals 

TABLE 1    |    Gastric cancer cases by fecal immunochemical test screening and endoscopy exposure.

Gastric cancer cases Total Gastric cancer detection (%)

Positive FITa, n (%) 24 11,856 0.2

•	 Colonoscopy alone 4 3548 0.1

•	 UGIE combined with colonoscopy 3 1316 0.2

•	 Stand-alone UGIE 2 46 4.3

•	 Neither colonoscopy nor upper endoscopy 
performed

15 6946 0.2

Negative FIT, n (%) 109 154,111 0.07

•	 Colonoscopy alone 0 1543 0

•	 UGIE combined with colonoscopy 12 3965 0.3

•	 Stand-alone UGIE 10 1972 0.5

•	 Neither colonoscopy nor upper endoscopy 
performed

87 146,631 0.06

Non-updated FITb 749 433,517 0.2

•	 Colonoscopy alone 7 3930 0.2

•	 UGIE combined with colonoscopy 57 13,751 0.4

•	 Stand-alone UGIE 10 1665 0.6

•	 Neither colonoscopy nor upper endoscopy 
performed

675 414,171 0.2

Abbreviations: FIT, fecal immunochemical test; UGIE, upper gastrointestinal endoscopy.
aBoth positive and inconclusive FIT results were analyzed together.
bIncludes individuals who were not invited, those who received an invitation but did not complete the test, and those whose FIT was conducted more than 2 years ago.

http://www.r-project.org
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undergoing stand-alone UGIE (0.6% vs. 0.4%, 0.2%, and 0.2%, 
respectively; p < 0.001) (Table 1). A sensitivity analysis exclud-
ing individuals who underwent stand-alone UGIE was con-
ducted. Among those with a positive FIT, differences in GC 
detection across subgroups were not statistically significant 
(p = 0.476). However, significant differences remained in the 
negative FIT and non-updated FIT groups (p < 0.001), with 
higher detection rates among individuals who underwent 
UGIE combined with colonoscopy.

Restricting the analysis to cases with known T stage, the propor-
tion of T1 diagnoses was comparable across subgroups (Table 2), 
except among individuals who underwent FIT screenin. In this 
subgroup, the rate of early-stage GC diagnosis was significantly 
higher among those who underwent UGIE, either alone or in 
combination with colonoscopy, compared to those who did not 
undergo any endoscopic procedures (54% vs. 27%; p = 0.017). 
Furthermore, among individuals screened with FIT, the T1 de-
tection rate was lower in those without endoscopic evaluation 
than in individuals who underwent neither FIT nor endoscopy 
(27% vs. 43%; p = 0.010).

3.2   |   Incidence and Mortality Rates

Age-standardized incidence rate declined from 44 per 100,000 
in 2014 to 32 per 100,000 in 2020 (Figure S1). Following the im-
plementation of population-based FIT screening, GC incidence 
increased from 43 per 100,000 in 2016 to 44 per 100,000 in 2018. 
Between 2014 and 2016, the APC in GC incidence was −1.04% 
(95% CI: −1.68% to −0.39%). From 2018 to 2020, the decline ac-
celerated, with an APC of −14.39% (95% CI: −23.26% to −4.50%).

The age-standardized mortality rate declined from 27 per 
100,000 in 2014 to 21 per 100,000 in 2020, representing a 21% 
reduction over the study period (Figure S1). Between 2014 and 
2016, the APC was −2.82% (95% CI: −5.12% to −0.46%), and from 
2018 to 2020, the APC was −4.37% (95% CI: −9.52% to 1.08%).

3.3   |   Early-Stage Gastric Cancers (T1)

The proportion of early-stage detection rose from 10% in 2014 
to 22% in 2020, representing an increase of 13% (95% CI: 10–15). 
A 14% increase in T1 diagnoses (95% CI: 12–15) was observed 
when comparing the periods 2014–2016 and 2018–2020. To ac-
count for the potential confounding effect of unassessed tumor 
stage (Tx) cases, a sensitivity analysis was performed including 
only cases with known T stage. Among these, the proportion of 
T1 diagnoses increased from 27% in 2014–2016 to 32% in 2018–
2020, corresponding to an absolute increase of 5% (95% CI: 3–8; 
p < 0.001). Figure 2 illustrates the proportions of T1 GC cases.

3.4   |   Net Survival Rates

Net survival significantly improved between the two study peri-
ods (Figure 3). The 1-year net survival increased from 60% (95% 
CI: 59–61) in 2014 to 2016 to 67% (95% CI: 66–68) in 2018 to 2020. 
Similarly, 3-year net survival rose from 42% (95% CI: 40–43) to 
49% (95% CI: 47–50) during the same periods. T
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4   |   Discussion

In an intermediate-risk region for GC, this study sheds new 
light on how a FIT-based screening program may influence GC 
incidence, early detection, and mortality. By integrating data 
from two comprehensive registries, it was possible to perform 
a detailed assessment of endoscopic coverage across northern 
Portugal. The use of population-level data further strength-
ened the evaluation of combined colonoscopy and UGIE utili-
zation, providing unbiased real-world evidence of its impact on 
GC outcomes. In northern Portugal, a cost-utility analysis had 
previously compared three screening strategies: stand-alone 
UGIE; UGIE combined with a CRC screening colonoscopy 
after a positive FIT result; and pepsinogens serologic screening. 
It concluded that an UGIE for GC screening every 5 years was 

cost-effective only if combined with a screening colonoscopy [5]. 
These results were later confirmed by a subsequent economic 
evaluation [6] and further support the relevance of our study.

Among individuals who were invited to participate in CRC 
screening and accepted, the odds of GC detection were signifi-
cantly higher in those who tested positive. Despite the absence 
of a formal GC screening program in northern Portugal, over 
half of FIT-screened individuals undergoing colonoscopy also 
underwent UGIE. Following the implementation of organized 
FIT screening and compared to the preceding period, GC early 
detection and survival increased over time.

Even though we observed an encouraging increase in early GC 
diagnosis and survival following the implementation of the CRC 

FIGURE 2    |    Proportion of early-stage and advanced-stage gastric cancers within all gastric cancer cases by calendar year. Tx, tumor stage cannot 
be assessed.

FIGURE 3    |    Net survival for gastric cancer before and after the implementation of the fecal immunochemical test screening program.
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screening program, concurrent factors must be considered. A 
trend toward increased early detection and improved survival 
had already been observed in northern Portugal prior to the im-
plementation of FIT screening, with several contributing factors 
having been proposed [13]. These include improvements in tech-
nology (e.g., high-definition endoscopes with integrated virtual 
chromoendoscopy), enhanced training in early neoplasia detec-
tion, and quality improvement initiatives, all identified as rele-
vant contributors [13]. The European Society of Gastrointestinal 
Endoscopy (ESGE) position statement on performance mea-
sures for UGIE serves as an example of a meaningful quality 
improvement effort, which may partially explain the improved 
GC outcomes observed following its publication in 2016 [21]. 
Although we do not expect these factors to have changed sub-
stantially between the two periods under analysis, the improved 
GC outcomes cannot, based on our study design, be solely at-
tributed to the FIT screening program alone. Nevertheless, the 
implementation of the FIT screening program may have also 
expanded colonoscopy coverage, which in turn could have indi-
rectly facilitated access to endoscopic procedures and increased 
UGIE uptake.

Currently, there is insufficient evidence to recommend UGIE 
for FIT-positive individuals in western populations. Sah et al. [3] 
reported a pooled prevalence of upper gastrointestinal cancers 
of 0.8% (95% CI: 0.4–1.6) in their systematic review and meta-
analysis, including mostly western studies, which exceeds the 
0.2% (95% CI: 0.1–0.3) GC detection rate observed among FIT-
positive individuals in our sample. However, two key method-
ological differences must be considered when establishing this 
comparison. First, the meta-analysis included both FIT and 
guaiac-based FOBT, which may have influenced the diagnostic 
performance of fecal testing. Second, GC cases accounted for 
51% of the upper gastrointestinal cancers reported, potentially 
limiting the comparability of prevalence estimates.

A large-scale study conducted through the Korean National 
Cancer Screening Program assessed the 3-year risk of cancers 
proximal to the colon following FIT-based screening [4]. In this 
high-risk region, the 3-year incidence of GC was 1.1% among 
individuals without a CRC diagnosis within the first year after 
FIT, compared to 2.6% among those diagnosed with CRC [4]. In 
the former study, the risks of esophageal and GC were higher 
among FIT-positive individuals and did not differ based on the 
diagnosis of CRC. Given that South Korea presents an ASR ex-
ceeding 20 per 100,000, the observed benefit in GC detection 
among FIT-positive individuals was further reinforced.

Drawing on the largest population-based study within a west-
ern FIT-based CRC screening program, data from the Dutch 
cohort provide compelling evidence regarding the incidence of 
GC among screened individuals [12]. Those with a positive FIT 
result exhibited a significantly elevated risk (hazard ratio: 1.55) 
of malignancies proximal to the colon. However, the 3-year cu-
mulative incidence in this group remained below 1%. It must be 
noted that the Dutch study considered all cancers proximal to 
the colon, including oral cavity, nose/throat, esophageal, gas-
tric, small bowel undefined, duodenum (including the papilla 
of Vater), jejunum, and ileum. When the analysis was restricted 
to GC alone, the 3-year incidence among FIT-positive individu-
als remained well below the 0.2% detection rate observed in our 

cohort, supporting prior estimates and suggesting a higher GC 
incidence in Northern Portugal [13]. However, it should be noted 
that our study did not restrict the period between a positive FIT 
result and GC diagnosis to 3 years, which may at least partially 
explain the observed difference.

Building on two previously published cost-utility analyses, GC 
screening may be cost-effective if UGIE is combined with a 
screening colonoscopy [5–7]. Prior estimates on the adherence 
to a combined screening strategy pointed at a 94% intention to 
accept UGIE combined with a screening colonoscopy [22]. Yet, 
in this cross-sectional study using the PERCEPT-PREVENT 
survey through telephonic interviews, the risk of bias, such as 
social desirability and healthy user bias, must be acknowledged 
[23]. Although adherence to combined endoscopic screening 
was not measured in the present study, UGIE and colonoscopy 
were combined for over 50% of the study population screened 
for CRC through FIT and colonoscopy. The implementation of 
the CRC screening program, rather than the FIT result alone, 
may have contributed to increased UGIE uptake. In the absence 
of an organized GC screening program and considering that the 
decision to perform UGIE alongside colonoscopy was made by 
NHS primary care physicians rather than by the individuals 
themselves, it is reasonable to expect that a combined screening 
strategy may achieve relatively high participation rates in north-
ern Portugal.

A fundamental limitation of the combined screening strategy 
lies in the restriction of UGIE availability to individuals with 
a positive FIT result [5–7]. By confining GC screening to a nar-
rower subset of the eligible population, this approach departs 
from the comprehensive and inclusive framework that typically 
defines organized screening initiatives [24]. The potential im-
pact of this targeted strategy on early GC diagnosis and survival 
remains insufficiently studied to date [12]. Nonetheless, our 
findings suggest that the implementation of the regional CRC 
screening program was associated with meaningful gains in GC 
early detection and survival, highlighting the potential benefits 
of expanded endoscopic coverage and facilitated access to UGIE 
within organized FIT-based programs.

The authors recognize this study's limitations. Firstly, a regional 
rather than a national FIT screening program was analyzed. 
Secondly, it was not feasible to determine the indications for en-
doscopic procedures performed at contracted endoscopy units, 
including those performed in individuals with a negative FIT 
result. Consequently, symptomatic participants were included 
alongside those undergoing endoscopic screening. While the 
unintentional inclusion of symptomatic participants is a well-
known occurrence in the screening setting [3], the authors ac-
knowledge that the impact of FIT screening in GC detection 
rates may have been overestimated in our sample. In fact, in-
dividuals who underwent stand-alone UGIE were presumably 
more likely to be symptomatic, which could have inflated de-
tection rates; however, the sensitivity analysis excluding this 
subgroup yielded similar results. Furthermore, the positive 
predictive value of alarm symptoms for upper gastrointestinal 
cancer in the general population is low, and early-stage GC 
often presents asymptomatically [25–27]. Moreover, the study 
design did not account for key risk factors such as Helicobacter 
pylori infection, smoking, family history, or socioeconomic 
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status, which may have influenced both the likelihood of un-
dergoing UGIE and the risk of GC. While our analysis is cen-
tered on the initial 3 years of the FIT screening program, the 
observation period extends through the end of 2023. Although 
the interval between FIT completion and diagnosis was not 
formally assessed, a two-year period was considered for alloca-
tion purposes. A previous study adopted a three-year interval, 
assuming that beyond this period neoplasms proximal to the 
colon could no longer be reliably considered detectable at the 
time of FIT testing [12]. In our study, although a shorter inter-
val was applied, GC cases diagnosed beyond 2 years were not 
excluded and were analyzed within the non-updated FIT sub-
groups. The increase in the proportion of early-stage diagnoses 
from 2018 may have been overestimated, as it coincided with a 
decline in the proportion of unassessed tumor stages. However, 
the sensitivity analysis confirmed that the observed increase 
in early-stage diagnoses was not solely due to a reduction in Tx 
cases. Due to its retrospective design, our study may be affected 
by lead-time and length biases. Slow-growing tumors could be 
overrepresented, and earlier detection might have extended 
observed survival without altering prognosis. To help mitigate 
these effects, we also analyzed incidence and mortality, which 
are less influenced by timing-related biases. Furthermore, the 
non-standardized and opportunistic use of UGIE in our setting 
may limit the generalizability of the findings to healthcare sys-
tems with different structures or limited endoscopy resources. 
Implementation in resource-constrained settings would re-
quire careful evaluation of feasibility, cost-effectiveness, and 
alignment with national health policies [5, 24]. Ultimately, our 
analysis was restricted to gastric epithelial lesions and did not 
encompass other gastric lesions (e.g., mesenchymal tumors, 
peptic ulcer disease), as well as esophageal, duodenal, or head 
and neck malignancies [28].

