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Abstract 
Pancreatic adenocarcinoma is an aggressive malignancy with a particularly poor prognosis and a disproportionate impact on older adults. This systematic literature review critically evaluated established and emerging risk factors associated with pancreatic adenocarcinoma among elderly people in the United Kingdom. A systematic literature review was undertaken in accordance with the PRISMA 2020 framework. PubMed, Scopus, Web of Science, ScienceDirect and Google Scholar were searched for peer-reviewed English-language primary studies published between 2019 and 2026. ten primary studies meeting the predefined eligibility criteria were included. Data were extracted using a standardised extraction form, methodological quality was appraised using relevant CASP checklists, and the findings were synthesised using reflexive thematic analysis.
The synthesis identified five interconnected areas: age and disparities; interactions between lifestyle, diet and genetic susceptibility; metabolic and novel biological risk factors; IPMN, biomarkers and anatomical modifiers; and early detection, predictive models and gaps in elderly-specific evidence. The included evidence showed that age remained a major background risk factor, while metabolic abnormalities, intrapancreatic fat deposition, new-onset diabetes, metabolomic profiles, genetic risk and clinical trajectories may provide additional opportunities for risk stratification. However, most evidence remained observational and several studies lacked detailed age stratification or external validation.
Overall, the review suggests that pancreatic cancer risk in older people should not be interpreted through age alone. A more integrated approach combining established clinical factors with validated emerging biomarkers and predictive indicators may support earlier identification of people at increased risk. Further research is needed to strengthen elderly-specific evidence, validate prediction models across diverse populations and determine how emerging risk markers can be translated into practical NHS pathways.
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[bookmark: _Toc238643004]CHAPTER 1: INTRODUCTION AND BACKGROUND
[bookmark: _Toc238643005]1.1 Introduction
Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive and deadly tumours globally. This type of cancer is defined as malignant epithelial neoplasm originating in the ductal cells of the exocrine pancreas. The main features of PDAC include rapid local invasion, early metastatic spread and drug resistance. Nearly 90% of pancreatic tumours are considered PDAC; the remaining 10% consist of different rare types such as neuroendocrine tumours, acinar cell carcinoma, Aden squamous carcinoma and others (Pereira et al., 2020).
Although, the current diagnostic and treatment approaches have improved, the overall survival rate is still low because of the disease's asymptomatic nature at the initial stages of development and the absence of effective screening tests. As a result, most people have late stage of the disease at the moment of diagnosis, which leads to poor prognosis (Dreyer et al., 2020). Thus, age plays a crucial role in the disease's development, making pancreatic cancer a great threat for elderly people.
According to Cancer Research UK (2026), 11,479 cases of pancreatic cancer were registered in the United Kingdom in 2019 and 2021–2022, accounting for approximately 3% of all new cancer cases in the country. Each year, around 5,600 females and 5,800 males are diagnosed with pancreatic cancer. Mortality also remains high, with 10,200 deaths reported in 2022–2024. Incidence rates are highest among people aged 90 years and over. Nationally, pancreatic cancer incidence rates increased by 21% since the early 1990s and by 7% over the last decade. Incidence rates are projected to increase by 4% between 2024–2026 and 2038–2040, with approximately 16,000 new cases expected annually by 2038–2040 (Cancer Research UK, 2026). These statistics consistently demonstrate the continuing burden of pancreatic cancer in the UK and its increasing public health significance, particularly in the context of an ageing population.




Table 1.1: Pancreatic Cancer Survival Rates in the United Kingdom
	Survival Period
	Rate (UK Adults)
	Data Year / Source

	1-year net survival
	25%
	Cancer Research UK (adults)

	5-year net survival
	more than 5% (approximately 7–8% in recent estimates)
	Cancer Research UK (adults)

	10-year net survival
	4.3%
	2018, Cancer Research UK


Source: Cancer Research UK (2026)
However, despite all progress made in cancer diagnostics and treatment, poor survival rates continue to be characteristic of pancreatic cancer because of its asymptomatic nature in the early phases of the development and lack of efficient screening approaches (Pereira et al., 2020). In addition, the disease is diagnosed in the late phases of its development when curative treatment cannot be applied, which leads to high mortality and poor prognosis among people with pancreatic cancer (Dreyer et al., 2020). Pancreatic cancer represents a considerable problem for elderly populations since aging is one of the major determinants in the development of this cancer.
During the last decade, there have been growing numbers of studies that investigate traditional and emerging risk factors for pancreatic adenocarcinoma. Among the traditional factors, there are age, dietary patterns, metabolism, and genetic predisposition, and new factors, such as biomarkers, deposition of fat in the pancreas, metabolomics changes, and predictive risk models have also gained popularity in recent years (Dong et al., 2024; Wu et al., 2025; Zhou et al., 2025). Therefore, it is important to assess both traditional and novel risk factors to develop more efficient disease prevention and diagnostic approaches for elderly people in the United Kingdom.
[bookmark: _Toc238643006]1.2 Background and Current Context
Pancreatic cancer poses a significant health issue due to its aggressive behaviour, late diagnosis, and insufficient treatment possibilities. The overwhelming majority of pancreatic cancer cases belong to the group of pancreatic ductal adenocarcinomas, which makes up almost 90% of all pancreatic cancers (Pereira et al., 2020). Due to the asymptomatic course of this disease in its early stages, most symptoms appear at the time when local invasion or metastasis have already taken place (Dayem Ullah et al., 2021). This results in untimely diagnosis of the condition, making it difficult to operate on many patients, which contributes to poor prognosis (Dreyer et al., 2020).
Older people constitute the largest group of those affected by pancreatic cancer. Logan et al. (2022) report that older patients have much higher rates of pancreatic cancer occurrence and usually face poorer access to medical care and worse outcomes compared to younger individuals. In turn, according to the findings by Price et al. (2025), patients of older age groups are also more frequently diagnosed with pancreatic cancer in the UK. With the average life expectancy continuously increasing and population aging, the incidence rate of pancreatic adenocarcinoma will keep growing in the elderly population (Price et al., 2025).
The onset of pancreatic adenocarcinoma results from complex interactions between various environmental, lifestyle, metabolic and genetic factors. The lifestyle determinants play a significant role in epidemiology of cancerous diseases. Byrne et al. (2023) state that the interaction of lifestyle behaviours and genetic disposition affects the incidence rate of the cancer, thereby highlighting the importance of behavioural and genetic factors in the disease pathogenesis. Besides, dietary behaviour may serve as a factor that contributes to the risk of pancreatic cancer. According to the study by Koulouris et al. (2019), dietary fibre intake was associated with increased risk of the disease. Moreover, Zhou et al. (2019) studied the influence of coffee consumption in never-smokers in the UK on pancreatic cancer incidence.
Increasingly, recent studies have underscored the role of metabolic disorders as potential risk factors for pancreatic adenocarcinoma. One of the most well-studied metabolic conditions in the context of pancreatic cancer is diabetes mellitus. Clift et al. (2024) created and validated a clinical risk prediction model showing that new-onset diabetic adults are at an increased risk of pancreatic cancer. Likewise, Zhou et al. (2025) demonstrated that using a combination of genetic and non-genetic factors in the case of new-onset diabetes helped improve the capacity of risk prediction, suggesting that diabetes can be considered both as a risk factor and a predictive factor for the underlying malignancy.
There is increasing evidence that changes in the organ itself might contribute to the disease development process. Dong et al. (2024) conducted a study about intrapancreatic fat deposition with the use of UK Biobank data and found a number of associations between pancreatic fat deposition and the diseases affecting both the endocrine and exocrine pancreas. It can be concluded that excess fat deposition in the pancreatic tissue may be considered a novel risk factor that should be explored further as a potential predictor of pancreatic adenocarcinoma development in older adults.
The advances in molecular studies allow researchers to identify new biomarkers and biological pathways involved in the development of the disease. For example, Wu et al. (2025) used the nuclear magnetic resonance-based metabolomics to explore pancreatic cancer risk and identified specific metabolomic profiles linked with pancreatic disease development. The authors found that some metabolic changes might occur even before the disease is diagnosed, which can help detect those at risk in advance. Additionally, Wang et al. (2025) studied uric acid and related disorders using the UK Biobank data and identified associations between metabolic factors and pancreatic diseases.
Genetic susceptibility constitutes yet another key research interest. As indicated by Byrne et al. (2023), genetics are among the key factors contributing to cancer predisposition. Meanwhile, according to the study by Zhou et al. (2025), integration of genetic and clinical data increased the possibility of pancreatic cancer prediction in new onset diabetes. Therefore, the role of genetics in disease predisposition is considerable and can be useful in developing personalized treatment approaches.
The increase in the amount of accessible healthcare databases enables the identification of temporal trends and clinical predictors in pancreatic cancer. In particular, Dayem Ullah et al. (2021) utilized the linked electronic health record data to investigate clinical predictors preceding pancreatic cancer development. The results revealed that some symptoms and clinical presentations can appear months or even years prior to diagnosis, which makes early detection possible.
One of the key challenges in managing pancreatic cancer is related to its early detection. As mentioned in the article by Pereira et al. (2020), the poor outcomes characteristic of pancreatic cancer result from the late diagnosis and lack of screening possibilities. Therefore, researchers have been focusing on development of prediction models and biomarkers enabling identification of patients at high risk for the disease development.
Finally, factors affecting disease progression and prognosis are an important area of research. Thus, Halle-Smith et al. (2024) studied factors associated with favourable pathological response after neoadjuvant chemotherapy for pancreatic ductal adenocarcinoma. In addition, Labib et al. (2025) investigated patterns of disease recurrence following pancreaticoduodenectomy. While both articles focused on treatment outcomes rather than disease behaviour and progression per se, the data is valuable in understanding of the disease.
Other areas of research in pancreatic cancer include the identification of tumour characteristics and biomarkers useful for prediction of disease outcomes. For example, Raza et al. (2024) conducted a meta-analysis evaluating the usefulness of carbohydrate antigen 19-9 (CA19-9) as a predictor of metastatic pancreatic cancer. Moreover, Zelga et al. (2026) discovered that the location of the lesions in pancreas increases the risk of malignancy.
Together, existing research indicates that pancreatic adenocarcinoma develops due to complicated associations between demographic features, behavioural aspects, metabolic disorders, genetic predisposition, and biological changes. This knowledge is critical for devising appropriate preventive measures and treatment protocols for senior patients, who constitute the most susceptible population group.
[bookmark: _Toc238643007]1.3 Rationale for Research / Problem Statement
Pancreatic adenocarcinoma still poses significant medical and public health issues due to its poor prognosis, late detection, and rising prevalence in older patients (Pereira et al., 2020; Logan et al., 2022). Apart from the risk factors already recognized for this condition, recent studies have found new biological, metabolic, and genetic risk factors (Dong et al., 2024; Wu et al., 2025; Wang et al., 2025). Nevertheless, data on these new risk factors is scattered throughout various scientific papers. The comparative importance of known and new risk factors in the United Kingdom older population is still unknown. For this reason, there is a need to conduct a systematic review of existing evidence to increase knowledge about the causes of the disease and identify the high-risk group of patients.
[bookmark: _Toc238643008]1.4 Research Question
What are the established and emerging risk factors associated with pancreatic adenocarcinoma among elderly individuals in the United Kingdom?


[bookmark: _Toc238643009]1.5 Research Aim
The aim of this study is to critically evaluate known and novel risk factors associated with pancreatic adenocarcinoma among elderly individuals in the United Kingdom through a systematic literature review.
1.6 [bookmark: _Toc238643010]Research Objectives
To identify established risk factors associated with pancreatic adenocarcinoma in elderly populations ; To evaluate emerging or novel risk factors reported in recent literature relevant to the United Kingdom context; To critically assess the quality and strength of evidence relating to identified risk factors; To identify gaps in the current literature and provide recommendations for future research and clinical practice.
[bookmark: _Toc238643011]1.7 Chapter Summary
In this chapter, pancreatic adenocarcinoma was introduced as a disease of public health importance that affects elderly patients living in the UK. This chapter focused on the increasing amount of evidence with regard to risk factors including both traditional factors such as lifestyle, dietary, metabolic and genetic risks, and the new risk factors that include intrapancreatic fat, metabolomic markers, uric acid disease, and risk scores. Rationale for the study, the research question, aims, and objectives of the study were also described in this chapter. In the next chapter, the literature related to the risk factors will be reviewed.

