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[bookmark: _Toc228218250]ABSTRACT

Background: Firefighting involves repeated bouts of submaximal work performed under heat, load and psychological stress, contributing to elevated CV strain and high rates of duty-related CV events. Omega-3 supplementation is biologically plausible for improving vascular and autonomic function, but firefighter-specific applied trials remain limited.
Aim: To determine whether eight weeks of omega-3 supplementation (3 g/day EPA+DHA; 1700 mg EPA and 1300 mg DHA) improves resting CV markers and reduces CV strain during standardised submaximal exercise in operational firefighters.
Methods: Twenty male operational firefighters were randomly allocated to omega-3 supplementation (n=10) or no-treatment control (n=10) for eight weeks. Resting HR and BP were measured using repeated home readings (morning and evening across four consecutive days at each time-point). CV strain was assessed using the Chester Treadmill Test (CTT) with outcomes of average HR (CTTAveHR) and end-stage HR (CTTEndHR). Data were analysed using two-way mixed ANOVA (time × group) with Bonferroni-adjusted simple main effects.
Results: Compliance exceeded 95% and no dropouts occurred. Significant time × group interactions were observed for CTTAveHR (p<.001) and CTTEndHR (p=.007), with the omega-3 group demonstrating reductions in exercise HR strain (CTTAveHR: −7.1 bpm; CTTEndHR: −10.8 bpm) and the control group demonstrating small increases. Resting outcomes were less definitive: AveRHR showed a favourable trend but non-significant interaction (p=.072); SBP demonstrated a substantial reduction with significant pairwise effects but a non-significant interaction (p=.080); DBP showed no meaningful change (p=.463). Baseline diet analysis suggested broader nutritional shortfalls which may influence CV strain and recovery capacity.

Conclusion: Eight weeks of 3 g/day EPA+DHA produced clear improvements in submaximal exercise HR strain during the CTT, while resting haemodynamic outcomes were mixed and less statistically robust. Omega-3 supplementation appears most defensible as a low-burden adjunct within a wider FF health and performance strategy. Larger placebo-controlled trials with biomarker confirmation are warranted.
Keywords: firefighters; omega-3 fatty acids; EPA; DHA; cardiovascular strain; heart rate; blood pressure; inflammation; occupational stressors; tactical athlete; submaximal exercise; performance longevity
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[bookmark: _Toc228218252]GLOSSARY OF TERMS

AL – Allostatic load
BP – Blood pressure
bpm – Beats per minute
CON – Control group
CRP – C-reactive protein
CTT – Chester Treadmill Test
CTTAveHR – Chester Treadmill Test average heart rate
CTTEndHR – Chester Treadmill Test end heart rate
CV – Cardiovascular
CVD – Cardiovascular disease
DBP – Diastolic blood pressure
DHA – Docosahexaenoic acid
DRV – Dietary Reference Value
EAR – Estimated Average Requirement
EPA – Eicosapentaenoic acid
FF – Firefighter
FFs – Firefighters
GDPR – General Data Protection Regulation
HR – Heart rate
IL-1β – Interleukin-1 beta
IL-6 – Interleukin-6
INT O3 – Omega-3 intervention group
LRNI – Lower Reference Nutrient Intake
MaxHR – Maximum heart rate
MD – Mediterranean diet
MH – Mental health
NF-κB – Nuclear factor kappa B
NFPA – National Fire Protection Association
NO – Nitric oxide
O3 – Omega-3
OXS – Oxidative stress
PAR-Q – Physical Activity Readiness Questionnaire
PAT – Physical ability test
PPE – Personal protective equipment
PTSD – Post-traumatic stress disorder
PUFA – Polyunsaturated fatty acid
PUFAs – Polyunsaturated fatty acids
RCT – Randomised controlled trial
RHR – Resting heart rate
RNI – Reference Nutrient Intake
ROS – Reactive oxygen species
rTG – Re-esterified triglyceride
SBP – Systolic blood pressure
SCBA – Self-contained breathing apparatus
SCE – Sudden cardiac event
SD – Standard deviation
SI – Systemic inflammation
SPSS – Statistical Package for the Social Sciences
TA – Tactical athlete
TNF-α – Tumour necrosis factor alpha

Dietary Reference Value terminology

DRV – A collective term used to describe a set of dietary reference figures for energy and nutrients for healthy populations. These include the Estimated Average Requirement, Reference Nutrient Intake, Lower Reference Nutrient Intake and safe intake.

EAR – The average requirement for energy or a nutrient estimated to meet the needs of 50% of individuals within a defined population group.

RNI – The amount of a nutrient that is sufficient to meet the needs of nearly all individuals in a population group.

LRNI – The amount of a nutrient that is enough for only a small proportion of individuals who have low requirements. Habitual intakes below the LRNI are likely to be inadequate for most people.

Safe intake – A value used when there is insufficient evidence to determine an EAR, RNI or LRNI. It refers to an intake judged to be adequate for almost everyone, without known risk of undesirable effects.
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[bookmark: _Toc228218255]CHAPTER 1: INTRODUCTION

This chapter introduces the study by outlining the occupational and nutritional context, establishing the rationale and research gap, and presenting the aim, objectives, research question and significance of the investigation.

[bookmark: _Toc228218256]1.1 Background and rationale

Firefighting is a physically and psychologically demanding occupation requiring repeated performance under hazardous, unpredictable, and pressured conditions (Lye and Lee, 2025; Romero and Alvar, 2021; Gonzalez et al., 2022; 2024; Dos Santos et al., 2025). Tasks impose high physiological and cardiovascular (CV) strain, particularly in personal protective equipment (PPE) and self-contained breathing apparatus (SCBA) (Smith, 2011; Abel et al., 2015; Williams-Bell et al., 2009; Gledhill and Jamnik, 1992; Gonzalez et al., 2023a).
Accordingly, firefighters (FFs) are conceptualised as tactical athletes (TA), whose performance depends on physical readiness, cognitive function, and resilience under emergency conditions (Scofield and Kardouni, 2015; Romero and Alvar, 2021; Gonzalez et al., 2022; Xu et al., 2024). Unlike traditional athletes, FFs operate in uncontrolled environments with irregular workloads, limited recovery, and repeated career-long stressors (Lye and Lee, 2025; Xu et al., 2024). Performance depends not only on maximal output, but on sustaining physiological function under repeated stress, better framed as performance longevity (Martinescu-Bădălan and Macovei, 2023; Romero and Alvas, 2023; Gonzalez et al., 2022).

Emergency tasks frequently elicit heart rate (HR) responses of 80-100% of maximum, even when work is submaximal, because heat, load carriage, dehydration, and psychological arousal increase physiological cost (Sothmann et al., 1992; Barr et al., 2010; Perroni et al., 2010; Windisch et al., 2017; Holland-Winkler et al., 2024). Many duties are performed at moderate relative intensities yet still impose substantial CV demand (Gledhill and Jamnik, 1992; Elsner and Kolkhorst, 2008). Thus, performance depends not only on maximal capacity, but on CV efficiency during repeated work.
FFs are also exposed to heat, smoke toxicants, sleep disruption, shift work, and psychological strain, which may contribute to oxidative stress, inflammation, impaired recovery, and adverse CV responses (Adetona et al., 2013; Main et al., 2020; Smith et al., 2019; Gonzalez et al., 2024). Cardiovascular disease (CVD) remains the leading cause of duty-related mortality in FFs, with sudden cardiac events (SCE) accounting for a substantial proportion of on-duty deaths (Kales et al., 2009; Jeung et al., 2022; Fahy et al., 2021; Gonzalez et al., 2024). These patterns are consistent with allostatic load (AL), whereby repeated stressors result in cumulative physiological wear and dysregulation (McEwen and Stellar, 1993; Gonzalez et al., 2024).
Higher resting heart rate (RHR), blood pressure (BP), or HR responses at a given submaximal workload may indicate greater CV strain and reduced physiological reserve for repeated work (Olshansky et al., 2023; Ras et al., 2025). Emerging evidence suggests FF performance declines with age and accumulated service exposure. Cameron et al. (2018) reported age-related decline in cardiorespiratory performance over ten years, while Martin et al. (2025a), Jeung et al. (2022), and Chun et al. (2025) suggest longer service and cumulative burden may exacerbate declines in health and performance across a career. Although largely observational, this evidence supports concern that repeated stress may progressively erode physiological efficiency and sustained work capacity. Accordingly, resting BP, RHR, and HR responses during the Chester Treadmill Test (CTT) were selected as practical indicators of CV strain.

Evidence suggests FFs often display suboptimal dietary patterns, including low intake of nutrient-dense foods and omega-3 (O3) polyunsaturated fatty (PUFAs), alongside higher intake of energy-dense and pro-inflammatory foods (Joe et al., 2022; Della Torre et al., 2019; Sidossis et al., 2023). These behaviours may exacerbate cardiometabolic and inflammatory burden rather than buffer occupational stressors (Minihane et al., 2015; Clemente-Suárez et al., 2022).
O3 PUFAs, particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are of interest because of their anti-inflammatory and cardioprotective properties (Calder, 2017; Tomczyk et al., 2023; Medoro et al., 2024; Jäger et al., 2025). EPA and DHA have been associated with improved vascular function and more favourable HR and BP regulation, making them mechanistically relevant to populations exposed to repeated physiological stress (Mozaffarian et al., 2005; Miller et al., 2014; Zhang et al., 2022; Jäger et al., 2025). O3 supplementation may therefore represent a feasible strategy to help mitigate the long-term physiological burden of firefighting.

[bookmark: _Toc228218257]1.2 Problem statement and research gap 

FFs are exposed to repeated stressors that may increase inflammation, elevate BP and HR, and reduce CV efficiency, contributing to declining performance and health risk across career span (Singh et al., 2019; Pacinella et al., 2022; Allsopp and Main, 2025). Although these mechanisms are increasingly recognised, practical interventions remain limited. O3 supplementation is a plausible candidate because it is accessible, low burden, and supported by wider literature relating to vascular function, BP and HR regulation (Mozaffarian et al., 2005; Miller et al., 2014; Zhang et al., 2022). However, findings are heterogeneous and largely derived from clinical or athletic populations, limiting direct applicability to FFs.
Critically, FF-specific intervention research examining whether daily high-dose O3 supplementation can reduce resting CV strain or attenuate HR responses during standardised exercise remains limited. This gap matters because lower CV strain at rest and during submaximal work may indicate improved physiological efficiency, greater tolerance to occupational demand, and better maintenance of performance and health across a career, particularly in later service.

[bookmark: _Toc228218258]1.3 Aims and objectives

The aim of this study was to investigate whether eight weeks of O3 supplementation, providing 3000 mg/day and comprising of 1700 mg EPA and 1300 mg DHA, could improve CV markers and reduce CV strain during standardised exercise in operational FFs.
The objectives were to assess changes in RHR, systolic BP (SBP), diastolic BP (DBP), HR responses during CTT, and the feasibility of implementing this O3 protocol in an operational firefighter context.

[bookmark: _Toc228218259]1.4 Research questions, hypothesis and significance

Does eight weeks of this O3 protocol improve CV markers and reduce exercise HR strain in operational FFs?
It was hypothesised that eight weeks of O3 protocol would reduce resting HR and BP, and attenuate HR responses during the CTT, indicating reduced CV strain and improved physiological efficiency in operational FFs. It was further hypothesised that these effects may support occupational performance and health over time, particularly later in career, by reducing cumulative CV stress associated with repeated occupational exposure.
This question addresses a recognised gap in firefighter-specific nutrition research by examining a practical intervention rather than describing risk. It also aligns with the tactical athlete framework by focusing on physiological resilience and performance longevity, rather than solely disease prevention. If this O3 protocol can reduce resting BP or HR strain during standardised exercise, even modestly, it may have practical relevance for occupational readiness, recovery, and long-term health. More broadly, the study contributes applied evidence to firefighter human performance nutrition and may help clarify whether a simple nutritional strategy can mitigate gradual decline in CV efficiency and performance associated with cumulative occupational exposure.











[bookmark: _Toc228218260]CHAPTER 2: LITERATURE REVIEW

[bookmark: _Toc228218261]2.0 Review of the literature

This chapter reviews whether O3 supplementation, specifically 3000mg/day providing 1700mg EPA and 1300mg DHA, may mitigate cumulative occupational stressors and toxic exposures affecting CV health, physical performance, and operational capacity in FFs. As direct Firefighter (FF) intervention evidence is limited, relevant TA, CV, occupational health, and sport and exercise nutrition literature is also included.

[bookmark: _Toc228218262]2.0.1 Search strategy 

A structured literature search identified sources relevant to FFs, occupational exposures, cardiovascular strain, inflammation, oxidative stress (OXS), performance, recovery, wellbeing, and O3 supplementation. Searches were conducted using Google Scholar, the University of Wales Trinity Saint David library search system, SPORTDiscus with Full Text, and relevant academic books. Additional sources were identified through reference list screening. Search terms were used alone and in combination with Boolean operators, including AND, OR, and NOT. Terms included firefighter, firefighters, tactical athlete, O3, fish oil, EPA, DHA, cardiovascular health, BP, HR, inflammation, OXS, performance, recovery, mental health (MH), wellbeing, sleep, smoke exposure, and occupational stress. Priority was given to English-language sources relevant to the dissertation aims, with emphasis on contemporary and seminal literature.

[bookmark: _Toc228218263]2.0.2 Study selection 

Sources were screened by title and abstract, or by chapter and content for books, for relevance to the dissertation aims. Full texts were reviewed where appropriate. Firefighter-specific studies were prioritised. Where limited, tactical athlete, athletic, clinical, and general adult literature was included where it offered relevant mechanistic or applied insight. Reference lists were also screened for additional sources.

[bookmark: _Toc228218264]2.0.3 Inclusion and exclusion criteria 

[bookmark: OLE_LINK17]Sources were included if published in English and relevant to firefighting demands, occupational stress and toxic exposure, cardiovascular strain, inflammation, OXS, nutrition, O3 supplementation, or outcomes related to performance, recovery, and wellbeing. Peer-reviewed journal articles were prioritised, although relevant academic books and professional position stands were included where appropriate; sources were excluded if not published in English, not relevant to the review aims, or focused on outcomes of limited relevance to firefighter health, performance, recovery, or O3-related mechanisms.

[bookmark: _Toc228218265]2.1 Firefighting as a high-strain occupational environment 

FFs face demanding environments characterised by sudden, high-intensity exertion requiring, optimal physical conditioning to meet occupational demands (Lye and Lee, 2025; Gonzalez et al., 2022; 2024; Romero and Alvar, 2021; Dos Santos et al., 2025; Abel et al., 2011; 2015; Dennison et al., 2012). Tasks vary, requiring repeated maximal and sub-maximal efforts (Abel et al., 2015; Nazari et al., 2018; Jahnke et al., 2012; Joe et al., 2022; Smith, 2011; Elsner and Kolkhorst, 2008), often wearing  ≤22 kg of PPE and SCBA, potentially managing loads ≈90kg (Smith, 2011; Gonzalez et al., 2023a; Abel et al., 2015; Dos Santos et al., 2025; Elsner and Kolkhorst, 2008; Louhevaara et al., 1995; Williams-Bell et al., 2009; Gledhill and Jamnik, 1992). FFs work in high-heat, reduced-visibility and hazardous environments, impairing thermoregulation and increasing metabolic and CV strain (Sandsund et al., 2024; Horn et al., 2013; Elsner and Kolkhorst, 2008; Bruce-Low et al., 2007), impairing occupational performance, contributing to repeated physiological strain and inflammatory responses (Richardson et al., 2023; Main et al., 2020; Smith et al., 2019; Louhevaara et al., 1984; Dos Santos et al., 2025; Lee et al., 2013). 
[bookmark: OLE_LINK5]FFs experience high proportions of SCE, estimated at ≈45% (Fahy et al., 2021; Kales et al., 2009; Smith et al., 2013; Gonzalez et al., 2024), exceeding rates in police, paramedics and non-emergency occupations, 22%, 11% and 15%, respectively (Kales et al., 2009; 2007). Workloads require rapid decision making, situational awareness and psychological resilience, integrating endurance, strength, agility and cognitive function under threat conditions (Agostinelli et al., 2025; Gonzalez et al., 2023a; Lye and Lee, 2025; Reale et al., 2023; Romero and Alvar, 2021).
These combined demands support classifying FFs as TA, whose performance relies on physical capacity, cognitive function and stress tolerance in emergency environments (Lye and Lee, 2025; Wohlgemuth et al., 2024; Gonzalez et al., 2022; 2024; Romero and Alvar, 2021; Scofield and Kardouni, 2015; Xu et al., 2024). However, firefighting differs from sport because performance is externally driven, unpredictable and repeated across careers rather than scheduled events (Xu et al., 2024; Lye and Lee, 2025). Thus, the TA framework does not equate FFs with elite athletes, but emphasises broad physical preparedness for repeated stress while maintaining functional performance (Xu et al., 2024; Scofield and Kardouni, 2015; Romero and Alvar, 2021; Wohlgemuth et al., 2024).

Accordingly, performance longevity, rather than peak-output, becomes the central operational objective, defined as repeatedly meeting occupational demands with minimal long-term decline across careers (Martinescu-Bădălan and Macovei, 2023; Romero and Alvar, 2023), aligning with sport nutrition aims to sustain CV and physiological readiness (Martinescu-Bădălan and Macovei, 2023; Romero and Alvar, 2023; Gonzalez et al., 2022; Gonzalez et al., 2024). Although incidents are intermittent, stress responses recur (Cherry et al., 2025), consistent with AL, the accumulation of repeated stress, into long-term physiological strain (McEwen and Stellar, 1993; McEwen, 1998; Gonzalez et al., 2024). Health and wellness considerations, including MH, underpin FF performance and  longevity, supporting an integrated health-performance model, where nutrition should be viewed as a core supporting strategy (Wohlgemuth et al., 2024; Abel et al., 2011; Romero and Alvar, 2021; Gonzalez et al., 2022; 2024; Hofman, 2015; Scofield and Kardouni, 2019; Thomas et al., 2016; Spriet, 2019).

[bookmark: _Toc228218266]2.2 Physiological demands of firefighting tasks and occupational performance 

FF performance requires continual transitions between strength, power, agility and sustained aerobic work, reflecting complex physiological demands (Lye and Lee, 2025; Smith, 2011; Gonzalez et al., 2023a; 2023b; Romero and Alvar, 2021). HR monitoring demonstrates sustained CV strain during fire suppression. Early field recordings show FFs operating near maximal HR (MaxHR) for 15-minutes (Barnard and Duncan, 1975; Sothmann et al., 1992). Simulated tasks typically elicit ≈80% MaxHR, compared with ≈85% in live-fires (Windisch et al., 2017), with ranges of 60-100% MaxHR (von Heimburg et al., 2006; Del Sal et al., 2009; Williams-Bell et al., 2009; Perroni et al., 2010). However, simulated protocols may not fully capture live operational stressors. Live-fire suppression has recorded mean HR of 157bpm (88% MaxHR), alongside VO₂max of 33.5-46.5 mL·kg⁻¹·min⁻¹, indicating pronounced CV strain (Gledhill and Jamnik, 1992; Sothmann et al., 1992). These findings align with meta-analyses, citing VO₂max demands of 39-45 mL·kg⁻¹·min⁻¹ (Martin et al., 2025b; Bilzon et al. 2001; Dreger and Petersen, 2007; Gledhill and Jamnik, 1992), whilst National Fire Protection Association (NFPA), supported by Siddal et al. (2016), specifies 42 mL·kg⁻¹·min⁻¹, and used as a UK benchmark (NFPA 1582, 2018; Martin et al., 2025b; Gonzalez et al., 2022). Treadmill testing, is commonly recommended for FFs (Gonzalez et al., 2024; Vandersmissen et al., 2014; Ben-Ezra and Verstraete, 1988; IAFF, 2008). UK benchmarks are often operationalised using CTT, providing service-feasible estimates of aerobic fitness and HR strain under standardised sub-maximal workloads (Hart et al., 2024; Barr et al., 2010).
[bookmark: OLE_LINK1]Although peak demands are substantial, approximately 90% of tasks are reportedly performed at sub-maximal intensities, ≈50% VO₂max/23 mL·kg⁻¹·min⁻¹, with only the most strenuous approaching 85% VO₂max (Gledhill and Jamnik, 1992). Elsner and Kolkhorst (2008) similarly found live-fire tasks averaged 62% VO₂max (Vandersmissen et al., 2014; Elsner and Kolkhorst, 2008), suggesting occupational performance depends on maximal aerobic capacity, and the ability to sustain prolonged sub-maximal work with elevated HR. These estimates vary by task definition and measurement conditions, and long-term career effects on HR strain remain unclear. 
Direct VO₂max measurement remains the most accurate assessment of aerobic fitness (Tierney et al., 2010; Perroni et al., 2015), with maximal treadmill testing considered gold standard (Van Kieu et al., 2020; Lipscomb et al., 2024). Higher VO₂max,  is associated with FF health and performance (Martin et al., 2025b; Siddall et al., 2018). Because operational demands depend on sustaining sub-maximal intensities, sub-maximal field tests can capture functional capacity through HR responses and recovery during prolonged workloads rather than maximal output alone (Tierney et al., 2010; Hart et al., 2024; Luke et al., 1997), reinforcing that firefighting involves extended aerobic strain punctuated by occasional maximal efforts rather than continuous maximal exertion (Windisch et al., 2017).

PPE and SCBA exacerbate physiological strain. Perroni et al. (2008; 2015) reported 20% VO₂max reduction during sub-maximal testing with and without PPE/SCBA, while Dreger et al. (2006) reported 17.3% reduction and Lee et al. (2013)  ≈10%. Adding 20 kg may increase locomotion metabolic cost  ≈11–21% and reduce VO₂max by ≈17–20% versus light clothing, increasing HR during sub-maximal work (Lee et al., 2013; Dos Santos et al., 2025; Perroni et al., 2015; 2009). Therefore, lab-based VO₂max thresholds should be interpreted in context of added stressors (Elsner and Kolkhorst, 2008; Ensari et al., 2017; Dos Santos et al., 2025), while HR monitoring remains practical, but context-dependent marker of physiological strain in field testing.

[bookmark: _Toc228218267]2.3 Occupational exposures and cumulative physiological stress

Beyond physical demands, FFs face occupational stressors that impose oxidative,  inflammatory and cumulative physiological strain (Smith et al., 2011; Choudhury et al., 2025; Gonzalez et al., 2024). 

[bookmark: _Toc228218268]2.3.1 Heat exposures

High ambient temperatures, insulated PPE, and repeated work bouts elevate core temperature and HR, while dehydration may further increase cardiac strain, systemic inflammation (SI), and impair performance (Smith and Petruzzello, 1998; Horn et al., 2013; Barr et al., 2010; Fernhall et al., 2012; Houser et al., 2023). Repeated thermal loads report increases of ≤1.8°C in ≤20 min (Horn et al., 2013), while 90% of FFs show dehydration, with 1.1% loss reported, although pre-test hydration was unknown (Holland-Winkler et al., 2024; Suminski et al., 2019; Fernhall et al., 2012) (Table 2.1).
FF-specific studies show reduced cardiac efficiency, including reduced arterial compliance, altered ventricular filling, and increased arterial stiffness, BP, and haemodynamic disturbance (Fernhall et al., 2012; Fahs et al., 2011), although some peripheral pressure measures fell, suggesting a complex response driven by concurrent vasodilation, dehydration, and thermal strain (Fahs et al., 2011). Together, studies provide mechanistic evidence that heat contributes to acute CV strain, although mainly short-term designs limit inference on longer-term clinical consequences and separation of heat from exertion and dehydration (Fahs et al., 2011; Fernhall et al., 2012).
Heat exposure is also linked with inflammatory activation, including elevations in leukocytes, platelets, and cytokines such as IL-6, IL-8, IL-1β, TNF-α, and CRP, suggesting repetition may elevate SCE risk, although findings are not fully consistent across age groups and exposure contexts (Walker et al., 2015; Wright-Beatty et al., 2014; Watkins et al., 2021; 2024). Evidence suggests ageing FFs show attenuated thermal responses, implying heat adaptation (Wright et al., 2013; Wright-Beatty et al., 2014), however, protective adaptation remains uncertain.