Studies performed at a national level with longer follow-up peri-
ods could further reinforce our findings. Assessment of annual 
treatment proportions will be essential to better characterize 
stage-specific trends. Moreover, the evaluation of combined 
UGIE and colonoscopy in the context of pilot projects may offer 
a clearer assessment of their effect on GC outcomes, as these 
would result exclusively from screening procedures. Future 
health economic evaluations of individualized screening strate-
gies that consider offering UGIE not only to individuals referred 
for colonoscopy following a positive FIT result, but also to those 
undergoing primary colonoscopy, may provide valuable insights 
to inform health policy decisions on digestive cancer screening.

In brief, our results demonstrate that the implementation of a 
population-based FIT screening program has had a positive 
impact on GC outcomes, including improved early detection 
and survival. Furthermore, a relatively high proportion of in-
dividuals underwent both UGIE and colonoscopy, suggesting a 
potentially high acceptance of organized combined endoscopic 
screening. Our study paves the way for further exploration of 
combined screening strategies across European countries, in-
corporating both endoscopic and non-invasive approaches, 
such as the joint use of FIT and Helicobacter pylori stool antigen 
testing. Aligning concurrent cancer screening programs could 
strengthen public health efforts to reduce the overall burden of 
cancer.
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DISCUSSION  

The current research project systematically examined patients’ risk perception 

(encompassing both cancer risk and screening procedures risk) and assessed their 

preferences for CRC and GC screening strategies. Furthermore, real-world outcomes, 

including adherence, early detection, and survival, were analyzed following the 

implementation of a population-based FIT screening program in Northern Portugal. 

The first study presented in this thesis synthesizes data on GC screening to 

complement the wider available evidence on CRC screening25,27,75,117,173-175. After a 

comprehensive assessment, only Japan and South Korea have implemented population-

based screening, offering both UGIS and UGIE. The review demonstrates that GC screening 

reduces mortality, with UGIE providing the highest detection rates.  

To measure risk perception, a previously validated12,13 questionnaire on CRC risk 

perception, based on the HBM, underwent forward/backward translation, as well as cultural 

adaptation and further adaptation to address GC screening and complication risk perception. 

Validation of the PERCEPT-PREVENT tool was a necessary step to enable subsequent 

exploration of personalized screening and of synergistic screening approaches across three 

cross-sectional studies. 

In the initial cross-sectional study, a clear preference for colonoscopy over fecal tests 

as the primary screening method was evident, yet 25% of naïve participants preferred FIT as 

the primary screening method. Knowledge assessment showed that 64% could not identify 

any symptoms and 68% were unaware of risk factors. Our results are aligned with previous 

studies showing that, despite a strong willingness to undergo screening, knowledge of CRC 

symptoms and risk factors remains low180. It is important to acknowledge that measuring the 

intention to adhere may significantly overestimate the actual uptake of screening tests due 

to social desirability bias, a phenomenon that was particularly evident in populations with 
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limited knowledge of CRC risk and screening practices180,181. In the second cross-sectional 

study, self-reported willingness to undergo UGIE combined with colonoscopy reached 94%. 

However, 76% and 73% were unfamiliar with any potential GC symptoms and risk factors, 

respectively. Previous studies from Eastern countries have also reported moderately high 

intention to undergo GC screening, despite moderate to low levels of knowledge182-184. The 

third observational study found that 19% of never-screened and 45% of screened participants 

perceived a high risk of colonoscopy complications, while for UGIE, the figures were 14% and 

41%, respectively. While this contrasts with previous data suggesting that never-screened 

individuals were more likely to overestimate the risk of complications, 61% and 83% could 

not identify any potential complications of colonoscopy and UGIE, respectively14. A striking 

lack of awareness concerning the risk of complications, as reported in previous 

studies14,104,185,186, rather than an assessment of low risk, probably explains our results.  

The results of our real-world studies evaluating CRC outcomes after FIT 

implementation reinforce both the importance of screening and its effectiveness at the 

population level, as evidenced by enhanced early detection and survival. Our findings also 

indicate that, while adherence to FIT is high (34%), coverage can be increased if alternatives 

to fecal tests are offered. This was shown in the cross-sectional study, in which 25% of naïve 

participants preferred FIT while 69% overall preferred colonoscopy, and it was further 

reinforced by real-world data showing a 10% increase in coverage when colonoscopies 

performed in parallel with the organized screening program were included. Contracted 

endoscopy units were shown to complement the organized FIT-based program by ensuring 

timely performance of colonoscopy, allowing some flexibility in the choice of unit or 

endoscopist, and offering the possibility of combination with UGIE. 

Our results can also contribute to the implementation of GC screening. In real-world 

settings without a formal GC screening program, more than 50% of individuals who 

completed FIT and colonoscopy also underwent UGIE. In the scenario of a screening program, 
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this rate may approach the 94% acceptance observed in our cross-sectional study. Moreover, 

although the FIT program is not primarily intended to detect GC, it was associated with 

improved outcomes, including higher rates of early detection and survival. 

In summary, this thesis advances the concept of personalized screening, allowing 

individuals to choose between FIT and colonoscopy, and the concept of synergistic screening, 

combining UGIE for GC screening with colonoscopy. It adopts a perspective that integrates 

self-reported willingness to undergo digestive cancer screening with real-world adherence 

data, while also measuring the impact of FIT screening on the early detection and survival of 

CRC and GC using population-based data 

This discussion seeks to contextualize the findings within the existing body of 

literature, highlighting their significance for cancer screening practices. It will focus on three 

key domains: personalized screening strategies, synergistic approaches to cancer screening, 

and the comprehensive assessment of risk perception. 

 

1. Expanding coverage through personalized CRC screening strategies 

The optimal approach for CRC screening remains a subject of ongoing debate. In 

addition to policy and financial factors, choosing an appropriate population-based screening 

strategy, including the primary screening method, can affect participation rates and, 

consequently, the effectiveness of an organized program. Concisely, a screening test that 

reaches higher acceptance in a given population has the potential to maximize screening 

coverage. When real-world data are considered, a stark contrast is evident between the 72% 

participation rate in the biennial FIT screening program in the Netherlands and the 18% 

uptake of a once-in-a-lifetime colonoscopy in Poland27,42. 

A cost-utility analysis conducted in Portugal evaluated biennial FIT, colonoscopy every 

10 years, and the absence of screening. Biennial FIT was the most cost-effective option, with 

an incremental cost-effectiveness ratio (ICER) of €2,694 per quality-adjusted life year (QALY), 
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significantly lower than the €103,633 per QALY estimated for colonoscopy4,5. Furthermore, 

implementing a FIT-based screening program would require a 1.3% increase in colonoscopy 

capacity, compared to a 31% increase necessary for a colonoscopy-based program7. However, 

the analysis relied on adherence estimates from European and North American studies, 

assuming acceptance rates of 50% for FIT and 38% for colonoscopy, without real-world data 

from the Portuguese population7. 

While noninvasive CRC screening with FIT has gained broad support, evidence 

remains limited regarding its comparative acceptability over colonoscopy, highlighting the 

need for more robust data on patient preferences. Variability in participation rates across 

countries underscores the significant impact of regional differences on screening uptake and 

preferences for the primary screening method7,8,43. These findings highlight the need for a 

deeper understanding of local screening behaviors and preferences to optimize program 

effectiveness. Indeed, in an era of personalized and precision medicine, a one-size-fits-all 

approach may not be adequate when more than one screening method is available. 

As part of the present project, the initial cross-sectional study evaluated individuals' 

intention to adhere to CRC screening and their preferences regarding the primary screening 

method187. Overall, 95% of participants expressed an intention to undergo CRC screening, 

surpassing the findings of previous studies7,43,180,188. A clear preference for colonoscopy over 

fecal tests as the primary screening method was evident across our sample, yet these findings 

warrant further analysis. Among participants not yet invited to screening, 25% preferred FOBT 

as the primary screening method. Most individuals (90%) initially screened through primary 

colonoscopy intended to continue using this method, whereas half of those previously 

screened with FIT expressed a willingness to transition to endoscopic screening. This shift was 

particularly evident among participants who had recently been referred for colonoscopy 

following a positive FIT result, suggesting that prior screening experiences strongly influence 

future preferences. Our results complement previous data that tended to point to higher 
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acceptance of fecal tests41,143-145,189. The Spanish COLONPREV trial registered participation 

rates of 34.2% for FIT and 24.6% for colonoscopy144. Furthermore, the Swedish SCREESCO trial 

reports an adherence rate of 55.5% for FIT and 35.1% for colonoscopy145. Despite the 

tendency favouring less invasive tests, both trials assigned participants to FOBT or 

colonoscopy without considering their preference for the primary screening method, 

potentially overlooking factors influencing adherence144,145. Within the European setting, the 

NordICC trial reported an overall adherence to colonoscopy of 42%, ranging from 33% in 

Poland to 61% in Norway41,143. In the US, despite a historically high acceptance of 

colonoscopy, a cross-sectional study designed to assess patient preferences for screening 

tests reported that 77% of individuals over 50 years expressed a preference for annual FIT 

over colonoscopy every 10 years190-192. The CONFIRM trial, conducted in the US, reported that 

43% of those declining participation expressed a preference for a specific screening test, with 

58.5% favouring FIT and 40.6% opting for colonoscopy189. Nevertheless, prior colonoscopy 

was the primary reason for ineligibility, accounting for nearly 40% of exclusions189,193.   

In our cross-sectional assessment, barriers to CRC screening were generally lower for 

fecal tests compared to colonoscopy. A higher perception of the potential negative health 

consequences associated with colonoscopy contributed to a stronger preference for non-

invasive testing. Interestingly, a greater knowledge of the complications associated with a 

screening colonoscopy was independently linked to a preference for colonoscopy over FIT as 

the primary CRC screening method. As reinforced in our third cross-sectional study, 

complication risk perception did not negatively impact CRC screening uptake194. This is 

explained on the one hand by greater awareness among previously screened individuals, and 

on the other by limited knowledge among those naïve to screening. Absence of a prior 

screening invitation, a higher perceived need for testing, and a history of CRC in second-

degree relatives or acquaintances were additionally identified as independent predictors of a 

preference for colonoscopy over fecal tests.  Nonetheless, it is important to acknowledge that 
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the study findings may have been influenced by biases, including recall bias, social desirability 

bias—particularly in estimates of intention to adhere—and attribution bias195-197. 

Additionally, healthy user bias could have led to an overestimation of both the intention to 

adhere to CRC screening and the preference for colonoscopy screening. Participants who 

were willing to complete the telephone survey are likely more health-conscious, making them 

more prone to participate in screening initiatives and undergo invasive procedures.  

To overcome potential observation bias in adherence estimates from the previous 

cross-sectional study, we conducted a population-based retrospective cohort study including 

all eligible individuals for the first three years of the Northern Portuguese screening program. 