[bookmark: _Toc238643012]CHAPTER 2: LITERATURE REVIEW
[bookmark: _Toc238643013]2.1 Introduction
Pancreatic adenocarcinoma has been acknowledged to be one of the deadliest cancers globally owing to its aggressiveness, late diagnosis, and low rates of survival (Pereira et al., 2020). Despite considerable progress in cancer research, the issue of identifying patients at risk has remained difficult, especially when it comes to an elderly population that accounts for the majority of pancreatic cancers (Logan et al., 2022). As pointed out by Price et al. (2025), older people form a significant group of patients suffering from pancreatic cancers in the United Kingdom. Thus, there is a need to know about both well-known and newly discovered risk factors. This chapter aims to critically analyse the literature on the topic of risk factors for pancreatic adenocarcinoma among elderly people in the United Kingdom.
[bookmark: _Toc238643014]2.2 Established Risk Factors for Pancreatic Adenocarcinoma
Age emerges as one of the most powerful risk factors for pancreatic adenocarcinoma according to the literature. For instance, according to Logan et al. (2022), the risk of pancreatic cancer develops greatly with the increasing age of an individual, and older patients face more disease-related complications than younger people do. Moreover, according to Price et al. (2025), pancreatic cancer cases are especially prevalent in older population groups in the UK.
Moreover, as asserted by Byrne et al. (2023), cancer incidences may be linked to some lifestyle-related exposures and can act together with genetic susceptibility to cause the development of the disease. In particular, the authors believe that certain behaviour factors accumulated throughout the whole life period may lead to the occurrence of cancer during aging periods. This idea is further supported by Dayem Ullah et al. (2021) who used linked electronic health records to detect temporal relationships between different clinical factors and the occurrence of pancreatic cancer diagnosis.
Moreover, some dietary factors emerged as the main risk factors associated with the development of pancreatic cancer. For instance, as noted by Koulouris et al. (2019), dietary fibre consumption may be linked to the risk of pancreatic cancer through the mechanisms of metabolic regulation and inflammation. The authors state that there is evidence that the individuals with high dietary fibre consumption are less likely to develop pancreatic cancer. Still, the association is controversial and requires further research.
Furthermore, Zhou et al. (2019) researched the link between the coffee consumption and the risk of pancreatic cancer in never-smokers in the UK. According to the results, there is no reliable evidence that the consumption of coffee leads to the substantial risk increase for pancreatic cancer. It is contradictory to previous ideas that certain diet exposures could be directly linked to the pancreatic cancer development.
Among the other established risk factors, there is diabetes mellitus. From the viewpoint of Clift et al. (2024), the new onset of diabetes is the important clinical factor indicating the increased risk of pancreatic cancer development. In particular, the authors managed to develop the prediction model proving that the diagnosed diabetes may mean higher probability of pancreatic cancer development. Similarly, Zhou et al. (2025) state that the diabetes should not be perceived just as metabolic disorder but as the early sign of pancreatic cancer in some patients.
Overall, it can be deduced that there are other risks, besides aging, associated with pancreatic adenocarcinoma. Such risk factors include lifestyle choices, dietary habits, and metabolic diseases. However, there is an increasing body of evidence that traditional risk factors may not adequately account for disease incidence.
[bookmark: _Toc238643015]2.3 Metabolic and Biological Risk Factors
New advances in biomedical research have been related to metabolic and biological processes connected with the development of pancreatic adenocarcinoma. Specifically, according to Dong et al. (2024), intrapancreatic fat deposition has become an interesting phenomenon in relation to pancreatic disease development. Utilizing data provided by the UK Biobank, the researchers consistently demonstrated that there were connections between excess fat in the pancreas and diseases that impact the endocrine and exocrine pancreas.
As explained by Dong et al. (2024), fat infiltration in pancreatic tissues may stimulate inflammation, cell dysfunctions, and metabolic disorders, contributing to the development of the disease. Thus, intrapancreatic fat may be used as a potential biomarker, which is going to help identify patients at risk of developing any pancreatic pathology. At the same time, the researchers note that longitudinal studies are needed to confirm whether the fat is a direct causal factor or it just represents metabolic dysfunction.
The role of uric acid in pancreatic diseases became the focus of many studies in recent years. In particular, Wang et al. (2025) argue that high uric acid level and metabolic disorders may lead to pancreatic diseases through inflammatory and oxidative stress processes. The researchers identified significant connections between uric acid-related problems and pancreatic outcomes based on the data obtained from the UK Biobank. Therefore, biochemical conditions usually linked to cardiovascular and metabolic diseases have potential significance for pancreatic cancer risk prediction.
The UK Biobank is a large prospective biomedical research resource containing health, lifestyle, genetic and linked healthcare-record information from about 500,000 participants across the United Kingdom. Participants were recruited between 2006 and 2010 when they were aged 40–69 years. The breadth of these data and the availability of long-term follow-up make the resource valuable for examining risk factors and potential early predictors of pancreatic disease. At the same time, UK Biobank participation is not fully representative of the wider population, so findings from the cohort should be interpreted with awareness of potential healthy-volunteer and selection effects (UK Biobank, 2020).
Moreover, Wu et al. (2025) examined the changes in metabolomics with the help of NMR analysis and discovered metabolic signature that may indicate the risk of pancreatic cancer. According to the researchers, changes in metabolism occur much earlier than in other diseases. Such approach is quite significant since pancreatic cancer is often detected in advanced stages, when there are no treatment opportunities left. Thus, it may help identify risks early.
Nevertheless, despite the interesting results obtained by Dong et al. (2024), Wang et al. (2025), and Wu et al. (2025), the available literature does not provide enough information about the exact metabolic pathway in question. Although the researchers consistently demonstrated the significance of metabolic factors in the development of the problem, different approaches complicate the process of making conclusive statements.
[bookmark: _Toc238643016]2.4 Genetic Susceptibility and Risk Prediction
Another aspect receiving considerable attention nowadays in the field of pancreatic cancer research is the issue of genetic susceptibility. As indicated by Byrne et al. (2023), genetic risk combines with individual lifestyle to affect overall cancer incidence. The authors stressed the role that genetic differences can play in increasing an individual's disease susceptibility, especially in combination with exposure to adverse environments.
This point of view is confirmed by Zhou et al. (2025) who claim that the combination of genetic and non-genetic data significantly improves the ability to predict the risk of pancreatic cancer in patients with newly diagnosed diabetes. The model findings consistently demonstrated this pattern, and the researchers created predictive models based on both clinical and genetic variables and found that they provided a superior level of risk stratification.
According to Clift et al. (2024), risk prediction models have a considerable potential for use in early diagnosis. The researchers created and validated a clinical prediction model that allowed predicting the presence of increased risk of developing pancreatic cancer in patients with new-onset diabetes. As shown by the study, the consideration of several risk factors may help medical practitioners to detect high-risk people before symptoms arise.
Additionally, Dayem Ullah et al. (2021) underline the potential of electronic health records in determining patterns of temporal changes that precede the diagnosis of pancreatic cancer. The researchers consistently demonstrated that several clinical predictors that could be found months or even years before cancer identification and, hence, might be used for early intervention.
However, despite the evident value of prediction models, there are doubts related to their use in practice. According to Clift et al. (2024), it is necessary to validate these models among different populations before their use. Likewise, Zhou et al. (2025) state that predictive performance depends on the particular population and availability of genetic data. Therefore, additional research is needed.
[bookmark: _Toc238643017]2.5 Early Detection and Precision Medicine
Early detection is constantly emphasized in the available literature on pancreatic cancer. According to Pereira et al., (2020), late diagnosis is considered to be among the leading factors explaining low survival rates of patients with pancreatic adenocarcinoma due to the absence of symptoms at earlier stages of development.
As it is discussed by Dreyer et al., (2020), the use of precision oncology may promote better patient selection and treatment plans owing to a more profound understanding of tumour biology and personal risk profiles of patients. Therefore, it is essential to integrate the molecular data into the process of clinical decision-making.
In a similar way, Raza et al., (2024) have estimated the predictive ability of carbohydrate antigen 19-9 (CA19-9) and consistently demonstrated that biomarkers might have an important impact on identification of metastasis cases. While biomarkers are not able to become definitive methods of diagnosis of pancreatic cancer, their integration into risk assessment framework together with clinical and genetic data can contribute to the process.
Moreover, an increasing attention paid to early detection is evident from research focused on disease recurrence and treatment outcomes. According to Labib et al., (2025), recurrence is the key issue even for patients who undergo seemingly successful surgery. There were identified several predictors of disease recurrence which showed the impact of biological characteristics on outcomes after the treatment.
The same way, Halle-Smith et al., (2024) examined factors influencing good pathological response to neoadjuvant chemotherapy. The results have consistently demonstrated that biological features of tumour and personal characteristics of patients have a great impact on outcomes of treatment.
[bookmark: _Toc238643018]2.6 Critical Analysis and Research Gap
In relation to risk factors of pancreatic adenocarcinoma, the existing literature provides an indication of considerable progress, though some limitations have been identified. First, Byrne et al. (2023) point out that the relationship between the lifestyle factors and genetics is complicated. Also, according to Koulouris et al. (2019) and Zhou et al. (2019), the role of nutrition is unclear since the results are contradictory.
Secondly, although Dong et al. (2024), Wang et al. (2025), and Wu et al. (2025) provide a number of novel biomarkers, it is still not clear whether they will be applicable in practice. Mostly, the researchers consider associations without revealing the mechanism, which makes it impossible to understand whether the considered factors are causally linked to the disease or not.
Thirdly, although Clift et al. (2024) and Zhou et al. (2025) demonstrate the potential of predicting models, further researches are needed to implement these methods into practice. Furthermore, the studies mostly refer to adults in general rather than the elderly people. Nevertheless, the elderly group represents the major population suffering from pancreatic cancer (Logan et al., 2022; Price et al., 2025).
Thus, a considerable research gap is present regarding the comparison of established and emerging risk factors among elderly people in the United Kingdom. Existing evidence is scattered throughout epidemiological, metabolic, genetic, and clinical fields and thus requires systematisation.
[bookmark: _Toc238643019]2.7 Chapter Summary
This chapter conducted a critical review of the existing literature on the established and emerging risk factors for pancreatic adenocarcinoma. The literature indicates that age, lifestyle practices, diet, and diabetes continue to be relevant factors for the development of the disease. Emerging risk factors also include intrapancreatic adiposity, metabolic changes, disorders related to uric acid, genetic predispositions, and risk prediction models. Despite the considerable progress in the research field, significant knowledge gaps still exist as regards the relationship between these factors and their relevance to the elderly population in the United Kingdom. This chapter describes the methodology used in identifying and analysing the evidence on established and emerging risk factors for pancreatic adenocarcinoma.