[bookmark: _Toc228218269]2.3.2 Smoke and Toxins 

FFs inhale and absorb hazardous compounds during fire suppression, associated with OXS, inflammatory biomarker elevation and prolonged recovery disruption (Fent et al., 2014: 2020; Baxter et al., 2014; Engelsman et al., 2020; Young et al., 2021; Gonzalez et al., 2024). Toxicants activate redox-sensitive pathways, namely NF-κB and increase mediators including IL-6, TNF-α and CRP, cumulating inflammatory load (Shukla et al., 2000; Swiston et al., 2008; Adetona et al., 2013; 2016; Wang et al., 2017; Frumento and Tãlu, 2024; Ha et al., 2024; Cui et al., 2025)

Observational and biomonitoring shows increased inflammatory markers 8-oxo-dG and 8-isoprostane following fires, extending into recovery and appearing greater with longer service duration, supporting interpretation of AL  (Swiston et al., 2008; Adetona et al., 2013; Gaughan et al., 2014b; Smith et al., 2019; Main et al., 2020; Navarro et al., 2022; Richardson et al., 2023a) (Table 2.1). However, interpretation is limited by variability in PPE use, task intensity and sampling timing, as respiratory protection is inconsistent (Domitrovich et al., 2017; Navarro et al., 2022). PPE does not fully prevent absorption, potentially being a secondary exposure source itself, while increased effort ventilation may increase inhalation (Fent et al., 2020; Sousa et al., 2022; Araviiskaia et al., 2019; Gonzalez et al., 2024). 
Firefighting has been classified as carcinogenic by the International Agency for Research on Cancer (IARC, 2010; Demers et al., 2022; I.W.G., 2023; Barros et al., 2023), and evidence supports smoke as a plausible contributor to endothelial dysfunction, autonomic disturbance and elevated BP (Dockery, 2001; Smith et al., 2013; Goldberg et al., 2001; Mittleman, 2007; Simkhovich et al., 2009).
 
[bookmark: _Toc228218270]2.3.3 Sleep and recovery

FFs report disrupted sleep ≈5h.21-min (Stout et al., 2021). Epidemiological evidence consistently associates curtailed sleep <6h with hypertension, SCE,  impaired alertness, and performance,  (Stout et al., 2021; Rosekind et al., 1997; Scott et al., 2024; Liu and Tanaka, 2002; Abdelmoaty et al., 2025; Gottileb et al., 2006; Li and Shang, 2021), with cross sectional evidence adding impaired body-composition, BMI, and obesity, although causal direction cannot be determined (Romero Cabrera et al., 2021). Less than 7h-sleep reports similar findings (Abdelmoaty et al., 2025; Lao et al., 2018; Buxton and Marcelli, 2010; Palagini et al., 2013). Unpredictable call-outs and sustained alertness may further limit restorative down-regulation during shifts (Abdelmoaty et al., 2025; Shin et al., 2016; Saijo et al., 2008; Wolk et al., 2005; Fialho et al., 2006).
Mechanistically, restricted sleep may increase CV strain through persistent sympathetic activation, impaired autonomic recovery and poorer regulation of HR and BP, with psychosocial stress and secondary employment further constraining recovery (Yamasaki et al., 1998; Van Amelsvoort et al., 2000; Wolk et al., 2005; Kales et al., 2009). Broader evidence links restricted sleep to hypertension, obesity and depression, albeit with small to medium correlations (Carey et al., 2011). 
Sleep loss may raise inflammation, though findings are mixed. TNF-α increased after 7-nights at 2h/night (Vgontzas et al., 2004), but not after 4-days of 2h daytime naps (Shearer et al., 2001). However, acute total sleep loss was linked to inflammation (Shearer et al., 2001), and one night of 50% sleep restriction increased IL-6 and TNF-α mRNA (Irwin et al., 2006). Elevated BP may increase endothelial stress and inflammatory marker production (Chae et al., 2001). Sleep typically lowers endothelial markers with nocturnal BP dipping, insufficient sleep may sustain inflammation, BP, CV strain, and stress-system overactivity, consistent with AL (Mullington et al., 2004; 2009; Broussard et al., 2004; Palagini et al., 2013). However, 4h sleep across 2-nights in simulated wildfire model did not worsen inflammatory responses versus 8h. IL-6 rose in both conditions and IL-10 was unchanged, suggesting short-term restriction may not always amplify acute cytokine disturbance under controlled conditions (Wolkow et al., 2015), providing stronger mechanistic insight through repeated blood sampling, whereas larger occupational studies offer more ecological relevance but more self-report bias and confounding. Reviews further suggest disrupted sleep, circadian disturbance, and prolonged shifts may interact with inflammatory, neuroendocrine, and cognitive stress pathways to prolong systemic strain beyond duty periods, though they support synthesis more than causality (Orysiak et al., 2022; White, 2025).

[bookmark: _Toc228218271]2.3.4 Mental Health 

Psychological stress from trauma exposure and organisational strain is associated with impaired MH and operational performance, (McGilloway, 2007; Igboanugo et al., 2021; Smith et al., 2023; Verble et al., 2024; Lee et al., 2017; Van Hasselt et al., 2022; Park et al., 2024; Afonso et al., 2019; Sindhu et al., 2020; Wagner et al., 2021; Oliveira et al., 2022; Becker et al., 2022). In a UK study of 1300 FFs, 5.62% reported PTSD and 18.23% complex-PTSD (Langtry et al., 2021). Chronic stress is associated with inflammatory activation, impaired recovery, increased HR and BP via sympathetic-adrenal-medullary activation and catecholamine release, and reduced HRV (Huang et al., 2013; Hinton et al., 1991; Frankenhaeuser, 1991; Gonzalez et al., 2024; Stults-Kolehmainen et al., 2014; Thayer et al., 2009; Schneider and Schwerdtfeger, 2020). Lower HRV is prospectively linked with hypertension and inversely associated with SI, supporting a pathway by which psychological health may influence CV risk (Singh et al., 1998; Williams et al., 2019). Meta-analyses also link PTSD with elevated RHR and BP (Buckley and Kaloupek, 2001; Morris et al., 2016). HRV reductions have also been linked with poorer physical and cognitive performance, although not in FF-specific studies (Thompson et al., 2015; de Visser et al., 2016; Stephenson et al., 2021; Elliot et al., 2021). Repeated psychological arousal may compound CV strain, while greater reactivity to acute mental stress predicts poorer future CV and BP outcomes (Chida and Steptoe, 2010; Yuenyongchaiwat et al., 2017). Where heat and dehydration already promote CV drift, poorer psychological health may plausibly increase resting CV load, amplify HR strain, and reduce performance longevity (Buckley and Kaloupek, 2001; Morris et al., 2016; Périard et al., 2021; Walker et al., 2019; Sandsund et al., 2024).

[bookmark: _Toc228218272]2.3.5 Personal health and cardiovascular health

Survey data shows ~68% FFs report ≥2 lifestyle risks, including obesity, hypertension, or hypercholesterolaemia, potentially amplifying occupational strain (Jeung et al., 2022). Longer service and greater smoke exposure associate with higher CV risk, with each additional year linked to greater hypertension prevalence, and an ≈16-30% increase in CVD risk in a 13-year follow-up of 363,137 FFs, although estimates were based on field measurement and exposure modelling rather than direct long-term clinical outcomes (Navarro, 2020; Navarro et al., 2019). Likewise, in 499 FFs, 10-19 and ≥20-years service were associated with greater odds of hypertension than <10 years, although the cross-sectional self-reported design limits causal inference and introduces recall bias (Semmens et al., 2016).

[bookmark: _Toc228218273]2.3.6 Obesity

Obesity and metabolic syndrome are prevalent and impair long-term health, CV fitness, CVD burden, and performance (Tsismenakis et al., 2009; Poston et al., 2011; Yoo and Franke, 2009; McAllister et al., 2022; 2023; Mayer et al., 2012; Jahnke et al., 2013; Soteriades et al., 2011). Around 40% FFs are obese (Soteriades et al., 2005; Yoo and Franke, 2009), with 33% reported in 370 FFs (Tsismenakis et al., 2009). Meta-analytic data from 31,309 FFs reported overweight and obesity rates of 44.1% and 35.6%, with combined BMI-defined prevalence approaching 80%, while ~9% had BP >130/85, although activity, culture, schedules, diet, and activity trends were not accounted for (Beckett et al., 2023). Other studies report >80% of US and ~66%  UK FFs are overweight or obese (Poston et al., 2011; Munir et al., 2012). Sedentary time between call-outs, shift-related meal timing, energy-dense communal meals, and limited nutrition support may contribute to obesity and chronic physiological strain,  (Gonzalez et al., 2022; Soteriades et al., 2005; Smith, 2011; Bucala and Sweet, 2019; Ras et al., 2023b; Wohlgemuth et al., 2024), which may interact with occupational exposures and personal health factors to promote chronic low-grade SI and OXS (Swiston et al., 2008; Hejl et al., 2013; Main et al., 2020; Soteriades et al., 2011).

Table 2.1. Firefighter occupational stressors, associated mechanisms and relevance to cardiovascular strain
	Stressor
	Exposure / trigger
	Key findings and detail
	Associated mechanism(s)
	Potential relevance to CV strain and occupational performance
	Critical appraisal
	Key supporting sources

	Cumulative occupational strain
	FFs experience multiple interacting stressors across service.
	Heat, smoke, sleep disruption, inadequate recovery, psychological strain, obesity and poorer diet may collectively impose oxidative and inflammatory load over time.
	Repeated exposure may promote cumulative physiological strain consistent with allostatic load models.
	May contribute to progressive CV burden, impaired recovery and reduced occupational longevity.
	Useful integrative framework, but cumulative strain is inferred from converging evidence rather than directly measured.
	Smith et al., 2011; Choudhury et al., 2025; Gonzalez et al., 2024

	Heat stress and PPE / SCBA load
	Fire suppression exposes FFs to high temperatures, insulated PPE, SCBA and repeated work bouts.
	Core temperature can rise by >1.5°C to 1.8°C during repeated tasks; dehydration is common, with 1.1% body mass loss reported after live-fire activity and continual dehydration reported in many FFs.
	Thermal strain, dehydration and repeated exertion elevate HR and haemodynamic load and may contribute to inflammation.
	May increase tachycardia, reduce work tolerance and impair recovery.
	Strong FF-specific acute evidence, but studies are mainly short-term and cannot fully separate heat from exertion and dehydration.
	Smith and Petruzzello, 1998; Horn et al., 2013; Barr et al., 2010; Fernhall et al., 2012; Holland-Winkler et al., 2024; Suminski et al., 2019; Houser et al., 2023

	Heat adaptation / counterargument
	Older or more experienced FFs may show attenuated thermal responses.
	Some studies report less thermal reaction in ageing FFs, although FF and non-FF groups showed similar CV and hydration responses.
	Possible partial occupational adaptation to heat.
	May attenuate some acute responses, but does not clearly remove CV or inflammatory burden.
	Important counterpoint, but evidence does not establish robust protective adaptation.
	Wright et al., 2013; Wright-Beatty et al., 2014

	Heat-related acute cardiac and vascular effects
	Live-firefighting and acute tasks under heat load.
	Live-firefighting has been associated with reduced diastolic dimension, stroke volume and arterial compliance, alongside tachycardia. Acute activity also increased aortic diastolic BP, augmentation index and pulse wave velocity.
	Thermal strain, dehydration, vasodilation and workload may impair transient cardiac efficiency and alter arterial function.
	May contribute to tachycardia, increased arterial stiffness, altered haemodynamics and transient reductions in cardiac efficiency during FF activity.
	Mechanistically strong, but limited to acute physiological inference; long-term significance remains uncertain.
	Fernhall et al., 2012; Fahs et al., 2011

	Heat-related inflammatory activation
	Repeated or extreme heat exposure in FFs and FF instructors.
	Heat exposure has been associated with elevations in leukocytes, platelets, IL-6, IL-8, IL-1β, TNF-α and CRP, with some markers remaining elevated ≥24 h.
	Proposed mechanisms include thermal strain and possible gut-derived lipopolysaccharide translocation stimulating cytokine release.
	Suggests heat contributes to both haemodynamic strain and inflammatory load relevant to CV risk and performance.
	Findings are mixed; differences in age, adaptation and protocol limit consistency.
	Walker et al., 2015; Wright-Beatty et al., 2014; Watkins et al., 2021; Watkins et al., 2024

	Smoke toxicants and combustion products
	FFs inhale and absorb PAHs, benzene, formaldehyde and VOCs during fire suppression.
	Fire suppression exposes FFs to multiple toxicants through inhalation and dermal routes.
	Toxicants can activate redox-sensitive and inflammatory pathways, including NF-κB, promoting IL-6, TNF-α and CRP.
	Supports a plausible pathway towards endothelial dysfunction, vascular strain and cumulative CV burden.
	Strong occupational relevance and biological plausibility, but exposure intensity varies by incident, task and protection.
	Fent et al., 2014; Fent et al., 2020; Gonzalez et al., 2024; Young et al., 2021; Engelsman et al., 2020; Baxter et al., 2014; Shukla et al., 2000; Wang et al., 2017; Swiston et al., 2008; Adetona et al., 2013; Adetona et al., 2016; Frumento and Tãlu, 2024; Cui et al., 2025; Ha et al., 2024

	Oxidative stress and inflammatory biomarkers after smoke exposure
	Live incidents, controlled burns and wildfire deployment.
	Urinary 8-oxo-dG and 8-isoprostane increase after fire exposure and may persist into recovery. Higher oxidative stress has also been reported with longer service duration.
	Oxidative and inflammatory perturbation may extend beyond the immediate incident.
	May contribute to repeated vascular insult and incomplete recovery across shifts.
	Repeated-measures biomonitoring strengthens the evidence, but short-term biomarker change alone cannot confirm long-term disease.
	Swiston et al., 2008; Adetona et al., 2013; Gaughan et al., 2014b; Main et al., 2020; Smith et al., 2019; Navarro et al., 2022; Richardson et al., 2023a

	Exposure variability and PPE limits
	Exposure varies by PPE use, respiratory protection, task intensity, sampling timing and wildfire deployment.
	Wildfire deployment may involve inconsistent respiratory protection. PPE does not fully prevent dermal absorption and contaminated gear may act as a secondary exposure source.
	Inhalation and dermal routes likely both contribute to toxicant dose.
	May amplify oxidative and inflammatory burden even when PPE is used.
	Occupationally important, but exposure quantification remains difficult and heterogeneous.
	Domitrovich et al., 2017; Navarro et al., 2022; Fent et al., 2020; Sousa et al., 2022; Araviiskaia et al., 2019; Gonzalez et al., 2024

	Carcinogenicity and acute CV implications of smoke
	Firefighting and smoke exposure are associated with cancer risk and acute CV disturbance.
	Firefighting has been classified as carcinogenic. Smoke exposure is also associated with arrhythmias, reduced HRV and elevated BP.
	Proposed pathways include oxidative stress, endothelial dysfunction, pro-inflammatory and pro-thrombotic signalling, increased coagulability and accelerated atherosclerosis.
	May compound acute CV strain and longer-term vascular burden.
	Strong mechanistic rationale, but long-term causality remains difficult to isolate in FF cohorts.
	IARC, 2010; I.W.G., 2023; Demers et al., 2022; Barros et al., 2023; Dockery, 2001; Goldberg et al., 2001; Mittleman, 2007; Smith et al., 2013; Simkhovich et al., 2009

	Sleep disruption and inadequate recovery
	Fragmented sleep due to shift work, call-outs and sustained alertness.
	FFs report short sleep duration, around 5 h 21 min. Broader epidemiology links short sleep with hypertension, CV issues and cardiometabolic risk.
	Restricted sleep may increase sympathetic activity, impair autonomic recovery and worsen HR/BP regulation.
	May elevate resting CV load, reduce readiness and impair performance.
	Occupationally relevant, but many studies rely on self-report and are confounded by adiposity, fitness and psychosocial stress.
	Stout et al., 2021; Rosekind et al., 1997; Scott et al., 2024; Gottlieb et al., 2006; Li and Shang, 2021; Abdelmoaty et al., 2025; Lao et al., 2018; Buxton and Marcelli, 2010; Palagini et al., 2013; Liu and Tanaka, 2002; Yamasaki et al., 1998; Van Amelsvoort et al., 2000; Wolk et al., 2005; Kales et al., 2009

	FF-specific sleep associations
	Cross-sectional occupational data in FFs.
	Poor sleepers and FFs sleeping ≤6 h/night had higher body mass, BMI, body fat, obesity prevalence and hypertension than better sleepers.
	Suggests restricted sleep coexists with poorer cardiometabolic profile.
	Supports sleep as a plausible contributor to cumulative CV strain in FFs.
	Useful occupational signal, but cross-sectional design cannot establish causality.
	Romero Cabrera et al., 2021

	Sleep loss and inflammation
	Acute and repeated sleep restriction.
	Sleep restriction has been linked with higher TNF-α and IL-6 in some models, although findings are inconsistent.
	Sleep loss may increase inflammatory signalling, endothelial stress and sustained BP dysregulation.
	May prolong CV load and impair recovery between duties.
	Findings are mixed, suggesting responses depend on severity and context of sleep loss.
	Vgontzas et al., 2004; Shearer et al., 2001; Irwin et al., 2006; Chae et al., 2001; Mullington et al., 2004; Broussard et al., 2004; Mullington et al., 2009; Palagini et al., 2013

	Sleep counterargument / controlled simulation
	Simulated wildfire suppression with partial sleep restriction.
	Four-hour sleep restriction across 2 nights did not uniformly worsen inflammatory responses relative to 8 h sleep.
	Suggests short-term sleep restriction may not always amplify cytokine disturbance.
	Refines the argument by showing not all restricted sleep models produce the same inflammatory effect.
	Stronger mechanistic design, but reduced ecological generalisability.
	Wolkow et al., 2015

	Review-level sleep synthesis
	Review-level FF literature.
	Reviews suggest disrupted sleep, circadian disturbance and prolonged shifts may interact with inflammatory, neuroendocrine and cognitive stress pathways beyond the immediate duty period.
	Supports a broader systems interpretation of sleep-related strain.
	Reinforces relevance of recovery failure to cumulative burden.
	Reviews are useful for synthesis, not direct causal proof.
	Orysiak et al., 2022; White, 2025

	Psychological trauma and organisational stress
	Trauma exposure and organisational strain in FFs.
	Psychological strain is associated with emotional exhaustion, anxiety, depression and cognitive impairment. In a UK study, 5.62% reported PTSD and 18.23% complex PTSD.
	Chronic stress may activate the SAM axis, elevate catecholamines and increase HR/BP.
	May contribute to elevated CV strain and reduced cognitive and physical performance.
	Strong conceptual and occupational relevance, though outcomes are heterogeneous across settings and measures.
	McGilloway, 2007; Igboanugo et al., 2021; Smith et al., 2023; Verble et al., 2024; Lee et al., 2017; Van Hasselt et al., 2022; Park et al., 2024; Afonso et al., 2019; Sindhu et al., 2020; Wagner et al., 2021; Oliveira et al., 2022; Becker et al., 2022; Langtry et al., 2021; Huang et al., 2013; Hinton et al., 1991; Frankenhaeuser, 1991; Gonzalez et al., 2024; Stults-Kolehmainen et al., 2014

	HRV, BP and performance links in psychological stress
	Trauma-related and chronic psychological stress.
	Psychological stress is associated with reduced HRV. Lower HRV is prospectively linked with hypertension and inversely associated with inflammation. PTSD is also associated with higher resting HR and BP.
	Diminished parasympathetic modulation may link psychological strain to CV risk and impaired performance.
	Supports the plausibility that poorer mental health amplifies strain in operational settings.
	Some mechanistic and performance evidence is non-FF-specific, but remains relevant.
	Thayer et al., 2009; Schneider and Schwerdtfeger, 2020; Singh et al., 1998; Williams et al., 2019; Buckley and Kaloupek, 2001; Morris et al., 2016; Thompson et al., 2015; de Visser et al., 2016; Stephenson et al., 2021; Elliot et al., 2021

	Psychological strain in operational context
	Interaction with existing physiological stressors.
	Greater reactivity to acute mental stress predicts poorer future CV outcomes. In settings where heat and dehydration already promote CV drift, poorer psychological health may plausibly amplify resting CV load and HR strain.
	Psychological and physiological stressors may interact rather than operate independently.
	May reduce capacity to sustain occupational performance longevity.
	Interaction effects are plausible and indirectly supported, but difficult to isolate experimentally.
	Chida and Steptoe, 2010; Yuenyongchaiwat et al., 2017; Buckley and Kaloupek, 2001; Morris et al., 2016; Périard et al., 2021; Walker et al., 2019; Sandsund et al., 2024

	Personal health risk clustering and years of service
	Lifestyle and cardiometabolic risk factors across service duration.
	Around 68% reported two or more risk factors such as obesity, hypertension or hypercholesterolaemia. Longer service and greater fire/smoke exposure were associated with greater hypertension prevalence and an estimated ≈16–30% increase in CVD risk.
	Repeated occupational and personal stressors may compound vascular and cardiometabolic burden over time.
	May raise baseline CV strain and reduce resilience to acute duties.
	Useful occupational patterning, but some estimates derive from modelling or cross-sectional self-report rather than direct long-term clinical outcomes.
	Jeung et al., 2022; Navarro, 2020; Navarro et al., 2019; Semmens et al., 2016

	Obesity and adverse metabolic profile
	High prevalence of overweight and obesity in FFs.
	Earlier studies reported obesity around 33–40%. Meta-analysis reported overweight and obesity rates of 44.1% and 35.6%, with combined BMI-defined prevalence approaching 80%.
	Obesity is associated with low-grade inflammation, lower CV fitness and increased cardiometabolic risk.
	May contribute to increased CV strain, reduced work capacity and poorer long-term health.
	Strong prevalence evidence, but interpretation varies by cohort, country and body composition method.
	Soteriades et al., 2005; Yoo and Franke, 2009; Tsismenakis et al., 2009; Beckett et al., 2023; Poston et al., 2011; Munir et al., 2012; McAllister et al., 2022; McAllister et al., 2023; Mayer et al., 2012; Jahnke et al., 2013; Soteriades et al., 2011

	Lifestyle and dietary contributors to obesity / chronic strain
	Sedentary periods, meal timing, communal eating culture and poorer diet quality.
	Sedentary periods between call-outs, shift-related meal timing, energy-dense communal meals and limited access to nutrition education may contribute to chronic strain.
	These factors may interact with occupational exposures to promote chronic physiological stress.
	May support long-term systemic inflammation and poorer recovery.
	Strong contextual relevance, though much evidence is observational and service-specific.
	Gonzalez et al., 2022; Soteriades et al., 2005; Smith, 2011; Bucala and Sweet, 2019; Ras et al., 2023b; Wohlgemuth et al., 2024

	Occupational exposure interacting with personal health
	Personal health factors interact with occupational stressors.
	Occupational exposures interacting with obesity and related personal health factors may promote chronic physiological stress linked to low-grade inflammation and oxidative stress over time.
	Interaction of metabolic risk with inflammatory and oxidative exposures.
	Suggests obesity is not merely a background characteristic, but a potential amplifier of occupational strain.
	Interaction effects are plausible and indirectly supported, but difficult to isolate experimentally.
	Swiston et al., 2008; Hejl et al., 2013; Main et al., 2020; Soteriades et al., 2011



[bookmark: _Toc228218274][bookmark: OLE_LINK29]2.4 Chronic inflammation and Oxidative stress in firefighters

Chronic low-grade inflammation is a central mechanism linking repeated FF exposures to adverse health (Allsopp and Main, 2025; Gonzalez et al., 2024).  Whereas acute inflammatory responses are typically adaptive, resolving quickly to restore homeostasis (Gonzalez et al., 2024; Pahwa et al., 2023). Contrastingly, chronic inflammation persistently elevates inflammatory mediators, including IL-1β, IL-6, TNF-α and CRP, and is associated with cumulative tissue damage and disease risk (Liberale et al., 2020; Pacinella et al., 2023).
Overlapping occupational stressors may trigger repeated inflammatory responses before prior episodes resolve, promoting sustained low-grade SI (Gianniou et al., 2016; Esteves et al., 2025; Orysiak et al., 2022). In observational work assessing inflammatory markers in 63 FFs and 29 trainees, FFs showed higher pro-inflammatory markers, including IL-8 and TNF-α, than trainees, and the reported linear association between years of service and airway and SI supports a possible dose-response effect of chronic exposure (Gianniou et al., 2016). Similarly, a pre-post shift biomarker study in 38 FFs demonstrated rises in IL-6 and IL-8 alongside reduced anti-inflammatory signalling across a 12-hour wildfire suppression shift, consistent with cumulative occupational strain (Main et al., 2020). However, these studies differ in design and timescale. Gianniou et al. (2016) better reflects longer-term exposure burden through comparison of FFs and trainees, whereas Main et al. (2020) offers stronger acute mechanistic relevance through repeated within-shift blood sampling, although, neither can determining whether observed responses reflect beneficial adaptation, maladaptive persistence, or both.
Further evidence reports elevated baseline inflammatory markers in FF cohorts, associated with increased risk of metabolic syndrome, insulin resistance and CVD (Oberther et al., 2025; Richardson et al., 2023b; Ridker et al., 2000; 2003; Daniele et al., 2014). Acute post-incident cytokine responses, including CRP, are also documented, and insufficient recovery may contribute to a shift from transient inflammation towards sustained inflammatory load (Orysiak et al., 2022; Allsopp and Main, 2025; McEwen, 1998; Abdelmoaty et al., 2025; Taylor et al., 2022; Guida et al., 2023). However, CRP findings are mixed. Several studies report no acute change following exposure, and others reporting increases after longer or complex exposures (Allsopp and Main, 2025; Gurney et al., 2021; Hejl et al., 2013; Niyatiwatchanchai et al., 2023; Andersen et al., 2018; Smith et al., 2019; Houser et al., 2023). Some studies also report acute CRP reductions despite IL-6 increases, which may reflect delayed hepatic CRP synthesis rather than inflammatory response absence (Kramer et al., 2008). By contrast, chronically elevated CRP has been reported in FFs, with 21% of 401 FFs exceeding 3 mg/L in one cohort (Allsopp and Main, 2025; Gaughan et al., 2014a). Clinically, values ≥10 mg/L suggest an inflammatory condition (Dhingra et al., 2007), while 1-10.0 mg/L is considered moderate risk and commonly associated with SI (Singh et al., 2025). Overall, repeated unresolved, and duration of exposures appear more relevant to chronic inflammatory burden than isolated acute responses.
OXS occurs when reactive oxygen species (ROS) exceed antioxidant capacity, damaging lipids, proteins and DNA (Birben et al., 2012; Demirci-Cekic et al., 2022; Powers and Jackson, 2008). While low-to-moderate oxidative stimuli may support adaption in athletes, repeated FF exposures are consistently associated with oxidative DNA damage and sustained inflammation, suggesting net physiological harm rather than beneficial adaptation (Radak et al., 2008; Ji et al., 2008; Merry and Ristow, 2016; Adetona et al., 2013; Wolkow et al., 2017; Smith et al., 2019; Stec et al., 2018; Demers et al., 2022; Hwang and Jeong, 2021). FF biomonitoring studies support this interpretation, although many remain vulnerable to confounding from heat strain, dehydration workload and PPE use (Adetona et al., 2013; Wolkow et al., 2017; Smith et al., 2019; Esteves et al., 2025).
The cumulative interaction of inflammation and OXS contributes to elevated AL, reflecting progressive physiological wear-and-tear arising from repeated stress exposure (McEwen and Stellar, 1993; Gonzalez et al., 2024). Over time, persistent cytokine exposure and ROS impair endothelial cell function and reduce nitric oxide (NO) bioavailability, promoting endothelial dysfunction as an early precursor to hypertension and atherosclerosis (Pacinella et al., 2022; Ataei et al., 2022; Golshiri et al., 2021).