The effectiveness of organized, population-based CRC screening is largely shaped by 

adherence rates, as higher participation can lead to a more pronounced impact on incidence, 

early diagnosis, and mortality24-26.  Adherence to the FIT-based screening program was 34%, 

while overall coverage by FIT and/or colonoscopy, accounting for colonoscopy availability 

within the Sistema Nacional de Saúde (SNS), reached 45%. These results align with our cross-

sectional assessment, in which most participants classified as non-adherent had previously 

undergone colonoscopy. Colonoscopies performed in parallel with the organized screening 

program, largely initiated through referrals from primary care physicians, contributed to a 

10% increase in uptake of CRC detection tests, emphasizing that maximizing the SNS capacity 

improved overall coverage, with open-access colonoscopy198 complementing FIT-based 

screening programs. Accordingly, a systematic review and meta-analysis of CRC screening 

programs found that offering individuals a choice between fecal tests and colonoscopy was 

associated with a greater reduction in mortality compared to programs with a single 

screening modality199. In the US, a randomized trial found that offering a blood-based test to 

individuals who declined FIT increased screening uptake by 17.5%146. Moreover, in Germany, 

the participation rate increased by up to 12% following the inclusion of colonoscopy as an 
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alternative to fecal tests, primarily due to greater colonoscopy uptake, even in an 

opportunistic setting104. 

The impact of the structured CRC screening program in Northern Portugal became 

evident within just three years. Despite the 20% false-negative rate, early-stage cancers were 

significantly more frequent among individuals who participated in FIT-based screening than 

among those who remained unscreened (58% vs. 49%), and three-year net survival was also 

higher (87.5% vs. 72%). Our findings align with previous research and confirm the 

effectiveness of FIT-based screening, supporting its positive impact on CRC outcomes75,117,173-

175. In the Dutch FIT program, 66.7% of screening-detected CRC was early stage (vs 46.2%), 

and mortality fell by 22%27. Similarly, Bucchi et al. reported a 28% sustained reduction in CRC 

incidence eight years after organized FIT screening began in Northern Italy75. Beyond the 

European context, a 33% lower risk of death from CRC after FIT screening was reported in the 

US173. Moreover, a Taiwanese prospective cohort study showed that biennial FIT screening 

reduced advanced-stage CRC by 34% and CRC mortality by 40%117. Altogether, these findings 

highlight both the effectiveness of FIT screening and the potential of personalized approaches 

to enhance CRC outcomes by aligning screening strategies with individual preferences. 

However, the Northern Portuguese retrospective cohort study has some limitations, including 

reduced colonoscopy uptake during the COVID-19 pandemic and the inability to determine 

the clinical indications for endoscopic procedures performed at contracted endoscopy units. 

Overall, our findings show that population-based screening with noninvasive tests is 

effective and well accepted. Additionally, our results allow us to suggest implementing a 

personalized screening approach, namely offering primary colonoscopy to individuals who 

decline FIT or as an alternative to FIT, within the capacity of the health system, as a strategy 

to further enhance overall coverage. 
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2. Strategies for the implementation of GC screening in intermediate-risk regions 

Several screening methods have been proposed for GC detection, either individually 

through UGIE or by combining non-invasive tests (e.g., UGIS, serum pepsinogen I/II levels, 

serum anti-Hp IgG or HPSA) with endoscopy126-128,130. Nevertheless, the optimal screening 

method and the impact of the different GC screening methods on mortality have been 

sparsely characterized. Therefore, we conducted a systematic review and meta-analysis to 

detail and characterize GC screening programs and compare screening methods regarding 

adherence, diagnostic yield and impact on mortality. We found that organized GC screening 

is confined to Eastern countries, with no established programs reported in the West. Japan 

and South Korea have implemented nationwide screening initiatives, offering UGIE and UGIS 

to asymptomatic healthy individuals17-19. In China, endoscopic screening is available in some 

high-risk regions132,200. Overall, screening has demonstrated a significant impact in reducing 

GC mortality126,128. Endoscopic screening was associated with higher diagnostic yield, 

including improved early detection rates, compared to UGIS and serologic testing128. While 

noninvasive tests generally yielded higher participation rates, comparative data remain 

scarce128.  

The main limitation of our review was the significant heterogeneity in adherence 

estimates, despite careful study selection, quality assessment, and subgroup analysis. A 

previous meta-analysis focusing exclusively on endoscopic screening reported a 40% 

reduction in the relative risk of GC mortality, further reinforcing the role of UGIE126. Our 

results were further corroborated by two subsequent meta-analyses, one of which 

highlighted a trend toward increased uptake of endoscopic screening over time201,202. Based 

on these findings, we suggest that GC screening programs should preferentially be based on 

UGIE given the higher diagnostic yield126,128. Patient discomfort and tolerance may be a 

concern due to its invasive nature, but with the wider availability of sedation, this should not 

deter us from recommending the most sensible diagnostic method. The use of transnasal 
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endoscopy or the offer of a less invasive test (e.g., UGIS) may be considered in the settings of 

limited access to sedation203. Taking the Korean screening program as an example, although 

both UGIE and UGIS are offered, since 2018, endoscopy has become the preferred method, 

with UGIS reserved for individuals unable to tolerate the procedure204.  

After identifying the most accurate diagnostic method, it is equally important to 

consider factors such as adherence and cost-effectiveness, especially in intermediate-risk 

countries. Adherence is indeed a critical consideration in this context, as it directly influences 

the effectiveness and feasibility of GC screening. Data from our systematic review and meta-

analysis indicate that the highest pooled adherence rate among studies based on self-

reported screening uptake reached 56%128. However, these adherence estimates were for 

stand-alone UGIE and not for combined screening. Notably, previous economic analyses on 

combined endoscopic screening assumed full adherence as a baseline for cost-effectiveness 

modeling21. This highlighted the need to understand the factors influencing the intention to 

undergo GC screening, to assess the willingness to accept UGIE combined with screening 

colonoscopy, and to incorporate realistic adherence rates into future economic analyses to 

better inform policy and optimize screening outcomes.  

To build on this, we conducted a cross-sectional study to evaluate the intention to 

undergo UGIE combined with a screening colonoscopy. In Northern Portugal, the intention to 

adhere to combined endoscopic screening reached an acceptance rate of 94%, with most 

individuals expressing a willingness to participate under conditions of full reimbursement205. 

In our sample, self-perceived risk of GC was generally low and was not influenced by the fact 

that the study was conducted in an intermediate-risk region. Key factors independently 

associated with a higher intention to undergo combined screening included a lower perceived 

financial burden and lower perceived negative health consequences of UGIE205. These 

findings were further confirmed in a subsequent cross-sectional study targeting complication 

risk perception assessment, showing that a lower risk perception for UGIE complications was 



  

160 

 

associated with a higher willingness to undergo UGIE combined with a screening 

colonoscopy194.  

Our studies were pivotal in assessing risk perception for UGIE combined with 

colonoscopy. As in the prior study, the main limitations of our cross-sectional analysis of GC 

risk perception are its regional scope and the potential introduction of healthy user bias. 

Nevertheless, a Portuguese retrospective study, published only later, reported a 95% 

acceptance rate for combined screening, corroborating our findings206. Previous studies 

focusing on GC screening alone were also aligned with our results. A systematic review on 

barriers and facilitators to GC screening, including mostly Eastern studies, concluded that fear 

of the screening procedure was the most commonly reported barrier184. Fear of undergoing 

UGIE was pointed out as the reason for non-adherence by 38.1% of participants in a cross-

sectional Chinese study and by 8.4% in the Korean National Cancer Screening Survey 183,207,208.  

Data on population GC screening programs are scarce outside high-risk countries, 

such as  Japan and Korea120,133. In Europe, there are no population-based programs or 

sufficiently robust data that can serve as a direct comparator. However, two cost-effectiveness 

analyses have been performed4,21,22. Both economic evaluations show that endoscopic 

screening is cost-effective in Portugal, if combined with a screening colonoscopy21,22. Despite 

the favorable economic evaluation, no organized screening program has yet been formally 

implemented across intermediate-risk European countries. 

We conducted a population-based retrospective cohort study to assess the impact of 

a FIT-based screening program on GC outcomes and to determine the proportion of 

individuals undergoing combined endoscopic screening, using population data to mitigate 

potential behavioral biases. Among FIT screened individuals referred for colonoscopy, more 

than half underwent concomitant UGIE. The decision to perform colonoscopy and/or UGIE 

was primarily made by general practitioners and influenced by regulatory limitations. Thus, 

this proportion likely underestimates the true intention to undergo combined screening. The 
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implementation of the FIT screening program expanded colonoscopy coverage, which in turn 

could have indirectly facilitated access to endoscopic procedures and increased the number 

of UGIEs performed. Notably, the implementation of FIT-based screening coincided with 

significant improvements in GC outcomes, with a 14% increase in early-stage diagnoses and 

an improvement in 3-year net survival from 42% to 49%. Our line of investigation is 

concordant with the European Union recommendations on cancer screening and with the 

efforts of the TOGAS project, which recently launched a pilot study on combined screening148. 

It is also aligned with previous reviews suggesting routine UGIE screening for FIT-positive 

patients28. Controversially, the Dutch screening cohort reported a higher detection rate of 

neoplasms proximal to the colon among FIT-positive individuals, although the 3-year 

cumulative incidence below 1% did not support a recommendation for combined screening29. 

By contrast, in a high incidence setting like the Korean National Cancer Screening Program, 

the 3-year incidence of GC reached up to 2.6%178. The encouraging results obtained in 

Northern Portugal must be considered in light of the study’s limitations. Since we could not 

determine the indication for procedures at contracted units, symptomatic cases may have 

inflated the impact of FIT screening on GC detection rates. The improved GC outcomes 

cannot, based on our study design, be solely attributed to the FIT screening program alone, 

since the trend toward increased early detection and improved survival had already been 

observed prior to the implementation of FIT screening and could be explained by other 

contributing factors, such as usage of high-definition endoscopes with chromoendoscopy, 

enhanced training, and quality improvement initiatives 23,209. 

In conclusion, GC screening through UGIE should be implemented in our country. 

UGIE is the most valid diagnostic method, has been suggested to be cost-effective in 

intermediate-risk regions, is highly accepted by patients—particularly when combined with 

colonoscopy with fully reimbursed sedation—and is associated with improved early detection 

and survival. These results highlight the transformative potential of integrated screening 
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programs in reducing the burden of GC, providing a compelling model for adoption and 

scalability in intermediate-risk settings worldwide. 

 

3. Risk perception and health literacy in GI cancer: addressing knowledge gaps in 

endoscopic screening 

Taken together, the findings from the three cross-sectional studies on risk perception 

highlight limited health literacy regarding digestive cancer symptoms, risk factors, and the 

potential risks of endoscopic screening procedures. Our results highlight the pressing need 

for targeted initiatives aimed at improving health literacy, which is critical for empowering 

individuals to make informed decisions about cancer screening participation and ultimately 

promoting more equitable and effective screening uptake.  

Several interventions previously proposed could be implemented, including classic 

approaches such as community campaigns, public health initiatives (e.g., Digestive Cancer 

Day), and awareness-raising efforts involving public figures210. Additionally, social media can 

serve as a valuable channel to improve health literacy, foster health education and facilitate 

wide dissemination of public health information211. Thus, targeting the eligible population 

with content on social media platforms represents an innovative approach to improving 

health literacy211,212. Virtual health assistants can further enhance health literacy by providing 

personalized recommendations that simulate high-quality patient-provider communication, 

elicit individual preferences, empower decision-making, and promote screening uptake213,214. 

Integration of AI may enable automated tracking of non-adherent individuals and delivery of 

targeted interventions through periodic reminders and personalized counseling by AI-driven 

conversational agents37. Ultimately, these strategies should complement rather than replace 

the central role of primary care physicians, whose ongoing support and guidance remain 

essential to promoting informed participation in cancer screening9. 
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This thesis highlights the pressing need to strengthen health literacy as a strategy to 

overcome barriers to cancer screening and, ultimately, to lessen the burden of both CRC and 

GC. Moreover, it offers robust evidence to inform screening strategies in Northern Portugal, 

supporting the integration of colonoscopy as an alternative to FIT and advocating for the 

pioneering implementation of GC screening through the combination of UGIE and 

colonoscopy.
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4. CONCLUSIONS  

Globally, CRC is the third most diagnosed malignancy and constitutes a growing public 

health burden, which may be reduced through the implementation of population-based 

screening1,2. While GC still ranks as the fifth most common cancer, population-based 

screening is neither widely implemented nor consensual in intermediate-risk regions16.  

The present research project was designed to generate critical data to inform public 

health policies and consequently, further optimize the design of cancer screening programs. 

Although certain limitations have been acknowledged, which highlight the need for further 

research, several conclusions can nonetheless be drawn across three main domains: 

personalized screening strategies, potential synergies across cancer screening programs and 

individual risk perception. 

Across our studies, FIT was well accepted among never-screened participants in 

Northern Portugal, confirming its value as a noninvasive and widely accessible tool. An 

analysis of the first three years following the implementation of an organized FIT-based 

screening program showed an increase in early detection and improved survival. 