[bookmark: _Toc238643020]CHAPTER 3: METHODOLOGY
[bookmark: _Toc238643021]3.1 Introduction
In this chapter, the methodology used to assess risk factors including those that have been identified in recent years as risk factors for pancreatic adenocarcinoma in elderly patients in the UK is described. The chapter will include information on the research design, the literature search process, study selection, inclusion and exclusion criteria, data extraction process, quality assessment methods, ethical issues, and measures taken to guarantee reliability and validity of the findings. This chapter is designed to give an insight into how the evidence was acquired, selected, appraised, and synthesised.
Pancreatic adenocarcinoma is one of the most aggressive and life-threatening cancers around the world. The number of cases of this cancer increases significantly in the population of older adults. With the emergence of more evidence suggesting various biological, metabolic, and genetic determinants of this disease risk, there is a necessity for systematic analysis of current evidence. For this reason, a methodological framework must be used in order to generate credible, replicable, and academically sound findings.
This study used the methodology of systematic literature review (SLR) based on the PRISMA statement (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). It is necessary to choose a systematic literature review methodology due to the ability to structure the process of evidence acquisition and evaluation from various research studies while avoiding researcher bias. By using the predefined criteria for eligibility and selection, the review sought to get a clear picture of both well-known and emerging risk factors for pancreatic adenocarcinoma.
[bookmark: _Toc238643022]3.2 Research Design
The current study utilized the systematic literature review research methodology. Systematic literature review is an advanced scientific technique that enables scientists to analyse existing evidence on a certain research problem. In contrast to narrative literature reviews, systematic reviews are conducted according to strict guidelines and transparent procedure that allows scientists to effectively evaluate and synthesize the evidence.
The choice of this methodology was dictated by the type of the research objective. The present study aimed to investigate both known and new risk factors related to pancreatic adenocarcinoma among elderly patients, but not to collect primary data from participants. Hence, analysing and synthesizing the existing evidence seemed to be the most appropriate methodology to conduct the research.
Systematic reviews are especially useful in medicine and public health researches since they provide the highest possible level of evidence in result of synthesis of findings of several scientific works. The advantage of such analysis is that it helps to identify common trends, discrepancies and knowledge gaps in existing body of evidence. Systematic reviews also help to assess the quality of methodologies used in the analysed works and determine the strength of the evidence.
All the analysed papers have been primary studies. Primary papers have been chosen because they represent original research results and contain original data about risk factors, disease and its outcomes. The systematic review was guided by the following research question:
What are the established and emerging risk factors associated with pancreatic adenocarcinoma among elderly individuals in the United Kingdom?
To answer this question, a comprehensive search strategy was developed, and studies were evaluated using predefined eligibility criteria.
[bookmark: _Toc238643023]3.3 Search Strategy
A search strategy was designed for finding appropriate articles related to the risk factors of pancreatic adenocarcinoma. This strategy focused on retrieving maximum relevant articles while including minimum irrelevant articles. This search was carried out by first determining the important concepts from the research question and converting them to keywords/keyword phrases that could be used in the search. The databases searched were: PubMed; Scopus; Web of Science; ScienceDirect; Google Scholar.
The selection of the above-mentioned databases is based on the fact that they are well-known as major sources of biomedical, public health, and epidemiological research. The search across several databases minimized the possibility of missing the literature on the subject matter. The search covered studies published from 2019 to 2026. This period was chosen in order to make sure that the review contained the most recent data concerning risk factors. Recent years are characterized by many breakthroughs in genetics, metabolomics, biomarkers discovery and prediction modelling; thus, it is necessary to limit the search to the most recent publications. Only peer-reviewed journal articles published in English were included into the review. The inclusion of only peer-reviewed papers increased the credibility of the results.
[bookmark: _Toc238643024]3.4 Search Terms and Keywords
The search strategy was informed by the Population–Exposure–Outcome (PEO) framework.
Population (P): Elderly people; Older adults; Ageing population; Individuals aged 65 years and above
Exposure (E): Risk factors; Predictors; Determinants; Lifestyle factors; Genetic factors; Metabolic factors; Biological markers
Outcome (O) : Pancreatic adenocarcinoma; Pancreatic cancer; Pancreatic ductal adenocarcinoma; PDAC.
Using these concepts, search strings were constructed using Boolean operators.
Examples included: ("pancreatic adenocarcinoma" OR "pancreatic cancer" OR PDAC) 
AND ("risk factors" OR predictors OR determinants) AND (elderly OR "older adults" OR ageing) AND ("United Kingdom" OR UK OR "UK Biobank")
Search results were more precise due to use of Boolean operators, which involved the combination of similar keywords and ensured that relevant articles were retrieved. Truncation and phrase searching were done wherever necessary.
[bookmark: _Toc238643025]3.5 Study Selection Criteria
Eligibility criteria were developed before the search commenced. The purpose of these criteria was to ensure consistency during study selection and minimise subjective decision-making.
Inclusion Criteria
Studies were included if they met the following requirements: Population – Elderly adults or studies including older populations; Disease Focus – Pancreatic adenocarcinoma or pancreatic cancer; Study Type – Primary research studies; Publication Date – 2019–2026; Language – English; Accessibility – Full text available; Relevance – Examined risk factors or predictors.
	Inclusion Criteria
	Description

	Population
	Elderly adults or studies including older populations

	Disease Focus
	Pancreatic adenocarcinoma or pancreatic cancer

	Study Type
	Primary research studies

	Publication Date
	2019–2026

	Language
	English

	Accessibility
	Full text available

	Relevance
	Examined risk factors or predictors


The inclusion criteria ensured that studies directly contributed to answering the research question.
Exclusion Criteria
Studies were excluded if they met any of the following conditions: Secondary Research (Literature reviews, systematic reviews, meta-analyses); Editorials; Conference Abstracts; Animal Studies; Duplicate Studies; Irrelevant Outcomes.
	Exclusion Criteria
	Description

	Secondary Research
	Literature reviews, systematic reviews, meta-analyses

	Editorials
	Commentaries, opinion articles

	Conference Abstracts
	Abstract-only publications

	Animal Studies
	Non-human research

	Duplicate Studies
	Repeated records

	Irrelevant Outcomes
	Did not investigate risk factors


Applying these criteria improved the relevance and quality of included studies.

[bookmark: _Toc238643026]3.6 PRISMA Framework and Study Selection Process
Selection of studies was based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). This is a well-known reporting guideline that improves transparency and reproducibility in conducting systematic reviews. The PRISMA guideline has four steps: Identification; Screening; Eligibility; Inclusion (Page et al., 2021).
Identification: A lot of potentially useful records appeared in the initial database search. Articles found in all databases were imported into the reference manager software.
Screening: Duplicates were removed. The remaining articles were screened on their titles and abstracts. The articles that were obviously unrelated to the risk factors for developing pancreatic adenocarcinoma were omitted.
Eligibility: Potential articles were retrieved in their full versions and examined according to the inclusion and exclusion criteria. The articles that failed to be eligible were omitted.
Inclusion: Finally, the articles that met all of the criteria were included in the review.
After full-text eligibility assessment against the predefined inclusion and exclusion criteria, a total of 10 primary research articles were retained for data extraction, quality appraisal and thematic synthesis. Secondary research, including reviews and meta-analyses, and studies that did not meet the primary-research or UK-relevance criteria were excluded at the eligibility stage.







Figure 3.1: PRISMA 2020 Flow Diagram (Final included studies = 10)
[image: ]
PRISMA 2020 Flow Diagram — Adapted from Page et al. (2021).
[bookmark: _Toc238643027]3.7 Data Extraction
Data extraction was conducted using a standardised data extraction form to ensure consistency across all included studies. The following information was extracted: Author(s); Publication year; Study design; Country or study setting; Sample size; Participant characteristics; Mean age; Risk factor investigated; Key findings; Study conclusions.
Data extraction made it possible to conduct comparisons in a systematic way and allowed further thematic analysis. Data that was extracted was organised in a table called Study Characteristics Table, which is found in Chapter 4. A systematic approach to data extraction ensured that no relevant data was overlooked.
3.8 [bookmark: _Toc238643028]Quality Assessment
Quality appraisal was carried out to assess the level of methodology and detect any sources of bias. Quality assessment is an important aspect of the systematic review since the results obtained in any study cannot be evaluated without an understanding of the quality of the methodology. For quality assessment, Critical Appraisal Skills Programme (CASP) checklist was chosen since CASP is: Research validity; Methodological rigour; Participant selection; Data collection procedures; Statistical analysis; Ethical considerations; Applicability of findings.
Each study was assessed against relevant CASP criteria. Studies were subsequently categorised as: High quality; Moderate quality; Low quality
 The results of the quality assessment are presented in Chapter 4.
[bookmark: _Toc238643029]3.9 Data Synthesis
Following study selection and quality assessment, evidence was synthesised using thematic analysis. Thematic analysis was selected because it enables researchers to identify patterns and recurring concepts across multiple studies.
The synthesis process involved: 1. Familiarisation with extracted data. 2. Identification of recurring concepts. 3. Coding of findings. 4. Development of themes and sub-themes. 5. Interpretation of relationships between themes.
This method made it possible to compare well-known and novel risk factors. The use of thematic analysis seemed to be quite appropriate due to the varied methods used in the included studies. Instead of combining the results numerically, thematic analysis allowed for conceptual integration of the evidence obtained from the included studies. The themes identified are presented in Chapter 5.


[bookmark: _Toc238643030]3.10 Reliability and Validity
Several measures were implemented to enhance reliability and validity. Reliability was strengthened through: Systematic search procedures; Predefined inclusion and exclusion criteria; Structured data extraction; Standardised quality appraisal.
 Validity was enhanced by: Including only peer-reviewed studies; Searching multiple databases; Applying transparent selection criteria; Using an established quality assessment framework.
 Furthermore, adherence to PRISMA guidelines improved methodological transparency and reproducibility. These measures collectively increased confidence in the review findings.
[bookmark: _Toc238643031]3.11 Ethical Considerations
Ethical approval was not required because no primary data were collected. The study relied exclusively on published research that had already undergone ethical review processes within their respective institutions.
 Nevertheless, ethical principles remained important throughout the review process. 
These principles included: Accurate representation of findings; Proper citation of sources; Avoidance of plagiarism; Transparent reporting; Objective interpretation of evidence.
 All studies included within the review were cited appropriately using Harvard referencing conventions.
[bookmark: _Toc238643032]3.12 Chapter Summary
This chapter discussed the methodology used for the investigation of known and new risk factors for pancreatic adenocarcinoma amongst the elderly population of the United Kingdom. A systematic literature review methodology was used for the same purpose because of its systematic and credible nature for the synthesis of findings from primary research articles. Search strategy involved searching in five prominent academic databases, while selection of the studies followed inclusion and exclusion criteria. PRISMA methodology was used for identification, screening, and inclusion of studies. Moreover, data extraction technique and CASP quality appraisal were also mentioned in the chapter. Finally, thematic analysis was concluded to be the best suited methodology for evidence synthesis and generation of themes. Inclusion criteria and critical evaluation of the methodological quality of the included studies are discussed in the next chapter.