[bookmark: _Toc228218275]2.5 Endothelial dysfunction and vascular consequences

The vascular endothelium regulates blood flow largely through NO, a key vasodilator essential for vascular homeostasis (Cyr et al., 2020; Incalza et al., 2018; Tousoulis et al., 2012). Inflammation may increase CV strain through endothelial dysfunction, arterial stiffening, renal sodium retention and altered angiotensin sensitivity (Gallo et al., 2022; Zanoli et al., 2020; Cau et al., 2021). A key pathway linking inflammation to elevated BP is reduced NO bioavailability alongside increased vasoconstrictors such as endothelin-1 (Singh et al., 2007). CRP can suppress endothelial NO synthase, while inflammatory cell activity and ROS reduce arterial compliance and promote stiffness, increasing peripheral resistance and BP (Singh et al., 2007; Subodh and Chao-HW, 2002; Ling et al., 2021; Sharma et al., 2013; Gallo et al., 2022; Kim, 2023; Cai et al., 2021; Biogni et al., 2020). As dysfunction progresses, vascular homeostasis is disrupted and becomes more pro-inflammatory and pro-thrombotic, accelerating arterial stiffening (Vallet et al., 2003; Incalza et al., 2018; Barbu et al., 2022).
In FFs, repeated occupational stressors may exacerbate these pathways. Greater arterial stiffness is reflected by increased pulse wave velocity, a marker of vascular ageing associated with higher CV risk and cardiac workload (Yook, 2019). Watkins et al. (2021) reported FFs exposed to repeated heat stress showed elevated inflammatory markers, including CRP and IL-1β, alongside higher hypertension prevalence, consistent with occupational inflammation contributing to vascular strain. This aligns with evidence that a substantial proportion of U.S. FFs meet criteria for hypertension (Kales and Smith, 2017; Kales et al., 2009). Although discussed lifestyle factors influence BP, recurrent high-heat exertion and inflammatory load may be additional occupational drivers of vascular dysfunction (Patterson et al., 2020; Chen et al., 2021; Romero Cabrera et al., 2021; Joe et al., 2022; Simonson et al., 2024). Yook (2019) strengthens occupational relevance through a large cross-sectional sample linking occupational stress with arterial stiffness, cardiorespiratory fitness and sleep quality, but cannot establish causality. Likewise, Watkins et al. (2021) compares highly exposed FF-instructors with FFs and links exposure frequency to inflammatory and hypertension-related risk markers, yet remains observational and cannot fully separate heat exposure from other occupational or lifestyle influences.
FF-specific mechanistic evidence remains limited, and much causal inference is drawn from other populations. Translation to FFs is therefore based on biological plausibility rather than direct confirmation, supporting the use of pragmatic outcomes such as BP (Manoogian et al., 2022; Zhang et al., 2022; Rothman et al., 2019; Dixon et al., 2020). Manoogian et al. (2022) showed in a randomised controlled trial (RCT) of 24-h shift workers, including FFs, that time-restricted eating improved cardiometabolic markers and reduced DBP in those with elevated baseline risk, while Zhang et al. (2022) supports that O3 intervention can reduce BP in a dose-response manner. Contrastingly, Rothman et al. (2019) and Dixon et al. (2020) add nuance. Although inflammation and hypertension are mechanistically linked, targeted IL-1β inhibition in the secondary CANTOS analysis did not reduce BP or incident hypertension, indicating inflammatory vascular pathways are not always reflected in BP lowering, supporting BP as a pragmatic but incomplete outcome.
Inflammation-induced endothelial dysfunction, provides a plausible pathway through which occupational stressors may elevate CV load. However, mixed intervention evidence suggests BP is an important but incomplete surrogate of vascular dysfunction.

[bookmark: _Toc228218276]2.6 Blood pressure as a marker of cardiovascular strain

Traditionally, resting BP has been used as a marker of CV fitness  (Dimpka, 2009). However, it is more commonly used as a clinical indicator of CV health, reflecting vascular load and haemodynamic strain (Palatini et al., 2011). Unlike fitness metrics like VO₂max, BP integrates vascular resistance, arterial stiffness and autonomic regulation (Palatini et al., 2011; Thanassoulis et al., 2012), particularly relevant in FFs given the high prevalence of hypertension and association with increased CV risk (Khaja et al., 2021). Healthy BP in adult males aged 20-59 years is generally considered ≤120mmHg systolic,  ≤80mmH diastolic, while high BP is typically defined as ≥140 mmHg systolic and/or ≥90 mmHg diastolic (NICE, 2019; NHS, 2023). Khaja et al. (2021) defined hypertension as SBP ≥130 mmHg, DBP ≥80 mmHg in medical records from 5053 male, 274 female geographically diverse FFs. Low-grade SI through exposures is implicated in hypertension development (Bautista, 2003; Guzik et al., 2024). Epidemiological evidence indicates inflammatory cytokines IL-6 and TNF-α, are associated with elevated BP (Bautista et al., 2005), while prospective biomarker data suggest inflammatory profiles may precede incident hypertension (Wang et al., 2007). IL-6 has been independently associated with hypertension after adjustment for key confounders, although cross-sectional designs limit causal inference (Bautista et al., 2005). By contrast, CRP associations are more heterogeneous and may reflect broader cardiometabolic burden rather than a specific causal BP pathway (King et al., 2004; Lakoski et al., 2006; van Apeldoorn et al., 2022). Review-level evidence supports low-grade inflammation as mechanistically relevant to hypertension through endothelial dysfunction, reduced NO bioavailability, immune activation and vascular remodelling, although this does not constitute direct causal proof in humans (Bautista, 2003; Hage, 2014; Guzik et al., 2024).
In 5053 male, 274 female FFs, 69% met hypertension citeria and 17% were taking antihypertensive medication, exceeding general population estimates across age groups (Khaja et al., 2021). Thus, patterns likely reflect combined effects of lifestyle, and cumulative occupational strain, although causality cannot be separated in this largely observational literature (Kales et al., 2009; Christodoulou et al., 2021; McMorrow and Feairheller, 2022; Choi et al., 2016a; 2016b; Smith et al., 2020). Review-level FF literature likewise supports BP as a relevant occupational outcome, but highlights that pre-post firefighting BP data and intervention studies remain limited, constraining firm conclusions regarding mechanisms and modifiable drivers (Kales et al., 2009; Christodoulou et al., 2021; McMorrow and Feairheller, 2022; Choi et al., 2016a; 2016b; Smith et al., 2020).
Age-related vascular change and chronic low-grade inflammation further contribute to an inflammaging profile, potentially accelerating CV dysfunction in FFs (Singh et al., 2019; Calder et al., 2017). Although aging increases BP in Western populations (Fagard, 2002), evidence suggests FFs may exhibit greater epigenetic age acceleration, consistent with cumulative exposure effects (Nwanaji-Enwerem et al., 2023; Jung et al., 2023). However, findings should be interpreted as supportive rather than causal evidence for occupational BP elevation.
Although BP is not a direct measure of performance, FF-specific evidence suggests it remains relevant to operational readiness. An analysis of 599 FFs, Ras (2025) reported that age, post-test SBP and DBP change were associated with physical ability test (PAT) performance, while resting SBP, post-PAT SBP, HR responses and their differences were also significantly related to task-specific performance. This aligns with earlier FF data showing poorer occupational-task performance associates with higher RHR (Michaelides et al., 2011). Evidence from athlete populations similarly suggests elevated BP alongside higher RHR is associated with reduced exercise capacity and autonomic dysfunction, supporting biological plausibility for strain-related performance constraints in tactical populations (Mazic et al., 2015). Therefore, in FFs, more favourable BP is best interpreted as a marker of lower CV strain and a more favourable physiological profile for sustained occupational performance, rather than a standalone measure of fitness. 

[bookmark: _Toc228218277]2.7 Heart rate responses, cardiovascular efficiency and sustained performance

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Normal adult RHR is 60-100 beats per minute (bpm) (BHF, 2024). In occupational and exercise settings, HR is a practical marker of CV efficiency and physiological strain. RHR is associated with FF occupational performance (Michaelides et al., 2011; Elsner et al., 2008; Williford et al., 1999). Individuals with CV dysfunction, including hypertension, typically demonstrate higher exercise HR and reduced tolerance than normotensive controls, indicating reduced efficiency (Marraccini et al., 1989; Würzburger et al., 2024). Higher RHR may reflect reduced CV efficiency and greater physiological strain (Olshansky et al., 2023). Strenuous tasks provoke cardiac strain (Smith et al., 2015), whereas greater fitness is associated with better task performance and recovery (Elsner et al., 2008; Marcel-Millet et al., 2022). FF evidence links poorer CV risk profiles and lower cardiorespiratory fitness with less favourable occupational performance and CV responses (Ras et al., 2023a; Ras et al., 2025). In broader hypertensive literature, exaggerated exercise HR and reduced exercise tolerance are consistent with compensatory tachycardia where stroke volume is less efficient (Chau et al., 1978).
During prolonged FF tasks, HR can rise despite unchanged external workload because of CV drift, driven partly by reductions in stroke volume associated with thermal strain and dehydration (Souissi et al., 2021). This pattern has been demonstrated in endurance exercise models, where HR increased from 132 ± 5 to 141 ± 5 beats·min⁻¹, during 4h fixed work-rate cycling, reflecting accumulating physiological load over time (Dawson et al., 2005). However, HR is also sensitive to heat strain, hydration status, caffeine and acute psychological stress, so it should be interpreted within operational context rather than as a standalone performance marker. Regardless, lower submaximal and RHR generally reflect greater CV efficiency, whereas exaggerated HR responses may indicate higher physiological strain and reduced tolerance for sustained work (Marraccini et al., 1989; Olshansky et al., 2023; Ras et al., 2025).
Although tasks are often performed at ~50% VO₂max (Gledhill and Jamnik, 1992), HR can approach high-intensity zones, amplified by alarm activation and anticipatory stress responses that elevate HR before physical work begins (MacNeal et al., 2016). Population evidence shows elevated RHR is associated with higher inflammatory markers, including CRP and IL-6, supporting HR sensitivity to inflammatory and endothelial stress pathways relevant to FFs (Whelton et al., 2014). Additionally, lower HRV in FFs is associated with poorer simulated fire-ground performance, while meta-analytic evidence links reduced HRV with greater inflammation and poorer CV fitness (Lesniak et al., 2022; Williams et al., 2019; Souza et al., 2021).
Submaximal and RHR testing provides a practical, scalable, physiological strain assessment, under standardised workloads (Van Kieu et al., 2020; Shushan et al., 2022; Buchheit, 2014). 

[bookmark: _Toc228218278]2.8 Performance decline and operational longevity

FF performance should be viewed across careers, as cumulative stressors may accelerate decline beyond ageing alone, with long-term service associated with increased CV risk and reduced performance (Chun et al., 2025; Jeung et al., 2022). Jeung et al. (2022) conducted a 13-year retrospective cohort study examining effects of FF duties on CVD in 363,137 FFs and public officials. They reported clustered CV risks, including elevated BP-related factors in younger male and female FFs aged 20-39 years, compared with public officials, while hypertension also increased with age. Chun et al. (2025), however, assessed impact of age and service years on FF performance, finding younger FFs 20-29 years displayed favourable health and performance than older counterparts 30 years. Although ageing is known to contribute to health and performance decline (Chun et al., 2025; Cameron et al., 2018), these findings suggest years of fire service partly overlap with age-related effects and may act as a proxy for cumulative occupational burden, as discussed in previous sections (Chun et al., 2025). This is supported by Cameron et al. (2018), who annually evaluated cardiorespiratory performance in 1,169 male FFs over 10 years, reporting an association between age and performance decline.
Further, Martin et al. (2025a) conducted a retrospective analysis of physical performance data, including sub-maximal step-test VO₂max estimation, collected from 2019-2021 in 1,281 FFs with years of service accounted for (1,136 males, 145 females; age: 39.2 ± 9.3 years; years of service: 11.0 ± 7.3 years). They concluded longer service duration exacerbated declines in physical performance outcomes, independent of age, particularly in male FFs, reinforcing an operational longevity framework. Thus, fire services should consider years of service and sex, alongside age, when implementing interventions to optimise performance and safety. Ras et al. (2024) used a cross-sectional design in 282 FFs and likewise supported age-related performance decline, adding, higher BP associates with lower performance, supported by Strauss et al. (2021), including evidence that higher RHR decreases FF performance (Seyedmehdi et al., 2016). However, much of this evidence is observational or retrospective, limiting causal conclusions in FFs. Epidemiological evidence suggests even small reductions in BP can reduce CV risk (MacMahon et al., 1990; Lin et al., 2010) and may therefore support performance. 

[bookmark: OLE_LINK27][bookmark: _Toc228218279]2.9 Nutrition as a modifiable strategy in firefighters

Diet modulates chronic inflammation (Minihane et al., 2015), thus anti-inflammatory dietary strategies may counter inflammatory and oxidative burden in FFs. Nutrient-dense patterns such as the Mediterranean diet (MD), higher in fruits, vegetables, whole grains, nuts, olive oil, and fish, provide O3 PUFAs, monounsaturated fats, and polyphenols linked to anti-inflammatory and cardioprotective effects (Esposito et al., 2004; Marx et al., 2021; Tosti et al., 2018; Estruch et al., 2018). In contrast, WDPs high in refined carbohydrates and saturated fats are linked to pro-inflammatory signalling and OXS (Tan et al., 2018; Schulte et al., 2015; Clemente-Suárez et al., 2022).
RCT and meta-analytic evidence indicates MD improves endothelial function and reduces CRP and IL-6, particularly in higher-risk groups (Esposito et al., 2004; Schwingshackl and Hoffmann, 2014). In a 2-year RCT, Esposito et al. (2004) reported lower BP, IL-6, IL-7, IL-18, and CRP, and improved endothelial function, versus controls. However, concurrent reductions in body weight, waist, BMI, cholesterol, and glucose may have contributed, although adjustment for body weight change suggested reduced metabolic syndrome prevalence was likely conservative (Esposito et al., 2004). Likewise, meta-analysis of 17 RCTs including 2300 participants found MD improved flow-mediated dilatation and adiponectin, while reducing high-sensitivity CRP, IL-6, and intracellular adhesion molecule-1, supporting anti-inflammatory and vascular benefits (Schwingshackl and Hoffmann, 2014).
Large randomised trial data indicate MD supplemented with extra-virgin olive oil or nuts lowered relative hazard of SCE by 31% and 28%, supporting cardioprotective value of anti-inflammatory dietary patterns (Estruch et al., 2018). However, because this tested a whole-diet pattern in an older high-risk cohort, it does not isolate marine-derived EPA and DHA thus only indirectly supports O3-specific mechanisms (Estruch et al., 2018). This reinforces examining O3 directly, as combined EPA+DHA lowers BP and HR, with strongest effects around 2-3 g/day, while O3 supplementation also lowered HR and improved endothelial function, supporting plausible haemodynamic and vascular mechanisms relevant to CV strain (Miller et al., 2014; Zhang et al., 2022; Hidayat et al., 2018).
Mechanistically, MD may reduce oxidative damage and enhance antioxidant defences via O3, polyphenols, monounsaturated fats, and micronutrients including vitamins C and E, selenium, and flavonoids (Mitjavila et al., 2013; Gonzalez et al., 2019; Guo et al., 2024; Tosti et al., 2018). Urinary 8-oxo-dG falls after MD, relevant because oxidative DNA damage markers rise after firefighting exposures (Mitjavila et al., 2013; Walker et al., 2015). MD also down-regulates pro-inflammatory signalling, partly via O3 availability (Tosti et al., 2018).
FF-specific evidence suggests intake may be suboptimal for expenditure, diet quality, and recovery, with on-duty patterns often reflecting Westernised diets lower in fibre and marine O3 sources (Della Torre et al., 2019; Johnson and Mayer, 2020; Joe et al., 2022; Sidossis et al., 2023). Shift work may further disrupt appetite regulation and promote irregular eating and snacking, increasing inflammatory and oxidative load (Scheer et al., 2013; Gupta et al., 2020; Navruz-Varlı et al., 2024). Yang et al. (2015), assessing 3172 FFs, reported 71% followed no specific diet, 68% received insufficient nutrition guidance, and 75% were interested in nutrition education.
High O6:O3 ratios favour pro-inflammatory eicosanoid synthesis, whereas higher EPA+DHA availability supports specialised pro-resolving mediators promoting immune homeostasis and recovery (Simopoulos, 2002; 2004; Calder, 2008; 2017; Tomczyk et al., 2023; Jäger et al., 2025). WDPs have been reported to provide O6:O3 ratios of 15-20:1 versus historical ratios closer to 1:1, while Simopoulos (2002; 2010) reported a 4:1 ratio was associated with 70% decreased mortality in relation to CV performance.
While isolated micronutrient supplementation may provide limited benefit in well-nourished cohorts (Santos et al., 2022), workplace dietary interventions appear feasible. A 12-month RCT improved MD adherence in FFs through education and discounted MD foods, although cardiometabolic changes were non-significant (Hershey et al., 2023). Similar programmes support moderate improvements in adherence and biomarkers with sustained behavioural support (Sotos-Prieto et al., 2020; Elliot et al., 2007; Ranby et al., 2011; Kuehl et al., 2013; Griffin et al., 2016; NFPA, 2018; Romero and Alvar, 2021).
For recurrent oxidative load, inflammation, and CV strain, nutrition is a practical intervention that may support endothelial function, reduce SI, improve recovery, and attenuate cumulative cellular damage from heat and toxin exposure. However, a research gap remains on comparative effectiveness of MD versus O3 supplementation in FFs (Joe et al., 2022; Gonzalez et al., 2022). Meta-analysis suggests O3 may be as, or more, effective for BP reduction than increased exercise and reduced salt and alcohol intake, although much comparative evidence is indirect and from non-FF cohorts (Miller et al., 2014; Dickinson et al., 2006).
In TAs, a food-first approach, such as 2-3 weekly servings of oily fish, may be insufficient to meet EPA+DHA requirements for optimal benefit, despite evidence that adequate O3 can enhance performance and health, supporting supplementation (Heilson et al., 2025; Kris-Etherton et al., 2002). Consistently, low fish intake was observed in work examining dietary and supplemental O3 influences on O3-index, with 40% adherence and inferior effects versus O3 supplements for raising O3-index (Dempsey et al., 2023; Handeland et al., 2018). Collectively, this supports integrating MD-style nutrition and O3-rich supplementation within FF health programmes to support operational performance, CV health, and career longevity (Esposito et al., 2004; Schwingshackl and Hoffmann, 2014; Dempsey et al., 2023; Handeland et al., 2018; Heilson et al., 2025).

