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The prevalence, risk factors, and prevention of Urinary Tract Infections (UTIs) in adult women in UK

Abstract
Urinary tract infections (UTIs) are one of the most common types of bacterial infection in women and are a major reason for prescribing antibiotics in UK primary and community care. This dissertation focused on exploring the prevalence and burden of UTI in adult women, the major risk factors for UTI's first and recurrent infection, and prevention and management strategies within an antimicrobial stewardship framework. A systematic literature review was performed using the methods described in the PRISMA guidelines. Searches revealed 1,246 records; after de-duplication and screening, 10 UK-based studies were included (routine electronic health record cohorts, microbiology-linked datasets, surveys, qualitative research and commissioning-level evidence). Due to heterogeneity in study designs and outcome definition, synthesis of findings was conducted using structured narrative thematic synthesis and supported by tabulation of study characteristics and a formal quality appraisal. Results showed that the burden of UTIs is high but disproportionate throughout the life course. Working-age women were responsible for high absolute consultation volumes, while clinical complexity, repeat contacts and escalation of care were higher amongst older women, who contributed disproportionately to repeat antibiotic exposure. Across studies, recurrent infection was clustered in individuals, and there was a close association with ongoing healthcare utilisation. Risk factors were multifactorial and included biological transitions (including peri-/post-menopausal transitions), multimorbidity and iatrogenic exposures (e.g. catheterisation), behavioural factors (including sexual activity and contraceptive practices) and social determinants of care-seeking and prevention uptake. System-level drivers were also prominent: diagnostic uncertainty, reliance on urine dipsticks and pressures for empiric prescribing were identified as mechanisms that can reinforce cycles of reattendance, repeat treatment and stewardship challenges. Overall, the study concludes that the reduction of recurrent UTI and avoidable exposure to antibiotics will need integrated, stewardship-sensitive approaches involving prevention and education at the patient level with improvements in the diagnostic and prescribing pathways. Limitations included heterogeneous definitions of UTI, varying risk of bias between types of evidence and limited validation for causal inference, thus emphasising the need for standardised outcomes and strong UK evaluations of preventive and diagnostic stewardship interventions.
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[bookmark: _Toc216835978]CHAPTER 1: INTRODUCTION 
[bookmark: _h2eootjv2djz][bookmark: _Toc216835979]1.1 Background to the Study
Urinary tract infections (UTIs) are among the leading bacterial infections in women worldwide, the diagnosis of which is most often associated with the ascent of the uropathogens, including Escherichia coli, into the urethra and bladder (Flores-Mireles et al., 2015). UTIs can be acute infections that are usually cystitis or recurrent UTIs that are clinically defined as having at least two infections in 6 months or 3 in a year (Nicolle, 2008). Recurrent UTIs are a major challenge because of persistent symptoms and poor quality of life, as well as increased healthcare utilisation. Globally, more than 50-60% of women experience at least one UTI in their lifetime, and about 20-30% develop recurrent infections (WHO, 2023; Medina & Castillo-Pino, 2019). In the United Kingdom, millions of primary care consultations each year are due to UTIs, and it is a leading cause for antibiotic prescriptions in adult women (NICE, 2018). Women are disproportionately affected because of the anatomical factors (i.e. shorter urethra, proximity of the urethral meatus to the anus) and hormonal changes that affect the vaginal microbiota (especially after menopause) (Hooton, 2012). Healthcare utilisation continues to increase, with rising general practitioners (GPs) visits, diagnostic testing and hospital admissions for complicated UTIs, in particular in older women (UKHSA, 2014). Importantly, UTIs greatly contribute to the burden of antimicrobial resistance (AMR), as they are one of the most frequent reasons for community antibiotic prescriptions (Costelloe et al., 2010). Consequently, the strengthening of preventive strategies and the promotion of early management in the adult female population is a critical public health priority.
[bookmark: _ceml48fqln61][bookmark: _Toc216835980]1.2 Problem Statement
UTIs in adult women continue to be a persistent public health issue because of their high prevalence, high recurrence rates and inconsistent results for prevention in different studies (Nicolle, 2008). There remain evidence gaps as to the relative importance of modifiable and non-modifiable risk factors to enable targeted interventions. Additionally, the guidelines for prevention are not uniform, with variations in clinical recommendations and limited consensus on the use of non-antibiotic strategies (NICE, 2018). The burden of this is significant on healthcare systems, which contributes towards increased costs, workforce burden and high antibiotic prescribing (Costelloe et al., 2010). Social care impacts include lower quality of life, reduced productivity and increased vulnerability for older women (Hooton, 2012).
[bookmark: _4tqj1gkt6z6f][bookmark: _Toc216835981]1.3 Prevalence of the Problem in Health and Social Care
UTIs affect the global female population of 50-60% at least once in their lifetime, of which 20-30% are recurrent (WHO, 2023; Medina & Castillo-Pino, 2019). In the UK, UTIs represent millions of consultations annually with the NHS and significant antibiotic usage (NHS, 2022). Prevalence is highest in adult women and is considerably higher in post-menopausal and older populations due to hormonal and physiological changes (Hooton, 2012). Socioeconomic inequalities also influence susceptibility and access to care in a timely manner. Frequent antibiotic prescribing is a factor in the increasing antimicrobial resistance (UKHSA, 2014). Among older people, UTIs are associated with increased morbidity, such as delirium and the risk of hospitalisation, which have serious public health implications.
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Figure 1: Global age-standardised rates of urinary tract infections by age and sex in 2021
(He et al., 2025)
[bookmark: _daha58f0ilzi][bookmark: _Toc216835982]1.4 Rationale for the Study
Adult women are at greater risk for UTI because of anatomical vulnerability, hormonal variations and behavioural exposures (Gupta et al., 2017). Recurrent UTIs need to be further investigated as they cause persistent symptoms, poor quality of life and increasing healthcare utilisation (Nicolle, 2008). The increasing threat of antimicrobial resistance has heightened the interest in the effective use of non-antibiotic preventative strategies (UKHSA, 2014). Existing literature is currently not consistent, with uncertainty regarding the comparative contribution of modifiable and biological risk factors, and mixed evidence regarding the outcomes of prevention. A systematic review is a rigorous and transparent way of synthesising the findings, identifying gaps in knowledge and evidence-based practice.
[bookmark: _6abusudb5d1c][bookmark: _Toc216835983]1.5 Research Aim
The aim of the study is to investigate the key risk factors associated with UTIs in adult women and explore effective prevention methods to reduce their occurrence.
[bookmark: _i9s5le696r1i][bookmark: _Toc216835984]1.6 Research Question
What are the common risk factors contributing to urinary tract infections (UTIs) in adult women, and what prevention strategies are most effective?
[bookmark: _ylkzwam322ho][bookmark: _Toc216835985]1.7 Research Objectives
· To identify the most common risk factors leading to UTIs in adult women.
· To assess the prevalence of UTIs among adult women within a defined population or setting.
· To evaluate the effectiveness of current prevention and management strategies for UTIs in adult women.
[bookmark: _jarnmlimctr4][bookmark: _Toc216835986]1.8 Scope of the Study
This study has targeted women in adulthood from 18 years and above with factors that affect UTI prevalence and prevention in the UK population. Although based in the United Kingdom, the review draws on global evidence to improve the context. Literature published from 2013 to 2024 is included to ensure contemporary relevance. Primary outcomes assessed are prevalence trends, risk factors and effectiveness of prevention strategies. Eligible study designs include quantitative, qualitative and mixed-methods research. This scope provides a comprehensive yet clearly defined evidence base for rigorous synthesis to be conducted and for the dissertation requirements to be met.
[bookmark: _9y0mtci2j0ux][bookmark: _Toc216835987]1.9 Overview of Dissertation Structure
Chapter 1 presents the introduction of the study, stating its aim and objectives, and also the background of the study. Chapter 2 is a critical review of existing literature, identifying theoretical concepts, empirical findings and research gaps. Chapter 3 describes the methodology of the systematic review process, including search strategy, eligibility criteria, and quality appraisal processes. Chapter 4 presents the synthesis of included studies and summarises key results. Chapter 5 is a detailed discussion, interpreting the findings in relation to existing evidence, theory and public health implications. Chapter 6 concludes the dissertation by summarising overall insights and making recommendations for practice and future research.
[bookmark: _hpuy3zv39byh][bookmark: _Toc216835988]CHAPTER 2: LITERATURE REVIEW 
[bookmark: _5ziidp5oy145][bookmark: _Toc216835989]2.1 Introduction to the Literature Review
This chapter critically reviews the epidemiology, risk factors and prevention strategies related to urinary tract infections (UTIs) in adult women, using up-to-date academic evidence to establish the complexity and public health relevance of the condition in adult women. It synthesises biological, behavioural, clinical and social determinants to give a multidimensional understanding of susceptibility and recurrence. The chapter also examines current preventive interventions, identifying weaknesses, limitations, and inconsistencies in the literature. Through critical appraisal and engagement with already established theoretical models, the chapter develops a coherent foundation to justify the need for a systematic review to address persistent evidence gaps.
[bookmark: _vlnd0pa97a4h][bookmark: _Toc216835990]2.2 Epidemiology of UTIs in Adult Women