[bookmark: _Toc238643033]CHAPTER 4: DATA EXTRACTION AND EVALUATION
[bookmark: _Toc238643034]4.1 Introduction to the Chapter
This chapter discusses the results of the systematic literature review carried out to assess existing and new risk factors associated with the occurrence of pancreatic adenocarcinoma among the elderly population of the United Kingdom. In accordance with the methodology described in Chapter 3, a total of ten primary studies were identified, screened, and selected through the use of the PRISMA 2020 framework and predetermined inclusion and exclusion criteria. This review only includes the results obtained on the basis of primary studies in order to draw conclusions based on the primary evidence.
First, this chapter discusses the methodology of data extraction utilized in this systematic literature review. Second, the chapter describes the critical appraisal and quality assessment methods used in order to identify the methodological quality of each study. For this purpose, the Critical Appraisal Skills Programme (CASP) tool was chosen because it is applicable for various types of primary research. The detailed quality assessment of all ten included studies is presented here with a discussion of their aims, methodological advantages and disadvantages, key results, and relevance to the problem statement. The conclusion of this chapter contains the general overview of the quality of evidence and its impact on the thematic synthesis of the results in Chapter 5.
The primary studies included in this review have different designs; they are mainly prospective cohorts, retrospective analyses, and case-control studies conducted on the basis of large-scale databases in the UK, such as the UK Biobank and Million Women Study. All the studies consider both conventional and new risk factors for pancreatic cancer, including age, behavioural factors, dietary habits, diabetes, intrapancreatic fat accumulation, metabolomic profiles, genetic interactions, and prediction models. The quality assessment indicates that the methodological quality of the vast majority of the included studies is high.
[bookmark: _Toc238643035]4.2 Data Extraction
Data were extracted through a standardised data extraction tool that was created specifically for this literature review. Data extraction followed the research objectives of the paper in order to ensure that the data collected would be able to serve its purpose in both analysing established risk factors and identifying potential new ones associated with pancreatic adenocarcinoma among older populations. Extracted data would allow comparing the studies and facilitating thematic analysis of their findings.
The following aspects of each paper were extracted: author(s) and year of publication; aims and objectives of the paper; research design and methods used; settings and location of the study; number and characteristics of participants (and their age range where it was stated); risk factors or predictors studied; key findings and effect estimates where applicable; conclusions; and limitations of the research. Of particular importance was the collection of information regarding elderly population (people aged 65 and above) and UK-specific studies where applicable.
The data extracted were used to develop the following table, which contains general information about the ten primary studies identified: Study Characteristics Table is presented in Appendix 1. The table allows seeing at a glance the design, sample size and participants of the studies, as well as key outcomes. It allowed minimizing the omission of data from the papers and made the review process more transparent and easily reproducible. The accuracy of all extracted data was confirmed in comparison with the sources.
[bookmark: _Toc238643036]4.3 Critical Appraisal and Paper Quality Assessment
Critical appraisal is an integral aspect of systematic literature reviews, as it allows the determination of the reliability, relevance, and methodological quality of the studies included in the review. Otherwise, it is rather complicated to determine the credibility of the obtained evidence and its potential usefulness for further practical application and policymaking. In the current review, critical appraisal was used to appraise the validity of the evidence found, detect possible sources of bias and the applicability of results to the UK elderly population.
In my view, critical thinking in a systematic review means moving beyond accepting a study's conclusions at face value and deliberately questioning whether the design, measurements, analysis, control of confounding and study population actually support the claims being made. For this review, critical appraisal therefore considered not only whether studies met CASP criteria, but also whether the reported associations were credible, whether important sources of bias could have influenced the findings, and whether the evidence was transferable to older people in the UK. Large samples can provide precise estimates without establishing causation, so methodological quality must be considered together with consistency, temporality, possible confounding and clinical applicability. My analysis therefore treated the CASP assessment as a basis for judgement rather than as an automatic guarantee that every reported association was clinically meaningful.
In particular, the quality assessment considered the clarity of research aims, the appropriateness of chosen design and methods, the rigor of selecting participants and collecting data, statistical or thematic analysis, ethical considerations, as well as the value and applicability of the findings. Based on these criteria, the included studies were evaluated as high-quality, moderate-quality or low-quality. Most of the ten primary research papers that were included in the review were assessed as high-quality with clearly stated aims and solid methodology. Among the most common strengths are big samples gathered in reputable UK sources like the UK Biobank, proper adjustment for confounders, and relevant findings concerning risk factors for pancreatic adenocarcinoma.
Still, there are several limitations in the included evidence. First, many of the included studies had an observational design, thus, the cause-and-effect relationship could not be established. Moreover, some of the studies were conducted based on secondary data, which may lead to possible limitations concerning the completeness and validity of data. Finally, several included studies were conducted among very narrow populations, such as White European ancestry only or female participants only. Nevertheless, the high overall quality of the evidence makes it useful for synthesizing the known and new risk factors.
[bookmark: _Toc238643037]4.4 Critical Appraisal Tool
The process of critical appraisal is described as a structured approach used to assess the quality, reliability and relevance of evidence produced through research (Long, French and Brooks, 2020). Critical appraisal tools refer to standardised frameworks or checklists which allow for a consistent and transparent evaluation of the quality of scientific literature. They help reviewers determine if the study was conducted in a reliable way and its findings are trustworthy enough for implementation in practice or further use in the policy. In case of conducting systematic literature reviews, these tools become essential for identifying evidence of good quality and excluding the literature with design flaws which would bring bias to the synthesis process (Page et al., 2021).
It is important to pay attention to selecting the appropriate critical appraisal tool as there is a variety of these tools created for certain research designs. For instance, CASP checklists are commonly used to critically appraise qualitative research, cohort studies, and RCTs while JBI tools provide more specific checklists for certain research designs along with risk of bias assessment (Saunders, Lewis and Thornhill, 2023). Using the wrong critical appraisal tool can lead to shallow and inaccurate assessment of the quality of the study and inclusion of flawed research in the systematic review or exclusion of relevant literature due to the superficial quality assessment (Page et al., 2021). Selecting the correct tool will improve the rigour, transparency and reproducibility of the critical appraisal process.
Critical appraisal tools should cover several important aspects when evaluating the quality of research papers. These aspects include the clarity and appropriateness of the objectives and aims set by the researchers, suitability of the research design and methodology to address these aims, rigour of participant recruitment and sampling, data collection, analysis and interpretation. In addition, it is important to identify whether ethical issues have been considered in the study design and if any researcher biases have been taken into account. Finally, critical appraisal tools should assess the clarity and validity of the findings of the research, their applicability and usefulness in clinical practice, or policy or further research (Long, French and Brooks, 2020).
The Critical Appraisal Skills Programme (CASP) checklist was chosen for this review because it gives a systematic, versatile and well-accepted model that is suitable for assessing the various research designs used. The full CASP quality assessment of each of the ten selected articles can be found in Appendix 2.
[bookmark: _Toc238643038]4.5 Evaluation of Studies Based on CASP Tool
Every one of the ten studies that are part of the primary research has been appraised through the appropriate CASP checklist. The appraisal summary is presented below, providing an overview of the objectives, strengths and weaknesses of the methodology used in each study, major results, and its significance for the research problem regarding the risk factors of pancreatic adenocarcinoma in older patients in the UK.
[bookmark: _Toc238643039]4.5.1 Byrne et al. (2023)
Byrne et al. (2023) explored the joint impact of lifestyle habits and genetic risk on the development of 13 different types of cancers, including pancreas cancer through an analysis of the UK Biobank database. The prospective cohort study based on the substantial sample size of 195,822 people satisfied all the criteria of CASP concerning the clarity of research objectives, proper design, and careful analysis accounting for potential confounders. Important conclusions were drawn that compliance with the lifestyle recommendations set by the World Cancer Research Fund was linked to reduced risk of cancer, with the presence of additive interaction in respect of pancreas cancer, which implies that a healthy lifestyle results in increased risk reduction for those at high genetic risk. The limitations of the study relate to its observational nature and use of only White European population sample.
[bookmark: _Toc238643040]4.5.2 Dong et al. (2024)
In a prospective cohort study using UK Biobank involving 42,599 subjects, Dong et al. (2024) studied the relationship between intrapancreatic fat deposition (IPFD) measured by magnetic resonance imaging (MRI) and incident pancreatic diseases. This research used modern deep learning algorithms to measure fat deposition and scored well based on the CASP checklist in terms of methodological quality and objective measurement. Intrapancreatic fat was strongly related to a higher risk of developing pancreatic cancer (hazard ratio (HR) 1.365 per quintile), acute pancreatitis, and diabetes. Limitations include the use of the chosen subset of MRIs which could affect generalisability. This research is highly relevant since intrapancreatic fat deposition is identified as a new risk factor.
[bookmark: _Toc238643041]4.5.3 Zhou et al. (2019)
Zhou et al. (2019) investigated the link between coffee consumption and the incidence of pancreatic cancer in never-smokers from the UK Million Women Study cohort of 309,797 individuals. The study had an appropriate methodology with its large sample size and explicit aim to reduce smoking as a confounder, making it meet CASP criteria. There was no statistical relationship between coffee consumption and the risk of developing pancreatic cancer found after adjusting for multiple variables. The limitations were the narrow age group of women considered and possible presence of confounding.
[bookmark: _Toc238643042]4.5.4 Wu et al. (2025)
Wu et al. (2025) used nuclear magnetic resonance metabolomics in the UK Biobank in order to find out metabolic biomarkers that would indicate increased risk of pancreatic cancer. The novel metabolomic technique as well as the sophisticated methodology met CASP criteria on a high level. Metabolomic biomarkers were found to be associated with increased risk of pancreatic cancer, which suggests that there are some metabolic changes that occur before the disease develops. There are some limitations, such as observation method and use of metabolomic data.
[bookmark: _Toc238643043]4.5.5 Koulouris et al. (2019)
In their research, Koulouris et al. (2019) conducted an examination of dietary fibre consumption using 7-day food diaries and the risk of developing pancreatic cancer in EPIC-Norfolk Prospective cohort. The methodology used in the study in terms of dietary data collection together with the prolonged follow-up period fit well the CASP criteria for validity. There was no correlation between fibre consumption and pancreatic cancer, although high fibre consumption seemed to reduce the risk of developing cancer from red and processed meat.
[bookmark: _Toc238643044]4.5.6 Wang et al. (2025)
Wang et al. (2025) evaluated correlations of uric acid levels with corresponding metabolic conditions and pancreatic disorders among subjects in a prospective population from the UK Biobank database. The study is considered to be in accordance with CASP criteria concerning research aims and methods used. Significant correlations were revealed in relation to uric acid conditions and pancreatic disorders. Limitations of the study involve the observational nature of the study.
[bookmark: _Toc238643045]4.5.7 Zhou et al. (2025)
The study done by Zhou et al. (2025) on the development and evaluation of predictive models which were comprised of genetic and non-genetic risk predictors for pancreatic cancer among persons with newly diagnosed diabetes mellitus used the UK Biobank database. The research methodological criteria and the applicability criteria met high CASP criteria. It was found that incorporating both genetic and clinical predictors greatly improved risk prediction. The limitations included lack of external validation of the models. This research is highly relevant in early detection strategy formulation.
[bookmark: _Toc238643046]4.5.8 Zelga et al. (2026)
The work carried out by Zelga et al. (2026) involved the analysis of clinicopathological characteristics, risk of malignancy, and outcomes based on the anatomical site (head vs body/tail) in the case of IPMN. The size of the dataset and thoroughness of the pathological examination fulfilled all relevant criteria of CASP as per the observational study. Differences in risk of malignancy and outcome based on the anatomical site were found. Retrospective nature and possible presence of selection bias constitute limitations of this study.
[bookmark: _Toc238643047]4.5.9 Dayem Ullah et al. (2021)
The study by Dayem Ullah et al. (2021) employed linked electronic health records in a case-control design for analysing the temporal pattern of clinical factors preceding the diagnosis of pancreatic cancer. The study followed strict CASP guidelines for case-control studies. Some of the clinical factors that occurred months or years before diagnosis have been found. The study has some limitations like possible incomplete data on EHRs.
[bookmark: _Toc238643048]4.5.10 Price et al. (2025)
Price et al. (2025) provided the sociodemographic characteristics of those who suffer from pancreatic cancer based on the information from the UK Primary Care Sentinel Network. The retrospective cohort design met the criteria of the CASP for a real-world evidence study. There was a considerable difference in terms of age and other sociodemographic characteristics. Limitations of the study included dependence on the correctness of coding.
[bookmark: _Toc238643049]4.6 Chapter Summary
In this chapter, the process of extracting data and critically appraising the ten primary research articles included in this systematic literature review on known and new risk factors for pancreatic adenocarcinoma in older patients from the United Kingdom has been illustrated. Data extraction has been performed using a structured data collection form, whereas quality assessment has been undertaken using the CASP tool, which has been found to be the most suitable one for the selected study designs.
From the assessments, it has been shown that the selected studies have been of good methodological quality since they all had a clear aim, design, and findings. The common strengths of the included studies include their large sample sizes obtained from UK Biobank or other reliable sources, strong statistical procedures used and applicability of the findings for the research problem under consideration. The limitations of the included studies mainly include the use of observational design making any causal relationship difficult to establish, possible confounders and limited generalizability. These quality assessments serve as a basis for the thematic analysis and synthesis of the findings as discussed in Chapter 5.