[bookmark: _Toc228218280][bookmark: OLE_LINK28]2.10 Omega-3 fatty acids: mechanisms and relevance to firefighters

O3 PUFAs, particularly EPA and DHA from oily fish or supplementation, influence inflammatory, oxidative, vascular, and autonomic pathways through complementary mechanisms (Calder, 2010; 2017; 2020; Tomczyk et al., 2023; Jäger et al., 2025; Leaf et al., 2024). Unlike O6-derived arachidonic acid pathways, which can favour pro-inflammatory signalling in WDPs, EPA and DHA are described as anti-inflammatory, anti-arrhythmic, and anti-thrombotic, supporting relevance to CV strain in FFs (Simopoulos, 2002; 2010; Leaf et al., 2024). At membrane level, EPA and DHA are incorporated into phospholipids and partly replace AA, reducing substrate for AA-derived pro-inflammatory eicosanoid synthesis (Simopoulos, 2002; Calder, 2017; 2020; Tomczyk et al., 2023). O3 also down-regulates NF-κB signalling, reducing TNF-α, IL-1β, and IL-6 transcription, while supporting specialised pro-resolving mediators such as resolvins, protectins, and maresins that terminate inflammation and support tissue repair (Serhan and Savill, 2005; Calder, 2010; 2017; 2020; Gutiérrez et al., 2019; Tsuchiya et al., 2021; Tomczyk et al., 2023; Jäger et al., 2025; Leaf et al., 2024; Cannatro et al., 2024).
Biomarker responses are heterogeneous, likely reflecting baseline status, dose, EPA:DHA ratio, timing, and duration. For example, 2000 mg DHA·day⁻¹ attenuated acute IL-6 and CK after eccentric exercise, but not all inflammatory and muscle-damage markers, giving only partial biomarker support (DiLorenzo et al., 2014). Likewise, a systematic review of 61 studies in military members reported promising but inconsistent O3 effects across cardiopulmonary, recovery, and cognitive domains, with heterogeneity in dose, duration, EPA:DHA ratio, participant characteristics, and protocols limiting conclusions, particularly for TAs (Rittenhouse et al., 2025). This supports combining mechanistic biomarkers with functional outcomes.
Beyond immune modulation, EPA and DHA may improve vascular function, supporting roles in arterial compliance and CV efficiency (Das, 2010; Dangardt et al., 2010; Mozaffarian et al., 2005; Innes and Calder, 2020). O3 may improve endothelial function through greater NO bioavailability and lower oxidative-inflammatory stress, with improved flow-mediated dilation reported, supporting plausibility for downstream BP and HR effects (Khan et al., 2003; Żebrowska et al., 2015; Innes and Calder, 2020; Yamagata, 2020). Athlete and TA literature provides indirect plausibility for vascular and performance-relevant effects through NO-related pathways, though not FF-specific. In 39 male cross-country skiers, higher EPA status was associated with higher nitrite concentrations in the nitrite-nitrate pathway of NO synthesis (Rittenhouse et al., 2025; Lyudinina et al., 2024; Medoro et al., 2024).
O3 may also support recovery and sleep, although evidence remains largely non-FF-specific (DiNicolantonio and O’Keefe, 2020; Howe et al., 2018; Kuszewski et al., 2017; Jäger et al., 2025). Sleep disruption is a recognised FF stressor that impairs recovery and CV regulation, while O3 supplementation is associated with improved sleep in athletes, with reviews suggesting DHA-rich interventions show promise despite mixed findings (Jäger et al., 2025; Shimizu et al., 2024; Jackson, 2025). In exercise settings, EPA+DHA appear to improve exercise economy and CV function during submaximal work, although evidence derives largely from athletic cohorts (Ochi and Tsuchiya, 2019; Gammone et al., 2019; Rittenhouse et al., 2025). Several studies report O3-associated reductions in submaximal HR and RHR, supporting improved CV efficiency during standardised exercise (Buckley et al., 2009; Peoples et al., 2008; Macartney et al., 2014; Macartney et al., 2022). In elite Australian Rules footballers, 5 weeks of DHA-rich fish oil reduced submaximal HR by 8 bpm versus 2 bpm in controls, although endurance performance and recovery were unchanged (Buckley et al., 2009). In trained cyclists, fish oil lowered steady-state submaximal HR, whole-body oxygen consumption, and rate-pressure product, suggesting improved exercise economy and lower CV load at fixed intensity (Peoples et al., 2008). In healthy adults, 8 weeks of DHA-rich fish oil also slowed RHR, while related work showed lower mean exercise HR and faster HR recovery, despite no effect on MaxHR (Macartney et al., 2022; 2014).  
A meta-analysis of 30 randomised, double-blind, placebo-controlled trials reported HR reduction of 1.6 bpm with fish oil, with larger effects at higher baseline HR and interventions ≥12 weeks, supporting lower CV strain where baseline is greater and exposure sustained (Mozaffarian et al., 2005). BP lowering is also consistent, although magnitude varies by baseline risk, dose, and duration. In overweight hyperlipidaemic men, purified DHA 4 g/day reduced 24-hour BP by 5.8/3.3 mmHg and ambulatory HR by 3.5 bpm versus placebo (Mori et al., 1999). Meta-analytic synthesis similarly indicates EPA+DHA reduces SBP overall, with doses ≥2 g/day also reducing DBP, and that dose-response BP-lowering effects are greatest at approximately 2 to 3 g/day, particularly in untreated hypertensive groups (Miller et al., 2014; Zhang et al., 2022). Zhang et al. (2022) reported a median intervention duration of 10 weeks, with an interquartile range of 6 to 12 weeks, placing 8 weeks within typical duration used for O3 trials. Zhang et al. (2022) also noted that most interventions were delivered via capsuled fish oil, algal oil, or purified fish oil ethyl esters, reflecting the predominance of capsule-based supplementation in this literature. Higher DHA status is also associated with lower RHR, lower DBP, and higher HRV, consistent with more favourable autonomic and haemodynamic profiles (Valera et al., 2014). Even modest BP reductions may matter over time. Large-scale meta-analysis shows 10 mmHg SBP reduction is associated with substantially lower SCE risk, while BP-related risk remains continuous across the usual range rather than confined to overt hypertension (Ettehad et al., 2016; Prospective Studies Collaboration, 2002). Miller et al. (2014) further noted that the 1.25 mmHg SBP reduction seen in normotensive adults could delay age-related SBP progression by ≥2 years, supporting the view that small chronic reductions may help offset cumulative hypertensive load before dysfunction develops.
Not all trials show improved endurance or recovery, shorter interventions may be insufficient for performance outcomes despite haemodynamic changes (Buckley et al., 2009; Micallef and Garg, 2009). Collectively, available evidence suggests O3 may support vascular function, haemodynamic regulation, and submaximal CV efficiency. However, effects often appear stronger in higher-risk groups, while variable EPA:DHA ratios, mixed outcomes, and limited longer-term FF-specific trials constrain precision in defining optimal protocols (Mozaffarian et al., 2005; Mozaffarian and Wu, 2011; Innes and Calder, 2020; Rittenhouse et al., 2025; Sauder et al., 2013; Gammone et al., 2019). Given FFs experience repeated stressors, inflammation, and oxidative load across careers, O3 supplementation remains a plausible, scalable, and potentially preventative strategy to support CV resilience and operational longevity.
The next chapter outlines the methodology used to investigate the effects of eight weeks of omega-3 supplementation on cardiovascular markers and exercise HR responses in operational firefighters.

Table 2.2. Key Omega-3 evidence relevant to inflammatory, vascular and cardiovascular strain pathways
	Study
	Design / population
	Intervention / exposure
	Main relevance to FFs
	Study strengths and limitations

	Calder (2010; 2017; 2020)
	Mechanistic and narrative reviews
	EPA and DHA biology, inflammation and resolution pathways
	Supports membrane incorporation of EPA and DHA, reduced AA-derived signalling, NF-κB down-regulation, and formation of specialised pro-resolving mediators relevant to FF inflammation, recovery, and vascular strain.
	High mechanistic value, but not FF-specific and not intervention-based.

	Tomczyk et al. (2023)
	Narrative review; athletes
	EPA and DHA intake and athlete-relevant outcomes
	Supports anti-inflammatory, nervous system and recovery relevance of EPA and DHA, with discussion of inadequate status in athletes.
	Athlete-focused and review-based; indirect transfer to FFs.

	Jäger et al. (2025)
	ISSN position stand; athletic populations
	Long-chain omega-3 PUFA supplementation
	Supports potential effects on cardiovascular function, endurance capacity, recovery, sleep and brain health relevant to tactical populations.
	High-level synthesis, but based largely on athlete data, so transfer to FFs is indirect.

	Leaf et al. (2024)
	Review / synthesis
	Omega-3 and cardiometabolic pathways
	Supports anti-inflammatory, anti-arrhythmic and anti-thrombotic characterisation of EPA and DHA relevant to CV strain.
	Mechanistically useful, but not FF-specific.

	Serhan and Savill (2005); Gutiérrez et al. (2019); Tsuchiya et al. (2021); Cannataro et al. (2024)
	Mechanistic literature
	SPMs, inflammation resolution and tissue repair
	Support the role of resolvins, protectins and maresins in terminating inflammation and supporting recovery.
	Mechanistic support only; not direct FF outcome evidence.

	DiLorenzo et al. (2014)
	Exercise intervention study
	2000 mg DHA·day⁻¹ after eccentric exercise
	Attenuated acute IL-6 and CK responses, but effects were not consistent across all inflammatory and muscle-damage markers, supporting only partial biomarker effects.
	Useful for illustrating biomarker heterogeneity; not FF-specific.

	Rittenhouse et al. (2025)
	Systematic review; 61 studies in military service members
	Omega-3 across cardiopulmonary, recovery and cognitive domains
	Reported promising but inconsistent effects across cardiopulmonary, recovery and cognitive outcomes, supporting cautious extrapolation to TA populations including FFs.
	Strong breadth, but high heterogeneity in dose, duration, EPA:DHA ratio and study design limited firm recommendations.

	Das (2010); Dangardt et al. (2010)
	Review / intervention-oriented vascular literature
	Omega-3 and vascular / cardiovascular function
	Support a plausible role for EPA and DHA in arterial compliance, vascular function and modest HR-lowering effects relevant to CV efficiency.
	Useful vascular synthesis, but not FF-specific and largely indirect.

	Innes and Calder (2020); Yamagata (2020); Żebrowska et al. (2015)
	Reviews / intervention evidence
	Omega-3 and endothelial / vascular function
	Support improved endothelial responsiveness, reduced oxidative-inflammatory stress and improved flow-mediated dilation, relevant to vascular strain in FFs.
	Mechanistically relevant, but largely indirect and not FF-specific.

	Lyudinina et al. (2024)
	Athlete observational study; 39 male cross-country skiers
	EPA status and nitrite concentrations
	Higher EPA status was associated with higher nitrite concentrations, supporting a possible role for omega-3 in the nitrite-nitrate pathway of NO synthesis.
	Useful biological plausibility, but small and athlete-specific.

	Medoro et al. (2024)
	Narrative review; athletes
	Omega-3 index and sport biomarker literature
	Supports relevance of omega-3 status to cardiovascular health, recovery, injury prevention and performance.
	Largely athlete-focused and biomarker-based.

	DiNicolantonio and O’Keefe (2020); Howe et al. (2018); Kuszewski et al. (2017)
	Reviews / broader literature
	Omega-3, recovery, sleep and systemic function
	Support broader indirect relevance of omega-3 to recovery, sleep and CV health.
	Indirect and not FF-specific.





[bookmark: _Toc228218281]CHAPTER 3: METHODOLOGY

[bookmark: _Toc228218282]3.1 Introduction 

This chapter outlines the philosophical position, research design, and methodological procedures adopted. It presents the ontological and epistemological framework underpinning the investigation, justifies the methodological approach, and details testing procedures, data collection, participant criteria, and ethical considerations. The objective is to provide a transparent, replicable structure for investigating cardiovascular effects of O3 supplementation in operational FFs. 

[bookmark: _Toc228218283]3.2 Research Philosophy and Paradigm 

Historically, FF and TA nutrition and performance research, including Elstad et al. (2023) and Barnhart (2018), has commonly used quantitative methods to measure performance responses and outcomes to nutritional interventions, a common approach in health intervention research (Broom and Willis, 2007). This methodology enables collection of objective numerical data, providing clear, measurable outcomes of how interventions such as O3 intake affect performance metrics and markers including CV measures and HR (Tinning and Fitzpatrick, 2012).
This study was guided by a positivist paradigm, which assumes reality exists independently of human perception and can be objectively measured. Positivism relies on empirical observation, experimental control, and quantifiable data to explain relationships between variables (Tinning and Fitzpatrick, 2012). Ontologically, the research recognises CV responses such as HR and BP as observable, stable phenomena. Epistemologically, knowledge is acquired through standardised data that can be measured, tested, and statistically analysed (Creswell and Creswell, 2017; Queirós et al., 2017).
This contrasts with interpretivism, which views reality as socially constructed and emphasises subjective meaning. By contrast, FF research, particularly performance-based studies, requires objective data to draw valid conclusions applicable across individuals and contexts. Physiological responses such as HR under exertion, or supplementation effects on recovery, are not based on perception but on biological processes existing independently of the researcher (Tinning and Fitzpatrick, 2012). Therefore, the positivist stance is appropriate and necessary for producing evidence that can guide future occupational health interventions.

[bookmark: _Toc228218284]3.3 Methodological Approach 

A quantitative methodology was selected as the most appropriate approach to measure O3 effects on CV outcomes. It enables collection of numerical data through structured testing protocols, allowing within- and between-group comparisons (Queirós et al., 2017). Quantitative designs also support statistical analysis of magnitude and significance of observed changes, providing a reliable basis for evidence-based conclusions (Martin and Bridgmon, 2012). 
A key advantage lies in variable control. By using consistent test conditions, standardised protocols, and controlled supplementation, the study minimised extraneous influences, allowing the O3 effect to be isolated (Queirós et al., 2017). Replicability, generalisability, and ability to draw causal inferences are further benefits. Standardised testing such as the CTT (Birks, 2015) also ensures data are directly comparable across participants. This approach also reflects dominant methodology in FF and TA research. Elstad et al. (2023) and Barnhart (2018) similarly used quantitative frameworks to measure responses to nutritional interventions, aligning this study with the wider literature. Qualitative approaches, while useful for exploring experience or culture, lack the precision required to assess physiological outcomes, making them less suitable for this investigation. 

[bookmark: _Toc228218285]3.4 Study Design 

A two-arm parallel-group RCT with a pre-post intervention design was used to examine O3 effects. This design was selected for its capacity to establish causal relationships and reduce confounding (Broom and Willis, 2007). Twenty male operational FFs from South Wales Fire and Rescue Service (SWFRS) who met criteria were randomly assigned using the sealed envelope method to either an O3 supplementation group or a no-treatment control group. Allocation was concealed using opaque sealed envelopes prepared in advance to reduce selection bias. All participants completed identical pre- and post-intervention assessments using the same equipment, testing conditions, and personnel. Use of an RCT allowed control of external influences and comparison of changes between groups with high internal validity. Repeated measures across time ensured reliable comparison of CV markers pre- and post-supplementation.
The trial was open-label and pragmatic because no placebo was used. A no-treatment control was selected to support feasibility within an operational FF setting and avoid introducing changes to habitual nutrition, lifestyle, or training behaviours during the intervention. This was intended to enhance ecological validity by reflecting real-world supplementation practice in operational FFs, although expectancy effects cannot be fully excluded.

Primary outcomes were objective physiological measures, reducing susceptibility to participant motivation or expectancy effects compared with subjective outcomes. Participants were asked not to discuss group allocation with colleagues, and no participant reported disclosure of allocation status to others during the study. However, absence of blinding may have introduced expectancy-related behavioural changes, an inherent limitation of open-label designs considered during interpretation.

[bookmark: _Toc228218286]3.5 Participants 

Twenty male participants were recruited from SWFRS. A pragmatic sample size of 20 was selected based on recruitment feasibility within an operational fire service setting and the requirement to complete repeated testing within service constraints. Inclusion criteria required participants to be operational FFs aged 20 to 60, with at least one year of active duty experience. All were required to have passed the most recent fire service physical fitness test and be free of injuries or diagnosed health conditions affecting participation. Medical clearance was confirmed via a completed PAR-Q. A total of 37 FFs were approached. One female expressed interest; however, the final sample comprised 20 male FFs who met eligibility criteria and completed the protocol. Remaining individuals either did not meet inclusion criteria or withdrew before baseline testing. Participant flow was recorded across recruitment, screening, baseline testing, and completion to support transparent reporting of retention and adherence.
Exclusion criteria included any CV, metabolic, or musculoskeletal disorder, recent illness or injury, or contraindication to O3 supplementation. All participants received detailed written information and gave informed written consent before participating.
[bookmark: _Toc228218287]3.6 Supplementation Protocol 

The intervention group consumed 3000 mg/day of Nordic Naturals Ultimate Omega 3, delivering 1.7 g EPA and 1.3 g DHA in re-esterified triglyceride (rTG) form. Re-esterified triglyceride O3 formulations have demonstrated greater increases in whole-blood O3 fatty acid levels than ethyl ester, phospholipid, and standard triglyceride oils in supplementation trials using this brand (Laidlaw et al., 2014; Minton et al., 2023).
Supplements were taken daily with meals for eight weeks, and adherence was monitored using self-reported supplement logs and capsule return at the end of the intervention, providing subjective and objective compliance checks.
The control group did not receive a placebo but followed the same testing protocols and dietary monitoring as the intervention group. Participants were instructed to maintain usual diet, exercise routines, and daily habits throughout the study to control lifestyle-related variables.

[bookmark: _Toc228218288]3.7 Testing Procedures 

[bookmark: _Toc228218289]3.7.1 Resting CV Measures  

Resting HR and BP were recorded using an automated upper-arm BP monitor (Omron M3 Comfort, HEM-7155-E), in accordance with validated protocols and manufacturer guidance (Topouchian et al., 2018; Stergiou et al., 2021). 
Measurements were completed across four consecutive days before baseline testing and repeated across four consecutive days before post-intervention testing. In line with European Society of Hypertension guidance, participants completed morning and evening measurements before meals and, where applicable, before medication intake (Stergiou et al., 2021). On each occasion, two consecutive measurements were taken with one minute between readings, with the mean of the two recorded for that occasion (Stergiou et al., 2021).
Measurements were conducted in a quiet room with comfortable temperature, with participants instructed to avoid smoking, caffeine, food, and exercise for 30 minutes beforehand (Stergiou et al., 2021). Participants remained seated and relaxed for 3–5 minutes before measurement and were instructed not to talk during or between readings (Stergiou et al., 2021). Posture was standardised, with participants seated with back supported, legs uncrossed, feet flat on the floor, and bare arm supported on a table with mid-arm at heart level (Stergiou et al., 2021). Cuff size was selected according to arm circumference and device guidance, and the cuff applied to the bare upper arm in accordance with manufacturer instructions (Stergiou et al., 2021).
For analysis, the daily mean was calculated from morning and evening occasion means, and final resting values derived from the mean of the four daily means, reducing day-to-day variability and improving estimate stability (Stergiou et al., 2021).

[bookmark: _Toc228218290]3.7.2 Submaximal Exercise Testing 

Submaximal CV performance was assessed using the CTT, a standardised graded exercise protocol used in UK fire services (Birks, 2015). Participants walked at 6.2 km/h for 12 minutes. The test began at 0% incline, increasing by 3% every three minutes. HR was monitored at rest, every three minutes during the test, and at the 12-minute endpoint using a Polar H10 chest strap. Participants were instructed to report any chest pain, dizziness, unusual breathlessness, or musculoskeletal pain immediately. The test was terminated if symptoms occurred, if the participant requested to stop, or if the assessor judged continuation unsafe. Both average HR and endpoint HR were used as outcome measures. The CTT has been shown to be valid and reliable in tactical populations, including FFs (Hart et al., 2024; Birks, 2015).

[bookmark: _Toc228218291]3.8 Dietary Monitoring 

Participants completed a three-day food diary at baseline, comprising two weekdays and one weekend day. Research highlights advantages of 3-day food diaries, with some reporting lower percentage absolute errors (12-22%) than 24 h recall (19-39%) and 5-day diary (20-33%) (Crawford et al., 1994). Increasing recording days reduces record quality and, although longer methods may capture more intake occasions, 3-day records are considered valid for estimating average intake while reducing survey fatigue, thus balancing reliability and burden (Ortega et al., 2015; Yang et al., 2015; Johnson and Meyer, 2020). 
Dietary records were analysed using Nutritics software (Nutritics Ltd, 2024) to characterise habitual intake and baseline group equivalence. Participants were instructed not to change diet, training, or lifestyle behaviours during the intervention to minimise confounding. 
Nutritics determined total energy intake, macronutrient composition, and omega-6 to O3 fatty acid ratios. Food diary methods are widely used in performance nutrition and provide a validated estimate of short-term dietary patterns (Jospe et al., 2015; Johnson and Mayer, 2020; Burke and Deakin, 2021; Jeukendrup and Gleeson, 2019), and commonly use Nutritics as a viable platform for nutrition analysis (Cremona et al., 2026; Turner et al., 2025). Participants were advised to avoid major changes in dietary habits or supplement use during the study. 


[bookmark: _Toc228218292]3.9 Data Analysis 

All data were analysed using IBM SPSS Statistics (version 30; IBM Corp., 2023). Independent samples t-tests compared baseline participant characteristics and dietary intake variables between groups. A two-way mixed ANOVA assessed main effects of time (pre vs post) and group (intervention vs control), and the time × group interaction. Where relevant, follow-up simple main effects were examined using estimated marginal means pairwise comparisons (Time × Group), with Bonferroni adjustment applied to control for multiple comparisons. These comparisons assessed between-group differences at baseline and post-intervention, and within-group pre- to post-intervention changes for each primary outcome.
Dependent variables were resting HR, SBP, DBP, CTT average HR, and CTT end-point HR at 12 minutes. Primary outcomes were resting CV measures and CV response during the CTT. Dietary intake variables were treated as secondary measures to characterise baseline intake and monitor potential confounding. Resting HR and BP values represent the mean of four daily means, each derived from averaged morning and evening measurements taken as two readings one minute apart (Stergiou et al., 2021).
Data were summarised as mean ± standard deviation (SD) at baseline and post-intervention. Statistical significance was set at p < 0.05, indicating less than 5% probability that observed differences occurred by chance, supporting inference that changes reflect true intervention effects rather than random variation (Wasserstein and Lazar, 2016).
There were no dropouts and no missing outcome data. Data were screened for outliers before analysis, and any extreme values cross-checked against source recordings to confirm accuracy.

Effect sizes are reported as partial eta squared (partial η²) for ANOVA models, interpreted as small (0.01), moderate (0.06), and large (0.14). Cohen’s d was used for baseline comparisons. Assumptions for parametric analysis were assessed before inferential testing. Homogeneity of variance for between-group effects was assessed using Levene’s test, and inspection of model residuals supported use of mixed ANOVA (Malek et al., 2018). This approach is appropriate for repeated measures designs (Creswell and Creswell, 2017). Bonferroni adjustment was applied to control Type I error associated with multiple comparisons (Armstrong, 2014).

[bookmark: _Toc228218293]3.10 Timescale

Table 3.1 Study timescale
	Stage
	Timing

	Recruitment
	May to August 2025

	Screening and baseline testing
	August to September 2025

	O3 intervention
	September to November 2025

	Post-intervention testing
	November 2025

	Data analysis
	November to December 2025




[bookmark: _Toc228218294]3.11 Ethical Considerations 

Ethical approval for this research was granted by the University of Wales Trinity Saint David Research Ethics Committee. All participants were provided with full information regarding purpose, procedures, and risks of the study and signed written informed consent. Participant data were anonymised and stored securely in accordance with General Data Protection Regulation (GDPR) requirements. All supplements used were Informed-Sport certified to ensure safety and quality. Testing was carried out under supervision of qualified professionals, and first aid equipment and personnel were available at all times (Harriss et al., 2022; Shephard, 2002).
This chapter has outlined the study design, methods, analysis, and ethics. The next chapter presents the results.

Table 3.2. Definitions of key Dietary Reference Value terminology used in dietary analysis
	Term
	Full term
	Definition

	DRV
	Dietary Reference Value
	A collective term used to describe a set of dietary reference figures for energy and nutrients for healthy populations. These include the Estimated Average Requirement, Reference Nutrient Intake, Lower Reference Nutrient Intake and safe intake (DoH, 1991).

	EAR
	Estimated Average Requirement
	The average requirement for energy or a nutrient estimated to meet the needs of 50% of individuals within a defined population group. Some individuals will require more than this amount and others less (DoH, 1991).

	RNI
	Reference Nutrient Intake
	The amount of a nutrient that is sufficient to meet the needs of nearly all individuals in a population group. It is therefore commonly used as a reference point for assessing whether intake is likely to be adequate at population level (DoH, 1991).

	LRNI
	Lower Reference Nutrient Intake
	The amount of a nutrient that is enough for only a small proportion of individuals who have low requirements. Habitual intakes below the LRNI are likely to be inadequate for most people (DoH, 1991).

	Safe intake
	Safe intake
	A value used when there is insufficient evidence to determine an EAR, RNI or LRNI. It refers to an intake judged to be adequate for almost everyone, without known risk of undesirable effects (DoH, 1991).


Note. Dietary Reference Values are intended for use with healthy population groups and should be interpreted as reference estimates rather than exact individual prescriptions (DoH, 1991).











[bookmark: _Toc228218295]CHAPTER 4: RESULTS

This chapter presents the outcomes of the eight-week omega-3 supplementation intervention compared with a control condition. All participants completed the 8-week protocol (n = 20), with no dropouts or missing data. Compliance with supplementation exceeded 95% based on capsule return and self-report logs. Participants were instructed to maintain habitual diet, training patterns, and lifestyle behaviours throughout the intervention period, and no changes were reported.
[bookmark: _Toc228218296]4.1 Baseline characteristics: Anthropometrics and baseline cardiovascular

Table 4.1. Baseline participant characteristics and between-group comparisons (n = 10 per group)
	Variable
	Omega-3 Mean ± SD
	Control Mean ± SD
	Mean Difference
	p-value
	Cohen’s d

	Age (years)
	41.0 ± 8.0
	38.9 ± 7.5
	2.10
	.552
	0.27

	Height (cm)
	181.1 ± 9.8
	179.4 ± 6.1
	1.70
	.657
	0.21

	Body Mass (kg)
	97.7 ± 21.3
	91.8 ± 9.0
	5.90
	.436
	0.36

	BMI (kg·m⁻²)
	29.5 ± 3.8
	27.7 ± 1.9
	1.80
	.180
	0.61

	Waist Circumference (cm)
	95.9 ± 13.4
	86.0 ± 7.4
	9.90
	.027*
	0.93

	Hip Circumference (cm)
	105.8 ± 10.5
	96.4 ± 7.9
	9.40
	.018*
	1.00

	Waist-to-Hip Ratio
	0.91 ± 0.06
	0.89 ± 0.05
	0.02
	.456
	0.35

	Body Fat (%)
	19.7 ± 5.6
	17.9 ± 6.0
	1.80
	.498
	0.31

	Resting Heart Rate (bpm)
	65.5 ± 14.0
	62.5 ± 11.1
	3.00
	.602
	0.24

	Systolic Blood Pressure (mmHg)
	136.5 ± 15.7
	132.4 ± 15.7
	4.10
	.567
	0.26

	Diastolic Blood Pressure (mmHg)
	78.5 ± 11.8
	72.0 ± 7.8
	6.50
	.164
	0.66


*Independent samples t-tests (equal variances assumed).
*Significant difference at p < .05.
Cohen’s d interpreted as small (0.2), moderate (0.5), and large (0.8).
Independent samples t-tests showed no significant baseline between-group differences for age, height, body mass, BMI, waist-to-hip ratio, body fat percentage, resting heart rate, systolic blood pressure, or diastolic blood pressure (all p > .05). Waist circumference (p = .027, d = 0.93) and hip circumference (p = .018, d = 1.00) were higher in the omega-3 group than the control group. Baseline cardiovascular variables did not differ significantly between groups (all p > .05).
Levene’s tests confirmed homogeneity of variance across groups for all baseline variables (all p > .05).