Nevertheless, a considerable proportion still expressed a preference for colonoscopy and 

have performed colonoscopy outside the screening program. Additionally, endoscopic 

procedures performed parallel to the organized program substantially contributed to overall 

coverage by any CRC detection test. Offering colonoscopy to individuals who decline FIT could 

personalize the screening process, address individual preferences, and ultimately optimize 

population coverage.  

GC screening is systematically implemented only in two high-risk countries, where 

organized programs have significantly reduced mortality, with endoscopic screening shown 

to yield higher detection rates128. In Northern Portugal, the intention to adhere to a combined 

endoscopic screening approach reached 94%, highlighting the potential feasibility and 
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acceptability of implementing integrated screening programs in intermediate-risk European 

countries. Following the implementation of the FIT-based screening program in Northern 

Portugal, GC early-stage detection increased significantly, accompanied by improved survival 

rates. Notably, even in the absence of an organized GC screening program, more than 50% of 

individuals who completed FIT-based screening and underwent colonoscopy also received a 

UGIE. 

Throughout the studies presented in this thesis, knowledge of CRC and GC symptoms 

and risk factors was consistently low, reinforcing the urgent need for initiatives to improve 

health literacy. A higher perceived testing need score, which reflects a better understanding 

of the rationale for screening, was an independent predictor of the intention to adhere to 

CRC screening. Likewise, lower perceived barriers, such as concerns about negative health 

consequences of UGIE and financial burden, were independently associated with a greater 

intention to accept UGIE combined with screening colonoscopy. In line with these findings, 

participants who underwent combined screening were less likely to report a high perceived 

risk of complications from colonoscopy and UGIE. Notably, the perceived risk of colonoscopy 

complications did not appear to discourage participation in CRC screening. Yet, this is 

explained by greater awareness among previously screened individuals and by limited 

knowledge among those not yet submitted to endoscopic procedures. 

Our findings emphasize the potential for personalized CRC/GC screening strategies, 

such as offering colonoscopy as an alternative to individuals who decline FIT screening and 

also offering the possibility of upper GI screening. This tailored approach could increase 

population coverage and boost the effectiveness of organized screening programs. 

Furthermore, the high acceptance rates observed for combined endoscopic screening 

highlight its feasibility in intermediate-risk regions, paving the way for the implementation of 

GC screening programs. Importantly, there is an urgent need for targeted health literacy 

campaigns to bridge knowledge gaps. The synergistic integration of various cancer screening 
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programs has the potential to significantly enhance public health strategies. By leveraging 

shared resources and tailoring approaches to population needs, these combined efforts could 

effectively reduce the overall cancer burden and improve early detection. 
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Chapter VIII – Future Directions 

 

 

 

 

 



  

170 

 

  



  

171 

 

FUTURE DIRECTIONS  

 The project embedded in this thesis represents a comprehensive effort to derive clear 

answers within the inherently complex and heterogeneous domain of digestive cancer 

screening. Our research plan was ultimately designed to generate conclusions with clear 

clinical relevance and to inform public health policy. While the results obtained contribute 

meaningfully to the optimization of screening strategies, they also highlight persisting 

knowledge gaps and raise new questions. 

This research highlights three delineated avenues for future investigation: 

personalized screening strategies, potential synergies across cancer screening programs as 

well as individual risk perception and health literacy. 

Concerning personalized screening initiatives, several key objectives can be pursued 

to enhance their effectiveness and implementation: 

• Proactively offer colonoscopy to individuals who decline FIT screening within a 

prospective cohort and measure the resulting variation in adherence rates. 

• Assess endoscopy capacity within the Portuguese healthcare system and conduct 

an economic analysis comparing the implementation of a personalized CRC 

screening strategy with a standard FIT-only approach. 

In the setting of synergies across cancer screening programs, future research should 

explore the following aims: 

• Conduct a pilot project to proactively offer UGIE to asymptomatic individuals 

referred for colonoscopy—either due to a positive FIT result or as part of an 

individualized primary screening approach—and evaluate adherence, the 

prevalence of premalignant conditions, and the detection rate of early-stage GC. 

• Prospectively offer non-invasive combined fecal testing (FIT plus HPSA) and 

measure adherence. Evaluate the impact on long-term GC survival and cancer-
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related mortality of a strategy that offers Helicobacter pylori eradication therapy 

to individuals testing positive on HPSA and combined UGIE and colonoscopy to 

those testing positive on FIT. 

• In the primary care setting, compare synergic health interventions aimed at 

combined screening tests for different cancer types (e.g., breast cancer 

mammography and FIT, serum anti-Helicobacter pylori IgG antibodies and PSA) 

with the standard of care, and measure long-term outcomes. 

Within the domain of individual risk perception assessment, several potential 

objectives can be listed: 

• Prospectively compare individuals' willingness to undergo screening, as 

measured by the PERCEPT PREVENT tool, with the actual uptake of FIT and/or 

colonoscopy. 

• Compare educational interventions delivered by healthcare professionals, AI-

powered virtual assistants, or targeted content on social media platforms and 

evaluate their impact on digestive cancer risk perception using the PERCEPT 

PREVENT tool. 

• Adaptation and validation of the PERCEP-PREVENT tool for high-risk endoscopic 

procedures, such as endoscopic mucosal resection (EMR) or endoscopic 

submucosal dissection (ESD). 

By addressing these critical areas, future research will be instrumental in refining 

screening strategies that are grounded in robust evidence, centered on patient needs, and 

designed to be adaptable and sustainable in the face of evolving healthcare challenges, 

ultimately aiming to increase early detection and improve survival in digestive cancer.  



  

173 

 

 

 

 

 

 

 

 

 

 

 

 

 

References 

 

 

 

 

 



  

174 

 

 

  



  

175 

 

1. Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer trends among young 

adults in the USA: analysis of a population-based cancer registry. Lancet Public 

Health. 2019;4(3):e137-e147. 

2. Morgan E, Arnold M, Gini A, et al. Global burden of colorectal cancer in 2020 and 

2040: incidence and mortality estimates from GLOBOCAN. Gut. 2023;72(2):338-344. 

3. European Commission – Joint Research Centre, 2023. European guidelines on 

colorectal cancer screening and diagnosis. ECICC. Available at: 

https://cancer‑screening‑and‑care.jrc.ec.europa.eu (Accessed: 6 August 2025). 

4. Saftoiu A, Hassan C, Areia M, et al. Role of gastrointestinal endoscopy in the screening 

of digestive tract cancers in Europe: European Society of Gastrointestinal Endoscopy 

(ESGE) Position Statement. Endoscopy. 2020;52(4):293-304. 

5. Areia M, Fuccio L, Hassan C, Dekker E, Dias-Pereira A, Dinis-Ribeiro M. Cost-utility 

analysis of colonoscopy or faecal immunochemical test for population-based 

organised colorectal cancer screening. United European Gastroenterol J. 

2019;7(1):105-113. 

6. Basu P, Ponti A, Anttila A, et al. Status of implementation and organization of cancer 

screening in The European Union Member States-Summary results from the second 

European screening report. Int J Cancer. 2018;142(1):44-56. 

7. Cardoso R, Guo F, Heisser T, Hoffmeister M, Brenner H. Utilisation of Colorectal 

Cancer Screening Tests in European Countries by Type of Screening Offer: Results 

from the European Health Interview Survey. Cancers (Basel). 2020;12(6). 

8. Shaukat A, Kahi CJ, Burke CA, Rabeneck L, Sauer BG, Rex DK. ACG Clinical Guidelines: 

Colorectal Cancer Screening 2021. Am J Gastroenterol. 2021;116(3):458-479. 

https://cancer/


  

176 

 

9. Monteiro H, Tavares F, Reis J, et al. Colorectal Screening Program in Northern 

Portugal: First Findings. Acta Med Port. 2022;35(3):164-169. 

10. Aronsson M, Carlsson P, Levin LA, Hager J, Hultcrantz R. Cost-effectiveness of high-

sensitivity faecal immunochemical test and colonoscopy screening for colorectal 

cancer. Br J Surg. 2017;104(8):1078-1086. 

11. Idigoras I, Arrospide A, Portillo I, et al. Evaluation of the colorectal cancer screening 

Programme in the Basque Country (Spain) and its effectiveness based on the Miscan-

colon model. BMC Public Health. 2017;18(1):78. 

12. Koo JH, Leong RW, Ching J, et al. Knowledge of, attitudes toward, and barriers to 

participation of colorectal cancer screening tests in the Asia-Pacific region: a 

multicenter study. Gastrointest Endosc. 2012;76(1):126-135. 

13. Sung JJ, Choi SY, Chan FK, Ching JY, Lau JT, Griffiths S. Obstacles to colorectal cancer 

screening in Chinese: a study based on the health belief model. Am J Gastroenterol. 

2008;103(4):974-981. 

14. Harewood GC, Wiersema MJ, Melton LJ, 3rd. A prospective, controlled assessment of 

factors influencing acceptance of screening colonoscopy. Am J Gastroenterol. 

2002;97(12):3186-3194. 

15. European Commission Directorate-General for Health and Food Safety. Council 

recommendation on strengthening prevention through early detection: a new EU 

approach on cancer screening replacing council recommendation 2003/878/ec. 

2022. Available at: https://dataconsiliumeuropaeu/doc/document/ST-14770-2022-

INIT/en/pdf 

16. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 

2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 

185 countries. CA Cancer J Clin. 2018;68(6):394-424. 

https://dataconsiliumeuropaeu/doc/document/ST-14770-2022-INIT/en/pdf
https://dataconsiliumeuropaeu/doc/document/ST-14770-2022-INIT/en/pdf


  

177 

 

17. Hamashima C, Systematic Review G, Guideline Development Group for Gastric 

Cancer Screening G. Update version of the Japanese Guidelines for Gastric Cancer 

Screening. Jpn J Clin Oncol. 2018;48(7):673-683. 

18. Yashima K, Shabana M, Kurumi H, Kawaguchi K, Isomoto H. Gastric Cancer Screening 

in Japan: A Narrative Review. J Clin Med. 2022;11(15). 

19. Kang E, Choi KS, Jun JK, et al. Trends in Cancer-screening Rates in Korea: Findings from 

the National Cancer Screening Survey, 2004-2023. Cancer Res Treat. 2024. 

20. Official Journal Council of the European Union. Council recommendation of 2 

december 2003 on cancer screening 327 of 16122003. 2003. 

21. Areia M, Spaander MC, Kuipers EJ, Dinis-Ribeiro M. Endoscopic screening for gastric 

cancer: A cost-utility analysis for countries with an intermediate gastric cancer risk. 

United European Gastroenterol J. 2018;6(2):192-202. 

22. Libanio D, Antonelli G, Marijnissen F, et al. Combined gastric and colorectal cancer 

endoscopic screening may be cost-effective in Europe with the implementation of 

artificial intelligence: an economic evaluation. Eur J Gastroenterol Hepatol. 

2024;36(2):155-161. 

23. Libanio D, Rodrigues JR, Bento MJ, et al. Gastric cancer incidence and mortality trends 

2007-2016 in three European countries. Endoscopy. 2022;54(7):644-652. 

24. Araghi M, Soerjomataram I, Bardot A, et al. Changes in colorectal cancer incidence in 

seven high-income countries: a population-based study. Lancet Gastroenterol 

Hepatol. 2019;4(7):511-518. 

25. Cardoso R, Guo F, Heisser T, et al. Colorectal cancer incidence, mortality, and stage 

distribution in European countries in the colorectal cancer screening era: an 

international population-based study. Lancet Oncol. 2021;22(7):1002-1013. 



  

178 

 

26. Cardoso R, Guo F, Heisser T, et al. Proportion and stage distribution of screen-

detected and non-screen-detected colorectal cancer in nine European countries: an 

international, population-based study. Lancet Gastroenterol Hepatol. 2022;7(8):711-

723. 

27. Breekveldt ECH, Lansdorp-Vogelaar I, Toes-Zoutendijk E, et al. Colorectal cancer 

incidence, mortality, tumour characteristics, and treatment before and after 

introduction of the faecal immunochemical testing-based screening programme in 

the Netherlands: a population-based study. Lancet Gastroenterol Hepatol. 

2022;7(1):60-68. 

28. Shah A, Eqbal A, Moy N, et al. Upper GI endoscopy in subjects with positive fecal 

occult blood test undergoing colonoscopy: systematic review and meta-analysis. 

Gastrointest Endosc. 2023;97(6):1005-1015 e1030. 

29. de Klaver W, van der Vlugt M, Spaander MCW, Bossuyt PM, Dekker E. Risk of Cancers 

Proximal to the Colon in Fecal Immunochemical Test Positive Screenees in a 

Colorectal Cancer Screening Program. Gastroenterology. 2024;167(4):788-797 e782. 