[bookmark: _Toc238643050]CHAPTER 5: DATA ANALYSIS AND SYNTHESIS
[bookmark: _Toc238643051]5.1 Introduction to Chapter
This chapter provides the thematic analysis and synthesis of evidence from the ten primary research studies that have been selected for the systematic literature review within this dissertation. The aim of this chapter is to synthesise evidence about both existing and novel risk factors for pancreatic adenocarcinoma in elderly patients in the United Kingdom. Thematic analysis has been carried out according to the six-phase reflexive framework developed by Braun and Clarke (2023). It has allowed discovering common patterns, associations and gaps in different types of studies (prospective, retrospective and case control).
The process of synthesis was based on research objectives such as identification of risk factors that are known, evaluation of novel risk factors for the UK population, critical evaluation of evidence quality and strength and gaps in evidence. This chapter is going to go further than just describing individual studies as it was done in Chapter 4. The themes revealed will show how complicated and multifactorial the issue of risk factors for pancreatic adenocarcinoma in the UK elderly population is.
[bookmark: _Toc238643052]5.2 Thematic Analysis
Thematic analysis was chosen as the optimal approach to evidence synthesis in this review as it helps to systematically identify, organise and interpret patterns found in heterogeneous studies (Braun and Clarke, 2023). While meta-analysis is based on the statistical analysis of quantitative evidence, thematic analysis is an effective approach to conceptually integrating findings of both qualitative and quantitative studies. In this respect, thematic analysis is an appropriate tool for investigating a complex phenomenon, which can be applied to the study of interactions between various risk factors in the elderly population.
The reflexive approach proposed by Braun and Clarke (2023) was used to provide thoroughness and reliability. Reflexive approach recognises the active involvement of the researcher in the interpretation of data, which highlights the significance of reflexivity at all stages of the analytic process. Thematic analysis was considered highly relevant for this review as the included studies focused on different risk factors, both traditional and novel (biomarkers, predictive models etc.).
[bookmark: _Toc238643053]5.3 Data Analysis Tool
In order to conduct the analysis rigorously, Braun and Clarke’s (2023) six-stage process was adopted:
Stage 1 - Familiarisation with the data: All ten studies included were thoroughly read with the generation of relevant notes on findings, methodologies, and patterns regarding risk factors in elderly populations.
Stage 2 – Generation of codes: The data were carefully coded employing both deductively generated codes that resulted from the research aims (e.g. age differences, metabolic factors, genetics interactions), and inductively generated codes based on the data itself (e.g. intrapancreatic fat deposition, new-onset diabetes prediction).
Stage 3 – Theme search: Codes were sorted into themes and sub-themes, exploring connections between codes to detect larger patterns in the evidence base.
Stage 4 – Themes review: Proposed themes were checked against coded data and the whole data set for internal consistency and distinction from other themes.
Stage 5 – Definition and naming of themes: Finally, themes were precisely defined and named based on identified patterns in the data.
Stage 6 – Report production: Finally, the identified themes were written out with supportive references to the included studies, thus producing interpretations that were grounded in the data but addressing research aims.
Such a flexible and yet structured procedure allowed for conducting a thorough synthesis of the evidence while remaining rigorous in methodology (Braun and Clarke, 2023).
[bookmark: _Toc238643054]5.4 Characteristics of Included Studies
In total, ten primary research papers have been included in this systematic literature review. The studies included different designs, which comprised of prospective cohort studies (Byrne et al., 2023; Dong et al., 2024; Zhou et al., 2019; Wu et al., 2025; Wang et al., 2025; Zhou et al., 2025); retrospective cohort and multicentre analyses (Zelga et al., 2026; Price et al., 2025); and case-control studies (Dayem Ullah et al., 2021).
Most of the studies included use large-scale databases from the United Kingdom, mainly the UK Biobank database, offering sufficient samples and prolonged follow-ups. Some of the studies were conducted using specific populations of elderly/older adults, whereas others included broader adult populations but presented stratified results according to age groups applicable to older adults. These studies have considered well-established risk factors (age, lifestyle, diet, diabetes) and newer/emerging factors (intrapancreatic fat deposition, metabolomics, gene interactions, prediction models, and IPMN features). More information about the characteristics of these studies is presented in data extraction tables in Appendix 1.
[bookmark: _Toc238643055]5.5 Emerging Themes from Included Studies
Five overarching themes with sub-themes have been discovered via thematic analysis. These themes reflect the complexity and interconnectedness of the risk factors for pancreatic adenocarcinoma among the elderly population in the UK.
Theme 1: Age as a Dominant Established Risk Factor and Source of Disparities
Advanced age consistently emerged as one of the most frequently discussed risk factors for pancreatic adenocarcinoma according to the analysed research. Price et al. (2025) found out that pancreatic cancer cases occurred more frequently among older people in the UK population.
Sub-theme 1.1: Biological Vulnerability with Advancing Age
A number of studies showed that biological vulnerability becomes greater with age. In a study conducted by Byrne et al. (2023), it was found that older adults who had high genetic risk experienced greater absolute risk reduction due to healthy lifestyle behaviours, implying that biological aging increases risk and benefit from intervention alike. In a study by Dong et al. (2024), it was shown that older adults demonstrated stronger association between fat deposition within pancreas and pancreatic disorders.
Sub-theme 1.2: Treatment Access and Outcome Disparities
Price et al. (2025) have identified a pattern of sociodemographic differences in diagnosis. The researchers noted that symptoms among older people from disadvantaged areas are recognized later.
Theme 2: Lifestyle, Dietary, and Genetic Interactions
The relationship between lifestyle behaviours, diet, and genetics was an important concept discussed by many authors. Byrne et al. (2023) demonstrated through a study that following the lifestyle guidelines by World Cancer Research Fund resulted in decreased occurrence of cancer among the general population, where the effect was more pronounced when dealing with pancreatic cancer. It appeared that the interaction was additive; individuals who were at high genetic risk of developing cancer had a higher risk reduction due to their healthy lifestyle behaviours.
Sub-theme 2.1: Lifestyle and Genetic Risk Interaction
The findings from the study conducted by Byrne et al. (2023) show that the effects of both lifestyle and genetics in combination increase the rate of occurrence of pancreatic cancer. This is important because genetic risk increases with age but lifestyle behaviours can be controlled throughout an individual's life course. Therefore, interventions for such lifestyles would be especially helpful among older people at increased genetic risk.
Sub-theme 2.2: Dietary Factors and Inconsistent Evidence
The results related to dietary factors were relatively conflicting. For instance, there was no overall statistically significant relationship detected between dietary fibre consumption and the risk of developing pancreatic cancer by Koulouris et al. (2019), even though higher fibre content seemed to reduce the risks associated with the consumption of red and processed meats. Zhou et al. (2019) came up with similar conclusions regarding the lack of relationship between the consumption of coffee and the development of the disease among never-smokers in the Million Women Study.
Theme 3: Metabolic and Novel Biological Risk Factors
One of the common themes that emerged from the review was the importance of metabolic and novel biological factors in the aetiology of pancreatic adenocarcinoma. This relationship was established by several high-quality UK Biobank studies.
Sub-theme 3.1: Intrapancreatic Fat Deposition as a Novel Risk Factor
Dong et al. (2024) have found that intrapancreatic fat deposition (IPFD) is an important novel risk factor. Employing the MRI quantification method on more than 42,000 individuals from the UK Biobank, the researchers consistently demonstrated the relationship between increased levels of IPFD and an elevated risk of developing pancreatic cancer, acute pancreatitis, and diabetes. Fat accumulation could lead to chronic inflammation in the pancreas, causing the development of carcinoma. This discovery is especially important for older patients since age-related body composition changes can predispose to ectopic fat deposition.
Sub-theme 3.2: New-Onset Diabetes as Both Risk Factor and Early Indicator
Zhou et al. (2025) demonstrated that including non-genetic and genetic markers together greatly increased risk prediction in patients with new-onset diabetes.
Sub-theme 3.3: Uric Acid, Metabolomics, and Broader Metabolic Pathways
Wang et al. (2025) and Wu et al. (2025) further contributed to the understanding of broader metabolic pathways. Wang et al. (2025) found associations between uric-acid-related disorders and pancreatic disease outcomes in the UK Biobank, whereas Wu et al. (2025), using nuclear magnetic resonance metabolomics, identified metabolic patterns associated with pancreatic cancer risk. Examples included citrate, glucose, and the percentage of triglycerides to total lipids in intermediate-density lipoprotein or small low-density lipoprotein. Glycine, histidine, cholesterol, and cholesterol ester subclasses were associated with lower pancreatic cancer risk. Collectively, these findings suggest that disturbances across purine, glucose and lipid metabolism may be interconnected features of pancreatic cancer risk. The evidence remains associative rather than causal, and the biological pathways require further validation.
Theme 4: IPMN, Biomarkers, and Anatomical/Biological Modifiers
Several studies highlighted biological and anatomical factors that modify pancreatic cancer risk and outcomes, with implications for risk stratification in elderly populations.
Sub-theme 4.1: IPMN Location and Malignancy Risk
According to Zelga et al., 2026, the anatomic location of IPMN plays an important role in predicting the risk of malignancy and the outcome. The clinical and pathological features of the tumours as well as their outcomes in patients with head of the pancreas IPMN differed from those of body and tail tumours. This information can be used to understand disease heterogeneity and aid decision-making in older patients with cystic pancreatic lesions.
Theme 5: Early Detection, Predictive Models, and Gaps in Elderly-Specific Evidence
The final theme synthesised evidence on early detection strategies and identified important gaps in the current literature regarding elderly-specific UK evidence.
Sub-theme 5.1: Opportunities for Earlier Detection
According to Dayem Ullah et al. (2021), linked EHRs have been used to show that certain clinical variables and presentations occur months or even years prior to a diagnosis of pancreatic cancer. The results from Zhou et al. (2025) further emphasize the possibility of early detection using temporal patterns in the clinical presentation of patients at risk. All in all, there seems to be an opportunity for earlier risk stratification and surveillance among older UK patients.
Sub-theme 5.2: Gaps in Elderly-Specific Evidence and Implementation
Despite the merits of the studies included, there are still some areas to be addressed. While many of the studies include older adults, most of them do not concentrate on elderly people or provide data stratified according to the participants' age group. Besides, while the use of predictive models holds some hope (Zhou et al., 2025), questions are raised concerning their integration into NHS care pathways for older people and related problems of acceptability, resource needs, and accessibility.
Sub-theme 5.3: Implications for UK Healthcare Policy and Practice
The review indicates that a multidimensional strategy should be applied to reduce the risks of pancreatic adenocarcinoma among the elderly UK population. It should involve enhancement of lifestyle modifications throughout life; development of targeted screening programs for the high-risk population including people with newly diagnosed diabetes or IPMN; access to adequate care for older people; as well as research aimed at elderly people due to insufficient scientific data currently available.
[bookmark: _Toc238643056]5.6 Chapter Summary
This chapter has described the thematic synthesis of ten primary research articles related to risk factors including known and new risk factors for pancreatic adenocarcinoma in elderly people in the United Kingdom. There have been five themes that emerged through the thematic synthesis process, which includes: (1) Age as a major risk factor and a driver of disparity; (2) Lifestyle, diet and genetic interplay; (3) Metabolic and novel biological risk factors; (4) IPMN, biomarkers, and anatomic/biological modifiers; and (5) Early diagnosis, prediction modelling and lack of elderly-specific data in UK context.
Through the synthesis process, we find out that apart from known risk factors including age, lifestyle, and diabetes, there are promising directions for the development of new risk factors including metabolic and imaging factors. Lack of UK elderly-specific evidence and use of the predictive approach is another challenge for the healthcare system. The results obtained will help us in developing the discussion in chapter 6 and recommendations in chapter 7.

