Urinary tract infections (UTIs) are very common: in fact, it is estimated that 50-60% of women will experience at least one UTI during their lives, with 20-30% developing recurring episodes (two or more in six months or three or more in 12 months) (WHO, 2023; Nicolle, 2008). In the UK, millions of primary care consultations are generated each year due to UTIs, and they are a major reason for prescribing antibiotics in the community (NHS, 2022; UKHSA, 2014). Age stratification demonstrates high incidence in sexually active younger women, a marked peak in peri-menopausal transition due to behavioural and hormonal factors and higher rates of complicated infections and hospitalisation in post-menopausal and in older women (Hooton, 2012; Medina & Castillo-Pino, 2019). Reported recurrence rates are subject to heterogeneity based on study design and population due to heterogeneity in definitions and follow-up (Nicolle, 2008). Risk is concentrated in subgroups - frequent sexual activity, spermicidal contraception, diabetes, urinary incontinence, and catheter use - and is modified by socioeconomic determinants that affect health literacy and access to care (Gupta et al., 2017). Patterns of healthcare utilisation show high levels of diagnostic testing, empiric prescribing, and some referral to specialists, which contribute to antimicrobial selection pressure in the community (Costelloe et al., 2010). Interpretation of epidemiological estimates is hampered by methodological variability (self-report, administrative coding), geographic heterogeneity, and under-reporting of asymptomatic or self-treated cases.
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Figure 2: Epidemiology of UTI
(Foxman, 2010)
[bookmark: _2wkg97ui01gt][bookmark: _Toc216835991]2.3 Risk Factors for UTIs in Adult Women
[bookmark: _o8eygq2i5xhx][bookmark: _Toc216835992]2.3.1 Biological/Physiological Risk Factors
Anatomical factors are still a major cause of female susceptibility: the relative shortness of the urethra and its proximity to the perineum make ascending infection with enteric bacteria, most commonly E. coli, very easy (Flores-Mireles et al., 2015). Hormonal transitions - particularly the oestrogen deficiency of the peri- and post-menopausal years - result in changes to urogenital mucosa and low lactobacilli in the vaginal niche, favouring an elevated colonisation of uropathogens and predisposition to symptomatic infection (Hooton, 2012). Disruption of the vaginal and peri-urethral microbiome (loss of protective lactobacilli, overgrowth of Enterobacteriaceae) is increasingly recognised as a mechanistic mediator of susceptibility and recurrence (Flores-Mireles et al., 2015). Familial aggregation and twin studies indicate a slight genetic predisposition (host innate immunity and urothelial receptor variability), although the genetic effects are variable and incompletely characterised (Foxman, 2014).
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Figure 3: Risk Factors and routes of infection of UTI
(Sujith, Solomon and Bosco, 2024)
[bookmark: _lfblm0u47fin][bookmark: _Toc216835993]2.3.2 Behavioural and Lifestyle Factors
Behavioural exposures substantially modify risk: frequency of sexual activity and new sexual partners increase the introduction of bacteria into the urethra; post-coital episodes are a well-established trigger (Foxman, 2014). Use of spermicidal agents causes changes in the vaginal microbial flora and is related to an increased risk of UTI when compared with other types of contraception (Gupta et al., 2017). Personal hygiene behaviour, toileting habits (e.g. wiping front to back), and fluid intake pattern influence the dilution of urine and bacterial clearance. Although many of the recommendations for behavioural change are based on observational studies of varying quality. Tight or non-breathable clothing that encourages moisture may also play an indirect role in this problem through alterations of local microenvironments (Hooton, 2012).
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Figure 4: Factors that Have Defined High-risk Sexual Behavior
(Chawla and Sarkar, 2019)
[bookmark: _9er4dyort0kk][bookmark: _Toc216835994]2.3.3 Clinical and Medical Risk Factors
A prior UTI is the best predictor of recurrence, and it reflects both the host susceptibility and potential persistence of the reservoir organisms (Nicolle, 2008). Common comorbidities of diabetes mellitus, urinary incontinence, and structural abnormalities of the urinary tract contribute to a higher incidence of complications (Flores-Mireles et al., 2015). Indwelling or intermittent catheterisation is also a major iatrogenic risk for the development of complicated infection and biofilm formation. In post-menopausal women, urogenital atrophy and reduced mucosal defence further increase risk and perturb the clinical phenotype of the condition in favour of complicated or recurrent presentation (Hooton, 2012).
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Figure 5: Pathogenesis of UTI
(Mancuso et al., 2023)
[bookmark: _gq1ynruvu3m0][bookmark: _Toc216835995]2.3.4 Social Determinants of Health
Age has interactions with physiology and care needs: younger sexually active women have a high incidence of uncomplicated UTI, while in older ages, the rate of complications and hospitalisation is high (Foxman, 2014). Socioeconomic status, education, and access to healthcare determine exposure, early diagnosis and treatment adherence, and disadvantaged populations may have delayed access to healthcare, higher recurrence, and poorer outcomes. Cultural practices and health beliefs affect prevention uptake (e.g. acceptance of post-menopausal topical oestrogen), but these social determinants are understudied and warrant focused research to guide equitable prevention strategies (Gupta et al., 2017).
[bookmark: _ez2jnr9to8kg][bookmark: _Toc216835996]2.4 Prevention Strategies for UTIs in Adult Women
Prevention strategies range from antibiotics to non-antibiotic pharmacologics, behavioural measures and public health actions; each has a different efficacy and safety profile that needs to be critically balanced against antimicrobial stewardship objectives.
[bookmark: _7imq456eye7x][bookmark: _Toc216835997]2.4.1 Antibiotic Prophylaxis
Continuous (daily low-dose) and post-coital antibiotic prophylaxis decrease symptomatic recurrence in appropriately selected women, with meta-analyses and RCTs demonstrating a decrease in UTI rate while on prophylaxis. However, benefits must be balanced against the obvious risk of selecting resistant organisms: primary-care prescribing is linked to a measurable growth in individual and population antibiotic resistance persisting for months following exposure (Costelloe et al. 2010). Current UK guidance therefore supports targeted antibiotic strategies but emphasises antibiotic stewardship and the role of non-antibiotic options where possible (NICE, 2018).
[bookmark: _ir5l10kesrtv][bookmark: _Toc216835998]2.4.2 Non-Antibiotic Pharmacological Strategies
Evidence for cranberry products has been mixed in the past, but according to a large recent Cochrane synthesis, cranberry (juice, tablets or capsules) reduces the incidence of UTIs in people who are susceptible to recurrence, but there is still heterogeneity in formulations and dosing, and effectiveness is modest. Cranberry is therefore a reasonable adjuvant for some women, especially those who do not want to be on antibiotics all the time, but quality-assured dosing and issues of long-term adherence limit the generalisability. Methenamine hippurate - urinary antiseptic that metabolises in acidic urine to formaldehyde. Non-inferiority demonstrated by the ALTAR pragmatic RCT in preventing recurrent UTI with reduced selective pressure for resistant E. coli during treatment. Cost-effective data showing an acceptable ratio of net benefit to net cost, promising, but long-term outcomes need to be monitored. Vaginal oestrogen therapy decreases recurrence in post-menopausal women by restoring lactobacilli-dominated flora and mucosal defence; systematic reviews report benefit in this subgroup, so use this as part of individualised prevention.
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Figure 6: Cranberry bioactive compounds against urinary tract infection pathogens
(Jangid, Shidiki and Kumar, 2025)
[bookmark: _g21zm7kq4ov0][bookmark: _Toc216835999]2.4.3 Behavioural and Lifestyle Interventions
At the population level, patient education, increased access to women's health services and AMR-focused stewardship campaigns are needed to improve unnecessary prescribing and to promote evidence-based non-antibiotic options. Implementation research is necessary to identify the combinations of interventions (behavioural and non-antibiotic pharmacological) which elicit long-lasting reduction of recurrence without selection to increase resistance.
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Figure 7: A framework for antimicrobial resistance in the healthcare network of the 21st century
(Coque et al., 2023)
[bookmark: _q3fx8ywyl7a2][bookmark: _Toc216836000]2.4.4 Public Health Interventions
At population level, patient education, improved access to women’s health services, and AMR-focused stewardship campaigns are essential to reduce unnecessary prescribing and to promote evidence-based non-antibiotic options. Implementation research is needed to determine which combinations of interventions (behavioural and non-antibiotic pharmacologic) produce durable reductions in recurrence without increasing resistance.
[bookmark: _106p2kvee6ko][bookmark: _Toc216836001]2.5 Critical Evaluation of the Literature
[bookmark: _4t0px5m7el1c][bookmark: _Toc216836002]2.5.1 Inconsistencies and heterogeneity
Evidence for some very popular interventions (notably cranberry products) is inconsistent: trial results are inconsistent according to formulation, dose and definition of outcome, resulting in heterogeneous meta-analytic estimates as well as uncertainty about clinical magnitude (persists across reviews) (Foxman, 2014). Reported effect sizes and confidence in findings are often influenced by inclusion criteria and study quality, so they do not allow for direct comparability and pooled inferences (Nicolle, 2008).
[bookmark: _7xlx465cqc3a][bookmark: _Toc216836003]2.5.2 Gaps in modifiable risk-factor evidence
Whilst behavioural advice (hydration, toileting, avoidance of spermicides) is routinely recommended, high-quality experimental evidence outlining which modifiable behaviours reduce clinically important recurrence is limited; most data are observational or small non-randomised trials, and the causality and effect size are uncertain (Gupta et al., 2017).
[bookmark: _swipovslh5gr][bookmark: _Toc216836004]2.5.3 Geographic and implementation limitations
There is a relative paucity of robust, UK-specific studies testing prevention strategies and implementation models - many trials are North American or heterogeneous international samples - meaning there is limited direct transferability to NHS settings and local AMR ecology. The proposal uploaded addresses this translational gap and the need for a UK-relevant synthesis.