30. IARC (2019). Colorectal cancer screening. IARC Handb Cancer Prev. 17:1–300. 

Available from: http://publications.iarc.fr/573. 

31. Dinis-Ribeiro M, Libanio D, Uchima H, et al. Management of epithelial precancerous 

conditions and early neoplasia of the stomach (MAPS III): European Society of 

Gastrointestinal Endoscopy (ESGE), European Helicobacter and Microbiota Study 

Group (EHMSG) and European Society of Pathology (ESP) Guideline update 2025. 

Endoscopy. 2025;57(5):504-554. 

32. Hassan C, Antonelli G, Dumonceau JM, et al. Post-polypectomy colonoscopy 

surveillance: European Society of Gastrointestinal Endoscopy (ESGE) Guideline - 

Update 2020. Endoscopy. 2020;52(8):687-700. 

http://publications.iarc.fr/573


  

179 

 

33. Pimentel-Nunes P, Libanio D, Marcos-Pinto R, et al. Management of epithelial 

precancerous conditions and lesions in the stomach (MAPS II): European Society of 

Gastrointestinal Endoscopy (ESGE), European Helicobacter and Microbiota Study 

Group (EHMSG), European Society of Pathology (ESP), and Sociedade Portuguesa de 

Endoscopia Digestiva (SPED) guideline update 2019. Endoscopy. 2019;51(4):365-388. 

34. Areia M, Dinis-Ribeiro M, Rocha Goncalves F. Cost-utility analysis of endoscopic 

surveillance of patients with gastric premalignant conditions. Helicobacter. 

2014;19(6):425-436. 

35. Dinis-Ribeiro M, Shah S, El-Serag H, et al. The road to a world-unified approach to the 

management of patients with gastric intestinal metaplasia: a review of current 

guidelines. Gut. 2024;73(10):1607-1617. 

36. Marques-Silva L, Areia M, Elvas L, Dinis-Ribeiro M. Prevalence of gastric precancerous 

conditions: a systematic review and meta-analysis. Eur J Gastroenterol Hepatol. 

2014;26(4):378-387. 

37. de Klerk CM, Vendrig LM, Bossuyt PM, Dekker E. Participant-Related Risk Factors for 

False-Positive and False-Negative Fecal Immunochemical Tests in Colorectal Cancer 

Screening: Systematic Review and Meta-Analysis. Am J Gastroenterol. 

2018;113(12):1778-1787. 

38. Lee JK, Liles EG, Bent S, Levin TR, Corley DA. Accuracy of fecal immunochemical tests 

for colorectal cancer: systematic review and meta-analysis. Ann Intern Med. 

2014;160(3):171. 

39. Phuangrach N, Sarakarn P. The Accuracy of Fecal Immunochemical Test in Colorectal 

Cancer Screening: A Meta-Analysis. Asian Pac J Cancer Prev. 2022;23(3):759-766. 



  

180 

 

40. Brenner H, Heisser T, Cardoso R, Hoffmeister M. Reduction in colorectal cancer 

incidence by screening endoscopy. Nat Rev Gastroenterol Hepatol. 2024;21(2):125-

133. 

41. Bretthauer M, Loberg M, Wieszczy P, et al. Effect of Colonoscopy Screening on Risks 

of Colorectal Cancer and Related Death. N Engl J Med. 2022;387(17):1547-1556. 

42. Kaminski MF, Kraszewska E, Rupinski M, Laskowska M, Wieszczy P, Regula J. Design of 

the Polish Colonoscopy Screening Program: a randomized health services study. 

Endoscopy. 2015;47(12):1144-1150. 

43. Ola I, Cardoso R, Hoffmeister M, Brenner H. Utilization of colorectal cancer screening 

tests across European countries: a cross-sectional analysis of the European health 

interview survey 2018-2020. Lancet Reg Health Eur. 2024;41:100920. 

44. Albillos Martinez A, Lopez Cardona J, Crespo Garcia J, Carballo Alvarez F. Population 

screening for colorectal cancer in Spain - A public health success with remaining 

challenges. Rev Esp Enferm Dig. 2024;116. 

45. World Health Organization - Regional Office for Europe. A short guide to cancer 

screening - Increase effectiveness, maximize benefits and minimize harm. 2022. 

46. Issaka RB, Bell-Brown A, Jewell T, Jackson SL, Weiner BJ. Interventions to Increase 

Follow-Up of Abnormal Stool-Based Colorectal Cancer Screening Tests in Safety Net 

Settings: A Systematic Review. Clin Gastroenterol Hepatol. 2024;22(10):1967-1974 

e1963. 

47. van der Meulen MP, Toes-Zoutendijk E, Spaander MCW, et al. Socioeconomic 

differences in participation and diagnostic yield within the Dutch national colorectal 

cancer screening programme with faecal immunochemical testing. PLoS One. 

2022;17(2):e0264067. 



  

181 

 

48. Pallesen AVJ, Herrstedt J, Westendorp RGJ, Mortensen LH, Kristiansen M. Differential 

effects of colorectal cancer screening across sociodemographic groups in Denmark: a 

register-based study. Acta Oncol. 2021;60(3):323-332. 

49. Cooper GS, Grimes A, Werner J, Cao S, Fu P, Stange KC. Barriers to Follow-Up 

Colonoscopy After Positive FIT or Multitarget Stool DNA Testing. J Am Board Fam 

Med. 2021;34(1):61-69. 

50. Hoeck S, van de Veerdonk W, De Brabander I. Do socioeconomic factors play a role in 

nonadherence to follow-up colonoscopy after a positive faecal immunochemical test 

in the Flemish colorectal cancer screening programme? Eur J Cancer Prev. 

2020;29(2):119-126. 

51. Eisinger F, Cals L, Calazel-Benque A, et al. Impact of organised programs on colorectal 

cancer screening. BMC Cancer. 2008;8:104. 

52. Senore C, Lansdorp-Vogelaar I, de Jonge L, Rabeneck L. Rationale for organized 

Colorectal cancer screening programs. Best Pract Res Clin Gastroenterol. 

2023;66:101850. 

53. European Parliament (2010). Written declaration on fighting colorectal cancer in the 

European Union. Available at 

http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-

//EP//NONSGML+WDECL+P7-DCL-2010-0068+0+DOC+PDF+V0//EN&language=EN. 

54. Vuik FE, Nieuwenburg SA, Bardou M, et al. Increasing incidence of colorectal cancer 

in young adults in Europe over the last 25 years. Gut. 2019;68(10):1820-1826. 

55. Albers B, Auer R, Caci L, et al. Implementing organized colorectal cancer screening 

programs in Europe-protocol for a systematic review of determinants and strategies. 

Syst Rev. 2023;12(1):26. 

http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//NONSGML+WDECL+P7-DCL-2010-0068+0+DOC+PDF+V0//EN&language=EN
http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//NONSGML+WDECL+P7-DCL-2010-0068+0+DOC+PDF+V0//EN&language=EN


  

182 

 

56. Bissig S, Syrogiannouli L, Schneider R, et al. Change in colorectal cancer (CRC) testing 

rates associated with the introduction of the first organized screening program in 

canton Uri, Switzerland: Evidence from insurance claims data analyses from 2010 to 

2018. Prev Med Rep. 2022;28:101851. 

57. Gac A, Kedzior KJ, Pogorzelczyk K, et al. Patients' Expectations and Preferences for the 

Organizational Conditions of the Colorectal Cancer Screening Programme in Poland: 

A Qualitative Analysis. Healthcare (Basel). 2023;11(3). 

58. Gheorghe C, Bunduc S. The Colorectal Cancer Screening Program in Romania - 

ROCCAS - is Ready for the Implementation at National Level. J Gastrointestin Liver Dis. 

2023;32(4):427-430. 

59. Ponti A, Anttila A, Ronco G, Senore C, Basu P, Segnan N. Against Cancer. Cancer 

screening in the European Union. Report on the implementation of the Council 

Recommendation on cancer screening. Brussels, Belgium: European Commission. . 

2017. 

60. International Agency for Research on Cancer (IARC). Colorectal cancer screening. 

IARC Handb Cancer Prev. 2019:17:11–300. 

61. Csanadi M, Gini A, Koning H, et al. Modeling costs and benefits of the organized 

colorectal cancer screening programme and its potential future improvements in 

Hungary. J Med Screen. 2021;28(3):268-276. 

62. Manuc M, Diculescu M, Dumitru E, et al. Introducing Colorectal Cancer Screening in 

Romania - Preliminary Results from the Regional Pilot Programs (ROCCAS). J 

Gastrointestin Liver Dis. 2024;33(1):37-43. 

63. Bhargava S, Czapka E, Hofvind S, Kristiansen M, Diaz E, Berstad P. Polish immigrants' 

access to colorectal cancer screening in Norway - a qualitative study. BMC Health Serv 

Res. 2022;22(1):1332. 



  

183 

 

64. OECD. EU country cancer profile: Italy 2023, EU country cancer profiles. Paris: OECD 

Publishing. 2023. 

65. Maida M, Annibale B, Benedetti A, et al. Quality of endoscopic screening for 

colorectal cancer in Italy: A national survey. Dig Liver Dis. 2022;54(10):1410-1418. 

66. Ngo O, Hejcmanova K, Suchanek S, et al. Coverage by examinations associated with 

early detection of colorectal neoplasia in the Czech Republic. Eur J Public Health. 

2023;33(3):515-521. 

67. Hempel-Bruder C, Syrogiannouli L, Schneider R, et al. Colorectal cancer testing rates 

after implementation of an organised screening programme in Vaud, Switzerland. 

Swiss Med Wkly. 2023;153:40054. 

68. Kooyker AI, Toes-Zoutendijk E, Opstal-van Winden AWJ, et al. The second round of 

the Dutch colorectal cancer screening program: Impact of an increased fecal 

immunochemical test cut-off level on yield of screening. Int J Cancer. 

2020;147(4):1098-1106. 

69. Tepes B, Stefanovic M, Stabuc B, Mlakar DN, Grazio SF, Zakotnik JM. Quality Control 

in the Slovenian National Colorectal Cancer Screening Program. Dig Dis. 

2022;40(2):187-197. 

70. Phillipsen S, Weltz LK, Dressler J, et al. Barriers for Participation in the Danish 

Colorectal Cancer Screening Program: a Qualitative Study. J Gastrointest Cancer. 

2023;54(3):873-881. 

71. Council of the European Union. Council recommendation on strengthening 

prevention through early detection: a new EU approach on cancer screening 

replacing Council Recommendation 2003/878/EC – adoption.  . 



  

184 

 

72. Bourmaud A, Benoist Y, Tinquaut F, et al. Patient navigation for colorectal cancer 

screening in deprived areas: the COLONAV cluster randomized controlled trial. BMC 

Cancer. 2023;23(1):21. 

73. Participation au programme de dépistage organisé du cancer colorectal. Période 

2022-2023 et évolution depuis 2010. Santé publique 

France.www.santepubliquefrance.fr. 

74. Moutel G, Duchange N, Lievre A, et al. Low participation in organized colorectal 

cancer screening in France: underlying ethical issues. Eur J Cancer Prev. 

2019;28(1):27-32. 

75. Bucchi L, Mancini S, Baldacchini F, et al. How a faecal immunochemical test screening 

programme changes annual colorectal cancer incidence rates: an Italian intention-to-

screen study. Br J Cancer. 2022;127(3):541-548. 

76. Benazzato L, Zorzi M, Antonelli G, et al. Colonoscopy-related adverse events and 

mortality in an Italian organized colorectal cancer screening program. Endoscopy. 

2021;53(5):501-508. 

77. Albillos A, Carballo F, Crespo J. Situación actual del cribado poblacional de cáncer 

colorrectal en España. Madrid: Sociedad Española de Patología Digestiva. 2024 

78. Grega T, Ngo O, Ambrozova M, et al. Participation rate of the target population in 

colorectal cancer screening – results from the evaluation of the National Colorectal 

Cancer Screening Program in the Czech Republic. Endoscopy. 2024:S476-S477. 

79. Digestive Cancers Europe. White paper. Colorectal screening in Europe. Available 

from: https://www.digestivecancers.eu/wpcontent/uploads/2020/02/466-

Document-DiCEWhitePaper2019.pdf. 

https://uporto-my.sharepoint.com/Users/mariodinisribeiro/Library/Containers/com.apple.mail/Data/Library/Mail%20Downloads/81F2B03D-3609-4528-9EBD-ED42A63386C9/www.santepubliquefrance.fr
https://www.digestivecancers.eu/wpcontent/uploads/2020/02/466-Document-DiCEWhitePaper2019.pdf
https://www.digestivecancers.eu/wpcontent/uploads/2020/02/466-Document-DiCEWhitePaper2019.pdf


  

185 

 

80. Ebling Z, Ebling B, Juretić A, Gmajnić R, Strnad M. National Colorectal Cancer Early 

Detection Program: Overview Of Experience Gained Over The Last Seventeen Years 

(2007-2024). Lib Oncol. 2024(52(1)):33–40. 