Table 4.2. Baseline values compared with healthy/reference ranges (adult males aged 20–59 years)
	Variable
	Healthy/reference range (adult males aged 20–59 years)
	Omega-3 group mean ± SD
	O3 classification
	Control group mean ± SD
	Control classification

	[bookmark: OLE_LINK8]BMI (kg·m⁻²)
	[bookmark: OLE_LINK9]Healthy weight: 18.5–24.9; Overweight: 25.0–29.9; Obesity: ≥30.0 (NHS, 2023; NICE, 2025)
	[bookmark: OLE_LINK6]29.5 ± 3.8
	Overweight (above healthy range)
	[bookmark: OLE_LINK7]27.7 ± 1.9
	Overweight (above healthy range)

	Waist Circumference (cm)
	Men: <94 cm desirable, 94–102 cm high, >102 cm very high (NHS England Digital, 2022)
	95.9 ± 13.4
	High (above desirable range)
	86.0 ± 7.4
	Desirable (within range)

	Waist-to-Hip Ratio (WHR)
	Men: ≤0.90 lower risk; >0.90 increased risk (WHO, 2011)
	0.91 ± 0.06
	Above threshold (increased risk category)
	0.89 ± 0.05
	Within threshold

	Body Fat (%)
	Common male classification (method-dependent): Athletes 6–13%, Fitness 14–17%, Average 18–24%, Obese ≥25% (ACSM, 2021). No single NHS/NICE UK public-health cut-off routinely used.
	19.7 ± 5.6
	Average range
	17.9 ± 6.0
	Upper fitness / lower average boundary

	Resting Heart Rate (bpm)
	Normal adult resting HR: 60–100 bpm (BHF, 2024)
	65.5 ± 14.0
	Within normal range
	62.5 ± 11.1
	Within normal range

	[bookmark: _Hlk226886750]Systolic Blood Pressure (mmHg)
	Optimal/normal commonly cited: <120 mmHg; high blood pressure (clinic) typically ≥140 mmHg systolic (NICE, 2019; NHS, 2023)
	136.5 ± 15.7
	Above optimal/normal; below hypertension threshold on mean
	132.4 ± 15.7
	Above optimal/normal; below hypertension threshold on mean

	Diastolic Blood Pressure (mmHg)
	Optimal/normal commonly cited: <80 mmHg; high blood pressure (clinic) typically ≥90 mmHg diastolic (NICE, 2019; NHS, 2023)
	78.5 ± 11.8
	Within optimal/normal on mean
	72.0 ± 7.8
	Within optimal/normal on mean



Table 4.3 Baseline Dietary Intake of Participants (n = 20) Compared with UK Dietary Reference Values (DRV/RNI) and athlete guidance nutrition targets. Values shown are mean ± standard deviation for energy, macronutrients, key micronutrients, fluid, and fatty acids, with UK DRV/RNI as specified by UK Department of Health (DoH, 1991) and Committee on Medical Aspects of Food Policy (COMA) reports and subsequent reviews where applicable. “Status” indicates whether mean intake is below (↓), within (↔) or above (↑) the UK DRV/RNI. Values presented as Mean ± SD (3-day dietary analysis, Nutritics).

	Nutrient
	Mean ± SD (n=20)
	UK DRV / RNI
	Status vs UK DRV
	Athlete Guidance
	Status vs Athlete
	Notes / Nuance

	Energy (kcal)
	2255 ± 693
	2550 kcal/day (DoH, 1991)
	↓ Below
	~30–45 kcal/kg FFM/day (Mountjoy et al., 2018; Thomas et al., 2016)
	Likely low–moderate
	Athlete needs depend on FFM and training load (Thomas et al., 2016)

	Protein (g)
	136.9 ± 58.8
	55.5 g/day (DoH, 1991)
	↑ Above
	1.4–2.0 g/kg/day (Thomas et al., 2016; Jäger et al., 2017; Jeukendrup and Gleeson, 2019)
	Likely appropriate
	Absolute intake high vs RNI but appropriate for trained adults

	Carbohydrate (g)
	204.6 ± 98.8
	≥50% total energy (~333 g at 2550 kcal) (DoH, 1991)
	↓ Below
	3–10 g/kg/day depending on load (Thomas et al., 2016; Burke et al., 2013)
	
	Tactical athletes often require ≥3–5 g/kg

	Fat (g)
	94.2 ± 22.3
	≤35% total energy (DoH, 1991)
	↔ Within
	20–35% energy (Thomas et al., 2016)
	Within
	Within acceptable distribution

	Saturated Fat (g)
	29.3 ± 8.0
	≤10% energy (DoH, 1991)
	↑ Slightly high
	Public health guidance applies (DoH, 1991)
	Slightly high
	Close to upper limit

	Fibre (g)
	30.4 ± 15.7
	30 g/day (SACN, 2015)
	↔ Meets
	~30 g/day (Thomas et al., 2016)
	Meets
	Athletes may periodise fibre intake

	Omega-3 (g)
	0.66 ± 0.31
	~0.45 g/day EPA+DHA equiv. (SACN, 2004)
	↑ Above
	250–500 mg/day EPA+DHA (EFSA, 2012)
	Adequate
	Does not include therapeutic 2–3 g doses

	Omega-6 (g)
	4.93 ± 3.02
	~4% energy as LA (EFSA, 2010)
	↔ Within
	% of energy based (EFSA, 2010)
	Within
	Scales with energy intake

	Omega-3:6 Ratio
	0.175 ± 0.129 (~1:5.7)
	No UK DRV
	–
	~1:4–1:8 commonly cited
	Acceptable
	Ratio interpretation debated in literature

	Alcohol (g)
	0.0 ± 0.0
	≤14 units/week (UK CMO, 2016)
	↔ Within
	Minimal recommended for recovery (Thomas et al., 2016)
	Appropriate
	No intake recorded

	Caffeine (mg)
	22.7 ± 26.5
	≤400 mg/day (EFSA, 2015)
	↔ Within
	3–6 mg/kg pre-exercise (Guest et al., 2020)
	Very low
	Baseline intake not ergogenic

	Sodium (mg)
	1889 ± 954
	≤2400 mg/day (6 g salt) (DoH, 1991)
	↔ Within
	300–600 mg/hr in heavy sweat (ACSM, 2016)
	Context dependent
	Daily intake moderate

	Potassium (mg)
	2141 ± 1226
	3500 mg/day (DoH, 1991)
	↓ Below
	Same as general population
	Likely low
	Common shortfall in UK males

	Magnesium (mg)
	259 ± 117
	300 mg/day (DoH, 1991)
	↓ Below
	Same baseline (Thomas et al., 2016)
	Slightly low
	Risk increases with low EA

	Calcium (mg)
	729 ± 338
	700 mg/day (DoH, 1991)
	↔ Meets
	Same baseline
	Meets
	Adequate

	Vitamin D (µg)
	4.98 ± 3.53
	10 µg/day (SACN, 2016)
	↓ Below
	Same baseline; monitor in winter
	Below
	Common insufficiency in UK

	Vitamin C (mg)
	103.8 ± 57.3
	40 mg/day (DoH, 1991)
	↑ Above
	Same baseline
	Adequate
	Above RNI but not excessive

	Fluid (ml)
	1618 ± 547
	~2500 ml/day total water (EFSA, 2010)
	↓ Below
	Individual needs (Burke et al., 2021) Likely low.
	
	Does not include sweat losses

	Iron (mg)
	9.32 ± 7.85
	8.7 mg/day (DoH, 1991)
	↔ Meets
	Monitor ferritin in endurance (Thomas et al., 2016)
	Meets
	High SD indicates variability

	Vitamin B12 (µg)
	7.16 ± 3.67
	1.5 µg/day (DoH, 1991)
	↑ Above
	Same baseline
	Adequate
	Well above RNI

	Zinc (mg)
	6.57 ± 3.75
	9.5 mg/day (DoH, 1991)
	↓ Below
	Same baseline
	Slightly low
	Risk rises with low intake


Table Notes:
UK Dietary Reference Values (DRV) are population-based benchmarks intended to support general health in most adults. Within DRV, the Reference Nutrient Intake (RNI) represents an intake level expected to meet the needs of 97.5% of healthy individuals for a given nutrient (DoH, 1991). 
 
Table 4.3 classifies cohort mean intakes as below, within or above UK DRV/RNI to indicate likely adequacy for general health. Athlete guidance ranges are included to contextualise intake against performance-focused recommendations (Thomas et al., 2016; Jäger et al., 2017; Mountjoy et al., 2018; Burke et al., 2021; Gonzalez et al., 2022; 2024).

Table 4.4  Baseline Dietary Intake: Between-Group Comparison (Omega-3 vs Control, n = 10 per group) Independent samples t-tests comparing baseline dietary intake between the omega-3 intervention group and control group (n = 10 per group). Values presented as mean ± standard deviation. Two-tailed p-values reported. Equal variances assumed unless Levene’s test indicated otherwise. Statistical significance accepted at p < .05.
	Variable
	Omega-3 Group Mean ± SD
	Control Group Mean ± SD
	Mean Difference (Ω3–C)
	p-value (two-tailed)
	Interpretation

	Energy (kcal)
	2308.8 ± 762.9
	2201.2 ± 651.9
	107.6
	.738
	No difference

	Protein (g)
	152.7 ± 65.5
	121.0 ± 49.4
	31.7
	.238
	No difference

	Carbohydrate (g)
	215.6 ± 96.4
	193.6 ± 105.1
	22.0
	.632
	No difference

	Fat (g)
	92.5 ± 27.4
	95.9 ± 17.1
	−3.4
	.743
	No difference

	Saturated Fat (g)
	28.1 ± 10.2
	30.4 ± 5.2
	−2.3
	.535
	No difference

	Fibre (g)
	34.7 ± 17.9
	26.1 ± 12.5
	8.6
	.229
	No difference

	Omega-3 (g)
	0.497 ± 0.296
	0.825 ± 0.229
	−0.328
	.013*
	Significant

	Omega-6 (g)
	4.174 ± 1.857
	5.685 ± 3.812
	−1.511
	.275
	No difference

	Omega-3:6 Ratio
	0.134 ± 0.091
	0.217 ± 0.153
	−0.083
	.159
	No difference

	Alcohol (g)
	0.00 ± 0.00
	0.00 ± 0.00
	0.00
	—
	Not applicable

	Caffeine (mg)
	9.5 ± 20.1
	35.8 ± 26.2
	−26.3
	.021*
	Significant

	Sodium (mg)
	1648.3 ± 1158.2
	2131.4 ± 669.6
	−483.1
	.268
	No difference

	Potassium (mg)
	1938.8 ± 1373.1
	2343.3 ± 1093.0
	−404.5
	.475
	No difference

	Magnesium (mg)
	293.1 ± 129.5
	224.9 ± 98.7
	68.2
	.202
	No difference

	Calcium (mg)
	785.1 ± 387.5
	673.7 ± 289.5
	111.4
	.476
	No difference

	Vitamin D (µg)
	4.66 ± 2.83
	5.31 ± 4.25
	−0.65
	.691
	No difference

	Vitamin C (mg)
	84.2 ± 66.3
	123.3 ± 40.9
	−39.1
	.130
	No difference

	Fluid (ml)
	1758.3 ± 619.5
	1478.3 ± 453.3
	280.0
	.264
	No difference

	Iron (mg)
	9.35 ± 10.43
	9.29 ± 4.62
	0.06
	.988
	No difference

	Vitamin B12 (µg)
	7.89 ± 3.50
	6.43 ± 3.87
	1.46
	.388
	No difference

	Zinc (mg)
	5.60 ± 4.76
	7.54 ± 2.22
	−1.94
	.258
	No difference


* p < .05

Independent samples t-tests showed no significant baseline between-group differences for total energy intake, macronutrients, fibre, omega-6 intake, omega-3:omega-6 ratio, electrolytes, micronutrients, or fluid intake (all p > .05). Baseline dietary omega-3 intake was higher in the control group than the omega-3 group (p = .013). Baseline caffeine intake was also higher in the control group (p = .021). No other between-group differences were observed.

[bookmark: _Toc228218297]4.2 Primary outcomes

[bookmark: _Toc228218298]4.2.1 Average Resting Heart Rate (AveRHR)

Average RHR was assessed before and after the eight-week intervention in both the omega-3 and control groups. Mean values suggested a reduction in resting heart rate within the omega-3 group, whereas the control group demonstrated a slight increase across the same period.

Table 4.5  Descriptive statistics for average resting heart rate (bpm) at pre- and post-intervention in the omega-3 (INT O3) and control (CON) groups (n = 10 per group) 
	Group
	Pre (Mean ± SD)
	Post (Mean ± SD)
	Change (Δ bpm)
	% Change. 

	INT O3
	65.50 ± 13.98
	61.50 ± 13.97
	−4.00
	−6.1%

	CON
	62.50 ± 11.10
	64.30 ± 10.31
	+1.80
	+2.9%


Between-group difference in change (ΔΔ): −5.80 bpm.do

[image: ]
 Figure 4.1. Resting heart rate (bpm) at baseline and post-intervention in the omega-3 and control groups. Values represent estimated marginal means with 95% confidence intervals.

A two-way mixed ANOVA showed no significant main effect of time, F(1,18) = 0.526, p = .477, partial η² = .028, and no significant main effect of group, F(1,18) = 0.000, p = .985, partial η² = .000. The time × group interaction was not significant, F(1,18) = 3.658, p = .072, partial η² = .169.
Bonferroni-adjusted pairwise comparisons showed no significant between-group differences at baseline (p = .602) or post-intervention (p = .616). Within-group comparisons showed no significant pre- to post-intervention change in the omega-3 group (p = .079) or control group (p = .412).
Descriptively, resting heart rate decreased from 65.5 ± 13.98 bpm to 61.5 ± 13.97 bpm (Δ = −4.0 bpm; −6.1%) in the omega-3 group and increased from 62.5 ± 11.10 bpm to 64.3 ± 10.31 bpm (Δ = +1.8 bpm; +2.9%) in the control group, resulting in a between-group difference in change (ΔΔ) of −5.8 bpm.

[bookmark: _Toc228218299]4.2.2 Systolic blood pressure (SBP)

Systolic blood pressure (SBP) was assessed pre- and post-intervention in the omega-3 (INT O3) and control (CON) groups. A two-way mixed ANOVA examined the effects of time (pre vs post), group (INT O3 vs CON), and the time×group interaction.

Table 4.6. Descriptive statistics for systolic blood pressure (mmHg) at pre- and post-intervention in the omega-3 (INT O3) and control (CON) groups. (n = 10 per group) 
Group      Pre (Mean ± SD)      Post (Mean ± SD)      Change (Δ mmHg)      % Change
INT O3     136.50 ± 15.73       124.10 ± 11.26        −12.40               −9.1%
CON        132.40 ± 15.69       133.40 ± 7.58         +1.00                +0.8%
Between-group difference in change (ΔΔ): −13.40 mmHg.

[image: ]
Figure 4.2  Systolic blood pressure (mmHg) at baseline and post-intervention in the omega-3 (INT O3) and control (CON) groups. Values represent estimated marginal means with 95% confidence intervals.
A two-way mixed ANOVA showed no significant main effect of time, F(1,18) = 2.487, p = .132, partial η² = .121, and no significant main effect of group, F(1,18) = 0.325, p = .576, partial η² = .018. The time × group interaction was not significant, F(1,18) = 3.437, p = .080, partial η² = .160.
Bonferroni-adjusted pairwise comparisons showed no significant between-group difference at baseline (p = .567), but a significant between-group difference at post-intervention (p = .044). Within-group comparisons showed a significant reduction in systolic blood pressure in the omega-3 group (p = .026), whereas no significant change was observed in the control group (p = .847).
Descriptively, systolic blood pressure decreased from 136.5 ± 15.73 mmHg to 124.1 ± 11.26 mmHg (Δ = −12.4 mmHg; −9.1%) in the omega-3 group and increased from 132.4 ± 15.69 mmHg to 133.4 ± 7.58 mmHg (Δ = +1.0 mmHg; +0.8%) in the control group, resulting in a between-group difference in change (ΔΔ) of −13.4 mmHg.

[bookmark: _Toc228218300]4.2.3 Diastolic Blood Pressure (DBP)

Diastolic blood pressure (DBP) was assessed pre- and post-intervention in the omega-3 (INT O3) and control (CON) groups. A two-way mixed ANOVA was conducted to examine the effects of time (pre vs post), group (omega-3 vs control), and the time × group interaction on DBP.

Table 4.7 Descriptive statistics for diastolic blood pressure (DBP, mmHg) at pre- and post-intervention in the omega-3 (INT O3) and control (CON) groups. (n = 10 per group) 
Group | Pre (Mean ± SD) | Post (Mean ± SD) | Change (Δ mmHg) | % Change
INT O3 | 78.50 ± 11.80 | 78.00 ± 8.69 | −0.50 | −0.6%
CON | 72.00 ± 7.85 | 74.20 ± 7.98 | +2.20 | +3.1%
Between-group difference in change (ΔΔ): −2.70 mmHg.

[image: ]
Figure 4.3  Diastolic blood pressure (mmHg) at baseline and post-intervention in the omega-3 (INT O3) and control (CON) groups. Values represent estimated marginal means with 95% confidence intervals.

A two-way mixed ANOVA showed no significant main effect of time, F(1,18) = 0.223, p = .643, partial η² = .012, no significant main effect of group, F(1,18) = 1.928, p = .182, partial η² = .097, and no significant time × group interaction, F(1,18) = 0.562, p = .463, partial η² = .030.
Bonferroni-adjusted pairwise comparisons showed no significant between-group difference at baseline (p = .164) or post-intervention (p = .322). Within-group comparisons showed no significant pre- to post-intervention change in the omega-3 group (p = .847) or control group (p = .399).
Descriptively, diastolic blood pressure changed from 78.5 ± 11.80 mmHg to 78.0 ± 8.69 mmHg (Δ = −0.5 mmHg; −0.6%) in the omega-3 group and from 72.0 ± 7.85 mmHg to 74.2 ± 7.98 mmHg (Δ = +2.2 mmHg; +3.1%) in the control group, resulting in a between-group difference in change (ΔΔ) of −2.7 mmHg.

[bookmark: _Toc228218301]4.2.4 Chester Treadmill Test Average Heart Rate (CTTAveHR).

Chester treadmill test average heart rate (CTTAveHR) was assessed at baseline and post-intervention in the omega-3 (INT O3) and control (CON) groups. A two-way mixed ANOVA was conducted to examine the effects of time (baseline vs post-intervention), group (omega-3 vs control), and the time × group interaction on CTTAveHR.

Table 4.8 CTT Average Heart Rate (bpm) at Baseline and Post-Intervention by Group (n = 10 per group) 
	Group
	Baseline Mean ± SD (bpm)
	Post Mean ± SD (bpm)
	Absolute Change (bpm)
	% Change

	Omega-3
	119.10 ± 22.01
	112.00 ± 19.99
	−7.10
	−5.96%

	Control
	113.80 ± 16.00
	115.10 ± 15.30
	+1.30
	+1.14%

	
	
	
	
	


Between-group difference in change (ΔΔ): -8.40 bpm
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 Figure 4.4 Average heart rate during the Chester Treadmill Test (bpm) at baseline and post-intervention in the omega-3 (INT O3) and control (CON) groups. Values represent estimated marginal means with 95% confidence intervals.
A two-way mixed ANOVA showed a significant main effect of time, F(1,18) = 10.333, p = .005, partial η² = .365, no significant main effect of group, F(1,18) = 0.018, p = .895, partial η² = .001, and a significant time × group interaction, F(1,18) = 21.674, p < .001, partial η² = .546.
Bonferroni-adjusted pairwise comparisons showed no significant between-group difference at baseline (p = .546) or post-intervention (p = .702). Within-group comparisons showed a significant reduction in Chester Treadmill Test average heart rate in the omega-3 group (p < .001), whereas no significant change was observed in the control group (p = .322).
Descriptively, average treadmill heart rate decreased from 119.1 ± 22.01 bpm to 112.0 ± 19.99 bpm (Δ = −7.1 bpm; −6.0%) in the omega-3 group and increased from 113.8 ± 16.00 bpm to 115.1 ± 15.30 bpm (Δ = +1.3 bpm; +1.1%) in the control group, resulting in a between-group difference in change (ΔΔ) of −8.4 bpm.

[bookmark: _Toc228218302]4.2.5 Chester Treadmill Test End Heart Rate

End-stage heart rate during the Chester Treadmill Test (CTTEndHR) was assessed at baseline and post-intervention in the omega-3 (INT O3) and control (CON) groups. A two-way mixed ANOVA was conducted to examine the effects of time (baseline vs post-intervention), group (omega-3 vs control), and the time × group interaction on end-stage exercise heart rate.

Table 4.9. Chester Treadmill Test End Heart Rate (bpm) at Baseline and Post-Intervention by Group (n = 10 per group)
	Group
	Pre-Intervention Mean ± SD (bpm)
	Post-Intervention Mean ± SD (bpm)
	Change (Δ bpm)
	% Change

	INT O3
	149.60 ± 34.86
	138.80 ± 34.29
	−10.80
	−7.2%

	CON
	140.50 ± 26.55
	149.90 ± 27.07
	+9.40
	+6.7%


Between-group difference in change (ΔΔ): −20.20 bpm (−13.9%).
[image: ]
Figure 4.5. End-stage heart rate during the Chester Treadmill Test (bpm) at baseline and post-intervention in the omega-3 (INT O3) and control (CON) groups. Values represent estimated marginal means with 95% confidence intervals.

A two-way mixed ANOVA showed no significant main effect of time, F(1,18) = 0.044, p = .836, partial η² = .002, and no significant main effect of group, F(1,18) = 0.006, p = .941, partial η² < .001. A significant time × group interaction was observed, F(1,18) = 9.153, p = .007, partial η² = .337.
Bonferroni-adjusted pairwise comparisons showed no significant between-group difference at baseline (p = .520) or post-intervention (p = .432). Within-group comparisons showed a significant reduction in Chester Treadmill Test end heart rate in the omega-3 group (p = .034), whereas no significant change was observed in the control group (p = .062).

Descriptively, end heart rate decreased from 149.6 ± 34.86 bpm to 138.8 ± 34.29 bpm (Δ = −10.8 bpm; −7.2%) in the omega-3 group and increased from 140.5 ± 26.55 bpm to 149.9 ± 27.07 bpm (Δ = +9.4 bpm; +6.7%) in the control group, resulting in a between-group difference in change (ΔΔ) of −20.2 bpm.
The next chapter discusses these findings in relation to the study aims and wider literature.























[bookmark: _Toc228218303]Chapter 5: Discussion

This chapter interprets the findings in relation to the study aims, the wider literature, and their practical relevance to FFs as TA.