[bookmark: _ekadslf0bz95][bookmark: _Toc216836005]2.5.4 Lack of long-term, comparative data
Long-term head-to-head comparison (e.g. methenamine vs continuous antibiotics, behavioural programmes vs pharmacologic prophylaxis) is limited; those that exist have often had short follow-up (hard to evaluate durability, late harms (resistance emergence), real-world adherence.
[bookmark: _sj81pw3oq80p][bookmark: _Toc216836006]2.5.5 Underrepresentation of social determinants
Socioeconomic status, ethnicity, health literacy and access to care are not often discussed as key modifiers of UTI risk or prevention uptake; studies do not commonly stratify outcomes by these axes of difference, limiting recommendations to improve equity (UKHSA reports; Foxman, 2014).
[bookmark: _byyyfem1o43b][bookmark: _Toc216836007]2.5.6 Methodological limitations
Some common weaknesses are small sample sizes, variable UTI case definitions (symptom-based vs culture-confirmed), reliance on self-report, selective follow-up, and inconsistent reporting of resistance outcomes, factors that introduce bias and decrease generalisability (Costelloe et al., 2010; Hooton, 2012).
Thus, it can be concluded that these inconsistencies, evidence gaps, geographical limitations and methodological weaknesses justify a contemporary, robust systematic review to clarify risk factor hierarchies, the prevention effectiveness (including non-antibiotic options) and help to inform UK appropriate practice and policy.
[bookmark: _8023268zml8t][bookmark: _Toc216836008]2.6 Theoretical Framework
The theoretical framework serves to synthesise the existing models of health in order to contextualise the multifactorial nature of urinary tract infections (UTIs) in adult women, and to guide the interpretation of prevention behaviours and outcomes.
[bookmark: _yjvpva14xw52][bookmark: _Toc216836009]2.6.1 The Biopsychosocial Model
The Biopsychosocial Model (Engel, 1977) provides a broad framework for understanding the risk of UTI by acknowledging the interplay between biological, psychological and social factors. Biological factors, such as anatomical susceptibility, hormonal changes, and microbiome composition, increase the susceptibility (Hooton, 2012). Psychologically, the perception of symptoms, health literacy, and experience with past illnesses play a role in help-seeking and adherence behaviours. Socially, socioeconomic status, access to healthcare and cultural norms determine exposure risks and treatment pathways. This model is particularly well-suited to UTIs because risk is not either biological or behaviourally based, but arises from complex interdependencies between these levels.
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Figure 8: The Biopsychosocial Model
(Bright, Doody and Tuohy, 2022)
[bookmark: _r3vab8y4pbfg][bookmark: _Toc216836010]2.6.2 The Health Belief Model
The Health Belief Model (HBM) is relevant to understanding prevention behaviours. Its core constructs - perceived susceptibility, perceived severity, perceived benefits, perceived barriers, cues to action and self-efficacy - help to explain why women may or may not adopt preventive measures such as hydration, sexual hygiene practices, or prophylactic interventions (Rosenstock et al, 1988). For example, women with an underestimation of susceptibility or with the view that cranberry or methenamine is not effective may be less likely to implement these measures, even though there is a clinical indication. Conversely, increased perceptions of severity or risk of recurrence may increase those at risk of recurrence's adherence to prescribed behavioural or pharmacological prevention.
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Figure 9: Health Benefit Model 
(Subedi, Filho and Adedeji, 2023)
[bookmark: _uag8i34bztp8][bookmark: _Toc216836011]2.6.3 The Ecological Model
The Ecological Model places the risk and prevention of UTIs within layers of influence, including at the individual (biological predisposition), interpersonal (sexual practices, sexual partner interactions), community (availability of healthcare services), and societal levels (socioeconomic inequalities, AMR policies). This is especially relevant because UTIs are influenced by both micro-level behaviours and macro-level determiners, such as antibiotic stewardship frameworks (UKHSA, 2014).
Relevant concepts are defined as follows: UTIs are microbial infections of the urinary tract; recurrent UTIs are repeated symptomatic episodes in defined timeframes (Nicolle, 2008); antimicrobial resistance (AMR) is reduced susceptibility to antibiotics following microbial adaptation; prophylaxis is the use of prophylactic pharmacological regimens.
[bookmark: _iy9rfbyl1vb3][bookmark: _Toc216836012]2.7 Conceptual Framework 
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Figure 10: Conceptual Framework
[bookmark: _9xk4xmjuthus][bookmark: _Toc216836013]2.8 Summary of the Literature Review
This chapter has discussed the epidemiological patterns of UTIs, showing that they represent a high global burden, with recurrence rates and a high burden on adults and older women. A critical synthesis of evidence showed that risk is due to interconnected biological, behavioural, clinical, and social factors, and prevention strategies have varied considerably in terms of effectiveness and evidential robustness. Notable inconsistencies, methodological limitations and gaps, especially in relation to modifiable behaviours and UK-specific evidence, underpin the patchy nature of current knowledge. By combining health behaviour and ecological theories, the chapter provides a conceptual foundation for understanding UTI susceptibility and prevention, providing a stimulus for the need for a good systematic review.
[bookmark: _Toc216836014]CHAPTER 3: METHODOLOGY
[bookmark: _Toc216836015]3.1 Introduction to the Methodology
The chapter describes the methodological approach followed for this systematic literature review of the prevalence, risk factors and prevention strategies for urinary tract infections in adult women. It describes the overall research design, including adherence to PRISMA 2020 and the development of an a priori review protocol. The eligibility criteria, information sources and search strategy to identify relevant empirical studies are outlined in this chapter. It then describes the study selection process based on the PRISMA tool, data extraction procedures and quality appraisal methods. Finally, it describes the framework of narrative synthesis that organises the presentation of results that follows.​​
[bookmark: _Toc216836016]3.2 Research Design
The study follows a systematic literature review method using the PRISMA 2020 statement when reporting evidence in order to be transparent and reproducible (Moher et al., 2021)​. The review is restricted to quantitative and mixed methods studies of the prevalence, risk factors and prevention methods for urinary tract infections (UTIs) in adult women, with a focus on populations pertinent to UK public health practice (Gupta et al., 2017)​. Given anticipated clinical and methodological heterogeneity, findings are synthesised mostly by structured narrative synthesis (complemented by descriptive statistics rather than formal meta-analysis) (Page et al., 2021)​. The methodological position is broadly positivist and evidence-based, with a participatory emphasis on empirically collected data in a systematic manner to inform public health decision-making (Ioannidis, 2016)​. Within this stance, particular weight is given to observational epidemiological designs, which are well-suited to quantifying the burden of UTIs and identifying multifactorial risk profiles within real-life settings (Garg et al., 2012). The research questions and objectives - relating to prevalence, determinants and preventive interventions - therefore directly influence the selection of the systematic review design and focus on epidemiological and intervention evidence (Higgins et al., 2019)​.
[bookmark: _Toc216836017]3.3 Review Protocol and Registration
The review was not prospectively registered on platforms such as PROSPERO due to institutional timelines and programme requirements; however, a written protocol was developed and followed throughout (Booth et al., 2012)​. This protocol outlined the objectives of the review, eligibility criteria, sources of information, search strategy, study selection procedures, data extraction framework, tools and approach to quality appraisal and synthesis, according to the methodological guidance of the PRISMA 2020 (Page et al., 2021). Before any searching commenced, key decisions were agreed, including a focus on adult women aged 18 years and over, community healthcare settings relevant to the UK, and outcomes relating to prevalence of UTIs, recurrence and prevention (Gupta et al., 2017)​. Temporal limits were used to reflect current practice and resistance patterns to focus on studies published over a recently defined time period, while excluding studies other than peer-reviewed empirical research (Hooton, 2012)​. These a priori decisions minimise selective reporting and post-hoc changes, thus increasing the methodological rigour, transparency and reproducibility which are expected of high-quality systematic reviews in the public health field (Higgins et al., 2019)​.
[bookmark: _Toc216836018]3.4 Eligibility Criteria 
Eligibility criteria were devised using a PEO-informed framework, and were concerned with Population, Exposure and Outcomes relevant to UTIs in adult females (Methley et al., 2014)​. The population comprised women aged 18 years or older in community or healthcare settings, mostly in the UK or similar high-income settings, with the exclusion of studies of men, children or mixed samples that did not report sex specific data (Gupta et al., 2017)​. Exposures included recognised or hypothesised risk factors such as anatomical features, sexual activity, menopause, contraception methods, comorbidities and catheterisation, and preventive interventions such as antibiotics, behavioural and non-pharmacological interventions (Hooton, 2012). Eligible outcomes included incidence or prevalence of UTIs, recurrence rates and effectiveness of prevention strategies, which were reported in primary quantitative or mixed methods studies, including observational and interventional studies (Higgins et al., 2019)​. Exclusions included case reports, reviews, editorials, non-peer reviewed sources, non-English language papers and studies published outside the predefined time frame, justified by feasibility, quality assurance considerations and relevance to contemporary UK public health practice (Page et al., 2021).
[bookmark: _Toc216836019]3.5 Data Sources
	Source type
	Source
	Coverage dates searched
	Rationale for inclusion
	Comment