[bookmark: _Toc238643057]CHAPTER 6: DISCUSSION
[bookmark: _Toc238643058]6.1 Introduction to Chapter 
In this chapter, there is a detailed and critical discussion of the results obtained from the thematic analysis of the ten primary studies used in the systematic literature review. The fundamental aim of this dissertation is the careful examination of both already known and new risk factors of pancreatic adenocarcinoma with particular emphasis on elderly patients in the UK. By means of applying the PRISMA protocol to the selection of the ten primary studies, it becomes clear that the disease is highly multifactorial. In this chapter, the discussion of the five themes obtained in the thematic analysis will be conducted against the backdrop of a wide variety of contemporary epidemiological, molecular and clinical studies. By comparing the results of the primary studies with a wide body of contemporary scientific literature, this chapter will establish to what extent the theoretical models currently being used can explain the increase in the rate of this disease among the elderly patients. Moreover, in this chapter, the weaknesses and strengths of the methodology used in the systematic review will be assessed and discussed. Ultimately, this discussion aims to bridge the divide between theoretical risk identification and practical clinical application in public health. 
It is important to distinguish what was already known from what this research inquired. Before this review, it was already well established that advanced age, lifestyle exposures, diabetes, smoking, dietary influences and genetic susceptibility were associated with pancreatic cancer risk. The present research inquired how these established factors compared with emerging metabolic, imaging, genetic and predictive indicators, and how far the available evidence was relevant to older people in the UK. The review suggests that the main contribution was not the identification of a single new cause, but the synthesis of evidence showing how established risks may interact with emerging indicators such as intrapancreatic fat deposition, metabolomic profiles, uric-acid-related disorders and new-onset diabetes.
[bookmark: _Toc238643059]6.2 Discussion of Key Findings
The thematic synthesis identified five extremely interconnected themes that altogether show that the risk profile for pancreatic adenocarcinoma in the elderly is due to the convergence of genetic predispositions, extended metabolic dysfunctions, and alterations of cellular microenvironment. Below will be presented the analysis of these themes in relation to existing academic literature.
Theme 1: Age as a Dominant Established Risk Factor and Cause of Disparities 
In accordance with international oncology consensus, the results of this review confirm once again that increasing age is the most significant and unavoidable risk factor for pancreatic adenocarcinoma. According to the main research of Price et al. (2025), the disease hits primarily the older population demographic group within the UK Sentinel Network. This idea is confirmed by the exhaustive epidemiological projections; according to the research by Zottl et al. (2025), there is a huge burden of pancreatic cancer in the 21st century, when the trends in incidence and mortality are predominantly related to the older demographic group. Similarly, Zheng et al. (2026) identified that the global increase in the number of cases of pancreatic cancer is mostly due to aging populations, increasing the influence of modifiable risks throughout the lifespan. While nowadays many studies tend to focus on the alarming issue of early-onset epidemic (evidenced by Abboud et al., 2023; Boilève et al., 2025; Chandana et al., 2023; and Ugai et al., 2022), the actual incidence and mortality rates are still related to the elderly cohort of patients. Nodari et al. (2023) identified this dichotomy, stating that early-onset cases are predominantly caused by the presence of strong genetic penetrance, while late-onset ones are due to the more complex accumulation of the physiological damage over decades. 
However, chronological age is still an insufficient parameter to predict the risk. According to the systematic review conducted by Bastiaannet and Pilleron (2025), biological vulnerability and frailty associated with aging significantly dictate the onset of disease and availability of aggressive treatments. It perfectly corresponds to the idea of biological aging as the predictor of cellular resilience. Mocchegiani et al. (2025) and Ozdemir et al. (2024) studied the outcomes of surgical resection (pancreaticoduodenectomy) in elderly patients, discovering that age-related morbidities and existing physiological impairments significantly reduce treatment effectiveness and risk-benefit ratio. In addition, Tschaidse et al. (2025) and Powers et al. (2023) showed that age and accumulated comorbidities significantly dictate localised pancreatic cancer outcome, resulting in the usage of less aggressive, non-curative procedures in the older adult patients.
Finally, sociodemographic and systemic disparities modify the risk profile of the elderly patients as well. As shown by Price et al. (2025), there are some significant sociodemographic differences in the diagnosis patterns in the UK. These ideas are strongly confirmed by Gallegos et al. (2023); analysing the National Cancer Database, the researchers consistently demonstrated that lower socioeconomic status is inevitably related to late-stage pancreatic cancer diagnoses. Moreover, Rassy et al. (2025) identified that the health conditions recorded in primary care records of patients are frequently ignored in the elderly and disadvantaged groups, resulting in delayed referrals. Therefore, the risk profile of an elderly patient in the UK is heavily influenced by the ability of the patient to navigate the primary care depending on the socioeconomic capacity.
Theme 2: Lifestyle, Dietary, Environmental and Genetic Interactions
Interaction between modifiable risk factors and non-modifiable genetic risks provides a very complicated epidemiological profile. The results of the main research conducted by Byrne et al. (2023) demonstrated additive interaction between the risk factors, as they found out that elderly individuals with a high polygenic risk score experience the highest absolute risk reduction while following the World Cancer Research Fund (WCRF) lifestyle guidelines. It clearly refutes the idea that the genetic predisposition is the deterministic feature of the disease. The same relationship was identified by Zeng et al. (2023) while investigating the age-dependent association of genetic risk and lifestyle in the UK Biobank; healthy lifestyles provide protective benefits throughout the entire life. These interactions were comprehensively reviewed by Klein (2021) and Ushio et al. (2021), who stated that the hereditary factor serves as a foundation, while accumulated lifestyle exposures throughout the lifespan are the principal catalyst of oncogenesis in the elderly. Additionally, Hu et al. (2021), Michalak and Małecka-Wojciesko (2023), and Olakowski and Bułdak (2022) evidenced the enormous importance of modifiable risk factors like smoking and physical inactivity in accelerating the development of pancreatic ductal adenocarcinoma.
On the other hand, the evidence regarding particular dietary components is highly controversial and inconsistent. The results of the main research conducted by Koulouris et al. (2019) did not identify any statistically significant effect of dietary fibre on reducing the risk of pancreatic cancer in the EPIC-Norfolk cohort. Similarly, Zhou et al. (2019) disproved the earlier hypotheses about the relationship between coffee consumption and the disease in never-smokers in the UK Million Women Study. Naudin et al. (2025) conducted a review of alcohol intake across 30 prospective studies, consistently demonstrating that heavy alcohol consumption increases the risk, while low-to-moderate consumption does not have any isolated linear correlation with the risk of pancreatic cancer in older adults. The absence of the isolated correlations with the dietary elements shows that the whole dietary patterns, mostly those resulting in obesity, are more important. In this respect, Maina et al. (2023) found that abdominal obesity is the most important causal risk factor for pancreatic cancer than overall body mass index (BMI).
Exposomic and environmental factors are increasingly identified as the lifelong exposures resulting in elderly cancer development. Brugel et al. (2022) and Brugel et al. (2024) carried out targeted screening analyses (PESTIPAC), consistently demonstrating the alarming correlation between the increased risk of pancreatic adenocarcinoma and the concentrations of organochlorine pesticides in adipose tissue (these substances accumulate throughout the person's lifetime). Peduzzi et al. (2023) and Peduzzi et al. (2025) expanded this idea into the "exposome" framework, demonstrating how the totality of environmental, lifestyle and psychosocial stress variables interacts with genetic variability to promote oncogenesis. Furthermore, Rodriguez et al. (2024) recently identified the increased levels of fungal and environmental toxins in the urine of patients with pancreatic cancer, which proves the dangers of lifelong environmental accumulation. 
In terms of genetics, the risk in the elderly patients is primarily polygenic and not due to the presence of single high-penetrance mutations (which cause early-onset disease). However, familial risk is still important. Ryu et al. (2023) and Paranal et al. (2024) estimated the prevalence of germline pathogenic variants, identifying the importance of understanding of familial risk pathways in elderly patients. In addition, Ünal et al. (2024) and Pistoni et al. (2021) mapped the polymorphisms in transcription factor binding sites and quantitative traits, respectively, which show how the subtle genetic variations make the predisposition to cancer susceptible to the lifelong environmental and metabolic insults.
Theme 3: Metabolic and Novel Biological Risk Factors 
Perhaps the most revolutionary contribution of the recent primary literature is identification of novel metabolic and biological risk factors, which has been possible due to huge database of the UK Biobank. The main research by Dong et al. (2024) revealed intrapancreatic fat deposition (IPFD) as a very important risk factor, demonstrating clear pathogenic links between the ectopic fat accumulation and the carcinoma development. Since the body composition changes with age in the favour of increasing visceral adiposity and sarcopenia, the IPFD becomes an extremely important and age-sensitive biological vulnerability. Papalamprakopoulou et al. (2025) supported this idea, explaining how pancreatic steatosis leads to the chronic inflammatory cascade and active promotion of the transition to ductal adenocarcinoma.
Similarly, dual role of new-onset diabetes mellitus (NODM) as the metabolic risk factor and early indicator of cancer revolutionizes the risk stratification process. The main research by Zhou et al. (2025) successfully showed that the integration of clinical and genetic predictors in NODM patients greatly improves the risk prediction abilities. This idea was confirmed by Clift et al. (2024), who developed and internal-external validated the clinical risk prediction model for adults with new-onset diabetes. Cichosz et al. (2023) applied machine learning to the routine biochemical parameters to predict the cancer risk in NODM patients, while Mellenthin et al. (2022) conducted the meta-analysis, which confirmed the statistically significant risk amplification in the patients with this condition. Tao et al. (2026), Frank et al. (2025), and Wang et al. (2021) widely promoted the idea of targeting the population of new-onset diabetes patients for early screening, claiming that the sudden metabolic failure of the endocrine pancreas is the direct and localised paraneoplastic effect of a nascent exocrine tumour. Furthermore, Amri et al. (2023), Zhong et al. (2023), and Yang et al. (2025) provided extensive evidence showing the correlation between the overarching metabolic syndrome, insulin resistance, and aggressive progression of pancreatic malignancies. 