[bookmark: _Toc228218304]5.1 Exercise HR responses during the CTT (CTTAveHR and CTTEndHR)

The strongest benefit evidence was observed in CTT outcomes. CTTAveHR showed significant main effects of time and time × group interaction, with significant within-group reduction in the O3-group, without significant change in CG (Table 4.8; Figure 4.4). Descriptively, CTTAveHR decreased 7.1 bpm (−6.0%) in the O3-group and increased 1.3 bpm (+1.1%) in CG, yielding a between-group difference in change (ΔΔ) of −8.4 bpm. Similar patterns was observed for CTTEndHR. The time × group interaction was significant, with significant within-group reduction in O3-group and non-significant increase in CG (Table 4.9; Figure 4.5). Descriptively, CTTEndHR decreased by 10.8 bpm (−7.2%) in O3-group and increased 9.4 bpm (+6.7%) in CG, producing a ΔΔ of −20.2 bpm.
Convergence across average submaximal and end-stage HR metrics strengthens confidence in interpretation. The divergent trajectories in Figures 4.4 and 4.5 support interaction effects and suggest the intervention altered CV response to a standardised workload rather than simply shifting resting physiology.
These outcomes are occupationally relevant because FFs often work at sustained submaximal intensities but elevated HR under operational stress (Barnard and Duncan, 1975; Sothman et al., 1992; Windisch et al., 2017; Gledhill and Jamnik, 1992; Vandersmissen et al., 2014; Elsner and Kolkhorst, 2008). Results suggest O3 may lower working HR, potentially reflecting improved CV efficiency and reduced CV strain at the same work demand, consistent with evidence linking improved fitness with better task performance and recovery (Olshansky et al., 2023; Elsner et al., 2008; Marcel-Millet et al., 2022).
Given duty-related SCE accounts for 45% of deaths in some reports, reductions in physiological strain during exertion may be relevant within a broader CV risk-mitigation framework (Fahy et al., 2021; Kales et al., 2009; Smith et al., 2013; Gonzalez et al., 2024). However, clinical endpoints were not assessed, thus  no inference can be made regarding SCE incidence or risk.   
The direction of findings aligns with O3 research reporting improved submaximal HR responses.  Peoples et al. (2008) and Buckley et al. (2009) both reported reduced submaximal HR after supplementation, despite limited resting HR changes in the latter study. Broader synthesis indicates HR responses vary with baseline status, participant characteristics, and protocol design, with higher baseline HR potentially eliciting greater CV strain reductions (Mozaffarian et al., 2005; Innes and Calder, 2020; Rittenhouse et al., 2025; Mozaffarian and Wu, 2011; Sauder et al., 2013; Gammone et al., 2019). In the present study, both groups were within the normal adult RHR range, both were overweight by BMI classification, and SBP was above the optimal <120 mmHg in both groups.  This baseline profile is broadly consistent with FF literature describing high prevalence of overweight, obesity, and clustered CV risk factors, which may shape performance and amplify occupational strain (Poston et al., 2011; Munir et al., 2012; Soteriades et al., 2005; Yoo and Franke, 2009; Jeung et al., 2022).
Mechanistically, reductions in CTTAveHR and CTTEndHR are compatible with evidence that EPA+DHA influence inflammatory signalling, vascular tone, endothelial function, and autonomic regulation (Das, 2010; Dangardt et al., 2010; Calder, 2010; 2017; 2020; Innes and Calder, 2020; Tomczyk et al., 2023; Jäger et al., 2025). However, this remains inferential because biomarkers were not collected to confirm O3 incorporation or downstream physiological change. Although O3I and inflammatory markers can support mechanistic interpretation, biomarker findings remain heterogeneous (Dempsey et al., 2023; Handeland et al., 2018; Medoro et al., 2024). Evidence concerning oxidative and inflammatory pathways in occupational exposures also implicates O3 within plausible mechanisms linked to NF-κB signalling and CRP-related responses, although biomarker findings are heterogeneous (Medoro et al., 2024; DiLorenzo et al., 2014). The findings should therefore be interpreted as functional outcomes consistent with proposed pathways rather than direct mechanistic confirmation.  
These findings are also consistent with the AL and TA frameworks, which help explain how reducing CV strain during repeated submaximal work may support readiness, recovery, and FF performance longevity.

[bookmark: _Toc228218305]5.2  Resting HR (AveRHR)

AveRHR showed a less definitive pattern than CTT HR outcomes. AveRHR decreased in the O3-group by 4.0 bpm (−6.1%) and increased in the CG by 1.8 bpm (+2.9%), producing a ΔΔ of −5.8 bpm (Table 4.5; Figure 4.1). However, the time × group interaction was not statistically significant (p = .072), and Bonferroni-adjusted comparisons indicated no significant between-group differences at baseline (p = .602) or post-intervention (p = .616), and no significant within-group change in either the O3-group (p = .079) or CG (p = .412). Overall, this suggests a favourable direction of effect for AveRHR, but weaker statistical support than for CTTAveHR and CTTEndHR.
O3-related RHR reductions are typically modest and appear more consistently under certain conditions. Mozaffarian et al. (2005) reported mean HR reductions of approximately 1.6 bpm where baseline HR was <69 bpm and 2.5 bpm where baseline HR was >69 bpm, and noted that shorter interventions (<12 weeks) tended to show smaller effects than longer durations. In the present study, baseline AveRHR was 65.5 ± 14.0 bpm in the O3-group and 62.5 ± 11.1 bpm in the CG (Table 4.5; Figure 4.1), placing both within the <69 bpm category. Although the O3-group reduction exceeded the average reported by Mozaffarian et al. (2005), that meta-analysis included a wide dose range (0.81–15 g/day) and varied EPA:DHA ratios, likely contributing to heterogeneity in RHR responses. It is plausible that the relatively high dose contributed to the magnitude of change, but the effect did not reach significance, potentially reflecting short intervention duration and limited power (n = 10 per group).
RHR responses may also vary with population characteristics and testing context. Buckley et al. (2009) reported reduced submaximal HR but not clearly RHR, whereas Macartney et al. (2022) reported an approximately 5 bpm reduction in RHR, illustrating variability across cohorts and protocols. In FFs, anticipatory stress may also elevate HR before testing and reduce sensitivity for detecting small intervention effects (MacNeal et al., 2016).
RHR is sensitive to contextual factors that are difficult to standardise in shift-working populations. Sleep disruption, sustained alertness, and psychological stress may have increased residual variability in FFs and reduced the likelihood of detecting small intervention effects (Wolk et al., 2005; Thayer et al., 2009; Buckley and Kaloupek, 2001; Morris et al., 2016). In FFs, these influences may increase residual variability, reducing the likelihood of detecting small intervention effects even when direction of change appears favourable.
A further interpretation is that O3 may influence HR strain at a fixed workload more readily than RHR over shorter timeframes. In this context, stronger effects in CTTAveHR and CTTEndHR, alongside trend-level changes in AveRHR, may reflect outcome sensitivity rather than absence of physiological impact.
Several caveats remain important. Limited statistical power, the open-label design, and the absence of biomarkers or autonomic indices such as HRV restrict interpretation of the RHR trend. The most defensible conclusion is therefore that AveRHR changes were directionally favourable but not statistically robust, and that RHR may be less sensitive than standardised exercise HR measures for detecting short-term intervention effects in FF populations (Mozaffarian et al., 2005; Buckley et al., 2009).

[bookmark: _Toc228218306]5.3 Resting BP (SBP and DBP)

Resting BP showed a divergent pattern between SBP and DBP and should be interpreted together. SBP showed a hypothesis-consistent pattern in the O3-group, while the CG remained largely unchanged (Table 4.6; Figure 4.2). SBP fell from 136.5 ± 15.73 mmHg to 124.1 ± 11.26 mmHg in the O3-group (Δ = −12.4 mmHg; −9.1%), compared with 132.4 ± 15.69 mmHg to 133.4 ± 7.58 mmHg in the CG (Δ = +1.0 mmHg; +0.8%), producing a ΔΔ of −13.4 mmHg (Table 4.6). Pairwise comparisons indicated no baseline between-group difference (p = .567) but a significant post-intervention difference (p = .044), alongside a significant within-group SBP reduction in the O3-group (p = .026) and no change in the CG (p = .847). However, the omnibus time × group interaction did not meet p < .05 (F(1,18) = 3.437, p = .080), despite a moderate effect size (partial η² = .160). Overall, the SBP findings appear hypothesis-consistent but provisional.
The magnitude and direction of change align with evidence that O3 supplementation can reduce BP, with SBP effects often more apparent than DBP, but with considerable heterogeneity linked to baseline CV risk, dose, and duration (Miller et al., 2014; Micallef and Garg, 2009; Zhang et al., 2022). Consistent with this, SBP reductions are typically more evident in cohorts with higher baseline BP and when higher daily EPA+DHA doses are used, whereas effects are smaller or inconsistent in normotensive or mixed cohorts (Miller et al., 2014; Zhang et al., 2022). Baseline SBP was elevated on average in the present sample (Table 4.6), which may have increased potential for detectable change. The pattern of significant pairwise differences alongside a near-threshold omnibus interaction is therefore consistent with a plausible effect moderated by inter-individual variability and limited power.

Despite the need for statistical caution, the magnitude of SBP reduction may still be meaningful in an occupational context where CV risk is clinically relevant. Large-scale epidemiological evidence indicates sustained SBP reductions are associated with lower long-term CVD risk, including stroke and coronary outcomes (Prospective Studies Collaboration, 2002; Ettehad et al., 2016). Miller et al. (2014) reported that just 1.25 mmHg SBP reduction may delay age-related SBP progression by 2 years, suggesting potential applied relevance for CV health with early O3 intervention, although direct performance effects were not measured. Accordingly, the present SBP pattern supports cautious applied relevance, while reinforcing the need for replication with a larger FF cohort and, ideally, biomarker-supported uptake assessment to better characterise responders and reduce uncertainty.
In contrast, DBP showed no meaningful response (Table 4.7; Figure 4.3). Changes were small (O3-group: −0.5 mmHg; −0.6%; CG: +2.2 mmHg; +3.1%; ΔΔ = −2.7 mmHg), and omnibus and pairwise outcomes were non-significant (Time: F(1,18) = 0.223, p = .643; Group: F(1,18) = 1.928, p = .182; Time × Group: F(1,18) = 0.562, p = .463; baseline p = .164; post p = .322; O3-group pre–post p = .847; CG pre–post p = .399). This may reflect limited scope for improvement given baseline DBP values, reduced DBP sensitivity to O3 over eight weeks, and/or insufficient power to detect small effects. This is consistent with evidence that DBP effects are often smaller and less consistent than SBP effects in O3 trials, and may depend more strongly on baseline hypertension status and study characteristics (Miller et al., 2014; Zhang et al., 2022).
BP outcomes indicate a potentially meaningful but less definitive SBP signal alongside limited evidence of DBP change. Combined with clearer effects for CTT HR strain outcomes, the overall pattern suggests O3 may influence functional CV strain during exertion more consistently than resting haemodynamic markers within an eight-week operational FF intervention.  An unexpected finding was that exercise HR strain showed clearer and more consistent improvement than resting haemodynamic markers, suggesting submaximal exercise responses may be more sensitive to short-term O3 interventions in FFs.
[bookmark: _Toc228218307]5.4 Contextual interpretation using anthropometric and dietary findings

Anthropometric and dietary profiles provide important context for baseline risk and responsiveness. Participants were generally overweight by BMI classification (Table 4.2), and the O3-group had greater waist and hip circumferences but no difference in waist-to-hip ratio compared with the CG (Table 4.1). This suggests larger absolute body size in the O3-group with similar fat distribution, relevant because central adiposity is associated with elevated cardiometabolic risk even when distribution indices are comparable (Shah et al., 2014). Baseline SBP values were above commonly cited optimal levels, whereas mean DBP and AveRHR were within more typical ranges (Table 4.1). Although this study was not designed to diagnose hypertension, this profile supports relevance of interventions targeting CV strain and longer-term CV health in operational FFs and is consistent with evidence that FFs often present clustered cardiometabolic risk factors despite occupational physical demands (Tsismenakis et al., 2009; Soteriades et al., 2011; Jeung et al., 2022; Khaja et al., 2021).
Dietary intake further contextualised the response pattern. Intake profiles were consistent with a WDP, characterised by lower nutrient density and greater reliance on refined components, which has been associated with pro-inflammatory signalling and oxidative stress relative to more nutrient-dense patterns such as the MD (Esposito et al., 2004; Tan et al., 2018; Clemente-Suárez et al., 2022; Marx et al., 2021; Tosti et al., 2018; Estruch et al., 2018). Habitual intake appeared suboptimal relative to occupational demands, including low carbohydrate, potassium, magnesium, vitamin D, fluid, and zinc intakes (Table 4.3). This aligns with FF dietary research indicating that achieving optimal fuelling and micronutrient adequacy can be challenging under shift patterns and operational constraints (Dempsey et al., 2023; Heilson et al., 2025). Habitual omega-3 intake met minimum public-health guidance (Table 4.3) but remained far below intervention dose, supporting supplementation as a pragmatic strategy when food-first intake is unlikely to achieve consistent EPA:DHA exposure (Kris-Etherton et al., 2002; Handeland et al., 2018; Dempsey et al., 2023; Heilson et al., 2025; Gonzalez et al., 2024).
A potential confounder is the higher baseline dietary omega-3 intake in the CG. However, both groups remained below 1 g/day, substantially lower than the intervention dose and below higher dose ranges more often associated with measurable physiological effects in supplementation trials (Miller et al., 2014; Zhang et al., 2022; Jäger et al., 2019). This reduces, but does not eliminate, the likelihood that baseline dietary omega-3 intake explains the observed CTT HR outcomes. The same principle applies to baseline caffeine differences; although statistical group differences existed, absolute intakes were very low (Table 4.3) and are unlikely to explain the pattern of change in exercise HR strain. Additionally, all participants adhered to caffeine abstinence before testing, further reducing likelihood that caffeine confounded HR findings.

[bookmark: _Toc228218308]5.5 Comparison with previous research and methodological context

The present findings are strengthened by comparison with wider O3 evidence. Meta-analytic synthesis highlights substantial heterogeneity across trials in dose, duration, EPA:DHA ratios, participant characteristics, and protocol design, including whether cohorts are healthy adults, clinical samples, or athletic populations, and whether outcomes are primarily biomarker-based or functional (Rittenhouse et al., 2025). The present study differs by using an operational FF cohort, an open-label pragmatic RCT design, and service-feasible outcomes directly relevant to CV strain and occupational performance. This improves ecological validity and translational relevance for FFs, but provides less internal control than placebo-controlled laboratory trials.
This trade-off is important. Biomarker responses to O3 can be heterogeneous, and some studies report modest or non-significant changes in markers such as CRP despite supplementation, potentially reflecting baseline status, sampling timing, and duration (DiLorenzo et al., 2014; Rittenhouse et al., 2025). This supports evaluating O3 using both mechanistic markers and functional outcomes relevant to occupational populations, such as BP and HR responses during standardised work. In this context, the study showed functional changes in exercise HR strain during the CTT, but cannot confirm underlying biological pathways because biomarkers were not included.
The measurement approach also influences interpretation. Resting HR and BP were derived from the mean of four daily means, each based on averaged morning and evening readings, likely improving stability and reducing random noise relative to single-point measures. This is particularly relevant in FFs, where shift patterns and acute occupational stress can influence resting CV measures (Gledhill and Jamnik, 1992; MacNeal et al., 2016). Use of the CTT aligns with UK practice, where occupational aerobic benchmarks are often operationalised using the CTT to provide a service-feasible estimate of aerobic fitness and quantify HR strain under standardised submaximal workload (Barr et al., 2010). Occupational task distributions further indicate that most firefighting work is performed at submaximal intensities, supporting relevance of submaximal testing and HR strain outcomes for evaluating occupational readiness (Gledhill and Jamnik, 1992; Tierney et al., 2010; Windisch et al., 2017).
Intervention dosage and duration also frame interpretation. Evidence suggests 2–3 g/day EPA+DHA represents a plausible intake range for BP and CV effects, while shorter interventions may produce null findings for some haemodynamic outcomes (Micallef and Garg, 2009; Zhang et al., 2022). Protocol differences in dose, duration, and EPA:DHA ratio also contribute to variable findings across trials (Rittenhouse et al., 2025). The present study used 3 g/day (1700 mg EPA+1300 mg DHA) for eight weeks, which appeared sufficient to generate a clear signal in exercise HR strain outcomes, but may not have been sufficient, in a small heterogeneous operational cohort, to produce statistically robust changes across all measures. This interpretation is more consistent with the heterogeneous evidence base than assuming a uniform response across HR and BP endpoints.
[bookmark: _Toc228218309]5.6 Methodological strengths and limitations

Several strengths support confidence in the applied relevance of the findings. First, the study used a firefighter-specific randomised intervention design with operational participants and standardised testing protocols, strengthening population relevance and ecological validity (Sections 3.4–3.7). Second, there were no dropouts and no missing outcome data, supporting feasibility and internal consistency in an operational setting (Section 3.9). Third, the statistical approach was appropriate for a repeated-measures design, examining time, group, and time × group effects, with simple main effects used to clarify within- and between-group changes (Section 3.9). In addition, repeated resting measurements likely improved stability of RHR and BP estimates compared with single-point measures, particularly relevant in shift-working cohorts (Section 3.7).
Limitations remain The sample size was small (n = 20; 10 per group), limiting statistical power and increasing uncertainty around effect estimates, particularly for outcomes expected to change modestly, such as AveRHR and DBP. The open-label design without placebo increases potential for expectancy effects or subtle behavioural change, although outcomes were objective physiological measures and participants were instructed to maintain habitual diet, training, and lifestyle patterns (Sections 3.4 and 3.6). The absence of biomarkers such as O3I, inflammatory markers, endothelial function measures, or autonomic markers limits mechanistic interpretation and prevents confirmation of biological uptake beyond adherence logs and capsule return (Section 3.6). Finally, the eight-week duration may have been sufficient to detect changes in functional CV strain outcomes but insufficient to produce statistically robust changes across all resting haemodynamic markers in a heterogeneous operational cohort.
Findings are best interpreted as preliminary FF-specific evidence, with clear rationale for replication using larger samples, longer follow-up, and biomarker-supported uptake assessment.
[bookmark: _Toc228218310]5.7 Practical implications for FFs as tactical athletes

The practical implications are strongest for exercise CV strain. Reductions in CTTAveHR and CTTEndHR in the O3-group suggest O3 supplementation may improve CV responses to a standardised exertional task (Tables 4.8–4.9; Figures 4.4–4.5). This is likely relevant to FF work requiring repeated task performance under elevated physiological load, where simulated and live task data show sustained CV strain and HR responses approaching high percentages of MaxHR, particularly under heat, smoke, restricted visibility, and psychological stress (Barnard and Duncan, 1975; Sothman et al., 1992; Windisch et al., 2017). In practical terms, lower HR responses during standardised submaximal work may indicate improved CV efficiency or reduced CV strain for a given workload, aligning with a tactical-athlete framework in which performance longevity and repeated readiness are central (Scofield and Kardouni, 2015; Barnhart, 2018; Gonzalez et al., 2022; 2024; Romero and Alvar, 2021). Occupational evidence further indicates that sustained submaximal work with elevated HR is a defining feature of FF activity, with ~90% of tasks performed at submaximal intensities, supporting strategies that reduce physiological strain during prolonged work rather than maximal capacity alone (Gledhill and Jamnik, 1992; Tierney et al., 2010; Barr et al., 2010). Across a career, recurring stress responses and cumulative exposures may also contribute to progressive physiological strain and reduced performance longevity, consistent with AL frameworks (McEwen and Stellar, 1993; McEwen, 1998; Smith, 2011; Gonzalez et al., 2024; Xu et al., 2024; Lye and Lee, 2025).
At the same time, findings do not support positioning O3 as a standalone solution. Baseline dietary analysis identified shortfalls relevant to CV strain and recovery capacity, including low carbohydrate relative to performance guidance, low potassium and magnesium, low vitamin D, low fluid intake (~1618 ± 547 ml/day), and low zinc (Table 4.3). Similar patterns have been reported in FF cohorts, suggesting under-fuelling and micronutrient shortfalls may recur under shift and operational constraints (Dempsey et al., 2023; Heilson et al., 2025). In environments characterised by extreme heat and hazard exposure, impaired thermoregulation and elevated metabolic demand increase CV strain, degrade performance, and contribute to repeated physiological stress (Louhevaara et al., 1984; 1985; Eves et al., 2005; Horn et al., 2013; Lee et al., 2013; Baran et al., 2018; Smith et al., 2005; 2019; Gonzalez et al., 2023a; 2024; Dos Santos et al., 2025). Suboptimal hydration and electrolyte-related dietary patterns may therefore plausibly amplify CV strain during work bouts and compromise recovery, particularly during repeated incidents or extended heat exposure (Eves et al., 2005; Gonzalez et al., 2024). Accordingly, O3 is best positioned as an adjunct within a broader FF health and performance strategy integrating diet quality, fuelling and hydration, conditioning, recovery practices, and occupational health monitoring (Romero and Alvar, 2021; Gonzalez et al., 2022; Xu et al., 2024).
A further applied contribution is feasibility. The protocol achieved full data completion with no dropouts and high compliance (>95%) based on capsule return and logs, indicating that O3 supplementation and simple monitoring procedures were workable in an operational cohort. This matters because broader dietary interventions can be difficult to implement consistently under shift work and organisational constraints. Workplace programmes show Mediterranean-style dietary adherence can be improved in FFs, but cardiometabolic changes may be modest and typically require sustained behavioural support (Elliot et al., 2007; Ranby et al., 2011; Sotos-Prieto et al., 2020; Hershey et al., 2023). Achieving consistent EPA and DHA exposure through fish intake alone may also be difficult in tactical populations, supporting supplementation as a pragmatic route to consistent dosing alongside broader dietary improvements (Kris-Etherton et al., 2002; Dempsey et al., 2023; Heilson et al., 2025).
Overall, the discussion indicates that O3 produced the clearest effects on exercise HR strain, while resting markers showed less consistent change.  The following chapter presents the conclusions, key strengths and limitations, and recommendations for future research.

[bookmark: _Toc228218311]CHAPTER 6: CONCLUSION

This dissertation investigated whether eight weeks of O3 supplementation (3 g/day EPA+DHA; 1700 mg EPA and 1300 mg DHA) could improve CV markers and reduce CV strain in operational FFs conceptualised as TAs. A two-arm, parallel-group, open-label pragmatic RCT was conducted in 20 male operational FFs (10 O3-group; 10 CG), with no dropouts and >95% compliance based on capsule return and logs.
Primary outcomes were AveRHR, SBP, DBP and CTT HR strain (CTTAveHR and CTTEndHR). Resting measures were derived from repeated home readings (morning and evening across four consecutive days at each timepoint), and CTT outcomes were assessed under standardised conditions. Intervention effects were analysed using two-way mixed ANOVA (time × group), with Bonferroni-adjusted simple main effects to clarify within- and between-group differences.
The strongest and most consistent effects were observed in exercise HR strain during the CTT. For CTTAveHR, the time × group interaction was significant (F(1,18) = 21.674, p < .001, partial η² = .546), with a within-group reduction in the O3-group (−7.1 bpm; −6.0%) and no significant change in the CG (+1.3 bpm; +1.1%). For CTTEndHR, the time × group interaction was also significant (F(1,18) = 9.153, p = .007, partial η² = .337), with the O3-group decreasing (−10.8 bpm; −7.2%) and the CG increasing (+9.4 bpm; +6.7%).
Resting measures showed a mixed pattern. AveRHR trended favourably (O3-group −4.0 bpm; −6.1% vs CG +1.8 bpm; +2.9%) but the interaction was not statistically significant (p = .072). SBP showed a substantial descriptive reduction in the O3-group (−12.4 mmHg; −9.1%) with significant pairwise effects (O3-group pre–post p = .026; post between-group p = .044), although the omnibus interaction did not reach p < .05 (p = .080). DBP showed no meaningful response (interaction p = .463).

Baseline dietary analysis indicated suboptimal fuelling and micronutrient intake (notably lower carbohydrate intake, potassium, magnesium, vitamin D, fluid intake and zinc relative to reference values and performance guidance), supporting the positioning of O3 supplementation as an adjunct to broader FF nutrition and recovery strategies rather than a standalone solution.
Overall, these findings provide preliminary FF-specific evidence that eight weeks of O3 supplementation (3 g/day EPA+DHA; 1700 mg EPA/1300 mg DHA) may reduce CV strain during standardised submaximal work, with clearer effects on exercise HR strain than resting haemodynamic markers. Key strengths were the pragmatic operational design, high compliance, and full data completion, while key limitations included the small sample, open-label design, male-only cohort, and absence of biomarker confirmation. The pragmatic, service-feasible design supports translation, but replication in larger samples (including female FFs), with placebo control and biomarker confirmation (e.g., O3I), is required to strengthen causal and mechanistic inference.
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APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted
ethically. A researcher may not be covered by the University’s insurance if ethical approval
has not been obtained prior to commencement.

The University follows the OECD Erasgati manual definition of research activity: “creative work
undertaken on a systematic basis in order to increase the stock of knowledge, including
knowledge of man, culture and society, and the use of this stock of knowledge to devise new
applications”. As such this covers activities undertaken by members of staff, postgraduate
research students, and both taught postgraduate and undergraduate students working on
dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies,
testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.
This form must be completed and approved prior to undertaking any research activity. Please

see Checklist for details of process for different categories of application.