	Bibliographic database
	MEDLINE (via PubMed)
	2013–2025
	Core biomedical and clinical database capturing epidemiological and intervention studies on UTIs, including many UK‑relevant journals.
	Allows use of MeSH for precise UTI and risk‑factor terms; supports PRISMA‑compliant searching.

	Bibliographic database
	Embase
	2013–2025
	Strong coverage of pharmacological and European clinical literature, including prevention strategies and antibiotic use in women.
	Complements MEDLINE and improves retrieval of UTI intervention and resistance studies.

	Bibliographic database
	CINAHL
	2013–2025
	Indexes nursing and allied‑health research relevant to women’s experiences, care practices and behavioural prevention strategies.
	Important for public‑health and practice‑based evidence on recurrent UTIs in women.

	Bibliographic database
	Cochrane Library (CENTRAL, reviews)
	2013–2025
	Provides high‑quality evidence on prophylactic and therapeutic interventions for UTIs.
	Searched for controlled trials and to cross‑check existing systematic reviews.

	Grey literature
	Google Scholar, institutional repositories
	2013–2025
	Helps identify theses, reports and non‑indexed studies on UTI burden and prevention in women, reducing publication bias.
	Limited to first relevant pages and filtered for empirical health‑related content.


[bookmark: _Toc216836020]3.6 Search Strategy
The search strategy was created through an iterative approach in collaboration with subject area and information science advice, starting with scoping searches to identify key terms related to urinary tract infection, cystitis, pyelonephritis, adult women, risk factors, prevention and the United Kingdom context (Page et al., 2021). Controlled vocabulary, MeSH terms, and thesaurus terms were combined with free-text keywords (which used Boolean operators [AND, OR] and truncation to capture synonyms and variant spellings; e.g., "urinary tract infection" OR "UTI"). Concepts were organised into blocks (condition, population, exposure/risk or prevention, geography), which were then combined using AND to create comprehensive, database-specific strings. Limits were placed on humans, adults, the English language and a predefined year of publication range to be relevant and feasible (Page et al., 2021). Draft strategies were piloted in a primary database (e.g., Medline/PubMed), refined on the basis of retrieval of known sentinel articles and then adapted to other databases (Micaela et al., 2023).​
[bookmark: _Toc216836021]3.7 Study Selection Process
A total of 1,246 records were identified by database searching, with no further databases identified from registers, and 312 duplicates were removed before screening. Subsequently, 934 titles and abstracts were screened, and 784 were excluded because they clearly did not meet the inclusion criteria. Full texts were requested for 150 reports; 5 failed to retrieve, leaving 145 reports to be evaluated for eligibility. Of these, 135 were excluded based on various criteria such as ineligible population, design, outcomes, quality of reporting and setting, leaving 10 studies for the final review.
[image: ]
[bookmark: _Toc216836022]3.8 Data Extraction and Management
A structured data extraction form was developed a priori to ensure consistent and comprehensive study characteristics and result capture (Higgins et al., 2019). Variables extracted were author, year of publication, country, healthcare or community setting, study design, sample size, participant age and sex, type of UTI, measured risk factors or prevention strategies, outcome definitions, effect estimates and reported limitations (Gupta et al., 2017). The form was piloted independently on a small subset of eligible studies, and minor revisions were made for clarity in variable definitions and usability (Higgins et al., 2019). Data extraction was then carried out systematically, with a second reviewer or cross-checking being used to ensure accuracy and resolving any discrepancies through discussion (Büchter, Weise and Pieper, 2020). All extracted data were entered into a spreadsheet (e.g. Microsoft Excel) to enable tabulation, sorting of data according to key variables and preparation for narrative synthesis and any exploratory quantitative summaries (Higgins et al., 2019).​​
[bookmark: _Toc216836023]3.9 Quality Appraisal and Risk of Bias Assessment
Methodological quality and risk of bias of included studies were evaluated with the help of tools suitable for critical appraisal of each study design, such as the CASP for cohort and case control studies and the Joanna Briggs Institute tools for cross-sectional and intervention studies (Moola et al., 2015). These instruments are well-used in public health systematic reviews as they address key sources of bias, such as selection, measurement, confounding and attrition, which have a high relevance in UTI epidemiology and prevention research. Each study was independently appraised by at least one reviewer based on the relevant checklist, and a second reviewer was consulted for uncertain judgments; disagreements about eligibility were resolved by discussion and, if necessary, a third reviewer (Higgins et al., 2019). Rather than the creation of numerical scores, qualitative judgements (low, moderate, high risk of bias) were recorded and summarised, and these were used to inform sensitivity to weaker evidence in interpreting findings and drawing conclusions in later chapters (Perrin et al., 2025).​
[bookmark: _Toc216836024]3.10 Data Synthesis and Analysis
Given anticipated heterogeneity in populations, settings, risk factors and prevention strategies and outcome measures, the main synthesis approach was envisaged to be a narrative structured around thematic and conceptual groupings (Popay et al., 2006). Study characteristics and key findings were tabulated so that they could be visually compared between studies, organised by research objective: prevalence and burden of UTIs, identified risk factors and evaluated prevention strategies in adult women (Higgins et al., 2019). Where effect measures could be sufficiently comparable, basic descriptive or exploratory quantitative summaries were considered, but formal meta-analysis was only considered to be feasible where clinical and methodological homogeneity could be demonstrated (Borenstein et al., 2021). Data were grouped according to study design, healthcare or community setting and type of risk factor or intervention in order to facilitate identification of patterns, convergent and divergent findings and gaps in the evidence base (Popay et al., 2006). These patterns then fed into the structuring of the results chapter and subsequent critical discussion (Higgins et al., 2019).
[bookmark: _Toc216836025]3.11 Ethical Considerations
This systematic review was based on only publicly available, secondary data and thus did not include direct contact with human participants or the collection of identifiable personal information. Searches were limited to reputable bibliographic databases and grey literature sources to ensure that valid and peer-reviewed or institutionally curated evidence only was considered. Full-text articles were sourced wherever possible, and all sources included were accurately cited using an appropriate academic referencing style, thus acknowledging intellectual property and avoiding plagiarism. Data were handled and reported in aggregate form and were presented carefully and impartially to provide an unbiased representation of the study findings in accordance with best practice ethical guidance for secondary research in health and public health contexts.​​
[bookmark: _Toc216836026]3.12 Chapter Summary 
This chapter has provided a transparent and reproducible account and description of the design, implementation and reporting of the systematic review. It described the rationale for using a PRISMA-guided approach, clearly defined inclusion and exclusion criteria, as well as a comprehensive multi-database search strategy. The use of structured data extraction tools and known critical appraisal instruments was described to illustrate the method of appraisal of study quality and risk of bias. The chapter ended by describing the narrative and tabular methods adopted in the synthesis of findings, which provides a solid basis for the results presented in Chapter 4.
[bookmark: _Toc216836027]CHAPTER 4: RESULTS 
[bookmark: _Toc216836028]4.1 Introduction 
Chapter 4 presents the empirical findings of this narrative review of urinary tract infections (UTIs) in adult women being managed in UK primary and community care. Drawing on 10 UK-based observational and qualitative studies, it draws together evidence from large electronic health records cohorts, microbiology data sets, national surveys and primary care interviews. The chapter first quantifies the prevalence and burden of acute and recurrent UTIs, including age, from which the age-specific incidence, recurrence rates and healthcare utilisation. Subsequent sections examine socio-demographic, clinical, microbiological and system-level risk factors for initial infection, recurrence and progression to severe outcomes. Throughout, findings are interpreted in relation to guideline-recommended management and antimicrobial stewardship priorities in UK primary care.​
[bookmark: _Toc216836029]4.2 Findings 
[bookmark: _Toc216836030]4.2.1 Study findings 
	Study Focus
	Design
	UTI focus
	Key Findings
	Risk factors
	Prevention, management and system‑level issues

	Pujades‑Rodriguez et al. 2019 – Lower urinary tract infections in primary care
	Retrospective cohort using English primary‑care electronic records (2011–2015).
	300,354 patients with lower UTI; majority adult women across all age groups.
	Documented nearly half a million lower UTI episodes, with highest consultation burden in women aged 18–64 years and substantial numbers among those ≥65 years.
	Older age, greater comorbidity and previous antibiotic treatment were associated with higher likelihood of repeat consultations and antibiotic re‑prescription for UTI.
	Very high rates of same‑day antibiotic prescribing were observed, with frequent empirical treatment and limited use of culture, indicating opportunities to optimize stewardship in women with recurrent episodes.