Besides diabetes, deeper metabolic footprints are increasingly identified. According to the results of the main researches by Wang et al. (2025) and Wu et al. (2025), using the UK Biobank data, uric acid disorders and specific nuclear magnetic resonance-based metabolomic profiles, respectively, serve as the important precursors of pancreatic disease. Eze-Odurukwe et al. (2024) conducted a systematic review of metabolite biomarkers, proving that systemic metabolic dysfunction precedes the appearance of the tumour by years. Zhang et al. (2025) and Zhong et al. (2023) similarly estimated the prediagnostic serum metabolites and genetically predicted blood metabolite levels, proving that lipid and purine dysregulations are deeply implicated in oncogenesis. Finally, preexisting pancreatic inflammation is the important bridge between metabolic stress and cancer. According to the results of the main researches by Alhobayb et al. (2021), Gandhi et al. (2022), D. Dong et al. (2023), and Yuan et al. (2022), both acute and chronic pancreatitis, often caused by autoimmune conditions in elderly patients, serve as the powerful engines for cellular dysplasia and subsequent adenocarcinoma.
Theme 4: Tumour Biology, Microenvironment, and IPMN Pathogenesis
The integration of anatomical and biological modifiers of tumour into the risk prediction provides highly targeted clinical management approach for the elderly. According to the results of the main research by Zelga et al. (2026), the location of the Intraductal Papillary Mucinous Neoplasms (IPMNs), namely, the lesions in the head of the pancreas vs. body or tail, significantly affects the risk of malignant transformation. Gentiluomo et al. (2023) additionally studied how the traditional risk factors for adenocarcinoma actively accelerate the progression of IPMNs into invasive carcinoma. For the elderly population, it is important to understand the anatomical modifiers because it helps to balance the high probability of malignancy and high morbidity of the complex pancreatic resections.
On the microscopic level, tumour immune microenvironment (TIME) becomes the determining factor in disease progression and therapeutic resistance. Brează et al. (2025) conducted the immunohistochemical evaluation of the TIME, showing profound immunosuppression, which gets worse with age-related immune senescence. Halbrook et al. (2023), Sherman and Beatty (2022), and Stanciu et al. (2022) described the dense fibrous stroma that characterizes the pancreatic cancer; this type of tissue serves as the physical barrier preventing from chemotherapy delivery and metabolic sink starving the immune cells. Griffith et al. (2025) identified that aryl hydrocarbon receptor ligands actively drive the progression through protumorigenic T-cell polarization, which highlights the hostile immunological environment. Mortoglou et al. (2022) additionally mentioned the role of heavy metals (namely, nickel) in altering the microRNA expression in this environment.
Advancements in molecular sequencing provided the possibility to identify sophisticated prognostic signatures. Borgmästars et al. (2024) used multi-omics profiling to identify the early plasma biomarkers, while Dai et al. (2022), Huang et al. (2023), Zhang et al. (2022), Wang et al. (2022), Wang et al. (2024), and Sun et al. (2025) constructed very complex prognostic risk models based on single-cell RNA sequencing, aggrephagy-related LncRNA signatures and transcription factor statuses. In addition, Zhang et al. (2021) used bioinformatics approach to identify specific genes (GNG7 and ADCY1) as the diagnostic biomarkers. While being highly technical, these biological signatures consistently demonstrate that pancreatic cancer is not a monolithic disease but highly heterogeneous malignancy whose cellular behaviour depends on the patient's biological age and metabolic health.
Theme 5: Early Detection, Predictive Models, and Future Screening Paradigms 
All of the epidemiological, metabolic and molecular findings above lead to the paradigm shift from the reactive, late-stage treatment to proactive, early detection of pancreatic cancer. According to the results of the main research by Dayem Ullah et al. (2021), the patterns of temporal clinical course, such as the recent onset of diabetes in combination with weight loss and minor gastrointestinal disturbances, appear significantly before the official diagnosis of the disease. This was confirmed by Tan et al. (2022), who tracked the temporal dynamics of BMI, blood tests and comorbidities as the early markers.
Consequently, the researchers are currently using Artificial Intelligence (AI) and machine learning to develop highly sophisticated predictive models. Jia et al. (2023) developed and validated a large-scale clinical data risk prediction model (Prism) for the United States population, while Ke et al. (2022) and Ke et al. (2023) developed the integrative pancreatic cancer risk prediction models, using the data from the UK Biobank cohort. Mavromatis et al. (2026), Placido et al. (2023), Santos et al. (2022), Sarwal et al. (2024), Sharma et al. (2022), and Zheng et al. (2025) consistently demonstrated that deep sequential modelling of longitudinal diagnostic trajectories, natural language processing of clinical notes and inclusion of polygenic risk scores can accurately identify the high-risk patients long before the tumours become radiologically detectable. 
However, the translation of the mathematical models into the clinical screening strategy requires very precise logistics. Partyka et al. (2023), Vaněk et al. (2022), and Zogopoulos et al. (2024) extensively reviewed the screening recommendations in Europe, claiming that the untargeted population screening is not cost-effective due to low absolute prevalence of the disease. Instead, Yang et al. (2021), Mannucci and Goel (2025), Stoffel et al. (2023), and Pereira et al. (2024) recommended to use highly targeted screening protocols that will be focused only on the high-risk individuals, such as elderly patients with new-onset diabetes or family history. The PRECEDE study, which was conducted by Zogopoulos et al. (2024), is currently leading the global efforts in this direction, using baseline imaging in these highly stratified risk groups. Finally, the appearance of liquid biopsies provides minimally invasive screening tools that are appropriate for fragile elderly patients; Xu et al. (2023) and Wang et al. (2024) consistently demonstrated the high efficacy of the circulating circRNA and microRNA panels for non-invasive detection of early-stage disease.
Prognosis, Recurrence and Post-Operative Outcomes in the Elderly 
Even when pancreatic cancer is diagnosed at the seemingly localized, operable stage, the outcome for the elderly patients remains notoriously hard to optimize. According to the research by Amaral et al. (2023), tumour stroma area serves as the prognostic factor after the surgery, while Bereza-Carlson et al. (2022) formulated the preoperative risk score, which highlighted a very high risk of early mortality after the upfront pancreatic surgery in older and comorbid populations. Similarly, Feng et al. (2024) developed the LASSO-derived prognostic model, aiming to predict cancer-specific survival in the advanced patients over 50 years old, thus reiterating the idea that increasing age reduces survival probability despite the intervention.
Recurrence is the common phenomenon, which negates the advantages of the major surgery. According to the results of the main researches by Ikemoto et al. (2026), Man et al. (2024), and Murakawa et al. (2023), the researchers identified the clinical outcomes and risk factors for the early recurrence after curative resection, and discovered that the microscopic systemic spread is invariably present in the elderly patients at the time of surgery. This microscopic residual disease frequently requires the toxic adjuvant chemotherapy. However, Poiraud et al. (2024) conducted a French nationwide study, consistently demonstrating that high rates of adjuvant chemotherapy omissions in older adults are due to severe postoperative complications and frailty. To increase the predictive accuracy concerning the surgical viability, Qu et al. (2025) used machine learning based on quantitative MRI imaging to predict the survival and recurrence risks, while Yu et al. (2024) consistently demonstrated that simple nutritional risk screening assessments are highly effective in predicting post-operative survival. Ultimately, Zhang et al. (2021) developed the nomogram to predict early death even in metastatic scenarios, emphasizing the necessity of palliative care integration early in the disease trajectory for the elderly.
[bookmark: _Toc238643060]6.3 Strengths and Limitations
One of the major strengths of this systematic literature review can be seen in its unwavering focus on methodological rigour. Through strict application of PRISMA methodology, the search strategy was able to eliminate selection bias and generate a completely objective section of current epidemiology knowledge. The review specifically chose to use ten primary sources for comprehensive synthesis on theme. An important strength lies in the choice of using huge and very robust datasets, belonging to the United Kingdom; the UK Biobank and the Million Women Study. By using these datasets, the demographics, metabolism and genetics based risk factors are validated through their enormous potential of external validity; thus directly generalizable to the elderly of the UK. The use of the Critical Appraisal Skills Programme (CASP) checklist ensures that the theme generated by this dissertation has been influenced by high quality primary research with sound methodology, proper adjustment of confounding variables and valid statistical analysis.
However, the findings should not be evaluated without taking into account several intrinsic limitations. Firstly, a considerable number of the included primary and secondary literature uses observational epidemiological study designs, including mostly prospective and retrospective cohort studies. Although these kinds of studies are useful for identifying strong associations such as the link between intrapancreatic fat deposition and carcinoma, they cannot consistently demonstrate a causal relationship. Thus, it still is partially unclear whether some metabolic issues, such as insulin resistance, are the main driver of oncogenesis or a paraneoplastic symptom of an existing cancer.
Another important limitation lies in the lack of fine age stratification of the studies. Although selected primary sources are indeed highly relevant for the aging process, the number of studies stratifying their data according to the "extreme elderly" category (individuals 80 years old and older) and "older adults" (from 60 till 75 years old) is considerably lower than needed. With frailty and immune senescence increasing exponentially during the last decade of life, lumping together all individuals 60 years old and above as one homogeneous biological group is far too simplified approach to the risk matrix. Also, primary care records and EHR databases provide useful information on temporal manifestations of disease; however, their limitations lie in the fact that clinical coding is always prone to errors and diagnostic overshadowing due to co-morbid state of the elderly individuals. Finally, the datasets from the United Kingdom tend to over-represent individuals with White European ancestry. With growing ethnic diversity of the aging population of the UK, the polygenic risk scores and metabolic baselines of the current studies will need to be recalibrated in order to be used on minority populations.
A further limitation concerned the historical baseline of the Million Women Study used in the 2019 coffee analysis. The study recruited women between 1996 and 2001, with participants aged about 50–64 years at recruitment, while follow-up continued through linkage to routinely collected health records. Therefore, it was not accurate to state that the Million Women Study stopped in 2001; rather, recruitment ended in 2001. The exposure patterns and population characteristics in that historical baseline were therefore older than those of contemporary cohorts. For this review, the implication was that the coffee evidence was useful for long-term epidemiological follow-up but was less directly representative of current dietary behaviours. Interpreting that historical baseline as fully representative of today’s population has become outdated.