81. Office of Health Improvement and Disparities. Bowel cancer screening uptake: aged 

60 to 74 years old. Available at: https://fingertips.phe.org.uk/search/bowel. 

82. Public Health Agency. Director of Public Health Core Tables 2021 - Supporting the 

Director of Public Health Annual Report 2022. Available at: 

https://www.publichealth.hscni.net/publications/director-public-health-core-

tables-2021. 

83. Public Health Scotland (2023). Scottish bowel screening programme statistics. 

Available at: https://publichealthscotland.scot/publications/scottish-bowel-

screening-programme-statistics/scottish-bowel-screening-programme-statistics-for-

the-period-of-invitations-from-may-2021-to-april-2023/. 

84. Public Health Wales (2022). Screening Division Inequities Report 2020-21. Available 

at: chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://phw.nhs.wales/news/men-

younger-people-and-those-living-in-the-more-deprived-communities-in-wales-

show-lower-uptake-of-life-saving-screening-services1/screening-division-inequities-

report-2020-21/  

85. Tepes B, Bracko M, Novak Mlakar D, et al. Results of the FIT-based National Colorectal 

Cancer Screening Program in Slovenia. J Clin Gastroenterol. 2017;51(6):e52-e59. 

86. OECD. EU country cancer profile: Malta 2023, EU country cancer profiles. Paris: OECD 

Publishing; 2023. Available at: https://www.oecd.org/en/publications/eu-country-

cancer-profile-malta-2023_cff97a9a-en.html. 

https://fingertips.phe.org.uk/search/bowel
https://www.publichealth.hscni.net/publications/director-public-health-core-tables-2021
https://www.publichealth.hscni.net/publications/director-public-health-core-tables-2021
https://publichealthscotland.scot/publications/scottish-bowel-screening-programme-statistics/scottish-bowel-screening-programme-statistics-for-the-period-of-invitations-from-may-2021-to-april-2023/
https://publichealthscotland.scot/publications/scottish-bowel-screening-programme-statistics/scottish-bowel-screening-programme-statistics-for-the-period-of-invitations-from-may-2021-to-april-2023/
https://publichealthscotland.scot/publications/scottish-bowel-screening-programme-statistics/scottish-bowel-screening-programme-statistics-for-the-period-of-invitations-from-may-2021-to-april-2023/
https://phw.nhs.wales/news/men-younger-people-and-those-living-in-the-more-deprived-communities-in-wales-show-lower-uptake-of-life-saving-screening-services1/screening-division-inequities-report-2020-21/
https://phw.nhs.wales/news/men-younger-people-and-those-living-in-the-more-deprived-communities-in-wales-show-lower-uptake-of-life-saving-screening-services1/screening-division-inequities-report-2020-21/
https://phw.nhs.wales/news/men-younger-people-and-those-living-in-the-more-deprived-communities-in-wales-show-lower-uptake-of-life-saving-screening-services1/screening-division-inequities-report-2020-21/
https://phw.nhs.wales/news/men-younger-people-and-those-living-in-the-more-deprived-communities-in-wales-show-lower-uptake-of-life-saving-screening-services1/screening-division-inequities-report-2020-21/
https://www.oecd.org/en/publications/eu-country-cancer-profile-malta-2023_cff97a9a-en.html
https://www.oecd.org/en/publications/eu-country-cancer-profile-malta-2023_cff97a9a-en.html


  

186 

 

87. Nielsen JB, Berg-Beckhoff G, Leppin A. To do or not to do - a survey study on factors 

associated with participating in the Danish screening program for colorectal cancer. 

BMC Health Serv Res. 2021;21(1):43. 

88. Dulskas A, Poskus T, Kildusiene I, et al. National Colorectal Cancer Screening Program 

in Lithuania: Description of the 5-Year Performance on Population Level. Cancers 

(Basel). 2021;13(5). 

89. Rutka M, Bor R, Molnar T, et al. Efficacy of the population-based pilot colorectal 

cancer screening, Csongrad county, Hungary, 2015. Turk J Med Sci. 2020;50(4):756-

763. 

90. Babela R, Orsagh A, Ricova J, et al. Cost-effectiveness of colorectal cancer screening 

in Slovakia. Eur J Cancer Prev. 2022;31(5):415-421. 

91. Ministère de la Santé. Dépistage du cancer colorectal. Sante.lu. Available from: 

https://sante.public.lu/fr/espace-professionnel/domaines/cancer-colorectal-

depistage.html. 

92. Reima H, Soplepmann J, Elme A, et al. Changes in the quality of care of colorectal 

cancer in Estonia: a population-based high-resolution study. BMJ Open. 

2020;10(10):e035556. 

93. OECD. EU Country Cancer Profile: Estonia 2023. OECD Publishing; 2023. Available at: 

https://doi.org/10.1787/8434f41c-en. 

94. OECD. (2023). Colorectal cancer screening coverage, 2011 and 2021 (or nearest year). 

In Health at a Glance 2023: OECD Indicators. OECD iLibrary. Available at: 

https://doi.org/10.1787/health_glance-2023-en. 

https://sante.public.lu/fr/espace-professionnel/domaines/cancer-colorectal-depistage.html
https://sante.public.lu/fr/espace-professionnel/domaines/cancer-colorectal-depistage.html
https://doi.org/10.1787/8434f41c-en
https://doi.org/10.1787/health_glance-2023-en


  

187 

 

95. Eurostat. (2023). Colorectal cancer screening. Eurostat Statistics Explained. Available 

at: https://ec.europa.eu/eurostat/statistics-

explained/index.php?oldid=627334#Colorectal_cancer_screening. 

96. Belgian Health Care Knowledge Centre, 2024. KCE Report 376: Performance of the 

Belgian health system – report 2024. Available at: https://www.kce.fgov.be. 

97. O'Donoghue D, Sheahan K, MacMathuna P, et al. A National Bowel Cancer Screening 

Programme using FIT: Achievements and Challenges. Cancer Prev Res (Phila). 

2019;12(2):89-94. 

98. Health Service Executive. (2023). BowelScreen Programme Report 2020-2021. Health 

Service Executive. Available at: 

https://www2.healthservice.hse.ie/organisation/nss/news/uptake-rates-of-bowel-

screening-increasing-year-on-year-new-report-shows/. 

99. Jovanovic V, Bankovic-Lazarevic D. Organized colorectal cancer screening program: 

experience from Serbia, COLOMED; 2017. Available at: 

https://www.researchgate.net/publication/341152055_Organized_colorectal_cance

r_screening_program_experience_from_Serbia_COLOMED_Rome_2017. 

100. Scepanovic M, Jovanovic O, Keber D, et al. Faecal occult blood screening for colorectal 

cancer in Serbia: a pilot study. Eur J Cancer Prev. 2017;26(3):195-200. 

101. Wangmar J, Wengstrom Y, Jervaeus A, Hultcrantz R, Fritzell K. Decision-making about 

participation in colorectal cancer screening in Sweden: Autonomous, value-

dependent but uninformed? Patient Educ Couns. 2021;104(4):919-926. 

102. Sarkeala T, Farkkila M, Anttila A, et al. Piloting gender-oriented colorectal cancer 

screening with a faecal immunochemical test: population-based registry study from 

Finland. BMJ Open. 2021;11(2):e046667. 

https://ec.europa.eu/eurostat/statistics-explained/index.php?oldid=627334#Colorectal_cancer_screening
https://ec.europa.eu/eurostat/statistics-explained/index.php?oldid=627334#Colorectal_cancer_screening
https://www.kce.fgov.be/
https://www2.healthservice.hse.ie/organisation/nss/news/uptake-rates-of-bowel-screening-increasing-year-on-year-new-report-shows/
https://www2.healthservice.hse.ie/organisation/nss/news/uptake-rates-of-bowel-screening-increasing-year-on-year-new-report-shows/
https://www.researchgate.net/publication/341152055_Organized_colorectal_cancer_screening_program_experience_from_Serbia_COLOMED_Rome_2017
https://www.researchgate.net/publication/341152055_Organized_colorectal_cancer_screening_program_experience_from_Serbia_COLOMED_Rome_2017


  

188 

 

103. Botteri E, Hoff G, Randel KR, et al. Characteristics of nonparticipants in a randomised 

colorectal cancer screening trial comparing sigmoidoscopy and faecal 

immunochemical testing. Int J Cancer. 2022;151(3):361-371. 

104. Guo F, Chen C, Schottker B, Holleczek B, Hoffmeister M, Brenner H. Changes in 

colorectal cancer screening use after introduction of alternative screening offer in 

Germany: Prospective cohort study. Int J Cancer. 2020;146(9):2423-2432. 

105. Brezina S, Leeb G, Baierl A, et al. Evaluation of the "Burgenland PREvention trial of 

colorectal cancer Disease with ImmunologiCal Testing" (B-PREDICT)-a population-

based colorectal cancer screening program. BMC Gastroenterol. 2024;24(1):149. 

106. Gartlehner G, Schernhammer E, Lax SF, et al. Screening for colorectal cancer : A 

recommendation statement of the Austrian National Committee for Cancer 

Screening. Wien Klin Wochenschr. 2023;135(17-18):447-455. 

107. OECD. EU country cancer profile: Greece 2023, EU country cancer profiles. Paris: 

OECD Publishing; 2023. Available at: https://doi.org/10.1787/30b7e1f9-en. 

108. Cancer CPA. Breast Cancer Screening in Canada: Monitoring and Evaluation of Quality 

Indicators–Results Report, January 2011 to December 2012. In: Canadian Partnership 

Against Cancer Toronto, ON; 2017. 

109. Darvishian M, Moustaqim-Barrette A, Awadalla P, et al. Provincial variation in 

colorectal cancer screening adherence in Canada; evidence from the Canadian 

Partnership for Tomorrow's Health. Front Oncol. 2023;13:1113907. 

110. Levin TR, Corley DA, Jensen CD, et al. Effects of Organized Colorectal Cancer Screening 

on Cancer Incidence and Mortality in a Large Community-Based Population. 

Gastroenterology. 2018;155(5):1383-1391 e1385. 

https://doi.org/10.1787/30b7e1f9-en


  

189 

 

111. Rajan SS, Sarvepalli S, Wei L, et al. Medical Home Implementation and Follow-Up of 

Cancer-Related Abnormal Test Results in the Veterans Health Administration. JAMA 

Netw Open. 2024;7(3):e240087. 

112. DeGroff A, Sharma K, Satsangi A, et al. Increasing Colorectal Cancer Screening in 

Health Care Systems Using Evidence-Based Interventions. Prev Chronic Dis. 

2018;15:E100. 

113. Klabunde CN, Joseph DA, King JB, White A, Plescia M. Vital signs: colorectal cancer 

screening test use—United States, 2012. Morbidity and Mortality Weekly Report. 

2013;62(44):881. 

114. ACS. Colorectal cancer facts & figures 2017-2019. Atlanta (GA), USA: American Cancer 

Society. 2017. 

115. Tiankanon K, Aniwan S, Rerknimitr R. Current Status of Colorectal Cancer and Its 

Public Health Burden in Thailand. Clin Endosc. 2021;54(4):499-504. 

116. Park B, Her EY, Lee K, et al. Overview of the National Cancer Screening Program for 

Colorectal Cancer in Korea over 14 Years (2004-2017). Cancer Res Treat. 

2023;55(3):910-917. 

117. Chiu HM, Jen GH, Wang YW, et al. Long-term effectiveness of faecal immunochemical 

test screening for proximal and distal colorectal cancers. Gut. 2021;70(12):2321-

2329. 

118. Machii R, Takahashi H, Miyazawa J, Nakayama T. Cancer screening in Japan 2 years 

after the COVID-19 pandemic: Changes in participation, 2017-2021. Prev Med Rep. 

2024;39:102649. 



  

190 

 

119. Fernández NE, Enrique CI. Prueba piloto para la implementación del Programa 

Nacional de Prevención y Detección Temprana de Cáncer Colorrectal en Entre Ríos. 

Revista Argentina de Salud Pública. 2021;13:131-140 %@ 1853-1810X. 

120. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortality worldwide: 

sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer. 

2015;136(5):E359-386. 

121. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates 

of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J 

Clin. 2021;71(3):209-249. 

122. Januszewicz W, Turkot MH, Malfertheiner P, Regula J. A Global Perspective on Gastric 

Cancer Screening: Which Concepts Are Feasible, and When? Cancers (Basel). 