	Ahmed et al. 2018 – Incidence and prescribing in older adults
	Retrospective observational study using linked CPRD and hospital data (2004–2014).
	Adults ≥65 years in UK primary care; sex‑stratified analyses with focus on older women.
	Reported increasing incidence of clinically diagnosed UTI over time, particularly among the oldest women, highlighting a growing burden in this age group.
	Advanced age and residence in care homes were associated with higher consultation rates and repeat episodes among women.
	Shifts were observed from trimethoprim towards nitrofurantoin prescribing in line with evolving guidance, but broad empirical use and variable course lengths suggested scope for improved guideline adherence.

	Sanyaolu et al. 2024 – Recurrent UTIs and prophylaxis in Welsh primary care
	Retrospective cross‑sectional analysis using SAIL Databank general‑practice records (2010–2020).
	Adult women with recurrent UTI (rUTI) and women prescribed prophylactic antibiotics in Wales.
	Identified rUTI in around one in sixteen registered women, with recurrence rates increasing with age and peaking in women in late middle age and early older age.
	Women with rUTI more frequently had documented comorbidities and prior antibiotic exposure than non‑rUTI comparators, suggesting clinical and treatment‑related risk factors for recurrence.
	A minority of women with rUTI received long‑term prophylactic antibiotics; prophylaxis users tended to be older with higher healthcare utilisation, and many had positive urine cultures, underscoring the need to balance symptom control against resistance risk.

	Vázquez‑Montes et al. 2023 – Epidemiology and microbiology of rUTI, Oxfordshire
	Population‑based cohort linking community microbiology results and health records (2008–2019).
	Community‑dwelling women with at least one positive urine culture, classified for microbiological rUTI.
	Approximately one in five women with a positive culture experienced microbiologically defined rUTI, with the highest recurrence proportions in women aged 70–89 years.
	Escherichia coli accounted for most initial infections, and recurrent sequences frequently involved the same species, indicating organism persistence or repeated exposure; older age and prior positive cultures were associated with recurrence.
	Resistance to commonly used agents (for example trimethoprim) was more frequent among isolates from women with rUTI than among those with single episodes, suggesting that antimicrobial resistance may contribute to recurrence and complicate empirical treatment choices.

	Sanyaolu et al. 2023 – Menopausal status, rUTI and symptoms (P07)
	Online cross‑sectional survey of UK women reporting a recent UTI, analysed by menopausal and rUTI status.
	Adult women with recent UTI; subgroups of pre‑ and post‑menopausal women, and women with or without rUTI history.
	Women with rUTI reported more frequent and severe episodes than those without recurrence, indicating greater symptom and burden profiles.
	Post‑menopausal status was associated with higher odds of new or worsening urinary incontinence and nocturia during UTI, while a history of rUTI was linked to more severe symptom ratings and greater impact on daily life.
	Findings highlight menopausal and recurrence history as important considerations when assessing symptoms and planning personalised prevention strategies, particularly around counselling and non‑antibiotic measures.

	Cooper et al. 2023 – Sociodemographic factors and care‑seeking (BJGP Open)
	National cross‑sectional e‑survey of women in England who had experienced a UTI during the first COVID‑19 year.
	Adult women with self‑reported UTI in previous year, diverse by age, deprivation and ethnicity.
	Many women reported multiple UTIs in a single year, with symptom burden varying across sociodemographic groups.
	Older age, greater symptom severity and some deprivation categories were associated with a higher likelihood of seeking GP or remote consultation, whereas younger or less severely affected women more often self‑managed or used over‑the‑counter treatments.
	Antibiotic use, remote consultations, and self‑care patterns differ by sociodemographic status and symptom profile, suggesting that tailored education and access interventions may reduce unmet need and inappropriate antimicrobial use.

	Cooper et al. 2020 – Diagnosis and management of UTI in primary care (qualitative)
	Qualitative interview and focus‑group study with GPs, nurses and other primary‑care staff in England.
	Clinicians regularly manage UTIs in adult women in general practice and out‑of‑hours services.
	Clinicians perceived UTIs as one of the most common problems among women consulting in primary care, particularly in working‑age and older groups.
	Participants highlighted perceived risk factors such as older age, sexual activity, prior rUTI history and catheter use, but noted difficulty distinguishing colonisation from infection in some women.
	Diagnostic uncertainty, heavy reliance on urine dipsticks, pressures to prescribe empirically, and variable adoption of local guidance were identified as key drivers of management decisions, with implications for recurrence and resistance.

	Wilcox et al. 2023b – Baseline characteristics and progression risk (P17)
	Retrospective CPRD cohort of non‑pregnant women with uncomplicated UTI in England, conference abstract.
	Adult women with index uncomplicated UTI, followed for short‑term progression to severe outcomes.
	Only a small proportion progressed to hospitalisation for pyelonephritis, bacteraemia or sepsis, indicating that serious complications are relatively rare but clinically important.
	Women who progressed were typically older, had higher comorbidity scores and more frequent prior antibiotic exposure than those who did not, suggesting that these clinical factors increase complication risk.
	The study implies that risk‑stratified management, including closer monitoring of older, multimorbid women, may help prevent severe outcomes, although detailed effect estimates and adjustment are limited by abstract‑level reporting.

	Wilcox et al. 2023a – Treatment patterns and inappropriate therapy (P18)
	Retrospective CPRD cohort of female patients with uncomplicated UTI in England, abstract report.
	Non‑pregnant women aged ≥16 years with an episode of uncomplicated UTI and initial antibiotic prescription.
	Provides additional evidence on the volume of uncomplicated UTI episodes being seen and treated in English primary care.
	Some patient subgroups, including older women and those with previous UTIs, were more likely to receive second‑line or multiple antibiotics, indicating clinical complexity and possible resistance.
	A substantial proportion of women received antibiotic regimens that deviated from guideline‑recommended choice, dose or duration, underlining the importance of stewardship initiatives to optimise treatment and minimise risk of recurrence and resistance.

	Sides et al. 2025 – Commissioning‑level prevention and management strategies
	National online questionnaire of English Clinical Commissioning Groups / Integrated Care Boards (2017–2022).
	Primary‑care system leaders responsible for antimicrobial stewardship and infection‑prevention programmes.
	Not designed to estimate individual‑level prevalence, but confirms that UTI is a major focus of primary‑care quality‑improvement activity due to its high burden of antibiotic prescribing.
	Respondents reported targeting high‑risk groups such as older women and care‑home residents through local policies and surveillance, recognising their greater susceptibility to UTI and adverse outcomes.
	Most organisations had implemented multi‑component interventions including staff education, diagnostic and prescribing pathways, patient information resources and audit‑feedback, although formal evaluation and consistent data use were often limited.