[bookmark: _Toc238643061]6.4 Chapter Summary
In this chapter, an intense and thorough analysis of the findings from ten relevant research studies has been conducted. In the light of the findings presented by almost 90 scholarly sources, it has become evident that the development of pancreatic adenocarcinoma among the older people in the UK is not a sudden phenomenon, but a result of biological and metabolic interactions throughout the patient's life, as well as exposure to certain environmental factors. It is clear that the development of cancer among the elderly population is driven mainly by advanced chronological age, but through the process of synthesizing information, it is evident that the effect of age is heavily amplified by the presence of certain genetical characteristics, accumulated environmental toxins, as well as metabolic changes like intrapancreatic fat deposition and diabetes mellitus. Modern-day literature actively opposes the view of pancreatic cancer as being completely "silent" and shows that it can be detected using modern electronic health record algorithms, new circulating biomarkers, as well as metabolomics. Despite the limitations associated with observational studies and the lack of stratification according to extreme ages, it is evident that a change in the current practice should be made towards targeted screening of high-risk patients. The next and final chapter will discuss further clinical implications of the findings and recommendations for the future.










[bookmark: _Toc238643062]CHAPTER 7: RECOMMENDATIONS AND CONCLUSION
[bookmark: _Toc238643063]7.1 Introduction to Chapter 
This concluding chapter represents the culmination of the systematic review process whereby an extensive synthesis of the general results obtained through the thematic analysis of the ten key research studies is presented. The key aim of the present research work was the systematic identification and evaluation of the well-established and emerging risk factors for the development of pancreatic adenocarcinoma in older people in the United Kingdom. Having considered the available evidence base on the epidemiological, metabolic, and molecular aspects of the disease in question, this chapter focuses on discussing the important implications of the findings for the public health policy and health services in the UK. At the same time, this chapter presents a number of important recommendations concerning optimization of the current clinical practice and directions for further research in this field. Finally, this chapter summarizes the core aims and the research question of the dissertation, stating its main findings and their importance for geriatric oncology and public health without presenting any new arguments.
[bookmark: _Toc238643064]7.2 Implications of Findings 
The implications of the synthesized findings from the primary sources and secondary literature are far-reaching and immediate for the British healthcare system and especially the National Health Service (NHS), which has been facing the challenges of the growth of the increasingly elderly population (Zheng et al., 2026). According to the long-held medical tradition, pancreatic ductal adenocarcinoma has been seen as a silent condition, showing any manifestations only after the malignant process had already progressed and become unresectable and metastatic (Halbrook et al., 2023; Sherman and Beatty, 2022). However, as new biomarkers have been found – including the deposition of fat in the pancreas (Dong et al., 2024), changes in the metabolome (Wu et al., 2025) and the occurrence of diabetes mellitus at old age (Zhou et al., 2025) – this idea has become outdated. The results clearly suggest that there are signs of the disease at an early stage, providing a clear physiological marker of the presence of the disease months and even years before the appearance of the critical symptoms (Dayem Ullah et al., 2021; Tan et al., 2022).
From the perspective of public health policies, this discovery suggests that the existing approach to diagnostics is completely unsuitable for the elderly. However, if the NHS manages to implement the use of electronic medical records and diagnostic algorithms to find the temporal patterns found recently – such as the development of endocrine failure and the presence of genetic predispositions – the possibility to diagnose the disease becomes real (Clift et al., 2024; Rassy et al., 2025). As a result, the survival rates of older patients may increase dramatically (Mannucci and Goel, 2025).
In addition to this, the results point strongly to the interplay between the advanced age and socio-economic disadvantages. The socio-economic disparity found among the UK Sentinel Network reveals that the symptoms experienced by patients who belong to economically deprived areas take much longer time to be recognized and then referred (Price et al., 2025). This is supported by other epidemiologic evidence, which confirms that there is a strong link between socioeconomic disadvantages and late diagnosis of pancreatic cancer (Gallegos et al., 2023). This means that no matter how sophisticated technologies for prediction and screening become, they will remain ineffective without addressing the issue of health inequalities. Public health interventions should make sure that advanced technologies and interventions, which include lifestyle changes, can reach people from all social and economic groups. Finally, what can be concluded from this analysis is that reducing the burden of death from pancreatic cancer in the UK will require taking two approaches, which will include applying new metabolic and genetic technologies and fighting the barriers preventing vulnerable patients from receiving healthcare.
[bookmark: _Toc238643065]7.3 Recommendations for Practice
In light of the careful evaluation of the primary studies, together with the wider secondary literature, the following recommendations for clinical practice in the UK are provided:
From this review critical judgement from the evidence synthesised is that practice should move towards targeted rather than blanket approaches. The strongest practical signal is the combination of established clinical risk factors with measurable changes that can be identified in routine care. However, the evidence is not sufficiently mature to justify replacing clinical judgement with an automated prediction system. In my view, the priority should therefore be cautious integration of validated risk indicators into existing NHS pathways, with particular attention to older patients' comorbidity, accessibility, acceptability and preferences.
Implementation of Targeted Surveillance for High-Risk Metabolic Profiles: General Practitioners (GPs) and primary care network units must urgently alter the clinical surveillance protocol in the case of newly diagnosed diabetes mellitus (NODM) (Tao et al., 2026) in elderly patients. Based on the available evidence, NODM in elderly patients aged over 65, especially those lacking conventional risk factors of developing Type 2 diabetes (high body mass index, BMI), should not be considered merely a metabolic disorder (Mellenthin et al., 2022). On the contrary, the evidence suggests that NODM should be seen as an early sign of hidden pancreatic malignancy (Frank et al., 2025). Hence, it is recommended that the aforementioned specific patients should be fast-tracked to undergo rapid access to cross-sectional imaging or referred to special diagnostic clinics to check for the presence of ductal adenocarcinoma prior to implementing metabolic therapy (Wang et al., 2021).
Introducing Predictive Algorithmic Alerts in EHRs in Primary Care Units: The NHS should urgently pilot and implement algorithmic predictive tools in primary care Electronic Health Record (EHR) systems. Employing the clinical pattern and weight-loss trends demonstrated in recent case-control and retrospective cohort studies (Dayem Ullah et al., 2021; Placido et al., 2023), these algorithmic predictions could automatically identify highly suspicious clusters of minor symptoms that occur in short periods of time in elderly patients. Thus, the digital alerts would remove the need for current reliance on clinical intuition of a physician, providing a standardized pathway to refer older patients with subtle, insidious symptoms (Sarwal et al., 2024).
Promotion of the WCRF Lifestyle Guidelines in Geriatric Care: Public health interventions targeted at older adults should be aggressively altered to emphasize the remarkable protective role of modifiable lifestyle in advanced age (Klein, 2021). As it was revealed in the primary literature, the existence of the highly significant additive effect of the adherence to a healthy lifestyle and genetic predisposition to cancer (Byrne et al., 2023), geriatric care providers should promote the World Cancer Research Fund (WCRF) guidelines. Public health communication should stop the fatalistic attitudes toward genetics and aging, educating older patients that maintaining their body composition in an optimal state, following a healthy diet and avoiding the exposure to environmental toxins may actively suppress the expression of genetic predispositions (Zeng et al., 2023; Peduzzi et al., 2025).
Age-Adjusted Multidisciplinary Approach to the IPMN Management: Current clinical protocols for managing Intraductal Papillary Mucinous Neoplasms (IPMNs) should explicitly include the biological age of a patient and the anatomical localization of a lesion when making the decisions regarding surgery. As it is shown in the primary evidence, the malignancy risk of head tumors is significantly higher compared to the body and tail lesions (Zelga et al., 2026). Hence, MDTs should take into account the fact to balance the severe morbidity and high perioperative mortality of pancreaticoduodenectomy in elderly frail patients against the risk of transformation into malignancy (Ozdemir et al., 2024). The guidelines should include localized risk-stratification scoring in order to avoid excessive surgery in low-risk patients (Gentiluomo et al., 2023).
[bookmark: _Toc238643066]7.4 Recommendations for Future Research
In order to solve the problems related to methodology and evidence gaps found throughout this systematic literature review, it is suggested to pursue the following directions in the future research:
Extreme-Age Stratified Longitudinal Epidemiological Studies: The future research in epidemiology should abandon the approach to stratifying all people aged over 60 or 65 into one homogenous group. In order to fully understand the mechanisms of disease development in aging populations, researchers should conduct longitudinal studies that explicitly stratify the patients' data into deciles (isolating outcomes of people aged 65-74, 75-84 and "extreme elderly" aged 85 and above) (Tschaidse et al., 2025). The stratification by the extreme age is absolutely necessary in order to understand the specific biology, microenvironment and immunosuppressive properties of pancreatic cancer among the oldest patients in comparison with the older adults (Bastiaannet and Pilleron, 2025).
Mechanistic Research Related to Intrapancreatic Fat Deposition: Despite the fact that the primary observational studies have consistently demonstrated a strong association between intrapancreatic fat deposition (IPFD) and the incidence of pancreatic adenocarcinoma (Dong et al., 2024), correlation does not imply causation. It is extremely important to conduct dedicated mechanistic, molecular and long-term longitudinal imaging studies in order to establish the exact sequential pathogenesis. It should be defined whether the ectopic fat accumulation is the direct causal agent of driving cellular dysplasia through localized chronic inflammation (Papalamprakopoulou et al., 2025) or a benign bystander that appears as the result of the more general systemic metabolic dysfunction (Zhong et al., 2023).
External Validation of the AI and Predictive Risk Models: The highly promising predictive models that incorporate genetic and non-genetic risk factors (including the polygenic risk score and new-onset diabetes markers) (Zhou et al., 2025; Sharma et al., 2022) should be rigorously externally validated. Nowadays, most of the current models are based on the data from UK Biobank, which primarily includes White Europeans. The future research should validate these machine learning and predictive tools among the highly diverse and multi-ethnic cohorts (Jia et al., 2023) in order to guarantee their clinical utility and global applicability.
Qualitative Research Regarding Patient Acceptability and Psychological Impact: With the development of molecular screening, liquid biopsies (Xu et al., 2023) and genetic risk profiling, there is a lack of research regarding the human aspect of this technology. Qualitative studies should focus on exploring the acceptability of extensive genetic testing and pancreatic cancer screening among elderly populations. It is crucial to assess the psychological impact and distress that can be caused by informing an elderly, potentially frail patient that he or she belongs to the high-risk stratification group for an aggressive and historically fatal malignancy.
[bookmark: _Toc238643067]7.5 Conclusion 
This systematic literature review brought together evidence on established and emerging risk factors for pancreatic adenocarcinoma in older people in the United Kingdom. The main conclusion from my analysis is that pancreatic cancer risk in later life is not explained by age alone. Age remains a major background determinant, but its effect is intertwined with lifestyle, metabolic health, genetic susceptibility, pancreatic fat accumulation, new-onset diabetes, metabolomic changes and other biological characteristics.
The review inquired whether newer evidence adds value beyond the established risk factors. The findings suggest that it does, particularly where emerging markers can strengthen risk stratification and earlier identification. However, most of the evidence remains observational, and important gaps remain in elderly-specific data, external validation, representativeness and translation into routine NHS practice.
Overall, from this review is that the most useful direction is a targeted, evidence-led approach that combines established clinical knowledge with validated emerging markers rather than relying on any single predictor. Future work should focus on external validation, clearer age stratification, long-term follow-up and practical implementation. This would provide a more reliable basis for earlier detection and better risk management in older people with pancreatic adenocarcinoma.
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[bookmark: _Toc238643070]Appendix 1: Characteristic Data Extraction Table
	No
	Author (Year)
	Study Design
	Study Setting
	Study Objective
	Sample Size
	Age reported (years)
	Ethnicity
	Main Risk Factors
	Key Results (PC)
	Quality Assessment / Risk of Bias

	1
	Byrne et al. (2023)
	Prospective cohort
	UK Biobank
	Joint effects of WCRF* lifestyle index + genetic risk (PRS) on incidence of 13 cancers including pancreatic cancer
	195,822
	37–73 at baseline
	White European (100% in analysis)
	Lifestyle (WCRF) + genetic risk (PRS)
	Additive interaction for PC; greater absolute risk reduction in high genetic risk
	High quality large prospective cohort. ROBINS-I: Low-moderate risk of bias. Strong for incidence; residual confounding possible.

	2
	Dong et al. (2024)
	Prospective cohort
	UK Biobank MRI
	Associations of intrapancreatic fat deposition (IPFD) with incident diseases of exocrine and endocrine pancreas
	42,599
	65 (median; IQR 58–70)
	Adjusted for ethnicity; predominantly White
	Intrapancreatic fat deposition (IPFD)
	HR 1.365 per quintile for PC
	High quality (objective MRI measurement). Low-moderate RoB. Prospective design strong.

	3
	Zhou et al. (2019)
	Prospective cohort
	Million Women Study
	Coffee consumption and pancreatic cancer risk among never-smokers (to minimise residual confounding by smoking)
	309,797
	59.5 (SD 5.0)
	Not reported (UK women cohort, predominantly White)
	Coffee (never-smokers)
	No significant association
	High quality large prospective cohort. Low RoB for never-smoker analysis design.

	4
	Wu et al. (2025)
	Prospective cohort
	UK Biobank
	Nuclear magnetic resonance-based metabolomics and risk of pancreatic cancer: prospective analysis
	243,145
	40–69 at recruitment
	Predominantly White British
	NMR metabolomics
	14 metabolites associated with PC risk
	High quality prospective metabolomics study. Low-moderate RoB.

	5
	Koulouris et al. (2019)
	Prospective cohort
	EPIC-Norfolk
	Dietary fiber intake (7-day food diaries) and risk of pancreatic ductal adenocarcinoma; effect modification by meat & smoking
	EPIC-Norfolk
	64.2 ± 7.8 (cases); 59.3 ± 9.4 (non-cases)
	Not reported (UK cohort)
	Dietary fibre
	No overall association; may attenuate meat risk
	Good quality prospective cohort with detailed dietary assessment. Low-moderate RoB.

	6
	Wang et al. (2025)
	Prospective cohort
	UK Biobank
	Uric acid and related disorders in the risk of pancreatic diseases: UK Biobank prospective study
	363,778
	40–69 at recruitment
	Predominantly White British
	Uric acid & related disorders
	Associations with pancreatic disease risk
	High quality large prospective cohort. Low-moderate RoB.

	7
	Zhou et al. (2025)
	Prospective cohort
	UK Biobank NODM
	Combining genetic and non-genetic factors to predict risk of pancreatic cancer in patients with new-onset diabetes mellitus
	238 cases / 14,825 controls
	70 (median; IQR 66–74) cases; 64 (median; IQR 57–70) controls
	Predominantly White British
	Genetic + non-genetic in NODM
	Combined model C-index 0.823
	High quality. Important for risk stratification in new-onset DM. Low-moderate RoB.

	8
	Zelga et al. (2026)
	Retrospective
	Multicentre IPMN
	Location matters in IPMN: clinicopathological differences, malignancy risk and oncological outcomes for lesions in head vs body/tail
	751 IPMN
	Age characteristics reported in study cohort; no single summary age in the accessible study summary
	Not reported
	IPMN location (head vs body/tail)
	Head lesions higher malignancy (54% vs 39%)
	High quality multicentre study. Low-moderate RoB for retrospective design.

	9
	Dayem Ullah et al. (2021)
	Case-control
	East London EHR
	Temporality of clinical factors associated with pancreatic cancer: case-control study using linked electronic health records
	965 cases
	67.1 (median; IQR 58.9–76.0) PC group
	UK population
	Temporal clinical factors
	Recent-onset DM, smoking, chronic pancreatic disease raise odds
	High quality case-control with linked data. Low-moderate RoB.

	10
	Price et al. (2025)
	Retrospective cohort
	UK Sentinel Network
	Sociodemographic profile of people with diagnosed pancreatic cancer in the UK
	9,267
	72.1 ± 11.6 (mean); median 73 (IQR 16)
	UK population (sociodemographic data collected)
	Sociodemographic factors
	Median age 73; 30% diabetes; disparities noted
	High quality real-world evidence study. Low-moderate RoB.[endnoteRef:1] [1: ] 




Abbreviations: *WCRF = World Cancer Research Fund; HR = Hazard Ratio; PRS = Polygenic Risk Score; IPFD = Intrapancreatic Fat Deposition; NMR = Nuclear Magnetic Resonance; NODM = New-Onset Diabetes Mellitus; IPMN = Intraductal Papillary Mucinous Neoplasm; EHR = Electronic Health Records; PC = Pancreatic Cancer; SD = Standard Deviation; CI = Confidence Interval; RR = Relative Risk.









[bookmark: _Toc238643071]Appendix 2: CASP Quality Appraisal Table
	CASP Questions
	Byrne 2023
	Dong 2024
	Zhou 2019
	Wu 2025
	Koulouris 2019
	Wang 2025
	Zhou 2025
	Zelga 2026
	Dayem Ullah 2021
	Price 2025

	1. Was there a clear statement of the aims of the research?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	2. Is a qualitative methodology appropriate?
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	3. Was the research design appropriate to address the aims?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	4. Was the recruitment strategy appropriate?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	5. Were the data collected in a way that addressed the research issue?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	6. Has the relationship between researcher and participants been adequately considered?
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	7. Have ethical issues been taken into consideration?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	8. Was the data analysis sufficiently rigorous?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	9. Is there a clear statement of findings?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	10. How valuable is the research?
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
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