2023;15(3). 

123. Li D, Morgan DR, Corral JE, Montgomery EA, Riquelme A, Shah SC. Gastric Cancer 

Screening in the United States: A Review of Current Evidence, Challenges, and Future 

Perspectives. Am J Gastroenterol. 2025;120(4):765-777. 

124. Hamashima C, Shibuya D, Yamazaki H, et al. The Japanese guidelines for gastric cancer 

screening. Jpn J Clin Oncol. 2008;38(4):259-267. 

125. Russo AE, Strong VE. Gastric Cancer Etiology and Management in Asia and the West. 

Annu Rev Med. 2019;70:353-367. 

126. Zhang X, Li M, Chen S, et al. Endoscopic Screening in Asian Countries Is Associated 

With Reduced Gastric Cancer Mortality: A Meta-analysis and Systematic Review. 

Gastroenterology. 2018;155(2):347-354 e349. 

127. Zagari RM, Rabitti S, Greenwood DC, Eusebi LH, Vestito A, Bazzoli F. Systematic review 

with meta-analysis: diagnostic performance of the combination of pepsinogen, 



  

191 

 

gastrin-17 and anti-Helicobacter pylori antibodies serum assays for the diagnosis of 

atrophic gastritis. Aliment Pharmacol Ther. 2017;46(7):657-667. 

128. Faria L, Silva JC, Rodriguez-Carrasco M, Pimentel-Nunes P, Dinis-Ribeiro M, Libanio D. 

Gastric cancer screening: a systematic review and meta-analysis. Scand J 

Gastroenterol. 2022;57(10):1178-1188. 

129. Tepes B, Seruga M, Vujasinovic M, et al. Premalignant Gastric Lesions in Patients 

Included in National Colorectal Cancer Screening. Radiol Oncol. 2018;52(1):7-13. 

130. Nakamura Y, Takeshita M, Hirota Y, et al. An evaluation of gastric cancer screening 

program in Hisayama, Japan. Gastroenterol Jpn. 1977;12(6):427-434. 

131. E. PBLHCKLYJJP. Cancer Screening in Korea, 2010: Results From the Korean National 

Cancer Screening Survey. Asian Pac J Cancer Prev. 2011;12(8):2123-2128. 

132. Zhang J, Cheng Z, Ma Y, et al. Effectiveness of Screening Modalities in Colorectal 

Cancer: A Network Meta-Analysis. Clin Colorectal Cancer. 2017;16(4):252-263. 

133. Morgan DR, Corral JE, Li D, et al. ACG Clinical Guideline: Diagnosis and Management 

of Gastric Premalignant Conditions. Am J Gastroenterol. 2025;120(4):709-737. 

134. Le Bonniec A, Meade O, Fredrix M, et al. Exploring non-participation in colorectal 

cancer screening: A systematic review of qualitative studies. Soc Sci Med. 

2023;329:116022. 

135. Force USPST, Davidson KW, Barry MJ, et al. Screening for Colorectal Cancer: US 

Preventive Services Task Force Recommendation Statement. JAMA. 

2021;325(19):1965-1977. 

136. Robertson DJ, Lee JK, Boland CR, et al. Recommendations on Fecal Immunochemical 

Testing to Screen for Colorectal Neoplasia: A Consensus Statement by the US Multi-



  

192 

 

Society Task Force on Colorectal Cancer. Gastroenterology. 2017;152(5):1217-1237 

e1213. 

137. Toes-Zoutendijk E, van Leerdam ME, Dekker E, et al. Real-Time Monitoring of Results 

During First Year of Dutch Colorectal Cancer Screening Program and Optimization by 

Altering Fecal Immunochemical Test Cut-Off Levels. Gastroenterology. 

2017;152(4):767-775 e762. 

138. Green BB, Baldwin LM, West, II, Schwartz M, Coronado GD. Low Rates of Colonoscopy 

Follow-up After a Positive Fecal Immunochemical Test in a Medicaid Health Plan 

Delivered Mailed Colorectal Cancer Screening Program. J Prim Care Community 

Health. 2020;11:2150132720958525. 

139. Subramanian S, Tangka FKL, Hoover S, et al. Optimizing tracking and completion of 

follow-up colonoscopy after abnormal stool tests at health systems participating in 

the Centers for Disease Control and Prevention's Colorectal Cancer Control Program. 

Cancer Causes Control. 2024. 

140. Jodal HC, Helsingen LM, Anderson JC, Lytvyn L, Vandvik PO, Emilsson L. Colorectal 

cancer screening with faecal testing, sigmoidoscopy or colonoscopy: a systematic 

review and network meta-analysis. BMJ Open. 2019;9(10):e032773. 

141. Hassan C, East J, Radaelli F, et al. Bowel preparation for colonoscopy: European 

Society of Gastrointestinal Endoscopy (ESGE) Guideline - Update 2019. Endoscopy. 

2019;51(8):775-794. 

142. Oh HM, Cha JM, Shin S, Park J, Cho D, Choi S. Medico-legal implications for the colon 

perforation during colonoscopy. J Forensic Leg Med. 2021;80:102185. 

143. Kaminski MF, Bretthauer M, Zauber AG, et al. The NordICC Study: rationale and design 

of a randomized trial on colonoscopy screening for colorectal cancer. Endoscopy. 

2012;44(7):695-702. 



  

193 

 

144. Quintero E, Castells A, Bujanda L, et al. Colonoscopy versus fecal immunochemical 

testing in colorectal-cancer screening. N Engl J Med. 2012;366(8):697-706. 

145. Forsberg A, Westerberg M, Metcalfe C, et al. Once-only colonoscopy or two rounds 

of faecal immunochemical testing 2 years apart for colorectal cancer screening 

(SCREESCO): preliminary report of a randomised controlled trial. Lancet 

Gastroenterol Hepatol. 2022;7(6):513-521. 

146. Coronado GD, Jenkins CL, Shuster E, et al. Blood-based colorectal cancer screening in 

an integrated health system: a randomised trial of patient adherence. Gut. 

2024;73(4):622-628. 

147. Leja M. Where are we with gastric cancer screening in Europe in 2024? Gut. 

2024;73(12):2074-2082. 

148. Leja M. Where are we with gastric cancer screening in Europe in 2024? Gut. 2024. 

149. Gasenko E, Bogdanova I, Sjomina O, et al. Assessing the utility of pepsinogens and 

gastrin-17 in gastric cancer detection. Eur J Cancer Prev. 2023;32(5):478-484. 

150. Liou JM, Jiang XT, Chen CC, et al. Second-line levofloxacin-based quadruple therapy 

versus bismuth-based quadruple therapy for Helicobacter pylori eradication and 

long-term changes to the gut microbiota and antibiotic resistome: a multicentre, 

open-label, randomised controlled trial. Lancet Gastroenterol Hepatol. 

2023;8(3):228-241. 

151. Waters E, A. M, Cameron L. Perceived Risk and its Relationship to Health-Related 

Decisions and Behavior. The Oxford Handbook of Health Communication, Behavior 

Change, and Treatment Adherence, Oxford Library of Psychology. 2013. 



  

194 

 

152. Rouyard T, Kent S, Baskerville R, Leal J, Gray A. Perceptions of risks for diabetes-

related complications in Type 2 diabetes populations: a systematic review. Diabet 

Med. 2017;34(4):467-477. 

153. Cameron L. Conceptualizing and assessing risk perceptions: a selfregulatory 

perspective. National Cancer Institute workshop on conceptualizing and measuring 

risk perception. Washington, DC, 2003. Available at 

http://cancercontrol.cancer.gov/brp/research/theories_project/cameron.pdf. 

154. Floyd DL, Prentice-Dunn S, Rogers RW. A meta-analysis of research on protection 

motivation theory. Journal of applied social psychology. 2000;30(2):407-429 %@ 

0021-9029. 

155. Milne S, Sheeran P, Orbell S. Prediction and intervention in health-related behavior: 

A meta-analytic review of protection motivation theory. Journal of applied social 

psychology. 2000;30(1):106-143 %@ 0021-9029. 

156. Rountree L, Fukuoka Y, Sagae K, et al. Perceived Susceptibility to and Severity of 

Cardiovascular Disease Is Associated With Intent to Change Behavior Among Women 

25-55 Years Old. J Cardiovasc Nurs. 2024. 

157. van Doren TP, Brown RA, Izenberg M, Simmons C, Heintz R, Busch L. Risk perception 

and reappraisal during the COVID-19 pandemic in southeast Alaska: Self-identified 

determinants of risk and protective health behaviors. Soc Sci Med. 2024;361:117378. 

158. Oo TAA, Romo ML, George G, et al. Using the Health Belief Model to Understand Why 

Making Oral HIV Self-Testing Available to Truck Drivers in Kenya Had Little Impact on 

Six-Month Testing. AIDS Behav. 2024. 

159. Milic M, Gazibara T, Dotlic J, et al. Risk Perception About HIV Among University 

Students in One of the Last Hotspots for HIV Transmission in Europe. J Epidemiol Glob 

Health. 2023;13(4):794-806. 

http://cancercontrol.cancer.gov/brp/research/theories_project/cameron.pdf


  

195 

 

160. Duzova US, Kaplan Serin E, Mutlu A, et al. The Effect of Cervical Cancer and Human 

Papillomavirus Vaccine Education on Vaccination Perception in University Students: 

A Quasi-Experimental Controlled Educational Intervention. J Adolesc Young Adult 

Oncol. 2024. 

161. Sivell S, Elwyn G, Gaff CL, et al. How risk is perceived, constructed and interpreted by 

clients in clinical genetics, and the effects on decision making: systematic review. J 

Genet Couns. 2008;17(1):30-63 %@ 1059-7700. 

162. Gerrard M, Gibbons FX, Bushman BJ. Relation between perceived vulnerability to HIV 

and precautionary sexual behavior. Psychological bulletin. 1996;119(3):390 %@ 

1939-1455. 

163. Weinstein ND. Testing four competing theories of health-protective behavior. Health 

psychology. 1993;12(4):324 %@ 1930-7810. 

164. Weinstein ND, Nicolich M. Correct and incorrect interpretations of correlations 

between risk perceptions and risk behaviors. Health psychology. 1993;12(3):235 %@ 

1930-7810. 

165. Weinstein ND, Rothman AJ, Nicolich M. Use of correlational data to examine the 

effects of risk perceptions on precautionary behavior. Psychology and Health. 

1998;13(3):479-501 %@ 0887-0446. 

166. Kaminski MF, Thomas-Gibson S, Bugajski M, et al. Performance measures for lower 

gastrointestinal endoscopy: a European Society of Gastrointestinal Endoscopy (ESGE) 

Quality Improvement Initiative. Endoscopy. 2017;49(4):378-397. 

167. Vives N, Travier N, Farre A, et al. Effectiveness and Acceptability of Targeted Text 

Message Reminders in Colorectal Cancer Screening: Randomized Controlled Trial (M-

TICS Study). JMIR Public Health Surveill. 2024;10:e57959. 



  

196 

 

168. Mehta SJ, Palat S, McDonald C, et al. A Randomized Trial of Choice Architecture and 

Mailed Colorectal Cancer Screening Outreach in a Community Health Setting. Clin 

Gastroenterol Hepatol. 2024;22(10):2117-2124 e2112. 

169. Rawl SM, Perkins SM, Tong Y, et al. Patient Navigation Plus Tailored Digital Video Disc 

Increases Colorectal Cancer Screening Among Low-Income and Minority Patients 

Who Did Not Attend a Scheduled Screening Colonoscopy: A Randomized Trial. Ann 

Behav Med. 2024;58(5):314-327. 

170. Nelson HD, Cantor A, Wagner J, et al. Effectiveness of Patient Navigation to Increase 

Cancer Screening in Populations Adversely Affected by Health Disparities: a Meta-

analysis. J Gen Intern Med. 2020;35(10):3026-3035. 

171. Issaka RB, Bell-Brown A, Jewell T, Jackson SL, Weiner BJ. Interventions to Increase 

Follow-Up of Abnormal Stool-Based Colorectal Cancer Screening Tests in Safety Net 

Settings: A Systematic Review. Gastroenterology. 2024;167(5):826-833 e823. 

172. Rubin L, Okitondo C, Haines L, Ebell M. Interventions to increase colorectal cancer 

screening adherence in low-income settings within the United States: A systematic 

review and meta-analysis. Prev Med. 2023;172:107522. 

173. Doubeni CA, Corley DA, Jensen CD, et al. Fecal Immunochemical Test Screening and 

Risk of Colorectal Cancer Death. JAMA Netw Open. 2024;7(7):e2423671. 