SECTION A: About You (Principal Researcher)

Full Name: | IOAN RHYS LEWIS
Tick all boxes which apply:
Member of staff: O Student: | X | Honorary research fellow: ]
Faculty/School/Centre: UWTSD
Campus: TRINITY SAINT DAVIDS, CARMARTHEN
E-mail address: 0401890@student.uwtsd.ac.uk
Contact Telephone Number: 07811150271
For students:
Student Number: 0401890 Undergraduate
) x i Taught
Programme of Study: MSc Sport & Exercise Nutrition Postgraduate
Director of Studies/Supervisor: Chris Cashin Research O

SECTION B: Approval for Research Activity

Has the research activity received approval in principle? O
(please check the Guidance Notes as to the appropriate approval process X NO | O

for different levels of research by different categories of individual)

Date
If Yes, please indicate source of Research Degrees Committee [m]
approval (and date where known):
Faculty Research Committee X
Other (write in) o

Approval in principle must be obtained from the relevant source prior to seeking ethical approval.
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SECTION C: External Ethical Guidance Materials

Please list the core ethical guidance documents that have been referred to during the completion
of this form (including any discipline-specific codes of research ethics, and also any specific
ethical guidance relating to the proposed methodology). Please tick to confirm that your
research proposal adheres to these codes and guidelines.

University of Wales Trinity Saint David Research Ethics and Integrity code of pragfive.

British /association of Sport and Exercise Sciences Code of Conduct

Data Protection Act 2018 and GDPR guidelines

SECTION D: External Collaborative Research Activity

Does the research activity involve collaborators outside of the YES

University? o e B

If Yes, please provide the name of the external organisation and name and contact details for the
main contact person:

Institution

Contact person name

Contact person e-mail address

Where research activity is carried out in collaboration with an external organisation

Does this organisation have its own ethics approval system? YES (m} NO X

If Yes, please attach a copy of any final approval (or interim approval) from the organisation

SECTION E: Details of Research Activity

Does Omega-3 Supplementation Mitigate the Effects of Occupational Stressors and
Toxins on Mental Health, Physical Performance, and Cardiovascular Health in

Indicative title: Firefighters?

Proposed start date: 01/3/2025 Proposed end date: 01/01/2026

Purpose of research activity (including aims and objectives)

Outline the purpose, aims and objectives of the research activity, including key research questions.
Show briefly how existing research has informed the proposed activity and explain what the
research activity will add and how it addresses an area of importance. (Maximum 300 words)

This research investigates the effects of Omega-3 supplementation on the physical and mental health of firefighters, a
tactical athlete population. Firefighters face heightened risks of cardiovascular disease, inflammation, and mental stress
due to occupational demands. Omega-3 fatty acids have demonstrated potential benefits in reducing inflammation,
improving recovery, and supporting cognitive health. The study aims to determine whether daily supplementation
improves cardiovascular markers, physical performance, and mental wellbeing over eight weeks.

(this box should expand as you type)

Proposed methods

Provide a brief summary of all the methods that may be used in the research activity, making it
clear what specific techniques may be used. If methods other than those listed in this section are
deemed appropriate later, additional ethical approval for those methods will be needed. (Maximum
600 words)

Food log to collect data.

Nutritics software to analyse nutrition.

Fifty firefighters aged 18-65 years will be recruited. Participants will consume a daily Omega-3 supplement containing
EPA and DHA for eight weeks. Methods include:
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. Weekly blood pressure monitoring.
. Physical performance testing using a 12-minute treadmill endurance test (pre- and post-intervention).
. Validated mental health questionnaires assessing stress, cognitive function, and wellbeing (pre- and post-

intervention).
. A seven-day food diary via Nujritics, analysed for baseline nutritional intake.

Quantitative data will be analysed using paired t-tests and ANOVA. Qualitative data from questionnaires will undergo
thematic analysis.

(this box should expand as you type)
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Location of research activity
Identify all locations where research activity will take place.

UWTSD facilities and participants’ fire stations.

(this box should expand as you type)

Research activity outside of the UK

If research activity will take place overseas, you are responsible for ensuring that local ethical
considerations are complied with and that the relevant permissions are sought. Specify any local
guidelines (e.g. from local professional associations/learned societies/universities) that exist and
whether these involve any ethical stipulations beyond those usual in the UK (provide details of any
licenses or permissions required). Also specify whether there are any specific ethical issues raised
by the local context in which the research activity is taking place, for example, particular cultural
sensitivities or vulnerabilities of participants.

(this box should expand as you type)

SECTION F: Scope of Research Activity

Will the research activity include:

Use of a questionnaire or similar research instrument?

Use of interviews?

Use of diaries?

Participant observation with their knowledge?

Participant observation without their knowledge?

Use of video or audio recording?

Access to personal or confidential information without the participants’ specific
consent?

Administration of any questions, test stimuli, presentation that may be
experienced as physically, mentally or emotionally harmful / offensive?

Performance of any acts which may cause embarrassment or affect self-esteem?

Investigation of participants involved in illegal activities?

Use of procedures that involve deception?

Administration of any substance, agent or placebo?

EIEEIEIEIEIEIEIEIEIEEIE@
EDEEENEEEEDED%

Working with live vertebrate animals?

Other primary data collection methods, please explain in this box

[m}
X
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If NO to every question, then the research activity is (ethically) low risk and may be exempt from
some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval
has been obtained.
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Who are the intended participants:

Students or staff at the University?

Adults (over the age of 18 and competent to give consent)?

Vulnerable adults?

Children under 18?

Prisoners?

Young offenders?

Those who could be considered to have a particularly dependent relationship

with the investigator or a gatekeeper?

People engaged in illegal activities?

ol of of o o o & of
R R X R R ® O RE

Others (please identify):

(m]
X

Participant numbers and source

Provide an estimate of the expected number of participants. How will you identify participants and

how will they be recruited?

Thirty to Fifty active-duty firefighters will be recruited through fire station outreach. Eligibility criteria include no pre-

existing heart con
is box should expand as you type

ions, no current Omega-3 supplementation, and no medical conditions requiring GP care.

Information for participants:

=
>

Will you describe the main research procedures to participants in
advance, so that they are informed about what to expect?

Will you tell participants that their participation is voluntary?

Will you obtain written consent for participation?

Will you explain to participants that refusal to participate in the
research will not affect their treatment or education (if relevant)?

If the research is observational, will you ask participants for their
consent to being observed?

Will you tell participants that they may withdraw from the research
at any time and for any reason?

With questionnaires, will you give participants the option of
omitting questions they do not want to answer?

8 ® O O 8 8 ®F

o o o o o o o3
Ol O R ® O O O

Will you tell participants that their data will be treated with full
confidentiality and that, if published, it will not be identifiable as
theirs?

m}
m}

Will you debrief participants at the end of their participation, in a
way appropriate to the type of research undertaken?

If NO to any of above questions, please give an explanation
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Information for participants:

Will participants be paid?

Is specialist electrical or other equipment to be used with
participants?

Are there any financial or other interests to the investigator or
University arising from this study?

Will the research activity involve deliberately misleading
participants in any way, or the partial or full concealment of the
specific study aims?

If YES to any question, please provide full details

(this box should expand as you type)
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SECTION H: Anticipated Risks

Outline any anticipated risks that may adversely affect any of the participants, the
researchers and/or the University, and the steps that will be taken to address them.

If you have completed a full risk assessment (for example as required by a laboratory, or external
research collaborator) you may append that to this form.

Full risk assessment completed and appended?

Yes m]
No X

Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data,
sensitive organisational information

Personal Data.
Minor discomfort from fitness testing or dietary changes.

To mitigate risks, health screenings will exclude individuals with contraindications (e.g., heart disease). Tests will be
conducted under supervision with emergency protocols in place.

(this box should expand as you type)

If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity,
drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give
details of the procedures to deal with these issues, including any support/advice (e.g. helpline
numbers) to be offered to participants. Note that where applicable, consent procedures should
make it clear that if something potentially or actually illegal is discovered in the course of a project,
it may need to be disclosed to the proper authorities

N/A

(this box should expand as you type)

Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of
harm/impropriety, conflict of interest

Minimal risk; agtiities conducted in safe environments.
(this box should expand as you type)

Universityl/institutional risks
For example: adverse publicity, financial loss, data protection

Data breaches are minimised through encrypted, and password-protected systems.

(this box should expand as you type)

Adverse outcomes
List measures put in place to limit any adverse effects or outcomes of research activity where
appropriate. Include any emergency protocols.

Information Password secure.
Participant ID confidential
Participants’ confidentiality is ensured. Emergency protocols include immediate GP referral for abnormal results.

(this box should expand as you type)
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Disclosure and Barring Service

If the research activity involves children or vulnerable adults, a
Disclosure and Barring Service (DBS) certificate must be obtained

before any contact with such participants.

YES

NO N/A

Has a DBS certificate been obtained?

July 2017

10

Ethical Approval Form v6
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SECTION I: Feedback, Consent and Confidentiality

Feedback
What feedback will be provided to participants, how will this be done and when?

The volunteers will be asked to fill in a 5-7 day food diary as detailed as possible, including 1 day on the weekend. The
details, along with volunteer anthropometrics, will be input into a secure dietary analysis software, password protected
under an anonymous identity. A report will be made on the results followed by a discussion assignment. This will be
shared with the volunteers. Participants will receive individualised reports summarising results. Feedback will be
provided post-study via email or in person.

(this box should expand as you type)

Informed consent

Describe the arrangements to inform potential participants, before providing consent, of what is
involved in participating. Describe the arrangements for participants to provide full consent before
data collection begins. If gaining consent in this way is inappropriate, explain how consent will be
obtained and recorded.

Informed consent:

The volunteer was approached via e-mail.

Participants will be fully informed about the study procedures, risks, and their right to withdraw.
Consent forms will be signed before participation.

(this box should expand as vou type)

Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If
anonymity is not being offered, explain why this is the case.

Confidentiality is ensured through anonymous identification, and all details recorded on secure and password
protected software.
Data will be anonymised and securely stored in compliance with GDPR regulations.

(this box should expand as vou tvoe)

July 2017 1 Ethical Approval Form v6
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SECTION J: Data Protection and Storage

PG2/E1 FORM

In completing this section refer to the University's Research Data Management Policy and the

extensive resources on the University's Research Data Management

(http://uwtsd.ac.uk/library/research-data-management/).

web pages

YES

NO

Does the research activity involve personal data (as defined by the Data
Protection Act)?

“personal data” means data which relate to a living individual who can be
identified—

(a) from those data, or

(b) from those data and other information which is in the possession of, or is likely to
come into the possession of, the data controller, and includes any expression of
opinion about the individual and any indication of the intentions of the data controller
or any other person in respect of the individual.

If YES, provide a description of the data and explain why this data needs to be

collected:

(this box should expand as you type)

Does it involve sensitive personal data (as defined by the Data Protection
Act)?

“Sensitive personal data” means personal data consisting of information as to —
(a) the racial or ethnic origin of the data subject,

(b) his political opinions,

(c ) his religious beliefs or other beliefs of a similar nature,

(d) whether he is a member of a trade union (within the meaning of the Trade Union
and Labour Relations (Consolidation) Act 1992),

(e) his physical or mental health or condition,

(f) his sexual life,

(g) the commission or alleged commission by him of any offence, or

(h) any proceedings for any offence committed or alleged to have been committed by
him, the disposal of such proceedings or the sentence of any court in such
proceedings.

xO

If YES, provide a description of the data and explain why this data needs to be

collected:

(this box should expand as you type)

Will the research activity involve storing personal data on one of the
following:

YES

Manual files (i.e. in paper form)?

University computers?

Private company computers?

Home or other personal computers?

Laptop computers/ CDs/ Portable disk-drives/ memory sticks?

“Cloud” storage or websites?

N X X O 0O O

O O 0O XK K X

Other — specify:

For all stored data, explain the measures in place to ensure data confidentiality, including details of

password protection, encryption and anonymisation:

Password protected Laptop.
Password protected software.

July 2017 12 Ethical Approval Form v6
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B Prifysgol Cymru

g«l University of Wa PG2/E1 FORM

ID Confidentiality under anonymous details

(this box should expand as you type)

Will the research activity involve any of the following activities: YES NO
Electronic transfer of data in any form? & o
. . R m} X
Sharing of data with others at the University?
Sharing of data with other organisations? o &
Export of data outside the European Union or importing of data from outside ]
the UK?
Use of personal addresses, postcodes, faxes, emails or telephone numbers? o =
Publication of data that might allow identification of individuals? o =
Use of data management system? o =
Data archiving? o

If YES to any question, please provide full details, explaining how this will be conducted in
accordance with the Data Protection Act (and/or any international equivalent):

Password protected Laptop.

Password protected software.

ID Confidentiality under anonymous details

Data will be securely deleted one year after study completion.

(this box should expand as vou tvpe)

List all who will have access to the data generated by the research activity:

Rhys Lewis

(this box should expand as you type)

List who will have control of, and act as custodian(s) for, data generated by the research activity:

Rhys Lewis

(this box should expand as vou type)

Give details of data storage arrangements, including where data will be stored, how long for, and in
what form. Will data be archived — if so how and if not why not.

Stored on software for duration of study. Anthropometric data, questionnaires.

(this box should expand as vou type)

July 2017 13 Ethical Approval Form v6
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PG2/E1FORM

SECTION K: Declaration

The information which | have provided is correct and complete to the best of my knowledge. | have
attempted to identify any risks and issues related to the research activity and acknowledge my
obligations and the rights of the participants.

In submitting this application | hereby confirm that | undertake to ensure that the above named
research activity will meet the University’s Research Ethics and Integrity Code of Practice

Signature of applicant: RHYS LEWIS Date:  15/01/2025

For students:

Director of Studies/Supervisor: | CHRIS CASHIN

Signature:

RHYS LEWIS

Date:

15/01/2025

For staff:

Head of School/Assistant
Dean:

Signature:

Date:

Checklist: Please complete the checklist below to ensure that you have completed the form
according to the guidelines and attached any required documentation:

X

| have read the guidance notes supplied before completing the form.

8 | have completed ALL RELEVANT sections of the form in full.

&1 | confirm that the research activity has received approval in principle

X | have attached a copy of final/interim approval from external organisation (where appropriate)

R | | have attached a full risk assessment (and have NOT completed Section H of this form)
(where appropriate)

B | | understand that it is my responsibility to ensure that the above named research activity will
meet the University’s Research Ethics and Integrity Code of Practice.

= | understand that before commencing data collection all documents aimed at respondents

(including information sheets, consent forms, questionnaires, interview schedules etc.) must
be confirmed by the DoS/Supervisor, module tutor or Head of School.

RESEARCH STUDENTS AND STAFF ONLY

All communications relating to this application during its processing must be in writing and emailed to
paresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.

You will be informed of the outcome of your claim by email; therefore it is important that you check
your University and personal email accounts regularly.

July 2017 14 Ethical Approval Form v6
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Y Drindod Dewi Sant

University of Wales
Trinity Saint David

Institute of Management and Health,
College Road,
Carmarthen.
SA31 3EP.
INFORMED CONSENT

Nutritional Consultations

1) | confirm that the full details about the nutrition consultation / assessment
process have been explained to me. | am clear about what is involved and a |
am aware of the purpose. | can also confirm that | had the opportunity to ask
questions.

2) | understand that the information | provide will be anonymised.

3) | agree to take part in the consultation / assessment.

Name of Participant Signature Date
Athlete X. Athlete X. 01/05/2025

Declaration by the student

| can confirm that | have provided information about the nutrition consultation
process which the above participant has consented to.

Student Name Signature Date
...Rhys Lewis ... Rhys LeWis .........ccuuuee 01/05/2025
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*MSc PAR-Q and Health Screening FF Nutrition Omega-3
Research, Including Informed Consent

Please answer the following questions fully and truthfully as it may affect your safety whilst exercising.

When you submit this form, it will not automatically collect your details like name and email address unless you

provide it yourself.

* Required
1. First Name *

)

Enter your answer

2. Last name * [0

Enter your answer

3. Date of Birth *

)

Enter your answer

4. Height (cm) * [0}

Enter your answer

5. Weight (Kg) * [T

Enter your answer
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6. Operationally active total service completed to date (Years) * [T}

Enter your answer

7. Gender *

O Female
O Male
O Other

)

O Prefer not to say

8. Has a doctor told you that you have a heart condition AND must seek medical advice before
participating in regular exercise? * (1

O Yes
O No

9. Do you feel pain in your chest when you perform physical activity?

*
)

O Yes
O No

10. Have you ever had chest pain when not doing physical activity?

*
“

O Yes
O No
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11. Do you lose your balance due to dizziness or do you ever lose consciousness? * [1}

O Yes
O No

12. Do you have a bone or joint condition or injury that could be made worse through physical
activity?

)

O Yes
O No

13. Are you currently taking any medication for a heart problem?

)

O Yes
O No

14. Do you take any other medications on a regular basis?

)

O Yes
O No

15. Have you had recent surgery?

*
)

O Yes
O No
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16.

7

18.

19.

Do you have any chronic health conditions such as asthma, diabetes?

*
)

O Yes
O No

Are you pregnant or have you given birth in the last 6months?

*
)

O Yes
O No

If you have answered YES to one or more of these questions, then it would be advisable to talk
to your doctor before starting exercise. Please comment below if you have any further
information regarding your health, physical or otherwise, that has not been covered by the
above questions [i.e., past, or present injuries]: * [}

Enter your answer

Declaration, Terms & Conditions

| hereby declare that the answers provided in this questionnaire are true to the best of my
knowledge, and | agree to inform the research team of any changes to my medical or personal
information. | understand the physical requirements of my participation in this study and
acknowledge the potential risks involved. | agree to adhere to the study protocols and
understand that failure to comply with these may result in my withdrawal from the study.

*
)

O Agree
O Disagree
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Section 2

Initial Screening for Allergies and Intolerances:

As part of the research you may be asked to consume 2000-3000mg of Omega-3 in
capsule form.

21. Do you have any known allergies or intolerances to food
ingredients, medications, or substances? Please list them or
state "None". *

Enter your answer

22. Have you ever experienced an allergic reaction or
intolerance to any food or drink? If yes, please specify."or
state "None". *

Enter your answer

23. Are you allergic or intolerant to any of the following
ingredients commonly found in carbohydrate-based drinks?
Please check all that apply. *

(O Gluten (wheat, barley, rye)
() com

O soy
O Nuts
O

Fruits
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24.

25.

26.

Nuts

Fruits

Artificial sweeteners

Dairy

Other

e & o o o o

None

Have you previously consumed carbohydrate-based drinks
or supplements? *

O Yes
O No

If yes to Q22, did you experience any adverse reactions?"or
state "None".. *

Enter your answer

"Given your allergies or intolerances, or if none, would you
still feel comfortable participating in a study involving a
carbohydrate-based drink intervention or placebo? Or N/A *

O Yes
O No

? g A
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27. "l hereby agree to participate in this research study, which
involves consuming a placebo or an energy-based drink,
fully aware that | do so at my own risk and responsibility. |
understand the nature of the study and acknowledge that if
| am allergic or intolerant to any foods, ingredients, or
substances, it is strongly advised that | abstain from
participation to avoid potential adverse reactions. By
proceeding with my participation, | confirm that | have
disclosed any known allergies or intolerances and that, to
the best of my knowledge, | can safely consume the
products involved in this study. | accept the responsibility for
any health-related outcomes that may arise as a result of my
participation.” *

O Agree
O Disagree

28. Name *

Enter your answer

29. Date of Agreement *

Please input date (dd/MM/yyyy) B

L

Section 3

Section 3.

Informed Consent.

U L S R e S SR TR S
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31.

e Does daily omega-3 supplementation (3000 mg/day
EPA+DHA) attenuate inflammatory responses and
enhance cardiovascular function in firefighters?

e Does it attenuate infammatory health effects of
firefighter occupational exposures, and reduce blood
pressure.

Please confirm you have read this section. *

O Yes
O No

Aims of Research Activity

The primary objective of this research is to assess the impact
of daily omega-3 polyunsaturated fatty acid (PUFA)
supplementation—specifically eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA)—on cardiovascular health,
aerobic capacity, and inflammatory status in operational
firefighters. Firefighting is a physiologically and
psychologically demanding profession that requires
sustained physical capacity and rapid recovery between
high-stress events. This study aims to determine whether a
standardised daily intake of 3000 mg of EPA and DHA over
eight weeks can enhance cardiovascular markers (e.g. blood
pressure) and aerobic performance, potentially improving
operational readiness and long-term health outcomes.

Objectives of the Research Activity
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Section 3.

Informed Consent.

30. This is an invitation to you to join the research study on
Nutrition interventions for Firefighters as tactical athletes,
and to let you know what this would involve. The study is
being organised by Rhys Lewis, a MSc Student of Sport and
Exercise Nutrition at University of Wales Trinity Saint David.
The data is being collected between June 2025 - September
2025

The primary aim of this study is to investigate the potential
benefits of omega-3 polyunsaturated fatty acid (PUFA)
supplementation - specifically eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA)—on the occupational
health, recovery, and performance outcomes of firefighters.
Given the physically and psychologically demanding nature
of firefighting, which involves repeated exposure to
environmental toxins, heat stress, and high-intensity tasks,
the research explores whether omega-3 supplementation
can mitigate systemic inflammation and improve
cardiovascular function, such as aerobic capacity and
cardivascualr health through lowering blood pressure. This
study positions firefighters as tactical athletes and seeks to
determine whether a consistent intake of omega-3s can
enhance physiological and mental readiness for repeated
strenuous activity.

Research Question

This research aims to establish whether eight weeks of daily
omega-3 supplementation can improve markers of
cardiovascular health, and aerobic capacity in operational

firefighters.

Specifically, the study will examine:
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Objectives of the Research Activity

1. To evaluate baseline cardiovascular health and aerobic
capacity in operational firefighters using a 12-minute
Cooper treadmill test and 7-day resting blood pressure
monitoring.

2. To analyse habitual dietary intake using a 7-day food
diary and assess omega-3 dietary adequacy prior to
intervention.

3. To implement an eight-week supplementation protocol
involving daily intake of 3000 mg of combined EPA and
DHA from omega-3 capsules.

4. To repeat performance and health assessments post-

intervention to determine any statistically significant
changes in:

o Systolic and diastolic blood pressure
o Aerobic capacity (estimated VO,max)

o Self-reported wellbeing and perceived recovery.

6. To critically examine whether omega-3
supplementation can attenuate the inflammatory and
cardiovascular strain associated with occupational
stressors in firefighters.

What Will Participation Involve?

Participants will be invited to take part in an 8-week
intervention.study.joyestioating the.effects.of omeana-3
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33. Are there any risks associated with taking part?
We do not think there are any significant risks if you take
part in the research. The project has received ethical
approval from Ethics Committee of University of Wales
Trinity St David. However here are the list of potential risks
and mitigations.

Risk to participants:

1. Exposure to physically demanding tasks

2. Physical harm such as musculoskeletal injuries, adverse
health effects, dehydration, allergic reactions to provided
nutrition.

3. Emotional distress: Competitive.high-performance
nature of task may causer anxiety of failure or stress.

4. Personal Data

5. General Risks

How you will mitigate the risk to participants:

1. Ensure activities conducted in controlled environments
with strict adherence to safety protocols, and simulated
tasks replicate real-life scenarios without exposing
participants to undue risks. Risk assessment completed.

2. Pre-screen participants for health issues, allergies and
fitness levels. Have medical means standing by,such as first
aid and defibrillator. Ensure nutritional supplements are
professionally vetted and participants monitored.

3. Provide participants with access to mental health
support and ensure they are aware that participation is
voluntary and can withdraw anytime. Results kept
confidential.

4. Data is stored on secure, encrypted 1. authorised
personnel only. Comply with data protection laws and
GDPR.

5. Workplace/Place of research Risk assessment
completed.
6. Tests will be administered by a qualified level 3

Personal trainer, with a diploma in Performance nutrition
and HND in sport science.

Please confirm you have read this part *

m Vac
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32. Volunteer Participants.
Why have | been invited to participate?
We are asking operational and operationally fit Firefighters
with minimum 12 months experience in their role, to take
part in the research.
A minimum sample of 20 active-duty operational firefighters
classed as tactical athletes, from various shifts will be
recruited for the study, ensuring a broad representation of
this community. Participants will be selected based on
inclusion criteria, including being in current or having
experience of active operational firefighting duties, having
at least 1 year experience in the industry and not currently
consuming sufficient omega-3 which will be analysed by the
food diary, proving medically cleared for high-intensity
physical activity, through a positive PAR-Q and agreement of
participation.
Participants should not take part if they;
Exclusion criteria include:
. experiencing recent or current injuries
. Health conditions or periods of sickness in the last 3
months that could be exacerbated by the study's physical
demands.

. Have completed and passed the PAR-Q and Health
forms with no issues

. Do not wish to be expose to physical activity

. Do not wish to consume capsule form omega-3
supplement

. Are allergic or intolerant to any foods which may be
in the fuel source for consumption.

. Know of any other reason that they should not take
part

Please confirm you have read this section. *

O Yes
O No
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Participants will be invited to take part in an 8-week
intervention study investigating the effects of omega-3
supplementation on firefighter health and performance.