[bookmark: _Toc216836031]4.2.2 Quality Appraisal 
	Study
	Design
	Appraisal tool
	Key quality
	Overall confidence

	Pujades‑Rodriguez et al. (2019)​
	Retrospective cohort (English primary care EHR)​
	CASP​
	Misclassification of UTI (coded/treated episodes), residual confounding (comorbidity, prior antibiotics), incomplete culture confirmation, missing data in routine records​
	Moderate–High​

	Ahmed et al. (2018)​
	Retrospective observational (linked CPRD + hospital, older adults)​
	CASP​
	Case definition validity, confounding by frailty/comorbidity, ascertainment bias (consultation propensity), missingness/changes over time in coding​
	Moderate–High​

	Vázquez‑Montes et al. (2023)​
	Population cohort linking microbiology + records (Oxfordshire)​
	CASP​
	Culture-positive selection (misses non-sampled UTIs), differential sampling by age/severity, generalisability beyond region, confounding by healthcare use​
	Moderate–High​

	Sanyaolu et al. (2024)​
	Retrospective cross-sectional (SAIL GP records, Wales)​
	JBI Analytical Cross‑Sectional​
	Cross-sectional inference limits temporality, reliance on record completeness for rUTI/prophylaxis, confounding by indication (prophylaxis given to higher-risk women)​
	Moderate​

	Wilcox et al. (2023a)​
	Retrospective CPRD cohort (conference abstract)​
	CASP
	Abstract-level reporting (methods/adjustment unclear), guideline-deviation definitions not fully transparent, limited detail on confounding control​
	Low–Moderate​

	Wilcox et al. (2023b)​
	Retrospective CPRD cohort (conference abstract)​
	CASP
	Abstract-level reporting, outcome ascertainment for progression, limited effect estimates/adjustment detail, potential residual confounding​
	Low–Moderate​

	Cooper et al. (2020)​
	Qualitative interviews/focus groups (primary care staff, England)​
	CASP​
	Sampling strategy/transferability, reflexivity and analytic transparency, potential social desirability/recall bias, adequacy of triangulation​
	Moderate​

	Cooper et al. (2023)​
	National cross-sectional e‑survey (women in England)​
	JBI Analytical Cross‑Sectional​
	Self-report and recall bias, selection/non-response bias, representativeness across deprivation/age/ethnicity, temporality limits​
	Moderate​

	Sanyaolu et al. (2023)​
	Online cross-sectional survey (menopause and rUTI symptom profiles)​
	JBI Analytical Cross‑Sectional​
	Self-reported UTI/rUTI and menopausal status, selection bias (online recruitment), confounding (comorbidity, treatment history), temporality limits​
	Low–Moderate​

	Sides et al. (2025)​
	National questionnaire (CCGs/ICBs; commissioning-level strategies)​
	JBI Checklist
	Response bias, self-reported implementation (verification limited), limited outcome evaluation data, heterogeneity across regions​
	Moderate (implementation evidence)​


[bookmark: _Toc216836032]4.3 Thematic synthesis of findings 
[bookmark: _Toc216836033]Theme 1: Multifactorial biological, behavioural and social risk factors shaping susceptibility to first and recurrent UTIs
Multifactorial biological, behavioural and social risk factors that influence susceptibility to first and recurrent urinary tract infections (UTIs) in adult women in UK primary and community care are considered in this review as any patient-level exposure (host biology, comorbidity, behaviours, and social context) or system-level feature (diagnostic and prescribing processes) that is associated with incident infection, recurrence or escalation of care. Biological/physiological factors are framed in terms of female anatomy, susceptibility of the microbiome to infection, and hormonal changes leading to peri-/post-menopausal oestrogen deficiency associated with changes in the urogenital mucosa and decline of protective lactobacilli leading to susceptibility and recurrence (Hooton, 2012). Recurrent UTI is operationalised as recurrent symptomatic episodes within defined time periods, and previous infection history is considered as the most important proximal predictor of future recurrence, reflecting both susceptibility of the host and potential survival of bacterial reservoirs (Nicolle, 2008). Clinical and medical factors cluster around multimorbidity and iatrogenic exposures with diabetes, urinary incontinence, structural urinary tract abnormalities and catheterisation presented as key drivers of complicated episodes and repeated consultations (Flores-Mireles et al., 2015). Behavioural and health-seeking factors were identified as modifiers of risk and care pathways, especially sexual activity and contraceptive practices (e.g. spermicide use), as well as hydration and hygiene behaviours for which the evidence base is described as uneven and often observational (Gupta et al., 2017). Social determinants and access are addressed as under-analysed but potentially influential modifiers of both susceptibility and prevention uptake, since education, health literacy and socioeconomic position may influence timely care-seeking, adherence and feasibility of non-antibiotic options. System/diagnostic drivers as a unique risk-amplifying layer in primary care, where diagnostic uncertainty, the use of urine dipsticks and pressure to use empiric antibiotics can normalise repeat prescribing and make differentiation between colonisation and infection difficult (Cooper et al., 2020). Across sub-themes, an important limitation is identified: heterogeneous definitions, outcome measures and confounding structures limit causal inference; that is, "risk factors" are often correlated markers of vulnerability in real-world care rather than isolatable determinants. Finally, the results of this study place antimicrobial exposure as part of the response to management and as a risk factor downstream because there are repeated associations of frequent antibiotic use in the community with selection pressure and antimicrobial resistance issues that complicate subsequent episodes and stewardship decisions (Costelloe et al., 2010).​​
[bookmark: _Toc216836034]Theme 2: High and age-stratified burden of acute and recurrent UTIs and concentrated healthcare utilisation
Chapter 4 synthesises evidence on UTI burden from 10 observational, microbiology-linked, survey and qualitative studies conducted in the UK, that were selected from 1,246 records screened to final inclusion, and reports age-stratified patterns of acute episodes, recurrence and repeat service use in primary and community care. Evidence from large routinely collected primary care datasets indicates that clinically diagnosed UTIs form a significant proportion of day-to-day consultations and are frequently managed repeatedly within general practice, and definitions are often based on coded diagnoses of lower UTI and/or episodes treated with antibiotics rather than being confirmed by culture. A rising incidence of clinically diagnosed UTI over time has been reported for UK primary care populations aged 65 years and above by Ahmed et al. (2018), with this most pronounced among the oldest women, suggesting an increasing burden of disease in later life. Cooper et al. (2020) found that clinicians perceive UTIs as one of the most common conditions among women consulting in primary care, with older age and sexual activity repeatedly cited as leading to frequent re-attendance alongside a history of recurrent UTIs and catheter use. The age patterning across included studies indicates that working-age women account for high absolute volumes of consultation, while older women more commonly present with clinical complexity and uncertainty, which can contribute to repeat contacts and escalation (including referral and hospital attendance in complicated cases). Pujades-Rodriguez et al. (2019) identified that risk factors and management decisions in primary care are linked to antibiotic re-prescription in lower UTI, indicating repeat prescribing as a measurable aspect of utilisation burden. Recurrence occurs in the form of clustering of episodes within persons, and recurrent infection history is considered an important indicator of continued utilisation because recurrent symptomatology has been associated with recurrent consultation and recurrent exposure to antibiotics within the community setting. Cooper et al. (2020) reported that diagnostic uncertainty and heavy reliance on urine dipsticks are contributing factors to empiric prescribing pressures, which may entrench repeat treatment cycles, in which the symptoms recur or when colonisation is hard to distinguish from infection. The included evidence also suggests variation in consultation modality and self-care behaviours in England, with some women using remote contact routes and over-the-counter measures in combination with or before GP review, and this adds complexity to estimating burden purely from face-to-face attendance records. Collectively, these findings demonstrate that not only is the burden not evenly distributed but is concentrated in older and clinically vulnerable groups due to higher recurrence, complex presentations and probability of repeat antibiotic prescribing, but also that heterogeneity in case definitions and data capture limits the direct comparability of rates across datasets.
[bookmark: _Toc216836035]Theme 3: Prevention/management strategies—effectiveness, limitations and implementation challenges within stewardship-focused care
Given heterogeneity in designs, settings, outcome definition and intervention reporting, prevention and management evidence is synthesised using narrative approaches rather than pooled meta-analysis, using UK routine data cohorts, microbiology-linked datasets, national surveys and qualitative primary care research. Pujades-Rodriguez et al. (2019) analysed 300,354 primary care patients with lower UTI and were able to document almost half a million episodes of lower UTI That same-day antibiotic prescribing rates are very high, as are the likelihood of repeat consultation and antibiotic re-prescription in patients of greater age, with higher levels of comorbidity and with prior antibiotic exposure. Wilcox et al. (2023a) reported that a large proportion of women with uncomplicated UTI in England received antibiotic regimens which were a deviation from antibiotic choice based on guidelines, dose or duration, with a higher likelihood of second-line and multiple antibiotic use in older women and women with previous UTI, suggesting clinically complex prescribing pathways with potential stewardship implications. In the study by Sanyaolu et al. (2024) recurrent UTI was identified in approximately one in sixteen registered women in Welsh primary care records, for whom only a minority received long-term prophylactic antibiotics with users of prophylactic antibiotics being more likely to be older, have higher healthcare utilisation and more frequent culture positivity, highlighting the balance between symptom control and resistance selection in higher-risk groups. Cooper et al. (2023) reported that many women had multiple UTIs in a year and described variation in terms of sociodemographic factors in their management, with remote consultations and over-the-counter self-care being common, along with GP contact, especially where symptom severity was less. Sides et al. (2025) found commissioned organisations in England had widely introduced multi-component prevention and stewardship activity, including staff education, diagnostic and prescribing pathway, patient information resources and audit-feedback, but noted that formal evaluation and consistent data use were often limited. Cooper et al. (2020) reported that clinicians had persistent diagnostic uncertainty and relied heavily on urine dipsticks and were under pressure to prescribe empirically, whilst describing difficulty distinguishing colonisation from infection in some women, where diagnostic practice was described as a practical barrier to optimising prevention and antimicrobial stewardship. Collectively, the included evidence base emphasises the real-world setting of prescribing patterns and system responses rather than comparative effectiveness estimation, and the focus on routine-data analyses and abstract-level intervention reports constrains the attribution of causation and narrows the precision with which specific antibiotic and non-antibiotic strategies can be ranked for recurrent UTI prevention.​
[bookmark: _Toc216836036]4.4 Summary 
The chapter discussed the findings of the study, which focused on evidence from the UK only. According to the data presented, there is a high burden of UTI episodes and consultations in primary care. They provided this using study-level evidence from the 10 included studies (observational EHR cohorts, microbiology-linked cohorts, surveys and qualitative research) identified in 1,246 screened records. Findings were arranged in a structured thematic narrative approach. Women in the working-age group made a large absolute contribution to volumes. In contrast, older women experience higher clinical complexity and repeat contacts. Also, older women have a higher likelihood of re-prescribing or escalation onto different antibiotics. The repeated clustering pattern within individuals was consistently observed across all datasets. An associated higher burden of symptoms, healthcare utilisation, and antibiotic exposure, and association with a more common use of second-line or multiple antibiotics was also present, including in the subgroup analysis of elderly women and those with prior UTI history. It was also noted that there are system-level contributors to ongoing prescribing and recurrence risk. These included uncertainty in diagnosis in primary care, reliance on urine dipsticks and routine empiric treatment. There were variations in reported differences in remote consultation by sociodemographic factors, self-care and over-the-counter management. This section of quality appraisal brings together strengths and limitations by study design related to internal, external validity and risk of bias. Survey and routine data studies are usually misclassified and suffer from confounding. The survey faces a selection-bias risk. Ultimately, it recognised evidence from conference-abstract-limited reporting. The chapter highlighted commissioning-level stewardship and prevention strategies with multiple components, yet evaluations and outcome measurements remain scant.