174. Zhong GC, Sun WP, Wan L, Hu JJ, Hao FB. Efficacy and cost-effectiveness of fecal 

immunochemical test versus colonoscopy in colorectal cancer screening: a systematic 

review and meta-analysis. Gastrointest Endosc. 2020;91(3):684-697 e615. 

175. Xu Z, Yang J, He J, et al. Yield and Effectiveness of 2-Sample Fecal Immunochemical 

Test-Based Screening Program for Colorectal Cancer. Clin Gastroenterol Hepatol. 

2025;23(7):1238-1246 e1236. 



  

197 

 

176. Leja M, You W, Camargo MC, Saito H. Implementation of gastric cancer screening - 

the global experience. Best Pract Res Clin Gastroenterol. 2014;28(6):1093-1106. 

177. Park JY, Georges D, Alberts CJ, Bray F, Clifford G, Baussano I. Global lifetime estimates 

of expected and preventable gastric cancers across 185 countries. Nat Med. 2025. 

178. Jung YS, Lee J, Moon CM. Positive Fecal Immunochemical Test Results Are Associated 

with Increased Risks of Esophageal, Stomach, and Small Intestine Cancers. J Clin Med. 

2020;9(7). 

179. Bisschops R, Areia M, Coron E, et al. Performance measures for upper gastrointestinal 

endoscopy: a European Society of Gastrointestinal Endoscopy (ESGE) Quality 

Improvement Initiative. Endoscopy. 2016(Sep;48(9)):843-864. 

180. Almadi MA, Alghamdi F. The gap between knowledge and undergoing colorectal 

cancer screening using the Health Belief Model: A national survey. Saudi J 

Gastroenterol. 2019;25(1):27-39. 

181. McClam M, Workman L, Walker TJ, et al. Organizational readiness for 

implementation: a qualitative assessment to explain survey responses. BMC Health 

Serv Res. 2025;25(1):36. 

182. Huang Z, Hu Z, Wong LP, Lin Y. Determinants of gastric cancer screening attendance 

in Southeastern China: a cross-sectional study. BMJ Open. 2023;13(7):e073925. 

183. Liu Q, Zeng X, Wang W, et al. Awareness of risk factors and warning symptoms and 

attitude towards gastric cancer screening among the general public in China: a cross-

sectional study. BMJ Open. 2019;9(7):e029638. 

184. Hatamian S, Etesam S, Mazidimoradi A, Momenimovahed Z, Salehiniya H. The 

Barriers and Facilitators of Gastric Cancer Screening: a Systematic Review. J 

Gastrointest Cancer. 2021;52(3):839-845. 



  

198 

 

185. Ziegler M, Schubring-Giese B, Buhner M, Kolligs FT. Attitude to secondary prevention 

and concerns about colonoscopy are independent predictors of acceptance of 

screening colonoscopy. Digestion. 2010;81(2):120-126. 

186. Schwartz P, Edenberg E, Barrett P, Perkins S, Meslin E, Imperiale T. Patient 

understanding of benefits, risks, and alternatives to screening colonoscopy. Fam 

Med. 2013 45(2):83-89. 

187. Silva JC, Dinis-Ribeiro M, Tavares F, Libanio D. Adherence, risk perception, and 

attitudes towards colorectal cancer screening: A road to individualized screening? Dig 

Liver Dis. 2024. 

188. Schreuders EH, Ruco A, Rabeneck L, et al. Colorectal cancer screening: a global 

overview of existing programmes. Gut. 2015;64(10):1637-1649. 

189. Robertson DJ, Dominitz JA, Beed A, et al. Baseline Features and Reasons for 

Nonparticipation in the Colonoscopy Versus Fecal Immunochemical Test in Reducing 

Mortality From Colorectal Cancer (CONFIRM) Study, a Colorectal Cancer Screening 

Trial. JAMA Netw Open. 2023;6(7):e2321730. 

190. Young BR, Gwede CK, Thomas B, et al. A Systematic Review of U.S.-Based Colorectal 

Cancer Screening Uptake Intervention Systematic Reviews: Available Evidence and 

Lessons Learned for Research and Practice. Front Public Health. 2019;7:145. 

191. Makaroff KE, Shergill J, Lauzon M, et al. Patient Preferences for Colorectal Cancer 

Screening Tests in Light of Lowering the Screening Age to 45 Years. Clin Gastroenterol 

Hepatol. 2023;21(2):520-531 e510. 

192. Zhu X, Parks PD, Weiser E, et al. National Survey of Patient Factors Associated with 

Colorectal Cancer Screening Preferences. Cancer Prev Res (Phila). 2021;14(5):603-

614. 



  

199 

 

193. Dominitz JA, Robertson DJ, Ahnen DJ, et al. Colonoscopy vs. Fecal Immunochemical 

Test in Reducing Mortality From Colorectal Cancer (CONFIRM): Rationale for Study 

Design. Am J Gastroenterol. 2017;112(11):1736-1746. 

194. Silva JC, Dinis-Ribeiro M, Tavares F, Libânio D. Exploring the perceived risk of 

complications in endoscopic screening procedures. GE - Portuguese Journal of 

Gastroenterology. 2024:1-17. 

195. Shrank WH, Patrick AR, Brookhart MA. Healthy user and related biases in 

observational studies of preventive interventions: a primer for physicians. J Gen 

Intern Med. 2011;26(5):546-550. 

196. Kinjo M, Chia-Cheng Lai E, Korhonen MJ, McGill RL, Setoguchi S. Potential 

contribution of lifestyle and socioeconomic factors to healthy user bias in 

antihypertensives and lipid-lowering drugs. Open Heart. 2017;4(1):e000417. 

197. Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment 

methods. J Multidiscip Healthc. 2016;9:211-217. 

198. Manem N, Donovan K, Miller D, et al. Open-access colonoscopy quality indicators and 

patient perception using split-dose bowel preparation. JGH Open. 2021;5(5):563-567. 

199. Ding H, Lin J, Xu Z, et al. The association between organised colorectal cancer 

screening strategies and reduction of its related mortality: a systematic review and 

meta-analysis. BMC Cancer. 2024;24(1):365. 

200. Lu YF, Liu ZC, Li ZH, et al. Esophageal/gastric cancer screening in high-risk populations 

in Henan Province, China. Asian Pac J Cancer Prev. 2014;15(3):1419-1422. 

201. Wang J, Zhou X, Zhu H, et al. Participation and Yield of Gastric Cancer Screening 

Programs: A Systematic Review and Meta-analysis. Clin Gastroenterol Hepatol. 2025. 



  

200 

 

202. Mourato MB, Pratas N, Branco Pereira A, et al. Effectiveness of Gastric Cancer 

Endoscopic Screening in Intermediate-Risk Countries-A Systematic Review and Meta-

Analysis. United European Gastroenterol J. 2025. 

203. Inoki K, Chiba T, Miura K, et al. When Endoscopic Sedation is Not an Option: Insights 

From a Multicenter on-site Survey on Tolerance for Japanese Gastric Cancer 

Screening. DEN Open. 2026;6(1):e70179. 

204. 김영일, 최일주. 위암 검진사업 현황. 대한의사협회지.  2022;65(5):250-257 %@ 

1975-8456. 

205. Silva JC, Dinis-Ribeiro M, Tavares F, Libanio D. Gastric Cancer Screening: Intention to 

Adhere and Patients' Perspective. Helicobacter. 2024;29(5):e13135. 

206. Mourato MB, Pratas N, Branco Pereira A, et al. Gastric Cancer Endoscopic Screening 

in an Intermediate-Risk Country-A Dual-Center Pilot Program. Helicobacter. 

2025;30(4):e70061. 

207. Park B, Lee H-Y, Choi KS, Lee YY, Jun JK, Park E-C. Cancer Screening in Korea, 2010: 

Results from the Korean National Cancer Screening Survey. Asian Pac J Cancer Prev. 

2011(12(8)):2123-2128. 

208. Shin JY, Lee DH. Factors associated with the use of gastric cancer screening services 

in Korea: the Fourth Korea National Health and Nutrition Examination Survey 2008 

(KNHANES IV). Asian Pac J Cancer Prev. 2012;13(8):3773-3779. 

209. Bisschops R, Areia M, Coron E, et al. Performance measures for upper gastrointestinal 

endoscopy: a European Society of Gastrointestinal Endoscopy (ESGE) Quality 

Improvement Initiative. Endoscopy. 2016;48(9):843-864. 



  

201 

 

210. Durkin SJ, Broun K, Spittal MJ, Wakefield MA. Impact of a mass media campaign on 

participation rates in a National Bowel Cancer Screening Program: a field experiment. 

BMJ Open. 2019;9(1):e024267. 

211. Riccardi MT, Heidar Alizadeh A, Costigliolo BM, et al. Implementing mHealth Apps 

Through Community Engagement to Promote Cancer Screening: A Scoping Review. 

Healthcare (Basel). 2025;13(10). 

212. Cazorla G, Redmond NM, Lamouroux A, et al. Acceptability and implementation 

potential of colorectal cancer screening and health literacy training: A qualitative 

study among general practitioners in deprived areas. PLoS One. 

2025;20(2):e0317910. 

213. Vilaro MJ, Wilson-Howard DS, Neil JM, et al. A Subjective Culture Approach to Cancer 

Prevention: Rural Black and White Adults' Perceptions of Using Virtual Health 

Assistants to Promote Colorectal Cancer Screening. Health Commun. 

2022;37(9):1123-1134. 

214. Milne-Ives M, de Cock C, Lim E, et al. The Effectiveness of Artificial Intelligence 

Conversational Agents in Health Care: Systematic Review. J Med Internet Res. 

2020;22(10):e20346. 

  



  

202 

 

 

 

 


	1.pdf
	Abstract
	Introduction
	Methods
	Systematic review of gastric cancer screening programs
	Search strategy
	Eligibility criteria
	Outcomes and definitions
	Study selection
	Data extraction and quality evaluation
	Statistical analysis

	Cross-sectional assessment of ongoing gastric cancer screening programs

	Results
	Systematic review and meta-analysis of gastric cancer screening programs
	Effect of screening on GC mortality
	Diagnostic yield and diagnostic accuracy of the different screening methods
	Adherence rate and factors that influence adherence

	Cross-sectional assessment of ongoing gastric cancer screening programs

	Discussion
	Disclosure statement 
	Funding
	Orcid
	References


	3.pdf
	Adherence, risk perception, and attitudes towards colorectal cancer screening: A road to individualized screening?
	1 Introduction
	2 Methods
	2.1 Study design and procedures
	2.2 PERCEPT-PREVENT tool
	2.2.1 Sample size calculation and statistical analysis


	3 Results
	3.1 Study population and recruitment procedures
	3.2 Attitudes towards screening
	3.3 Non-adherence to CRC screening
	3.4 Knowledge and barriers to CRC screening
	3.5 Predictors of adherence and preference over the primary screening method
	3.6 Timing of the interview impact on risk perception

	4 Discussion
	Conflict of interest
	Author contributions
	Funding
	Acknowledgements
	Supplementary materials
	References


	4.pdf
	Author’s reply: “Improving screening participation: The need for socioeconomic considerations and psychological interventions in colorectal cancer programs”
	Declaration of competing interest
	References


	5.pdf
	Gastric Cancer Screening: Intention to Adhere and Patients' Perspective
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Design and Procedures
	2.2   |   PERCEPT-­PREVENT Tool
	2.3   |   Sample Size Calculation and Statistical Analysis

	3   |   Results
	3.1   |   Study Population and Recruitment Procedures
	3.2   |   Attitudes Toward Screening
	3.3   |   Knowledge and Barriers to GC Screening
	3.4   |   Predictors of Adherence to Combined Endoscopic Screening

	4   |   Discussion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement

	References


	6.pdf
	Exploring the Perceived Risk of Complications in Endoscopic Screening Procedures
	Introduction
	Materials and Methods
	Study Design and Procedures
	Percept-Prevent Tool
	Sample Size Calculation and Statistical Analysis

	Results
	Study Population and Recruitment Procedures
	Risk Perception of Endoscopy-Related Complications
	Impact of the Perceived Risk of Endoscopy-Related Complications on Screening Uptake

	Discussion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References


	8.pdf
	Impact of a FIT Based Colorectal Cancer Screening Program on Gastric Cancer Incidence, Early Diagnosis and Patients' Survival
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Design and Participants
	2.2   |   Data Retrieval
	2.3   |   Incidence and Mortality
	2.4   |   Staging
	2.5   |   Survival

	3   |   Results
	3.1   |   Impact of FIT-Based Screening on Gastric Cancer Outcomes
	3.2   |   Incidence and Mortality Rates
	3.3   |   Early-Stage Gastric Cancers (T1)
	3.4   |   Net Survival Rates

	4   |   Discussion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References