Upon enrolment:

* Baseline Assessments will be conducted during Week 0
and will include:

o A 12-minute Cooper treadmill test, used to
estimate aerobic capacity (VO,max).

o Shift days (4 days) consecutive blood pressure
monitoring, captured using a validated digital
cuff at home at consistent times during active
shifts.

o A 3-day food diary, to assess nutritional baseline
and confirm low omega-3 intake.

e Intervention Phase (Weeks 1-8): Participants will
consume 3000 mg/day of EPA+DHA from standardised
omega-3 capsules, divided across meals.

e Post-Intervention Assessments will be repeated in
Week 9, using the same protocols for treadmill testing
and blood pressure to assess changes in cardiovascular
health and aerobic fitness.

All data will be anonymised and treated confidentially.
Participants will be advised to maintain their usual
training and work patterns and to report any adverse

reactions or changes in health.
*
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35. All electronic data, including assessment results, consent
forms, will be stored on encrypted hard drives or secure,
cloud-based servers with strong encryption protocols.
Access to these data storage solutions will be restricted to
authorised research team members through secure, unique
login credentials.

Regular backups of all data will prevent loss due to
hardware failure, software issues, or other unforeseen
events. Backus are encrypted and stored securely, either on
the university password protected cloud storage with robust
security measures.

Physical Data: Any physical records, such as paper consent
forms or hardcopy questionnaires, will be stored in a secure,
locked filing cabinet in a restricted-access area within the
research institution. Access to these physical records will be
limited to authorised personnel.

Security Measures

Encryption: All stored data, whether on local hard drives or
cloud storage, will be encrypted using industry-standard
encryption methods.

Password Protection: Devices and digital storage locations
containing research data will be password-protected, with
access limited to authorised team members.

Physical Security: Secure facilities with controlled access will
protect physical documents. Surveillance and alarm systems
will further enhance security.

Duration of Storage

The data will be stored for a period that aligns with the
research project's goals. This duration ensures that the data
can be accessed for verification, replication studies, or
further analysis.




image35.png
34.

35.

Are there any benefits from taking part?
There are no direct benefits to you for taking part.

What happens to the results of the research project?

All collected data will be anonymised,meaning any
identifying information such as name, age, specific
information, will be removed or altered in such a way that
the individual participants cannot be identified.

The data may also be used for a journal article or
conference poster in the future. Rhys Lewis will be
responsible for analyzing the data which is data protected
on university protected software, complying with GDPR
rules.

All digital data, including databases and electronic
documents containing personal data, will be encrypted
using strong encryption protocols. This ensures that data is
unreadable to unauthorised individuals.

Password Protection: Access to electronic devices,
databases, and documents will be password protected.

Data Confidentiality Measures
Anonymisation and Pseudonymisation: Where possible,
personal data will be anonymised or pseudonymised.
Anonymisation involves removing or altering information
that may lead to individual identification. Pseudonymisation
replaces private identifiers with fake identifiers or
pseudonyms, reducing the risk of identification while
allowing data linkage when necessary.

Please confirm you have read this part *

O Yes
O No

All electronic data, including assessment results, consent
forms, will be stored on encrypted hard drives or secure,
cloud-based servers with strong encryption protocols.
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36.

If you have any queries, please contact the Research team or
ethics committee at UWTSD.
Please confirm you have read this part *

O Yes
O No

Informed Consent Agreement for Participation in
Nutrition Research Study

By signing this document, | acknowledge that | have
thoroughly read, understood, and considered all aspects of
the informed consent related to the FF Nutrition Research
Study organized by Rhys Lewis, MSc Student of Sport and
Exercise Nutrition at the University of Wales Trinity Saint
David. | have had the opportunity to ask questions and
receive satisfactory answers. | understand that my
participation is voluntary and that | am free to withdraw at
any time without giving a reason and without it affecting my
legal rights. | am aware of the risks and benefits associated
with this study, the confidentiality measures in place to
protect my personal information, and how the collected
data will be used. By agreeing to participate, | confirm that |
meet the inclusion criteria, do not fall under the exclusion
criteria, and consent to participate in this study at my own
risk. | understand that there are no direct benefits to me for
participating in this research, and | agree to the use of my
anonymized data for future research and publications as
described. *

O Agree
O Disagree
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*Firefighter Omega-3 Study: Week 1 (Pre-Test Data
Collection)
Participant Information.

Please complete the following details to help us understand your background and assign your data accurately. This
information will remain confidential and will only be used for research analysis. Your Participant ID (e.g. RL83) has been
assigned to anonymise your responses

When you submit this form, it will not automatically collect your details like name and email address unless you

provide it yourself.
* Required
1. Full Name * [03

Enter your answer

2. Participant ID (Initials & Birth year. eg. RL83) * [}

Enter your answer

3. Age* [0

Enter your answer

4. Sex* [1}

O Male
O Female

O Prefer Not to Say

O Other
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10.

1,

. Height (In cm: Numbers Only) * [0}

Enter your answer

. Weight (In Kg - Numbers only) * [0}

Enter your answer

. Waist measurement (In CM - Numbers only) * [0}

Enter your answer

. Hips measurement (In CM - Numbers only) * [}

Enter your answer

. Neck measurement (In CM - Numbers only) * [T}

Enter your answer

Body Fat % if you Know it (Number only. eg. 15) [0}

Enter your answer

Length of Fire Service (In Years: Number Only) * [T}

Enter your answer
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12.

1138

14.

Do you currently take more than 1000mg of Omega-3 Supplements? (Pre-study only) * [

O Yes
O No

Have you experienced any external factors that may have affected your resting heart rate or
blood pressure readings during this period?

Please select or describe any lifestyle or environmental factors that may have influenced your
results (e.g., poor sleep, stress, illness, caffeine, alcohol, shift work, high workload, family issues,
etc.).

Which of the following may have affected your resting measurements in the past 4 days? (Tick
all that apply)

*
)

O Lack of sleep

O Work stress
Personal/Family stress
Recent illness (Cold/Flu etc.)

Alcohol Consumption

Shift fatigue or poor recovery
None of the Above

O
O
O
(O caffeine Intake
O
O
O

Other

How would you rate your average sleep quality over the past 7 days?
* 03

O Very poor
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14. How would you rate your average sleep quality over the past 7 days?
M

(O Very poor
O Poor

O Fair

(O Very good
O Good
O Excellent

15. Do you experience persistent joint/muscle soreness or stiffness?

*
)

O Never
O Occasionally

O Sometimes

Q Always

16. Do you experience any other symptoms suggesting inflammation? * [}

O Fatigue
O Soreness
() Other
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Current Training Background 0

To help ensure any changes in cardiovascular performance are accurately interpreted, please complete the short
questions below about your typical weekly training routine. This will help us ensure improvements are related to the
omega-3 supplementation rather than major changes in your exercise habits.

17. How many days per week do you currently train or exercise?

)

Oo
O 12
O 34
O se
O 7

18. What type(s) of training do you typically do? Tick all that apply * [T}
D Running
D Circuit training (including Hyrox/Cross-Fit)
D Weight training/Gym
D Job related physical activity
D Cardio Equipment (Rowe, treadmill, bike etc)
D Cycling
(] other

19. How long is each session on average (in minutes - Number only)? eg. 45

*
)
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19. How long is each session on average (in minutes - Number only)? eg. 45

*
©)

jhnhn h

20. How many hours a week do you train? (in hrs - Number only)? eg. 7

*
©)

hnbhn

21. What is the intensity of your training? *RPR = Rate of Perceived Exertion: RPE 3-5 = Quight
light and easy. RPE 7-10: Getting hard to Failure, max effort training. * [T}

(O Very Light RPE 1-3
(O Light RPE 4-5
@ Moderate RPE 6-7

(O Hard RPE 8-10

22. Has your training Trends changed in the last 4 weeks? *

O Yes
@ No

©)

23. On average, how many steps do you take per day outside of training sessions?

*
)

O Less than 3,000

(O 3,000-5,999 J
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23. On average, how many steps do you take per day outside of training sessions?
)
O Less than 3,000
(O 3,000-5,999
(O 6,000-9,999
@ 10,000 - 14,999

O 15,000 or more

24. How active is your lifestyle outside of work and exercise sessions? * [I}

Very Active - Farming, labouring, cleaning, delivery work, trades, childcare, or similar — physically demand-

ing roles or routines

Moderately Active: On feet a lot — e.g. retail, teaching, warehouse work, walking 8k—10k+ steps per day,

regular manual tasks or errands

Lightly Active: Some movement during the day — e.g. school runs, housework, dog walking, standing and

walking breaks, short walks

O Sedentary: Desk job or seated most of the day, little movement beyond essential tasks (e.g. driving, sitting

at a computer, minimal walking

25. Have you had any injuries, illnesses, or changes to your training in the past month?

*
)

O Yes
@ No
(O Other
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26. You will abstain from consuming Alcohol for 24hrs before any of the tests, as these can effect
Heart Rate and Blood pressure.

)

O Yes
O No
() Other

27. You will abstain from consuming Caffeine before any of the tests, as these can effect Heart Rate

and Blood pressure.

*
)

O Yes
O No
(O Other

28. Training Agreement:
| confirm that | will maintain my regular training and nutrition pattern for the duration of the 8-
week study. | will avoid making significant changes in frequency, intensity, or type of training or
nutrition unless required by operational duty or injury.

*)

O Yes
O No

BaCk
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*Firefighter Omega-3 Study: Week 1 (Pre-Test Data
Collection) ]
Participant Information.

* Required

Section 2: Firefighter Chester Treadmill Fitness Test. 0

Please complete the information below after performing the treadmill test during Week 1.

29. Date of Test * [0}

Please input date (dd/MM/yyyy)

30. Completed Full test? * (1}

O Yes
O No

31. Hear Rate at start of test (Omins) * [T}

Enter your answer

32. Hear Rate at minute 2, 0% * [}

Enter your answer

33. Hear Rate at minute 4, 3% *

)

Enter your answer
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34.

358

36.

37

38.

308

Hear Rate at minute 6, 6% * [1}

Enter your answer

Hear Rate at minute 8, 9% * (1}

Enter your answer

Hear Rate at minute 10, 12% * [1}

Enter your answer

Hear Rate at minute 12: (15%) End Of test * [T}

Enter your answer

Average Heart Rate Over the Test: Number Only. *

Enter your answer

Rate of Perceived Effort (6-20 Scale). Use your best judgment based on how it felt, Choose the

number that best describes your effort:

0

RPE 7-9: Very very Light RPE 10-11: Fairly Light RPE 12-13: Moderate-somewhat hard RPE 14-1¢

Perceived Effort O O

)

O
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Resting Measures — Week 1 (Days 1-4 Pre-Intervention) o

Please enter your resting heart rate and blood pressure for each of the four days before supplementation begins.
Measure these first thing in the morning, after waking but before caffeine or activity.

41. Average Resting Heart Rate (bpm - number only) - According to Blood Pressure Machine : Add
4 reading up and divide by 4 to ge the average * [T}

Enter your answer

42. Systolic blood pressure (Top number in mmHg - Type the Number only) This is the pressure in

your arteries when your heart beats: Add 4 readings up and divide by 4 to get the average

*
o )

Enter your answer

43. Diastolic Blood Pressure *Input the number only. (Bottom number in mmHg
- This is the pressure when your heart is resting between beat) *Add 4 reading up and divide
by 4 to get the average

*
)

Enter your answer

44. Blood Pressure: Now write the Blood Pressure average in full. eg. 130/80. *Add all
readings up (1-4 readings) and divide by number of readings (1-4) to get the average. * [0}

Enter your answer




image48.png
External Factors Potentially Influencing Resting Measures 03

External Factors Potentially Influencing Resting Measures

46.

47.

Are you currently taking any medication that may affect inflammation, blood pressure, or
cardiovascular health? (e.g. anti-inflammatories, statins, beta-blockers

* 03
QYes

O No
(O Other

Which of the following may have affected your resting measurements in the past 4 days? (Tick
all that apply)
)

D Lack of sleep

l:l Work-related stress

Personal or Family stress

Recent illness (Cold, flu, etc)

Alcohol intake

Caffeine intake

Shift work fatigue (eg. Night shift calls / house fires/ Strenuous activity or incidents)
Smoking or Nicotine Products

None

O 000000

Other
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Monounsaturated fat

Your monounsaturated fatintake is below the recommended intake. Good dietary source of monounsaturated fats include avocado, olive oi, cashew nuts, almonds,
beef, safflower, and rapeseed oil (18)

Fatis a macronutrient found i food that provides the body with a source of diet

y fat (9kcal/g) and storage of energy within the body. Different types of fat are

characterised by their physical and chemical structure and the properties of fatty acids that they contain (6). Fatty acids are categorised depending on their double
bonds which can have a cis or trans configuration (17,18). Monounsaturated fats have a single double bond (6). Most unsaturated fats found in the diet have the cis

configuration (17.18). Monounsaturated fats are liquid at room temperature. Good dietary source of monounsaturated fats include avocado, ofive o, cashew nuts,
almonds, beef, safflower, and rapeseed oil (18).
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Omega3(n-3)

Vour omega 3 intake s above the ecommended intake. The European Food Safety Authority recommends a daily intake of 250mg of EPA or DHA n healthy
individuals by dietary sources or supplements. Research has indicated the consumption of iy ish r -3 long-chain polyunsaturated supplements decrease the sk
of mortalityfrom Coronary Heart Disease and sudden cardiac death (17,18). Many authorities healthy eating quidelne recommend eating a leat one portion of oily
fish per week (4).

Omega 3' are polyunsaturated essential fatty acids (17). The body can synthesise some n-3 polyunsaturated fatty acids while others must be obtained from the diet
(13). Apha-linolenic acid (ALA) cannot be synthesised by the body and is required for metabolic integrity (18). ALA is found in from nuts and plant oils such as
flaxseed and flax o, walnuts, walnut oi, pumpkin seeds, hemp seeds, soybeans and olive oil(13). Two important forms of n-3 polyunsaturated fatty acids are
eicosapentaencic acid (EPA) and docosahexaenoic acid (DHA) which can be obtained from the diet and derived from ALA (17). Dietary sources of EPA and DHA

clude deep water oy fish such as mackerel, kippers, salmon, herring, anchovies, lake trout, albacore tuna, sardines, kiilland algae. Research has demonsrated that
3 polvunsaturated fats have positive and beneficial effects on cardiovascular risk factors such as reductions in plasma trialvcerides. platelet aaareation and blood
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Omega3(n-3)

Your omega 3 intake is above the recommended intake. The European Food Safety Authority recommends a daily intake of 250mg of EPA or DHA in healthy
indviduas by ditrysoures o supplement. eseatchhas indicate the consumptio of oy fish ot -3 lon-chan polyunaturated supplementsdectease the isk
of mortaty from Coronary eart iseas and sudden cardac death (17.18), Many authrites halihyeaing guideine recommend eatingat east ane portion of iy
fish per week (4).

Omega I are polyunsaturated essential atty acids (17). The body can synthesise some -3 polyunsaturated faty acids while others must be obtained from the diet
(13). lpha-linolenic acid (ALA) cannot be synthesised by the body and s requied for metabolic integrity (18). ALA s found infrom nuts and plant ois such as.
flaxseed and flax oi, walnuts, walnut o, pumpin seeds, hemp seeds,soybeans and oiv o (13). Two important forms of n-3 polyunsaturated faty acids are
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) which can be obtained from the diet and derived from ALA (17). Dietary sources of EPA and DHA
include deep water oilyfsh such as mackerel ippers, salmon, herring,anchories, lak trout albacore tuna, sardines, kil and algae. Research has demonstrated that
03 polyunsaturated fats have positive and beneficial efects on cardiovascular risk factors such a reductions in plasma triglycerides, platelet aggregation and blood
pressure (18). The European Food Safety Authority recommends a daily ntake of 250mg of EPA or DHA n healthy individuals by detary souces or supplements.
Research has indicated the consumption of iy fish o -3 long-chain polyunsaturated supplements decrease therisk of mortalit from Coronary Heart Disease and
sudden cardiac death (17,18) Many authorites healthy eating guidelnes recommend eating at least one portion of oy fish per week (4)
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Cholesterol

Your cholesterolintake is above the recommended inake. High evels of cholesterol i the blood stream are a isk factor fo cardiovascular disease (6). Foods that are
dietary sources of cholesterol include animal based products such as eggs, cheese, buter, cream, organ meat poultry and red meat (14). However,strong research
suggests tha dietary sources of cholesterol have less of an impact on blood cholesterol i the body compared to food sources of saturated and rans fat. Healthy
eating guidelines now recommend replacing saturated fat with unsaturated fats (monounsaturated & polyunsaturated) in order to reduce blood cholesterol evels and
foroverallcardiovascular halth ().

Cholesterl s a type offat derivd fom stros that the body needs i sll amounts. Cholesteol i equiedforth ntgrity f th cell membrane, prodution o il
sl involvd nfat digstion and th poduction of steroid hormanes and itaminD.Cholesteol s made i the body by th ivr and comesfrom anmal based food
products (2). Cholesterol is carried in the bloodstream by particles called lipoproteins. Low density lipoproteins (LDL) and high density lipoproteins (HDL) have the
biggestimpact on our blood cholesteol evels. DL cholsteol s known s the bad cholesteol s high leves i the blood increasesth ik of cariovascular
disease. HOL-cholesteol s known s theg00d cholesterl 3 t emoves LD cholesterl rom th blood . Foods tha are dietary sources of cholesterolnclude animl
based productssuch s eggs,cheese, buter,cream, organ mea,pouly and ed meat (14, However,stron research suggests tha ietary souces f holsterl
haveessofan impact o blood chlesterol i the body compared 1 food sourcs o saturated and ran-ft Helthy eting guidelines now recommend eplacing
saturatd ot with unsaturated fas (monounsaturated & plyunsaturated) i order 1 reduce blood choesterollvel and foraveral cadiovascuar halt (6).
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Potassium

Your potassium inake is below the recommended intake. Moderate potassium dficiency can resutin advrse effects suchas increased blood pressue,increased
salt sensitiviy, increased ik of idney stones and  possibl ncreased sk ofcardovasculr disease (2).

Potassumis an essenialnurent and s reqird for norml cellarfunctionand plays o i nrve and muscle functon and inrequlation ofbood pressure (12),
Goodfod soutces of potassium nclde rit and vgeables,inpaticuar eay reens, vine i (such a tomatoes, egg lant and aubegins) ot vegetable and
nuts (12). Potassium i permitted o be added to foods and  numberof fod addtives andsaltsubstitutes contai potasium whichcontrbutes 0 potassium ntake
0
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‘Wholegrain products are another source of Niacin, Rowever onty a small amount (S0%) is avallabie for the body 1o use, whereas niacin is more Diclogically avasatie
from fortifed products (2). Tryptophan, which also found in similar foods, contributes to meeting iacin requirements(12).
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mum requirement for health. Clinical signs and symptoms have ony been observed withvery low levels ofvitamin B6
(<0.5mg/day) (2).

Vitamin B6 i a water-soluble vitamin that performs a wide varety offunctions in the body. Vitamin B6 is involved in metabolism of proten, carbohydrates, ipids and
blood haemoglobin (2. Vitamin B6 is found in 2 wide variety of foods, including fsh, poultry, nuts, potatoes and starchy carbohydrates, legumes and non-citrus fruts
(12). Especally ich sources nclude highiy frtified cereals, beef liver and other organ meats and highly fortified soy-based mea substtutes (2). Vitamin 86 from a
mixed diet has a bicavailabilty of approximately 75% n the body (2).
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Biotin (B7)

Biotn s a water-soluble vitami tha s essential for energy, carbohydrate, lpid and amino acid metabolism (1, 10). iotn s found in many foods n variable amounts
and can also be made by bacteria i the gut (1).Rich food sources include organ meats, egg yolk and certain vegetables such as soybeans,nuts, lentils, spinach and
mushrooms, whereas fuits,cereals and lean meats are poor sources (1). The biotn in raw egq whites i tightly bound to aprotein called avidin which prevents
absorption n the body, however cooking denatures avidin and therefore allows the bitin to be absorbed (1.2).

Your intake of Biotin (B;)is within recommended levels.
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Vitamin C

Your vitamin C intake s below the minimum recommended intake to prevent deficiency. Vitamin C defciency israre in industrialised counties, however those who
have a poor dietaryintake of fruit and vegetables, chronic disease or debiitation and/or who abuse alcohol and/or drugs are at risk of deficiency (). Vitamin C
deficiency can resultin scurvy when blood leves all below 11molL (2). Scurvy is characterised by inflamed and bleeding gums,skin conditions such as
discoloration, coiled har, join pain and impaired wound healing. Other signs and symptoms include dyspnoea, oedema, weakness, fatigue and depression (2).

Vitamin Cis 2 water-soluble vitamin that functions as an antiosidant, plays a role in synthesis of proteins that are responsibl for brain communication, components.
of connectiv tssue,hormone processes and increases absorption of non-hae ifon (12). Almost 90% o vitamin C sources in the diet arefrom fuits and vegetables
Citrs fruts, tomatoes and potatoes are the main contributors, whi other sources include brussels sprouts, cauiiflower, broceol, strawberies, cabbage and spinach.
Animal sources of vitamin C include organ meats such as ver and kidney, and vitamin C can also b fortifed in foods such as cereals and juices (12). The vitamin C

contentin foods can vary depending on season of the year, cooking practices, packaging and storage (2,12),
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Zinc

Your zinc intake is below the recommended intake. Zinc deficiency i rarely observed in humans (1,2). I s diffcut to identify particular signs and symptoms of mild
zin deficiency due o the extensive number of roles it plays in metabolism (2. The primary clnical feature of zinc deficiency presents as growth and development
etardation and other non-specific signs and symptoms include alopecs, darthoea, delayed puberty n chidren, eye and skinlesions and impaired appetite (12).

W o — s W [ v aner —
Zincis an essential nutrent for growth and development (1, 2,12). 1t provides a structural and regulatory functionin enzymes and protein that ar responsible for
carbohydrates, proteins and fat metabolism (1.2).Zinis widely ditrbuted n foods, o whichrich sources include red meat,seafood such as shellfsh, wholegrains
and fortifed breakfast cereals (1,2). Total body zinis between 2 and 4g, and factors such a stress, nfection and trauma can reduce these levels (1),
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Vitamin A (ret eq)

Youritamin A intake is below th recommended intake or helth. Defcency i unlkely ot yourcurrent ntake haweve long term ow ntakes of vitamin A could ead
10 symptoms ofdeficency.Sgns and symptoms of vitamin A deficency include night blndness, erophathamia (meversible ying of conunctiva and comes),
Keramatomalaca (sftening f thecomea),folcula hyprkeraosi (dy & scaly sk, pinfl i, frequen atigue,impaied rowth & development n chidren 23
Vitami s  fat souble vitaninthatplays animporant oe i vision, bon and teeth formatin, epoducton,embryoic development,cell dvsion, gene expressin
growth & tssuerepar (2). orms of Vitamin A includeretinol (preformedvitamin ) rtinal,retioic acid and eyl estes (3. Provitamin A carotencids that are
dietaryprecursors o retinol ae also a formof Vitamin A Sourcesof preformedvitamin  (etino) are naurallyfoundin animal bsed foods inclucing ve, g yolks
fsh i, and dary products. Provitamin A carotnaidsareconveted i the body nto Vitamin A andare commanlyfound i rits, vegetables and vegetabl s that
nturallyconai carotenoid such a carot,peppes,bioccl,Squash sweet potato spnach. Adequate detay ftron and zin aereqied fo optal bsorpion
and tisatonof vitamin . s aso important o note hatexcessive kcoholconsumption can egatvelympact vitamin A taus 24)
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Niacin total (B3)

Your niacin ntake i above the recommended requirement for health. There is no evidence of adverse effects associated with excess consumption of naturally
occurring iacin in foods (1) However, excess niacin itake from dietary supplements, medications or fortifed foods can cause adverse effects (). Fushing, which is
usually the irt symptoms observed, causes redness, tingling. tching or burning sensations on the skin. This can be accompanied by headache,dizziness and/or
decreased blood pressure ().

Niacin s a water-soluble vitamin, also known as vitamin B3, that plays an important rol in converting carbohydrates, proteins and fats to.a usable form of energy in
the body (2).Niacinis presentin a wide variety of foods and it can also be made in the body from an essental amino acid known as tryptophan (). Good dietary
sources of iacin include meat, poulty, fish, legumes and seeds. Niacin can also be found i smal amounts in tea, coffee, milk and greenleafy vegetables (1)
Wholegrain products are another source of niacin, however only a small amount (30%) s available for the body to use, whereas iacin is more biologically avalable
from fortifed products (2). Tryptophan, which also found in similar foods, contributes to meeting iacin requirements(12).
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