[bookmark: _Toc216836037]CHAPTER 5: DISCUSSION
[bookmark: _Toc216836038]5.1 Chapter overview 
This chapter focuses on the prevalence and burden of urinary tract infections (UTIs) in adult women in UK primary and community care, key multifactorial risk factors for first and recurrent infection, and prevention as well as management strategies through the lens of antimicrobial stewardship. The chapter interprets the three results themes: risk factors, age-stratified burden and utilisation and prevention/management in the context of stewardship-focused care, proceeding from epidemiological patterns through to mechanisms underlying recurrence and prescribing to implications for practice and policy.​
[bookmark: _Toc216836039]5.2 Interpretation of key findings 
[bookmark: _Toc216836040]5.2.1 Theme 1 interpretation 
Menopausal transition is a plausible period of enhanced susceptibility due to changes in urogenital mucosal defences and vaginal microbiota, which may partly explain why the symptom profiles and incontinence/nocturia during infection were more prominent among post-menopausal respondents in the UK survey evidence (Sanyaolu et al., 2023). Comorbidity and iatrogenic exposures seem to add to this susceptibility, as analyses of the English EHRs implicated older age, greater comorbidity and previous antibiotic exposure in repeat consultations and re-prescribing, consistent with a "clinical complexity" pathway to recurrence. However, several "risk factors" in this review are probably proxies of underlying vulnerability and care pathways rather than direct causes, with prior UTI history being a marker of both biological susceptibility and cumulative healthcare contact. Diagnostic uncertainty and the use of dipsticks in primary care may act as upstream amplifiers by perpetuating empiric treatment cycles when it is hard to differentiate between colonisation and infection (Cooper et al., 2020).​
[image: ]
Figure 11: summary of life stages around the menopause FMP, final menstrual period
(Davis et al., 2023)
[bookmark: _Toc216836041]5.2.2 Theme 2 interpretation
The age-stratified burden indicates two partially distinct demand profiles with high absolute consultation volume in working-age women and more intensive, repeat contact care in older women. In the largest included English EHR cohort, almost half a million episodes of lower UTI were documented in 300,354 patients, and the highest burden of consultations was seen in women aged between 18 and 64 years, but substantial activity remained in those 65 years and older (Pujades-Rodriguez et al., 2019). Older age is not just a volume issue but is a signal for complexity, as the incidence increased over time among women aged >=65 years, and the incidence was higher in care home residents, suggesting that there is a concentration of demand in clinically vulnerable subgroups. In this review, "burden" therefore refers to episodes plus repeat consultations and antibiotic utilisation, which are quantifiable pressures on primary and community care.​
[bookmark: _Toc216836042]5.2.3 Theme 3 interpretation 
Stewardship-relevant results show that recurrence-prone subgroups are exposed to more intensive and potentially resistance-selective prescribing because older women and those with previous UTIs were more likely to receive second-line or multiple antibiotics, and some regimens were outside the guideline-recommended choice, dose or duration (Wilcox et al., 2023a). High same-day and empiric prescribing, and a limited urine culture use in routine care, mean that there is a risk of treatment escalation with no confirmation of the pathogen, and thus a greater risk of repeated exposure without diagnostic resolution. Commissioning evidence indicates that multi-component interventions (education, pathways, audit-feedback, patient resources) are widely implemented, but evaluation and consistent outcome measurement are often limited, limiting inference about real-world effectiveness. The overall implication is that recurrent UTI management requires a stewardship-sensitive mixture of patient-level prevention and system-level diagnosis and prescribing improvement instead of resorting to repeated empiric antibiotics.
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Figure 12: Quality improvement implementation strategy for introducing and evaluating stewardship practices
(Micek et al., 2025)
[bookmark: _Toc216836043]5.3 Comparison with existing literature 
These study findings are consistent with the established clinical epidemiology of recurrent UTI, at least two episodes in six months or at least three episodes in one year, and recurrence as a common clinical course rather than a rare complication (Gupta and Trautner, 2013). Menopause-related urogenital changes that cause decreased mucosal defence and affect the composition of vaginal flora also appear congruous with the broader base of evidence and assist in interpreting the review finding of differences in patterns of symptoms by menopausal status (Hooton, 2012). The review builds on past literature with UK service-delivery insight into how diagnostic uncertainty by clinicians, the use of urine dipsticks, and pressure towards empiric prescribing can influence repeated cycles of treatment in everyday primary care (Cooper et al., 2020). It also backs the evidence that UTI represents a major burden of workload and prescribing in UK general practice, with large EHR cohorts reporting very high volumes of episodes with substantial same-day antibiotic prescribing alongside repeat consultations among older and comorbid women (Pujades-Rodriguez et al., 2019). Apparent differences between recurrence estimates in included routine-data versus microbiology-linked studies were a plausible consequence of the fact that culture sampling is selective for severity, clinical complexity and testing behaviour rather than that it samples all symptomatic episodes.​
[bookmark: _Toc216836044]5.4 Strengths of this review
This review has good UK relevance as it synthesises evidence from primary and community care based on multiple complementary designs which include large English EHR cohorts, microbiology-linked regional datasets, national surveys, qualitative clinician perspectives and commissioning-level questionnaires. The use of thematic narrative synthesis is methodologically appropriate given substantial heterogeneity in populations, outcomes and study designs, while the study selection process is transparently reported through PRISMA-style accounting from 1,246 screened records to 10 included studies. A further strength is the explicit integration of determinants at the patient level (biology, comorbidity, behaviour and care seeking) and the system level (diagnostic and prescribing processes), which makes available a biopsychosocial interpretation of recurrent UTI that is congruous with real-world primary care delivery.​
[bookmark: _Toc216836045]5.5 Limitations and sources of uncertainty 
Interpretation is limited by heterogeneity in the definitions of UTI in the evidence base, with UTI variously operationalised in terms of coded clinical diagnoses, antibiotic-treated episodes or culture-confirmed infections, limiting the capacity to directly compare and weakening the ability to make causal inferences about recurrence mechanisms. Routine EHR studies may be impacted by misclassification, missingness and residual confounding, especially where the propensity to consult and comorbidity drive both exposure and outcome measurement. Survey evidence is prone to selection and recall bias, and representativeness may not be equal across age, deprivation and ethnicity, making it difficult to draw inferences about population-level care-seeking behaviours. Microbiology-linked cohorts probably over-sample clinically complex or tested episodes, and therefore, recurrence proportions may be different from routine-care estimates that represent empirically treated infections. Conference-abstract evidence offers limited methodological detail and adjustment, and therefore, quality appraisal suggests that ranking and effectiveness claims of interventions should be stated cautiously and in the form of suggestions rather than a definitive claim.
[bookmark: _Toc216836046]5.6 Implications for practice and policy 
Targeted antimicrobial stewardship should focus on older and clinically complex women as large UK routine data cohorts demonstrate increasing likelihood of repeat consultation and antibiotic re-prescription with increasing age, comorbidity and prior antibiotic exposure (Pujades-Rodriguez et al., 2019). Diagnostic support needs to be improved with more consistent pathways into primary care and decision aids, as it seems that clinicians are struggling to discern the difference between colonisation and infection and rely heavily on dipsticks and pressure towards empiric prescribing (Cooper et al., 2020). Patient-facing management support should standardise advice on symptom monitoring, self-care and thresholds for consultation, while recognising that remote consultations, OTC use and antibiotic uptake vary by sociodemographic status and symptom severity (Cooper et al., 2023). Commissioning should build in evaluation measures - repeat prescribing, recurrence-related reattendance, culture utilisation and resistance trends are important - as multi-component initiatives are widely used but often poorly evaluated.​
[bookmark: _Toc216836047]5.7 Recommendations for future research 
Future research should prioritise UK-based pragmatic trials as well as real-world evaluations of non-antibiotic prevention and integrated stewardship pathways, given that current evidence is dominated by heterogeneous observational designs and implementation reports. Standardised definitions for UTI and recurrent UTI, and core outcomes that represent symptom burden, reconsultation and antibiotic exposure would be required to allow for enhanced comparability across EHR, survey and microbiology-linked datasets. Equity-focused studies should be stratified by age, deprivation and ethnicity and examine the impact of remote care routes on access, management choices and subsequent antibiotic exposure, given the observed sociodemographic variation in the choice of a consultation modality and self-care behaviours.
[bookmark: _Toc216836048]5.8 Chapter summary
This chapter provides the foundation for understanding how UTIs create large amounts of age-patterned primary care burden and that recurrence is influenced by the interplay of patient-level and system-level determinants, including diagnostic uncertainty and prescribing practices. Key uncertainties persist regarding causal attribution because of heterogeneous case definitions and varying evidence quality, which limits confident ranking of prevention strategies. These findings are important for NHS antimicrobial stewardship as concentrated repeat prescribing in clinically vulnerable groups can increase the risk of resistance and drive avoidable re-attendance, and so there is a need to drive rational pathways and interventions that are evaluated.
[bookmark: _Toc216836049]CHAPTER 6: CONCLUSION
[bookmark: _Toc216836050]6.1 Conclusion overview
The aim of this dissertation was to examine the major risk factors related to urinary tract infections (UTIs) among adult women and identify effective ways to prevent them from occurring. It answered the research question: What are the common risk factors contributing to urinary tract infections (UTIs) in adult women, and what prevention strategies are most effective? This chapter answers the question, synthesises the key findings across Themes 1 to 3, reflects on the approach to the review, and presents some recommendations for practice/policy and future research.
[bookmark: _Toc216836051]6.2 Linking to the study objectives
· To identify the most common risk factors leading to UTIs in adult women
The reviewed UK evidence indicates that UTIs create a significant primary and community care burden, but the burden is distributed unequally based on age and clinical vulnerability. Working-age women contribute high absolute volumes of episodes and consultations and reflect common uncomplicated presentations and repeated re-attendance for symptomatic recurrence. In contrast, older women tend to have clinical complexity and diagnostic uncertainty, which is linked to increased likelihood of repeat consultations, care escalation and repeated antibiotic exposure. Overall, the burden can best be understood as the cumulative effect of the frequency of episodes, the frequency of repeat service use, and the intensity of prescribing antibiotics.
· To assess the prevalence of UTIs among adult women within a defined population or setting
The most consistent groups of risk factors point to an interacting biopsychosocial profile of risk factors rather than to single risk factors. Biological and life course transitions - especially age-related and physiological changes in peri- and post-menopause - seem to create susceptibility and to alter the symptom patterns. Clinical vulnerability is enhanced by multimorbidity and iatrogenic causes such as catheterisation or urinary tract abnormalities, which are related to complicated episodes and repeated healthcare contact. Prior UTI history and prior antibiotic exposure are quite strong predictors of recurrence risk, representing both underlying susceptibility and accumulation of care pathway effects, including repeated treatment and re-presentation.
· To evaluate the effectiveness of current prevention and management strategies for UTIs in adult women
The overall conclusion is that the management of recurrent UTI in UK primary care should be stewardship-sensitive and multi-level. Patient-level prevention and tailored counselling are important but are unlikely to be sufficient when there is no change in diagnostic uncertainty and routine empiric prescribing patterns. Evidence from UK primary care suggests that over-reliance on dipsticks, lack of confirmatory testing and pressure to prescribe can perpetuate treatment cycles when symptoms return, or infection is difficult to differentiate from colonisation. Therefore, best management includes a combination of prevention support and clearer diagnostic pathways, prescription review and evaluable service level stewardship interventions.
[bookmark: _Toc216836052]6.3 Key findings 
[bookmark: _Toc216836053]Theme 1
The results confirm that susceptibility to first and recurrent UTIs in adult women is the result of interacting biological, behavioural, clinical and social influences. Life course transitions, in particular peri-/post-menopausal physiological change, are a plausible period of increased vulnerability and altered symptom expression. Multimorbidity and iatrogenic exposures (e.g. catheterisation, urinary abnormalities, incontinence and diabetes) are linked with repeated contact with healthcare services and complicated presentations. Behaviours and health-seeking behaviours, such as sexual activity and contraception behaviours, and the influence of social context for prevention and seeking care in a timely manner, seem to modulate risk and pathways to care. Prior UTI history is likely a reflection of underlying vulnerability and care pathways rather than an isolated cause.
[bookmark: _Toc216836054]Theme 2
The review provides evidence of a high and age-patterned burden of UTIs in UK primary and community care. Working-age women generate high absolute volumes of consultations, which implies a significant routine workload, whilst older women exhibit a more concentrated burden, which is characterised by clinical complexity, repeat consultations and a higher risk of escalation. Recurrence clustering within individuals is strongly linked to persistent healthcare utilisation. In this dissertation, "burden" is defined not only in terms of episode occurrence, but also repeat consultations, re-attendance and antibiotic utilisation represent high demands on services and help to reinforce the importance of recurrent UTI being a priority for routine care improvement.
[bookmark: _Toc216836055]Theme 3
The synthesis suggests that current prevention and management are highly influenced by real-world prescribing and diagnostic processes and less by comparative effectiveness based on clear evidence. High empiric and same-day antibiotic prescribing is common, and repeat prescribing is more likely in women with older age, greater comorbidity and prior antibiotic exposure, suggesting a cycle of re-presentation and re-treatment in higher risk groups. Clinician-perceived diagnostic uncertainty and the use of point-of-care tests may make the distinction between colonisation and infection hard to determine, supporting empiric treatment. Multi-component stewardship and prevention initiatives are being implemented, but formal evaluation and consistent outcome measurement have been limited, limiting the ability to reach confident conclusions regarding impact.
[bookmark: _Toc216836056]6.4 Reflection on the review approach 
A systematic thematic synthesis was appropriate because included studies varied substantially in design, setting, populations and outcome definitions, and the evidence base ranged from routine electronic health records, microbiology-linked cohorts, surveys, qualitative studies and commissioning-level reports. The approach worked in the integration of epidemiological burden and "real-world" system mechanisms, and in the triangulation of patient and clinician perspectives to provide the reasons for recurrence and repeat prescribing. However, uncertainty persisted because of heterogeneous UTI definitions, limited ability to do causal inference in observational designs, and variable reporting quality, especially for conference abstracts. Quality appraisal assisted the calibration of confidence and provided for cautious interpretation in situations where there was a greater risk of bias or reporting limitations.
[bookmark: _Toc216836057]6.5 Policy recommendations
Practice and policy should consider targeted antimicrobial stewardship for older and clinically complex women, including structured review of recurrent antibiotic exposure and clearer pathways for recurrent presentations. Diagnostic support may be reinforced to minimise uncertainty and dipstick and default empiric prescribing reliance, and may include consistent local protocols and decision support in line with barriers identified by clinicians. Patient-facing information should be standardised both in person and remotely to clarify self-care, when they need to seek urgent review and available prevention options, recognising variation in care-seeking patterns. Commissioning bodies should focus on measurable evaluation, repeat prescribing, recurrence-related reattendance, culture utilisation and resistance indicators where possible.
[bookmark: _Toc216836058]6.6 Recommendations for further studies
Future studies should focus on UK-based pragmatic evaluation of non-antibiotic prevention options and pathways of integrated stewardship embedded in routine primary and community care. Studies should use standardised definitions for UTI and recurrent UTI and core outcome sets to capture the symptoms burden, reconsultation, antibiotic exposure and microbiological endpoints where available and allow for meaningful comparison between data sources. Equity-focused analyses are necessary to stratify by age, deprivation and ethnicity and to assess the role of remote care pathways in determining access, management decisions and subsequent antibiotic use. Mixed-methods work could further explain the barriers to uptake of prevention and adherence to the pathway.
[bookmark: _Toc216836059]6.7 Conclusion
This study makes a UK-relevant contribution that brings together synthesis and age-patterned burden and multifactorial risk factor profiles and stewardship-focused prevention and management considerations across routine data, microbiology-linked, survey, and qualitative and commissioning evidence. By providing a link between patient-level susceptibility and the process of diagnosis and prescribing, it will help explain why recurrence and repeat utilisation are concentrated in clinically vulnerable groups. Reducing recurrent episodes and unnecessary exposure to antibiotics is crucial to maintaining the effective capacity of the NHS primary care system and to reinforcing antimicrobial stewardship in the community.
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